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Discover the ease and
excitement of learning
Electronics with
programmed equipment
NRI] sends YOU (oo e

learn the WHY of Electronics, Communica-
tions, TV-Radio the NRI pioneering *‘3-Dimensional” way. NRI training is the result of more than
half a century of simplifying, organizing, dramatizing subject matter, and providing
personal services unique for a home study school. You get the kind of technical
training that gives you priceless confidence as you gain experience equal to many,
many months of training on the job.

NRI—The 53 Year Leader in Electronics Training

APPROVED UNDER
NEw GI Bll.l- If you served

since January 31, 1955, or are in ser-
vice, check Gl line in postage-free card.




Earn 85 or more an hour
spare or full time in

TV-RADIO
SERVICING

Color Television has arrived. Sales
are soaring, along with the continu-
ing popularity of other home enter-
tainment equipment like portable
radios, tape recorders, hi-fi sets,
phonographs and auto radios. TV-
Radio servicing is one of your best
routes to spare-time earnings, a
good paying joborabusiness of your
own. NRI not only trains you quickly
and expertly, but also shows you
how to get started in Servicing soon
after you enroll, earning as you
learn. NRI trains you in today's
methods of installing and repairing
all Electronic equipment for the
home—including booming Color TV.
You even build, experiment with and
keep to enjoy your own solid-state
radio and your choice of black-and-
white or Color TV receiver. Like
thousands of others, you can be
earning $5 or more an hour extra in
spare time starting soon.

There's money and
success awaiting you in

BROADCASTING —
GOMMUNIGATIONS

The experience you gain from in-
tensely practical NRI training in
Complete Communications equals
as much as two years of training on
the job. With NRI, you can train fora
choice of careers ranging from mo-
bile, marine and aviation radic to
TV broadcasting and space commu-
nications. You learn how to install,
maintain and operate today's re-
markable transmitting and receiving
equipment by actually doing it. You
build and experiment with test equip-
ment, like a VIVM you keep. You
build and aperate amplifier circuits,
transmission line and antenna sys-
tems, even build and use a phone-cw
transmitter suitable for transmission
on the 80-meter amateur band.
Whichever of five NRI Communica-
tions courses you choose, you pre-
pare for your FCC License exams,
and you must pass your FCC exams
or NRI refunds your tuition in full.

Move ahead in America’s
fast growing industry as

ELECTRONICS
TEGHNICIAN

Electronics touches everyone’s lives.
This vast field of opportunity is open
to you with NRI training. industrial/
Military Electronics training—like all
NRI courses—prepares you quickly,
thoroughly the practical “’hands on*’
way. You huild with, and learn to un-
derstand the functions of, today's
miracle solid-state components like
printed circuits, diodes and transis-
tors. You build and experiment with
Electronic circuitry used in automa-
tion, data processing, ultrasonics,
telemetry. Whatever your interest in
Electronics, NRI training can fill your
needs. Prove to yourself what nearly
a million NRI students could tell you
...thatyou get more for your money
from NRI. Check the postage-free
card and mail it today for your FREE
NRI Color Catalog. No salesman will
call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington,
D.C. 20016.

YOU GET MORE FOR YOUR MONEY FROM NRI — suio, test,

explore, discover. Everything you see here is included in one NRI course—including Color TV. Other
courses equally complete. And you'll be surprised at the low tuition costs. Text for text, kit for kit,

dollar for dollar—you get more
for your money from NRI.

THE ONLY

COLOR TV

TOTALLY

ENGINEERED
FOR TRAINING
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The home-study program which accomplishes both of
these objectives is the Grantham Associate-Degree Pro-
gram in Electronics Engineering. This educational pro-
gram consists of a total of 370 correspondence lessons,
followed by a two-week period of review and evaluation
at the School. The prerequisite for enrollment is high
school graduation (or equivalent) and at least one full
Year of experience as an clectronics technician, Upon
completion of the first 160 correspondence lessons, you
are prepared for your first class FCC license and radar
cndorsement. Then, upon completion of the remainder
oi the program, you are awarded the ASEE Degree.

Grantham School of Engineering is accredited by the
Accrediting Commission of the National Home Study
Council, is approved under the G.1. Bill, and is author-
ized under the laws of the State of California to grant
academic degrees.

Grantham School of Engineering
o Established in 1951 «
1505 N. Western Ave.
Hollywood, Calif. 90027

PE-2-70

Telephone:
(213) 469.7878

Grantham School of Engineenng
1505 N. Western Ave., Hollywood, Calif, 90027

%
1 Please mail me your free Bulletin, which explains how the
| Grantham home-study educational program can prepare
| me for my FCC license and Associate Degree. 1 under-
| stand no salesman or counselor will call.

]
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take you to the Moon...

'NTS home-training can
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and to lots of other exciting places.

Excitement is only the beginning. New money-
making opportunities are also wide open to you.
The age of Communications is just beginning in
TV, Radio, Communication Satellites, Radio Track-
ing Telescopes, and many more. You can multiply
your income with Space-age skills in missile count-
down systems, giant microwave systems, stereo-
phonics, two-way radio networks, television trans-
mitters and cameras. You can earn better than 7
dollars an hour, over $12,000 a year. There are no
limits. And, NTS can give you everything you need
to know to make you part of this big and rewarding
field.

FCC. License is your key. Two Communications
programs get you going: (1) The FCC License
Course. (2) The Master Course in Electronic Com-
munications (which is more comprehensive and
features Citizens’ Band Two-way-Radio). Both pro-
grams qualify you for your FCC First Class Com-
mercial Radio-Telephone License. NTS assures
you will pass the exam, or your tuition is refunded.
This NTS training program will open doors for you
into a whole new world of opportunity. We prepare
you for the top jobs in Communications.

14 big NTS kits included in each course at no extra
cost. You build: (1) A professional Volt-Ohmmeter.
(2) A Solid State (6-Transistor) Radio. (3) An Ama-
teur Phone 6-Meter VHF Transceiver.

This Transceiver is an NTS exclusive. You send

and receive. You learn both operations. Working
with lessons and NTS kits you get the best possible
training. And, the pay-off is big.

February, 1970

NTS “Project Method” makes learning come alive.
The classroom-proven NTS “Project Method”
home-training program is- well organized and
practical. It integrates valuable equipment with fas-
cinating lesson projects. Makes complicated cir-
cuits and components easy to understand. You
build these kits to put theory into practice. NTS
gives you more kits than any other home-training
school and they are the best kits available. With
the “Project Method” you are your own man doing
your own thing at your own pace, working with
equipment that makes your lessons happen in your
hands and your head at the same time. That's
“Project Method.” It makes learning easy, exciting,
complete.

Send for free color catalog plus NEW
Communications supplement and sample lesson.
No obligation. No salesman will call.

Classroom training at Los Angeles. You can take
classroom training at Los Angeles in sunny South-
ern California. NTS occupies a city block with over
a million dollars in facilities devoted exclusively to
technical training. Check box in coupon.

Approved for Veterans. Accredited Member: Na-
tional Association of Trade and Technical Schools,
National Home Study Council.

NATIONAL Gz SCHOOLS

WORLD-WIDE TRAINING SINCE 1305

4000 So. Figueroa St., Los Angeles, Calif. 90037

NATIONAL TECHNICAL SCHOOLS Dept. 241-02¢ I
4000 So. Figueroa St., Los Angeles, California 90037
Please send free color catalog, NEW Communications
I supplement, and sample lesson. No obligation. No
salesman will call.

] Master Course in Electronic Communications, with
FC

c
] FCC License Course

i
I Name Age
1
i

Address

City State Zip

7] Check It Interested In Veteran Training under new G.1. Bill

2] Check if interested ONLY in Classroom Training at Los Angeles
S G N E IR I - R N
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In 1948, University Sound
made home high fidelity possible.

o

In 1970, we mdde it perfect.

In 1948, University unveiled the
world's first popularly priced,
full fidelity speaker — the 6201.

In 1970, University unveils the finest,
fullest line of component speakers
in the world. For example —

THE PREMIER SERIES / Custom built multi-
speaker compon=nts repraduce the full fre-
quency range witwout distcstion or colosafion.
Award-winning ome-piece die-cast basxets
assure long li‘e, troublefree operation. As-
tounding depth and clarty from al five
models in the Fremier Series: 315-C 312,
6201, the Diffusizone 12 =nd Diffusicane 8.
Send for compl=te details on Universty's
entire component speaker line, and om PSE
—University’'s P enned Speaker Expansion
program, brocauwr= full of construction de-
tails, specs, hnts blueprints—simplifizc so
anyone can builc a fine sp2aker systen.

UNIVERSITY SOUND — -he world’'s E&ding
manufacturercf electroacoustics preducts,

P.O. Box 26105

Oklahoma City, Okla. 73126
CIRCLE NO. 28 DN READER SERVICE PAGE

letters

FROM OUR READERS

LASERS AND SAFETY—AGAIN!

—Send me any information on where I can
obtain plans for a high-power, small-beam
divergence, pulse or continuous laser—

—I require a more powerful laser. Please

send information for this type of tube, the
maximum power without getting overheat-
ed—

—I would greatly appreciate ... a medi-
um-priced laser of mild burning capabilities
(say through a piece of cardboard) and a
visible range of several miles—

The extracts above are from only three
of the many letters we have received re-
questing information on how to obtain or
build a high-power laser, or how to boost
the power of the one described in the article
“Experimenters’ Laser” in our December 1969
issue.

The dangers involved in working with
high-power lasers were mentioned several
times in the December issue, but apparently
many readers choose to ignore them.

If a laser is to be capable of burning or
producing physical damage to a target, it
must be capable of producing many watts of
beam power. Unfortunately, when you reach
the vicinity of about 38 milliwatts, the eyes
of any observer, either directly in the laser
beam or receiving a reflection of the beam
from a shiny surface are endangered. Even
at this relatively low power, permanent
blindness is a real possibility—and only a
fraction of a second of exposure is necessary
to produce this total and irreparable damage.

‘The output of the laser described in our
December article cannot be made to exceed
0.5 milliwatt—far below the danger point.
{Though a beam of this intensity should not

POPULAR ELECTRONICS




Gotosea.

Inthe Army.

Or fly the sky. Or highball a train.
Or handle a dozer.

The Army teaches special skills
of all kinds. High school graduates
who enlist now can choose from
hundreds of job training courses.

Along with seamen to man our
ships and flyers to pilot our choppers,
we need marine and aviation mechanics.
Electronics experts. Surgical assistants.
Scuba and deep-sea divers. Technicians
skilled in malaria control, combat
weapons operators, and many more.

If you qualify, we’ll guarantee
your course selection before you sign up.
You’ll learn a rewarding career skill.

There’s something for every interest.
First come, first served.

Use coupon or write:

Army Opportunities, Dept. 200A,
Hampton, Va. 23369.

Your future, your decision . . .

choose ARMY.

— P e —par——

Army Opportunities
Dept. 200
Hamptan, Va. 23369

Please send me more information on job and
training opportunities.

Name Age
Address. = e
City County.
State Zip A
Phone. Education

2 PE-2-70




 Thisis 30,000
- solid state replacement parts.
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It used to be if you wanted to satisfy everyone, you
had to stock over 30,000 different solid state replace-
ment parts.

Well, everyone realized that was ridiculous. So
some enterprising people came up with a bunch of
universal replacements.

Then you only had to stock about eleven or twelve
hundred.

That was a lot better, but we still thought it was a
little ridiculous.

So two years ago (when we went into this busi-
ness), we figured out how to replace all 30,000 with
only 60.

Now all you have to do is stock 60 of our diodes,
transistors, integrated circuits, etc., and you can re-
place any of the 30,000 parts now in use. Inciuding

February, 1970

all JEDEC types, manufacturers’ part numbers, and
foreign designs.

That means you invest less money.

You don’t tie up valuable space.

You do away with complicated inventory control.

And you operate more efficiently.

To make life even easier, we’ve got a new book
that gives you all the cross references you need to
figure out which part replaces which.

It’s available from your Sylvania distributor.

If the whole thing sounds rather incredible, you’re
right. But why not give your distributor a call and let
him narrow the incredibility gap. -

GENERAL TELEPHOME & ELECTRONICS
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Live Better Electronically With

LAFAYETTE

RADIO ELECTRONICS
1970 Catalog 700 FREE!

Now OFF PRESS
BETTER THAN EVER

496 Pages

Stereo  Hi-Fi e Citizens
Band ® Ham Gear e Tape
Recorders e Test Equip-
ment ® TV and Radio Tubes
and Parts e Cameras o
Auto Accessories ® Musical
Instruments @ Tools ® Books

Featuring Everything in Electronics for
e HOME o INDUSTRY e LABORATORY
from the “World's Hi-Fi & Electronics Center"
LAFAYETTE Radio ELECTRONICS
Dept. 01020 P.0. Box 10
e Syosset LI, NY. 179 oo
Please Send the FREE 1970 CATALOG 700 01020
Name
Address
City J—
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lETTERS (Continued from page 8)

be looked into directly.) This cannot be said
of the semiconductor or gas lasers that are
available for use in research laboratories
under controlled conditions.

We would like to repeat also that dark
glasses, unless they are specifically made for
the laser involved, are of no help. Do not de-
pend on them for protection.

Out of responsibility and concern for our
readers, POPULAR ELECTRONICS cannot
suggest or recommend a laser of any higher
strength than the one described in the article.

SKY KING IDENTIFIED

To answer your questions: SKY KING, is
an unclassified collective callsign used for all
airborne SAC aircraft; SKY BIRD, is an un-
classified collective callsign used for all SAC
ground radio stations; LOOKING GLASS is
the unclassified name of the SAC airborne
command post.

Lrt. CoL. G.F. HENNRIKUS, JR.
Offutt AFB, Nebraska

UN-MUDDYING THE WATERS

There is no doubt that laser light has and
will continue to play a significant role in the
field of ophthalmology. It has been used to
seal retinal holes, treat very small retinal
detachments and in some instances has
played a role in the treatment of diabetic
retinopathy and other retinal problems.
Xenon light has also been used for photo-
coagulation and many ophthalmologists pre-
fer its use over laser light.

However, your statement that “one pulse
from a laser and the retina is a ‘spot welded’
back in place” (“The Lively Laser,” Decem-
ber 1969) is not only misleading, but adds to
the confusion about complex medical prob-
lems in an already overexpectant lay public.
By far the great majority of retinal detach-
ments, unfortunately, cannot respond to
prhotocoagulation alone. And even now, de-
tached retinas require “complex surgery
and a long recuperative period.” Retinal
detachment surgeons already have a difficult
time explaining to patients that the “magic
light” will not perform miracles in their eyes.

Now to further “muddy the water” you
state that “micro-surgical treatment of glau-
coma using a laser to remove a portion of
the iris of the eye is showing great promise.”
You forgot to add, however, that this is a
highly experimental procedure performed, as
far as I know, only in animals. There are
still some problems to iron out before this
can become a safe procedure to perform in
humans.

M. M. CoHEN, M.D.
Resident in Ophthalmology
Univ. of Mich. Medical Center

Many thanks for straighteming us out on
these highly technical and important aspects
of the subject.

POPULAR ELECTRONICS




FREE BOOKLET AVAILABLE

I'm positive that we were unintentionally
“dropped” from Dave Weems’ fine December
issue article on bass reflex enclosures. Please
tell your readers to write me for a free copy
of our bass reflex design handbook.

BiLL SUTHERLAND
Electro-Voice
Buchanan, MI 49107

APPRECIATION APPRECIATED

Please keep coming out with your excel-
lent projects such as ‘“Microwaves For The
Beginner” (November issue) and that great
“Experimenter’s Laser” (December).

KeN RED
Independence, Kansas

STATION ADDRESSES

As a brand-new short-wave listener I'm
perplexed about writing to the various hams
and broadcasters. Should I report that I
heard them? If so, how do I find their ad-
dresses?

R. J. MILLER
Montvale, N.J.

Most radio stations still appreciate receiv-
ing accurate reception reports. The adidresses
of ham stations are contained in two sepa-
rate Radio Amateur Callbooks available at
most radio stores. International broadcasters
are listed in the “SWL Address Book” ($2.95)
mail-order from Gilfer Associates, P.O. Box
239, Park Ridge, NJ 07656.

OUT OF TUNE

“Experimenters’ Laser” (December
1969). Many readers see what appears to
be a discrepancy between Figs. 1(B) and
6 where none actually exists. Four re-
sistors are shown in Fig. 6 for R22-R2},
while only three are shown in Fig. 1;
and the location of the junction between
resistors to which C12 is to be connected
is in question. The difference between
the two figures is explained on page 110
under the heading “Troubleshooting.”
The figures are correct.

“Psychedelia I” (September 1969). In
Fig. 3 on page 30, change R8 to R9. Then,
in the upper right of Fig. 4 on page 32,
the 6.3-volt, center-tapped secondary of
T2 should read to “PCU”—not “QFU.”
In Fig. 6 on page 35, change C15 to C16;
R10 to R40; Q3 to @5; and R22 to R27.

February, 1970

Models
TMR 8Hor 8L
Eight Channels $139.00

P g a

orrfw o

Medels
TMR 4Hor 4L
Four Channels $129.00

Automatically and continually scan your choice of
frequencies.Regency push-button programming
allows you to hear complex hase/mobile networks.
Chease from 4 or 8 channel, high or low band models.
Dur busy little radios do not miss a trick or transmission,

A fascinating, lighted display details the progress of a search for all trans-
missions on any combination of channels in the area of police, fire, civil
defense, marine, radio telephone and weather FM radio—148-174 MHz or
30-50 MHz,

Push button control enables you to completely monitor complex simulcast
or duplex base/mobile networks. Each of the crystal controlled channels on
all models has a push button for placing the channel quickly in or out of
service. Push buttons, too, for manual or automatic operation,

Our compact {2 %" x 5%" x 7%") solid state receivers perform base or
mobile. All models come complete with AC and DC power cords, built in
4” speaker, detachable telescope antenna and mobile mounting bracket.

Sensitivity? You bet! % microvolt. Audio output? A big 5 watts at 1 KC.
Price? A bargain! Crystals: $4.95 each.

More information? Why not get a demonstration at your favorite Regency

Distributor. You'll love them at first look and listen!
American Made

& One Year Warranty
Patent Pending
;eqew\c* ELECTRONICS, INC.

7900 bendleton Pike + Indianapolis, Indiana 46226 N
CIRCLE NO. 30 ON READER SERVICE PAGE
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Get
Turner’s
“+2" series:

+2 base station mike (List Price:
$55.00) and M-+2/U mobile mike
(List Price: $39.50). Up to 50 times
the modulation of other mikes. No
more fade outs. No more static.
(Even at great distances). Both
“'+2'' series microphones use a
two - transistor
pre-amp and
work with all
transistor and
tube sets. See
them at your CB
dealer or distrib-
- utor soon. And
* get the last word.

TURNER

919-17th Street N.E.,

Cedar Rapids, lowa 52402

In Canada: Tri-Tel Associates, Ltd.

CIRCLE NO. 55 ON READER SERVICE CARD
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I. hELECTRONICS

QUIET

FUNK & WAGNALLS DICTIONARY OF
ELECTRONICS

This book, more of a desk-top encyclopedia
than a simple dictionary, will appeal to a
wide variety of people. Particular attention
has been paid to the interests of the non-
electronics professional (such as physicians,
biologists, and psychologists) who find it
necessary to deal with electronic equipment
and concepts. The dictionary defines in so-
phisticated yet clear and precise language
the basic terminology of electronics, aided by
formulas, graphs, and component and sche-
matic diagrams. Mathematical descriptions,
which can be skipped at the reader’s discre-
tion, are given where they help to clarify
concepts. In addition, an entire section in
the back of the book is devoted to tables of
logarithms, trigonometric function, and oth-
er useful information.

Published by Funk & Wagnalls, 380 Madison
Ave.,, New York, N.Y. 10017. Hard Cover. 230
pages. $6.95.
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HANDBOOK OF TRANSDUCERS FOR
ELECTRONIC MEASURING SYSTEMS
by Harry N. Norton

This is the first applications book ever writ-
ten about transducers and their use in mea-
suring systems. The first three chapters
provide background in telemetry and measur-
ing systems, transducer basics, calibration,
and testing. The remaining 14 chapters cover
all physically measurable quantitjes, from
acceleration and attitude to pressure and
temperature. The information given with
each group of devices covers design, opera-
tion, specifications, applications, calibration,
and testing—all preceded by basic defini-
tions and explanations of physical laws. Nu-
merous sectional and exploded illustrations
show the internal construction and elements
of transducers.

Published by Prentice-Hall, Inc., Englewood
Cliffs, N.J. 07632. Hard Cover. 70} pages.
326.
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ELECTRONIC CIRCUITS FOR THE
BEHAVIORAL AND BIOMEDICAL SCIENCES
by Mitchell H. Zucker

Even readers with little prior experience in
electronics can read and understand this

POPULAR ELECTRONICS
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_Latest PC (Printed Circuit) Pak
60/40 Extra Thin 22 S.W.G.—.028 %

per solder joint
to know you are
using the world’s

finest cored solder

*Each only 53¢ per package at your dealer,

FIVE-CORE
SOLDER
MULTICORE SALES CORP., WESTBURY, N.Y. 11590
CIRCLE NO, 19 ON READER SERVICE PAGE

CONTROLLED
QUALITY cace
CRYSTALS by\@"

G ORYST

The ""On-Channel’’ Crystals

Now £7P=0RroER cRYSTALS

Your dealer has new, fast, direct-factory
ZIP Order Purchase Certificates to enable
you to get CRYSTEK CB, Monitor Amateur,
and Mars freq. Crystals mailed direct to
you promptly. Ask about them.

CRYSTEK formerly Texas Crystals
Div. of Whitehall Electronics Corp.
1000 Crystal Drive 4117 W. Jefferson Bivd.

Fort Myers, Florida 33901 Los Angeles, California 90016
CIRCLE NO. 10 ON READER SERVICE PAGE
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(Continued frbm page 14)

book, the first of its kind to explain how to
build and repair solid-state circuits for use
in the behavioral and biomedical sciences.
The first four chapters discuss the basic
principles of circuit design and explain how
to understand circuit diagrams. The major
portion of the book consists of diagrams of
circuits that have applications in typical
laboratory experiments—including a few that
were picked up from PoPULAR ELECTRONICS.
Each schematic diagram is accompanied by
a parts list and construction tips. Principally
a reference work for those possessing limited
knowledge of electronics, this book can also
be used as a text for courses in circuit de-
sign and construction.

Published by W.H. Freeman and Co., 660
Market St.,, San Francisco, Cal. 94104. Hard
cover. 241 pages. $9.75.

GO

FUNDAMENTALS OF ANALOG COMPUTERS
by Robert C. Weyrick

This book is an up-to-date introduction to
both the theory and equipment associated
with electronic analog computers and their
application. The first chapter describes the
evolution of computers, their uses and limi-
tations, and relates analog computers to
digital and hybrid systems. Subsequent chap-
ters cover linear computing circuits, opera-
tional amplifiers, computing servomecha-
nisms, function generators and multipliers,
control and auxiliary devices, differential
equations, programming, and simulation ex-
amples.

Published by Prentice-Hall, Inc., Englewood
Cliffs, N.J. Hard cover. 289 pages. $10.50.

T

INTEGRATED CIRCUITS
(A Basic Course for Engineers and Techni-
cians)
by Robert G. Hibberd

This sequel to the author’s previous book,
Solid-State Electronics, will provide anyone
who has a high scheol education with an
understanding of the structures of various
integrated circuits—digital, linear, bipolar,
MOS, MSI and LSI—and how they are used.
The ten clearly illustrated lessons of which
the book is comprised include titles such as
Solid-State Technology, Digital Logic Cir-
cuits, Digital Integrated Circuits, Standard
Catalog IC's, and Use of Integrated Circuits
in Electronic Control. Each lesson ends with
a glossary to terms and review questions.

Published by McGraw-Hill Book Co., 380 West
42 St., New York, N.Y. 10036. Hard cover.
177 pages. $9.95.
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TRUE-FALSE
QUIZ ANSWERS

(Quiz appears on page 32)

1. False. LS! stands for Large Scale Integra-
tion.

2. False. The third band on a resistor always
designates a multiplier. When the third band is
silver, the multiplier is 0.01; gold is O.1. For
instance, a red-red-gold-silver resistor would be
2.2 ohms with 10% tolerance.

3. True. Increasing the distance between the
plates on any air-spaced capacitor decreases
its capacitance.

4. True. The Seebeck and the thermoelectric
effects are the same.

5. False. A dynamically balanced tone arm
will not correct skating force. A slight oppos-
ing force, proportional to stylus pressure, is
normally used to counter the skating force.

6. True. Magnetostrictive materials (nickel,
stainless steel, iron) are used as transducers
in ultrasonic equipment.

7. True. Just as a magnetic field causes a
change in size, so can a change in size of the
cone cause a magnetic field. The field, of
course, generates a voltage in the coil.

8. False. The Curie Point is the temperature
above which a ferromagnetic material becomes
practically non-magnetic.

9. False. Tungsten's resistance is directly pro-
portional to temperature but carbon is inverse-
ly proportional.

10. True. Each resistor in a series circuit ab-
sorbs half the total power. Either configura-
tion will have the same power rating.

11. False. Most infrared missile systems are
test-fired on desert ranges. These systerms op-
erate on a temperature differential, nct am-
bient temperature.

12. True. In both cases, the power must be
removed from the device so that it ‘‘unlatches”
and a pulse is all that is required to energize
them.

13. False. Radio communication with sub-
merged submarines is carried on in the VLF
band.

14. True. Most rare earths are not now con-
sidered rare.

15. False. A 50-ohm coaxial cable is now
available measuring only 0.0104 inches in di-
ameter. Losses are increased with the reduc-
tion in size, however.

15. False. An anisotropic magnet has an axis
with preferred characteristics over other axes.
An isotropic magnet has no preferred axis.

17. True. After the flyback, the damper tube
charges the boost capacitor which forms the
first half of the sweep.

February, 1970
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...and you will be listening to the most brilliant
sound reproduction you can get from an auto-
matic turntable.

The BSR McDonakd 600.

Its precision British craftsmanship can be
seen...and heard.

There's anti-skate control. And a tone arm
that's so finely caunterbaianced, this superb
turntable can even play upside-down, and still
track perfectly.

A pause control lever allows you to stop play-
ing anywhere on the record and then repasitions
fo the exact same groove.

Groovy.

And when the last record has played, the
Decor-Matic power switch an the base shuts off
both the turntable and the complete system

" automatically. ]

The BSR McDomald 60D must already be
sounding pretty goad to you. So when you're in
the market for a hi-fi stereo system, be sure
your dealer demonstrates it with a BSR McDonald
tumntable.

1t'll speak for itself.

Write for detailed specifications on the 600
and all the BSR McDonald Automatic Turntables.

McDONALD

BSR (USAYLTD., BLAUVELT. N.Y, 10913

CIRCLE NO. 5 ON READER SERVICE PAGE
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Second in a series...

Can you solve
these problems

in electronics?

They’re a cinch after you've taken RCA Institutes’
new communications electronics program.

Itincludes new preparation for the FCC license pius the

assurance of your money back if you fail to get it.

This one is quite elementary.

DOOR BELL

fe‘\,

)120 voLTS

|
|
L

In this door bell circuit, which kind of
transformer is T, —step-up or step-down?

Note: if you had completed only the first lesson of
any of the RCA Institutes Home Study programs,
you'd easily solve this problem.

47g
‘umop-dalg siamsuy
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This one is more advanced.

; = 5

Ny N N

2uf 2uf Tuf

What is the tolal capacitance in the above
circuit?

Note: you'd know the solution to the problem if
you'd taken only the first two lessons in RCA's new
Communications Electronics Program.

These are the lessons that prepare you step-by-
step foran FCC License.

This license is a requirement for servicing all
types of transmitting equipment and can help
open doors to jobs commanding high income in
communications, radio and broadcasting,
aerospace, industrial automation and many others.

For a rewarding career with good pay, take that
first step now. Send for complete information—~
mail the attached card.

POPULAR ELECTRONICS




RCA Institutes Autotext learning method

makes problem-solving easier...

gets you started faster towards a good-paying career in electronics

Are you just a beginner with an interest in
electronics? Or, are you already making a living
in electronics, and want to brush-up or expand
your knowledge? In either case, RCA has the
training you need. And Autotext, RCA Institutes’
own method of Home Training will help you learn
more quickly and with less effort.

Wide Range of Courses

Select from a wide range of courses. Pick the
one that suits you best and check it off on the
attached card. Courses are available for beginners
and advanced technicians.

Electronics Fundamentals
Black & White Television Servicing
(Transistorized TV Kit Available)

Color Television Servicing (Color TV Kit Available)
FCC License Preparation
Automatic Controls
Automation Electronics
industrial Electronics
Nuclear Instrumentation
Electronics Drafting
Computer Programming

Plus these new
up-to-the-minute courses

Semiconductor Electronics
Digital Electronics

Solid State Electronics
Communications Electronics

Build and keep this
valuable oscilloscope.

Prepare for good paying
positions in fields like these
Television Servicing
Telecommunications
Mobile Communications
CATV

Broadcasting

Marine Communications
Nuclear Instrumentation
Industrial Electronics
Automation

Computer Programming
Solid State

Electronics Drafting

- e -,

In the new program on Solid
State Electronics you will study
the effects of tempera-ure and
leakage characleristics of
transistors.

February, 1970

Variety of Kits—Yours to Keep

A variety of RCA Institutes engineered kits are
included in your program of study. Each kit is yours
to keep when you've completed the course.
Among the kits you construct and keep is a working
signal generator, a multimeter, a fully
transistorized breadboard superheterodyne

AM receiver, and the all-important oscilloscope.
These 4 kits are at no extra cost. Compare this
selection with other home study schools.

Two Convenient Payment Plans

Pay for lessons as you order them. No contract
obligating you to continue the course. Or, you can
take advantage of RCA’s convenient monthly
payment plan. No interest charges!

Classroom Training Also Available

RCA Institutes operates one of the largest technical
schools of its kind. Day and evening classes. No
previous training is required. Preparatory courses
are available. Classes start four times a year.

Job Placement Service, Too!

Companies like Bell Telephone Labs, GE,
Honeywell, 1BM, RCA, Westinghouse, Xerox, and
major radio and TV netwosks have regularly

l employed graduates through RCA Institutes’ own:

placement service.
All RCA Institutes courses and programs are
approved for veterans under the new G.l. Bill.

Send Attached Postage Pzid Card Today.
Check Home Study or Classroom Training.

Accredited Member National Home Study Council.

| ettt e |
: IF REPLY CARD IS DETACHED, SEND THIS COUPON :
| RCA Institutes inc. i
| Home Study Dept. 694-082-0 |
I 320 West 31 Street |
| New York, N.Y. 1000t 1
| Please send me FREE illusirated career catalog. \
! Name Age |
I (please print) |
| Address. ]
|
| Ciy State. Zip. :
e T e e e N -
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Additional information on products cov-
ered in this section is available from the
manufacturers. Each new product is
identified by a code number. To obtain
further details on any of them, simply fill
in and mail the coupon on page 15 or 115.

REFLECTIVE SPEAKER SYSTEM

A reflective speaker system, the Model W80,
utilizing a dramatic new concept in sound
dispersion and stereo fidelity, was recently
introduced by the Wharf-
dale division of British In-
dustries Co. The W80 dif-
fers from other reflective
and omnidirectional speak-
er systems on the market
in that the sound disper-
sion is fully controlled by
means of a unigue move-
able variplanar reflector.
The sound can be adjusted
specifically for the acousti-
cal characteristics of the
listening room and deco-
rating layout. Technical specifications: 20
Hz to beyond audibility frequency range;
15 THF watts minimum, 50 THF watts maxi-
mum power input; 4-8 ohm impedance;
1000-Hz midrange, 3500-Hz sub-treble tweeter,
and 5000-Hz ultra-treble tweeter electrical
crossovers; 12%” woofer with 9%-lb magnet
assembly, 5” midrange, 3” sub-treble tweeter,
and 1” domed ultra-tweeter speaker comple-
ment; 85-1b sand-filled cabinet.

Circle No. 75 on Reader Service Page 15 or 115

SOLID-STATE GENERAL-COVERAGE RECEIVER

The GR-78 receiver recently introduced by
the Heath Company provides AM, CW, and
SSB coverage from 190 kHz to 30 MHz in
six switch-selected bands. The all solid-state
circuit employs FET's
in the r.f. section and
four ceramic i.f. filters
for excellent sensitivi-
ty and selectivity. The
built-in bandspread
tuning can be calibrat-
ed for either the short-
wave broadcast or
amateur radio bands, and a switchable 500-
kHz crystal calibrator insures accurate dial
calibration. The receiver has a rechargeable
nickel-cadmium battery pack and built-in
charging circuit. An automatic noise lim-
iter cuts down ignition and static inter-
ference, and the automatic volume control

22

keeps the volume level constant under
changing signal conditions. Additional fea-
tures of the GR-78 include a headphone
jack, built-in speaker, external antenna ter-
minals, receiver muting for use with a trans-
mitter, and S meter.

Circle No. 76 on Reader Service Page 15 or |15

STEREQ RECEIVER EMPHASIZES “‘NEW LOOK"

A high-cut filter, tape monitor, loudness con-
trol, and FM muting are a few of the fea-
tures available with the Pioneer Electronics
U.8.A. Corp. Model SX-770 AM/stereo FM re-
ceiver. In addition, the receiver features ga
black front panel

with illuminated blue

tuningscale, the “new =

look” favored by in-

terior decorators. A

FET front end and T —— e
IC i.f. strip provide a

1.8-4V sensitivity, 60 dB at 98 MHz image re-
jection, and 79 dB IHF signal-to-noise ratio.
For stereo reception, the multiplex section
employs a time-switching demodulator. Out-
put audio power is 70 watts IHF into a 4-ohm
load, while harmonic distortion is less than
0.8% at full rated output. The use of low-
noise silicon transistors throughout ensures
complete stability and absolutely quiet oper-
ation. And monolithic construction of the
multiplex section results in stable wide-chan-
nel separation over a broad frequency range.

Circle No. 77 on Reader Service Page 15 or 115
ELECTRONIC PROJECTS KIT

Two transistors and a solid-state diode are
included in the more than 40 electronic parts
that make up Radio Shack’s Science Fair
“50-in-1 Project Kit.” This safe kit is de-
signed for the beginning experimenter to put
together 50 or more battery-powered proj-
ects. Provided with the kit is a manual that
describes how to put together the circuits
and how the circuits operate. The beginner’s
problem of reading schematic diagrams is
given special attention, and parts connec-
tions on the board are numbered for easy
location. A chart comes with each circuit
diagram, indicating which numbers should be
connected together. The 50 projects described
in the manual include radio receivers and
transmitters, test instruments, rain and bur-
glar alarms, and a tachometer circuit.

Circle No. 78 on Reader Service Page 15 or | 15

MONITOR RECEIVER FOR EVERYONE

Foresters, doctors, and movie makers are
just some of the possible users of the Model
PRO-2 business and emergency communica-
tions receiver made by Radio Shack. In fact,
just about everyone
interested in commu-
nications—even if it
is just listening to
the weather forecasts
on 162.55 MHz—will
find use for this re-

POPULAR ELECTRONICS
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The CE
is sudde

There’s a new

The new Cobra 24: with more power,
intelligence, and beauty than any of the
others in its class!

The Cobrz 24 preys on the others' weak-
nesses. With more talk power—a full, legal-
limit 5-watt input and exclusive Dynascan
DYNA-BOOST Speech Compression. And
a selective dual-conversion superhet
receiver with ceramic filter to give out-
standing selectivity and gain.

And more intelligence—it always gets the
message through crisp and sharp, even
when others are garbled and unclear.
Crystal-controlled transmit and receive on
all 23 channels. (No extra crystals to buy!)

And more beauty—a striking, no-nonsense
exterior. Designed for attack...with a
push-to-talk mike, automatic noise limiter,

14} E4

: - 4

ungle
1y still...

Cobra Lurking!

and positive or negative ground operation
without internal wiring changes, featuring
reverse polarity protection. There's a
PA/CB switch with adjustable volume. And
the illuminated channel selector and “S”
meter makes even night transmission easy.
Beautiful, with all silicon transistor, F.E.T.
and integrated circuit. It uses 12 volt DC;
AC adapter availables Meets FCC require-
ments. [t even comes with its own mount-
ing bracket.

See your dealer or write us for full details.

e
@ ( Obra =4 Netst69.95.

Product of DYNASCAN CORPORATION
1801 W. Belle Plaine, Chicago, |llinois 60613

CIRCLE NO. 2 ON READER SERVICE PAGE
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PRODUCTS (Continued from page 22)

ceiver, considering that the receiver tunes
the 30-50-MHz and 152-174-MHz bands. The
PRO-2 is a specially designed high-frequency
FM receiver, containing a complete tuning
system with a color-coded scale for each
band. Sensitivity of the receiver is better
than 0.5 xV, and output power to the built-in
speaker or 8-ohm external phones or speaker
is 2 watts of audio. A squelch control limits
noise nuisance, and an audio signal for tape
recording or external audio system is avail-
able on the rear panel. The receiver can be
a.c. line powered or operated from a 12-15-
volt d.c. source.
Circle No. 79 on Reader Service Page 15 or 115

STEREO/HI-FI MUSIC CENTER

The most recent advances in electronics for
listening pleasure are said to have been
combined in the Allied Radio Corp. Model
1450 stereo hi/fi music center. It contains
a solid-state receiver, automatic turntable,
cassette recorder, and walnut base. The 55-
watt =1 dB (into 4 ohms) stereo amplifier
has separate bass and treble controls, mono-

stereo switch, and loudness control. Micro-
phone inputs and a stereo headphone jack,
as well as tape and auxiliary inputs are pro-
vided. Frequency response is 20-30,000 Hz
+1 dB. The stereo FM/AM tuner employs
FET's in the front end, IC’s, and a.f.c. for
finest reception. The dial has a unique point-
of-light tuning indicator. The four-speed
automatic turntable and stereo cassette re-
corder have all of the features needed for
maximum versatility.

Circle No. 80 on Reader Service Page 15 or I15

MAXIMUM-ACCURACY VOM

Simpson Electric's Model 202 “Accu-Log”
VOM eliminates the need to keep reading at
the high end of the scale or to worry about
“percent-of-full-scale” ac-
curacy ratings. The 202's
quasi-logarithmic scale
gives consistent percent-of-
reading accuracy to within
29 for d.c. and 3% for a.c.
values. The instrument has
six d.c. and four a.c. volt-
age, five d.c. current, and
five resistance ranges. Two
of the resistance ranges are
for low-power testing. The
7” antiparallax mirror scale reduces reading
error; and the taut-band movement is over-

24

load protected, shock resistant, and self-
shielding.

Circle No. 81 on Reader Service Page 15 or 115

SOLID-STATE METAL LOCATOR

An all-solid-state metal locator capable of de-
tecting buried metal objects down to a depth
of 6’ was recently introduced by Heath Co.
Called the Heathkit Model
GD-48, the new metal lo-
cator employs the induc-
tion-balance method of de-
tection. As the sensing
head of the instrument
comes near a metal object,
a loud tone is heard, from
a built-in speaker or
through headphones. For
more accurate indications,
! a meter monitors relative
imbalance between the two
induction coils. The on-off/
sensitivity control can be
adjusted to detect an ob-
ject as small as a dime buried at a 6” depth.
The search head is supplied with both coils
already accurately aligned and cemented in
place; everything else is in kit form.

Circle No. 82 on Reader Service Page 15 or |15

FOUR-WAY SPEAKER SYSTEM

The LWE IV, a new 14-speaker, high-efficien-
cy four-way, non-resonance speaker system
is being introduced by LWZE Division of
Acoustron Corp. The
system is designed and
engineered with in-
verse feedback elec-
tronic suspension and
room gain control for
improving sound re-
production in large lis-
tening rooms. The
transducer comple-
ment of the LWE IV
consists of four 15”
woofers, four each 8”
and 6” midrange
speakers, and two 5”
horn-type tweeters.
Frequency response of the system is 20-20,000
Hz +3 dB with crossover points at 150, 1000,
and 4000 Hz. Nominal impedance is 4 ohms.
Power handling capacity is 200 watts rms
with 100 watts minimum power required to
drive the system. The control panel contains
high-frequency, high-midfrequency, low-mid-
frequency controls; phase switch; auxiliary
amp jack; main input connector; and exclu-
sive gain control.

Circle No. 83 on Reader Service Page 15 or 115

FOUR-TRACE OSCILLOSCOPE PREAMP
A four-trace oscilloscope preamplifier, the
first in a new line of kits, has been an-
nounced by the Phase Corp. The preamp is
designed for use with any a.c. or d.c. oscillo-

(Continued on page 26)
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SHORI-WAVE
General cav2rage and
special fr=piency re-
ceivers. 2 range of
models stretching
across ewery known
frequency used in
communications and
entertainment. Prices
range from $59.95

k!

ACCESSORIES -

SX-122A

AMATEUR

Trans:eivers and
commuications sys-
tems that give you
the mazimum in pow-
er, range, sensitivity,
coverage—all around
perfornance. Unri-
valed advanced-engi-
neering features in
the price range that
fits your needs.
Prices to $1545

HA-20

MAP COLRTESY OF

RADIO AMATEUR

CFLL BOOK,ENC.

Power supplies, an-
tennas, filters, key-
ere, remote VFO/
VSWR console. speak-
ers, learning and
practice systems—all
the key elements for
top enjoyment, maxi-
mum professienalism,
are yours at their best
from your Hallicraft-
ers distributcr.

==\

y ==
;‘/
3

publicaton.

MONITORS

TYzble model and
heznc-held tunable
solid-ate receivers.
Higk-performance
supesheteradyne
units af nigh s2nsi-
tivity and selctivity
for av ation, marine,
and Fidustry/public
servize cov2rage.
Prices from $39.95

_ CRX-103A, -104,-105A

THE NEW HA_LICIAFTERS
WORLD TIME DA % FRECUENCY CHART

Only $1.00 eac, posteid to readgers of ths

Please send me___cidl/ctart{s).
Enclosed is my checx ~], money arder [ for s_.00

' in fu | payment, includ ng pastage and haadling.
1 PLEASE 2RINT
Name
60008 Address
City. Suate Zip.
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Telex writes
new specs
on sensitivity

and ruggedness
in headphones.

the Communicator Series

HIGH SENSITIVITY AND LOW OPERATING
POWER. The new Communicator: Series of
headphones is designed around a dramatic
new driver unit that requires only absofute
minimal operating power. This added effi-
ciency allows for a substantial increase in
sensitivity without any increase In distortion,
making the Communicator Series the most
sensitive and versatile headphones avaiiabie
today.
RUGGED. CONSISTENT PERFORMANCE. Un-
like the soft aluminum or paper cones in
most of today’s headphones, the Communi-
cator’s rugged new cone is made of special
material that will provide peak performance
without being affected by temperature or
humidity. This means that you get consistent,
high quality performance, day in and day out,
under the most demanding communications
conditions.«

For more information on Telex's new Com-
municator headphones, contact your near-

est Telex dealer or write.
3

PFRODUCTS OF BOUND miBCAACH

TELEX.

COMNMUNIGATIONS DIVIS-ONn

9600 Aidrich Avenue South
Minneapoiis, Minnesots 55420

CIRCLE NO. 27 ON READER SERVICE PAGE
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NEW PRODUCTS

(Continued from page 24)

scope, providing the capability of observing
as many as four waveforms simultaneously.
Individual centering control is provided for
each of the four inputs to the preamp. With
an input impedance of 1 megohm/channel,
the sensitivity of the preamp is limited only
by the sensitivity 6f the scope with which
it is used. The preamp is compact, facilitat-
ing mounting inside the scope housing or in
an optional case. The circuit of the pream-
plifier employs four FET's and nine silicon
transistors. Included in the kit is a printed
circuit board that comes etched and drilled.

Circle No. 84 on Reader Service Page 15 or 115

EMERGENCY /PSB MONITOR RECEIVERS

A new line of police/fire monitor receivers
available from Courier Communications, Inc.,
includes the Model COP-20H (148-175 MHz)
and Model COP-30L (20-50 MHz).
Both models are three-channel,
pocket-size receivers that tune
the bands indicated plus the AM
broadcast band. An -adjustable
squelch control is incorporated to
minimize hum and noise. An ex-
clusive feature of these receivers
is that the three -crystal-con-
trolled channels can be monitored
with no coil changes. A built-in
battery-level indicator, earphone and carry-
ing strap, and built-in telescoping antenna
are standard items with the receivers.

Circle No. 85 on Reader Service Page 15 or 115

WIRELESS SMOKE AND FIRE ALARM

The Olson Electronics, Inc.,, Model SW-440
smoke and fire alarm features solid-state cir-
cuitry for reliable and economical home and
business protec-
tion. The alarm is
equipped with
sensitive smoke
and heat detec-
tors, with provi-
sions for adding
an external heat
sensor, emergency pull chain, and an extra
a.c. outlet for additional signal devices. The
detector can be located in the probable fire
area and the alarm anywhere in the same
building (on the same electrical system to
provide a closed path for the wireless system,
of course). The heat sensor activates the
alarm at 135° F, sounding a loud buzzer.

Circle No. 86 on Reader Service Page 15 or 115

DUAL POLARIZATION ANTENNA
The Mosley Electronics Inc. Model DMS-3D is
a deluxe 12-element “Saser Beam,” a combi-
nation of two MS-3D beams stacked. It has
the sturdy construction of a beam plus a
choice of polarization usually found only in

POPULAR ELECTRONICS



the quad design. Each of the six horizontal
and six vertical elements has two deluxe
high-Q coils that are so powerful they can be
used on a 10-meter ham antenna. A double-T
matching system provides balanced feed hori-
zontally and vertically; and a polarization
switching control, located at the transceiver,
permits selection of polarization at the turn
of a dial. Technical specifications—10.5-dB
compared to reference dipole, 12.6-dB over
isotropic source forward gain; 25-dB front-to-
back ratio; 30-dB polarization isolation; 1.5/1
or better SWR; 52-ohm feed impedance; 166-
1h EIA standard 80 mi/h wind load.

Circle No. 87 on Reader Service Page 15 or |15

100-WATT AM/STEREO FM RECEIVER

Solid-state design, with four FET's, is used
in Lafayette Radio Electronics’ recently in-
troduced Model LR-775 100-watt solid-state
AM/stereo FM

receiver. The LR-775 has
automatic stereo FM
switching and stereo
indicator light; an il-
luminated tuning me-
ter; main and remote
speaker switching;
front- and rear-panel jacks for tape output:
and rear-panel stereo inputs for magnetic
and ceramic phono, auxiliary, and tape play.
Other standard items include switched and
unswitched a.c. outlets. Technical specifica-
tions: 50 watts/channel dynamic power into
4 ohms; less than 1% at rated output, 0.07%
at 1 watt harmonic distortion; 20-20,000 Hz
+1 dB frequency response; 15-30,000 Hz pow-
er bandwidth; 1.7-,V IHF usable sensitivity;
1.5 dB capture ratio; 40 dB at 400 Hz stereo
multiplex separation.

Circle No. 88 on Reader Service Page 15 or 115

TWO MONITOR RECEIVERS IN ONE

The brand new Courier Communications,
Inc., Model COP-50HL is a deluxe 12-chan-
nel, crystal-controlled high- and low-band
monitor that is actual-
ly two receivers in one.
Six high-band and six
low-band channels can
be monitored with
crystal-clear reception
with an exclusive r.f.
peaking control that provides greater re-
ceiver sensitivity for each channel than was
possible before. An exclusive tone control in
the COP-50HL emphasizes highs or lows at
the listener’'s discretion, and greater efli-
ciency is obtained through the use of an IC
in the audio section. Technical specifica-
tions: 25-50 MHz FM low-band, 150-175 MHz
FM high-band frequency ranges; 10.7 MHz
and 455 kHz i.f.; 0.5-uV sensitivity for 50
mW output on both bands; 0.5-xV and 0.3-
uV sensitivity for 20 dB signal-to-noise ratio
on high- and low-band, respectively; 46 dB
minimum image rejection; 6 dB *12 kHz
and 60 dB *+20 kHz selectivity; 117-volt a.c./
12-volt d.c. operation.

Circle No. 89 on Reader Service Page 15 or |15
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FIRST AND ONLY

COmpact SErulox.
screwdriver Sels

Increasing use of Scrulox square recess screws in ap-
pliances, radios, TV sets, electronic instruments . . .
even the control tower at Cape Kennedy . . . has
created a need. A need for compact, versatile driver
sets. Small enough to tuck in a pocket. Complete enough
to be practical on shop bench or assembly line.

Now, here they are . . . from Xcelite, of course.

ym

PS44
COMPACT
CONVERTIBLE SET

Five color coded midget Scrulox drivers — 3£00 thru #3

One midget nutdriver — %4 hex

**Piggyback”’ torque amplifier handle increases reach and driving
power

See-thru plastic case doubles as bench stand

99SL
INTERCHANGEABLE
BLADE KLT

Five Scrulox blades — $£00
thru #3. Shockproof, break.
proof, Service Master handle.
Durable, see-thru plastic case

- —

®

XCELITE INC. « 20 BANK ST., ORCHARD PARK, N. Y.
Send Bulletin N1065 on Scrulox Screwdriver Sets.
name

address

city state & zone
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It measures

New RCA WV-500B VoltOhmyst®
only $88.00*

AC volts,DC volts, resistance,current!
It's portable, stable, accurate!

It’s all solid state!

RCA’s new WV-500B VoltOhmyst is a
completely portable voltmeter that’s just
right for the shack. It’s battery-operated
(no AC line to stretch to that unreachable
outlet). No more warm-up time! No more
“zero-shifting” (which sometimes hap-
pens with vacuum-tube voltmeters).
WV-500B measures: DC voltages from
0.01 to 1500 volts; DC current from 2uA
to 1500mA; AC voltages (RMS) 0.1 to
1500 volts; AC peak-to-peak voltages
from 0.5 to 4200 volts; resistances from
0.2 ohm to 1000 'megohms.

AC, DC, and resistance measurements
are selected by a convenient switch in
the single-unit probe. The probe is wired-

in and equipped with fully-shielded input
cable. Test feads are included for meas-~
uring current. An accessory slip-on, high-
voltage probe is available for measuring
up to 50,000 volts, DC.

Think of it! A solid-state RCA VoltOhmyst
for only $88.00*. Get complete specs
from your Authorized RCA Test Equip-
ment Distributor. Or write Commercial
Engineering, Sect. BW-113, RCA Elec-
tronic Components, Harrison, N.J. 07029,

*Optional distributor resale price

RGA

CIRCLE NO. 23 ON READER SERVICE PAGE
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TWO-TONE “WAVERLY” ALARM

AVE YOU EVER needed an audio

tone source that was really loud, ab-
solutely distinctive, or even downright
annoying? If so, the Two-Tone Alarm
is for you.

The circuit of the Alarm automati-
cally switches the audible output from
500 to 1000 Hz five times a second, pro-
ducing a ‘“twee-dell, twee-dell” sound
that can’'t be missed anywhere and posi-
tively can't be ignored. By adding an
optional potentiometer to the circuit, the
sound level can be changed from a high
tweet to a low growl.

The Alarm can be set to run continu-

1C
EXPERIMENTER'S
CORNER

February, 1970

AUDIBLE WARNING OF MANY USES

BY DON LANCASTER

ously or it can be turned on with a local
switch or a remotely operated contactor.
There are two outputs; a low-level one
which can be amplified in any audio am-
plifier and a high-level one that can be
used to drive a conventional speaker
directly.

You can use the Alarm as a panic but-
ton, a novelty audio device, an electronic
doorbell, a selective call, a Science Fair
multivibrator demonstrator, a burglar
alarm, or as a signalling device for high-
noise industrial environments.

Construction. A schematic diagram of
the Alarm is shown in Fig. 1. While it
is not essential, a printed circuit board
greatly simplifies the assembly. If you
want to make your own, use the foil pat-
tern and drilling details shown in Fig. 2.
Mount the parts as shown in Fig. 3. The
integrated circuit polarity is identified
by a notch (between pins 1 and 14) and"
a dot. In the illustrations it is shown
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Fig. 1. The circuit is essentially a pair of audio oscillators that inter-
act with each other to produce the strange sound. Note that the
positive side of the battery is grounded to the chassis to ease the wiring.

PARTS LIST

B1—D cell (2)

C1,C2—0.1-uF, 10-volt disc ceramic capacitor

C3,C4—10-ul, 10-volt clectrolytic capacitor

IC1—MRTL hex inverter (Motorolg MC789P)

J1-J3—Phono jack

Q1—2N1613 npn medinm-power Iransistor (or
similar)

R1-R4—10,000-0hm, Vi-watt resistor

R5—2200-0hm, Vi-watt rcsistor

R6,R7—22,000-0lrm, Yj-walt resistor

HOW IT WORKS

The integrated circuit used here is called a hex
inverter and contains six separate inverting am-
plifier stages. Two of these stages are combined
with R6, R7, C3, and C4 to form a 5-Hz astable
multivibrator (square-wave oscillator). Two more
inverters are combined with RI through R4 and
C1 and C2 to form a second astable multivibrator
that can operate at either 500 or 1000 Hz, de-
pending on the state of the 5-Hz multivibrator
and feedback through R3 and R4.

The remaining inverters provide load isola-
tion, while transistor QI provides enough drive
to handle a permanent-magnet speaker.

Power for the Alarm is obtained from two D
cells. Any other medium-current d.c. supply with
a voltage from 1.5 to 6 volts can be used.
Switches S1 and S2 and jack JI are all in parallel
to encrgize the Alarm, To simplify the assembly,
the casc is connected to the keyed positive supply
level (PC terminal Y).

30

S1—S.p.s5.t. normally open pushbutton switch

S2—S.p.s.t. slide switch

Misc.—DPC terminals (4), 3” x 4” x 5" case,
mounting hardware, battery holder (Keystone
176), PA speaker and cnclosure (optional),
wire, solder, elc.

Note—The following are available from South-
west Technical Prodiects, Box 16297, San An-
tonio, Texas, 78216: etched and drilled circuit
board, $1.50; complete kit of all parts in-
cluding prepunched, vinyl-clad case, but less
batterics and speaker, $6.90, postpaid in U.S.A.

from the top. Be sure to orient it prop-
erly and use a small soldering iron and
fine solder when installing it. Also, be
careful about the polarities of electro-
lytic capacitors €3 and C4.

Assemble the Alarm in a 3”7 x 4”7 X
5” metal box. The battery holder is
mounted on the bottom with pop rivets
or #6 hardware, while the PC board
goes on the top with suitable spacers or
#6 hardware.

Operation: To test the Alarm, either
connect the amplifier output (J3) to a
suitable amplification system or attach

POPULAR ELECTRONICS




Fig. 2. Actual-size foil pattern for
the Two-Tone Generator. The IC is
oriented so that pin 1 is adjacent to
the small dot on the foil pattern.
After fabrication, the board can be
drilled as shown below, and PC termi-
nals can be used at the four lettered
locations. The board is supported by
spacers at each corner location. Com-
ponent location is shown in Fig. 3.
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COVER FEATURE

This is the first in a series of simplified inte-
grated circuit projects. In addition to the
Two-Tone Alarm, the series includes a Signal
Injector, a Bounceless Pushbutton, a Shift
Register, and a 100-kHz Standard. The last
four will appear in future issues of PoPULAR
ELectroNIcs. In these articles, the author
demonstrates a variety of uses of commonly
available integrated circuits. The projects
themselves may be used for classroom or
Science Fair demonstrations, or they may be
repackaged and put to more constructive uses.
Each project will be complete and will include
details on circuit operation.

a low-impedance (4-, 8-, or 16-ohm)
speaker to the speaker jack (J2). The
Alarm should operate immediately.

To vary the output sound, add a 500-
or 1000-ohm potentiometer in series
with S1.

Capacitors C1 and C2 determine the
frequency of the lowest note, while C3
and €} determine the switching rate.
The difference between the highest and
lowest notes is determined by R3 and
Rj4. You can experiment with any of
these values to get different audio re-
sults.

Volume should be more than enough
for most applications. If you want more,
however, try using a higher supply volt-
age (up to 6 volts). You can also use
an output matching transformer or a
high-efficiency horn-type speaker. -(30—

Fig. 3. Although the alarm can be built in almost any type of case, the
prototype was built within a small metal enclosure. Install the compo-
nents on the PC board as shown at left and mount batteries on other side.

February, 1970
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LSI Gives Semiconductors a “Trip”

(Answers on page 17)

1,

10.

11.

12,

13.

14,

15.

16.

17.
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LS! is being used to ‘“dope’” many new types of
semiconductor materials.

. 1f the third color band on a resistor is silver or gold,

the resistor is either a 109, or a 59, unit and is less
than 100 ohms.

. Spreading the outside plates on a variable air

capacitor decreases its maximum capacitance.

. When two dissimilar metals are joined and heated,

a voltage is developed across their junction. This
is known as the Seebeck effect.

. “‘Skating force” is the side pressure exerted on a

phonograph tone arm by the record groove spiral. it
can be eliminated by using a dynamically balanced
tone arm.

. A magnetostrictive material is one that changes its

physical dimensions when magnetized.

. When a coil is wound around a magnetostrictive

material core, a voltage is developed across the
coil if a pressure is applied to the core.

. The Curie Point of a material is the temperature

where it becomes radioactive.

The resistances of both tungsten and carbon ase
inversely proportional to temperature.

The combination of two 10-ohm, 14-watt resistors in
series will have the same power rating as the com-
btnatian of two 40-ohm, 14-watt resistors in parallel.

Infrared detection systems are of little use in desert
areas because of the high sand temperature.

The SCR is the solid-state equivalent of the d.c.
latching relay.

Submarires are capable of radio communications
while submerged by using the SHF band.

Rare earths now being used in color picture tubes
are not really rare compared to many other ele-
ments.

Coaxial cable cannot be made substantially smaller
because frequency sesponse.dictates its size.

An anisotropic magnet is one which has the same

magnetic characteristics along any axis or direction.

The first half of the horizontal sweep in a normal
TV receiver (left side of the screen) is formed by
the damper circuit.

A TRUE-FALSE QUIZ THAT COVERS THE ELECTRONICS WATERFRONT

BY VIC BELL
TRUL FALSE
TRUE FALSE
TRUE FALSE
TRUE FALSE
TRUE FALSE
TRUE FALSE
TRUE FALSE.

TRUE . FALSE____

TRUE FALSE
TRUE FALSE__
TRUE FALSE
TRUE FALSE
TRUE FALSE
TRUE FALSE
TRUE FALSE
TRUE FALSE
TRUE FALSE.
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Nixie Readout at 875 per Decade

NOW IT IS possible to build a high-
speed, decimal counter module (com-
plete with logic and Nixie® tube read-
out) at a cost of $14.90 per decade. This
counter, with speeds from d.c. to either
8 or 12 MHz (depending on the type of
logic used), can be built with 2% decades
(0-199), 3% decades (0-1999), or 4'2
decades (0-19999) using a single printed
circuit board. No mounting or front
brackets are needed and there is a mini-
mum of interconnections to be made.
The design provides an overflow indi-
cator and latch which operate when full
scale is exceeded. This function is useful
for overrange indication or as a “turn-
around’’ command on dual-slope DVM de-
signs. Display blanking, in which the
readout can be turned off or on by an
external 0-2-volt d.c. control signal is
also available. This feature eljminates

Febrvory, 1970

BY DON LANCASTER

display bobble or blur and back-and-
forth numeral motion during rapid
counting.

There is also a self-contained ‘gate”
input that permits turning the counters
on and off and is useful for period or
frequency measurements. This feature
eliminates quite a bit of external cir-
cuitry.

You have a choice of the type of logic
you use in building the DCU. If RTL is
used, the unit is fully compatible with
previous POPULAR ELECTRONICS projects.
Or you can use Utilogic® (Signetics
Corp.), a faster type of logic with a
higher voltage swing that is compatible
with industrial TTL and DTL circuits.
Both types of logic cost the same.

The IC counters are ‘“weighted” in the
industrial 1-2-4-8 manner to provide
electrical as well as visual outputs if de-
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Fig. 1. The schematic for one decade counter. As many decades as
desired can be built using this same schematic. The readout is a
conventional Nixie tube with a glowing numerical-shaped display.
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The 21/4-decade board. Each
Nixie indicates up to 9, and at
the 100th count, both Nixies
indicate zero while the special
“1'" neon lamp comes on. The
combination indicates to 199.
At 200th count, a special over-
range neon lamp (not shown)
glows indicating thatcounter has
progressed beyond its limits.

sired. A simple modification and an ex-
ternal adapter can be used to convert
the RTL version of the DCU into an
“add-subtract” counter which operates
in either direction. The units are useful
in computers, calculators, and positional
controls.

When RTL is used in this new DCU,
the unit can be used in POPULAR ELEC-
TRONICS projects such as the “Digital
Voltohmmeter,” the “Universal Frequen-
cy Counter,” the ‘“Sports Timer,” and the
‘“Electronic Stopwatch.” In fact, with a
few mechanical changes, the new 2%-
digit assembly can be dropped into the
“Digital Voltohmmeter” without adding
any new parts. This makes a DVM that
looks like the industrial models that cost
many times as much.

PARTS LIST
DECADE COUNTER

IC1,JC2—MRTL dual JK flip-flop (Motorola
MC791P) :

IC3—MRTL quad two-input gatc (Motorola
MC724P)

Q1-Q10—2N3877 transistor (Allied Electronics
49D30 2N3877 SPR, no substitute)

Q11-Q13—Transistor (National Semiconductor
2N5129)

R1,R4,R5—470-0hm, Y4-watt resistor

R2,R3—330-0hm, Y4-watt resistor

R6—15,000-0hm, Y4-watt resistor

V1—Nixie tube ( Burroughs B5750)

Misc.—3#24 wire jumpers, insulated sleeving,
solder, spacers, mounting hardware, etc.

Note—The following are available from South-
west Technical Products, Box 16297, San
Antonio, Texas 78216: Elched and drilled PC
boards—2Ys-digit, $4.00; 3Ys-digit, $5.75;
1Y, -digit, $7.50. Complete kit of all parts—
234 -digit, $43.50; 3Y5-digit, $59.50, 4%5-digit,
$75.00. Write for a complete list of related
circuits, kits, and instruments, All prices post-
paid in U.S.A.
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Because of space limitations, con-
struction details are given here for the
RTL counter only. Complete informa-
tion, including PC layouts, for the Uti-
logic version is available without cost
from the source given in the box.

In deciding whether you want to use
RTL or Utilogic in your DCU, consult
the Table.

The circuit for one decade of the DCU
is shown in Fig. 1 and that of the over-
flow counter is shown in Fig. 2. Al-
though these are shown as separate cir-
cuits, in practice, one overflow counter
and as many decades as are necessary
are mounted on one PC board. Intercon-
nections for the units are shown in Fig.
3. Note that the Gate connections of all
decades except the first are grounded. In
this way, if the input (units) decade is
turned on or inhibited, the counter op-
erates or not accordingly.

Overall view of the 21/4-decade board. When mount-
ed in enclosure, only the readouts will be visible.
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We pack your electronics course with
kits to make your training fast
You'll enjay every minute of it.
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Choose a career in electronics:
Computers. Color TV Servicing.
Automation. Communications.
Whatever the field, NTS has a
complete home-study package to
get you to the top faster. 10 thor-
ough training courses. Each in-
cludes everything to give you the
working knowledge required of
successful technicians,

NTS Project-Method Training is
the practical way to learn elec-
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tronics. It's a proven combination
of lessans and the best profes-
sional kit equipment available.
NTS provides the biggest seiec-
tion of kits ever offered in home-
study . . . all at no extra cost.
You'll conslruct these exciting
kits to fully understand electronic
circuits, components, and con-
cepts. Our Project-Method lets
you build skills by putting theory
into practice . . . by working with
your hands, as well as your head.

uccess package

The NTS “learn and practice’ ap-
proach makes training at home
really easy. All it takes is a few
hours a week . . . whether you're
starting from scratch or in ad-
vanced courses. This is the all-
inclusive siurccess package that
put thousands of men into the
best paying jobs . . . or into their
own business. If “just a living”
isn't good enough for you, ncw is
the time to get something .better
going for you!

POPULAR ELECTRONICS



NTS COMPUTER
ELECTRONICS

This is the future. And it's hap-
pening now. The number of com-
puters will increase many times
inthe next few years,

Exclusive new
Compu-Trainer®

NTS offers a solid grounding in
computer operation, wiring, data
processing and programming.
One of the 10 important kits in-
cluded is our exclusive Compu-
Trainer®. It's a fully operational
computer logic trainer — loaded
with integrated circuits — the first
ever offered in home study. it in-
troduces you quickly to how,
what, when and why of computers
... from theory to practical serv-
icing techniques. This unit is
capable of performing 50,000 op-
erations per second. And it's sent
at no extra cost.

NTS COLOR TV
SERVICING

This is a broad, easily understood
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COLOR TV

295 SQ. IN. PICTURE

program designed to make you a
complete home-entertainment
service technician. Included, at
no extra cost, is a color TV
that has more features than any

February, 1970

set on the market. You also learn
all about stereo, hi-fi, multiplex
systems, and become a specialist
in Color TV Servicing. Kits also
include AM-SW radio, solid-state
radio, field-effect transistor volt-
ohmmeter, electronic tube tester.

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

You're trained in the “push-but-
ton" electronics that keep indus-
try going and growing ... from
relay type controls to highly
advanced systems essential to
production. You receive 16 kits in-
cluding a 5” wide band oscillo-
scope, and the new NTS elec-
tronics lab: a

fascinating NTS

exclusive
experi-
mental
laboratory.
A complete
workshop
which
makes you
familiar
with solid-
state,
miniature,
and integrated 5
circuits. Oscilloscope

NTS ELECTRONIC
COMMUNICATIONS

The use of 2-way radio systems in
private and commercial applica-
tions is skyrocketing. NTS pre-
pares you for the big-money
opportunities in the field of trans-
mitting and receiving equipment.
Your tuition will be refunded in
full it you cannot pass the FCC
exam for a 1st Class Commercial
Radio-Telephone License within

5 Watt AM Transmitter & Receiver

six months after successtully
completing this course. You build
valuable kits including Amateur-
Phone 6 Meter VHF Transceiver,
solid—state Radio, and a field-
effect transistor volt-ohmmeter.

CLASSROOM TRAINING
AT LOS ANGELES

You can take classroom training
at Los Angeles in sunny Southern
California. NTS occupies a city
block with pver a million dollars
in facilities devoted exclusively to
technical training. Check box in
coupon.

NATIONAL @D SCHOOLS

World-Wide Training Since 1905
4000 South Figueroa Street
Los Angeles, Calif. 90037, U.S.A.

APPROVED FOR
VETERANS

Accredited Member: National As-
sociation of Trade and Technical
Schools, National Home Study
Council.

[ TopAY, MAIL
| COUPON

| FOR FREE

| COLOR

| CATALOG

| AND SAMPLE
| LESSON.

| NATIONAL TECHNICAL SCHOOLS

| 4000 S. Figueroa St., Los Angeles, Calif. 30037
| Please rush Free Color Catalog and
| Sample Lesson, plus information on
| field checked below. No obligation.
| No salesman will call.

| O MASTER COURSE IN COLOR

I TV SERVICING

|

I

COLOR TV SERVICING
MASTER COURSE IN TV &
RADIO SERVICING
PRACTICAL TV & RADIO
SERVICING

MASTER COURSE IN ELEC-
TRONIC COMMUNICATIONS
FCC LICENSE COURSE
MASTER COURSE IN ELEC-
TRONICS TECHNOLOGY
INDUSTRIAL AND AUTOMATION
ELECTRONICS

COMPUTER ELECTRONICS
0 BASIC ELECTRONICS

00 0O 0 04

0O a

Name Age

Address

City State Zip~

{3 Check if interested in Veteran Training
under new G.1. Bill.

O Check it inturested ONLY in Classroom
Tsaining at Los Angeles. Dept. 205-.020
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Fig. 2. The overfiow counter is couplad
to the last decade wsed. When an excess
count is received, power is applied to
the externzl overiange (nean) indicator.
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PARTS LIST OVERFLOW COUNTER

C1—0.1-uF, 10-v0lt disc ceramic capacitor

IC4—MRTL dual JK flip-flop (Motorola
MC 791P)

014,015—2N3877 transistor {no substitute)

Q16—Transistor { National Semicondnctor

. 2N5129)

Construction. Decimal counting units
can be built in a number of configura-
tions: 1'% (counting to 19), 2% (to 199),
3% (to 1999), 4% (to 19999), etc. In
each case the % stands for the “1” of the
cverflow counter, while the whole num-
ber stands for the number of decade
counters (each counting to 9).

Construction details are given here
for the popular 2%-digit assembly. Be-
cause of the complexity of the circuit, &
printed board is mandatory. A board is
shown actual-size in Fig. 4. A commer-

General view of a portion of a 214 -decade board.
This view shows the correct way to install the
ten switching transistors for the Nixie drive.
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Fig. 3. Interconnection of decades, overflow, overrange indicator and

decimal-point selector. Note that all decade gate inputs, other than the
first one, are grounded. First gate is used to start and stop counting.

cially made board is available (see Parts
List for Fig. 1). If you prefer to make
your own, it is recommended that you
use the better-grade, G-10 fiberglass.

Besides drilling details, Fig. 5 shows
the location of the 32 jumpers located on
the component side of the board. In ad-
dition, there are four jumpers that are
“sewn” through the board, so that they
alternate from one side to the other and
pick up five connections each. Details
of this are also shown in Fig. 5. The long
bare jumper is soldered at one end and
then threaded through the holes in the
board. Use insulated sleeving over the
exposed parts to prevent shorts to the
transistor leads.

Once the various jumpers have been
installed, the components are inserted in
accordance with the layout shown in

Underside view of the PC board
showing how some jumpers are
connected. These below-board
jumpers must all be insulated.
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Fig. 6. Use a low-power (40-watt) sol-
dering iron and thin solder to make all
connections. The IC’s are identified by
a notch and dot code for positioning. To
insert the 20 driver transistors, hold
them with the flat facing away from the
readout tubes. Then bend the center
lead back toward the tubes and insert as
shown.

In inserting the Nixie tubes, put the
leads in two at a time. Before soldering,
make sure that all leads are tight, none
are doubled over or shorted to each oth-
er and the viewing face of the tube is
aimed in the correct direction. Also be
certain the tube is vertical.

Mount the neon lamp (for numeral 1)
so that the metal rods within the tall
narrow bulb are at the same height as
the numerals in the Nixie tubes.




Fig. 4. Actual-size foil
pattern for the 214-dec-
ade board, with associ-
ated overflow counter. By
judicious re-arrangement
of the foil pattern the
number of decades used
can be extended. Boards
for muiti-decade readout
can also be purchased.

"
e A INSULATED JUMPERS

1/8"DRILLI4)  COMPONENT SIDE(19)  "SEWN"THROUGH BOARD

22 WIRE SLEEVING
. \fd“ h -
[ H W i "5 4
FOIL SIDE

SOLDER PC BOARD

P

; AN
- (AEOM PR
‘e /‘;Aiw,MW[;' e . )
‘%}y =t e awdd R, Fig. 5. Board drilling and jumper installation.
o4 /7 ~ sy \i——, %:w\ - Some jumpers are “sewn’’ through the board
e 3 0 e Has HZ2 T as illustrated above. Start at one end, and
-tk )t L b Bt 5 2 ol N the wire through th tive hol
' S A4 6 1 . pass the wire throug e respective holes,
¢ 3}}2{_’: 3 /N‘é" Imzi:??: -a'ﬂ "{f: l-/';jﬁ% . inserting the insulation at the required places.
wo§ L]
!!!, A . . % *
© / o] .
= S ——— s
#67 DRILL # 24 WIRE JUMPERS
EXCEPT AS NOTED COMPONENT SIDE (32)

42 POPULAR ELECTRONICS




OVERFLOW SECOND FIRST
COUNTER DECADE DECADE
e T ————— - ——

IC4 R7

i
|
|
'
1
|
1
|
!
|

‘—GND
: g — GATE
" —COUNT
Rl-ﬂ :
T 0 S N -RESET
UNBLANK Q@ Ga3 1c3 AIQ - +3-6V
L A R2
OVE * H4TR5 E;g ﬁ !
IND? . 'Rg G2 R3
! -
- 9 8 8, 8 85-—01—010
_ n & -
Fig. 6. Component in- | Ricd 4y R6 —mis - - e 2 2]
stallation of 21;-decade 4 75y e N
board. Other than place- e I]-_s@' g’;"g ! ¥ i
ment of R6, both dec- o it BRI R B
ades are similar. This il- ! 2. | ' “
lustration shows exter- CBNNECT AS NEEDED Vi
nal connections needed. FOR DECIMAL POINT

Use. The 2!4-digit module can be used
in any one of a variety of chassis styles
—as long as it has a rectangular front-
panel cutout for the two Nixie readout
tubes and the neon light. A special polar-
ized optical filter is available (see Parts
List for Fig. 1) to improve readout visi-
bility. This filter should be oriented to
produce the blackest instrument interior
when viewed and illuminated through
the filter. Once the correct orientation

has been found, glue the filter in place
behind the front-panel cutout.

External connections to the module
are shown in Fig. 6. The 214-digit mod-
ule requires +175 volts at 5 mA for the
readouts, and + 3.6 volts at 340 mA for
the remainder of the circuit. A power
supply (such as the one shown in Fig. 7)
is required. It has low ripple with high-
frequency bypassing—an essential.

Ground leads should be short and of

PARTS LIST
POWER SUPPLY

C1—100-pF, 250-volt clectrolytic capacitor
C2—6000-uk, 10-volt clectrolytic capacitor
C3—200-ukF, 6-volt clectrolytic capacitor

C4—0.1-uF, 10-volt disc ceramic capucitor

D1,D2—1I-ampere, 600-volt silicon diode H7VAC
(1N4005 or similar)

D3—1-ampere, 50-volt silicon diode (1N4001 or
similar)

D4—4.2-v0lt (RTL) or 5.6-volt (Utilogic) al

L-watt cencer diode
F1—0.5-ampere fuse and fuse holder
Q1—2XN5190 transistor and suitable heatsink
S1—DPower switch (usually a part of other instru-
ment or circuit switching)
T1—DPower transformer; sccondary 135-0-135 V
at 50 mA, 6.3 VCT at 1 A (Southwest Tech-
nical 2TR-DVM or similar)®

Misc.—Mounting spacers, hardware, wire, solder, £ce
terminals, line cord and strain relicf.

#vailable at $6.50 plus 4 1b postage from South-
west  Technical Products, Box 16297, San Fig.
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7. Low-ripple power supply for the 215-

Antonio, Texas 78216.
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decade board. By changing D4, the supply can
be used for either RTL or Utilogic circuits.




FOR UTILOGIC DCU DETAILS

Complete construction information, including
full-size PC layout replicas and all other de-
tails, is available free upon request from:
Alvin R. Smith, Section Head
Digital Design Group
Southwest Technical Products, Inc.
Box 16297
San Antonio, Texas 78216
Please limit free requests to single copies.

heavy gauge wire (at least #16). The
“Out” terminal on the board is used only
in some special DVM cirecuits and is nor-
mally left unconnected. The terminals
along the rear of the board are for use
in the future with an add-subtract adap-
ter and are also left unconnected for rou-
tine applications.

The “Gate” input, if used, goes to an
RTL-derived signal that is positive when
the counter is to be inhibited and ground
when the counter is to count. If you are
not going to gate the assembly, the Gate
terminal should be connected to the
ground terminal.

To provide a blanking feature, connect
the “Unblank” terminal to an RTL-de-
rived signal that is positive when you
want the display to light and ground
when you want it off. Remember that
the Unblank input does not stop the

CHOOSING THE RIGHT LOGIC FAMILY
RTL UTILOGIC

Supply: 3.6 volts. Supply: 5 volts.

Compatible with all Compatible with in-
previous POPULAR dustrial DTL and
ELECTRONICS pro- TTL circuits.

jects.
Typical maximum Typical maximum
speed: 8 MHz. speed: 12 MHz.

Grounding and supply [Grounding and supply
leads relatively leads less
critical. critical.

May be converted to [Conversion difficult.
an add-subtract
counter assembly.

Input toggle must be |Input toggle must be
bounceless and bounceless, but
fall faster than may have consider-
200 nanoseconds. ably longer fall

time.

External monostables, |External circuitry
astables, crystal often much more
oscillators using complex and
RTL easy and cheap.| expensive.

Recommended for stu-|Recommended for in-
dent and home dustrial technician
experimenter, or engineer.

HOW IT WORKS
DECADE COUNTER

One decade counter can be divided into four
sections: the actual counter, the decoder, the
readout driver, and the readout,

The counting portion (at bottom of diagram)
consists of four JK flip-flops arranged to count
to 9 before reverting back to zero and simul-
taneously delivering a “Carry” output to the
next decade. To force the counter to count only
to 9, an inverter in a feedback loop is used. The
voltage levels, which are unique for each count,

are taken frem the Q and Q outputs of each flip-
flop for use in the decoder. The flip-flop outputs
are in the common 1-2-4-8 code. If more than one
module is to be used in an instrument, the “Gate”
input terminal of the counter is connected to
ground in all but the first counter. When the gate
is grounded, the counter operates normally. When
it is made positive, the counter is inhibited. In
this way, an externally generated signal can be
used to determine when the counter is to operate.

In the decoder, consisting of four gates and two
discrete transistors, the 1-2-4-8 output of the
counter is converted into a biguinary (divide by
2, then by 5) code. It has seven outputs: even,
odd, 0 and 1,2 and 3,4 and 5, 6 and 7, 8 and 9.
These form the input to the readout drivers.

The readout (Nixie tube) is a gas filled tube
with one common anode and 10 discrete metal
cathodes, each formed into the shape of a number
(from O to 9). When B+ is applied to the com-
mon anode and any of the cathodes is grounded,
the gas around that particular piece of shaped
metal glows causing a number to appear in the
viewing plane.

The readout drive consists of 10 high voltage
transistors, driven in pairs by the decoder out-
puts. The transistor collectors are connected to
the 10 cathodes of the Nixie tube. The emitters
of all of the odd-numbered transistors are con-
nected together and to the “odd’’ buss, while the
even-numbered transistors have their common
emitters connected to the “‘even” buss. The even
and odd busses are driven by the two transistors
in the decoder.

The system can be considered to operate like
a switching network. When, for example, the
even transistor in the decoder is saturated (with
its emitter grounded), the even buss is essentially
at ground. Then, if a signal is applied to the
bases of one pair of driver transistors, only the
one whose emitter is connected to the even buss
saturates and acts as a switch to close the circuit
to the appropriate cathode on the readout. Sup-
pose, for instance. that the count is 7. Since 7 is
an odd number, the odd decoder transistor is sat-
urated and the odd buss is grounded. Simultane-
ously, the 6 and 7 output of the decoder applies
signals to the 6 and 7 driver transistors. Because
only the 7 transistor is connected to the grounded
odd buss, only the 7 transistor saturates, causing
the number 7 to glow in the readout.

Note that we said previously that the odd or
even buss must be grounded for the decoder
transistors to work. The grounding is made ex-
ternal to the counter through a connection to the
“Blanking Input” terminal. A circuit in the over-
flow counter determines when this terminal is
grounded for display viewing. In this way,
rather than have a blur of numbers while the
counter is counting, the blanking input keeps the
display off until the counting is complete. Then
a steady display is shown.
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HOW IT WORKS
OVERFLOW COUNTER

The overflow counter consists of a counting
section, a display driver, and a display.

The counter contains two JK flip-flops the first
of which is a divide-by-two and the second a
latch. The latch flips positive and stays positive
when there is an overflow, Resetting the counter
resets the latch. The outputs of the flip-flops
drive high-voltage transistors which act as
switches in series with special neon lamps. The
first flip-flop and its transistor energize the neon
lamp that displays a 1 which is similar to the 1
displayed by the Nixie tube. The lamp driven by
the second flip-flop and its transistor is a stand-
ard neon lamp on the front panel and it indicates
“Overrange.” Resistors in the B+ circuit of the
neon lamps provide for differences in breakdown
voltages.

The emitters of both driver transistors are con-
nected together and to the “Unblank Input”’
through a switching transistor, A positive input
to this terminal saturates the switching transistor
and causes the display to turn on. The switched
signal is supplied to the decimal counters through

Remember that counting continues whether or
not the display is lit. The blanking merely con-
trols whether or not the display is on.

The overflow counter also contains a bypass
capacitor for the supply, resistive loading for
the reset buss, and a decimal point resistor.
These elements are connected to their respective
circuits through the instrument wiring.

8+ 0—a

:

INEON ==
NUMERAL ! -
READOUT

==

"X" INDICATOR
(EXTERNAL NEON)

- =t

the “Blanking Output” terminal.
&
BLANKING
OUTPUT
+3.6
s Q
o Ve
COUNT T =T x_ QUTPUT
|||-c 1jHe @
[ o L 4 & WWWA :l
RESET

counter from working—it just deter-
mines whether or not the display can be
seen. If you do not want to turn the dis-
play off, connect the Unblank terminal
to the -+ 3.6-volt source.

The two terminals marked “X’ are
connected to a neon overrange indicator
(usually mounted in a red holder). If
you don’t want the overrange indication,
leave these two terminals unconnected.

Decimal points are activated by con-
necting the selected decimal point ter-
minal beside each Nixie tube to the “DP”
terminal on the overflow counter through
an external switch. Decimal point opera-
tion is independent of display blanking.

The “Reset” terminal is normally con-
nected to ground through an external
switch. Raising the buss to +3.6 volts
momentarily resets the assembly to zero.
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.General_view of the secoﬁd .decade of the counter.

Even though the three portions extend across the
board, the three readouts are very closely spaced.
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Fig. 8. Four approaches to

“*bounceless’

signal conditioners. Either A

or B can be used for mechanical switchling, while either C or D can be
used if the input signal comes from a conventional audio generator.

The Reset button need not be bounceless.
If you use an electronic reset, a 2-micro-
second pulse with a fanout of 30 is re-
quired.

Input. The input must be a waveform
that changes abruptly from +3.6 volts
to ground each time a count must be
registered. For the counter to operate
properly, the input must be both noise-
less and bounceless and have a fall time
less than 0.2 microseconds. Thus it is ab-
solutely mandatory that the input he
properly conditioned. Four possible sig-
nal conditioners are shown in Fig. 8. Cir-
cuits (A) and (B) are used for mechan-
ical-contact inputs, while (C) and (D)
are for electronic inputs. Circuit (C) is
used for input levels of about 2 volts
r.m.s. If the input frequency is below
1500 Hz, the capacitor must be included.
For higher frequencies, omit the capaci-

February, 1970

tor. Circuit (D) is a Schmitt squaring
circuit.

Any of the circuits used in previous
PopruLAR ELECTRONICS DCU projects have
the proper conditioning circuits built in.
Thus, if you have built or are consider-
ing building the Digital Volt-ohmmeter
(December 1968), besides making the
mechanical modifications that are neces-
sary to use this new counter module,
connect the “Unblank’” input to the ex-
isting “Gate” terminal on the V/F mod-
ule in the Voltmeter. Should the bright-
ness of the display be inadequate, the
original DVM transformer should be re-
placed with the one called for in Fig. 7.

Power Supply. A recommended power
supply with sufficient regulation is shown
in Fig. 7. This supply is wired point-to-
point after all parts have been mounted
in a suitable chassis.
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BY CARL KOHLER

ALMOST made it.

Sneaking from the car to the work-
shack, my arms loaded with stacks of
books borrowed from the public library,
I was doing just fine until one of the
larger, heavier tomes toppled—hitting
the pavement with an echoing smack.

Friend Wife, Peggy, immediately
peered out the back door, hearing the
sound and spotting me going tippytoe
lugging the books. She came through
that doorway and was upon me before I
could stagger another step. So I stood
stockstill, deciding to play it totally cool.

“What'’s with all the books?” she de-
manded.

“Going to do a little reading,” I mur-
mured from behind the wavering stacks
I was balancing. “Just going to do a
little reading, that’s all.”

Her face appeared around one of the
unstable stacks, sheer disbelief gleaming
in her eyes, complete suspicion quirking
her mouth. I stared back with what I
hoped was the most innocent and appeal-
ing expression this side of that over-
weight infant on the babyfood tins.

“You always do your reading in the
house,” she said flatly. “How come you
aren’t bringing them into the house ?”’

“Uh ... not this time.”

“What are they—dirty novels ?”

“Certainly not!” My voice trembled
with indignation. “Why, these represent
some of the most profound concepts that
the finest minds of mankind ever sus-
tained long enough to put on paper!”

“Oh, yeah?” Her eyes roved over sev-
eral titles. “Hmmmm. They look dull
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enough to be as high-brow as you claim.
First Principles—” she read aloud, “4b-
stract Mathematics—History Of Philoso-
phy—Grey’s Anatomy—The Natural
Sciences—Profiles Of Classical Artists.”
She glanced at me with a tight little
smirk. “Isn’t all this stuff slightly over
your head? I always figured you were
more a ‘MAD’ magazine buff!”

I sighed. A long, shuddering sigh of
defeat.

“All right,” I muttered dully. “Tote
some coffee out to the workshack and I'll
wire you in to the whole plan. You'll find
out sooner or later, anyway.”

While she went sprinting away to bring
the requested brew, I carried the teeter-
ing towers of books into the workshack.
letting them spill to the floor. Restack-
ing them neatly alongside all the other
books earlier sorties had produced, I bit-
terly meditated upon my fond and chron-
ic illusion of secrecy. Sometimes I actual-
ly managed to bring a project pretty well
along before she chanced upon it. Once,
I even came within twenty minutes of
completing a project in delicious secrecy.
But a malicious fate sent her blundering
into the workshack while I was still
bolting a chassis into its casing.

“Ah, well,” T sighed again. “At least
I'm gifted with a glorious verbal-defen-
sive ability. Things could be worse. I
could be slow-spoken. Or have the handi-
cap of a stammer.”

She waltzed into the workshack, hold-
ing the tray skillfully aloft. It bore a pot
of coffee and two cups. She lowered it
with a flourish, not spilling a drop.

POPULAR ELECTRONICS




“Exhibitionist!” I sneered.

“Now,” she chirped brightly, “tell me
all about what’s going on! Why you're
suddenly bringing books in here by the
ton.”

I gestured at the books. “Those gems
of knowledge,” as I gestured again at the
nearby object covered with a dust-sheet,
“are to be fed painstakingly and efficient-
ly into that veritable jewelbox of scin-
tillating information.”

Her face followed my gestures, swing-
ing back and forth with an expression
of immense bewilderment.

“Let’s have that again ?”’ she giggled.

I inhaled deeply enough to get slightly
dizzy with the intake of oxygen. “Here
we go again,” I thought tensely, “all my
defensive resources gathering against
the onslaught I knew was coming. If she
doesn’t recognize the instrument imme-
diately, one of us is slipping.”

I yanked the dust-sheet from the com-
puter.

“I'm going to feed the contents of
those books and more into the memory
banks of this sensitive, superbly con-
ceived and constructed instrument.” My
chin went a trifle higher. “In short, sis-
ter, I intend to transfer all known facts
and theories and reasoning into this
newly modified digital computer.”

Recognition oozed over her face as she
stared transfixed with happy derision at
the bulk of the computer which had been
disconnected and hidden from the world
for a long, long time. But not long
enough for her to forget what it had
been when I originally built it.

“QOoh, I know that crazy gismo!’ she
trilled. “Sure! That’s the nutty thinga-
muhcallit you were so positive was going
to make us wealthy beyond our wildest
dreams because it would be able to ana-
lyze the future! Or something like that!”

I nodded grimly, pouring scalding-hot
coffee down a throat constricted with
humiliation. “Go ahead,” I thought glum-
ly. “Go ahead and get every last grain of
salt into the wound! Really squeeze it
for all it’s worth. Have a ball!”

She spewed merry laughter all over
me, the books, and the computer. “Oh, I
never thought you’d ever have the gall
to bring that costly flop out of hiding!”

“Tt’s not the same instrument,” I mur-
mured softly. “Not the same at all. Been
modified. Brought up to date. Completely
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redesigned, except for the housing, to do
something entirely different. Something
practical. Functional. Patriotic even.”

“Oh, go ahead and make it clack out
that wonderful ‘Cross my palm with sil-
ver line!’ Please make it do that again!
The last time I laughed until I thought
T'd split! All that hokey science talk—
about a gadget that turned out to be
nothing more than a greedy, metal Gypsy
fortune-teller!”

Bile rose to meet the descending
scorch of the coffee. I swallowed with
difficulty. “It simply can’t do that again!”
I desperately assured her. “The whole
computer has been revamped and re-
wired. Wholly new ceircuits. Integrated
circuits that give it a brand new pur-
pose. A splendid function that—scoff if
you like—could just very well make me
a most wealthy man, at least, and pos-
sibly even save the country from a gen-
eration of imbeciles, cretins and sav-
ages!”

“Huh ?”

I patted the dully gleaming casing of
the computer fondly. “UNIversity, here,
will replace all archaic notions of formal
education.”

“Uni-what?”

“UNIversity. That’s its name and its
purpose! To be a complete university!
Why, the impact of this advance in the

"What are they—dirty novels?”’
she asked, as the stack began to waver.
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educational field will probably be felt
around the globe!”’

“Eh ?))

“Certainly! By merely replacing the
old fashioned college campus—that has
proved to be so terribly vulnerable to
student violence—UNIversity will enable
serious, ambitious students to achieve a
full and enriched formal education with-
out being subjected to the vagaries and
disruptions currently found on universi-
ty campuses everywhere!”

“Wait a minute!” she protested, jerk-
ing a thumb at the computer. “Are you
trying to tell me that this reformed gyp-
sy is going to dispense education ?”

Head held high, nostrils flared with
pride, I looked down my nose at her, but
smilingly, and I accorded her a. brief nod.
A firm, confident nod.

“How ?” she demanded.

“Simplicity itself! Once I demonstrate
this prototype model to colleges and uni-
versities—showing how the best minds
of all eras have been locked within its
memory banks, how every possible sub-
ject is completely recorded, how the arts,
the sciences. business, the humanities
and even theoretical research in every
imaginable field have been captured,
needing only selective operation to de-
liver as fine an education as has ever
been available anywhere—those higher
institutions of learning will beg to buy
them in carload lots. Educational history
will be made! The serious students will
be assigned one instrument to an indi-
vidual or perhaps even a small class. No
longer will there be a need for huge
campuses, expensive buildings and the
fantastic overhead necessary to main-
taining a full university!”

“You gonna give ’em away ?”’

A sly smile played about my mouth
which had gone thin-lipped with resolu-
tion. “Absolutely not. I'll lease hundreds
of thousands of UNIversities. Oh, the
jolly profits will flood in! I'll be a multi-
millionaire many times over!” I tweaked
her cheek roguishly. “I may even spend
a few dollars on you!”’

“Where’s all these millions coming
from ?”’

I shook my head sadly at her. “Don’t
you know that almost every university in
the country receives Federal aid as well
as state and private funds? No need to
worry about the money! It'll pour into
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the coffers of UNIversities, Unlimited in
torrents of fat, lovely sums. I may even
have to buy one of the smaller foreign
countries for a tax write-off!” I yawned
elaborately. “Why, there will probably
be millions in gratitude gifts from the
parents of UNIversity-taught pupils who
have saved considerable sums of money
by not having their children write ask-
ing for money from distant campuses!”

“How do you figure that?”

“Easy. UNIversity can be installed and
operated just as efficiently in the home
as anywhere else.” I assumed a humble
posture. “Think of all the innocent youth
who will be spared the riotous living and
sinful ways of dwelling far from their
native hearths. Yes, I can see a definite
moral fiber in this plan. The world will
eventually get around to bestowing its
honors upon UNIversity and me for bring-
ing back a stout moral tenor to its pre-
cious younger generations.”

She stared hard at me. “You really be-
lieve all this guff you been handing me ?”’

I cleared my throat, ignoring the jibe.
“You'll have to excuse me now. I must
contact all of the electronics schools
and institutes, and the trade schools,
of course. Mustn’'t delete any form of
knowledge once I begin programming it
into the instrument. I may even include
some frivolities for comic relief. Just for
balance, you understand!”

“Yeah,” she yawped, heading for the
doorway. “I knew you’d dream up an ex-
cuse to read a few issues of “MAD”
into that screwy machine!”

“Not a bit,” I retorted, drawing my-
self up with frosty dignity. “Actually, I
was thinking of something with more
humor—such as the Congressional Rec-
ord or the minutes from a few meetings
of the D.A.R. This is a class operation,
y’know!”

“Puns yet!”
swiftly.

The months that followed were ex-
hausting ones as I proceeded to work my
way methodically through subject after
subject—basing my programming upon
standard college texts—until I'd concise-
ly read hundreds of books, pamphlets,
essays and technical papers aloud into
UNIversity who smoothly filed all the
material away into its memory banks,
diverting it according to classification
with my help at the master control panel.

she wailed, departing
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Finally, I realized this was a somewhat
larger task than I had originally esti-
mated. Even so, I figured it was about
time to make a demanding test of UNI-
versity—to find out if it could indeed
give information—both literally and ana-
lytically—when selected playbacks were
delved from its memory banks. This be-
ing a rather awesome moment, I felt the
need for company, graciously inviting
Friend Wife to be a witness at the first
lectures and seminars delivered by my
brainchild.

“Well, this is it!” I announced in a
voice hoarse and thickened from hours of
reading educational facts into the com-
puter aloud. “How would you like the
honor of selecting a test subject ?”

“It ain’t gonna work anyways,” she
stated sourly. “None of your gadgets do
what they're supposed to do. So I guess
it don’t matter what I pick, huh?”

I favored her with a tired, condescend-
ing smile that made a shambles of her
jibe.

“Just choose a subject—any subject,”
I suggested patiently. “Never mind all
the sunshiny thoughts and utterly blind
faith in my meager genius.”

She thought intensely, her face work-
ing with the effort of her mental strain-
ing. “Okay, have it tell me all about
Mars!”

“The mythological god or the planet ?”

“Huh ?”

“Let it pass. I assume you mean the
planet Mars.”

“That’s what I said!”

I sighed. “So you did, and that’s what
you shall have—a comprehensive lecture
upon every known aspect of that red and
mysterious planet!” Deftly making a
few simple adjustments upon the Master
Control Panel, UNIversity glowed into
activity—muted bleepings, minor click-
ings and sequences of flashing lights in-
dicating that the instrument was ready
to function.

“How come it ain't going clack-clack-
clack and popping out those little pieces
of paper?” she asked, nervously stepping
back from the light patterns now spar-
kling madly across the computer’s trace-
board. ‘It looks like it’s gonna blow-up!”

“Relax. This baby is a far cry indeed
from that admittedly crude and ineffec-
tual item that preceded it.” I peered in-
tently at the Control Panel, making sev-
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eral more corrections with the cold mien
of the true scientist, murmuring inco-
herently to myself for added dramatic
impact. “Actually, UNIversity not only
absorbs facts but has been designed to
draw meaningful conclusions from all
programmed data. Additionally, UNIver-
sity can recognize human voice patterns.”

uWhy 0

“Well, each of the kids has a differing
mental capacity. I figured if UNIversity
could instantly recognize each kid by his
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“Listen!”’ | roared. ‘‘} demand that you select col-
lege level delivery of data pertaining to Mars!"”

or her voice, it could immediately chan-
nel a vocabulary understandable to each
child’s mental-level-——and I had the fore-
sight to program all data in various age-
range vocabularies which was a chore
mildly comparable to inscribing a decade
of income tax information on the head of
a very small pin.”

“Gee!” she said in an awed tone.
“Then, this thingie is really pretty smart,
huh ?”

“Not really but almost.”

“I AM READY,” announced UNIlversity
in a cultured tone with undeniably re-
fined accents. “KINDLY GIVE YOUR CHRON-
OLOGICAL AGE AND PRESENT GRADE IN
SCHOOL.”

“Holy Solid State!” whispered Friend
Wife, “It talks real classy yet!”

“0dd,” I muttered. “Doesn’t sound like
me but I distinctly recall-—oh, well, per-
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haps I'm too tired to recognize my own
recorded voice. Possibly some of that
economy priced tape accounts for the
tonal difference.”

“Go ahead—talk back to it!” she urged
delightedly.

“My age is forty-five. I no longer at-
tend any institution of learning, having
completed—""

“SUBJECT DESIRED?” invited UNIversi-
ty smoothly.

“Uh—the planet Mars,” I stated.

““MARS IS A PLANET. MARS IS IN SPACE.
SEE THE PRETTY RED PLANET IN SPACE. SEE
THE PRETTY RED PLANET IN ORBIT! ORBIT,
MARS, ORBIT!”

There was a terrible moment of silence.

“What the old hell is happening
here?” I croaked, frantically checking
everything and finding nothing wrong.
“I just cannot understand—"

“I Kknew it!” she howled merrily. “I
just knew that crazy pile of blabber-
mouthy parts would hassle you! Oh, this
is marvy! Your brain of a machine read-
ing primer-level facts to you!”

‘‘MARS IS FAR, FAR AWAY,” droned UNI-
versity in clipped precision. “MARS IS T0O
FAR, FAR—"

I snapped a recycling-switch, cutting
into the taped dissertation and bringing
the instrument back to “Initial Com-
munication.”

“KINDLY GIVE YOUR CHRONOLOGICAL
AGE AND—"

“Listen!” I roared. “I demand that
you select college level delivery of data
pertaining to Mars! I may be only a high
school graduate but I read a lot and I've
programmed enough material into—"

“YOU DO NOT QUALIFY FOR COLLEGE-
LEVEL DATA,” it informed me flatly.
‘‘HOWEVER, A SUGGESTED ALTERNATIVE IS
OBTAINING A MINIMUM OF FOUR YEARS AT
ANY ACCREDITED—"

That’s when I pulled the plug.

“Can’t understand it!” I stared dazed-
ly at my happily smirking wife. “I was
so careful! Why, I even included each of
the kids’ voice-patterns and a plethora of
essential statistics that should have pre-
vented anything like this from—"

“I was sure wrong about this thinga-
majig!” she yawped joyously.

“Wrong ? In what way ?”

“It can’t be all bad,”’ she gasped. be-
tween disgusting fits of vulgar laughter,
“if it’s smarter than you—and it is!”

She was still shrieking with nauseat-
ing hilarity when I sulked away to con-
sult a dictionary. I doubted that I would
find the word ‘overteach’ in it, having
just contributed that nefarious term to
the English language in the form of an
academically snobbish computer. But I
thought I'd look anyway. B0

The National Aeronautics and Space
Administration (NASA), in a letter to
the Radio Amateur Satellite Corporation
(AMSAT), has agreed to launch the Aus-
tralis OSCAR-A satellite as a secondary
payload on the TIROS-M mission sched-
uled for January 9, 1970. The amateur
satellite will be ejected into orbit from
the second-stage engine compartment of
the Thor-Delta launch vehicle in the same
manner as previous Delta secondary pay-
loads have been launched.

The planned orbit will be nearly polar
at an inclination of 101.56 degrees to the
earth’s equator, at an altitude of approxi-
mately 790 nautical miles (910 statute
miles). This will result in an orbital period
of about 114 minutes.

Australis OSCAR-A, which is to be
known as Australis-OSCAR 5 once it is in
orbit, is a 12” x 17” x 6”, 39-pound
spacecraft constructed by a group of

NASA TO LAUNCH AUSTRALIS-OSCAR 5

. in the collection of data.

amateur radio operators at Melbourne
University in Australia.

This will be the first launch for AMSAT,
which was formed in March 1969 to fos-
ter radio amateur participation in space
search projects. AMSAT is preparing the
satellite for launch, performing the neces-
sary tests for proper functioning, con-
ducting liaison with NASA and assisting

Australis-OSCAR 5 will transmit at
29.45 MHz in the 10-meter band and at
144.05 MHz in the two-meter band. A
transmitting life of about 2 months is
expected from the 20 pounds of batteries
which the satellite carries. This lifetime
is based on continuous operation of the
2-meter transmitter and weekend opera-
tion of the somewhat higher power 10-
meter transmitter. The latter can be
turned on and off by commands from
the earth.
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RHYTHM
DRUM
ACCOMPANIMENT

THE ELECTRIC GUITAR sounds best
when accompanied by a tempo-setting,
rhythm drum. Unfortunately, few ama-
teur guitarists are lucky enough to find
drummers who are willing to accom-
pany them day and night. There are,
however, electronic drummers that fill
the bill nicely. If the $200-up price tags
on commercially made electronic drum-
mers do not appeal to you, try building
the “Thumpa-Thumpa Box” for about
$17.

The Thumpa-Thumpa Box, or TTB,
employs low-cost UJT pulse-generator,
divider and simplified “drum’’ circuits to
produce a wide variety of percussion
sounds. In fact, the TTB can duplicate
most of the tricks of the expensive com-
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JOHN S. SIMONTON, JR.

BN

mercial electronic drummers—and a few
that commercial units can’t produce.
Just set the TTB's divider and rate
controls, and you have automatic bass
and wood-block accompaniment. If you
are the adventurous type, you can even
adjust the circuits so it sounds as if you
are being accompanied by anything
from a pot lid to J. Arthur Rank’s gong!

Construction. Layout of the TTB cir-
cuit (see Fig. 1) is not critical; but,
while any method of assembly will give
acceptable results, a printed circuit board
will go a long way toward guaranteeing
a successful project. The printed circuit
board can be obtained commercially (see
Parts List), or you can etch and drill
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PARTS LIST

B1—9-volt transistor battery

C1,C3—2-uF, 6-volt electrolytic capacitor

C4—0.001-uyF ceramic disc capacitor

C5,06,C14—0.005-uF ceramic disc capacitor

C7.C8,€9,C11,C16—0.1-uF ceramic disc capaci-
tor

C10—0.05-ukF ceramic disc capacitor

C12,C13—0.01-uF ceramic disc capacitor

C15—100-ukF, 10-volt electrolvtic capacitor

D1-D4—1N60 diode

J1—Miniature phone or standard phono juck

Q1-Q3—2N487 1 unijunction transistor

04-Q7-—2N5129 bipolar transistor

2

Fig. 1. System is self-generating, employing
a pulse generator, two frequency dividers,
and separate bass and woodblock oscillators.

R1—15,000-0/tm 3

R2—47-0hm

R3,R23—470-0/tm

R4,R6—10,000-0/1m

R5,R7,R10,R12,R 19— 100-0/mn

R8—150,000-0/tm

R9—1-megohm

R11,R18,R21,R22-—39,000-0/tm

R13,R20—1000-0/m

R14,R15—68,000-0/tm

R16—3.9-mecgoinm

R17—330-0hm

R24—100,000-0/tm, linear-tuper potentiometer

R25, R26—1000-0km, linear-taper potentiomeser

R27—5000-0km, linear-taper potentiometer

R28, R29—50,000-0/um, linear-taper “trim-pot”

S1—S.p.5.t. switch ( part of R24)

Misc.—Metal chassis case; printed circuit board ;
battery holder, battery connector; control
knobs (4); rubber feet; #6 mackine hard-
ware, hookup wire; solder; ctc.

Note—The following items are available from
PAIA Electronics, Inc., P.O. Box 14359, Okla-
homa City, OK 73114: etched and drilled
printed circuit board for $3.50 postpaid (speci-
fy #8690); complete kit of parts, including
pre-punched, unpainted case, but less battery,
hookup wire, and solder for $16.75 plus post-
age for 2 lh. Oklahoma residents add 3% sales
tax.

All resistors
Vi-watt, 10%




{ 1 : e Y

L y ! c’o I?\z?o I '-. \ I . R3 'lf
AN NG N7 NS I
X L .\_-m—*——ms—.’ : ‘(:s—. chfg

Fig. 2. Actual-size printed circuit board etching guide is shown at top. Directly above
are component placement and orientation on circuit board after etching and drilling.

Battery can be conveniently mounted in.
side chassis with dual AA cell holder; use
a conventional snap-on connector. Holes
drilled directly in line with R28 and R29
(see top center of photo) provide ac-
cess for tuning bass and woodblock
oscillators. Mount output jack on rear.
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Fig. 3. All controls, except pots R28 and R29, are mounted on front panel. Battery holder
and printed circuit board are mounted inside the chassis; use rubber feet on under side.

your own board by following the actual
size etching guide shown in Fig. 2. In
either case, mount the components on
the board as shown, paying particular at-
tention to the polarities of the electro-
lytic capacitors and lead orientation of
the diodes and transistors. Also, when
soldering the transistor and diode leads
to the foil pattern, use a heat sink and a
soldering iron rated at 35 watts or less.

The project can be assembled inside
any metal enclosure that will accommo-
date the circuit board, battery, and con-
trols. It is a good idea to decide on the
locations of the components and drill
the mounting holes first. Deburr the
holes; then spray paint the cover or
cover it with self-sticking vinyl, and just
spray paint the front and back of the
box.

Now mount the dual-AA-cell holder,
jack, and potentiometers in their respec-

Fig. 4. Diagram shows the connections between pots
and S1 lugs to lettered holes on circuit board.
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tive locations (see Fig. 3). Then mount
four rubber feet to the bottom of the
case,

Solder an 8” length of wire to the cir-
cuit board at locations A through H
and the hole marked with a + sign. The
completed circuit board should be the
last item mounted inside the case. Use
4-40 machine hardware and %”-long
insulated spacers and make sure the
holes in the rear of the case line up with
R28 and R29.

Connect and solder the free ends of
the circuit board wires to the controls
and 81 as shown in Fig. 4, removing and
discarding any excess wire as you go.
Then finish wiring together the circuit,
referring back to Fig. 1 as needed. Final-
ly, slip the battery into its holder, use a
dry-transfer lettering kit to letter the
functions of the controls on the front
panel, and assemble the case.

How to Use. Connect a cable from the
output jack of the TTB to the input of a
hi-fi or instrument amplifier. Rotate the
BALANCE control fully counter-clockwise,
turn on the amplifier and TTB, and ad-
just the RATE control for a slow-tempo
beat. Then rotate both DIVIDER controls
fully clockwise.

Adjust the setting of R28 for the most
pleasing sound. Rotate the BALANCE con-
trol fully clockwise, and adjust the setting
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HOW IT WORKS

The Thumpa-Thumpa Box consists of five basic
sections: a pulse generator, two frequency di-
viders, and two ringing oscillators. As shown in
Fig. 1, unijunction transistor QI and its asso-
ciated components make up a simple relaxation
oscillator that serves as the “clock’’ generator for
the system.

With S7 closed, C1 charges up through R and
R24. When the potential across the capacitor ex-
ceeds the threshold of Q1, the UJT fires and al-
lows CI to discharge rapidly and produce a
voltage spike acress R3. The rate of charge and
discharge, or frequency, of the clock generator
can be varied by changing the setting of R24.

Each clock pulse does several things simultane-
ously. First, it triggers the ringing oscillator
formed by Q4 and Q5 to produce a tone similar
to that of a bass drum. Second, it is coupled
through potentiometers R25 and R26 to deposit
charges on C2 and C3, respectively. Diodes DI
and D2, normally reverse biased, prevent the
charges from leaking off.

The amplitudes of the charges across C2 and
C3 increase with each successive pulse from the
clock generator. At some point during the volt-
age build-up, 02 and Q3 fire, either simultane-

ously or independemly, and rapidly discharge
C2 and C3, respectively. The resulting pulses that
appear across R5 and R7 are then coupled to the
base of transistor Q6 in the “‘wood-block” oscil-
lator. (Potentiometers R25 and R26 can be
varied independently so that frequency dividers
Q2 and Q3 fire at different rates to produce a
wide variety of syncopated rhythms.)

The wood-block (06 and Q7) and bass (04
and Q5) oscillators are almost identical, each
being composed of common-emitter gain and
emitter-follower buffer stages. Feedback for the
individual oscillators through the parallel-T filters
(shown below cach pair of transistors) is such
that the amplifier is held just below the point of
oscillation.

When a pulse is coupled to the input of either
of these two oscillators, the circuit immediately
breaks into a rapidly decaying oscillation. So,
by properly selecting the gain of the amplifier
and time constants of the parallel-T networks,
the period and decay of the oscillating signals can
be made to simulate the sound of practically any
percussion instrument.

The output of the Thumpa-Thumpa Box is fed
to an external amplifier. And potentiometer R27
serves as a balance control to provide the desired
mixture of bass and wood-block beats.

Boit assembled circuit board to
chassis via short spacers and #6
hardware. Note proper method
of neatly dressing hookup wires.

of R29 for the most pleasing sound. Now
rotate the BALANCE control back and
forth to make sure the mixing, or bal-
ancing, action takes place.

In operation, the DIVIDER controls are
used to produce the rhythm pattern de-
sired. Tempo can be set by adjusting the
RATE control. The BALANCE control is
used to accentuate your choice of either
bass or wood-block sounds. (Once R28
and R29 are set, they do not need to be
touched again.)
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A final note: the cover of the TTB
case is held in place by the pressure of
the sides against the front and rear of
the box. However, if the TTB is to be
subjected to rough handling, it is a good
idea to bolt the halves of the case to-
gether with the aid of four L brackets.
The mounting screws for the rubber feet
can be used to anchor the brackets to
the bottom of the case. and self-tapping
sheet metal screws can he used to bolt
the top to the brackets. -0
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One Second
METRONOME TIMER

VISUAL AND AUDIBLE INDICATIONS FOR YOUR DARKROOM
BY A. A. MANGIER!

NE THOUSAND AND ONE . .. one
thousand and two . . . one thousand
and three . . . that’s the familiar method
of counting off the seconds for camers
and enlarger exposures when a mechani-
cal or electrical timer is not available.
This method is not very accurate. For
example, if you are in a big hurry, your
count may speed up; or if you are tired,
it may slow down. What you really need
is a timer that is insensitive to emotions
and fatigue.

The photographer’s visual/audio One-
Second Metronome Timer fills the bill. It
paces your second count so that your
film and paper exposures can be uniform.
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To accomplish this, the timer provides
an audible “click” and a simultaneous
flash of light every second. All you do is
count the number of clicks and/or
flashes.

How It Works. Transistor Q1, in Fig. 1,
is a General Electric Type D13T1 “pro-
grammable” unijunction transistor, a
special type of SCR. The anode gate
(AG) of Q1 is at a voltage determined
by voltage divider resistors R} and R5.
When S1 is closed, @1 is initially in the
non-conducting state.

Voltage at anode A begins to build up
as timing capacitor CI1 charges up
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PARTS LIST

B1,B2—9-volt battery

C1—1235-uF, 35-volt electrolytic capacitor

C2.C3—0.05-aF disc capacitor

DI1—1-ampere, 200-volt silicon diede (M otorola
HEP-156 or similar)

I1—NE-51H high-intensity neon lamp

Q1-—D13T1 programmable wunijunction
sistor®

R1—2200-0km

R2—1.8-0hm

R3—3.3-0hm

R4—3800-0hm

R3—15,000-0hm

R6—5000-0hm potentiometer (Clarostat Type
U39, or similar)

S1—S.p.s.t. slide or toggle switch

S2—S.p.d.t. slide or toggle switch

SPKR—3.2-0hm, 2V:"-square speaker

T1—8-watt universel speaker transformer; do
not substitute (Allicd Radio No. 54C2021)

Misc.—Dialco No. 95-9110 lamp socket with red
dome, less vesistor for 11; 4147 x 3%” x 3"
aluminum chassis box; perforated phenolic

4 board and push-in solder tcrminals; rubber
feet,; hardware; haokup wire; solder; ectc.

* {vailable for 87¢ from Allied Radio Corp., 100
N. Western Ave.. Chicago, 1ll. 60680. Specify
No. 49F3-D13T1-GE.

tran-

All resistors
vi-watt

Fig. 1. The circuit is essentially a relaxation oscillator using
the latest type of UJT. The turns ratio between the low-im-
pedance winding (connected to the UJT cathode lead) and the
high-impedance winding (connected to the neon lamp) of T1
causes the lamp to flash with each audible “tick’’ of speaker.

through timing resistors RI and R6.
When the voltage at the anode builds up
to slightly more than the voltage at AG,
@1 goes suddenly into conduction and
allows C1 to discharge rapidly through
T1 and the speaker’s voice coil.

The sudden discharge of C1 through
T1 generates a high-voltage spike across
the secondary of the transformer, briefly
lighting 71. Diode D1 and capacitor C3
enhance the brightness of the lamp’s
glow and the duration of the flash. The
speaker produces an audible click simul-
taneously with the flash of /1.

As each click and flash occur, the
voltage across CI1 drops to a low level
and QI ceases to conduct. The cycle then
repeats itself as long as 81 is closed.

Resistors R} and R5 set the QI stand-
off ratio and valley current for high cir-
cuit efficiency. Capacitor €2 is an r.f. or
noise bypass to prevent premature turn-
on of @I by nearby electrical interfer-
ence. Switch S2 provides HI and Lo level
audio selection.

Construction. It is imperative that a
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metal case be used to house the timer
circuit to shield it thoroughly from elec-
trical noise pickup. A 4%” X 3%” X 3”
aluminum chassis box easily accommo-
dates all parts.

First perforate the front of the box
with a %” drill (or cut out a 2%” open-
ing and use a screen grille) for the
speaker. Then determine how and where
you plan to mount each part and assem-
bly, and machine the box accordingly. A
suggested layout is shown in Figs. 2 and
3

Start assembly by mounting 71 and
the battery clamp on the rear wall of the
box. Then mount the components on a
2%6” X 21” piece of perforated phenolic
board with push-in terminals, and bolt
the board in place.

Mount the lamp socket, switches, and
speaker in their respective locations on
the front of the box. Wire together all
components, referring to Fig. 1. Make
sure that the leads of C3 and DI in the
high-voltage secondary side of T1 do not
touch other wires or components.
Lengths of plastic tubing slipped over
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Fig. 2. If you arrange the components properly,
they will easily fit within small metal chassis.
Metal is used to prevent external noise from
false triggering of the UJT, causing timing errors.

these leads will prevent accidental short
circuits.

When the circuit is completely assem-
bled, set R6 for about mid-range. Set S1
to oN and listen for the click and observe
the brightness of the flashes, with S2
set in the LO position. If the click is too
loud or the flash level is too bright, you
can omit battery B2 and operate the cir-
cuit on only one 9-volt battery. In .either
position of S2, if the flash level is not
bright enough, try reversing the diode.
Use the connection that provides the
brightest flash. Also, if you prefer an
audio-off position, omit R2.

Fig. 3. Most of small electronic components can
be directly mounted on piece of perforated board.
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Calibration and Use. With the circuit
operating, use an electric clock with a
sweep second hand to adjust R6 until
you hear ten clicks and see ten flashes in
exactly ten seconds. This is all there is to
calibration, and you can now assemble
the metal box.

Use the timer to pace your count for
both timed camera and enlarger expo-
sures. With a few practice runs, you will
quickly acquire the knack of operating
the camera cable release or enlarger
switch at exactly the right moment.

If you incorporated the audio-off fea-
ture and have the timer set in this posi-
tion when working in your darkroom,
pace your count by lamp flashes, and
rely on that pace because you might
miss a lamp flash between eye blinks.

You can expect considerable battery
life due to the low drain circuit of the
metronome timer. As a rule of thumb,
replace the batteries when either the
audio or light output drops below your
preferences; the count rate is affected
very little by battery ageing. Also, re-
check the count rate occasionally and
adjust R6 if needed to compensate for
any long-term change in C1. {30

REPEAT
AFTER ME..,
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BAMBOO MISSIONARY BROADCASTER

GOSPEL VS CHAIRMAN MAO

HE Far East Broadcasting Company

is a name that few in the radio world
in the United States have ever fieard of.
That in itself would not be so unusual
were it not for the fact that the FEBC
—as the company likes to abbreviate it-
self—is the largest private international
broadcasting operation in the world. It
also would not be so strange if that were
the only unique thing about the FEBC.
But it is not. The FEBC is undoubtedly
one of the most, if not the most, unusual
large-scale broadcasting ventures in the
world.

From humble beginnings with a 1,000-
watt transmitter more than 20 years ago,
the FEBC has grown into a giant with
20 stations using more than a half dozen
medium and 15 international broadcast-
ing frequencies. Its transmitters are in-
terspersed half way around the world
from San Francisco across the Pacific
Ocean to the Seychelles islands in the
Indian Ocean near the East Coast of
Africa. The FEBC message is broadcast
nearly 4,000 hours a month to a poten-
tial audience of more than 2 billion per-
sons.

One of the things that makes the
FEBC unusual is its message. Unlike the
other giants of the international broad-
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casting world (Radio Moscow, Radio Pe-
king, Voice of America, Radio Cairo,
BBC, etc.), the FEBC has no political
lime or national interest to sell. Nor is it
backed by government funds, a truly
unique situation in large-scale interna-
ticnal short-wave broadcasting. In faet,
the FEBC message is a simple, familiar
one to Americans: that of the Bible and
the Christian faith.

The Far East Broadcasting Company
is an entirely private, non-commercial,
non-profit organization financed by
church groups and interested individuals
throughout the world. It serves inter-
denominational interests, with head-
quarters in Whittier, California. As its
name suggests, the FEBC’s principal ac-
tivities are in the Far East. In fact, an
estimated 90% of the company’s broad-
casting hours are directed to Asian
points (the remaining 10% consists of
daily broadcasts to South America from
the Company’s largest—250,000-watt—
transmitter located at the old Voice of
America site in Belmont, Calif.

The Far East Broadcasting Company
got its start back in 1945 as a result of
the vision of three men: Robert Bow-
man, who was formerly connected with
the religious “Haven of Rest” radio se-
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Ask any man who really knows the electronics industry.

Opportunities are few for menwithout advanced tech-
nical education. If you stay on that level, you'll never
make much money. And you'll be among the first to
go in a layoff.

But, if you supplement your experience with more
education in electronics, you can become a specialist.
You'll enjoy good income and excellent security. You
won’t have to worry about automation or advances in
technology putting you out of a job.

How can you get the additional education you must
have to protect your future—and the future of those
who depend on you? Going back to school isn’t easy
for a man with a job and family obligations.

CREI Home Study Programs offer you a practical way
to get more education without going back to school.
You study at home, at yocur own pace, on your own
schedule. And you study with the assurance that what
you learn can be applied on the job immediately to
make you worth more money to your employer.

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE
book gives complete information. Mail postpaid
card for your copy. If card is detached, use coupon
below or write: CREI, Dept. 1202A, 3224 Sixteenth
Street, N.W., Washington, D.C. 20010.

Foundad 1927

CREI, Home Study Division
McGraw-Hill Book Company
Dept.1202A, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010

Please mail me FREE book describing CREI Programs. |
am employed in electronics and have a high school education.

NAME AGE

CITY. STATE. ZIP CODE.

EMPLOYED BY.

TYPE OF PRESENT WORK 0O G BILL
| am interested in

O Electronic Engineering Technology O Computers

O Space Electronics O Nuclear Engineering Technology

0 Industrial Automationo NEW! Electronics Systems Engineering

|
|
|
|
|
!l
i
| aporess
I
|
1
|
|
|
I
I
|

b e e o e o e e e e e com

APPROVED FOR TRAINING UNDER NEW G.l. BILL
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ries; the Rev. William J. Roberts, who
was pastor of a large church in Los An-
geles and broadcast a daily local pro-
gram called ‘“The Family Bible Hour”’;
and John Borger who had just been dis-
charged from the Navy after service in
the Far East. Bowman remains actively
involved in FEBC today and is president
of the company. Roberts is vice-presi-
dent for public relations. Broger is no
longer associated with the company.

It Started in Manila. Although FEBC
was incorporated on Dec. 20, 1945, it
took several years of fund-raising and
other preparation before the company’s
first broadcast went out over the air
waves. That long awaited moment came
in June 1948 when their first 1,000-watt
transmitter hummed into life in Manila,
the Philippines, sending out its signal
on 680 kHz with the callsign DZAS.

In the years that followed, the activi-
ties of the FEBC grew enormously and
the transmitter capacity also rocketed.
One year after getting DZAS on the air,
the company’s first “Call of the Orient”
short-wave operation—DZH6, on 6.030
MHz—began, also from Manila and also
aimed at a Philippines audience. A sec-
ond short-wave station, DZHT7 on 9.730
MHz was started in 1950. The following
year saw the addition of DZHS8 on 11.885
MHz, DZH2 on 3.345 MHz and DZH9 on
15.300 MHz. By this time the FEBC was
broadcasting in 30 languages and dia-
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Overall view of one of main
stations of the Far East Broad-:
casting Company, located just
outside Manila, the Phillipines.

lects and rapidly gaining recognition in
international broadcasting. Along with
the VOA and the “Voice of Free China,”
the FEBC broadcasts to Communist
China and the Soviet Union were being
jammed.

In 1952, the FEBC's sixth short-
wave station, DZL6 on 17.805 MHz was
added. And in 1954, DXFE medium-
wave transmissions on 1030 kHz began
in Manila employing a new 10,000-watt
Collins transmitter. A second 10,000-watt
Collins was put on the air in 1955.

One of the big developments in the
history of the FEBC was the acquisition
in 1956 of two 50,000-watt giants. These
transmitters were purchased in San
Francisco and shipped to Asia. The same

Technician at studio for short-wave broadcasting.
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Part of FEBC’s extensive tape
and record library which is
used by all system stations.

year, DZI8, FEBC’s seventh short-wave
“Call of the Orient” station was added.
In 1957, the company made its first move
outside the Philippines. That year a sta-
tion with the call letters KSAB began
operations on 1020 kHz from Naha, the
capital of American-administered Oki-
nawa. This station provided an English
and Japanese language service. That
same year a 100,000-watt transmitter
was shipped to Okinawa and a 50,000-
watt transmitter to the Philippines.

Thus when the FEBC celebrated its
10th anniversary of broadcasting in
1958, its list of facilities included nine
stations on the air in Manila, and a
growing network on Okinawa, plus re-
cording facilities in Hong Kong and Tai-
wan.

The next 10 years proved no less im-
portant, with the constant expansion
of services and improvement of equip-
ment and programming. Today, the
FEBC has joined the ranks of the broad-
casting giants. Measured in terms of the
number of weekly hours broadcast to in-
ternational audiences, the FEBC (with
900 hours weekly) trails only Radio
Moscow (1,898 hours weekly), Radio Pe-
king (1,451 hours weekly) and the
Voice of America (932 hours weekly).
FEBC is now on the air to overseas lis-
teners more hours weekly than Radio
Cairo (779 hours) or the BBC (695
hours). Its 20 stations broadcast in 40
languages and dialects. Needless-to-say,
the Far East Broadcasting Company is
in a completely unchallenged position as
a private international broadcaster.

Februory, 1970

Review of Facilities. A review of FEBC’s
facilities and operations today tells bet-
ter than anything else the significance
and scope of its operations:

San Francisco: The FEBC operates
one of only three privately operated
short-wave stations licensed to broad-
cast from the United States. It is station
KGEI which, using a recently acquired
250,000-watt transmitter, beams its pro-
grams to South America. (The FEBC
has applied to the FCC for permission to
broadcast to the Expo 70 exposition,
which starts in Osaka, Japan on March
15, radiating off the back of the KGEI
beam.)

Okinawa: The main broadcasts to
Communist China—some 14 hours daily
—are made from the 100,000-watt trans-
mitter located at Okuma, some 50 miles
north of Naha, the capital city. This
transmitter on 1360 kHz has the call let-
ters KSBU. In Naha itself are two FEBC-
operated transmitters, the 1,000-watt
KSBA broadcasting in English to Ameri-
can forces on Okinawa and the 5,000-
watt KSDX broadcasting in Japanese to
the native Okinawans.

The Philippines: Without doubt the
most important broadcasting and trans-
mission center in the FEBC operation is
the Philippines. Currently, FEBC oper-
ates 14 stations in the Philippine archi-
pelago, including new stations in Jolo,
Sulu islands, and Fuimaras Island in the
Southern Philippines. The company has
six 50,000-watt transmitters used to
beam broadcasts to the rest of South
and Southeast Asia as well as the So-
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viet Union, Australia and New Zealand.
The importance of the FEBC operations
in the Philippines is reflected in the fact
that Philippine President Ferdinand
Marcos uses FEBC stations when he
wants to broadcast a message to his
people.

The Seychelles: From these British-
administered islands in the Indian Ocean
off the East Coast of Africa, the FEBC
will soon begin using two 100,000-watt
transmitters targeted for India, Paki-
stan and Ceylon. Later the company also
hopes to beam its signal to the East
Coast of Africa and the Middle East.
The approval for these two transmitters
on Seychelles is the first time the British
government has allowed a private or-
ganization to broadcast short-wave from
a British colony. Just another in the list
of unique achievements of the FEBC.

Widening Scope. The scope of the FEBC
goes much further than that of its broad-
casting stations. More than 300 persons
are employed in FEBC activities. The
company operates seven recording studios
to help supply the 4000 hours of pro-
gramming required each month. These
are located in Tokyo, Japan; Bangkok,
Thailand (where programs in Thai, Bur-
mese, Laotian, Cambodian and Vietnam-
ese are produced); Bangalore, India;
New Delhi, India; Singapore; Manila;
and Hong Kong. The Hong Kong office
also is involved in preparing communi-
cations studies in the FEBC Research
Center. In addition, the company has an
office in Djakarta, Indonesia. Some 35
other studios in Asia cooperate in mak-
ing programs for FEBC.

Some indication of FEBC’s effective-
ness in reaching its potential audience
is provided by the mail that pours into
FEBC offices. Mail from 58 countries has
been received, at an average rate of
12,000 letters a month. The company
even receives an occasional letter from
Communist China, despite the tight con-
trols slapped on the people living in that
country. In fact, last year 58 letters were
received from behind the Bamboo Cur-
tain. During the previous 15 years, only
47 letters had been received from China.

All of this activity is underwritten
by contributions from church groups and
individuals. Those contributions range
from one to several thousand dollars.

48

Above, another short-wave transmission studio and
below, a view of shop where equipment is repaired.

The FEBC solicits contributions in a
kind of personalized fashion: “Many are
now feeling a closer tie with the broad-
casting ministry by personally sponsor-
ing the broadcasts in the language of
their choice for $5.00 (U.S.) for a 15-
minute broadcast to Asia or Latin Amer-
ica over FEBC’s powerful facilities.” The
choice of languages is indeed large, rang-
ing from Amoy (a Chinese dialect) to
Ukranian. As an added inducement to
contributors, the FEBC points out that
“gifts” are tax deductible.

Thus the Far East Broadcasting Com-
pany has grown, quietly but effectively,
into one of the giants of international
broadcasting. Today, one of the greatest
challenges to the FEBC is to get its
message into the increasing number of
countries that are banning missionaries
and missionary activities. It is one of
the FEBC’s mottoes, in fact, that men
may stop the missionary but they cannot
stop the message. B0~
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MULTI-DIRECTIONAL LOW-COST SOUND
BY DAVID B. WEEMS

HE GENERATION GAP has reached

stereo speaker systems. Last year, a
floor-standing speaker was invariably
placed near a wall or in the corner of a
room. Those positions gave better “load-
ing” at the important bass frequencies.
Now, suddenly, there are free-standing,
column-type speaker systems everywhere
—even standing in the middle of the
room. Old-timers shake their heads and
mutter comments about doing things the
hard way. But advocates of the new sys-
tems counter with talk about ‘‘multi-
directional sound,” ‘reflection ratios,”
and the elimination of “standing waves.”

Although some of the current ap-
proaches are new, the history of hi-fi is
littered with memories of multi-direc-
tional speaker systems. One early exam-
ple was the Columbia “360”, a compact
monaural phonograph with two opposing
6” speakers. The name was derived from
the idea of a full 360° of sound disper-
sion, realized mainly in the low frequen-
cies.

February, 1970

Another ploy, recommended by G. A.
Briggs, the English authority, was to
face the speaker upward, directing the
sound onto a diffusing cone or spherical
reflector. These upturned speakers were
usually located at the top of a 4’ ported
column. They produced true omnidirec-
tional sound, but the low frequencies
from the bottom port and the treble
notes from the high reffector were some-
times noticeably divided.

The first of a new breed of column-
shaped enclosures (still with us) puts
the woofer at the base, facing downward.
The mid-range speaker and the tweeter
are more conventionally located on one
side. The moderate height of this enclo-
sure makes it more acceptable to the
lady of the house, and the sound is better
integrated than that possible from the
tall columns. However, only the bass
range is completely omnidirectional.

The latest development in the “sound-
all-around” game places multiple speak-
ers facing outward in several directions.
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These systems produce multi-directional,
full-range sound that reaches the listen-
er largely by sound waves reflected from
room surfaces. These new speaker sys-
tems appear to have some distinct ad-
vantages over conventional systems—
enlargement of the optimum listening
area for stereo effect, for example, and a
feeling of “depth” imparted by the re-
flected sound.

There are several possible ways of
producing an omnidirectional speaker
system. One is to use a collection of full-
range speakers; another is to couple an
omnidirectional woofer to multiple mid-
range speakers and tweeters. Or several
small woofers can be used in conjunction
with the multiple high-frequency speak-
ers. The choice depends on such factors
as cost and the amount of space that is
available. For a relatively low-price sys-
tem—and one that takes up very little
floor space—you will want to try the
“Omni-Eight.”

About the System. The Omni-Eight
speaker system uses the multiple-woofer
approach to multi-directional sound. It
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BILL OF MATERIALS

4—5" woofers (Olson No. S-845)*%
4—2 38" horn tweeters (Olson No. S-846)*
I—Two-way crossover network (Olson No.
HF-102)*
1 pkg.—Acoustical fiberglass (Olson No. I/ F-17)*
2—24" x 12” pieces of 34” fir plywood jor sides
2—24" x 10Y4"” picces of 34" fir plvwood for sides
2—14" x 14”7 picces of 34" hardwood plywood |
Jor top and bottom
13" x 1 54" pieces of 34" hardwood plywood
for foot pieces (miter cut ends to 45°)
1—9" length of 34” x 14" trim for top and boi-
tom (see lext)
1—38" leugth of 4" outside corner hardwood
molding for corner trim
1—1447 length of 34" x 1/48” wood vencer
Shurwood wood tape or similar) for ply-
wood cdgex
4—104" dength of 17 x 2” pine for top and
bottom cleats
734" lengths of 17 x 27 pine for top and
bottom cleats i
Six-penny  finishing nails for attaching sides
Three-penny finishing nails for attaching trim
32-—=8 v 347 panhead sheet metal screws for
wmounting speakers
=8 x 1" fathead wood screws jor attach-
ing top
£10 x 2”7 flathead wood screws for attaching
foot pieces
Misc—Grille clath (see text); wood glue; flat
black paint; stain; sandpaper; wire; solder;
elc.
*Qlson Electronies, Inc., 260 S. Forge Si., Akron,
Ohio 44308
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Fig. 2. Start construction of
column by gluing and nailing
together front, sides and rear.
Note that speaker cutouts must
all be in a common direction.

has four woofer-midrange speakers con-
nected through a 3000-Hz crossover to
four horn-type tweeters. Thus a woofer-
tweeter pair faces each of the four walls
or the corners if desired. The use of four
small woofers results in an enclosure of
modest dimensions that occupies only
about 1% sq ft of floor space. A control
on the bottom-mounted crossover net-
work balances the tweeter output to that
of the woofers.

February, 1970

The bass response of the Omni-Eight
is clean and true, due to the 50-Hz free-
air resonance of the woofers. It isn’t the
same kind of bass response you get from
a 12”7 woofer, but you will find a degree
of naturalness not present in many large
speaker systems. The sound quality of
the Omni-Eight can be described simply
as “refined.”

The total effect of the system is one of
diffused sound, due to the multi-direc-

Fig. 3. Provided with cross:
over network is template that
determines dimensions of cut-
out on bottom of enclosure.
Use carbon paper to transfer
dimensions to bottom plate.
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tionality. The ear can still identify the
location of a multi-directional speaker
due to the fact that direct sound reaches
the ear before the reflected sound; but
the placement of the column is less criti-
cal than that of conventional systems.

The music power rating of the Omni-
Eight is on the order of 30 watts, but it
can be driven to good room volume by a
10-watt amplifier.

Fig. 4. Prior to mounting top plate on column, at-
tach 153" x 34" pine cleats as shown in photo.

Construction. The enclosure can be
built with common hand tools, though
45° miter cuts for the “foot” pieces and
trim will improve the appearance. Cut
out the parts to the dimensions shown
in Fig. 1. In addition to the speaker cut-
outs, drill two guide holes for screws
through each side piece about 34" from
the top edge and 5” apart. Glue and nail
together the sides to form the column as
in Fig. 2. Then coat the exterior sur-
faces of the column with a flat black
paint.

Prepare the 14” square top and bot-
tom pieces. Use the template supplied
with the crossover network and a piece
of carbon paper to make the cutout for
the erossover on the bottom (see Fig. 3).
Remove the cutout with a sabre or key-
hole saw. Center the top and bottom on
the open-ended column and outline the
position of the sides against the end
plates with a pencil.

Attach 1”7 X 27 cleats with glue and
#8 X 1%4” flathead wood screws on the
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interior surfaces of the top and bottom
plates as shown in Fig. 4. The cleats
should fit within the space outlined by
the pencil marks to allow screws to be
driven through the enclosure sides into
the cleats.

Next, cover the plywood edges of the
top and the botfom with wood veneer
edging to match the veneer on the ply-
wood. Use a razor blade to cut a piece of
ribbon veneer slightly longer than the
panel. Coat the plywood edge and the
rear surface of the veneer with contact
cement. Allow the cement to dry for 10
to 20 minutes until it is tacky but does
not stick to your finger. Then apply the
veneer, but don’t let the surfaces touch
until the veneer is in exact position. The
cement will adhere on contact; but to
make sure the entire surface is tightly
bonded, place a small block of wood
against the veneer and tap with a ham-
mer. Move the block and tap it along the
entire length of the veneer. With a
razor blade, trim the ends of the veneer
to the proper length. Then sand the
edges, using a small wood block covered
with fine (4/0) sandpaper, slightly roll-
ing the top edge to blend the grain of the
veneer with that of the plywood.

Coat all matching surfaces between
the bottom cleats, the bottom plate, and
the bottom edges of the column with
wood glue. Attach the bottom by driving

TO i
amp 1 ©
(8n)4—10

WOOFERS

WHT ]
¢=POSITIVE POST OR TERMINAL

Fig. 5. Tweeters and woofers are wired in series-
parallel to present 8-ohm impedance to amplifier.
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Fig. 6. Screws driven through column walls and in-
to cleats secure top plate in place on enclosure.

nails through it into the lower edges of
the four sides. If you have a good fit be-
tween the parts, the glue will be sufficient
for proper sealing. If not, add screws
through the sides into the cleats. Then
check for air leaks and caulk the corner
joints if necessary.

Fig. 7. Staples or tacks securing grille cloth at
corners of column are hidden by corner molding.

February, 1970

Install the four miter-edged foot pieces
on the bottom plate with glue and eight
#8 X 2” flathead wood screws. Feed the
wires from the crossover network into
the enclosure and install the network on
the bottom, using the ten screws supplied
with it.

Now mount the woofers with #8 X 3%”
panhead screws. Locate the positive ter-
minal of each woofer (may be identified
by a red insulating washer between the
terminal and the speaker frame; nega-
tive terminal has white washer). Wire
the woofers according to Fig. 5. Then
check the polarity of the system by con-
necting a flashlight battery to the cross-
over terminals. For proper phasing, all
woofer cones should move together in
one direction, either outward or inward.

Next, mount the tweeters with pan-
head screws; wire them according to Fig.
5; and follow the instructions supplied
with the network to complete the speak-
er hookup. Connect the system to an
amplifier and check the operation of the
tweeter contrel; elockwise rotation
should increase the sound level of the
tweeters.

Fill the enclosure with loose fiberglass.
One 72” X 18” sheet of Olson fiberglass
is the minimum amount that should be
used. Cut the batting into pieces about
18”7 X 10%”, and insert them through
the openings at the corners of the en-
closure to fill the lower part up to the
woofers. Then cut smaller pieces, about
3”7 » 10”7, to fit in the space between the
woofers. The level of the fiberglass should
extend to the level of the tweeters.

Set the top in position, and mark the
correct positions for screws on the inside
cleats. Remove the top and drill %~
guide holes in the cleats. Cement a thin
gasket of polyfoam or felt along the top
edges of the sides. Then replace the top
and anchor it with screws driven through
the sides and into the cleats as in Fig. 6.
The screws will be in the proper position
to draw downward on the top, compress-
ing the gasket. If necessary, weight the
top to bring the guide holes in line with
the screws.

A piece of grille cloth 2 X 4" will fit
the enclosure column, wrap-around style.
However, if the grille cloth you select
does not have a strang vertical or hori-
zontal pattern, you might be able to

(Continued on page 113)
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FIRST PERSON
X'ing ...

ARTHUR CUSHEN—CIRCLES THE
GLOBE VISITING BROADCASTERS

First of the ten international broadcasting stations visited
by my wife, Ralda, and me was the VOA 250,000-watt in-
stallation at Dixon, Calif. We were interviewad for a VOA
broadcast to Asia. The antenna site occupies 800 acres.

Radio Canada maintains an active club
and our second interview was conducted
by Elaine McMaster (club secretary) and
Duncan Nicholson (club vice president).
These interviews gave me an opportunity
to tell listeners what it was like to DX
on the shortwaves from New Zealand.

Arriving in England we were cordially
greeted by the staff of the BBC. While
in London | gave a first-hand report of
New Zealand DX'ing to Henry Hatch, who
moderates many of the World Radio Club
programs. Since | am blind | did a pro-
gram for “Radio 4" for blind listeners.
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On to Denmark, cnly to be greeted
by the sad news that Radio Den-
mark was considering cessation of
its English-language programs.
Christion Flagstad is addressing
Ralda and me with Luise Berald
and Dick Platt of Radio Denmark,
right, joining the conversation.

On our way home, we stopped at Ra-
dio RSA, Johannesburg, South Africa.
We were interviewed again(!) by Dori-
anne Berry and Arthur Hanna, two
more well known announcers. Unfort-
unately, these few photos cannot pos-
sibly show all the wonderful people
we met nor express our deep thanks
to all who were so cordial to us.

—Ralda and Arihwr Cushen
February, 1970

At Halmstad, Sweden, the European
DX Council held an International Parl-
jament to discuss matters of common
interest. At left is J. Vastenhoud of
Radio Nederland; at right, renowned
Radio Sweden Editor, Arne Skoog.



Engineering Leve

Dpeortuniti

HOME STUDY IS THE ANSWER

BY ALEXANDER W. BURAWA, Associate Editor

HE PHENOMENAL PACE at which

electronics has developed in the last few
years—and the ever-increasing complexity
of the technology—have precipitated an un-
precedented demand for engineering level
electronics technicians. In the aerospace
and communications industries, in sophis-
ticated computer centers, and in scientific
and medical electronics—all areas where the
most lucrative job opportunities exist—
training on the level of the radio-TV repair-
man is no longer sufficient. Technicians in
these job situations are actually associate
or assistant engineers; and it takes engineer-
ing training on the college level to get these
jobs—something you can now do with home
study.

If you can’t take the time or haven’t the
money to spend for two to four years of col-
lege what do you do? Do you know that
four nationally accredited home study
schools are now offering engineering courses
on the college level? If you have the pre-
requisites, two years or less of leisure-time
home study could put you well on your way
toward one of these engineering technician
positions.

The college-level courses offered by home-
study schools have gained wide-spread ap-
proval in industrial and educational circles.
In most cases, the student receives an in-
dustry recognized diploma upon completion
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of one of the courses. One home study
school offers the opportunity of earning a
degree.

Home study courses in electronics actual-
ly started in the 1920’s. The earliest courses
were highly specialized, tending to focus on
certain areas in a technology which was
then only in its infancy. Gradually, cover-
age was expanded and today’s home study
engineering courses are as up-to-date and
cover as much ground (in the technology)
as those offered in many technical colleges.

Schools accredited by the National Home
Study Council* and offering engineering
programs are: Capitol Radio Engineering
Institute (CREI), 3224 Sixteenth St., NW,
Washington, D.C. 20010; Cleveland Insti-
tute of Electronics (CIE), 1776 East 17 St.,
Cleveland, Ohio 44114; Grantham School
of Engineering (GSE), 1505 North Western
Ave., Hollywood, Calif. 90027 ; and National
Technical Schools (NTS), 4000 S. Figueroa
St., Los Angeles, Calif. 90037.

*The Accrediting Commission of the National Home
Study Council has been approved by the U.S. Of-
fice of Education as a ‘““nationally recognized ac-
crediting agency.”’ Its purpose is to establish edu-
cational, ethical, and business standards,; examine
and evaluate private home study schools in terms
of these standards; and accredit (only) those
schools which qualify.
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“General. acceptance’ of correspon-
dence study as a legitimate technique -
has been developing for years. Recent-
ly, however, the growth of that accep-
tance has been phenomenal. Hundreds’
of private companies are using home-
study to enable their employees to do
a better job. Colleges and universi-
ties are becoming more willing to give
formal credit on the basis of personal
interviews and qualifying examinations.

“No study of correspondence educa-
tion has shown it to be appreciably
inferior to classroom instruction, while
a number of studies have shown corre-
spondence students do measurably bet-
ter on examinations.”

L. M. Upchurch, [r.
President, CREI

Prerequisites for engineering level home
study courses are obviously high. The appli-
cant must be a high school graduate (or
possess a high school equivalency certifi-
cate) and have studied, or had previous job
experience in, the electronics industry. Ap-
plicants without the electronics prerequisite
but who have a firm grasp of theoretical
and practical physics and intermediate
mathematics are good potential candidates.

There are very practical reasons for set-
ting these high prerequisites. The courses

WHAT IS AN
ENGINEERING TECHNICIAN?

The entire technical work force in electronics
can be divided into two broad, but not neces-
sarily well defined, categories: technicians and
engineers. Technician in this sense refers to
the person who operates, maintains, trouble-
shoots, and repairs electronic gear. Engineer
refers to the designer of new devices, circuits,
and systems. Between the two categories lies
a growing force of engineering technicians
(sometimes referred to as associate engi-
neers). The engineering technician’s duties and
responsibilities overiap both categories.
Engineering technicians usually work direct-
ly with scientists and engineers with degrees.
They analyze and solve engineering problems
and occasionally prepare technical reports.
Consequently, the engineering technician must
have a thorough grasp of the scientific princi-
ples of his particular field and a good under-
standing of mathematics and physics. Gener-
ally, .to be entitled to the title of associate
engineer, the person is expected to be a gradu-
ate of a two-year college. However, the grow-
ing recognition of home study by the industry
does entitle the home study graduate to apply
to his name the title of engineering technician.
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provide studies only in electronics theory;
there are no gimmicky training kits or home-
built TV receivers. The schools sense that.
no engineering level home study course can
possibly provide the exposure to all the test
equipment, circuits, and systems required
for a full resident laboratory course. Since
home study programs feature low cost, this
is a sound principle and the study programs
have been adjusted accordingly.

Thus, even though home study engineer-
ing courses have no costly kits and training
aids, nothing has been sacrificed in the
quality of educational materials provided.
Such items as tube and transistor manuals,
special textbooks, and slide rules are in-
cluded in the basic tuition.

The home study concept of education is
geared for individual attention. Each lesson
is written to provide maximum clarity. But
even the clearest written text might confuse
some students. So, all of the schools main-
tain a full-time consultation service, staffed
with engineers and educators who are ex-
perts in home study problems, to which the
student can turn for help. This service is
available even after graduation.

. Textbooks are broken up into bite-size
lessons for easy assimilation and to allow
the student to pace his progress. Within
each lesson are answer-keyed questions that
are designed quickly and immediately to
check the student’s comprehension of the
material covered. At the end of each lesson
is an exam which must be completed and
sent to the school. All questions asked are
of the thought-provoking essay type.

At the school, the student’s exams are re-
viewed and graded by professionals. In
grading the exams, several things are looked
for: The correct answer, of course, is one,
but more important are the techniques used
in answering math questions and the method
of presentation. If an incorrect method or
answer is given, the person grading the exam
will supply corrective hints that show where
the student went wrong, and refer him to the

“Many people are now realizing that
everyone can't go to college; and, more
important. manz individuals should def-
initely nct Seex a college education.
Home study is an ideal alternative—
not a substitute but an excellent oppor-
tunity to abtain specialized education
quickly, effectively, and economically.

“At CIE, we kave some 775 industrial
and commercial clients, and this roster
is growing daily.”

Ralph |, Schmotzer
: CIE
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Angelo Vaccaro came to the U.S. from
Italy 15 years ago and went to work
as a machinist. When he enrolled in
CRE! in 1953, he could hardly speak
English, and he gives the lessons
credit for hetping him learn the lan-
guage. Today he is Vice President of
Columbia Controls Research Corpora-
tion in Glen Cove, N.Y. He holds in
his name or in the name of the com-
pany 15 patents for devices such as
an electronic scanner, an electronic
tensioning control device, and a
reader for a computer system. Some
of these devices have been sold or
licensed, and negotiations are under
way for others.

ON
THESE
PAGES

An interesting item that appeared in the
August 1969 Supplement of the “National
Home Sindy Conncil News” under the bead-
ing “Recent Research Developments in Cor-
respondence” cites a further example of the
effectiveness of home study training: “In rep-
resentative examples of corvespondence stn-
dents at the University of Minnesota, every

twemntieth card in the curvent student card file
was selected to give a 59 sample . .. 1u terms
of grade points, stnudents in correspondence
study rated bigher than those in day school,
evening school, or in summer sessions. Only
in the Gradnate School 1was the average
higher.”

Although David J. Chestnut is not a *‘typical’’ gradu-
ate of home study electronics engineering, his
story does show how far a person with initiative
can go. Mr. Chestnut began his CREIl studies in
1932 and is now Managing Editor of Technical
Communications of Raytheon Company’s Wayland
Laboratories in Massachusetts. In his ten years
with Raytheon, he has supervised many areas of
technical communications, including cinematog-
raphy and in-plant engineering writing seminals.
Bince his CREI studies, Mr., or rather, Dr. Chestnut
has added B. Mus., M. Ed., and Ph. D. titles to his
name, has had several papers published, and has
been a prominent speaker on the subject of techni-
cal publications in this country and abroad—an im-
pressive number of achievements by any yardstick.
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SOME
SUCCESSFUL
STUDENTS

Maurice T. Swinnen graduated from
CRE! in 1962 shortly after he arrived
in ‘the U.S. from Belgium. Not long
after graduation, he joined the Di-
vision of Neuropsychiatry at Walter
Reed Army Medical Center in Wash-
ington, D.C. Starting at Walter Reed
as an equipment repairman, Mr.
Swinnen rapidly rose to electronics
technician and, finally, to supervisor
of the electronics shop facility of the
Division of Neuropsychiatry. He is in
charge of seven technical support
personnel, two of whom are graduate
electronics engineers. He has contrib-
uted well over 100 technical reports
about the instruments he has devised
during the past seven years and more
than 20 publications have appeared
under his name in both medical re-
search and electronics journals. He is
often called upon to attend the vari-
ous technical and medical conven-
tions around the country—to learn as
well as to teach.
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Joseph W. Pieczynski enrolled at CREI
in 1963 and is currently manager of
the EPC Division of Artisan Electronics
Corporation in Parsippany, N.J. The
EPC Division was formed by the acqui-
sition of Electronics Products Corpo-
ration, of which Mr. Pieczynski was
founder and president. Among his
achievements is the patent he holds
for a self-powered timer. He also re-
ceived honorable mention in the 1963
Gustav Johanson Awards for his
contribution to timer technology.




“Our home study degree program is
relatively new, but already quite a few
firms and agencies are paying tuition in
this program for their employees. And
many others are reimbursing their em-
ployees who complete correspondence
‘semesters.” Some of the firms and agen-
cies who have paid tuition directly to
the School are: Naval Ordnance Station
of Indian Head, Md.; the WDL, E&TS,
and C&TS Divisions of Philco-Ford;
Sprague Electric Co.; Consolidated-Bat-
hurst, Ltd., of Canada; ESSA Research
Labs; and NASA Flight Research Cen-
ter, Edwards, Calif.”

D. J. Grantham
President, GSE

page or section in the lesson that should be
reviewed.

When the student is through with his
course, he must complete a comprehensive
examination that touches on every area
studied. The end-of-course exams are usu-
ally proctored (taken in the presence of a
qualified person). Then upon passing the
comprehensive exam, a diploma, which is
the school’s statement of the student’s com-
petence, is awarded.

Although basically similar, the exact con-
tent of the home study engineering courses
offered by the various schools varies.

At CREI, the master, or principal, course
on the college-engineering level is the Elec-
tronic Engineering Technology Base Pro-
gram with Major Electives. It has two
objectives: to provide a broad basic founda-
tion in electronics and to equip you with
specialized knowledge in a particular field of
your choice. The Base Program covers the
theory and application of advanced elec-
tronics in relation to circuits, components,
and systems. The electives in which you can
specialize include: Communications; Aero-
nautics and Navigation; Television; Comput-
ers; Nuclear Instrumentation and Control;

It has been said that education is the
mother of leadership; and by encouraging ed-.
ucation, the National Home Study Council
helps build leaders to guide America through
the tests and trials of this critical and com-
plex time. . . . Never has your mission been
more timely or more imperative than now.
Your high academic standards promise qual-

| ity education to all' who pursue correspondence
study. | commend your distinguished and en-
during service to America.”

—Excerpt from a telegram sent by
President Nixon to the NHSC at its
1969 Aunual Conference.
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Automatic Control; Missjle and Spacecraft
Guidance; Radar and Sonar; and Digital
Communications.

CIE and NTS also offer master courses
in electronics engineering. No electives are
available as such, but the courses are de-
signed to prepare the student for a career in
one of a wide variety of specialties in the
electronics industry. Typical basic subjects
include steady-state and transient network
theory, solid-state physics, magnetics, etc.

GSE’s program consists of five sections
and includes an “incidental” preparation
program for an FCC First Class Radiotele-
phone License with Radar Endorsement.
Emphasis is on mathematics and physics
(as it is in all home study courses). The
course sections are: Basic Electronics with
Mathematics; Communications Circuits and
Systems; Engineering Mathematics and
Computers; Classical and Modern Physics,
and Technical Writing; and Engineering
Calculus, Electrical Networks, and Solid-
State Circuit Design.

A very important benefit of these courses
for those students who plan to go on to col-
lege to earn their associate and bachelor
degrees in electronics engineering is that
many colleges allow considerable advance-
standing credit for material covered (de-
pending on the college and the results of
tests). In addition, Grantham has oriented
its program toward the obtaining of a degree.
After completing his home studies, the stu-
dent attends a two-week resident class at
the school, for ‘which he earns an Associate

in Science in Electronics Engineering
(ASEE) degree. 30—

“Recognition of home study programs
in direct conjunction with college-level
education is distinctly on an upward
swing. As an indication that industry
does accept home study graduates, our
own experience has been that major
firms throughout the world have sought
and value our graduates.

‘“Data involving motivational re-
search has proven that self-directed in-
dependent study is more effective than
resident training. One obvious reason
for this is that the home study student
must research his own material as sent
by the school without someone at his
side. While he is guided, supplied with
accurate and tested study material, and
counseled as needed, he is not spoonfed
information, nor is he held back in a
class of students with a variety of
achievement skills.”

Robert Parma
Director of NTS
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HOW WOQULD YOU like a microphone
system that operates without a
push-to-talk switch and compensates for
differences in voice levels automatically ?
Whether you are using a tape recorder,
ham or CB rig, these are real advan-
tages. You can get both of them by
building the “Voxor,” a unit that has a
voice-operated relay (VOX) and speech
compression (audio a.g.c.)—features
that are normally found only in expen-
sive military and commercial equipment.

The Voxor uses the new National
Semiconductor LM370 integrated circuit
and is connected between your micro-
phone and recorder or transceiver. All
you do is start to talk and the system
turns on immediately. When you stop
talking, and if you're using a transceiv-
er, it will switch immediately to the re-
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A VOICE-OPERATED MICROPHONE
WITH SPEECH COMPRESSION

ceive mode. In the meantime, while you
are talking, the Voxor output will be at
a nearly constant, high-modulation level.

Construction. The circuit of the Voxor
(see Fig. 1) can be built on either perf
board or on a printed circuit board. A
possible layout is shown in Fig. 2. Com-
ponents not shown in the figure are be-
low the perf board. To make wiring
easier, it is suggested that a 10-pin inte-
grated circuit socket be used for ICI.
Once the board is complete, it can be
mounted on standoffs and connected to
the external components.

On the prototype shown in the photos
the a.g.c. level potentiometer R2, the
relay sensitivity potentiometer R9 and
the power on-off switch S1I are mounted
on the front of the chassis. The micro-
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Fig. 1. The circuit is not
— a speech clipper but a legiti-
mate speech compressor.
When connected to a radio
telephone transmitter or a
tape recorder, the circuit
will maintain a high modu-
lation level with the speech
clarity of the original
input. As a bonus, the
circuit will also operate
a relay that can be used
to switch the transceiver
on or start a tape ma-
chine when speech does.

J2
AUDIO
OUTPUT

PARTS LIST

BP1-BP3-—Insulated binding post

B1—12-volt d.c. battery or power source

C1—10pF, 25-volt electrolytic capaciter

C2,06,C7—0.1-uF capacitor

C3—0.01-puF capacitor

C4—200-uF, 25-volt electrolytic capacitor

C5—2-uF, 10-volt electrolytic capacitor

IC1—Integrated circuit (National Semiconduc-
tor LM 370 or Sylvania ECG370)

J1,J2—Phono jack

K1-—1640-ohm relay, s.p.d.t., I-ampere con-
tacts (Sigma 65FIA-12DC or similar)

Q1—Npn silicon transistor (Motorola MPS3702
or similar)
R1—4700-0hm
R3-—6800-0hm
R4—1000-0hm
R5-—100,000-0hm
R6,R7—22,000-0hm
R8-—1500-0hm
R2-—10,000-0hm linear potentiometer
R9-—1000-0hm linear polentiometer
S1—S.p.s.L. switch
Misc—DMetal chassis, perf board, stendoffs,
microphone (Shure 4014), battery holder,
knobs, 10-pin IC socket (Cinch-Jones 10-ICS),
mounting hardware, elc.

All resistors
Vs-watt

phone input J1, audio output J€, and the
three relay contact binding posts are on
the rear. As with any high-gain ampli-
fier, leads should be kept short and direct
to prevent feedback and high-frequency
oscillations.

While almost any dynamic microphone
capable of delivering up to five milli-
volts can be used, the one specified in the
Parts List works especially well with
this circuit. Certain microphones, includ-
ing the one used here, have push-to-talk
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switches that close the circuit when the
microphone is in use and also short out
the microphone element itself when it is
not in use. Such microphones must be
rewired so that the element is never
shorted.

To use the Voxor with an input other
than the signal from a dynamic micro-
phone, rewire the input circuit as shown
in Fig. 3. This can be used as long as the
maximum input level does not exceed
about 50 millivolts. Larger inputs will

POPULAR ELECTRONICS



Fig. 2. The author constructed his Voxor on a section of perf board, although any

other type of construction may be used. Sockets were used for both IC1 and Q1.

produce distortion. Inputs of less than
one millivolt do not give reliable opera-
tion of the relay.

While the Voxor can be used with any
d.c. supply from 9 to 24 volts, it works
best with a 12-volt supply.

The attack and release times of the
Voxor are determined by the value of
capacitor C4. With the value prescribed
in the Parts List, the timing is just
about right for normal speech. Doubling
the capacitance doubles the attack and

HOW IT WORKS

The integrated circuit—containing a complex
combination of 34 transistors, diodes. and zeners,
plus 20 resistors—performs two scparate func-
tions. The first is preamplification, with gain
controlled by an external d.. voltage (applied
to pin 4). When this potential is less than 2
volts, the gain of the preamplifier is a maximum
(about 100 with a 12-volt supply). With higher
voltages, the gain decreases: until, with 2.6 volis
or more, there is an attenuation of 100.

The second function is periormed by a very
high-gain amplifier-detector that receives the
same input as the preamplifier but is otherwise
independent. A potentiometer, external 1o the IC.
sets the desired “squelch™ threshold at pin 7.
The output stage of the amplificr-detector is a
medium-current npn power transistor. This tran-
sistor is normally off when anly low-level inputs
are present: but when the threshold is exceeded.
pin 6 provides nearly a short circuit to ground,
and the current is sufficient te operate the relay.

The input from the micropnone s applied di-
rectly to both sections of the IC with d.c. bias
derived from R1 and (1. Sensitivity for the
VOX section (the second ifunction oi the I() is
set by R9 and the relay is driven directly by the
output at pin 6. Normally, (4 is charged up to
the positive supply voltage through the relay
coil. When a microphone input occurs. the relay

is energized and C+4 discharees. Thus. the relay
remains closed even aiter the input disappears—
until C4 has had time to recharge. This provides
a “fast attack™ so that early specch won't be lost,
and a “slow release” so that the relay won't cut
out between normally spaced words in a sen-
tence. Capacitor ('3 makes the VOX less sensi-
tive to high-frequency noise. so that sensitivity
to speech frequencies is retained and false trig-
gering made less likely,

Speech comprression is performed by detecting
the negative audio peaks at the output oi the
preamplifier (pin §) through capacitor C6. With
no audio present. the potential at the base of Q1
is hall of the supply veltage, as determined by
the voltage divider niade up of R6 and R7. A
negative-going audio peak causes (07 to turn on
momentarily, which suickly brings the control
input (pin 4) above the voltage where the pre-
amplifier begins to turn ofi. This, in turn,
charges €3, the a.gz.c =moothing capacitor. The
net effect is that the sirst excessive peak seen by
the detector causes the gain to be reduced just
enough so that succeeding peaks of the same
signal strength no longer activate the detector.
A nearly constant anplitude of the output volt-
age is the result, Capacitor €5 discharges more
slowly than it charges =0 that the asrc. action
also has a fast attack and slow release. Ii the
speech level drops below the desired level, the
amplifier gain increases as ('3 discharges until
the preset level is reached.
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Fig. 3. This optional cir-
cuit may be used with an
iwF  input other than the dynam-
ic microphone specified.

release times; reducing the capacitance,
reduces the times.

Operation. After checking the circuit,
connect the power supply and micro-
phone and set SI to ON. Set the RELAY
SENS. control for maximum resistance
and note that relay K1 is de-energized.
Decrease the resistance of R9 until the
relay picks up and then back off slowly
until it drops out again. Speaking into
the microphone should cause the relay
to be energized rapidly, with dropout
occurring about one second after speech
has ended. Setting R9 closer to the
“threshold” point increases relay sensi-
tivity, while increasing R9 resistance
makes the relay less sensitive.

Connect the audio output of the Voxor
to the input of the equipment with which
it is to be used and set the equipment
audio gain to the desired level. Set po-
tentiometer R2 for minimum resistance

(rotor to grounded end). Speaking in a
normal voice, the correct distance away
from the microphone, adjust R2 until
the audio output of the Voxor decreases
to the desired level. Note that changing
the voice level or moving closer to or
farther from the microphone does not
change the audio level. In this way, it is
possible to modulate fully a radio trans-
mitter or tape recorder without over-
loading it.

For use with a transceiver, connect
the relay common and normally open
contacts to the wiring that formerly
went to the microphone push-to-talk
switch and the audio output of the Vox-
or to the mike input. Adjust the relay
sensitivity so that the Voxor is not acti-
vated by the sound from the speaker
during the listening interval. To operate
the transceiver, just speak into the mike
and the switching is done automatically.
If the Voxor a.g.c. level and transceiver
audio modulation level (if any) controls
have been properly set, you will notice
an increase in the talk power due to the
constant high level of modulation.

The relay in the Voxor can handle
most battery or low-voltage tape re-
corders. Connect the relay common and
normally open contacts in series with the
recorder motor and associated power
supply. Speaking into the Voxor will au-
tomatically start the recorder. As with
the transceiver, the tape recorder and
Voxor controls are set to provide maxi-
mum modulation of the tape. —{30-

The three relay contacts —norm-
ally open, normally closed, and
armature are terminated inthree
binding posts on the rear apron.
These are connected as required
by the external equipment being
controlied, which can be either
a tape recorder or transceiver.

POPULAR ELECTRONICS




MAGNETIC TAPE: HANDLE WITH CARE

OSSIBLY the most overlooked aspect

in the routine of a tape recording
hobbyist concerns the tape itself. While
he is usually very concerned with the
maintenance and operation of recording
hardware, not enough serious thought or
attention is given to the proper care and
handling of the tape that plays such a
vital role in all magnetic recording
operations.

Proper care is essential to the long
life and high quality of tape and is an
important preventive step in assuring
maximum performance from recorders.

Scores of different types of audio
tapes are manufactured for use by home
hobbyists, recording companies and
broadcasting stations. Tapes are pack-
aged in a variety of ways, including plas-
tic and metal reels, cassettes, cartridges
and 11l4-inch mats (called cue mats).
For the home audiophile who wishes to
get the best available recorded sound on
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BY CHARLES H. DODSON, Ampex Corporation

a consumer-quality reel-to-reel recorder,
the tape he wants is that which is avail-
able on 37, 57 and 7” plastic reels. This
tape is 0.246 inch wide with a tolerance
of #0.002 inch. Total thickness ranges
from less than 0.0007 to 0.0019 inch, the
length from 150 feet to 3600 feet.

Composition of Tape. Magnetic tape
consists of three principal elements—
base material, binder, and oxide. The
main properties and functions of each
are as follows:

Ozide. The oxide particle is the heart
or working part . of all magnetic tape. In
virtually all precision tapes, the oxide
used is gamma ferric oxide in cigar-
shaped particles approximately 0.1 mi-
cron thick and 0.7 micron long. These
particles are suspended in the binder in
much the same manner as almonds are
in a chocolate bar. During manufacture
of the tape, the oxide particles are ori-

Even after several passes, a high-
quality tape reel played on a good
machine retains a smooth tape
pack. Uneven winding (left) is a re-
sult of an imperfect reel or a re-
cerder needing adjustment, or both.
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ented on the tape in uniform patterns.
Size and distribution of the particles
vary with the manufacturer and the type
of application for which the tape is
made. Some formulations, for instance,
use slightly shorter oxide particles in the
production of ‘“low noise” tape, a tape
which when played through a recorder
adapted for the low noise characteristic,
provides less unwanted and foreign
sounds than standard audio tape. Short-
er particles are also used in formulations
for slow-speed tape, which yields im-
proved performance over standard tapes
at the slower recording and playb