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Now, better than ever! |

We're now a division of Telex Communications,
Inc., one of the most respected names in electronics,
and we have new corporate management.

We also have a new way of doing business that’s
based on putting you first. Giving you the products you
want, when you want them. We’'re now in full production
and ready to give you immediate delivery on: « Amateur
radios and antennas * Marine radios and antennas
 Citizens Band antennas * Monitor antennas * Land
Mobile antennas ¢ Military and Industrial antenna
systems

Our products have the same great quality and
reliability that made us famous. And our marketing staff
is made up of people who know you. Let them help you
get the most from Hy-Gain communications products.

Call or write today. And get growing with the
new Hy-Gain Electronics.

®
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electronics

Division of Telex Communications, Inc.

Hy-Gain Electronics
Division of Telex Communications, Inc. S
8601 Northeast Highway Six
Lincoln, NE 68505

402/467-5321 telex 48-4324

© 1978 Hy-Gain Electronics
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by Mort Waters
Editor, Modern Electronics

As you can see, MODERN ELECTRONICS has a new editor. Qutside of
that one minor fact, little else has changed. You may expect to see future
issues very similar to what you've already experienced. Few, if any of the
regular contributors will differ.

One thing that will be different somewhat will be this particular column.
I've always felt that an editorial should be just that. It should express the
opinions of the editor on one or more concrete subjects. While an editorial
may not necessarily be controversial, the very nature of controversy
shouldn’t preclude it's appearing in what, otherwise, is a general interest
technical magazine. This is a particularly delicate area nowadays because
most, if not all, facets od electronics are governed by one or more
government agencies.

If it’s not the FCC precluding some great device being manufactured
because of radiation or interference problems, it might be the FTC getting
into the act on pricing or marketing policies of a manufacturer. I've always
felt that the public is entitled to know what the government is doing to
them as well as what it’s doing for them.

A specific case in point right now is a series of negotiations taking place
between the antenna industry and the Consumer Products Safety Com-
mission. As I understand it, the CPSC is attempting to provide regulations
to curtail or eliminate electrical accidents related to antenna installations.
That, in itself is a worthy effort. To accomplish the end objective, antenna
manufacturers are being asked to label their products with safety warning
stickers. There’s a strong possibility that they’ll also be required to add
extra insulation to the antennas to cut down on the severity of accidents
that might take place. All this is fine. But—and this is the zinger—there’s a
strong possibility that the results of these regulations might make the costs
of antennas so prohibitive as to be unaffordable.

Okay, we must have better safety precautions, granted. But just how
serious is the accident situation that’s causing all the hulabaloo. Well,
according to a CPSC survey (probably made at a considerable expense to us
taxpayers) some 123 fatalities occurred in 1976 as the result of accidental
electrocution. And of those, about 31% were antenna related. Wow! I think
you'll find that more people get killed in slippery bathtubs every month
than by antenna accidents in a year. But I don’t see any labels required on
the bathtubs. Let’s push for labels on every light bulb warning people to
keep their thumbs out of the socket. Let’s require safety stickers on every
boat sold in the U.S. After all, you might drown if you get careless and fall
off the deck. Or better yet, maybe we should tell the government to take
some of its safety stickers and stick ‘em. We’ll probably be a lot better off.

Oh, well! That's just a sample of some of the things you might see

happening in future editions of Comment. Buchwald I'm not. But I won't
pull any punches. That I promise.
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I you think you can’t learn
TV and audio servicing at home, | say,

“BALONEY!”

=— 2
£

Maybe you don’t believe that we
can actually teach you to service
TV and audio equipment by mail.
Yet here at NRI, we're doing it
every day. Helping people to
bigger and brighter futures. Let
me tell you why the NRI way
works so well .. .and challenge
you to put us to the test.

One of the secrets of the success of this
school is the fact that its founder, J.E. Smith,
was a teacher. So, when he originated his
first course in radio over 60, years ago, it
was carefully designed with training in mind.
And that principle has guided us ever since.
In every technical course we offer. Today,
every aspect of our courses in TV and audio
servicing are student-oriented to make learning
as fast and as easy as possible.

Exclusive Training Methods

Right off, that means that you get far more
than book learning. NRI gives you practical,
hands-on experience as you progress. In our Mas-
ter Course in TV and audio servicing, you actually
construct a 25-inch diagonal solid state color TV.
You start right with the basic parts and as you
build it, you introduce and correct typical servic-
ing problems, ending up with a complete unit,
ready to use. That way, you get the actual bench
time and intimate knowledge you need to handle
real servicing problems. And before that, you even
assemble some of your own electronic test instru-
ments so you not only know how to use them, but
how they work. That kind of training sticks with
you. .. gives you extra confidence.

And Mr. Smith taught us something else,
t00. Not to go too fast. So, our courses have what
we call “bite-size” lessons. That's another way of
saying that they're easy to digest. Big enough to
cover a specific subject theroughly, but not so
much that it' [l overwhelm you. Written clearly,
without a lot of gobbledygook. And we keep in
mind that you're learning at home, so you take
our lessons at your own pace. That way, you can
learn in your spare time without interfering with
your present job or eating up too much of your
family life. Of course, if you want to move ahead
faster, we're behind you all the way. The point is,
it's your choice.

Professional Instructor/Engineers
One of the ways we back you up is with a
fully-qualified staff of professional instructor/en-
gineers. They're there to help you when you have a
problem with any aspect of your studies. . . lessons,
theory, bench training. And because most of them

John E Thompson, NRI President

actually helped plan your lessons and designed
your equipment, you'll get answers right from the
horse’s mouth, answers that are clear and to the
point.

I might add that these are not a bunch of
ivory-tower professor types. In hetween checking
your lessons and giving you personal help, they're
busy keeping up with the state of the art, designing
new equipment and revising lessons 10 get you
ready to handle even the latest equipment. As a
case in point, take the audio equipment we added
to our course recently. Not just stereo, but four-
channel. Maybe a little exotic, but when a servic-
ing problem like this hits your hench, you're ready
for it. It's the kind of thinking and planning ahead
our founder would have liked.

I Dare You To Do It

Now you might think I'm bragging a little
too much on how good NRI is, and mayhe I am.
I'm mighty proud of our accomplishments. But
the proof of the pudding is in the eating. .. how
our training works in preparing people for actual
jobs. So I'm inviting you to ask the only people
who can give you a totally objective answer, profes-
sional TV and audio technicians. And here’s my
bet. Just look in your yellow pages for a couple of
TV repair shops, ask to speak with anyone who
actually does the repair work, and ask him what he
thinks of NRI. I'll bet he says, “Do it!”

I'm not really sticking my neck out, hecause
1 know something you may not. Almost half the TV
servicemen working out there have taken home-
study courses. And among them, it's NRI more
than three to one! Ask the pros on the firing line
and three to one they'll recommend NRI to you as
their first choice. I'll be happy to send you a copy
of the national survey that proves it.

Why do the pros like us? Because NRI works.
You take it at home so you don't have to go to
classes. You take it in your spare time, so you can
hold down your job while you get ready for your
step forward. And you take it easy, because our
CIRCLE 9 ON READER SERVICE CARD

bite-size lessons make it easier, let you set
your own pace.

Equipment Designed
for Learning
And to top it off, NRI's equipment is
exclusive. We design most of our own, so
it's not somehody else’s hobby kit or a
stripped-down and mostly assembled com-
mercial unit. It's designed so you really
learn as you build, designed to give you
lots of honest bench time, designed to give
you the satisfaction of finishing up with

a fully operable, top-quality unit that’s

comparable to any commercial set on the

market. But you built it...you learned
something on it! That's J E. Smith’s
philosophy again.

It all hoils down to the fact that we've aimed
our training at a very practical goal... giving you
the skills you need to move ahead in a rewarding
career. Or even to have your own full- or part-time
business.

Send for Free Catalog,
No Salesman Will Call

There's lots more to tell about NRI training
in TV and audio servicing and other courses, but
not much space left to do it. So I'm inviting you to
send for our free catalog of electronics courses. It
contains a complete description of every course,
including each lesson, training kits, and experi-
ments. Full color photos show you exactly what
your course will include in the way of test instru-
ments, electronic components, and major kits like
the 4-channel audio center and color TV.

No salesman will call on you, either. We
don’t work that way, never have. Our catalog
shows you what we have to offer you, what we
can da for vou. Look it over, then think about it
and make your own decision without outside
pressure. J.E. Smith always felt that his best stu-
dents were the self-motivated ones.

I can only add this. With over 60 successful
years and more than a million students behind us,
we must be doing something right. Just ask any-
body we've helped along the way. So get started on
your future. Send the postage-paid card and check
the course that interests you. If it has already been
removed, write me and I'll personally see that your
catalog gets rushed to you. And thanks for listen-
ing to me.

"J i\
Hill'

John E Thompson, President
NRI Schools
McGraw-Hill Center for
Continuing Education
3939 Wisconsin Avenue
Washington, D.C. 20016
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READERS WRITE FOR HELP WITH TECH PROBLEMS

Needs power monitor
I have a regulated, variable voltage
power supply, but it has no metering. |
can’t find any that are small enough at a
price I can afford. It seems to me there
should be some way of using LEDs and
zener diodes to indicate voltage. I'm
primarily interested in knowing when
the output is five or 12 volts. Do you
know a circuit that can do this?

R.S., Petersburg, FL

Your idea of using a zener and LED to
indicate an output voltage exceeding a set
pointisgreat. The problem with zeners is that
they have tolerances, just like resistors. Find-
ing a zener with exactly a five-volt breakdown
is rare. The circuit shown here overcomes
that problem by iving you a control to adjust
the set-point voltage. To do this, you'll need
an accurate voltmeter. When the supply out-
put rises to the preset level, the LED will go
on. To calibrate the unit, set the output to
exactly five volts using your voltmeter. Then
adjust the control until the LED just goes on.
Using a duplicate circuit, set it for 12 volts.

POWER
SUPPLY
outeuT

T508L

2
LED
5kQ
TRIMPOT N
VOLTAGE AT P
WHICH LED 37044V
TRIPS ON ZENER D10DE

Four-minute motor
I'm a 75 year old electronics nut. I've
been building circuits for about a year,
and have just started making PC boards.
I need a circuit for a timer using a 555 to
start and run a 12-volt motor for about
four minutes, then cut off for another
four minutes, and then repeat the cycle
over again. Can you help?

R.T., Abilene, TX

Here's a very simple four-minute timer built
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around the 555 IC that should do the trick. In
fact, the circuit is so simple, you won’t have
to bother with a PC board. The circuit as
drawon will give you about four minutes on
and four minutes off. If you need a precise
setting, you can replace the 1.7 megohm
resistor with a 1 meg fixed resistor and a 1
nieg variable coniected in series. You can use
either an NPN or a PNP transistor to drive
your motor. But, if you use a PNP, make sure
to add kwe 1IN4001 diodes in series with the
base lead to insure motor turn-off.

Tape talk
I have an am-fm radio with a built-in
tape recorder. Whenever I play a tape, |
hear a loud buzzing sound. Do you
know what it is and how I can get rid of
it?

S.W.F., N. Vancouver, BC

Finding the cause of a buzz, or hum as it's
called, can be one of the most frustrating
aspects of the hobbies. There are so many
possible causes that it's very difficult to pin
down the cause from the imformation youve
provided. For example, do you get the buzz
when you listen to the radio? If you do, the
problem is in the amplifier or power supply. If
you hear the buzz when operating from ac,
but not when on battery power, then it's
probably in the power supply. If you get the

BY JEFF SANDLER

buzz only when you use the tape deck, it's in
the tape circuits. If you get it only on tapes
you make yourself, but not on pre-recorded
tapes, then its in the tape record circuit. It's
possible, of course, that the problem is more
mechanical in nature; a loose connection or
arcing motor for example. As you can see,
there are any number of possible causes.
When you have a problem you want diag-
nosed by remote control, make sure to describe
every detail of the fault, giving as much
information as possible.

Identifying SCRs and triacs
I would appreciate plans to build some
sort of device that would separate SCRs
from triacs. 1 always have trouble telling
them apart—they all look alike. I usually
buy them mixed together in large
quantities.

L.L., Raleigh, N.C.

Both SCRsand triacs operate as switches that
turn on when triggered by pulse to the gate.
The major difference between the two is their
mode of conducting. SCRs behave like diodes,
conducting in one direction only. Triacs are
closer to true switches, once turned on, they
conduct in both directions. Put in other
terms, SCRs are dc devices; triacs ac. You can
identify type with a six-volt battery and
lamnp. You can use just about any six-volt
pilot lamp including the 40, 44, 46, 47, or
1847 types. Connect the lamp in series with
the battery and across the two larger leads on
the device. Then momentarily connect the
remaining smaller lead to one of the larger
leads. If the lamp does not turn on, move the
small lead to the other large lead. Then
reverse the battery polarity and repeat the




procedure. The lamp should turn on during
at least one of these tests. If not, the device is
bad, or neither an SCR or triac. If the lamp
furned on with either battery polarity, but
not both, the device is an SCR. If it turned on
with both polaritics, it is a triac.

TTL robotics
While working with experimental robo-
tics, I've come up with the problem of
forward and reverse control for motors
using TTL outputs. Do you have any
circuits that could control a 100-150 ma
motor with a standard 16 ma TTL out-
put? I'd like to stay away from electro-
mechanical relays if possible.

C.L., Cudahy, WI

I's nice to run across a problem that has a
simple, inexpensive solution. If you're using
a motor that will operate at the same five-volt
level as your TTL output, and if reversing
polarity reverses motor direction, this circuit
should work well. Although 2N2222 and
2N3906 transistors are specified, just about
anything you might have in your junkbox
should work, as long as it can handle your
150 ma load current. If the motor runs
properly and the transistor remains cool,
you're home free. What makes this circuit so
nice is that you'll only need one TTL output.
When it's high, transistors 2 and 3 conduct.
When its low, 1 and 4 conduct. This switch-
ing arrangement reverses the motor polarity
automatically.
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Bungled burglar alarm
Could you please help me with my bur-
glar alarm? I'm very new to electronics. |
need to protect nine doors and windows
and would like to add an outside alarm
bell. I'd like the inside master control
station to signal an entry with a Sonalert,
and indicate with an LED which en-
trance was breached. Finally, I'd like to
be able to turn off the outside alarm with
aswitch at the master control station. I'm
enclosing an alarm circuit diagram | took
from a book on intrusion alarms. Can |
use it for my alarm system?

R.M.H., Sacramento, CA

I don’t like to review the work of others. What
may seem to me to be a poor way to do
something may in fact be the best way to
handle a specific problen: the designer had in

mind. However, the circuit you sent me is
overly complicated and expensive. My phi-
losophy is to keep circuits as simply as possi-
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ble. With that in mind, I'd suggest youi use
this circuit instead. Each entrance is ularmed
with a reed switch and permanent magnet
detector. The reed switch should be mounted
on the jam or sill, with the magnet on the
door or window. They should be positioned so
that the switch will close momentarily as Hie
door or window is opened. The alarm circuit
will latch on at that point, so disconnecting
the switch at the door or window won’t stop
the alarm from signaling. Each entrance has
an LED indicator that will light when its
detector is tripped. In addition to the LED,
both an inside Sonalert and an outside alarm
will sound when a detector is tripped. But,
you can kill the outside alarm signal by
opening the switch marked 52 in the dia-
gram. You can kill both alarm signals, and
resel the circuit, by closing the switch marked

S1. As shown, the circuit requires a total of

11 4050 sections. Since there are six in each
IC, you'll need two ICs. Make sure to tie the
input of the unused section lo the battery
supply voltage fo prevent wnwanted self-
oscillation.

More downcounter update

I'd like to compliment you on what
promises to be a first-rate magazine.
Even though I am sure each of your
subscribers would prefer you to concen-
trate on his or her favorite topic, variety
does keep you/us on your toes. Regard-
ing your timely article on page 21 of the
June issue, I'd like to convert the down-
counter into a darkroom timer. Can the
circuit be modifed to prevent the counter
from automatically recycling the timer
back to its preset time? Can BCD thumb-

wheel switches be used in place of the
wire jumpersor toggle switches to preset
the timer?

J.E.N., San Francisco, CA

Thanks for the compliment. As far as inhibit-
ing the reset is concerned, I assume you're
really talking about stopping the automatic
downcounting. As the circuit stands, when
time runs out, an alarm sounds. The time
shown on the display then recycles from zero
to 99:99 and begins counting down again.
The reset button must be pushed before the
counter will reset to the preset tune, and stop
sounding the alarm. The pause button,
when pushed, freezes the count. The two
controls are totally independent of cach other.
So, all you have to do is push the pause
button, freezing the count, and then the reset
button, resetting the count back to the preset
time. When you're ready fo start timing
again, just push te pause button, releasing
the counter. Your suggestion to use a BCD
thumbwheel switch is great. [ wish I had
thought of it first.

Still more downcounter
The LED readouts used in your down-
counter had 22 pins each. The readouts
['m using have only 18. Mine are com-
mon cathode. Will these work?

T.G., Dallas, TX

For reasons I don’t understand, some manu-
facturers provide the same device type but
with more or less pins. It sure would be nice if
everybody agreed on a standard design. You
can identify which lead controls what seg-
ment of the display using a simple three-volt
test setup. The first step is to gueess which pin
is commmon. Then connect tie resistor-battery
test probes as shown. While maintaining
contact with what you think is the common
pinwith one probe, connect the othier probe in
turn to each of the remaining pins. If every
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segment lights, you have in fact found the
conmmon. If they don’t, move the first probe to
another pin, and work through each of the
remaining pins with the second probe. Even-
tually you'll find the conumon. You can then
identify the remaining pins by connecting the
test probes to the common and pin of interest,
and observing which segment lights. Then
refer to the diagram for proper identification.
The display used in the original downcounter
is a common cathode type, so yours should
work in the circuit.
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HOW THEY WORK,

ruters*

HOW YOU USE THEM, WHAT THEY CAN DO FOR YOU

Tune in the computers column each month
to find out the latest inside info on what’s
happening in the world of home computers

A common question in more and
more letters is this: “I'd like to learn
about microcomputers as fast as [ can.
How should I go about it?”

Sometimes the question is asked by
experimenters who have simply heard
that computers can be fun. But often the
person asking is a businessman who
wants to investigate a small computer for
use in his plant, or an engineer or scien-
tist who wants to make use of it in some
piece of equipment—or wants to learn
about microcomputers to get a better job!

Unfortunately, there is no easy way to
become an expert overnight; but some of
the ways of learning about these com-
puters are more fun than others.

The first thing to realize is that there is
a lot of difference between the traditional
large computer and the ‘micro’ comput-
er. Although both can compute, and
both are programmed in similar ways,
they are built differently and used differ-
ently. As a result, learning about large
computers and then trying to apply this
knowledge to the micro-computers is
likely to take longer than studying mi-
cro-computers in the first place.

Going to school

Even though microcomputers are fair-
ly new, a number of schools offer
courses in the circuitry and program-
ming involved. But you must choose
carefully or you will be disappointed.

Computer courses can be found in
your local college or university, business
school, engineering school, junior col-
lege, or even high school adult ed divi-
sion in a few exceptional cases.

Liberal arts colleges tend to treat com-
puters as a theoretical subject most often
taught by the math or computer science
department; either way, these courses
would probably be pure gibberish to the
beginner, and not related to micro-com-
puters anyway.

Business schools tend to concentrate
on large computers and their applica-
tions to business data processing, with
the result that this too may not be useful
to the small computer user.

8 MODERN ELECTRONICS

Last month I described my
own computer system and its
uses. I mentioned that an
important use was for
preparing and editing this
column, but that this part of
the system was not quite
complete. I promised to
mention it again when it was
finished.

Well, here it is. The
lines you are reading were
prepared and edited on my
Southwest Technical Products
6800 computer, and then typed
on an IBM Selectric typewriter
which is controlled by the
computer.

In order to make the
printed output a little more
pleasing to the eye - and to
make it 1look a bit more like
the normal print that Modern
Electronics uses = this was
printed using a program option
called 'right justification',
which means that all the lines
are the same length and end at
the same place on the right.
This 1is done automatically by
the computer, which stretches
short lines by making the
spaces between words longer.
The program isn't smart enough
to know when to break up a
word with a hyphen, and so
sometimes lines look somewhat
strange if many spaces have to
be inserted because the next
word is extremely long and
doesn't quite fit.

BY PETE STARK
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This leaves the engineering school and
junior college or technical institute. In
these schools, micro-computer courses
are most likely to be taught by the electri-
cal engineering or electrical technology
departments.

Although the word ‘electrical’ implies
that only circuits (or hardware) are
taught, in practice most of these depart-
ments will teach the programming (soft-
ware) courses as well.

If you have an engineering back-
ground, then the engineering school
may be quite acceptable to you; other-
wise the junior college may be a better
bet.

Going Shopping

Although the traditional approach to
learning about a college is to send for its
catalog and study it, | would recommend
that you simply call up the appropriate
department at the school and ask to
speak to one of the professors.

The reason is that with new topics—
such as micro-computers—it may be
easier to introduce them into an existing
course than to change the description in
the catalog. So the catalog and its course
descriptions may be out of date.

But be careful here—assuming that
you want a quick crash course in com-
puters, you are not interested in an en-
tire series of courses. In a complex sub-
ject area like computers, it is not easy to
cover everything in one course which
perhaps only meets a few hours a week.
The material you want may be spread
out over several interlocked courses
which have to be taken in a certain order.

Then too, the other students in the
class may not be as interested as you are,
and the instructor may be going slower
than you would like.

Check also whether the course is
strictly a series of lectures, or whether a
laboratory session each week is part of it.
Laboratory sessions—assuming that the
school has the equipment to go with
them and doesn’t use them just as addi-
tional time for lecturing—can be very
useful. The laboratory sessions also help
bring the course down to earth, and
often help the instructor keep up to date
as well.

The major disadvantage of taking a
college course is that it is probably not
tailored to your needs. Each course is
planned to fit into a complete curricu-
lum—a set of courses to take an entering
student who knows nothing about an
area and take him through several years
of material on his way to a degree. Indi-
vidual courses are not intended to be
taken by themselves.

An excellent source of information on
small computers is a computer store. Not
all areas of the country have them, of
course—they are most often found in
larger cities or densely populated
areas—but if there is one nearby you
may be in luck.
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The hardest part may be finding one.
Look in the yellow pages of local tele-
phone directories under ‘Computers’ as
a start. Look also under ‘Computer’ or
‘Byte” in the white pages. Heathkit stores
also carry computer equipment and ac-
cessories and are a good bet. Radio Shack
sells only its own brand and so will have
less variety, but is worth a visit.

Computer stores are useful in many
ways. First off, you might actually buy a
computer there. More on this later, but
for now let’s assume you are not quite
ready for that step.

Many computer stores provide lec-
tures or classes to the public. There may
be a small charge for them, but it is
probably worth it since these classes may
be more in line with your needs. In any
case, you can probably get a lot of infor-
mation just by talking with the sales-
man, assuming that he has the time.

A second advantage of visiting the
computer store is that this will put you in
contact with other hobbyists. Aside from
the possibility of meeting some while
browsing in the store, you might ask the
salesman whether he knows of any com-
puter clubs in the area.

Look also for a bulletin board where
club meetings may be advertised, or
where used equipment may be listed.

While in the store, look around at the
merchandise being exhibited, but do not
panic at the prices. Much of the equip-
ment shown will be intended for busi-
ness users, not for hobbyists. Since their
needs are quite different from the begin-
ner’s, the prices reflect the more complex
equipment they want.

Finally, computer stores are a source
of books and magazines.

Books

Bookstores are not a good place to buy
computer books. They tend to carry only
the very simple books of the type that
start with ‘‘Look at the computer. Look
at the computer run.”

These may be fun to read, but will not
really tell you what you want to know.
While they can order books out of cata-
logs for you, they probably only handle
the popular paperback or hard cover
publishers. Unfortunately, most of the
really good small computer books are
printed by specialized publishers that
the bookstore never heard of.

Above all, stay away from most hard
cover computer books. There are very
few of these that are really up to date
since it takes so long for them to be
published.

So where to get good books? The best
place is from a computer store. Most
stores carry a good selection, and will
allow you to thumb through them and
select the one you want. The salesman
might even recommend one or two.
Even if there isn’t a computer store in
your area, perhaps you can find a Heath-
kit or Radio Shack store.

Try also you local library, but most
likely you will be disappointed. If there
is a college nearby, try their library too.
Above all, visit the college bookstore. It
will probably have a general collection of
books, as well as a carefully laid out
display of all the textbooks for each
course. If there is a computer course or
computer department, those textbooks
might be interesting to see. By the way,
here is a good way of judging whether
the course itself is worthwhile—see
what books they use!

Many electronics stores carry books
too; perhaps there you might find a good
display.

There are several paperback publish-
ers who specialize in computer books for
hobbyists. These include Osborne and As-
sociates, Scelbi, Dilithium Press, and to a
lesser extent Sams and TAB Books. Per-
haps a local bookstore can get a catalog
for you.

Magazines

In addition to the computer coverage
you will find in Modern Electronics, you-
may find the specialized computer mag-
azines interesting too. The popular ones
are Byte, Creative Computing, Dr. Dobb’s
Journal of Computer Calisthenics and Ortho-
dontia (how is that for a title?), Interface
Age, Kilobaud, Personal Computing, and
ROM.

Each of these magazines has a differ-
ent slant; some you will like, some you
may not. Don't rush out to subscribe to
any of them unless you have had a
chance to look at them first. Some of
them are strictly descriptive with articles
about what computers can be used for
rather than how to use them; others tend
to concentrate on theoretical material
which may interest more advanced hob-
byists rather than beginners. Look be-
fore you buy. (This is another reason to
search out a computer store.)

Many home-study schools otter
courses in digital circuits and computers.
By taking the full course, you get not
only the course notes and textbooks, but
also lab equipment for doing your own
experiments, exams, and a certificate 1if
you pass the do-it-yourself exams. This
certificate can be used to show prospec-
tive employers that you have studied the
material.

If you are a veteran, then you may be
able to get Uncle Sam to pay for your
education. This is a valuable plus which
is popular with many, and it offsets the
high cost of some home-study courses.

Another way to learn about small
computers—and possibly the fastest and
most enjoyable—is to build one. It isn’t
hard if you do it from a kit. It needn’t be
expensive either.

Several companies have computer kits
in the range of $100 and up. But what
you need is not just the computer kit, but
also a good set of teaching lessions to go
with it. One of the best I have come
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across is the ET-3400 trainer kit from
Heathkit, with its companion EE-3401
course.

The ET-3400 Micro-computer Trainer
is a small computer which uses the Mo-
torola 6800 microprocessor integrated
circuit. It has a small amount of memory,
a keyboard, six LED seven-segment read-
outs like those on a calculator, plus a
prototyping socket for wiring up your
own add-on circuits. The whole thing is
small enough to pack into a briefcase,
and costs about $190.

Build a computer

But the real star of the combo is the EE-
3401 course which costs an extra $80
(there is a package price which saves you
$10 if you buy both together.} This in-
cludes two thick loose-leaf manuals of
lessons and experiments, two pre-re-
corded cassettes of listen-as-you-learn
lessions, a set of flip charts to accompany
the tapes, plus about $20 worth of addi-
tional parts for doing experiments on the
trainer. A final exam will be graded by
Heath and yield you a certificate if you
pass it.

The lessons take you through micro
computer programming and circuits in a
few hundred pages; each lesson has an
experiment or two to do on the trainer,
and as you go along you will probably
think of other things to try on yourown.

The course assumes that you know a
little about digital circuits before you
start, but you can pick up this additional
knowledge by reading a few past issues
of Modern Electronics. In a pinch, you can
get Heathkit's digital course as well.
(The digital course has its own trainer,
but most of its experiments can be done
on the ET-3400 micro computer trainer.)

Although this trainer is not intended
for expansion, Heath provides a mount-
ing position for an expansion socket so
that other equipment can be connected.
Though they do not make any add-ons
at this time, perhaps they will in the
future. In any case, once you go through
the course you will learn enough to
interface your own equipment if you
want.

Though the price of this trainer may
seem steep, you really get a lot for it. It
may be hard to justify for a beginner, but
if it can help you in your job or in finding
a better job, it may be worth every penny
in the long run. One advantage of such a
complete training package is that it
should also have a good resale value if
you decide to sell it. If you can find
someone else to share the cost with you,
then the price becomes all the more
reasonable.

Though there are not shortcuts to in-
stant wisdom, learning about micro
computers in a short time is possible if
you really want to do it. Perhaps with
some of these hints you can really do it
without too much pain.
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The Sinclair PDM35.
A personal digital multimeter foronly $49-*

Now everyone can afford to
own a digital multimeter

A digital multimeter used to
mean an expensive, bulky piece of
equipment.

The Sinclair PDM35 changes
that. It’s got all the functions and
features you want in a digital
multimeter. yet they’re neatly
packaged in a rugged but light
pocket-size case, ready to go
anywhere.

The Sinclair PDM35 gives you
all the benefits of an ordinary digital
multimeter — quick clear readings,
high accuracy and resolution, high
input impedance. Yet at $49.95 it
costs less than you'd expect to pay for
an analog meter!

The Sinclair PDM35 is tailor-
made for anyone who needs to make
rapid measurements. Development
engineers, field service engineers. lab
technicans, computer specialists,
radio and electronic hobbyists will
find it ideal.

With its rugged construction and
battery operation, the PDM35 is
perfectly suited for hand work in the
field, while its angled display and
optional AC power facility make it
just as useful on the bench.

What you get with a PDM35
3¥% digit resolution.

Sharp, bright, easily read LED
display, reading to = 1.999.
Automatic polarity selection.
Resolution of 1 mV and 0.1 nA
(0.0001 L A).

Direct reading of semiconductor
forward voltages at 5 different currents.
Resistance measured up to 20 MQ .
1% of reading accuracy.

Operation from replaceable battery
or AC adapter.

Industry standard 10 MQ input
impedance.

Compare it with an
analog meter!

The PDM35's 1% of reading
compares with 3% of full scale for a
comparable analog meter. That
makes it around 5 times more
accurate on average.

The PDM35 will resolve | mV
against around 10 mV for a
comparable analog meter — and
resolution on current is over 1000
times greater.

The PDM35's DC input
impedance of 10 M is 50 times
higher than a 20 kQ/volt analog
meter on the 10 V range.

The PDM35 gives precise digital
readings. So there's no need to in-
terpret ambiguous scales, no parallax
errors. There’s no need to reverse
leads for negative readings. There's
no delicate meter movement to
damage. And you can resolve current
as low as 0.1 nA and measure
transistor and diode junctions over 5
decades of current.

Technical specifications

DC Volts (4 ranges)

Range: 1 mV to 1000 V.

Accuracy of reading 1.0% *1 count.
Note: 10 MQ input impedance.

AC Volts (40 Hz-5 kHz)

Range: 1 V to 500 V.

Accuracy of reading: 1.0% *2 counts.
DC Current (6 ranges)

Range: [ nA to 200 mA.

Accuracy of reading: 1.0% *1 count.
Note: Max. resolution 0.1 nA.
Resistance (5 ranges)

Range: 12 to20M () .

Accuracy of reading: 1.5% *1 count.
Also provides 5 junction-test ranges.
Dimensions: 6 in.x3 in. x 115 in.
Weight: 6, oz.

Power supply: 9 V battery or Sinclair
AC adapter.

Sockets: Standard 4 mm for resilient
plugs.

Options: AC adapter for 117 V 60 Hz
power. De-luxe padded carrying
wallet. 30 kV probe.

The Sinclair credentials

Sinclair have pioneered a whole
range of electronic world-firsts — from
programmable pocket calculators to
miniature TVs. The PDM35
embodies six years’ experience in
digital multimeter design. in which
time Sinclair have become one of the
world’s largest producers.

Tried, tested ready to go!

The Sinclair PDMJ35 comes to
you fully built, tested calibrated and
guaranteed. It comes complete with
leads and test prods. operating
instructions and a carrying wallet.
And getting one couldn’t be easier.
Just fill in the coupon. enclose a
cheque/MO for the correct amount
(usual 10-day money-back undertaking,
of course). and send it to us.

We'll mail your PDM35 by return!
For Instant Service, CALL TOLL
FREE: 1-800-528-6050, EXT. 1052.
Ariz. Res. Call Collect 602-955-9710
or send coupon:

[J Also Send AC Adaptoris) @ $4.95 ea.
O Also Send Deluxe
O Also Send 30 kV probe @ $29.95

Dept. 452. 924 Anacapa Strect. Santa Barbara, Calil. 93101 o
Please promptlysend —_ Sinclair PDMJ5 Digital Multimeteris) @ $49.95 (plusS3shipping und
insurance)cach. I have the option of returning it within I week of receipt foran immediate refund.

added Carrying Case @ $4.95 eu

O Check or Money order Encl. (Calif. Res. add 6" Sates Tax)
O Charge to The Credit Card Checked Below:

O BankAmericard/Visa [ MasterCharge (Interbank = __ .
O American Express [0 Carte Blanche [ Diners Club

Credit Card = Exp. Date
Name

Address

City/Suate/ Zip

Signature
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AUDIO, VIDEO, RECORDING, PLAYBACK

BY HANS FANTEL

Advances in recording technology have lifted the

once lowly cassetie tape deck to the respectability

of a top-notch audio component. Here’s a rundown of the

key specs and features to look for when you do your shopping.

At the recent big audio show in Chi-
cago, sponsored by the Electronics In-
dustries Association, I asked a number
of prominent audio manufacturers
what’s the hottest itém in the field. With-
out exception they replied: “‘Cassette
decks.”

Once considered an optional extra,
cassette decks are now regarded as a
virtually indispensable part of a stereo
system as more and more listeners dis-
cover the pleasures and advantages of
having their own recording facilities. A
lot of audio fans who had originally set
up their systems without tape decks now
seem to be rushing out to remedy that

A small minority doing semi-pro re-
cording go for reel-to-reel machines be-
cause they permit easy editing of tapes.
But most listeners prefer cassettes be-
cause of their compactness, conve-
nience, and ease of operations. Dealers
tell me that cassette decks are now out-
selling reel models by a factor of more
than 10:1.

If you are thinking of adding a cassette
deck to your sound rig, it is generally a
good idea to match the quality (and cost)
of the deck to that of your other compo-
nents. With this in mind, let me spell out
the performance specifications of cas-
sette decks in different price ranges, so
you know just what you can expect for
your money.

Price range

Just about the lowest price of admis-
sion into high-quality tape recording lies
between $175 and $250, and many mod-
els (as in all other price classes) are
usually available at discounts of about 20
percent below list.

Typically, such models offer frequen-
cy response to about 14,000 Hz, flutter
and wow of about 0.12 percent, and a
signal-to-noise ratio around 50 dB. The
resultant sound is quite good and thor-
oughly enjoyable. True, some of the
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uppermost frequencies are a bit weak,
which reduces the sense of “‘openness”’
in the sound.

But this effect is so slight that you
notice it only if a cassette made on such a
deck is compared directly with the origi-
nal sound source, such as an fm broad-
cast or a stereo record.

The most important recent improve-
ment in this price range has been in
regard to flutter and wow—those slight
speed variations that sometimes cause a
false tremolo in the music.

Getting the overview

Thanks to improved techniques of
speed stabilization (usually speed-moni-
toring feedback circuits) current models
in this class attain performance levels
formerly found only in more expensive
equipment. As a result, even long-held
notes on such telltale instruments as
piano, oboe, and pipe organ now come
through without wobble.

As for signal-to-noise ratio, the tape
hiss underlying the music—thanks to
the built-in Dolby—is no louder than the
light background noise typically heard
on fm stereo broadcasts. It may be per-
ceptible, but it’s not disturbing.

I pointed out the limitations of low-
cost decks not to criticize them, but to
put them in perspective to costlier mod-
els. Some of the best models in this range
include the Technics RS-615US, the
Sony TC-K2A, the Kenwood KX-620,
the Aiwa AD-1250, JVC’s KD-35, and
Radio Shack’s Realistic SCT-11.

Stepping up to the next bracket, cen-
tering around $300, we find typical
specifications with frequency response
extending up to 16,000 Hz and a further
improvement of flutter and wow to less
than 0.1 percent. Signal-to-noise ratios
may be as low as 60 dB. Such decks
provide sound on par with that of fm
broadcasts (which are limited by law to
15,000 Hz.)

In this price range you will also find
extra features which, though they don’t
affect the sound as such, add conve-
nience of operation. Some have input
mixers that let you record two different
inputs simultaneously. That way you
can add your own narration via micro-
phone to some background music—for
example, to make a sound track for your
home movies or slide shows.

Many recent models also have a
“standby”’ control that permits every-
thing to be set in motion by an external
timer, so you can record radio programs
even when you are not at home.

A highly useful convenience feature
has been introduced by Optonica in their
Model RT-6501. It uses a microprocessor
to find the start of any selection on a
cassette. The device counts the silent
intervals between the separate musical
selections, which are coded by number.

By punching the number into a key-
board, you can pick out just the pieces
you want to hear. The machine searches
the tape in either forward or reverse
motion for the wanted item. Other capa-
ble models in the middle price range
include the Teac A-400, the Pioneer CT-
F8282, the Yamaha TC-511S, and Sony’s
TC-KS5.

In the more expensive models (from
about $400 up) you may find multiple
motors—one to drive the tape through
the capstan during recording or play-
back, the other to spin the tape in fast-
forward or reverse. This optimizes both
functions, providing faster rewind and
more accurate speed control, reducing
wow and flutter to imperceptible levels
as low as 0.05 percent.

Frequency response may go to 17,000
Hz and beyond, reaching the limits of
human hearing, while noise disappears
at ratings beyond 60 dB. Used with high-
quality tape, such decks produce sound
as clear as most Ip records. Of course, it

please turn to page 87
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A recent survey of CB Radio/S9 readers indicated that two out of
every three replying to our questionnaire would like to become an
amateur radio operator. And we’re all for that, because CQ, the Radio
Amateur’s Journal, is the oldest magazine in our company’s stable.

CQ is not just another ham publication; it’s the only ham publication
aimed at the beginner as well as the old timer. It's the only ham maga-
zine that recognizes that every new ham isn‘t an electronic engineer.
The editorial features in CQ are aimed at people — people like your-
self who turn to amateur radio as a means of having fun.

nterested in Ham Dadio?

CQ caters primarily to the operating end of radio, with just a smatter-
ing of technical material to keep you up to date on what’s happening.
And even the technical portions of CQ are presented in a manner that
every new amateur will understand.

In other words, CQ is the fun magazine in the amateur radio field. It's
the amateur magazine that you’ll enjoy from cover to cover. And re-
member, CQ is brought to you by the same folks who bring you CB
Radio/S9. What more could you ask for?

The Radio Amateur's Journal
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CAR, BOAT, PLANE, RV: ELECTRONICS IN THE GREAT OUTDOORS

The wide wonderful world of outdoors
and how it interfaces with electronics
can be found every month in this column.

Most motorists are perfectly content
to stick with their car’s 12-volt DC power
capabilities, and rightly so. What more
could be needed than a good automotive
sound system, a few standard 12-volt
add-ons, and a pleasurable ride?

All too true. But for some, an alterna-
tive power source would come in mighty
handy when camping time arrives or
when there’s work to be done far from a
110-volt AC outlet. What to do?

Many have found a viable answer to
be in the form of the various inverters
and converters found on electronics
store shelves. These devices, engineered
exclusively for the purpose of converting
an automobile’s standard 12-volt DC
system to a desired power output, vastly
increase a car’s versatility in many ways.

You can purchase smallish converters
that plug into your cigarette lighter re-
ceptacle for drop-downs to 9, 6, or 3-
volts DC, or your can even opt for a
larger, permanent-mount inverter that
will power standard household gadgets
at 110-volts AC (up to a specified
wattage).

And what possible uses could you
have for these various types of power
outputs? With a 12V DC to 110V AC
inverter, for example, camping trips will
find added convenience with the addi-
tion of a toaster, electric fry pan, or even
an electric razor to your regular assort-
ment of gear.

Need to do some cutting or drilling at a
secluded construction site but the elec-
trical hasn’t been run yet? It's no sweat
with a car, an inverter, and a few of your
favorite shop tools. And drop-down DC
converters can handily power an assort-
ment of portable gadgets ranging from
tape recorders to pocket scanners.

18 MODERN ELECTRONICS

BY RON COGAN

-y

While you have a choice of many accessories that will run on the 12-volt dc in your mobile,
there are still many devices that require 110-volt ac. With a power inverter, such as this
Vista CXV, you can use just about any ac powered device in the mobile. The inverter
changes your vehicle’s 12-volt dc into a chopped ac.

The cost of these various converters
and inverters covers a wide range, with
most of ‘em falling within the inexpen-
sive category. The most expensive are
the 12V DC to 110V AC inverters that
furnish the increased power without the
need for the engine to be running.

These goodies start about forty bucks
and go upwards of two hundred de-
pending upon their wattage output. An
example of this is the Vista CXV-1, man-
ufactured by Clifford Industries, P.O. Box
436, Camarillo, California 93010, which
provides square wave 110-volt AC cur-
rent from a standard car battery. Less
expensive 110-volt DC converters will
run most power tools and a variety of
other 110-volt items (but not all), but the

car’'s engine must be running during
use.

Most all of the converters and invert-
ers available offer an extremely simple
installation that anyone can handle with
simple tools and basic skills. Additional-
ly, most offer installation instructions
that make the job easy even if you don’t
possess a working knowledge of your
car’s electrical system.

The bottom line is that motorists have
the ability to easily power most any
gadget with their car’s basic electrical
system and one of these nifty compo-
nents—so why wait? There are probably
a score of items that would prove handy
on the road if only you could power ‘em.
And now you can! =l



Prepared by the Federal Communications Commissie

lﬂter‘ference booklet be your

club’s first line of defense on the TVI front.

For the first time here’s an easy-to-
read guide showing all of the classic TVI
symptoms and their cures.

Use it as a ‘handout’’ by the local
TVI committee, defuse tricky ‘irate
neighbor’’ situations, help the local TV
repair shop root out RF1/TVI problems
in your area.

This top-quality booklet (40 pages
10% x 8’’) is available in quantities of 12
at $9.00 plus $1.00 shipping. Single
copies are available for $1.25, postpaid.
Note that the FCC offers the self-same
booklet for $1.50 per copy with no
quantity discount.

Prepared by the Field Operations
Bureau of the Federal Communications
Commission and reprinted at low cost by
the Publishers of ME, the booklet offers
guidelines for the amateur, non-amateur
and CBer alike in dealing with RFI and
TVI. A dozen full-color illustrations
show most interference patterns with
descriptions and solutions for each
problem.

The booklet should be on your
“must” list for reading and your ‘‘do”
list to help eliminate the problem. Order
a dozen copies today!
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CB radio:

20 years old this month

Can you believe it? CB radio celebrates its
20th anniversary this month. Here’s the in-
side story of where we’ve been and where
we’re headed.

by Tom Kneitel/l TOMCAT, K2AES
Editor, CB Radio/S9 magazine

Where were you 20 years ago? It’s a safe bet that you
were absolutely unaware of a monumental birth taking
place on the 11th day of that fateful September of 1958.
The birth of the blues? Well, not quite; unless you
happen to be an FCC monitor. You guessed it; it was the
opening day, Goodbuddy, of the 27 MHz CB service.

Of course, unlike today, there weren’t 25-million
operators there to mark the occasion, only a few
hundred rag-tag and brave souls who rose to meet the
challenge of CB Radio in those pioneer days. The very
first CB’ers used homebrew gear (legal in those days),
but it only seemed to take a few weeks for the first
commercially produced rigs and kits to become avail-
able, sets like the International Crystal Executive (its
boxy shape gained it the nickname of “The Icebox”), the
Heathkit CB-1 “‘Lunchbox’’ (another loving nickname),
the Gonset CB-1 (““Gooney Box"”), the Globe CB-100,
Vocaline ED-27, and a few others.

Chrome-plated '78 model

Sure, sitting there now with your gleaming, chrome
plated, solid state, 40-channel PLL rig with the pretty
red LED’s, you will probably find it difficult to grasp
what most of these early CB sets were like. First of all
they were filled wall to wall with tubes, y’know those
glass bulbs with names like 6AL5’s, 6CX8’s, and other
similar prehistoric monsters. So, right off, these rigs

Tom Kneitel is editor of CB Radio/S9, the oldest and largest
CB radio magazine.
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were rather large and cumbersome when compared to
modern CB equipment.

Most of the early sets were designed to transmit on
one single channel, although a few offered tunable
single-conversion or superregenerative receivers. A
single channel was all that was needed in those days,
hopefully your set came through equipped with
crystals for the same channel as the other handful of
stations within talking range of you!

Rather than an inducement for CB’ers to scan the
channels and make new friends, the tunable receive
feature was more of an economy move, for in the
pre-PLL and pre-synthesizer days, a separate crystal
was required for each transmitting and fixed tuned
receiving channel. You know the price of crystals—
figure out what it would cost to outfit a 23 channel rig
with a full set of 46 crystals. Ouch! Something like $200
for those little hunks of quartz!

But you could talk!

Ah yes, you could talk! And what days they were! In
1958 there was a high point going on in the 11 year
sunspot cycle and “skip was in.”” Sure, it was as
“illegal”” to work skip on CB then as it is now, but the
exotic lure of “‘the forbidden” was irresistable to the
early CB’ers. And, after all, after you said all you had to
say to the 20 other operators who were local to you, it
just “‘seemed like the natural thing” to try to meet other
CB’ers whose voices were presented to you via the
courtesy of the ionosphere!

In those days there weren’t any of the giant super-



monster base station beam antennas available to
CB’ers, and mobile antennas were much less
sophisticated than what you see arcund these days.

The most popular base station antennas were ground
planes, or if you were clever you added an extra set of
four “ground” radials and made yourself adual ground
plane. Some operators had coaxial type base station
antennas, popularly known as thundersticks. Mobile
antennas were invariably 102-inch steel whips, which
were bumper mounted and clanked and clunked on
garage doors, tree limbs, and low hanging signs. You
may be tempted to chuckle at some of this quaint
apparatus, but it really did quite well; and, of course,
there were only a handful of stations on the air then;
you didn’t have to battle to wedge your voice onto a
channel for your 30 seconds of glory before someone
called for a break. In fact, there were those lonely days
when you had to make an effort to locate another
station to talk with you. Some channels were totally
devoid of any operation at all!

Wheels of progress

Starting out slowly at first, by the end of 1958, the
FCC was handling a paltry 500 CB licenses per month,
but by mid-1959 the word had started to spread
amongst communications buffs that something good
was going on. Licenses jumped 10-fold in those few
short months to almost 6,000 per month! By todays’
yardstick (where the FCC has been known to receive
almost Y2-million per month) this may seem insignifi-
cantly small, but you have to try to imagine what it

Don’t laugh at this ugly duckling, it's the e.c.i. Courier 1-M. Not
only was it one of the first CB rigs featuring a high-selectivity dual
conversion receiver, but it was in such high demand that the
manufacturer could hardly keep up with the orders for them! The
company which made these in the 1960’s evolved into todays’
Fanon/Courier Company.

sounded like to early CB’ers when the channels
suddenly started to buzz with activity, even those
channels that 'nobody ever used.”

And the equipment itself was also undergoing some
changes, mostly in the fact that new gear being offered
for sale had capabilities of transmitting on 3, 6, 8, or,
gasp, even 12 channels. There were even a couple of
deluxe rigs offering full 23 channel operation.

There were lots of companies producing CB rigs in
this first flush of CB life; well known companies such as
RCA, Raytheon, Lafayette, Allied Radio, Heath, Tram,
Regency, Browning Labs, Hammarlund, Amphenol,
E.F. Johnson, EICO, and Hallicrafters.

In those days the CB’er could also select equipment
from a vast array of smaller companies t00, names
which may be mostly unknown to modern CB’ers:
Philmore, Miratel, Cadre, DeWald, Shell, LaSalle,

CB clubs were a very early manifestation of the friendship which
has always been a part of CB. Here’s a snapshot taken back in 1968
of most of the members of the Mohawk Valley CB Radio Club of
Turners Falls, Mass. The occasion was their 4th Annual Jamboree.

Utica, Sampson, Arkay, Acton Labs, Babb, United
Scientific Labs, Grove, Polytronics, Kaar, Hallmark,
e.c.i.—some of these companies are still in CB but are
known under different names; others are still in busi-
ness but no longer making CB rigs; while most are
simply out of business altogether. A listing of all of the
many companies producing CB transceivers in the early
1960’s would fill several pages!

Friends one and all

By the early 1960’s CB clubs, jamborees, and coffee
breaks were commonplace. Clubs and teams had
started voluntarily monitoring Channel 9, which CB’ers
had unofficially designated as an emergency channel.

Basically, the roots of CB had started sending up the
trunk of the CB tree between 1963 and 1965; it was still
in a formative stage but it would nevertheless be
recognizable as “CB” by a 1970’s operator. Although
truckers’ talk and CB lingo had not shown up on the
channels, 10-Codes were heard regularly and handles
had started making their early bow.

More often than not, iandles were used as an attempt
at achieving anonymity by those who came to feel that

[}

For your fantasies and the days when you thought you would get
that big bonus at work, you could picture yourself buying this
super deluxe 23-channel Polycomm Sr. 23, which was expensive
but an absolutely beautiful hunk of electronics. Somehow or other
its manufacturer managed to go out of business despite the
swanky product.
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The Heath GW-12 was an early kit, in the days when the FCC
allowed CB’ers to build their own sets. A single channel rig,itdida
most respectable job.

the FCC'’s anti-hobby CB regulations were a bit too
diffiuclt for their personal operating preferences to
justify "‘advertising”” by means of a traceable FCC
callsign.

Single sideband had made a flickering appearance on
11 meters in the early 1960’s, and a few years later
frequency synthesizers had become a regular feature of
better CB equipment, opening up 23-channel
capabilities at reasonable costs to the CB users.

But still, something was missing. Why? Because, even
with all that CB had going for itself, it was one of those
things that was known to relatively few people outside
those who were electronics enthusiasts. Would you
believe that only 10 short years ago you could ask 100
random people to tell you anything at all about CB

It wasn’t that tube-type CB rigs weren’t good pieces of electronic
equipment, but they did tend to become a bit bulky when mounted
in mobile units.
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Radio and you would have been lucky if you hit the
jackpot with 5 to 8 of them! Somehow, CB Radio was
still an idea whose time had not arrived. It just hadn’t
managed to hit the big time.

And that’s the way CB finished out its first 10 years of
life, a minor success, well beloved by thousands of
enthusiasts who comprised what was essentially a CB
“cult.”” And that’s the way it strolled into its teen years.

Bingo!

Maybe the stars and planets were right, or perhaps it
was an idea whose time had finally arrived, or else it
was a unique combination of events (truckers’ strike,
fuel shortage, imposition of a national speed limit—
followed by supporting media coverage, sings, movies,
tv programs, and the like) which did the trick; but in
1974 CB was in the big leagues!

That’s when CB lingo became an ingredient of CB
Radio, and that’s when the solid wall of humanity came
barging onto the channels demanding to be fed a

NTEANATIONAL
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MFG

International Crystal Manufacturing Co., produced an extensive
line of Executive model transceivers, all quite popular. This was
the set by the time CB had grown to the point where operators
wanted operating capabilities extending past ‘‘single channel”
rigs. This set offered 3 transmit channels and a tunable receiver,
plus 3 crystal controlled receive positions.

generous supply of CB equipment. That about
coincided (or caused, to be specific) the FCC’s absolute
frustration at making any valid headway in controlling
the varied directions which the CB service was heading
under its own inertia.

Today, 20 years and 25-million CB’ers later, we are
again heading into another peak sunspot cycle. Who
was it that once observed that “’the more things change,
the more they remain the same?”

There are millions more CB’ers today than there were
20 years ago, and that’s the number you can use to
multiply the number of skip working violations which
the FCC expects on CB.

Old habits die hard, they also say, and maybe there
aren’t too many traces left of the "“old CB of 20 years
back; there isn’t a 6AL5anywhere in sight! But the CB’ers
themselves haven’t changed all that much, most still
like to work skip—it’s just as enticing (and illegal) as it

was the day CB was born, 20 years ago this very monthﬁ
el
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THE NEW INDUSTRY STANDARD

OF PERFORMANCE ... IS THE Wilson SsYSTEM ONE!

A DX‘ers delight operating 20 meters on a full 26° boom with 4 elements, 4 operational elements on 20-15-
10, plus separate reflector element on 10 meters for currect monoband spacing. Featured are the large
diameter High-Q traps, Beta matching system, heavy duty taper swaged elements, rugged boom to element
mounting . . . and value priced! Additional features: * SWR less than 1.5 to 1 on all bands ¢ 10 dB Gain
« 20-25 dB Front-to-Back Ratio.

S Model Antenna
N ~ not to scale.

e Full 4 Elements on 20 Meters

with a Long 26° Boom
¢4 Element Monoband Performance
o Separate 10 Meter Reflector

r_-_— s’
. ",' The mechanically

Insulated driven
element with
precision

" Betamatch

§ o superior construction
uses heavy duty
boom to element l

extrusion. —_— and
L heavy duty
element
mounts.
. ; Shown with Wilson’s new optional
Advanced design large diameter Toroid Core BN-50-A Balun.

High-Q Traps for minimum loss and maximum power capacity

SPECIFICATIONS: SY-1 8 S

Matching Method . . . . Beta Boom Length .. 26' Required e

Band MHz .. ... .... 14-21-28 Boom Diameter . 2" O.D. Mast Diameter 2" 0.D. —

Maximum Power Input Legal Limit No. of Elements. .5 Surface Area ... ... 8.6 sq. ft. . . X « i -
VSWR (at Resonance) 1.5to 1 Longest Element 26° 7" Windioad at 78 mph 215 Ibs. 20 METERS A
Impedance . . ....... 50 ohms Turning Radius . 18’ 6" Shipping Weight . .. 65 ibs. 10 )

Gaina Te =+ s d ds K 10dB F/B Ratio. .. ... 20-25 dB  UPS Shipment in 2 Cartons : . — .

DEALERSHIPS
AVAILABLE™
We are looking for new Dealers

for'certain areas of the country,
1§ you are interested,
contact us for details.

ne oo Wiry s
w 1 5 M ETER S Rt
up 1——1—

Electronics Corp. F?‘L

'
e
2o

4288 So. Polaris « P. O. Box 19000 « Las Vegas, Nevada 89119 s TR e Rl D u P
Phone {702) 739-1931 * Telex 684-522 10 METERS ;';‘.',,“'
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text output.

As it turns out, an alphanumeric key-
board is often one of the cheapest parts
of a small computer (see the article on
keyboards in the June 1978 Modern Elec-
tronics), while an alphanumeric printer
can be one of the most expensive.

With some work and ingenuity, an old
Baudot teleprinter—a device which
looks like a monster typewriter which
prints under computer control—can be
salvaged from a flea market and adapted
to computer use fairly cheaply. Most of
the time, however, a more expensive
printer may be needed.

New teleprinters go for $900 and up;
more modern printers which either go
faster or provide neater output with per-
haps small letters as well as capitals may
cost upwards of $3000.

A good compromise may be a TV-type
display which ‘prints’ the same informa-
tion on a standard TV set, rather than on
paper. It may not be as good for serious
business or technical uses, but for games
or hobby use it works almost as well. The
nice feature is that a TV display is often
cheaper than a printer—as low as $100.

TV display systems come in two types:
complete terminals, called CRT or cath-
ode ray tube terminals, which include a
keyboard, a TV tube, and all the elec-
tronics to drive them, or stripped inter-
faces which simply accept computerdata
and convert it into a signal which can be

sent to a slightly modifed regular TV set.
Either way, the circuitry to change com-
puter data into a TV picture works the
same way.

To understand how this is done, we
first have to see how television works.

Starts in top
left corner

Ends in the middle
(A) Field 1

Starts in the middle ~

Ends in the bottom
right corner

(B) Field 2

Field 1 lines Field 2 lines

=

{C) Both fields combined into one frame

Figure 1 Two sets of interlaced fields malze up one
frame.

The principal partof a TV setis its CRT
or cathode ray tube. This tube has a large
screen which is coated with a phospho-
rescent material; this is a chemical which
glows when it is hit by electrons.

In the back of the tube is an electron
gun which shoots a thin beam of elec-
trons at the screen. When the beam hits
the screen we get a tiny, bright spot of
light. You may have noticed this spot
just after you turn off the TV set. In
normal use, the spot is moving so fast
that it is not visible.

Television fundamentals

The electron beam—and therefore the
spot of light it produces—is controlled in
two ways. Two coils of wire wrapped
around the neck of the tube, part of the
yoke assembly, generate amagnetic field
which aims the beam at different parts of
the screen.

When the TV set is operating, these
deflection coils rapidly move the beam
from side to side, and from top to bot-
tom, so that the beam covers the entire
screen. The motion happens so fast that
it looks as though the entire screen is
evenly litup, although if you look closely
at it you will see horizontal lines across
it, which are caused by the movement of
the beam across the screen from left to
right.

At the same time, the strength of the
beam—the brightness of the spot it pro-
duces—is controlled by a voltage placed
on the control grid; this is an opening
through which the beam must pass oniits
way to the screen. Putting a negative
voltage on the grid makes it harder for
the electrons to get through, and so the
light produced by the beam is weaker.

The TV picture is produced by con-
tinuously scanning the entire screen

SEPTEMBER 1978 27



with the beam, but controlling its
strength so that some parts of the screen
are light and others are dark.

The pattern that the beam follows in
covering the screen is called a raster. The
precise speed at which the beam moves,
and the number of times that it sweeps
across the screen in each second, is pre-
cisely controlled by the TV station you
are watching.

This is because the beam movement in
your TV set must be exactly in step with
the movement of the beam in the TV
camera in the studio, or else the picture
will roll up or down, or tear sideways.

The movement of the beam up and
down is called the vertical sweep, and
occurs exactly 60 times per second.
Sideways movement is called the hori-
zontal sweep, and occurs exactly 15,750
times per second. If you divide the hori-

IF
amplifiers
etc

Syne
separator

Tuner

Video
detector

262-1/2 lines across the screen during this
one trip of the beam from top to bottom.
This is difficult to show on adrawing, so
Figure 1(a) only shows a few lines. But
the important thing to notice is that there
are 262 and one-half lines; this means
that down at the bottom of the screen
there will be one horizontal sweep which
covers only half the width of the
screen—a half of a line, which ends half-
way across the bottom. What happens
now?

Just as the beam reaches the half-way
point, a vertical sweep occurs which
moves the beam back up to the top. This
time, it starts its first sweep across the
top from a point midway across—in oth-
er words, the next line at the top is only
half of a line, as shown in Figure 1(b). But
this time, the beam will start with a half-
line, and follow it up with 262 complete

Video
amplifier

Vertical
sweep circuits

Hornizontal
sweep circuits

Figure 2 Simplified block diagram of a TV set.

zontal sweep frequency by the vertical
sweep frequency, you will see that there
are exactly 262-12 horizontal sweeps for
every vertical sweep.

Let’s follow the beam across the screen
on one of its travels from top to bottom; a
typical trip is shown in Figure 1(a). The
beam starts in the upper left corner and
starts to move across the screen, left to
right. All of the time that it moves
sideways, it is also moving very slowly
down. As a result, it really moves at a
very slight diagonal toward the bottom,
as shown by the top solid line in the
drawing.

When it reaches the right end of the
screen, it suddenly reverses direction
and returns back to the left; this is called
the retrace, and is shown by the dotted
line. When it reaches the left end of the
screen, it starts to move right again. Each
time it travels from left to right, itdraws a
line on the screen. If you look closely,
you can see it, although it seems to
constantly be on the move and is difficult
to watch.

As you remember, each vertical sweep
corresponds to 262-%2 horizontal
sweeps. This means that there will be
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lines, so that it will end up in the right
bottom corner of the screen.

Each of these pictures is called a field.
Both fields have 262-%2 lines, but the
half-line alternates between being at the
top and being at the bottom: field 1 has it
at the bottom, and field 2 has itat the top.
(This description is slightly simplified
because the beam doesn’t return instan-
taneously to the top or to the left, and so
some of the horizontal sweep lines never
really appear on the screen. But for this
description we need not be that exact.)

Fields are flashed on the TV screen
every sixtieth of a second. Since this is
too fast to be noticeable to the eye, the
two fields blend together. But since the
sweep lines in the two fields are in
slightly different places, they mesh to-
gether as in Figure 1(c). The overall effect
1s to give a picture which looks as though
it has twice as many lines—a total of 525
lines from top to bottom.

Why such a complicated arrange-
ment? There is a very good reason: as
soon as the electron beam passes a par-
ticular spot on the screen, the light it
generates starts to fade. In other words,
the picture is continuously flickering. To

make sure that the eye doesn’t notice it,
the flicker rate has to be more than about
40 times per second, with 50 or 60 being
even better.

That means that the picture must be
refreshed—repainted on the screen—
many times per second. A refresh rate of
60 times per second has been chosen for
various reasons, but if a complete 525-
line picture had to be transmitted from
the TV station each sixtieth of a second
much more of the TV band would be
needed and there would be room for
fewer TV stations on the band. Sending
only 262-12 lines in a sixtieth of a second
is a good compromise which reduces the
bandwidth, but eliminates flicker and
fools the eye into thinking it sees a
complete 525-line picture. (If the picture
had fewer lines, it would appear coarser
and lack sharpness.)

The circuitry to provide complete in-
terlacing is needed for a good picture on
TV stations, but it provides more detail
than is needed for most computer TV
displays; it also makes the terminal de-
sign more complicated. Most CRT termi-
nal designers don'’t bother to interlace.

When interlacing is not used, then
there is no need for the extra half line at
the top and bottom of alternate fields.
Many CRT terminals use an even num-
ber of horizontal lines per field—262 or
264 lines being most popular. Every field
is the same, and so the lines from one
field fall on top of the lines in the next
field. Hence the picture has only 262 or
264 lines.

To reduce the effect of hum or ripple in
the TV power supply, CRT terminals still
use 60 vertical sweeps per second, but
now the horizontal sweep is different.
For normal TV stations it is 15,750
sweeps per second. For a terminal with
262 lines per field, the horizontal sweep
frequency is 60x262 or 15,720 sweeps per
second. With 264 lines per field, the
horizontal frequency is 15,840 sweeps
per second. This is close enough to the
normal 15,750 that most normal TV sets
can still be used. If need be, the horizon-
tal hold control on the back of the set
may be adjusted slightly to provide a
steady picture.

TV set circuitry

Figure 2 shows a block diagram of a
typical black and white TV set (color sets
are quite a bit more complicated.) The
TV signal is received by the antenna,
tuned in by the tuner, amplified, and
then decoded at the video detector. The
output of the video detector is a signal
called the composite video.

This signal contains not only the pic-
ture or video information, but also syn-
chronizing signals which drive the verti-
cal and horizontal sweep circuits to make
sure they stay exactly in step with the
sweep signals being used in the studio
camera.

The composite video signal does three



things. First of all, it has the video infor-
mation which is amplified by the video
amplifier and fed to the CRT tube to
control the brightness of the beam. It
also has sweep sychronizing pulses,
which are removed by the sync separator
and sent to the vertical and horizontal
sweep circuits. These then feed the
yoke, which moves the electron beam
back and forth.

For computer use, the tuner, I. F.
amplifier, and video detectors are not
needed, since a composite video signal
can be directly provided by the computer
interface and send to the video amplifier
and sync separator. Although a standard
TV set can be used by simply disabling
these sections with a switch, a better
alternative is to use a TV monitor which
is designed to accept a composite video
signal and display it.

Such video monitors are often used
with videotape recorders; even though
they cost more than a cheap, mass-pro-
duced TV set, they often provide a clear-
er, sharper image. (In some cases, the
composite video output of a computer
terminal or TV game is fed into a small
TV transmitter which then feeds the
antennainput of an unconverted TV set.

This is perhaps the cheapest and sim-
plest approach, but it produces fuzzy
pictures since the IL.F. amplifiers of a
normal TV set are not designed for the
sharpness needed for computer
printouts.

Composite video

Figure 3 shows what the composite
video signal looks like if we observe it on
an oscilloscope. It is a very irregular
signal with many peaks and valleys, but
at regular intervals—every horizontal
sweep—it has a high flat plateau on
which sits a small square pulse. That
pulse is the horizontal sync pulse. Every

15, 750 horizontal sync pulses there is a
rapid series of small pulses which pro-
vide the vertical synchronization.

The space between two horizontal
sync pulses carries the picture informa-
tion for one sweep line. A high voltage,
near that for the sync pulse, represents a
black spot on the screen; a low voltage
represents a white spot. Various shades
of gray are represented by voltages be-
tween white and black. (Since the sync
pulse is represented by a voltage slightly
greater than that for black, the electron
beam is completely turned off during its
return from the right side of the screen to
the left.)

For example, the signal shown in Fig-
ure 3 shows two successive sweep lines
which are fairly similar, but not quite
identical. In both there is a left portion
which is mostly white, followed by a
dark grey—almost black—peak, fol-
lowed by more white. In general, since
each line of a typical picture is different
from every other line, each portion of the
composite video is different also. If we
tried to watch the composite video signal
on an oscilloscope for a while, we would
see only a blurred area between the sync
pulses.

Now suppose that one line of the
composite video looks like Figure 4. In-
stead of a smoothly varying but irregular
signal between the sync pulses, we now
have a square wave signal which rapidly
switches from white to black and back.
This signal would turn the electron beam
on, off, on, off . . . for an entire sweep
line. The result would be a row of dots. If
we switched the signal back and forth
between white and black very rapidly,
the dots would be smaller and closer
together.

Next, if every line of the picture was
just like this one, then the entire screen
would be covered with dots. Since there

Counter. A digital device consisting of
flip-flops connected so that it counts
the number of pulses it receives on its
input. The count is provided-as a bina-
ry number output. A counter has a
maximum count, depending on its
size, called a modulus or just mod. For
example, a mod-8 counter can count
up to seven, and on the eighth input it
resets itself back to a count of zero.
When it resets, it also provides an
output pulse which could be counted
by another counter. Thus a counter
divides an input frequency by its mo-
dulus. The mod-8 counter, for exam-
ple, would provide an output pulse
every eight input pulses, so If its input
frequency was 1000 pulses per sec-
ond, the output would have only 125
Bulses per second.

ecoder. A device consisting of gates
which is usually connected to the out-
put of a counter. It provides an output
when the counter is at a specific count
or range of counts. For example, if a
counter was used to count the number
of cookies being packed into a box, a
decoder could be wired to provide an
output when exactly 50 cookies had
been loaded.

GLOSSARY

One-shot. A type of multivibrator
which provides an output pulse of a
specific length whenever it receives an
input pulse. Often used to provide de-
lays, or stretch or expand pulses that
are the wrong length or shape.
Pulse. A short burst of voltage or cur-
rent. in most digital circuits, pulses are
usually short 5-volt bursts which may
last from a few nanoseconds (thou-
sandths of a millionth of a second) up
to many minutes or hours.

RAM. Random Access Memory; a type
of computer memory which can both
be written into and read out of. It is
divided into many locations, each of
which can store a fixed-length binary
number, and each of which has an
address by which we identify which
number is where.

ROM. Read Only Memory; a computer
memory which can be written into dur-
ing manufacture or installation, but is
onlx' read out of after that.

Shift Register. A digital circuit consist-
ing of flip-flops, which is used to con-
vert parallel data (where several binary
digits arrive at once), to serial (where
the same digits travel one after an-
other), or back. J

Synchronizing
—  pulses
Black —

White

Sweep line represented by
video signal above.

Figure 3 Two lines of composite video.

U

Figure 4 Composite video as generated by a digital
circuit.

Figure 5 This composite video signal would draw
three dots.

are approximately 262 sweep lines, we
would have 262 dots lined up from topto
bottom on the screen.

A typical TV screen is 33 percent wider
than it is high. To make the dots evenly
spaced top to bottom, side to side, we
would need about 33 percent more dots
per line than there are lines. This works
out to approximately 350 dots per line.
Since the horizontal frequency is about
15,750 sweeps per second, the frequency
of the square wave which produces the
dots should be approximately 350 times
higher than this, or somewhere near 5.5
million pulses per second. This is equiv-
alent to 5.5 MHz.

Actually, the dots need not be that
evenly spaced, and so the dot frequency
could be somewhat higher or lower.

Now you have the basic idea behind a
computer CRT terminal—we generate a
high frequency dot signal which covers
the screen with a fine pattern of dots.
The rest of the circuitry is used to turn
these dots on and off in precise patterns
to make letters and numbers,

This is done by turning the high fre-
quency on and off at the right instant of
time. For example, the composite video
signal in Figure 5 would give a sweep
line which is completely black except for
three white dots a bit to the right of
center.

Each character is shown on the screen
using a small rectangle full of dots; this
rectangle is called a matrix. One popular
matrix size is 5x7, meaning that it is five
dots wide by seven dots high. This kind
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Figure 6. Alphanumeric character dot patterns.
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of a matrix is said to have five rows and
seven columns.

Although the correct name for the
letters, numbers, and punctuation
marks used by a computer in text is
‘alphanumeric characters’ or just charac-
ters, for the rest of this article I will use
the word ‘letters’ to keep from getting
bogged down in terminology.

Figure 6 shows how the various letters
and numbers would be made up of the
35 dots in this matrix. The 5x7 matrix is
about the smallest that can produce rea-
dable letters and numbers, but it is hard
to use for lower case letters, so some CRT
terminals use a 7x9 matrix of 63 dots.
This gives a slightly better appearance to
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many of the letters.

Actually, it's necessary to add an extra
set of blank boxes to the side of each
letter, and also either above or under
each, so that adjacent letters will be
separated by a small area of black. Then
the 5x7 matrix really takes up a 6x8
space, while the 7x9 matrix takes up a
space which is 8x10.

Timing circuits

In order to control exactly which dot
goes on and which off, the CRT terminal
needs to know which dot on the screen
belongs to which letter or number. This
is done by timing circuits and digital
counters, which count each dot as the

electron beam passes its position.

There are many ways of doing this. In
some schemes all of the sweep frequen-
cies will be generated by an internal
oscillator and counter chain, based on a
master dot oscillator using a crystal. This
is the most simple way, but it has the
disadvantage that the vertical sweep fre-
quency may not be exactly 60 Hz. As
mentioned before, the vertical frequency
should be 60 Hz to avoid problems with
power supply ripple. If the frequency is
not quite the same as the power line
frequency (which itself may not be 60 Hz
either), then dark bars called "hum bars’
may move up or down on the screen.

A common way of avoiding this prob-
lem is to use a circuit called a phase
locked loop to exactly synchronize the
vertical and horizontal sweep frequen-
cies to the power line. But this circuit is
somewhat harder to explain and under-
stand, so let’s look at the first way.

Let’s examine a typical design, assum-
ing we need a CRT display which uses a
5x7 matrix (which really assigns a 6x8
space to each letter so as to leave a black
border around each), and that we want a
16x32 display; that is, 16 lines of text,
with 32 letters on each line.

As mentioned before, the electron
beam does not retrace instantaneously—
there is a slight delay in its returning
back to its starting position. If we put
letters too close to the edge of the screen,
there is a possibility that they may be
garbled or distorted.

There is in fact a second problem—
most TV sets are purposely adjusted to
overscan. Thatis, the picture on the CRT
screen is intentionally adjusted to be
larger than the screen, so that part is
covered by the cabinet mask. This is
another reason why we cannot put let-
ters close to the edge of the screen.

Thus to get a 16x32 display, we must
design the circuits to plan for more lines
of letters, and more letters per line, but
then blank out the top, bottom, and
sides and use only the middle part of the
screen. One possible choice would be to
plan for 33 lines of text (and use only 16),
and for 60 letters on a line (and use only
32).

Figure 7 shows the timing circuits we
need, consisting of a master oscillator
which generates the dot signal, and four
counters (see the Glossary for an expla-
nation of counters and some other cir-
cuits needed in the CRT terminal.)

In this case, the dot oscillator provides
an output of 5.7024 MHz (the frequency
is found by calculating backward from
the fact that we need an output of 60 Hz
at the right.) Since there are six columns
to each letter (five dots plus a blank one),
the first counter is a mod-6, which di-
vides the 5.7024 MHz frequency by 6 to
provide 950.4 kHz to the next counter.

This counter also counts off six dots at
a time. As long as we make sure that it
starts off at a count of 0 at the left end of



the first letter, this counter will be at 0 at
the start of every letter across the screen,
and will count off the dots: 0, 1, 2, 3, 4, 5,
and then back to 0. This is then the
column counter.

Every six dots across the screen—at
the end of each letter—the column
counter provides an output signal to the
letter counter. The frequency of this sig-
nal is 950.4 kHz. The letter counter is a
mod-60 counter which divides this to
provide an output of 15,840 Hz, very
close to the 15,750 normal horizontal
sweep frequency. In this case, we run
the horizontal sweep a little faster than
normal.

The letter counter starts off at a count
of 0 at the left end of the screen, and
counts off letter positions across the
screen. It can count up to a total of 60
letters, although only 32 letters will actu-
ally appear (in the center of the screen.)

After 60 letters—at the right end of the
screen—this counter provides a horizon-
tal sync pulse, and also a signal to the
next counter which counts dot rows
within letters, or sweep lines. This is a
mod-8 counter, which can only count to
8, soevery eightinput pulses it goes back
to a count of 0.

Since the counter starts off set to 0 at
the very top of the screen, it starts with 0
for the top of every letter, all the way to
the bottom of the screen. Thus it counts
the eight rows of dots within each letter.

Since this is a mod 8 counter, its input
frequency of 15,840 Hz is divided down
to 1980 Hz, which is then applied to the
text row counter. After division by 33,
the output of this counter will be almost
exactly 60 Hz. It may not be exact, since
the original master oscillator may not
have been quite exact, and so each of the
other frequencies may be slightly off.

Since the text row counter starts at0 at
the top of the screen and gets an input
pulse at the bottom of each row of letters,
it counts the rows of letters down the
screen. It can count up to 33 rows of
letters, but only 16 rows will actually be
used; a number of rows at the top and
bottom will be blanked.

Keep in mind the function of these
circuits as we go on; their purpose is to
keep track of the position of the electron
beam at every instant of time, and gener-
ate some basic timing pulses.

Sync generation

Although the timing circuits generate
the sync timing, they don’t quite provide
the correct sync pulse shape or duration.
The horizontal sync pulse should be a
single pulse a few microseconds (mil-
lionths of a second) long. The vertical
sync pulse should be a series of pulses
lasting a little less than one millisecond
(a thousandth of a second.) Thus the
outputs from the timing circuits should
be fed to a delay and shaping circuit
which will provide the correct form.

The simplest circuit for accomplishing

Figure 7 Master dot oscillator and timing counters.

counter counter

Dot
oscillator
15,840Hz 60Hz
Gt {te horizontal (to vertical
5702.4KHz sync) syne)
Row
Column Letter ) Text
950.4KH~ (sweep line) 1980H 7

row counter

15,840H7

counter

-60
IRRSRR!

Outputs

T3

Outputs

TTTTT

Outputs

1l

Outputs

this is a series of several one-shots and
some gates. While this is being done,
adding two more one-shots can allow
moving the sync pulses back and forth a
bit to position them properly in relation
to the rest of the picture.

Due to variations on TV sets, it is often
necessary to provide centering controls
so that the display can be moved into the
exact center of the screen. Rather than

pulses, and video.

The video is simply the dot signal from
the master oscillator, except that the dots
are sent through an AND gate. They can
only get through the gate to the mixer if
all of the inputs to the AND gate are
present. This occurs only when (1) a 5x7
dotdecoder (a memory integrated circuit
which has stored in it the dot pattern for
every letter) calls for a bright dot, (2) this

e
Dots_from -_— Horizontal sync pulses
oscillator
Video from Vertical sync pulses ——s
5x 7dot
decoder I—-—— AND o Composite
Valid letter I D Mixer e video to TV
position { monitor
i — Cursor from
text row B | )
Be Figure 11 Figure 8 Video generation.

move the letters, it is easier to move the
sync pulses in relation to them so that
the TV sweep circuits will operate a bit
sooner or later. This has the same result.
How do the sync pulses get to the TV
set? Figure 8 shows how. The composite
video which goes to the monitor or
modified TV set is generated at a mixer
circuit which combines three signals:
horizontal sync pulses, vertical sync

is a valid letter position in the center of
the screen, and (3) this is a valid row,
again in the center of the screen. The
latter two inputs simply turn off the
video at the edges of the screen and force
it to go black.

An additional signal is added to the
video from the cursor circuit. We will
discuss this signal later, but for now
we'll simply say that this is a signal

From
letter counter

L

Letter
position
decoder

Valid letter

P =
position

COUNT
ENABLE

Address
counter
A
{letter)

AU
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text row
counter
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Text row
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Valid text
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Letter memory address

Figure 9 Valid position decoders and. address counters.
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Figure 10 Character {letter) memory and 5 x 7 dot decoder.

which places a marker at a specific place
on the screen to indicate where the next
incoming letter will be placed when it
comes from the computer.

Letter and row decoders

How does the circuit know whether
this is a valid letter and row position, in
the center of the screen? This is done by
the decoders at the top of Figure 9.

The mod 60 letter counter in Figure 7
has six binary outputs which send out a
binary number indicating which letter
position the beam is on. Though it can
count to 60 letters, we intend to use only
the center 32 positions, and leave the
other 32 blank. The letter position de-
coder in Figure 9 monitors these out-
puts, and provides a valid position out-
put only when the counter is on
positions 17 through 48.

In other words, the first 16 counts and
the last 16 counts of the letter counter
will not be used, and only the center 32
counts will be used to indicate that the
electron beam is in the center 32 posi-
tions on the screen.

The text row decoder at the top of
Figure 9 does the same job, but for rows.
As you remember, we have planned
enough space for 33 rows of text, but
intend to only use the center 16. Hence
the text row decoder will provide an
outputonly when the text row counter is
at rows 9 through 24. This skips the first
8 and the last 9 rows.

Memory address counters

All of this time, the letter and text row
counters in Figure 7 have kept counting
away as the electron beam is scanning
the screen. But they indicate not only
when the beam is in the center or valid
area of the screen—they count all the
time.

What we need is a set of counters
which will operate only for valid letters.
That is, a set of counters which will give
us a unique number for each letter on the
screen, and not run when nothing is
being displayed near the edges of the
screen.

This job is done by the two address
counters at the bottom of Figure 9. Ad-
dress counter A is a letter counter—it
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gets the same 950.4 kHz input signal that
the letter counter of Figure 7 gets. But it
is only allowed to count when it gets a
count enable signal—which is the valid
letter position signal. So it only counts
when the beam is in the center portion of
the screen.

Address counter B is a text row
counter—it gets the same 1980 Hz input
signal as the text row counter in Figure 7
gets. But itonly counts when the beam is
in a valid text row in the center of the
screen.

Since every letter on the screen is in a
different row and also in a different
position from the left end of the screen,
these two counters have a unique count
for each letter on the screen. Their nine
output lines are called memory address-
es because they uniquely identify the
position of each letter both on the screen
and in memory.

In addition to all of the circuitry we
have just discussed, the CRT terminal
must have a fairly complex memory sec-
tion used for refreshing.

Since the picture on the CRT screen
would fade out unless refreshed 60 times
a second, the circuitry must continuous-
ly be feeding letters to the cathode ray
tube’s grid. If the terminal were connect-
ed directly to a computer and we didn’t
mind wasting computer time on this job,
letters could be constantly fed from the
computer to the terminal. But it is much
more efficient to do the refreshing
locally.

Character memory

This is done by having ail 512 letters
being displayed (32 across and 16 rows
down) stored in a memory in the termi-
nal. They are then constantly being
pulled out of memory, one at a time, and
sent to the CRT as composite video.

This is shown in Figure 10. The 512-
letter memory stores all of the letters
being shown on the screen. At the left
are some inputs from the computer
(more on those in a moment), and on the
right are the outputs. The letter memory
address from the two address counters
enters at the bottom.

The letters are stored in the memory as
ASCII characters. (See the article on
computer keyboards in the June 1978
Modern Electronics for an explanation of
parallel ASCIL) Each letter is stored in
one memory location, whose address
corresponds with the address that is in
the two address counters at the instant
that the CRT beam is over the spot on the
screen where the letter is to be
displayed.

The memory is a read-write memory,
called a RAM, which is in the read state

please turn to page 87
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Build a keyboard

for your home computer

Looking for an inexpensive
keyboard for your homebrew
computer system? Radio
Shack has what you need in
an easy-to-build project.
Here’s what we found when
Modern Electronics checked
out the full package.

by H. Dick Breidenbach

The Radio Shack ASCII encoder proj-
ect board and keyboard is an inexpen-
sive way to obtain a workable encoded
keyboard and I can recommend it as a
basically well designed package. I did,
however, encounter some minor snags
in finding the necessary parts not in-
cluded with the project board and in
making the keyboard work properly. My
experience may help you avoid these
minor hassles when you assemble the
keyboard and encoder.

The encoder keyboard is not sold as a
kit—it is sold as separate components.
The keyboard itself is composed of a one
piece plastic base into which are molded
63 SPST normally open switches. The
keycaps simply slip into slides in the
base and they may easily be removed to
adjust the contacts. The printed circuit
board is double-sided, drilled, with
plated-through holes.

All component locations are clearly
marked, and all of the switch contact
locations are marked with the letter or
function to which they correspond. The
printed circuit board comes in a package
which contains the instruction manual
and one high speed integrated circuit
which could prove hard to find, the
74H193 flip-flop.

The keyboard and circuit board may
be purchased separately or together, and
Radio Shack has run several specials on
them. At the time I purchased mine, the
best deal was to buy the two at the same
time at a total price of $39.95. Remember
that this includes none of the electronic
components except for the one high-
speed flip-flop.

—

The fact that the parts are sold sepa-
rately was a chance to save money for
me. Over the years I've accumulated
many miscellaneous components in my
parts drawers, and [ was certain I could
reduce the cost of building the keyboard
encoder by using parts [ already had.
Radio Shack calculates that all the neces-
sary parts except hardware and case
should cost $57.80. Determining which
parts were needed before I bought the
project board was the problem.

Save bucks

The neatly stapled package with the
circuit board contains a parts list all
nicely printed inside the manual and
unavailable for easy inspection. The
manager of the store came to my aid by
reaching under the counter and pulling
out a little book which lists all the parts
required for project boards.

Unfortunately, the list did not tell me
if I had the parts—the list gave only the
Radio Shack stock numbers. Still help-
ful, the manager opened the neatly
stapled package and found the parts list
with the standard part numbers, al-
though Radio Shack puts an RS in front
of the standard 7400 series TTL num-
bers.

Other than the keyboard and circuit
board, only one special component is
needed: the 74H193 high-speed flip-flop
which is included with the circuit board.
All other components should be readily
available. I would have been happy to
purchase the parts I didn’t already have
from the Radio Shack store, but it was
short on stock.

11/ TR

gy

I stopped in four different stores, buy-
ing different parts at each store, but was
still unable to buy all of the parts for the
project. I ordered the remaining parts
from a mail order company with a two
week delay in completing the project. A
kit of all the parts would solve the prob-
lem, but then there would be no possibil-
ity of saving money by using parts al-
ready on hand. In all, I spent about $6
more for the parts [ did not already have,
saving almost $12 over what a kit would
have cost.

Construction is straight forward. The
instructions are very complete and easy
to understand. Some care should be
taken in attaching the keyboard to the
circuit board, especially if the circuit
board is slightly warped as mine was.
The instructions do alert you to this
potential difficulty, but it turned out that
it was not much of a problem.

Easy to build

I used sockets for the IC’s even though
the manual did not suggest them. While
itis not likely that an IC will need replac-
ing, the cost of a socket as insurance for
the easy removal of a suspect IC is not
very high. If you have ever had the
frustration of ripping away the printed
circuit while trying to remove an IC, you
very likely will share my view.

I also constructed the optional test
module which is simply a nine bit LED
readout constructed on a standard 44 pin
connector socket. I found the test mod-
ule to be useful for checking the opera-
tion of the keyboard encoder, and it is
very easy to construct. Be wary, though,
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Line a
Line b

Line ¢

Line e
Line f
Line g 0

Figure
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Fhis table shows the corre
g 0000 of the 4 ieast sig ant bits
e ant bits

of the 22 letter alphabet used to label the
positions on the socket.

As | found out, it doesn’t take long to
move leads from the incorrect pins to the
correct ones after discovering which let-
ters are missing. The shortened alphabet
is standard for this type connector, but if
you are unfamiliar with it, or if you start
rushing as [ did, you may connect the
LED’s to the wrong pins.

Pep it up

While the keyboard works well with-
out changes, the manual suggests a
capacitor change which makes the re-
peat key operate faster. The standard 3%z
Hz rate is agonizingly slow, slower than
can be executed by repeatedly operating
a kev. A computer terminal which I use
regularly has a reputation rate of 16 Hz
which allows filling an 80 character line
in about 5 seconds, which is quite fast.

Replacing capacitor C3, 3.3 mfd, with
a 1 mfd capacitor, as the manual
suggests, provides a repeat rate of about
10 Hz which turns out to be a very
comfortable compromise between the
two.

The only problems [ found when [ first
tested the assembled board were the
malfunctioning of two keys. The key
switches are quite simple. They consist
of two metal prongs sticking up from the
plastic base in which they are molded,
with a movable piece of plastic holding
the prongs apart.

Depressing a key moves the plastic
down, and the two metal prongs move
together and make contact. The key tops
are easily removable by looping a piece
of wire under them and pulling directly
away from the keyboard

One of the malfunctioning keys was
making contact intermittently. It was
easily fixed by bending the prongs closer
together with a small screwdriver. The
other was never breaking contact and it
was easily fixed by straightening the one
bent contact with small needle-nosed
pliers.

The manual contains extensive trouble
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w line codes at the latch inputs during the Norr
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shooting guides, along with an example
which covers some of the most likely
problems. The guides looked good, but |
never had a chance to try them since |
had so little trouble!

Read the book

The manual also contains an extensive
description of the theory of operation of
the encoder. [tis heavy reading, but well
worth the effort.

A number of both basic and clever
techniques have been used in the design
of the encoder. Basically, the encoder
scans the keyboard to generate the
proper low-order bits for a depressed
key depending on the state of a 4 bit
counter when one of 16 clock signals is
detected. At the same time the high
order bits are generated depending on
which group of keys contains the de-
pressed key.

The high order bits are modified if the
shift key is depressed, the 8 bits are
entered into latches, and a strobe signal
is generated. Two additional clock sig-
nals set up the logic for the next input.
The circuit uses counters, shift registers,
and a multiplexer in addition to com-
monly used logic gates.

Text typo

[ found one minor typographical error
in the text of the theory, in the shift and
shift lock section, where it claims that IC
Z15 stores the shiftand shift lock instruc-
tions, while it is really 1C Z13 that per-
forms this function.

The other error I found is larger. Three
of the seven lines in the table giving the
shift codes are in error. The correct table
is shown in our figure 1.

I was impressed with the keyboard
encoder. It is a well designed, easily
constructed piece of hardware. I was
even more impressed with the manual.
[tis obvious that a great deal of effort was
put into making it clear and complete. If
you are looking for an inexpensive
ASCII encoded keyboard, you should
certainly consider this one.

"
i
i

Mad Train
Collector

For the reader who can come
up with the following old
Lionel Electric train for my
fast-growing collection:

Model No. 700E Scale Hudson
(No. 5344 appears on the side
of the cab). If any reader can
get -this set for me together
with either the scale freight
cars No. 714-717 or the pas-
senger cars No. 792, 793, and
794, | will gladly pay up to
$1,000 for the set. Actual price
will be based on condition.

There are many other old pre-
WW Il Lionel engines and cars
that | need, both in Standard
Gauge and in “'O" Gauge.
Blue Comet sets, state cars, and
Stephen Gerard cars are desir-
able Standard Gauge items.
Hiawatha and others of the
better passenger sets are worth
lots of dollars to me in clean
condition.

Oid trains are not just my hob-
by. They're an obsession that |
simply cannot overcome. So, if
you’ve got old Lionels around,
don‘t be bashful. Give me a
call or drop me a note. To de-
termine the value of vyour
trains _|'ll need the numbers
that appear on all the cars, the
colors, and the approximate
condition. Remember, those
old trains that are gathering
dust in the attic could be bring-
ing joy and pleasure to a mad
coHectox

Dick Cowan, Mad Train Collector
Publisher, 'Modern Electronics
14 Vanderventer Avenue
Port Washington, NY 11050

Phone: 516/883-6200




9 projects under $9

Need to turn off your tv? Control flashes? Want a sexy
door chime which travels around the door? These and

more are part of our easy-to-build projects for September.

by Jeff Sandler
Contributing Editor

1 Traveling chimes

Why settle for a simple one-sound
source doorbell when you can build
this interesting multi-sound chime
set. When the doorbell button is
pushed, your guest will be treated to
a six-tone chime, with each tone com-
ing from a different location.

Each tone is generated by a sepa-
rate oscillator built around a pair of
gates. The oscillators are gated on by
a six stage time delay circuit. Each
stage of the time delay is built around
one element of a 4050 hex buffer, and
has an independent time delay con-
trol. These controls let you vary the
length of each tone.

Because each stage of the time de-
lay circuit inverts—due to circuit con-
figuration, not the element itself—the
tone generators connected to points
A, C and E are built around 4011

NAND gates while those connected
to points B, D and F are built around
4001 NOR gates.

When the doorbell button is
pushed, the tone generators are
turned on in sequence, each for the
period determined by the individual
controls. If you prefer, you can use
one or two of the 4050 stages to pro-
duce silent pauses. You might, for
example, use five generators to pro-
duce three tones, a pause, then two
final tones.

Each generator’s tone can be indi-
vidually set by adjusting a 100K vari-
able resistor. Although a 2N3904 is
specified for the audio amplifier, you
can use any suitable NPN transistor.
Most any speaker can be used.

The circuit shown produces a six-
tone chime. However, you can use

additional 4050 hex buffer chips to the
time delay generator, and 4001/4011
audio oscillators. There’s really no
limit to the number of tones and
pauses in the chimes you build.

Construction is straightforward,
and the parts layout isn't critical.
However, if one or more elements of
any IC is not used in your chime
circuit, make sure to tie the inputlines
to ground or the supply rail. This will
prevent self-oscillation in the ele-
ment, with its added current drain
and possible effects on circuit
operation.

CMOS logic draws very little cur-
rent in standby. In normal use, a
nine-volt battery will provide power
for a period almost equal to its shelf
life.

+9v, 4.7KQ 0uf 4.7K2 10uf 47K 10uf 4.7KS2 4.7K2 10uf 4.7KQ 10ut
Doorbell & IT *
switch
01t Ot E
] Otut ;Ol“” 5 . _|u I - w |
4050 4050 4050
100KS2 100KS2 100K
100Kn TIME TIME TIME J
N A\ 4 v
A +9v. 8 +9v. F
+8v.
1
100KS2 79
TONE
.m ic 01 SEezie aeder 4001 it @-
0t am 01uf
To 2N3904 2N3904 e
A CorE 13K . - 33K B, DorF
— AN AN

+9 V to pin 14 of 4011 and 4001, and pin 16 of 4050.
Return to pin 7 of 4011 and 4001, and pin 8 of 4050.
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z Flashing control

If you're into building powered
models of trains or boats, or want to
remotely control a powered toy,
you'll like this novel idea. It's a wire-
less remote control system that
doesn’t use a radio. Rather, it uses a
beam of light to control movement.

The circuit uses photocells and bat-
tery-powered CMOS logic to turn
small motors on and off. The circuit
itself is switched on and off by a light-
beam actuated flip-flop.

Although the circuit diagram
shows 4081 gates, you can use 4011
gates, 4010 inverters, or 4050 buffers
as well. For best results, though, use
the B-series CMOS integrated cir-
cuits. You can use 2N2222A transis-
tors for most small loads, but if they
run hot, you’ll have to use power
transistors.

The entire circuit can be powered
by a nine-volt transistor battery. You
may find, however, that the motor or
relay loads connected to the transis-
tors will require a separate supply.

Construction is straightforward,
and parts layout isn’t critical. The
values of R1, R2, R3 and R4 must be
selected so that each gate flips logic
state only when the associated photo-
cell is struck by a flashlight beam.

3 Lights on

It’s not uncommon for drivers to
forget to turn on their headlights at
dusk, especially during the summer
months when daylight lasts well into
the evening. But on longer trips driv-
ing at dusk without headlights can be
very dangerous, and in some local-
ities, can earn you a traffic ticket.

Here’s an inexpensive you-left-
your-lights-off monitor that can save
you the cost of that traffic ticket, and
may even keep you out of a nasty
accident. The circuit uses just three
transistors and a photocell to monitor
your ignition switch, the headlight
switch, and the ambient light. If your
ignition switch is on, and your head-
lights off, and the ambient light is
darker than the level you've preset,
the alarm will turn on.

The circuit isn’t critical. Although
2N3904 transistors are specified,

+9 V to pin 14, return to pin 7 +9v.
PS1
MaNE 1KQ

NPN

Motor or relay

This light-control circuit works best
indoors where the ambient light is

2N2222 or most any other small signal
NPN will work as well. The value of
Rselect should be chosen so that the
circuit actuates at the desired degree
of darkness. You can replace it with a
1 meg variable resistor if you'd like.

The circuit can be built withan LED
indicator, or if you prefer, with a relay
that can be used to energize a buzzer
or other signaling device. If you want
to automate your lights, you could
connect the relay in parallel with the
light switch. Then, when the ambient
light grew dark enough, your lights
would automatically turn on. How-
ever, if you use the alarm in this way,
you’ll have to add a delay circuit to
prevent on-coming headlights from
killing the circuit.

The photocell should be mounted
so that it is exposed to the ambient
light, but away from any lamps on the

considerably less bright than in dirett
sunlight. A reasonably bright flash-
light beam is required to trigger the
circuit. The beam, however, should
be as narrow as possible to prevent
triggering more than one leg of the
circuit. You may have to place a shield
over the flashlight lens to restrict the
beam width.

In operation, you simply shine
your light beam on photocell PS1,
activating the circuit. Then, shine the
light on PS3, PS4 or PS5 to activate
the specific motor or action you want.
When you're finished, shine the light
on PS2, which shuts off the circuit.
An LED indicator lets you know the
on-off status of the circuit.

CMOS draws very little current in
the standby mode. So; there’s no
need to disconnect the battery from
the circuit when its off.

This is a fun project designed to let
your imagination run wild. The num-
ber of controlled devices can be in-
creased by simply adding more pho-
tocells, gates and transistors. Instead
of controlling a model or toy, you can
use the circuit to control appliances,
audio equipment, electronic locks—
almost anything that runs on
electricity.

To ignition switch

T"ON" contact

Optional

2N3904

2N3904
C

To light switch

“ON" contact
car, and unaffected by other lights.
An ideal location is under the dash
looking at the floor, where it can
monitor ambient light without
interference.




4 Auto limit lights

Although some cars still have an
old-fashioned ammeter, most come
with idiot lights. While these idiot
lights will let you know when your
car’s electrical system has failed, they
can’t tell you much about what's hap-
pening under the hood.

You can keep tabs on your car’s
electrical system by adding a set of
these easy-to-build voltage limit
lights. The number of limit lights you
add depends on how exact you want
the readout to be.

+12v. from car

It is possible to set up a system of
limit lights that can readout the bat-
tery voltage in steps as small as one-
tenth volt. However, a practical ap-
proach might be to use the limit lights
to monitor battery voltage in one volt
steps.

A better way to use the lights is
measure the voltages that normally
occur under your operating condi-
tions. If they seem okay, set the lights
to a point just below: the normal volt-
age for each condition. Then, if, for
example, the cranking lamp goes on
when you start the engine, you know
everything is okay. But, if the lamp
stays off, you know the voltage has
fallen below the normal cranking lev-
el, and it’s time to check the electrical
system.

Using this approach, you may want
a separate light for engine cranking,
normal idle with no load, normal idle
with a heavy load—headlights, air
conditioner, etc., normal highway
speed with noload, and normal high-
way speed with a heavy load. You
may also want to add a light for the
engine-off, accessories-on voltage.

The circuit for each light is self-
contained, so you can build as many
as you wish. The parts layout isn’t
critical. The overvoltage condition is
indicated by an LED in the collector
circuit. You can use any LED you
have handy. Although a 2N3904 is
specified, just about any small signal
NPN will work.

5 Speed trap

If you're bothered by friends and
neighbors driving too fast down your
driveway, here’s a nifty speed trap
that should interest you. It requires a
pair of detectors, which can be of any
design you'd like. The only require-
ment is that each detector close a set
of contacts when the car passes by or
over it. The detectors, which can be
photocells or air actuated solenoids,
for example, should be positioned a
reasonable, and measured distance
from each other.

The circuit is built around a pair of
AND gates, each wired as a one-shot
flip-flop. When a car actuates one of
the detectors, its contacts, K1 or K2 in
the diagram, close triggering the first
one-shot. Its on-time is set by R1* and
C1*. For most applications, R1* can be
almeg variable resistor. However, its
value will depend on the distance
between the detectors. Wider dis-
tances will require larger resistances.

If the car passes over the second
detector before the first one-shot has
reset, the second one-shot will be
triggered. This will turn on the NPN
transistor switch, which you can use
to close a relay or other device to
operate your signaling alarm.

The time period during which your
signaling alarm runs is determined by
R2* and C2*. the values shown in the
diagram will provide about three sec-
onds of alarm.

Operation of your speed trap will
depend on how accurately you set the
first one-shot’s on-time. To do this,
you'll have to convert distance into
time.

One mile per hour is equal to 5280
feet per hour, or 88 feet per minute, or
1.467 feet per second. To find the
distance covered per second at any
given speed, just multiply these dis-
tances by the speed. For example, at
10 miles per hour, a car will travel
14.67 feet per second.

One approach to locating your de-
tectors is to calculate the distance
covered in one second at the speed
limit you want to set. So, for a 15 mile
per hour top speed, you'd set the
cetectors 22 feet apart.

If the physical layout of your drive-
vsay dictates some given distance be-
twveen the detectors, you'll have to
calculate the time needed to cover the
distance at the speed limit. Just multi-
ply the speed limit by 1.467, and
divide the distance between the de-
tectors by the result.

If, for example, your detectors were
23 feet apart and you wanted to set an
13 mph limit, divide 23 by the result of
multiplying 18 by 1.467. Dividing 23
by 26.4 gives you an elapsed time of
0.87 seconds.

Circuit construction isn’t critical,
bat to insure accurate operation, use
high quality parts. You can use any
small signal NPN you have handy
that has ratings high enough to han-
d.e the relay or alarm circuit you use.
If you leave any of the 4081 gates
unused, make sure to tie the input
lines to ground or the supply rail to
prevent unwanted self-oscillation. A
standard nine-volt transistor battery
will provide ample power for your
speed trap. '
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6 Speed control

Now that summer’s half gone,
you've probably gotten yourself into
pretty decent shape. Now’s the time
to get into some long distance, sus-
tained-speed bicycling. All you need
is this handy minimum-speed alarm
to keep you pedaling at a nice, steady
pace.

All you have to do is set the control
to the minimum speed you want.
Then, whenever the speed falls below
the preset level, your horn or any
other electrical signaling device will
let you know. Just pick up the pace a
little, and the signaling will stop.

The circuit is built around a 4081
CMOS integrated circuit. Bicycle
speed is measured with a permanent
magnet attached to the wheel passing
across a reed switch attached to the
frame. Each revolution of the wheel
will cause the reed switch to close
once. The faster the wheel turns, the
more times per minute the reed
switch will close.

The rate at which the reed switch
closes determines the level of the dc
voltage produced by the circuit.
When it falls below the preset level,
the output transistor turns on. As
shown in the diagram, turning on the
transistor energizes a relay, the con-
tacts of which can be used to operate
T |.|'|:|‘ :ﬁl—-"*rif'g— ;

7 Electronic thermometer

If you have a VOM or a sensitive
milliammeter handy, you can build
this nifty thermometer for about $5,
and less if you have a well-stocked
junk box.

The heart of the thermometer is the
3911 IC. This amazing device has an
output equal to 10 mV/degrees Kelvin.

‘J_ 9v.
,]7 hattery

9v.

;I battery ‘

R2* j

i (see note)
NOTE: 25KS2

R2 value of 25KS2 is for .
use with 100uA meters. g
For 1mA meter, use 2.5KS2

On frame
of bicycle

Magnet

an wheel 100K2

470K

1N4148

1N4148

any signaling device. The actual con-
nects are left to you.

Construction is straightforward,
and parts layout isn’t critical. Howev-
er, some care should be taken in plac-
ing the bar magnet and reed switch.
The magnet should be located be-
tween four and six inches out from
the axle and along the spoke. For best
results, it should be mounted on a
non-magnetic material which is in
turn attached to the wheel.

The reed switch should be posi-
tioned on the fork so that the magnet
passes directly beside it, with a gap of

TS

So, at zero degrees Celcius, the out-
put is 2.73 volts. And since a degree
Kelvin is the same as a degree Cel-
cius—the base differs, however, with
zero Kelvin equal to -273 Celcius—a
one degree Celcius change resultsin a
10 mV change in the 3911 output.

This swing can be amplified to pro-
duce greater output change per de-
gree change. In this circuit, the ampli-
fication is provided by a 741 op-amp.
The output of the 741 is 0.1 volt/de-
gree Celcius.

It is the low impedance output of
the 741 that drives your meter move-
ment. To expand the scale, and let
you set the meter needle to zero, the
circuit has two controls built-in. R1
sets the zero point, which can be any
temperature you wish. But, it’s con-
venient to make your meter zero
equal zero degrees.

You can set your thermometer to
readout in degrees C or F by properly
adjusting R2, which sets the scaling
factor. Remember that one degree C
equals 5/9 degree F.

S R

Relay coil
3

PNP

about one-eighth inch between the
two. The reed switch itself should be
mounted on a non-magnetic material
attached to the fork. The idea is to
keep both the magnet and reed
switch as far removed from the metal
in the bike as possible.

You can use almost any small signal
PNP transistor with ratings high
enough to handle the relay used. The
circuit can be powered by a nine-volt
transistor battery. If your bike is
equipped with an electric horn, you
can connect the relay in parallel with
the horn button.

Calibrating the thermometer circuit
is easy, but does require an accurate
mercury thermometer. The easiest
way is to use your refrigerator or
freezer. Adjust the refrigerator or
freezer controls to get zero degrees C
or F. Then put the thermometer cir-
cuit in and wait till it cools to zero.

Once you've set the zero point,
take the circuit out of the refrigerator
and allow to warm to room tempera-
ture. Then place the circuit inan oven
you've preheated to the maximum
temperature you want your meter to
read.

Once the 3911 stabilizes at the oven
temperature, set R2 for full-scale de-
flection of the meter movement.
Since the output of the 3911 is linear,
all you have to do to calibrate the
meter is divide the scale into equal
divisions from zero to the top tem-
perature.

Construction of the thermometer is
easy, and the parts layout isn't criti-
cal. The circuit can be powered by a
pair of nine-volt batteries.




8 Telephone ESP

Have you ever picked up your tele-
phone only to find someone on the
line waiting to talk to you? It's eerie.
And imagine how your caller must
feel. No ringing at the other end.
There’s only the sound of switching
at the exchange, then the voice of the
person pbeing called.

Of course, ithappens only onceina
great while. The odds of picking up
your phone just as a call is coming in
are astronomical. But, with this
handy circuit you can really improve
those odds—if your phone company
uses a system that connects the line
before ringing the bell. Even if yours
rings the instant the connection is
made, the circuit can still be used for
remote signaling.

Normally, when an incoming call
arrives, the voltage across the phone
line drops. If the incoming call arrives
between rings, you can use the volt-
age drop to trigger an alarm.

The circuit is built around a 4011
quad NAND gate. The input imped-
ance is in the megohm range, so
there’s no phone-line loading prob-
lems. Powering the circuit with a
nine-volt battery will eliminate any
problems of hum feeding back into

g TV turnoff

Here’s a time-delay tv turnoff with
a twist—it beeps about a half-minute
before turnoff to give you time to
recycle the timer, or lock it on. The
warning gives you time to take action

NOTE:

[___J','\__I

For complete isolation run on a 9v. battery. | !

+ phone

T
1N4148 !
8

the line. Bear in mind, however, that
the telephone company does not look
kindly on unapproved devices being
connected across their lines.

The alarm will sound for a period of
time set by the values of R1* and C1*.
The values shown will give you about
10 seconds of alarm tone. The fre-
quency of the tone is determined by

before the tv goes off—usually at the
most dramatic moment in the show
you're watching.

The circuit can be mounted inside
the tv cabinet with the control switch

Speaker

ON-—-OFF

1.3mQ

Photocell optional
(select R for proper

1N4148
P

2N3904

. ™
operation)

1N4148

2N3904

the values of R2* and C2*. You can
use any handy NPN transistor—a
2N2222 or a 2N3904 will work well.

If you'd rather use some remote
signaling device, such as a gong or
lamp, you can eliminate the audio
oscillator and transistor amplifier, re-
placing them with the relay circuit
shown in dashed line.

zonnected by cable. Or, you can build
the circuit into a small box kept at
chairside, with only the relay inside
the tv cabinet. One other alternative
is to substitute a photocell for the on-
off switch. Then, all of the electronics
can be left in the tv cabinet. All you'd
need to control the set would be a
small flashlight.

The circuit itself is built around a
pair of 4011 CMOS ICs. Parts layout
isn’t critical. If you can find low-
voltage dcinside the tv, it can be used
to power the circuit. Otherwise, a
nine-volt battery will work well.

The timer is operated by momen-
tarily closing the on-off switch. Your
tv will turn on when the switch is
closed. The time delay begins when
the switch is opened. The delay time,
in seconds, is set by adjusting R*, and
is roughly equal to the value of R* in
ohms multiplied by the value of C* in
farads. Using the 1000 mfd capacitor
shown, an R* of 3.6 megohms will
give you a one-hour delay. For a one-
half hour delay, R* should be 1.3
megohms.




Easy-to-build CMOS

One of the most fun things you

can build always is a new and differ-

ent version of the good old fa-

shioned am broadcast radio.
Everybody loved the crystal sets

of the Twenties; the one-tube jobs of

the Forties; the two-transistor rigs

of the Sixties. As we head into the Ex-

F -. - i - [—. : — — -
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: ] |‘:}MS FET “P channel

enhancement type

signal _|

input

Signal
“output

<« MOS FET "N” channel
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| ~ “R"isan external
F bias resistos
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The basic CMOS amplifier consists of a pair

of complimentary p— and n—channel MOS
enhancement type FETS.
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radio receiver

Fun for tonight! Build our easy receiver and
learn how to handle CMOS integrated

circuits.

citing Eighties, here’s a new version

of the old favorite, built around the
latest electronic technology available

to experimenters. It’s easy to build and
will provide hours of entertainment
fun.

CMOS integrated circuits (ICs)
are being used with increasing fre-
quency today because, in digital cir-
cuits, they use less power, operate
over a wider voltage range and re-
quire a higher input impedance.

CMOS ICs are fabricated with
Complementary MOS field-effect transis-
tors (FETs) and have certain. very
interesting features, including the use
of both P and N types of semicon-
ductors in the same IC package.

In fact, there’s one type of CMOS
IC which can be used in linear circuits,
such as am broadcast radio
receivers!

It's the CD4007A dual comple-
mentary pair plus inverter IC. It has
six FETs inside. You can experiment

by Charles Green

with this IC by building our simple re-
ceiver project.

We'll use the 4007 as an audio am-
plifier fed by a germanium diode
detector and a loopstick antenna tuned
circuit for the broadcast band.

The receiver is housed in a compact
metal cabinet with a 9-volt battery
for power, and can drive a small
speaker or low impedance
headphones.

The receiver circuit

Signals from the antenna are fed
through J1 and tuned by the broad-
cast-band tuned circuit of L1 and
C3. The signals are detected by the
germanium diode D1 and coupled
through C2 to the input of the first
section of the CD4007A (IC1A).

This section is biased by the two se-
ries resistors R1-R2 and the ampli-
fied signal is coupled through C6 to
the volume control R4 and to the
input of the second IC section (IC1B).



The complementary metal-oxide
semiconductor (CMOg) IC employs
both p-channel and n-channel FET's
on the same silicon substrate as
shown in the basic schematic. Only
one of the FET’s is operational at a time
as each of the devices are enhance-
ment mode types.

The gate voltage input signal swing
will only turn on the FET that will oper-
ate in the same polarity direction as the
signal. For example, the n-channel de-
vice will conduct on a positive going
signal, and the p-channel device will
conduct on a negative going signal. At
zero input, neither device will conduct.

As each of the FETs conduct, the
CMOS output is connected to either
the power supply, or to ground, de-
pending upon the input signal polarity.
The circuit operates as an inverter as
the output signal is the logical comple-
ment of the input.

As the FET devices are insulated
gate types, the input resistance of the
CMOS is very high, in the millions of
megohms. The power consumption of
the CMOS (when used in digital appli-
cations) is very low, as only one of the

The CMOS IC
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When CMOS are biased in the linear
portion of thelr voltage transfer char-
acteristics, they can be used in linear
applications as well as the more com-
mon digital uses. The simplest way of
biasing is to connect a high value re-
sistance (R in the schematic) between
the input and the output of the CMOS.

The CMOS IC used in our receiver
circuit is an RCA CD4007A in a 14-pin
dual in-line plastic package. It is listed
as a dual complementary pair plus
inverter device.

As shown in the IC schematic, the
CD4007A has six FETs fabricated on
its substrate; three p-channel and
three n-channel types.

Two of the p-channel and two of the
n-channel FETs are connected with
separate outputs (pins 8-13 and 1-5).
These are the complementary pairs.

The third pair of FETs are Internally
strapped and has a single output pin
(12). This section is the inverter.

The other two sectlons are strapped
externally in our receiver circuitto also
function as inverting amplifiers. Pro-

FETs are turned on at one time.

tective diodes for electrostatic punc-
tures are included in the circuits.

This section is biased by R5 and the
amplified output is fed through C9 to
IC1C and further amplified.

The output is coupled through C11
to the output transformer T1 to ]2
and external 8-ohm speaker or
headphones.

C4 and R3-C5 act as RC decoupling

circuits to minimize any audio feed-

back through the dc power circuit

from B1. S1 is the on-off switch and

printed circuit board (part number
276-151). As shown in the wiring dia-
gram, this particular pc board is

is coupled to R4. C7-C10 are rf bypass composed of copper foil squares used

capacitors.

for soldering component lead con-

Most of the receiver components are  nections, and solder pads for mount-

mounted on a 27s-inch by 2%2-inch

ing an IC socket.

section of Radio Shack experimenter’s If desired, the circuit can be wired

WLooman
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________________ ou gotta
shop a"i'ound.

When you do.you’ll probably pick CIE.
You can’t afford to settle for
Iless when it comes to something like
electronics training that could
affect your whole life.



hen you shop around for

tires, you look for a bar-
gain. After all, if it’s the same
brand, better price —why not
save money?

Education’s different.
There’s no such thing as “same
brand.”” No two schools are
alike. And, once you've made
your choice, the training you
get stays with you for the rest
of vour life.

So, shop around for your
training. Not for the bargain.
For the best. Thorough, profes-
sional training to help give you
pride and confidence.

b A S
If you talked to some of our
raduates, chances are you'd
d a lot of them shopped

around for their training. They
pretty much knew what was
available. And they picked CIE
as number one.

Why you should
shop around yourself.

We hope vou’ll shop around.
Because, frankly, CIE isn’t for
everyone.

There are other options
for the hobbyist. If you're the
ambitious type —with serious
career goals in electronics —
take a close look at what
we've planned for you at CIE.

What you should look
for first.

Part of what makes elec-
tronics so interesting is it’s
based on scientific discoveries
—onideas! Sothe first thing to
look for is a program that starts
with ideas and builds on them!

That’s what happens with
CIE’s Auto-Programmed®
Lessons. Each lesson takes one
or two principles and helps you
master them — before you
start using them!

How practical
is the training?

This is the next big impor-
tant question. After all, your
career will be built on what you
can do— and on how
well you do it.

Iere are
ways some
of CIE’s
trouble-
shooting
programs
help you get
your “hands-on”
training. ..

With CIE’s
Experimental _Z=
Electronics %
Laboratory...

you learn and review the basics —
perform dozens of experiments.
Plus, you use a 3-in-1 precision
Multimeter to learn testing,
checking, analyzing!

When you build your
own 5 MHz Triggered-
Sweep, Solid-State Oscil-
loscope you take your first
real professional step. You use
it as a doctor uses an X-ray
machine —to “read” waveform
patterns. .. lock themin...
study, understand and inter-
pret them!

When you get your
Zenith 19-inch Diagonal
Solid-State Color

you

Pattern simulated.

apply your new skills to some
real on-the-job-type trouble-
shooting! You learn to trace
signal flow. . . locate malfunc-
tions. . . restore perfect operat-
ing standards — just as with any
sophisticated electronics
equipment! -
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When

you work with a completely

Solid-State Color
Bar Generator—
actually a TV signal

up to ten different
patterns on your TV
screen. . . explore digi-
tal logic circuits. . . observe
the action of a crystal-con-
trolled oscillator!

Of course, CIE offers a
more advanced training pro-
gram, too. But the main point is

transmitter—you s