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16 channel scanner

Fantastic Offer: $224.95

and insurance.)

the most advanced scanning
monitor available in the world today — “The TOUCH,” manufactured

100% in the United States by Regency, makers of the world’s first
transistor radio.

FEATURES AND SPECIFICATIONS

* Search or scan. You can either search through all bands for unknown frequencies, or listen to the stored
frequencies you've selected for the sixteen (16) scanning channeis. Either way you can scan any combi-

nation of 16 channeis in Lo, Hi or UHF Band, creating a total of 15,357 ditferent frequencies available at
your fingertips.

Frequency range Lo Band 30-50 MHz, Hi Band 146-174 MHz, UHF Band 440-512 MHz.

Receives all public service frequencies including police, fire, ambulance, mobile telephone, FBI, Customs,
VHF marine, 2 meter amateur, plus many others.

Comes equipped with AC power cord for home use, DC power cord for mobile use, telescopic antenna and
complete operating instructions for immediate use upon receipt.

* Automatic scan delay momentarily stops the scanning after a call, to wait for a reply.

Has priority control switch so that you can automatically override calls on other channels and never miss
a call on your favorite frequency.

Discover “Live” frequencies you never knew existed by activating automatic search with a single touch.
No crystals required — never buy another crystal.

One year warranty.

Weather alert receiver will automatically alert you in the event of a severe weather warning broadcast by the
National Weather Service (subject to availability by local weather service transmitter).

Send certified check or money order for immediate shipping. Also available C.0.D.

JAY NORMAN SALES COMPANY
2936 Merrick Road, Bellmore, New York 11710

Phone: (516) 826-8090

L CIRCLE 6 ON READER SERVICE CARD




(DY @G@ &0t _
elecironics

|ge=d
DECEMBER 1978 CONTENMTS VOLUME 1 NUMBER 9
Feature Story Special Features

242 Tracking the sun How

railroads use solar powe-

@/9_;’ Dice

32 television antennas
You won’t miss a signal

36 Frequency response
Praclically everything you want
to know

Pirate radio Tweaking Uncle’s
beak

39 shopper's guide To an

elecironic Christmas

64 Why SSB? The CBer’s

question

Las Veas right in your
hands

Perry People Our
favoriie foolishnass

EOITOR
Mcrt Waters
W2NZ .
Projects 8 CHEnic miere'smo-e
ASSISTANT EDI"CR than one cure
iy o] 29 Digitrance voure
CONTRIBUTING ERITORS getting s-1-€-€-F-y 10 Computers rawms,
Hans Fantel 656 Name that tune ROUS AND PROMS
Peter A, Stcrk )
K20AW Dame Fortune smiles ‘6 Sfereo d -
Ren Cogan ans scan= the fie
Jettrey A. Sarcler 76 phOne lock Pn.avent
carm cve’xbr.g;ﬁq clandestine zalls to Calci 20 Mablile Ron saves souls 3t sea
Roy B. Goshorn 73 Flooded basement 84 Workbench pebut of
s :ﬂ:m T Discard that olc rowhogt. p PO
e n il Monthlies p
EDITORIAL ASSIETANT I‘Z R | ENTO
Hcpe Galnas d .eV ew .RFI handbook and 18 Timekube Tur in
PRODUSTION MARAGEF microelectronics guide on AWV
Lawra Delamecy . .
-t 19 Cafalog Three of the 71 Minimax rign
uvﬂggo‘/‘icif;:fn T R performance counter
Columns in & small cackage
Mad2rn Elecironics 1z pub Isned :l COmm e-' Visiﬂng 82 m‘y '1 won‘t work
nan~hly by Zowan Pudfsking Corp,
12 Vandervenite: Ave . Por; Waswng- 3 IDmputes show
o, NY 11030 Jur litle is regisered ana what to do
~#h the Jniwed States ws al 52 vice ‘s le"ers W= hear ydu about it

Appl cation or second-dass po.mge
s pendirg a Port Washangton. BY.

Postmaster: please send forn 3579 to Modern Electronics, 14 Yanderventer Avenue, 2ort "ashirgton, Mew Yort 1 1350
DECEMBER 1978 1



OUTPUT FROM MODERN ELECTRONICS’ EDITOR

by Mort Waters

Editor, Modern Electronics

In case you’re wondering how come you’re reading the
December issue, but you never received a November issue, an
explanation is certainly in order. Simply put, there was no
issue printed for last month. Not that we didn’t try. Boy,
did we ever. Unfortunately, Murphy’s Law came down on us
in spades. Permit me to explain.

With the sudden, unexpected departure of the former
editor, we were left with virtually an empty set of files that
were supposed to have been filled with articles and
columns for future issues. Somehow those files had become
depleated. In order to get an issue on press for the
November schedule, our staff and writers worked overtime
for several hectic weeks. As the due date grew closer we
realized that it would be pretty close one way or the other.
In order to make certain that we didn’t miss press scheduling,
the entire editorial crew worked an entire weekend at our
film house in New York. This cost us several thousand
dollars in overtime for Saturday and Sunday labor. But it
was well spent because the final pages were finished and
ready to be delivered to the printer just two or three hours
ahead of the deadline. They were packed up and left on
Sunday evening outside our office door for the messenger
service.

Wouldn’t you know it, but somebody broke in the
building that Sunday night and absconded with the package.
By the time the theft was discovered it was too late to get
the missing pages reproduced for November. Never fear,
subscribers will have their expiration dates moved up a
month.

However, the issue of ME that you’ll receive for January
will be drastically different. The magazine has been merged
with CQ, a magazine devoted to amateur radio. The new
combined publicatfon will include all the best features of
both magazines, so you won’t be getting less for your money,
but more. We’ll still publish construction articles, computer
material and programs, and many fine general interest
features. In addition, we’ll provide you with all the latest
that’s happening in amateur radio and short wave listening,
two great hobbies. The magazine will carry the heading
“Hobby Electronics” above the CQ logo, and the words
“including Modern Electronics” just below. We think you’re
going to like the new magazine even more than than the
present one. Please let us know after you’ve had a chance to
evaluate it, as your opinoins are most important to us.
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: NOW! Learnto repair
video cassette and disc systems with NRI's
at-home training inTVand Audio Servicing.

Keep up with opportunity by
keeping up with the state of the art.
Learn to service and repair color TV,
audio systems, video cassette and
disc systems with NRI training. Pre-
pare for extra income, a new career,
even a full- or part-time husiness
of your own.

Learn at Home
in Your Spare Time

You learn right at home, at
your convenience, without quitting
your job or going to night school.
NRI “bite-size” lessons make learn-
ing easier...NRI “hands-on” train-
ing gives you practical bench ex-
perience as you progress. You not
only get theory, you actually build
and test electronic circuits, 2 com-
plete audio system, even a color TV.

Build Color TY,
4-Channel Audio,

Professional Instruments
As part of your training in NRIs
Master Course in TV and Audio Servic-
ing, you assemble and keep NRI's
exclusive, designed-for-learning 25
diagonal color TV. As you build it,
you introduce and correct electronic
faults, stydy circuits to gaip a better

”

understanding of how they work.

You also construct a 4-channel
sterec amplifier and tuner, complete
with cabinet and speakers. You even
assemble professional test instruments,
so you know what makes them tick,
too. You build a transistorized volt-ohm
meter...a CMOS digital frequency
counter....integrated circuit TV pat-
tern generator...even a solid-state
triggered-sweep 5" oscilloscope. You
use them in your course, keep them for
actual TV and audio servicing work.

Free Catalog. ..
No Salesman Will Call
Send today for the 100-page
catalog that shows all the lessons, all
the equipment and training material

you get. The catalog will also show you
other NRI opportunity fields like Digi-
tal Computer Technology, Complete
Communications and more. With the
addition of video cassette and disc sys-
tems, television has added an exciting
new dimension. NRI training can
put you right in the center of that
dimension.

If card has been removed,

write to:
Education Center

LUK
‘ ‘ 3939 Wisconsin Ave.

;fﬁ l . Washingten, D.C. 20016

NRI SCHOOLS
McGraw-Hill Continuing
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INPUT FROM MODERN ELECTRONICS’ READERS

Ideas, Ideas, Ideas ...
Dear ME:

Taccept your invitation to suggest how
your magazine can be improved.

The construction article mix can be
improved with more advanced projects.
Three suggestions: a digital multimeter
in the form of a series upgrading from
the most basic instrument until it ends
with a meter equal to the best the trade
has to offer, transmitter-receiver combi-
nation for home security systems, and a
TV audio receiver.

Sigmund S. Kahn
Brooklyn, N.Y.

Dear ME:

Since you’ve asked repeatedly about
the ultimate orientation of ME in the
October Letters section, here’s my 15¢
worth.

Mixing beginning and advanced ma-
terials: absolutely. One of the things that
irked me as I tried to find out more about
electronics was the presumption that the
readers already understand it. There are
a lot of electronic hobbyists at the begin-
ner/intermediate level more willing to try
small, one evening projects. It may have
been true in the past that the ideal audi-
ence possessed electronic experience,
but the on-rush of CB and hobby com-
puters seems to be attracting an entirely
new mix to electronics as a hobby.

Dennis E. Hamilton
Penfield, N.Y.

Dear ME:

Your new magazine is off to a good
start and I find it unique. You want
suggestions from your readers—OK:

Regardless of how simple or complex
the projects—if they’re good, print
them.

Here are some circuits I’d like to see:
digital tach (DC); digital thermometer
(DC); squelch for CB; phase lock loop for

6 MODERN ELECTRONICS

servos; radar detectors; electronic light

dimmers; musical effects (reverb, wa-
wa, fuzz); indoor FM antenna.

Art LaPole

Baltimore, MD

Dear ME:

This is in response to your editorial
Comment in my October issue, just re-
ceived.

1. Don’t replace Pete Stark. What he has
done for MODERN ELECTRONICS is
superb!

2. Dump the fillers such as “‘Parallel
Resistance Made Easy’”’. Michael Yurko-
vich’s suggested replacement for the
“complex”  reciprocal-of-the-sum-of-
the-reciprocals is even more complex, if
not tortuous. My advice to Mike is to use
his $5.00 four-function calculator to bal-
ance his checkbook and invest $20.00in a
scientific calculator with an EEX key and
a 1/x key. If he doesn’t know what to do
with it, he should send $8.00 to Forest
Belt and order Training Monograph 28 A
0101 “Easi-Way®™ Solutions for Electron-
ics Math and Formulas.”

I wasted years of my life trying to
memorize shortcut formulas and re-
membering how to adjust microfarads,
millihenries, kilohms and megohms be-
fore I finally learned to use scientific
notation, which always gives the correct
answers to the original basic formulas.
3. [ ran out of room, even single-spaced.

John R. Dye
Lacy, WA

Have no fear, [RD, Pete will be a part of ME
as long as he wishes, which we hope will be
for along, long time. As for the fillers, we can
understand your reaction to “’Parallel Resis-
tance,” but several readers thought it was
great. The choice is simple—informative
fillers or public service advertisements.
Which would you prefer?

Dear ME:
Ilike your magazine pretty well so far,
except for the computer sections.

I subscribed to it after the first copy I
saw. But if you follow the other trees in
the forest, you're going to lose a sub-
scriber.

Other magazines are all computer, ul-
tra-sophisticated digital IC projects, and
audio—why be a carbon copy? Fill a
need that isn’t being filled. PLEASE
make your magazine for the electronics
tinkerer, with articles and projects ordi-
nary people can read and build. We are
not all Edisons and Einsteins.

Robert Peck

See C.B. Helis, below. And, remember, if you
have a problem with a project, there’s always
Clinic. Stick with us; we like our subscribers.

Dear ME:

I refer to R.C. Degler’s letter in the
October issue. He is pushing for a more
advanced electronic publication. I be-
lieve you would find most of your read-
ers’ interests are not in accord with him.

The many letters you received about
the construction projects in the February
and March issues were asking for IC pin
identification, power connections, etc.
These were obviously from beginners or,
at least non-technical hobbyists.

Because other magazines have be-
come quite advanced and technical, I no
longer read them. Please don’t let your
publication go this route. The Deglers
can satisfy their more advanced interest
with other papers meant for them. Keep
your magazine aimed at us.

C.B. Helis
Mountain View, ARK

OK, we'll try. We do like to mix a little,
though, and will have some sophisticated
projects now and then.

Thanks to all for the suggestions. We'll
try to mix the sophistication of our pro-
jects. Keep the ideas coming, and we'll
keep trying to give you what you need.




And speaking of robots . ..
Dear ME:

Presently I am building my own alpha
class robot, and I own David Heiser-
man’s book, Build Your Own Working
Robot. 1 was wondering if you or one of
your readers could help me find more
books or plans on robots.

I have found a good place to buy
motorized wheels for a robot; they’re
geared, 42" in diameter and run on 6 or
12 VDC. You can get them from Surplus
Center, P. O. Box 82209, Lincoln, NE
68501, as Item #5-936 at $11.98 apiece.
This place also sells a geared drive-motor
without the wheels for $6.98.

Please keep up the articles on robots.

Mike Engel
Frankenmouth, Michigan 48734

Thanks for the tip, Mike. See Doug Orlow-
ski’s letter, above. Anyone else have robot
info?

Dear ME:

One of your letters asked if anyone'is
building his own robot. I am. It is 5 feet
tall and its body is round; it looks like the
robot on ““Lost in Space” a series that
was-on TV a few years ago. When I get
done it will talk, move backwards and
forwards, turn right or left, and will light
up. [ have the whole body and head and
legs finished, and a lot of the insides. In
another year it will be complete. Your
article on robots helped me a lot.

David Stone
Millstadt, ILL 62260

Sounds interesting. Our readers will prob-
ably want to know the results, so keep us
informed.

Canadian connection
Dear ME:

I enjoy your magazine very much,
especially the short wave section. I no-
tice you mention several U.S. clubs in
your articles. [ am Secretary-Treasurer of
Canadian S-W-L International. A copy
of the September issue of CANDX, our
monthly bulletin, is enclosed, and we’d
like readers to know about us.

All the best for now.

John J. Garner
Thunder Bay, Ontario

Thanks for the newsletter; we enjoyed read-
ing it. Readers can find out more abou! the
club by writing to them at P. O Box 142,
Thunder Bay, Ontario P7C 4V5

DJ lasers
Dear ME:

First I would like to say that I enjoy
your magazine. There aren’t many mag-
azines as easy to understand.

Recently I went to a disco. The disc
jockey held something in his hand which
resembled a small flashlight. At first I
thought it was a laser, but I've never

seen one that small. I would like to know

what it was, if it would be possible for me
to make one, and how.

Nathaniel Gibbs

Summerville, SC

We'd like to help. Can you tell us what the D]
was doing with the device?

Radar Endorsement
Dear ME:

By accident, [ saw my first issue of ME
today on the newstand. Good issue!
Clinic: good. IC Timers: good. Test
Equipment: Good. Haven'’t read the test
equipment article yet, but it looks good.

Know where | can get a study guide
for the radar endorsement?

Ed Jones WB2DVL
Somerset, NJ

Thanks for the nice words, Ed. A good study
guide for the radar endorsement is the Marine
Radiotelegraph Operator by Edward M.
Noll, published by Howard Sams.

Better ideas
Dear ME:

Iam very interested in electronics and
would like some information on books,
magazines, or notes. Possibly you know
of some good electronics kits I could buy
Please send the most helpful info you
can on kits, or better ideas.

Your friend,

Joey Welch
Saratoga Springs, NY

We don’t have anything specific. Any readers
with suggestions? Send them on.

Detective Mike
Dear ME:

I am building a new robot just out,
called MIKE. This robot uses the KIM-1
computer as its “brain.”’

Iwant MIKE to be able to locate me in a
room, a crowd, or a mall. The way in
which he would do this would be to find,
locate, and go to the source of a transmit-
ter that I would carry in my pocket. The
transmitter would be small, lightweight,
and give off a low power signal. On the
robot would be a type of DF sensor that
would find the signal, then go to the
source.

If you have any info that I might use, |
would appreciate it very much.

Ireally like your magazine. It has been
of great help to me.

Mike McCrory

Sorry, we can’t help you. Perhaps some of our
readers have some ideas. If so, let's hear from
you.

Auto reverbs
Dear ME:

Do you know of any companies that
make reverbs for automobiles? I'm inter-
ested in the electronic type, not the

spring delay type. Could you list some

companies, or do you have some plans
to make a reverb?

Hugh Koehler

Siloam Springs, AR

Sorry, we don’t have the information, and we
don’t plan to build onein the near future. Can
anyone out there help?

Wants career info
Dear ME:

In your October issue, the Computer
column by Pete Stark hit upon some-
thing that might be good to see more of:
career perspectives.

His explanation of types of computer
programming jobs and their approxi-
mate salaries was very informative and
useful. Many of us are thinking about
electronics careers, but know little about
the various fields, what they pay, and
what they lead to.

I'd like to find out more about comput-
er service technicians. What does TV
repair pull in the job market? What are
the other fields and what other opportu-
nities do they lead to? Is it worth getting
an Electronics Engineering degree or is
experience and on-the-job training bet-
ter? How about self employment or
small businesses? Or part-time work?
What's it like to work for large electron-
ics companies?

Ronald A. Baltrunas
Bogota, New Jersey

The best answers to your questions will come
from the people already working in the indus-
try. Write to some companies of various sizes
and see what they have fo say. Good luck!

Help for Hugh
Dear ME:

In the October issue Hugh Barrie
asked about an electric mini-car. If he
looks into the magazine Electric Vehicle
News he has a good chance of finding the
maker of the electric mini-car, or a simi-
lar one. The magazine’s address is P.O.
Box 533, Westport, Conn. 06880.

Jack B. Elrick
Elizabeth, II.

Thanks, Jack. We're sure that many of our
readers will appreciate that info.

WE’RE FIGHTING
FOR YOUR LIFE

Eat Less
Saturated
Fat

American Heart
Association (1,
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READERS WRITE FOR HELP WITH TECH PROBLEMS

No way
First, ] must say your column is great! ]
have a problem which I hope you can
help me with. I can’t find any material on
building a linear amplifier for a CB base
set. | would like it to have a 100 watt
output with the driving power set by
control. If possible, I'd like it to work
from both 110 volts ac and 13.7 volts dc.
R.A.S., Covington, IN

I know many CBers use linear amplifiers, but
thefact is that linears are illegal. No CBer can
legally use, or even own, alinear. So, to put it
mildly, the FCC takes a very dim view of
anyone promoting the use of a linear. There's
just no way ME will encourage any form of
illegal activity, especially the use of CB lin-
ears.

Metering electrons
I built a variation of your universal
power supply, and now havea variable 8
to 15 volt supply. My problem is meter-
ing. Do you have a circuit I could use
with a 500 microamp meter? I'm new to
this so please keep it as simple as possi-
ble.
M.S.S., Ottawa, ONT

— /5 V— - £ J ’s
0-500.44 / 0005
K | =3g000a

Although you didn’t specify the range, 1
assume you want your meter to give you a
full-scale reading of 15 volts. Any meter that
can measure current can be made to measure
voltage. All you have to do is add a multipli-
er, which is a resistor that limits the current
flow to the meter’s full-scale value when the
desired full-scale voltage is applied. In your
case, the value of the multiplier will be equal
to the full-scale voltage, 15 V, divided by the
full-scale current of your meter, .0005 A, or
30,000 ohms.

Beeping cassette recorder

Do you have a circuit that can be
connected to a six-volt cassette recorder
to signal the end of the tape? My record-
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er doesn’t turn itself off when the tape
runs out, so I'd like some kind of tone
alarm to remind me to turn the cassette
over or turn the recorder off.

R.F., Yale, Mi

I hate giving indefinite answers that begin "'it
depends . . .,”" but in this case it depends on
the layout of your particular recorder. If you
can get at the drive mechanism inside the
recorder, you have a chance. In some units,
it's just too difficult to get at the capstan
drive. If you can get to it, or to the flywheel,
you can use a photocell to detect movement.

Digital speedometer
I am a 15 year old electronics nut and
have just acquired a car. I want to con-
vert all the instrumentation to digital
readout. I'm having a problem finding
circuits for digital speedometers and
odometers. Can you help?
T.L., Indianapolis, IN

I'm afraid you've stumped me. 've been
trying to work out a practical method to
convert analog speedometers and odometers
to digital display for several years, without
success. I've tried a photocell triggered by a
white strip painted on the drive shaft, and on
a wheel. I've also tried picking up the field of
the rotating magnet inside the speedometer
housing. All have failed. One possibility is a
magnet attached to the drive shaft passing by
a pick up coil, converting the impulses to a dc
level, and using a DVM circuit. But so far,
this hasn’t proved too successful either. Al-
though I'm stumped, perhaps some of our
readers have devised a practical home-brew
digital speedometerlodometer circuit. I'd like
fo hear from you if you have.

To do this, you must paint the drive shaft ar
flywheel black, with a white stripe parallel to
the axis of rotation. The photocell is then
mounted so the white strip passes in front of it
once each revolution of the shaft. You may
have to install a small lamp to illuminate the
shaft—again, it depends on how much ambi-
ent light gets through the openings in the
case. The output of the photocell, which is a
series of pulses occurring at the rate the white
strip is passing it, is detected by a pair of

BY JEFF SANDLER

diodes. The resulting dc level charges capaci-
tor C1, which discharges through resistor
R1. When the drive shaft stops, the output of
the photo cell becomes a dc level—ear the
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supply voltage if the black part of the shaft is
im front of it, or near zero if the white strip is
there. In either case, no series of pulses
appears across the diodes, and C1 eventually
discharges through R1. With the values
shown, the discharge time is a second or two.
When C1 is discharged sufficiently to cause
the 4011 gate to change state, the PNP
transistor will turn on, closing the relay
contacts. You can wire any kind of alarm
you'd like through the relay contacts.

Immobilizing car CB
I have a mobile CB radio that runs on
13.8 Vdc I would like to operate in my
home. Is there an easy and relatively
inexpensive converter I can build to run
my CB radio on 120 Vac?
J.L., Brookfield, WI

This is a fairly simple project and similar to
one that appeared in the May issue of ME—
the Universal Power Supply. In fact, the
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power supply shown in the artide will work
fine if your CB doesn’t draw more than 1
amp. Just use the 7812 regulator chip. But, if
your radio draws more than an amp, you can
use a simple rectifier and filter circuit such as
the one shown here. You can get the 12-volt
transformer, capacitor and diodes from Radio
Shack. This basic supply is not well regulat-
ed, but should give you acceptable results. If
you use a very large capacitor, you may want
to insert a few ohms between the diode output
and the capacitor to limit the peak current
when the supply is first turned on. Keep the
resistance low to minimize the voltage drop
during normal operation.

Zapping a laser
I 'am building a laser diode circuit that
needs 120 Vdc. I have a power supply
that delivers the 120 Vdc, byt I want to
vary that voltage continuously from zero
up to the full output. The voltage-vary-
ing circuit should have as low a current

drain as possible.
S.L., Des Moines, IA

As you can imagine, designing a variable-
voltage regulated supply able to provide from
zero to 120 wvolts is a complicated, difficult
task. But every once in a while, a seemingly
difficult problem has a very simple solution.
In the case of your supply, the solution can be
as simple as adding an inexpensive 25K
variable resistor. The laser circuit you sup-
plied has a current drain of about4 mA. If the
current drain of other circuits you plan using
this supply with is also low—in the 10 mA
range—this circuit will do quite well. How
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well depends on the actual current drain. The
load draws widely varying current during
operation, the change in voltage drop across
the active portion of the pot can be large
enough to cause improper operation. But,
with a steady current drain, even one that is
relatively high, the pot won't significantly
affect the circuit operation. Use a two-watt
pot.

Testing batteries
Could you tell me where I can find a
list of resistor values that I can use with a
multimeter to determine the true value
of various batteries? They way things are
now, they check out okay on the meter,
but don’t work in the circuit.
B.E., Castro Valley, CA

L assume you're referring to the proper value
of loading resistor for each of your batteries

when you ask about a list of resistor values.
There is no magic value of resistor that gives
you the test results. The idea is to test the
battery voltage under conditions identical, or
as near to identical as you can make them, fo
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the actual circuit operation. The best way to
do this is to measure the actual circuit current
flow with a brand new battery. Then, using
Ohm'’s law, calculate the equivalent resis-
tance. In other words, divide the battery
voltage by the current you measured. Then,
use the resistor with a resistance value closest
to the calculated value. Once you've picked
the load resistor, connect your multimeter
across the battery and note the reading.
Then, connect the load resistor across the
battery and note the voltage drop. If the drop
is noticeably greater with your old battery
than it is with a new one, the old one hasn’t
long to live. As a very rough point of refer-
ence, you can use the following list to pick
load resistors for general testing.

AA battery—10 ohms, %> watt

C battery—20 ohms, ¥s watt

D battery—60 ohms, Ya watt

9 volt battery—900 ohms, > watt

6 volt latern battery—40 ohms, 1

watt

12 volt latern battery—80 ohms, 1

watt

Ham in the am

Iam a 13 year old novice-class amateur
radio operator. Do you know where I can
get a converter that will let me receive
the 40 or 80 meter ham bands on my

broadcast receiver?
B.K., Pittsburg, PA

Some years ago siich converters were avail-
able, but things have changed since those
days. To my knowledge, there is no commer-
cially made ham-to-broadcast converter now
available. You may stumble across one at a
hamfest flea market, but even that’s not
likely. The truth of the matter is that today’s
very crowded ham bands, especially the nov-
ice portions, would overwhelm: any broadcast
receiver. A typical broadcast receiver has a
bandwidth almost one-third as wide as the
entire novice band. And, of course, your
receiver has no BFO. If you try to build your
own converter with a BFO and decent selec-
tivity built-in, you're going to have to spend
$75 or more for parts. For that sum, you can
buy a used receiver with all the goodies
already installed.

Sequencing switcher

I need a circuit that will sequentially
turn on each of seven swtiches for one
second. Please make it as simple as pos-

sible. Oh yes, each switch should turn
off before the next turns on.
T.B., Fayetteville, AR

You didn’t mention what, if any, time delay
is meeded between each turn on. If you need,
say, one second off time, you'll have to use a
chain of flip-flops. If, however, you only
want to be sure that just one switch isonata
time, here’s a very simple approach to the
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problem. A single 4001 or 4011-—they have
the same pin connections—produces a 1 Hz
clock input to a 4022 counter IC, which has
eight outputs. As the clock pulses appear at
the 4022°s input, each of the outputs in turn
goes high, but only 'til the next clock pulse.
So, in effect, each output is turned on for one
second—in sequence. All you need to do is
add a transistor to switch on the load during
the one second period its output is high. You
can use any NPN—the 2N3904 or 2N2222
werks well. Depending on the load current,
you can connect it directly into the collector
circuit, or you can use a relay. Don't forget
the protection diode across the relay coil. If
you can’t use all eight outputs, you can break
the connection between ground and pin 15,
which is the reset terminal. Then, connect
pin 15 to the next higher count than you
want. For example, reset the 4022 after the
seventh count, connect pin 15 to pin 10.
Although pin 10 is labeled "7, it is actually
the eighth output because the count starts at
zero, not at one.

DECEMBER 1978 i
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OW YOU USE THEM, WHAT THEY CAN DO FOR YOU

BY PETE STARK

RAM? ROM? PROM? Confused? Don’t be. This month’s piece
clears up the mystery and ends the confusion. Letthere be light.

Several readers have recently asked
about various types of computer memo-
ries. Instead of answering each letter
separately, let’s devote an entire column
to the subject.

Every digital computer must have a
memory. Historically, the big break-
through in digital computers came with
the idea of a stored program machine
which held the instructions that con-
trolled it—the program—in some sort of
an internal memory. Obviously, vou
can’t have a stored-program computer
without some such memory; it’s an in-
dispensable part.

Although a very simple computer
might use its memory only for storing its
program instructions, most of the time
the memory also stores data . . . num-
bers or other quantities which the com-
puter uses in working on some problem.
This might include input data which you
give the computer prior to starting it on
its job, intermediate data which the ma-
chine temporarily stores in its memory
while working on a program, and output
data which is stored in the memory just
before being printed out or outputted in
some other way.

Depending on the type of job the
computer is doing this data could be
numeric, alphanumeric, or logical. A sci-
entific problem might involve mostly
numbers or numeric data. A business
problem might involve a mix of numeric
data—money amounts and social securi-
ty numbers, for example—and alphanu-
meric data such as names and addresses,
product descriptions and so on. A com-
puterized control system for a produc-
tion line might use both numeric data,
such as the level of liquid in a tank or the
speed of a conveyor belt, and logical data
such as a yes-no signal to control a valve
or motor.

Although there are many types of
program instructions or data to be stored
in the computer’s memory, they are all
stored in exactly the same way—as bina-
ry numbers. The binary digits, also
called bits, 0 and 1—the only two used in
binary numbers since the digits 2
through 9 are not allowed—are stored as
voltages. Most commonly a 0is stored as
avoltage near zero, while a 11is stored as
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somewhere between 3 and 5 volts. A
typical binary number stored in memory
might be 01001110, which might be ei-
ther a program instruction or a piece of
data. There is no way of telling which it is
just by looking at it, since various kinds
of instructions and data can be inter-
mixed within memory.

Since the memory can store many
thousands of such numbers, there has to
be some other way of telling them apart.
This is done by dividing up the memory
into separate locations, much like the
rows of mail boxes in a post office, with
each location having an address. Each
location can store exactly one number.

The addressis also a binary number.
Both the binary address, as well as the
binary number stored in a particular
location, consist of a specific number of
binary digits. In most home-type com-
puters, the address is a sixteen-bit num-
ber, while the number stored in each
location has eight bits. If the address or
the contents of a location is shorter than
this, then extra zeroes are added at the
left to stretch the number to the required
8 or 16 bits. As an example, the number
01010101 might be stored in memory
location 0000110001110001. In real life,
these numbers are binary but when we
normally refer to them as part of a pro-
gram we may use some other number
system. But that’s another story.

Typical Memory Connections

As the diagram shows, the connec-
tions to a typical memory consist of three
main types of signals besides power and
ground: address inputs, data inputs and
outputs, and control signals.

Since there are 16 address bits, the
address inputs also contain 16 wires in
most systems. In simple systems fewer
may be used. These carry the address of
the location the computer wants to
reach. The arrowheads on the diagram
show that these signals travel into the
memory.

The 8 data lines at the right of the
drawing are shown as both inputs and
outputs. When data is being stored into
the memory, we say that it is being
written; when it is being taken out we say
that it is being read. Hence the data lines

are used both for reading and writing.

At the bottom are shown three con-
trol signals by which the computer con-
trols the memory. The Read/Write line
tells the memory whether to read or
write at any particular time. The Address
Strobe is a timing signal which is sent to
the memory just after the address is
applied, to inform the memory that an
address has been sent and that a mem-
ory operation is about to begin. The
Input/Output Strobe is another timing sig-
nal which starts the actual reading or
writing at the precise instant that the
computer needs it. If you keep in mind
that a memory may perform a million or
more reads or writes in just one second,
it becomes clear why the precise timing
of each read or write becomes very im-
portant to prevent chaos.

Not So Simple

Although our drawing shows the
typical memory as just a box, in reality
the memory system may be anything
from a single integrated circuit to a
room-full of cabinets, depending on the
number of bits required and the speed of
the memory.

A very small computer used in a
stmple control job might have just a few
hundred memory locations with four or
eight bits in each. Integrated circuits
with internal memory of up to 512 eight-
bit locations are fairly common, for a
total of 4096, or 4K, bits in one IC. Newer
IC’s with as many as 32K bits each are
just coming from the development labs,
and will probably be in fairly wide use
within the next few years. Thus a small
system might have just one or two mem-
ory 1C’s.

On the other hand, large commer-
cial computers with a million eight-bit
locations are not unusual, with some of
the monster machines having as much as
a billion locations. When you multiply
that out to get the total number of bits
stored, the number becomes quite im-
pressive. This is where a number of large
(air conditioned) cabinets may be need-
ed to house the memory alone.

Actually, not all modern computers
use integrated circuit memories. Many
of the early machines of the fifties used



rotating drums coated with magnetic
material similar to recording tape to store
bits. Other popular approaches tried at
one time or another included mercury
delay lines where bits were constantly
recirculated through a length of hose
filled with mercury, and even more un-
usual—for today—approaches. All of
these are obsolete today for main mem-
ory, but magnetic core memory has last-
ed through close to aquarter century and
is still popular.

In a core memory, each bit is stored
as a magnetic field in a tiny core of ferrite
material just a few thousandths of an
inch in diameter. Strung on hundreds of
tiny wires, these cores form an early and
still economical storage method, espe-
cially for large memories. They are still
made today, and there is a lively race on
between manufacturers of core and inte-
grated circuit memories for the memory
business which, I suspect, will go exclu-
sively for semiconductor memories in a
short time.

Types of IC Memories

There are several types of semicon-
ductor IC memories: RAM, ROM,
PROM, EPROM, and EAROM. Each has
its own special features and, uses.

The letters RAM stand tor Random
Access Memory. This is a type of mem-
ory which can be used for both reading
and writing. It can be used for program
instructions and data, and can be erased
and re-written as often as needed. In a
general purpose computer which is used
for many tasks each day, most memory
would be RAM so that it can be erased
and re-used for many different jobs.
RAM is generally quite fast, but it has the
disadvantage that when pewer is re-
moved it becomes erased. Here is one
‘very large advantage of core nemories—
they are RAM, but when power is re-
moved they retain their contents for
years. This is quite different from an
integrated circuit RAM.

An integraed circuit RAM would
therefore be used mostly for temporary
information. Although it is possible to
provide battery backup power supplies
in a computer so that the memory is
retained even in case of a power loss, this
is really only practical for small memo-
ries at this time. There are types of RAMs
which take very low power and can be
powered by a flashlight battery for many
months, but right now they are still quite
expensive.

A ROM is a Read Only Memory,
and is generally of a type called mask-
programmed. During the manufacture
of the ROM integrated circuit, a specific
bit pattern is stored in the ROM by
altering the pattern of the photographic
image used to make the IC. In this way a
permanent set of instructions or data is
stored into the IC which can thereafter
be read as often as needed, but never
changed. Since fairly complicated steps

are needed during the manufacture to
store this bit pattern into the IC, this
procedure can be very expensive. Mask-
programmed ROMs are inexpensive in
large quantities, but the set-up charge of
$1000 or more to produce the photo-
graphic negatives used in manufacture
makes it impractical to make just a few.

The ROM has the advantage of be-
ing permanent. Once written, 1t cannot
be erased even during power failures.
Hence it is used whenever a computer
program is repeated over and over, day
after day, without change. A typical ap-
plication is a small computer control
system which is part of a larger machine.
A good example is the electronic cash
register in many stores, where the con-
troller which monitors the keys, controls
the printer, calculates the tax and totals,
is in fact a small computer with its con-
trol program permanently written in a
ROM.

The mask-programmed ROM has
the disadvantage of high cost in small
quantities. Another kind of ROM, the
PROM, is Programmable. The PROM is
built in such a way that the IC, as sup-
plied by the manufacturer, contains ei-
ther all 0 or all 1 bits. By proper applica-
tion of voltages, it is possible to change
these to the desired contents.

Most common PROMs contain tiny
fuses on the surface of the integrated
circuits, one for each bit. When the
PROM is programmed, these fuses are
selectively burned out to store bits. For
instance, a given PROM might contain
all 0 bits, and wherever a fuse is burned
out the bit changes from 0 to a 1. Once
this is done, there is no way to change
back to a 0. Writing into, or program-
ming, such a PROM is often called ‘burn-
ing’, for obvious reasons.

In large quantities, PROMSs are more
expensive than mask-programmed
ROMs, but that doesn’t affect their use.
They are specifically intended for small
volume users who cannot afford the
high cost of starting up the production
line for the masked ROM. Machines for
burning PROMs, called PROM Pro-
grammers, are available to make the job
easier.

Once a PROM is programmed, it
cannot be reused. This is especially pain-
ful for the hobbyist who may have to
make frequent changes to his system, or
who tends to make many mistakes! If
you write a bit in the wrong place, you
have to throw the PROM out and start
with a new one.

This is overcome by the EPROM, an
Eraseable PROM. Unlike the PROM, the
EPROM is not burned in programming.
Instead, bits are stored as electrical
charges buried in a thin layer of insulat-
ing material near the surface of the sili-
con crystal used to make the integrated
circuit. These charges are placed there by
high-voltage pulses of electricity. The
term high-voltage is only relative, since

most EPROMs use around 25 volts; but
this is higher than the +5 volts used in
normal operation.

The EPROM is reusable by simply
erasing it and then writing it again. Eras-
ing 1s usually done by placing the ICin a
strong beam of ultraviolet light; the IC
package generally has a small window to
allow the light to reach the silicon crys-
tal. Most semiconductors act as light
detectors when exposed to light, by be-
coming more conductive than normal. In
the case of the EPROM, this effect makes
the stored charge leak off to ground so
that the entire IC is erased. Fairly strong
light is needed, often for a half hour or
more, so erasing an EPROM is not some-
thing done very often.

EPROMs are popular whenever
programs or data must be frequently
changed. But there are still cases where
we want the advantages of a ROM—
long-term stability even in case of power
outage—with the prime advantage of a
RAM--being able to erase and rewrite
quickly if needed. The EAROM is one
device which gives us the best of both
worlds.

The EAROM is an Electrically Alter-
able ROM. It is very similar to the ultra-
violet erasable EPROM, except that eras-
ing is done electrically. Thus an EAROM
can be installed in a computer, and peri-
odically erased and rewritten by the
computer itself.

THE EAROM is primarily intended
for reading, and its speed shows that
fact—reading takes place in typically one
microsecond. Erasing and writing, on
the other hand, takes around 1000 mi-
croseconds.

Like the EPROM, early EAROMs
had to be completely erased before being
rewritten. But newer EAROMSs do some-
thing EPROMSs cannot—they can be
erased justone location ata time. So they
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NEW BOOKS AND CATALOGS

Curing RF Interference

With the explosion in personal com-
munications, RF interference to TV and
sound systems continues to be a major
problem. Several articles have already
appeared in ME, including one based on
the FCC’s own RFI handbook. This
handbook, by the way, is available di-
rectly from our publisher for $1.25 post-
paid. All of these articles, however, deal
in generalities. Not so the RF Interference
Handbook published by Sony Corpora-
tion of America, 47-47 Van Dam Street,
Long Island City, NY 11101.

Sony’s Handbook is aimed at the
qualified service technician, and carries a
warning to that effect. But, with care,
anyone with basic electronics experience
can make use of the info it contains.
Remember, though, that making modifi-
cations to the internal circuitry of home
entertainment equipment voids the war-
ranty.

The book is divided into two parts—
defining the problem and solving the
problem. The first part is unfortunately
too skimpy to be of much value. Run-
ning only about three pages in length, it
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attempts to cover all sources of RF that
can interfere with your TV and audio
system. Three pages just isn’t enough to
do an acceptable job on the subject.

The second section dealing with the
cures for RFI more than makes up for the
shortcomings of the first. For one thing,
it's profusely illustrated, not just with
drawings, but with photographs of fil-
ters identified by brand name. And the
accompanying text is about as complete
as you’re likely to find anywhere.

The first chapter of the section deals
with TV interference—not just from the
local super-power CBer, but also from
FM broadcasting stations, aviation and
public service radio, electric motors,
automobile ignition systems, and even
other TV sets. Illustrations include a
large selection of filters, antenna pat-
terns and TV screens with interference
symptoms displayed.

The second and third chapters deal
with  AM and FM radio interference
while the fourth deals with audio equip-
ment. Allare every bit as thorough as the
chapter dealing with TV interference.
Chapter 5, however, is a little on the
short side—it runs all of ten lines—and
deals with interference to the Sony Beta-
max VTR. The essence of the chapter is
that you should send for Technical
Memo 76-1 if your Betamax is subject to
RFI. Not much help for VHS-format
VTR owners. A one-page appendix
gives the name and address of 14 inter-
ference-filter manufactures, from whom
you may be able to get more information.

Sony’s RF Interference Handbook car-
ries a $5 price tag, which is a little steep if
you’re looking for general information.
But, if you're after specific "“how-to”
instructions, it's well worth the price.

What’s new in electronics?

Electronics is very dynamic, with new
technologies popping up with great reg-
ularity. If you’re not quite on top of
what’s happening in microelectronics,
you may want a copy of John Douglas-
Young'’s Technician’s Guide to Microelec-
tronics from Parker Publishing Com-
pany, West Nyack, NY.

As the name implies, the book is not
meant for the beginner. But, you don’t
have to be an engineer either. In fact,
there’s very little in the way of math-
ematics included. You’ll benefit most
from the book if you have a reasonably
sound background in basic electronics
with a passing knowledge of transistor
circuits.

The Guide to Microelectronics begins
with a look at MOS technology, includ-
ing what MOS is, what it does, and how
1t compares to bipolar transistors. From
there, the book covers the fabrication of
MOS devices, including preparing the
silicon wafer, packaging, and helpful
hints for mounting the finished device.

Chapter Three provides a refresher
course in logic circuits beginning with
gates and running through decoders and
display drivers. This is followed by a
chapter dealing with the various families
of logic devices—RTL, DCTL, TTL, ECL,
and CMOS. The two following chapters
cover practical circuits and troubleshoot-
ing, and include plans for building your
own logic probe.

The Guide also contains a chapter
on linear circuits, microwave devices,
and troubleshooting techniques.

One of the most useful features of
the book are the four appendixes. The
first of these is a four-page collection of
standard semiconductor symbols, many
of which are not included in the ME
symbols chart. Appendix 2 provides
nine pages of information about the met-
ric system, including the correct form for
several units of measure. Appendix 3
provides two pages of conversion fac-
tors. The final appendix is a 16-page
glossary of microelectronic terms.

The Technician’s Guide to Microelec-
tronics is a hardcover book with a hard-
cover price—$14.95. At this price, the
Guide is not the kind of book the average
hobbyist will want to have sitting on the
workbench under the soldering iron
stand. Still, if you're interested in mi-
croelectronics and need a good basic
reference book, and can spring for the
price, it will make a nice addition to your
library. —Bob Margolin
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Over 40 new and unique electronic prod-
ucts in this colorful new cataleg plus
nearly 400 others — all in easy-to-build,
money-saving kit form. Read about all
the exciting gifts you can give, OR GET!
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NEW! VF-2031 Hand-Held Two-Meter Trans-
ceiver. 8-channel simplex with + ot —600
kHz oftsets giving you a total of 24 transmit
and 8 receive channels with only 8 crystals.

NEW! 1D-4001 Weather Computer. The first
computerized instrument to combine all
these important weather instrument func-
tions. Displays time, wind direction and
magnitude, indoor/outdoor temperature,
barometric pressure, even wind chill factor.
Computer memory provides useful storage
and recall of data.

NEW! Rack-Mount Stereo Components. A
powerful and sophisticated stereo amplifier
and an LED output indicator are two new
products designed for stylish rack-mounting!
Both offer the power, teatures and value
Heathkit hi-fi-equipment is tamous for! More
to come!

NEW! Digital Readout Car Clock with Trip
Timer. Versatile clock/timer shows time in
hours and minutes, 24-hour timer that reads
to nearest second. Bright, easy-to-read dis-
play; low-power circuit that doesn't drain
battery.

NEW! Deluxe Dual-Trace Oscilloscope.
Low-priced scope features extra-bright
traces, selectable triggering, 7-position vari-
able time base, DC to 5 MHz bandwidth
NEW! RECHARGEABLE Portable Light.
Fluorescent light serves as a handy and
rugged portable light for outdoor uses. Re-
chargeable battery power supply for years of
dependable, money-saving use!
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AUDIO, VIDEO, RECORDING, PLAYBACK

BY HANS FANTEL

Top quality sound doesn’t have to have a top quality price tag.
Some of foday’s moderately priced audio gear will give you ali
the fidelity you want at a price you’ll want even more.

This Kenwood KX-530 stereo cassette tape deck is typical of the high-quality, moderately
priced machines now on the market. Complete with build-in Dolby noise reduction system,
this $200 deck offers a 30 to 14,000 Hz response with less than 1.5% harmonic distortion.

With the price of almost everything
climbing faster than a scared squirrel,
the typical audio fan—according to a
recent survey—nowadays spends an
average of $1500 for his rig. I was looking
for ways to beat this average and see if
you can get away for a lot less and still
get first-rate sound. So when I set off to
Chicago to check out the Consumer Elec-
tronics Show, the big annual audio trade
fair where the industry trots out all the
new gear to show off to the press, my
main aim was to sniff out the best of the
low-cost gear. Of course, I also listened
to a lot of the more expensive equip-
ment. Predictably, it sounded better, but
not much.

How come? The answer lies in the
price structure of audio. Up to a point,
performance goes up along with the
price tag. In short, you get what you pay
for. But beyond that level—about $600-
800 for a complete system—the price
goes up a lot faster than the correspond-
ing rise in performance. So you have to
spend a lot more to get just a little extra.
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In a way, that's good news for the
budget-bound. It means that moderately
priced equipment gives you more per
dollar. But this doesn’t mean the chea-
pest equipment is the best buy. On the
contrary: equipment specifically de-
signed to sell cheaply rarely offers real
value and often sounds terrible. With
this in mind, I've tried to pinpoint out-
standing designs in the lower brackets,
along with a report on general design
trends.

Turntables

Starting up front, I looked at the new
crop of turntables, the firm item in the
usual component line-up. The trend
here is clearly toward single-play units,
which makes sense. After all, how often
do you really want to stack up a whole
bunch of records on a changer? Besides,
most people playing LPs like to flip the
disk after one side is finished—and
that’s something a changer can’t do.
Single-play turntables generally offer
higher quality per dollar. Manufactur-

ers, after all, must allocate costs: they can
either put it in automation or in basic
quality. And if quality on a budget is
what you want, single-play units are
your best bet. Since nearly all single-play
units nowadays have accurate cueing
devices, you won't have to set down the
tone arm by hand, risking damage to
your records or the delicate stereo stylus.
Two excellent low-cost turntables are
the Pioneer PL-512 and the B.I.C. Model
911, both selling for $100. They both run
smoothly and are notably free of rumble.
They are particularly well insulated
against outside vibrations, so the tone-
arm won't jump grooves even if your
floor shakes. For the same money, you
can get the JVC]JL-A-20 or the Sanyo JCX
2100KR, also excellent designs but with
an additional and very useful feature.
After the record is finished the tone-arm
returns automatically to the resting posi-
tion and the motor shuts itself off. All
these tables are equipped with precision
arms capable of tracking at very low
stylus pressures—as low as 1 gram, de-
pending on the cartridge you use.

Speakers

For a somewhat higher price, you can
get excellent turntables with automatic
tone-arm positioning at the start of the
record. A value-standoutin this group is
the $150 Technics’ SL-230, which has
servo-controlled speed regulation that
detects the slightest change in turntable
speed and immediately corrects it. You
can pay lots more for fancy direct-drive,
quartz-controlled turntables, but, for all
practical purposes, I doubt that you can
hear the difference.

When it comes to loudspeakers, the
most important single item in any sound
rig, recent trends also tend to favor those
with limited cash. Small speakers nowa-
days put out a lot more sound than they
used to. Sure, that’s not true of all of
them. Again, it's a matter of picking the
real winners. To my ears, the winnersin
the low-ticket sweepstakes are the
Acoustic Research AR-18 and the Infin-



The PL-512 by Pioneer is one of the new breed of single-play, belt drive turntables that are

pushing the record changer off the market.

ity Qe, selling at $65 and $105 respective-
ly. In the lower brackets, I was also
greatly impressed by the $100 Electro-
Voice Interface 1, the $85B.1.C. Model 11
and the $140 Radio Shack Optimus 10.
All of these owe their outstanding per-
formance to some unusual features.

The AR-18, for example, has a liquid-
cooled tweeter, which enables this little
bantam to manage power levels up to 60
watts. Like any mechanism converting
energy into motion, loudspeakers gen-
erate heat as a byproduct. At normal
volume levels, this heat is negligible. But
some rock fans pile so much wattage on
the voice coil that the incidental heat
generated by the tweeter ceases to be
incidental. As a result, some speakers
driven beyond their limit literally burn
out at temperatures sufficient to fry
eggs.

To provide cooling for the overheated
parts, some audio designers, including
Acoustic Research, now immerse tweet-
er voice coils in a newly developed mag-
netic fluid which is far more thermally
conductive than the formerly air-filled
magnet gap. As a result, the heat build-
up in the coil is quickly dissipated and
the speaker can absorb more wattage
without disintegrating.

In the case of Infinity’s Qe speaker, it’s
also the tweeter which accounts for its
exceptional quality. This tweeter con-
sists of a flat, lightweight diaphragm
placed within the magnetic field gener-
ated by magnets made of samarium co-
balt. This rare material can exert more
control over the sound-producing vibra-

tions because of its high concentration of
magnetic flux. The flat diaphragm is
equally impelled all along its surface by a
flat electrical conductor, the functional
equivalent of the voice coil in conven-
tional speakers, bonded to its back. Con-
sequently, the entire diaphragm moves
In unison—like a flat piston surface
pushing the air—without any of the
bending or buckling that is a frequent
cause of distortion in poorly designed
tweeters. As an added bonus, this tweet-

er accepts power levels of up to 100 watts
without audible stress. From where I sit,
it puts out just about the cleanest sound
you'll hear anywhere, regardless of
price. The only drawback is that the bass
falls off, though only very slightly, be-
low 45 Hz. If that bothers you, you can
get a similar speaker with a larger woof-
er, Infinity’s Model Qa, for $150.

The special strength of the Interface I
and the Radio Shack Optimus 10 lies in
their ultra-efficient bass projection. They
picked a design approach which, though
by no means unique, is still fairly new—
the use of a passive radiator, ordrone cone
as itis sometimes called. This is a regular
woofer cone stretched over an opening
in the enclosure, but without a magnet
and coil to drive it. Instead, it flaps back
and forth in rhythm with the main woof-
er, being pushed by the dammed-up
back-pressure in the box. These two
cones, the regular woofer and the drone,
moving in tandem make up a much
bigger sound-radiating surface than the
woofer alone, thereby augmenting bass
projection. In addition, the drone con-
verts the back pressure, normally
trapped in the box, into audible sound
energy.

Thanks to the conversion efficiency of
electrical energy into audible sound
achieved by this design, these speakers
need less than 10 watts to drive them to
room-filling volume. The B.I.C. Model
11 works on a similar principle but em-
ploys a tuned duct instead of the drone
cone. Because of its high efficiency,
which produces more sound per watt,
the same design is also used in several
excellent compact sound systems by
Panasonic and Fisher.

As far as the electronic guts of a sound
system is concerned most recent innova-
tions have been in the top brackets.

Panasonic’s Technics SL-220 is a good example of today’s mid-range turntables.
Equipped with a servo-controlled motor, this turntable offers very low wow and flutter.
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Today’s moderately priced stereo receivers are excellent buys. This Kenwood KR-2090
receiver, for example, costs around $220, but provides a full 16 watts per channel with 20 to
20,000 Hz response, and a total harmonic distortion of no more than 0.1%. A few years ago,
this kind of performance would have cost you two or three times as much.

There you will find digital tuners that
lock to FM stations with crystal-synthe-
sized tuning frequencies in their front
end, and beefed-up power amplifiers
pumping out 300 watts per channel or
more at distortion ratings so low that test
instruments can hardly measure them.
The great names in audio—Technics,
Pioneer, Yamaha, Nikko, Hitachi, JVC,
Akai, Marantz—to name just a few, all
made significant contributions in the ul-
tra-expensive upper stratosphere of
audio.

But progress is also evident in the
lower brackets, as advances formerly
found only in expensive models are now
filtering down into the economy range.
An outstanding example of this trend is
the Technics SA-200, a receiver deliver-
ing 25 watts per channel over the entire

audio range from 20 to 20,000 Hz with no
more than 0.04 percent total harmonic
distortion. This distortion figure is con-
siderably less than can be normally
found on receivers with a $230 price tag.
The'same company also offers outstand-
ing receiver values with higher power
ratings. Other good receiver values in
the low-cost field are Kenwood’s 18-watt
per channel KR-2090 at $215, JVC’s 18-
watt per channel S-61W at $190, and
Radio Shack’s 12-watt per channel Real-
istic STA-52B at $200. Of course, in eval-
uating receivers, the power rating is not
the only factor to be taken into consider-
ation. Distortion figures are quite as im-
portant and should never exceed 1%
where the object is fidelity. Tuner per-
formance and operating features also
should be taken into consideration.

On the whole, stereo receivers still
remain far more popular than separate
amplifiers and tuners. This is hardly
surprising since receivers nowadays ful-
ly equal the performance of separates
and are both more convenient and more
economical.

Cassette Decks

Low-cost cassette decks, selling for
around $200, have finally reached true
high-fidelity standards. Improved drive
mechanisms and, in many cases, servo-
controlled speed regulation have re-.
duced flutter and wow to imperceptible
levels. What’s more, frequency response
has been extended up to 15 kHz, which
puts the cassettes sonically on par with
all but the best disc recordings. Even
low-priced decks now offer wow and
flutter specifications typically down to
about 0.1 percent and signal-to-noise
ratios better than 50 dB, assuring a very
quiet background. The latest standout
entries include the $220 Sony TC-K3, the
$200 Kenwood KX-530, and the $200
Technics RS-616.

Any of the components listed here will
give you clean, realistic, and immensely
enjoyable sound. In restricting this brief
survey to the bottom-dollar brackets of
component fidelity I hope to prove that
it’s still possible to get good sound and
beat inflation at the same time - especial-
ly since most of these items are available
at a discount.

The Radio Shack12-159 Timekube®

Need the time of day? Try this nifty cube. It receives National Bureau of
Standards 24-hour a day time broadcasts from station WWV on three

different frequencies.

Suppose your receiver doesn’t cover
WWV. What if WWV had been only an
afterthought when your receiver was
designed or you can only receive WWV
when the moon is right . . . sometimes.
Well cheer up, Radio Shack has the
answer in a small, battery operated re-
ceiver just for WWV.

The 12-159 Timekube® is actually a
small receiver covering three crystal con-
trolled frequencies: 5, 10 and 15 MHz. It
has a built-in 10-section 41"’ telescoping
antenna (there is also an external anten-
na terminal on the back) making the
receiver completely self-contained.

To turn the receiver on just select the
WMWYV frequency you desire and simply
push the appropriate tone-bar switch.
You can switch from one frequency to
the other or by pushing the last bar on
the left you can shut it off. There is a
volume control located on top adjacent
to the antenna.

18 MODERN ELECTRONICS

Reception is quite good here on 15
MHz with the telescoping antenna and
no attempt was made to use an external
antenna. WWV comes through loud and
clear. It's quite a nice addition to the
shack, or anywhere in the house.

The 12-159 Timekube® comes com-
plete with crystals, battery and manual.
The front panel has a sliding time scale
which you can set up for converting
GMT to your particular local time. The
attractive cabinet is finished in simulated
rosewood. The receiver measures
3Y"'x4'2""x3Y2". There is also a CHU
version available in the Northeastern
USA and Canada (12-158).

Both units are priced at $34.95 and
could find many uses in the shack and
other activities where exact time is need-
ed such as sports car rallyes, SWLs,
astronomy and even in setting your new
digital watch.

The Radio Shack Timekube® should
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be available at most of their stores. If not,
write to Radio Shack, 2617 West 7th
Street, Fort Worth, Texas 76107. It may
be a radio with only three stations (and
the programming is rather repetitious)
but it's well worth the investment if you
consider the time you save. —A.D.



“ALL

ABOARD

the world’s smallest
operating model railroad.”’

Your eyes are not playing tricks on you.
No, we did not use trick photography or a
giant size walnut in illustrating the remarkable
trains shown on this page.

They have been photographed and
reproduced to their actual size. The effect is
startling, but nothing compared to watching
them in action.

A Locomotive No
bigger Than Your Thumb

THE WORLD’S SMALLEST RAILROAD

We've named them Micro-Trains. Brought
to the U.S. by Beacon Scientific, they were
developed and are manufactured in West
Germany. Micro-Trains simply cannot be
compared to other small-scale model railroad
gear you have ever seen. To put them in
proper perspective, our Micro-Trains are
about three times smaller than H.O. gauge. In
model railroad terminology, they are rated as
“Z" gauge.

SMALL IS BEAUTIFUL

Each Micro-Train represents a master-
piece in miniature. The scale is a gem size
1.220 with every feature perfectly detailed.
The tank-type locomotive is a precise dupli-
cate in every detail of the German Federal
Railway’s 0-6-0 class 89 locomotive. Its dye-
cast zinc body is finished in mat tlack with
bright red headlights and wheel accents.
There are six driving wheels, which employ a
specially designed non-skid, sure-grip sur-
face for amazing traction and power. The
scale, detail, and finish are remarkable when
you consider that the locomotive measures
only a fraction over two inches from end-to-
end.

CONSTRUCTED WITH WATCHMAKER
ACCURACY

The design and construction of] working
miniatures as small and detailed as our Micro-
Trains most closely resemble that of a fine
watch. Assembly is carried out under strict
white-glove, atmospherically controlled,
clean room conditions. At completion the
power modules are encapsulated against
dust and moisture. Due to their rugged de-
sign and construction, it is unlikely that they
need never be opened for service no matter
how often or hard they are run.

EXPANDABLE
The Beacon Micro-Train program incorpor-

ates a complete model railroading system.
Cars, engines, and accessories add up to
over 140 different items available, and the
list is still growing. In addition to the tank
locomotive, our basic set consists of a low-
sided freight car, tank car, box car, and ca-
boose. The power pack is engineered to pro-
vide complete control. A single knob enables
you to control speed and polarity reversing
so trains can be run in either direction.

SHEER PLEASURE

Model railroading is a fascinating and relax-
ing hobby. Our Beacon Micro-Trains make it
practical as well. Imagine a complete
operating railroad so small you can fit an
entire layout in your desk drawer! A set-up
that normally would spread out over an entire
playroom floor or the top of a ping-pong table
can now be constructed in an area smaller
than a cock1ail table.

INDULGE YOURSELF

Let's face it. There are times when you
need a change of pace to relax your mind
and get the creative juices flowing. Construct
your own Micro-Train layout on a corner of
your playroom bar. Better yet, put a set in
your office or reception area. Makes a
marvelous conversation piece, as well as
provides relaxation for you and your visitors.

Please don't forget the children. A Micro-
Train system is the gift of a lifetime, a present
that will be remembered for countiess years.
Ask nicely, and they may even let you piay
with their trains.

NATIONAL SERVICE NETWORK

Because of the precision, care, and gquality
control standards under which Micro-Trains

YOU CAN BE CHIEF ENGINEER
Every railroad needs a Chief Engineer in control.
So we engrave your name on a special panel tor
display on the top of the power pack control
center
Our Beacon Micro-Trains system not only is the
world’'s smallest raflroad, but it is also the world's
most memorable business gift. If you have a
special customer or client whom you feel would
also enjoy being Chief Engineer, piease list his
name on a separate sheet of paper when ordering.

| 4 BEACON SCIENTIFIC

Dept. 834-2 482 Sunrise Hwy., Rockville Centre, N*Y 11570

{ ) Please send

$124.95 plus $3.50 postage & handling. | understand
that | may use the trains for 15 days at your risk. it | am
not absolutely delighted with their performance, | may

return the set for a tull retund ot purchase price

$5.00 each. | understand that | may gpply the catalog
purchase price to tuture Micro-Train orders. (Catalog Is

included al no extra charge with the purchase of set.)
{ ) CHARGEIT

1 American Express

[J Master Charge (Interbank) #

(] Carte Blanche
3 BankAmericard

Beacon Micro-Train System¢s) at

|

I

| P

l () Send your complete 20 page Micro-Train catalog at
|

|

I

Measuring only 2" long, the locomotive pictur-
ed here represents a breakthrough in precision
miniaturization.

are produced,® we sincerely doubt that
service will be required. However, your
purchase is protected by a network of
authorized service centers located through-
out the U.S.—one probably right near you.
Or, if you wish, a central service by mail
facility has been established and will
promptly handle any problem.

WE PUT OUR REPUTATION ON LINE

We're Beacon Scientific, a division of
Beacon Photo Service Inc. (a public
company.) We're proud of our company and
the products we market. Each product must
meet a stringent set of guidelines with
respect to quality, value, and unique appeal.
Our reputation rides along with every product
we advertise and every package we ship.

As a measure of our confidence in our
extraordinary Micro-Train system, we invite
you to try them yourself for 15 days at our
risk. Use them at home or set it up in your
office. If for any reason you are not satisfied,
return them for a prompt refund of purchase
price.

The entire set as pictured here including
18"x30" track layout is priced at just
$124.95. It can, of course, be expanded
into an infinite variety of layouts and shapes.
A complete 20 page booklet in full color illus-
trates the entire Micro-Train system.
Includes dozens of different locomotive cars
and freights as well as track layouts and
accessories. Order your Beacon Micro-Train
set at no obligation today.

|

|

|

|

|

|

CREDIT CARD ORDERS |

24 HOUR TOLL FREE SERVICE
800-621-8318 |

In llinois call 800-97 2-8300 |
I

|

|

I

|

|

|

|

|

Charge # Exp. Date
Signature__ — — 1 — -
Name {Print) ___ e —
Address e = I . =
City State Zip __

NY State residents add saies tax.

€. Beacon Scientihc MCMUXXVEIN. 2 givesion of Beacon Photo Service. Inc.
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CAR, BOAT, PLANE, RV: ELECTRONICS IN THE GREAT OUTDOORS

Safety at sea makes sense.Butevenif you don*
venture too far from shore, a two-way radio
can save your life. Here’s the way to install yours.

If you own a watercraft and venture
more than a stone’s throw away from
shore, it's a good idea to outfit your boat
with two-way radio equipment. Unlike
driving an automobile, boating does not
necessarily take you along well-traveled
paths where aid can be secured from
passers-by. If you break down a few
miles from shore or get lost, your options
are to get angry or start worrying.

If you are radio-equipped, you can
make a quick call for aid and then get
mad that your day has gone down the
tubes. If your boat is devoid of radio
equipment, however, you had best start
hoping that someone wanders in your
direction. In the meantime, worry. You
deserve it ‘cause it might work out tobe a
rather long wait . . .

One of the real problems encountered

20 MODERN ELECTRONICS

by boaters in the past is the rather high
price of a VHF-FM transceiver used for
marine radio. In a nutshell, many of
those who went boating offshore with-
out radio equipment simply couldn’t af-
ford arig. The rest simply couldn’t justi-
fy the expense. Shelling out $500 to
$1,000 for a marine transceiver that
might never be needed makes this deci-
sion a tough one, indeed.

Salvation came with the onset of the

citizens band radio boom. While the
majority of the CBs sold found them-
selves in cars or in the home, a certain
percentage were installed in boats. Sure,
the range is limited and CB frequencies
leave a lot to be desired in the way of
static-free privacy, but this type of two-
way system is far better than none at all.
However, a major drawback was the fact

BY RON COGAN

that citizens band frequencies were not
regularly monitored by any organiza-
tion. And nothing is worse than needing
help, keying the mike, and hearing
nothing but static on the other end.

A recent decision by the U.S. Coast
Guard has ended all of this. Because of
the decision, all U.S.C.G. Search & Res-
cue stations around the country regular-
ly monitor emergency Channel 9 in the
citizens band. This, in effect, has made
citizens band radio a viable two-way
communications system for boaters who
venture within radio range of these sta-
tions. It won't help you if you're far
offshore, in which case you really should
be packing a standard marine trans-
ceiver. It is a comfort, though, to know
that someone will be monitoring if you

please turn to page 88
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With your own tutor, electronics naturally seems easier, more understandable. Now these unique
training aids bring you friendly, over-the-shoulder, hands-on guidance, as if you had an expert
right beside you. All planned and prepared in our effective Easi-WayTM teaching style. Only

face-to-face instruction could be more personal.

Nothing else like these...anywhere!

Two Forest Belt's Service Training MONOGRAPHS :

"TRIGGERED OSCILLOSCOPES—Four Hours to Familiarity"

Sit down in front of your triggered scope 30 minutes a
day, and go through carefully organized exercises. In
less than two weeks, you can truly UNDERSTAND how
your scope displays signal waveforms; where to set
the knobs and switches; what waveshapes mean; what
to do when you can't seem to get a display on your
scope. End up feeling comfortable and self-assured
with any triggered oscilloscope.

Order 48A - $12.50 postpaid

P.S.—The above title is available also as a
Forest Belt's SELF-TRAINER KIT: two audio cassettes
plus a dozen sets of Worksheets (for a group).

Order 48K - $ 79.50 postpaid
Additional Worksheets Order 48W - Ten for $ 25.50

Enclosed in my $

"Easi-Way TM Solutions for Electronics Math and Formulas"

Spend a half-hour each day with your inexpensive sci-
entific calculator (many models under $40). Learn
quickly to solve electronic formulas without knowing
algebra, Thorough Easi-ReadTM explanations, pilus
dozens of planned examples and exercises for you to
work yourself. Shows you how to deal with Ohm's Law,
Kirchhoff's Laws, series and parallel circuits, reac-
tance, impedance, resonance, decibels, and plenty more,
Handle complex math easier than you ever thought
possible.

Order 28A - $ 12.50 postpaid

Scientific Calculator Order 285C $ 35.50 postpaid

check or money order (outside U.S., add 20% to all prices), Please ship:

MONOGRAPH 28A "Easi-Way TM Solutions for Electronics Math and Formulas”" @ $ 12.50 each

Scien#ific Calculator 285C (suits use with 28A}

@ $ 35.50 each

MONOGRAPH 48A "TRIGCERED OSCILLOSCOPES—Four Hours to Familiarity" @ $ 12,50 each

SELF-TRAINER KIT 48K "TRIGGERED OSCILLOSCOPES—Four Hours to Famlliarity @ $ 79.50 each kit

Addltjonal Worksheets. 48W (for larger groups to use with KIT} @ $ 25.50 for ten

My name is

Age
Address o Phone . T
City “H State __Zip Code

Forest Belt's Serwice Training MONOGRAPHS
Box 68120 Indlanapolis IN 46268



Electronic dice

Why bother with real dice—they’re small and hard to
handle—when you can use this easy-to-build electronic
dice roller? Just push a button, and presto, your dice roll
appears as if by magic on state-of-the-art LED digital

readouts.

by John Knoli

It isn’t that ME advocates gambling—it
doesn’t. Nordol. But. . . if you're going
to yield to temptation, and who doesn’t
once in a while, why not do it in style.
Instead of holding a pair of old fashioned
dice—and who knows what other hands
have held them—use ME's lucky 7-11
electronic dice. Just push the button for a
second or two, and your roll will be
displayed on the LED readout. And,
even if you never gamble, it's a nifty
project to build.

The whole works, including a pair of C
batteries fits nicely inside a Radio Shack
270-285 Digital Display Case, but you
can use any enclosure you have handy.
The Lucky 7-11 shown here was build on
two small pieces of perfboard. If you're
into printed circuits, you can easily build
your electronic dice circuit on PC board.

No on-off switch is provided in the
circuit. Instead, the circuit automatically
turns itself off after a period of 15 sec-
onds or so following a roll. If a new roll is
made before the circuit shuts off, the
timer recycles to provide the full 15-
second on-time for the new roll.

Construction is simple and straight-
forward. Parts layout isn’t critical. With
the exception of the two ICs, all of the
parts are available at Radio Shack and
from many mail-order suppliers. The
ICs are common CMOS numbers, and
should be available at most electronics
distributors and mail-order houses. I got
mine from Quest Electronics, P.O. Box
4430, Santa Clara, CA 95054.

The circuit

ME’s Lucky 7-11 circuit consists of three
parts—a gated free-running oscillator, a
random number generator, and manual-
on, automatic-off power supply. Push-
ing the roll button turns on the power
supply, which remains on for about 15
seconds. During the period when the
roll button is held down, the free-run-
ning oscillator is gated on. The oscillator
output is applied to the random number
generator. When the pushbutton is re-
leased, the oscillator stops running, and
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the output of the random number gener-
ator freezes. This two-digit number re-
presents your roll.

The free-running oscillator is built
around three sections of a 74C05 quad
NOR gate IC. The oscillator frequency is
determined by the values of R4, R5 and
C2. As shown in the schematic diagram,
the oscillator is gated on by grounding
one input line through the roll pushbut-
ton. Releasing the pushbutton raises

that input line to the Vcc potential, gat-
ing off the oscillator.

The output of the oscillator is applied
to the clock input of a 4022 divide-by-
eight counter. The counter output is fed
to a 4011 LED decoder through a 4045
triple three-input OR gate, which pro-
duces the random number sequence for
display on the digital readout. The sec-
ond digit is generated by a second set of
4022-4045-4011 ICs fed from the carry
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out terminal of the first 4022.

Power for the oscillator, random num-
ber generator and LED readout is ob-
tained from the collector of transistor
Q1. This transistor is gated on and off by
a one-shot oscillator consisting of the
fourth section of the 74C05 quad NOR
gate used in the oscillator, and transistor
Q2. In the off condition, Q2 is not con-
ducting, so the base of Q1 is open.
Pushing the roll button grounds the base
of Q1, causing it to conduct. This action
connects the positive terminal of the
battery to the Vcc line, triggering the
one-shot.

During the period of time the one-shot
is flipped on, the base of Q1 is grounded
through Q2, and remains so regardless
of the roll pushbutton. When the one-
shot flops back to its off stale, however,
the base circuit through Q2 opens and
Q1 stops conducting—unless the roll
pushbutton is held down.

Construction

The output of each 4011 js connected
to the seven-segment LED digital read-
outs with one small modification. The
standard seven-segment display of the
numeral 6 has a single-segment vertical
stem above the loop. To make a more
natural appearing six, an additional
horizontal segment has been added

across the top of the display. This was
accomplished by adding a jumper be-
tween pins ““a’’ and ““d”’ on each of the

LED displays.

Parts list
Part Description Radio
Shack
number
IC1 74C02 NOR gate —
IC2, 5 4022 divide-by-elght —
IC3, 6 4075 triple OR gate —
IC4, 7 4511 LED driver 276-2447
(o)} PNP transistor 276-2025
Q2 2N2222 transistor 276-2009
C1 47 mfd @ 10 WvDC —
C2 500 pf @ 50VDC —
R1 2.2K Vs watt resistor -—
R2 220K Vs watt resistor -_—
R3 1M Y2 watt resistor —
R4,5 15K Ya watt resistor -—
R6 5.6K Vs watt resistor —_
R7,8 27ohm Y wattresistor -—
D1-3  1N914 or equivalent 276-1122
—_ Battery hoider 270-385
— cabinet 270-385
— LED seven-segment
displays (2) ==

The prototype was built into a small,
streamlined enclosure, necessitating the
use of two circuit boards. However, if
you build your electronic dice in a larger
cabinet, you can easily put the entire
circuit on a single board.

Although the layout isn’t critical, the
tight pin spacing of the seven ICs does
demand care in wiring. In the prototype,
the two seven-segment LEDs are
mounted directly on one of the circuit
boards, which is positioned behind the
front lens. If you use a single circuit
board, you may prefer to mount the LED
displays directly to the front of your
cabinet. This will require a 12-wire cable
between the LEDs and your circuit
board.

Because the LEDs are mounted on the
circuit board, plug-in common cathode
FND 500s were used—FDN503s can also
be used. But, you can use any seven-
segment LED common-cathode display
you have handy. The 4011 drivers will
handle most displays of 0.5 inches or
less. Larger displays will require transis-
tor drivers, reducing battery life.

The ME Lucky 7-11 electronic dice is
an easy project to build, if you take your
time and wire the circuit carefully.
Mounted in an attractive cabinet, it’ll
make a good conversation piece if left on
your living or room coffee table.
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You gotta
shop a"i'(:)und.

When you do,you’ll probably pick CIFE,.
You can’t afford to settle for
less when it comes to something like
electronics training that could
affect your whole life.
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you learn and review the basics—
perform dozens of experiments.
Plus, you use a 3-in-1 precision
Multimeter to learn testing,
checking, analyzing!

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 your 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.

When you build your

own 5 MHz Triggered-
Sweep, Solid-State Oscil-
loscape you take your first
real professional step. You use
it as a doctor uses an X-ray
machine —to “read’” waveform
pattemns. ..lockthemin. ..
study, understand and inter-

* kK

Ifyou talked to some of our

ﬁ;aduates, 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 vou should

pret them!
shop around yourself. When you get your
We hope you’ll shop around. Zenith 19-inch Diagonal
Because, frankly, CIE isn’t for Solid-State Color TV you

everyone.

ere 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! So the 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.

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! _

When
you work with a completely
Solid-State Color

ere are
ways some Bar Generator—
of CIE’s actually a TV signal
trouble- transmitter—you study
shooting up to ten different
programs patterns on your TV

screen. . . explore digi-

help you get ©
tal logic circuits. . . observe

your “hands-on”

training. .. ¢ theaction ofa crystal-con-
With CIE’s g  trolled oscillator!
Experimental e # Of course, CIE offers a
FElectronics ﬂ more advanced training pro-
Laboratory... gram, too. But the main point is

Pattern simulated.

simply this:

All this training takes
effort. But you'll enjoy it. And
it’s a real plus for a trouble-
shooting career!

Do you prepare for
your FCC License?

Avoid regrets later. Check
this out before you enroll in
any program.

For some troubleshooting
jobs, you must have your FC
License. For others, employers
often consider it a mark in your
favor. Either way, it’s govern-
ment-certified proof of specific
knowledge and skills!

More than half of CIE’s
courses prepare you for the
government-administered FCC
License exam. In continuin
surveys, nearly 4 out of 5 C
graduates who take the exam
get their Licenses!

Shop around...but send
for CIE’s free school
catalog first?

Mail the card. Ifit’s gone,
cut out and mail the coupon. If
you prefer to write, men-

tion the name and date
of this magazine. We’ll
send you a copy of CIE’s
FREE school catalog —
plus a complete pack-
age of independent
home study information!
For your convenience,
we’ll try to have a repre-
sentative contact you to
answer your questions.
Mail the card or coupon —
or write: CIE, 1776 East
17th St., Cleveland,
OH 44114.

r 1§ 5 JF J 8 J |
Cleveland Institute

l CI of Elsctronics, Inc.

1776 East 17th Street, Cleveland, Ohwo 44114
Accredited Member Nationsl Mome Study Councit

[l YES...rm shopping around
for the right kind of career training
in electronics troubleshooting —and
CIE sounds well worth looking into.
Please send me my FREE CIE school
catalog — including details about
troubleshooting courses — plus my
FREE package of home study
information!

Print Name. —H _ =

MO-17

Address._ __ Apt.
City.
I State 1. _ _ Zip.
l Age. Phone
{area code)
“ Check box for G.1. Bill information:
[ Veteran O Active Duty
J Mail today?
[ |



SOLAR POWER

Here’s one railroad’s answerto the high cost of
running remote installation with commercial power.

by Bob Margolin

Hardly a day passes that someone
doesn’t mention the use of solar energy
to heat buildings. And, you'll still find
mention of using solar panels to gener-
ate electricity. But very little has actually
been done to put the sun to work on
commercially feasible projects. The so-
lar-powered signaling installations on
the Southern Railway are the exception
to this.

Southern, like most other railroads,
has thousands of miles of track—much
of it running through rugged and other-
wise inhospitable territory. Neverthe-
less, every mile of track needs support
from a variety of electrically operated
protection equipment. Some of this
equipment protects grade crossings
where roads cross over the tracks. Other
equipment detects the presence of trains
and sets trackside signals to prevent
collisions with other trains on the same
track.

The big problem facing the Southern
and other railroads is how to get electri-
cal power to these devices in the most
economical way. If, by chance, the track
runs near the wires of a local power
company, there is no problem. But, out
in the boondocks, the nearest power line
may be miles away. The cost of running a
power line to the track may run into the
tens of thousands of dollars.

Southern is the first railroad in the
country to use solar power for these out-
of-the-way locations. Back in 1974, they
made their first solar-powered installa-
tion at Rex, Georgia, where the sun was
and is used to power the highway grade
crossing signals. Since then Southern
has added solar powered signaling cir-
cuits at Lake Ponchartrain near New
Orleans, and at the Tombigbee River in
Jackson, Alabama.

The solar-powered systems now in
use on the Southern are built by Solar
Power Corporation of North Billerica,
Massachusetts. They consist of a solar
cell array panel, standby batteries which
are charged by the solar cells, and the
signaling equipment itself.

The size of each installation is deter-
mined by the load requirements, and the
historical weather patterns of the area. A
typical track detector draws about 1
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amp, but the drain jumps to over 5 amps
when the track is occupied by a train.
Worked into the calculations is a safety
factor requiring the batteries to power
the installation for 20 consecutive over-
cast days. The original installation at
Rex, for example, has a 45 square-foot
array with 119 solar cells feeding a bank
of 168 amp-hour lead-calcium batteries.

Solar power pays

The installation at Lake Ponchartrain
Is a good example of how using solar
energy can save money. The Southern
tracks run on a levee, control of which is
in the hands of a local Levee Board.
Before power lines could be strung along
the tracks on the levee, authorization
would have to be obtained from the local
Board.

In addition to the costs of applying for
the required permits, the Southern
would also have to pay for the installa-
tion of a power line between the existing
lines and the trackside circuitry. That
cost was estimated by the power com-
pany to be about $50,000. The solar-
powered installation, on the other hand,
cost less than $5000. And, the cost of
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maintaining the solar cells and storage
batteries is more than offset by the sav-
ings from not having to buy commercial
power.

The Southern’s other solar-power in-
stallation at Jackson, Alabama currently
includes several track signals protecting
the approach to the Tombigbee River
drawbridge. These will shortly be joined
by a solar-powered lock-out circuit to
prevent the drawbridge from being
raised after a train has entered the ap-
proach track. Southern also intends to
add solar-powered signaling installa-
tions on their line between Hattiesburg,
Mississippi, and Chattanooga, Tennes-
see.

Obviously, Southern’s installations
are all in the’'sun belt, which means
plenty of sunshine and not very much
snow. But even in parts of the north,
there are many areas where sunny days
predominate, and where solar power
can and will work. The Southern was the
first railroad to use solar power, and to

-demonstrate its cost-saving potential.

Hopefully, in these days of impending
fuel shortages, other major industries
will turn to on-site solar power.



Dig

This clever project manages
to simulate motion by
electronic means in a way
that will keep you fascinated
. . . to the point of hypnosis

by Fred Blechman

We can’t guarantee that this device
will hy pnotize your friends, but we can’t
guarantee that it won’t, either! Sixty
light-emitting diodes, LEDs, are ar-
ranged in a spiral pattern, and CMOS
digital integrated circuitry turns on one
LED at a time. You set the speed of
apparent movement of the LEDs with a
control mounted on the side of the enclo-
sure. As you twist the control clockwise,
the movement is quicker. At its most
rapid, all the LEDs appear to be lighted
at the same time. Twist the control fur-
ther and all the LEDs except one are off.
Since the lighted one is randomly select-
ed by the circuitry, and can’t be predict-
ed, you can use the DIGI-TRANCE as a
wheel of fortune by just assigning a num-
ber to each LED! At certain settings of the
control, the effect is that of a pulsating
spiral, which might be effective as a tool
in hypnosis.

The unit shown in the photos was
built in a home-made wooden box. Any
enclosure could be used if it has enough
frontal size for your spiral layout. The
spiral shown in figure 2 is a suggested
layout, but you can have a larger or
smaller spiral if you prefer. You can
make your own spiral pattern with a
pencil, string and a small-diameter hub.
The hub can be, for example, a piece of
Ys-inch dowel.

Place the hub at the center of a piece of

paper and attach one end of the string to
it. Attach the pencil to the other end of
the string. The string length determines
the maximum size of the spiral. Now,
holding the hub so it does not turn,
move the pencil point around, either
clockwise or counterclockwise. The
string will wrap itself around the hut,
slowly pulling the pencil toward the

T
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You can power your Digi-trance from a 12-volt latern battery if you'd like, but for prolonged
operation an ac power supply is recommended

center, generating a spiral! Use the paper
as a template and mark the positions of
the LEDs at equal distances along the
spiral, starting from the center.

Building your Digi-trance

Use a piece of wood or masonite for
the display board, with holes drilled at
each LED location. Make the holes
slightly under the LED diameter size, so
the LEDs can be installed by simply
pressing them into place from the rear of
the board. Orient each LED so that the
cathode lead, usually marked by a flat or
notch on the base, faces the outside of
the spiral.

Starting with the outermost LED, sol-
der a bare wire to the cathodes of the first
10 LEDs. Do the same with the second
group of ten LEDs, then the third group,
and soon. You'll end up with six groups
of 10 LEDs—these are the six horizontal
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lines on the schematic.

Now, using insulated wires, connect
together the first LED in each of the six
groups. Then do the same with the sec-
ond LED in each group, and soon. These
are shown in the schematic as the ten
common-anode vertical lines connected
to IC1. Put this sub-assembly aside tem-
porarily and wire the digital counting
board next.

You can use perforated board for the
counting circuitry, but it's a lot easier
with prototype board—that’s perfboard
with printed circuit traces or pads on one
or both sides. This makes construction
much easier. If a trace appears between
two points and you don’t want it there,
just cut it with a razor blade or sharp
knife. By careful planning, vou can con-
struct this circuit with very few jumper
wires on a prototype board. The author’s
counting board is small and crowded,
but you can make yours larger. Sockets
for the ICs are recommended.

The counting board should include
the four ICs, diodes D1 through D6, R1
and C1. You'll probably want to mount
potentiometer R2 and the optional
switch, S1, on the cabinet.

All that remains is to connect the
counting board to the display panel,
potentiometer, switch and a power

* These are optional items. See text.

Parts List
DESCRIPTION Calectro Radio Shack
1C1,1C2 CMOS 4017 Counter See text See text
{C3, 1C4 CMOS 4069 Hex inverter See text See text
R1 47K, Y2 W carbon resistor B1-404 271-000 47K
R2 1 megohm potentiometer B1-692 271-211
TSl Switch (see text) Part of B1-692 271-1740
C1 .01 mtd disc capacitor A1-029 272-131
LED1-LED60 Jumbo red LEDs See text See text
D1-D6 1N914 signal diode 276-1122
* 1 each Perforated board J4-601 276-1395
* 1each Prototype board J4-610 276-152
1 each Knob E2-705 274-407
* 2 each 14 pin DIP sockets 276-1999
* 2 each 16 pin DIP sockets 276-1998

Misc.: Cabinet, front panel, screws, nuts, wire, solder and ribbon cable (see text).

Optional Power Supply

T Transformer (see text) D1-742 273-1384
* D7-D10 Rectifier diodes, 50V @ 1A 276-1101
* C2 Electrolytic capacitor A1-131 272-1017
) 220 mfd @ 25 V

* 1 each Line cord L3-717 278-1255

source. The wiring between the board
and panel can be done with any flexible,
stranded, insulated wire, but small-di-
ameter color-coded ribbon cable is best”
Using one group of six wires, and an-
other group of ten wires, connect the six

common-cathode wires and the ten
common-anode wires as shown on the
schematic. Note that the LED anodes
run from “O to '9”* and the cathodes
from “0’" to "*5”". This can be confusing,
so proceed slowly and carefully. It's easi-
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HOW IT WORKS

Although there are 60 LED’s used in
this circuit, there are very few other
parts. The LED’s are wired in a matrix
as shown in figure 1. One output of IC1
provides a positive voltage to the an-
odes of six LED’s at any given time. At
the same time, only one output of IC2 is
high, and this is inverted to a low state
by a section of C4, providing a ground
to the cathodes of ten LEDs. However,
only the one LED with the positive
anode voltage lights! In this manner,
each LED is lighted in sequence as IC1
and IC2 count.

How do they count? Well, C3 is wired
as a square-wave oscillatar, with the
frequency determined by the value of
C1 and the setting of R2. The output of
this oscillator is buffered by section C
of IC3, and the pulses used to clock, or
trigger, IC1 to advance count, with the
carry output of IC1 ciocking IC2 every
10th count. At the end of 60 counts, the
‘6"’ output of IC2, through R1, resets
both IC1 and IC2 to zero, starting a new
counting sequence. Since the LEDs
can only tolerate a small reverse volt-
age, diodes D1 through D6 are used to
block high-state 1C4 outputs from the
LED cathodes.

You may wonder why the LEDs seem
to be running wide-open, that is, with-
outdropping resistors. That’s because
the ICs have inherent current limiting,
so the LEDs can’t avalanche. However,
it's a good idea not let any one LED
stay on for more than 10 seconds. This
will prevent the ICs from overheatting.

er if you follow the standard color code
where 0 is black, 1 is brown, 2 is red, 3 is
orange and so on, when connecting each
colored wire in sequence to the six
groups of LED’s, and the ten LED's in
each group.

Use two more wires to join the positive
and ground points, and another two
wires to the center and right terminal
potentiometer terminals, leoking from
the rear of R2. You may use a separate
switch, or one mounted on the back of
the potentiometer, as in the author’s
unit. The location of the switch in the
circuit depends on your method of
powering the unit.

You can use four C or D batteries
wired in series to provide six volts. Since
the average battery drain at 6 volts is
only 12 milliamperes, four C cells will
last over 200 hours, and four D cells will
run the unit for over 400 hours. You can
also use a typical 9-volt transistor radio
battery, but since the drain is about 30
milliamperes at 9 volts, this battery
would last less than an hour! If you use
batteries, connect the switch to the cir-
cuit as shown in figure 1.

110-voit version

If you wish to use the unit for long
periods, it makes sense to power the unit
from the AC line. You can either build-in
a small power supply as shown in figure
3 or use a typical tape-recorder wall-plug
AC adaptor that supplies dcat6, 7%20r9
volts.

If you build your own power supply,

wire switch S1 as shown in figure 3. Use
the smallest filament transformer you
can find—even at 12 volts the unit only
draws 60 milliamperes. Do 5ot, however,
exceed 15 volts dc, or you can destroy the
ICs. If you use a transformer rated at 6.3
volts at 300 mA, for example, you'll
probably find you have 8-9 volts at the
output because of the low current drain.

You can be very liberal with parts
substitutions, except for the ICs. Calec-
tro and Radio Shack part numbers are
given for most items. If you don’t have

access to parts this way, a good mail-
order source for digital projects is JA-
MECO Electronics, 1021 Howard Ave.,
San Carlos, CA 94070. They sell 10 V at
50 mA JE-100 transformer which costs
only 99¢.

The DIGI-TRANCE is intended to be
used for entertainment purposes only,
and not for medical use or gambling.
However, it's a simple but challenging
construction project, and it’s certain to
be a great conversation piece at your next
party . . . or seance! &1

@b I
] - 60 holes

| Dia to suit
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How to make your TV picture perfect

Are you sure your TV is being given half a chance to do
its job? You may be surprised by the improvement in
your reception if you follow the expert suggestions given

here.

by Harry Greenberg*

Are you one of those who have spent
a lot of money buying a new TV set only
to experience disappointment and frus-
tration whenever you turn it on? Instead
of the widely-promoted ‘sharp, bright,
clear” pictures you hope for, you see
“snow,”” double images, interference,
smeary color, and other annoyances.
Sometimes you may not even receive all
the channels.

In order to reproduce a picture that
has been transmitted, every television
set must have a sufficient signal input to
function properly. Receiving the signal
and delivering it to the set is the function
of the antenna, transmission line and the
other parts that make up the “reception
system.”’

Because reception conditions vary
considerably from area to area, antenna
manufacturers make hundreds of differ-
ent models. Selecting the right one can
be confusing. Let a local specialist in TV
antennas help you. He will guide you in

*Chief Engineer, Channel Master,
Division of Avnet, Inc.

selection of the right antenna, materials
and equipment for your installation.

There’s no mystery about how to set
up an antenna to do justice to that new
color set you've just bought, or to spark
up the one you've been enjoying ail
along. With the basic equipment, a few
tools and some practical hints you'll save
yourself a lot of grief, a few bucks, and
have the satisfaction of doing the job
yourself!

Tools you’ll find handy

Though you probably have most of the
tools you’ll need in your kit, here’s a
quick checklist:

® Large and small blade screwdrivers

® Large and small Phillips screwdrivers
® Vise grip pliers

e Wire cutters

® Pliers

e Adjustable wrench

Where to mount your antenna
Selecting the location for the antenna
installation could be the most important
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decision of yourlife. Never putitup near
high voltage power lines. You could be
severely injured or even electrocuted if
your antenna comes in contact with high
voltage power lines.

You can mount the antenna on either
the chimney, the roof, or an outside
wall. Choose the one which best suits
your particular situation. Before you be-
gin installing your antenna, familiarize
yourself with the various components.
The quality of the picture you receive
will depend on how you use them.

BStandoffs—Use them to keep the
transmission line fast to the mast (trans-
mission line shouldn’t be wrapped
around, or taped to the mast).
BMasting—Be sure it’s strong enough
to withstand the wind, rain, snow and
sleet, while supporting the antenna
you’re mounting.

BGuy Ring, Clamp and Wire—To keep
the mast standing tall.

BGround Rod, Ground Wire and An-
tenna Discharge Unit (Lightning Arres-
tor)—for lightning protection.

The importance of a quality transmis-
sion or lead line cannot be stressed
enough. It's the link between that spe-
cially engineered antenna you're install-
ing, and your TV set.

When you're leading the transmission
line, be sure it doesn’t come into contact
with other materials. Contact with, or
pressure from any material, particularly
metals, may cause loss of signal.

Secure the lead line to the masting
with snap-on standoffs placed close to
the antenna to prevent flapping in the
wind. Keep a tautline for best reception!

Be sure the transmission line is secure-
ly attached to the antenna. It's surprising
how many people forget to tighten all
the nuts and bolts, and then wonder
why they’re not getting the picture.

To maintain a strong signal, lead the
transmission line in as direct a path as
possible to the TV set, taking care to
avoid gutters, drains, downspouts and
so forth. For this reason we recommend
using standoffs at 5 foot intervals.

The owner of this otherwise neat rotatable installation may find himself in trouble when the
windsget rough. The two loose guy wires hanging from the mast aren’t much better than
none. Guys strung in three directions is aminimum if they are o mean anything. Four guys
are better than three, and if the mast height or local wind conditions warrant it, there ought
to be support at more than one point on the mast.

Be especially careful to lead the line
over gutters ata minimum of 7%2"". Don’t
drop it through a downspout, and bring
itin the house through a storm window,
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Drawings courtesy Channel Master
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Some TV antennas get pretty exotic. Here are three conflgurations
of UHF signal snatchers used where convention antennas won’t
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do the job. (left to right) Corner reflector; an 8-bay bow and screen
unit; and a dish. The latter type offers the most gain.

QUESTIONS AND ANSWERS ABOUT TV ANTENNAS

Q. How important is the antenna to your set’s performance?

The antenna is—quite literally—the eyes and ears of
your TV set. Your reception therefore, can only be as
good as your antenna. The most expensive set with a
poor antenna will generally not perform as well as a
cheap set with a good antenna.

Q. Is this a matter of concern only to a new set buyer?

No. Constant exposure to wind, ice, rain, sunshine,
and other outdoor conditions often cause the antenna
installation to bend, break, or rust, and the transmis-
sion wire to weaken or even break. If your old antenna
is up more than 2 years, it’s a good idea to ask yourself:
”AmI completely satisfied with my reception quality on
all channels?”

Q. What is the “right” antenna for you?

That depends on where you live. Sometimes—if you're
very fortunate—the right antenna can be a simple,
inexpensive "‘rabbit ear” perched on top of your set.
The trouble is that they have severe limitations. They
can only be used in very strong signal areas, and they
can’t do much to eliminate ghosts and other kinds of
interference (more about this later). Outdoor antennas
produce the best results. If you must use an indoor
antenna. try those with built-in amplifiers. In any
event, always make sure you take one on a trial basis
should you wish to return it.

Q. Is it true that it’s more difficult to get good reception today
than it was 10 years ago?

This is generally correct. Ten years ago, most people
owned just one black and white TV set. Today many
families have 3 or 4 color sets, plus one or 2 FM
receivers. Poor results can be expected if all these sets
aren’t hooked up to the antenna properly. There are
other problems, too—new sources of interference

where none existed previously, which must now be
eliminated by a properly-selected antenna. More sta-
tions are on the air, too. And for the sports fan, blacked-
out home games have created a demand for antenna
systems that can get the games from a distant city. So
you can see, antennas have a bigger job than ever
before.

Q. How do | go about getting reception from stations which lie
in different directions?

People living in localities where signals can be received
from differnet directions can receive all available chan-
nels by using one of the following methods, bearing in
mind that all antennas have a “’front” which should
point at the desired station: ROTATORS, used with a
multi-channel antenna. The rotator is installed on the
mast, with a control box near the TV set. The antenna is
easily rotated to face in any desired direction. COU-
PLING SYSTEM, used with separate, individually-
aimed stationary antennas. Couplers permit you to use
2 or more specialized antennas of your choice, joining
them all to a single wire that runs down to your set. It all
works automatically—all you do is switch your set to
the desired channel and enjoy the show.

Both of the above systems are quite popular and serve
specific needs. Your serviceman can help you deter-
mine the right system for you.

Q. Do you need a separate antenna for your FM Stereo?

The FM stations are all situated between channels 6 and
7. This means that most well-designed all-channel VHF
antennas can receive FM stations reasonably well. As a
general rule, the FM sensitivity of an all channel VHF
antenna of recent design will be about the same as it is
on TV. A coupler is readily available to separate the TV
and FM signals coming down from the one antenna.
Easily attached to the wire, it channels the TV signals to
the TV set(s), and the FM signals to the FM set(s). Once
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The further away from the transmitter, the more gain you need. At
left is 173-inch boom UHF/VHF/FM model for deep fringe VHF and
deepest UHF. Little brother (right) is only 39 inches long and is for
reception of UHF/VHF/FM in metropolitan areas. Your require-
ments may fall between these extremes.

again, consider the family. If the TV and FM stations lie
in different directions, the antenna will have to be
rotated, which means that every member of the family
cannot necessarily have it aimed where he wants it ata
particular time. In a home with clearly defined TV
watchers and FM listeners, separate antennas may be
the recommended manner of maintaining domestic
tranquility.

Q. What do you do when you’ve got several sets and just one
antenna?

Don’t do what some people do. Do not cut into your
antenna wire and join wires from several sets. This will
cause the sets to interact with one another and make
good reception impossible on all of them.

The right method is to use couplers (2-set, 3-set, or 4-
set couplers) designed for this purpose. They are eco-
nomical and keep the sets electronically isolated from
each other, even when they’re all in use.

Q. What happens when the most powerful antenna still doesn't
produce a snow-free picture?

You can take one more step: install a booster, an
antenna-mounted signal amplifier. The newest ones
are transistor-powered.

Q. How high should an antenna be installed?

As a general rule, the higher the better. If you can’t go
high enough, this disadvantage can be offset by switch-
ing to a more powerful antenna model.

Q. How can you tell how well an antenna will stand up to the
weather?

The best antennas are ruggedly constructed, and this is
something you can see with your own eyes. You should
also exercise care in the selection of transmission wire.
Heavier wire will withstand sun and rain, will la t
longer, and will provide better reception under all
conditions. If wire is to be run inside building walls, or
through metal pipes, or near electric motors or similar
sources of interference, be sure to use shielded coaxial
cable.

Q. Can an outdoor antenna be installed in an attic?

Yes. If there is no metal sheathing or foil-lined insula-
tion on the attic roof or walls, an attic installation can be
a good idea—provided it offers enough elevation. A
major benefit of such an installation is the protection it
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affords the antenna against the ravages of weather.

Q. What should you know before selecting an antenna?

There is no single, cure-all antenna. These are the
factors which will influence your selection:

1) Where you live in relation to the source of the TV
signals:

(A) Primary area—the location relatively near the trans-
mitter, where the signals are very strong. As a rule,
antenna selection in such areas is a less demanding
tasks, and only here can indoor or built-in antennas be
used with any degree of effectiveness. Ghosts in such
areas are often a special problem.

(B) Secondary area—a suburban or other location
where TV signals may be somewhat weaker, and an
antenna of intermediate power required.

(C) Fringe area—the outermost limits of TV reception,
requiring the most powerful antennas and the tallest
installations.

These are relative terms. No hard and fast mileage
determines what an area may be called, since many
variables come into play. For example, in UHF recep-
tion, the nature of TV waves is such thata fringe area is
much closer than in VHF.

2) Type of terrain:

TV waves travel in a straight line, and travel further
over flat surfaces and water. Thus, the terrain in your
vicinity is important: if it is hilly between your set and
the transmitter, you may need a more powerful anten-
na than mere distance would indicate.

3) Presence of tall buildings, hills, etc.

Tall buildings, huge fuel storage tanks, and other
structures present a similar problem. Big-city dwellers,
in strong signal areas, are often puzzled by “ghosts”
caused by signals reflected off such structures. Proper
antenna selection makes it easy to deal with such
problems effectively.

4) The number of TV stations received in your area.

Whether your area gets only one or two stations—or
half a dozen—strongly affects the choice of your anten-
na. There are antennas designed to receive one chan-
nel, several channels, and all channels.

5) The type of TV stations received in your area.

It makes an important difference whether you are ina
VHF area, a UHF area, or one which receives both. And
before limiting your self to the reception available
today, be certain to check with your serviceman to learn
whether new stations are in the offing. The right choice
now can save you added expense later.

Q. Does color TV require a special antenna?

Most antennas available today will perform as well on
color as on black and white. However, newer models do
a better job than older ones. If you've had black and
white for a few years and are buying a new color set, it
would be a good idea to get the most out of your
investment by putting up a new antenna—especially if
your old one didn’t deliver perfect pictures on all
channels before. Old antennas can be counted on to
aggravate picture problems in color.



TYPICAL RECEPTION
PROBLEMS

SNOW

When an actor on your TV screen
looks like he’s caught in a blizzard—
and it's a play about springtime—
you have a common weak-signal
problem. Snow is caused by the
movement of electrons within every
set, and it shows up on yeur screen
only when the picture-signal is very
weak. That’s where the right antenna
comes in. The more powerful the
antenna, the more effectively it
suppresses snow, simply by
strengthening the signal . . . which
means more picture-power.

GHOSTS

When you look at your TV screen
and decide that maybe you’ve had a
few too many...and you haven’t had
any—you are seeing TV ghosts.
These multiple images (double,
triple, or even more) can occur in
strong or weak signal areas.

Here’s what happens: your antenna
picks up one signal directly from the
transmitter. A split second later it
picks up another, identical signal of
the same image which has been
reflected by a building or some other
structure and arrives at the TV
antenna from a different direction.
Thus, two or more separate pictures
appear on your set.

How can the antenna help exorcise
ghosts? If it has good directivity, it
will pick up picture-signals from one
direction only, the front.
Troublesome reflected signals are
not picked up.

INTERFERENCE

We are now surrounded by more
power stations, more trains and
trucks, more electric motors, and
more FM stations than ever before.
All of these are major sources of
interference which cause streaks,
lines, bars, and patterns to mess up
your TV reception. Such interference,
often called ‘“‘electrical air pollution”
follows on the heels of population
growth, and is developing at a rapid
rate throughout the country. It is
penetrating into suburban and rural
areas which until recently were,
electrically speaking, quiet and
clean. New antennas have been
specially designed to remove this
pollution before it reaches your set.

OTHER DIFFICULTIES

Not all picture defects, of course, are
so directly related to your antenna.
However, although such bogies as
flickering, dim, rolling pictures, or
fadeouts are generally caused by
defects within the TV set, they may
also be a sign that all is not well with
your antenna installatiom—a loose or
broken wire, for example. Your
serviceman will advise you.

aluminum or otherwise, and expecta TV
picture. Though this is often done, it
causes severe signal loss and will wipe
out all the extra precautions you've tak-
en so far.

The best lead-in is straight down from
the mast, into the house through a hole
drilled into the basement, then -up
through the floor behind your TV set.
Once again, be sure to keep the lead line
a minimum of 7%2"" from waterpipes,
vents and other metal objects.

Ground

Now that you've set your lead, be sure
the installation is electrically grounded
to lessen the chances of lightning dam-
age. You can ground by running a #8
aluminum wire from a bolt on the mast
or its base, down to a ground rod driven
atleast 4 feetinto the earth. Keep the line
at a respectable distance from your
transmission wire to prevent signal in-
terference . . . if you can run it down the
other side of the house and into a rod
driven into moist soil, you will be ahead
of the game. A UL-approved static dis-
charge unit should also be used on the
transmission line. Follow the manufac-
turer’s instruction for proper installa-
tion.

Chimney mounting

First check our your chimney. Is it
strong enough to support the antenna
under severe winds? Remember, an an-
tenna can act like a sail, and weakened
chimneys have been known to go with
the wind. Be sure to fasten the chimney
straps that hold the mounting brackets
as far as possible from one another, for
firm support, and keep your antenna
well above the chimney line to prevent
crusting and corrosion from smoke and
soot.

Roof mounting

Mounting the mast directly on the roof
is easy, but be sure you:

B Never walk on a composition roof
in cold weather

B Never walk on a dry wood shingle
roof

B Wear sneakers or crepe soles, and
use a safety rope.

B Cover the bolts with roofing com-
pound when you install the mounting
base on the roof. Use at least three guy
wires to support the mast.

Wall mounting

Choose a location near the TV set,
and, if possible, on the sheltered side of
the house. The reasons for this are clear:
since TV signals weaken as they are
conducted through wire, the shorter the
line, the less signal loss you incur.

It's generally a good idea to mount
your antenna as high as possible, bear-
ing in mind that signal strength varies
with location and height.

Between 5 and 10 feet above your roof

ANTENNA CHECK LIST
Picture Check

@ Are you getting all the channels
you should? . .. including UHF?

®Do you get them all clearly? Or do
you get ghosts or snow?

®Do you ever get intermittent
streaks, bars, patterns, or shooting
lines across your picture?

®O0n color sets, is your color picture
uniformly good on all channeis?

@®Does your picture get worse in the
rain? Does your picture jump when
the wind blows?

®ls there a distant channel (100-125
miles) you’d like to receive (to see
blacked out games, for example)
but can’t?

FM Check
@®Does your signal fade in and out?

®Can you get all stations within a
radius of 50 miles?

®Do you hear a background hiss on
any FM stations?

@®On stereo broadcasts, do you get
clearly defined reproduction of
separate stereo channels?

line is a good rule of thumb, though if
conditions permit, you may want to test
the signal at different heights.

Now, by following manufacturer’s
instructions, you’ve got your antenna
mounted, connected and grounded.
Turn on the TV set to test for peak signal
locations. With one person at the setand
another at the roof, turn the antenna
until you get the best picture, being sure
to mark your locations for each channel.
Then set the antenna at the spot that
gives you best overall reception. &l
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Frequency response

Flat response, kilohertz, and decibel are terms widely
used in the audio field, but not always thoroughly

understood. Here’s a painless look at what it’s all about.

What we call “sound” is basically a rhythmic vari-
ationin air pressure. This phenomenon is not unlike the
motion of ocean waves, except that instead of having
crests and troughs of water, we have crests and troughs
of air pressure. But not all sounds are alike, by any
means. Some are bassy, some are shrill; some are very
loud, like thunder, and some are very soft, like a leaf
falling.

We can classify these sounds in terms of their level,
often referred to as volume, and in terms of their
frequency. Frequency is simply a quantitative measure-
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ment of the changes in air pressure. If these pressure
changes occur many thousands of times in a single
second, then we are dealing with a high frequency
sound. If the air pressure changes occur at a slower
rate—say, only 40 or 50 in a second—then we have a
comparatively low frequency sound. Because of the
wave-like motion of sound, each wave, the crest and the
trough, is called a cycle. We measure frequency by
counting how many cycles occur in a single second; this
gives us a figure in cycles per second.

Recently, the term “cycles per second’” was replaced
with the single word Hertz, abbreviated Hz, to com-
memorate a scientist who contributed much to the
subject we are discussing. So, whereas it is correct to
refer to a 100 cycles per second tone, we would more
likely call it a 100 Hertz tone. Once we get past a few
thousand Hertz, we can use the term kilohertz, abbrevi-
ated kHz, which stands for a thousand Hertz. Thus, a
1,000 Hz tone has the same frequency as a 1 kHz tone.

As far as level is concerned, that’s not too hard a
concept to grasp. The level is basically how loud or soft
the sound is that we are hearing; so, if we know the
frequency of a sound and the level of that sound, we have
a pretty good idea of the type of sound we’re talking
about. Well, that defines the terms we need to continue
this discussion, so now let’s turn to the subject of
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frequency response.

Frequency response is a characteristic we usually associ-
ate with a particular piece of audio equipment. Since
everyone has a set of ears, that’s a pretty universal piece
of audio equipment to examine first. Our ears respond
to frequencies over about a 10 octave total range, from
approximately 20 Hz to 20 kHz; but unfortunately,
these figures only hold true for the ears of a healthy
youngster. As we get older, our ears lose their ability to
respond to high frequency sounds; so at a very ad-
vanced age we could have a response that only extends
up to 5 or 6 kHz. This is the case of uneven frequency
response—in other words, the ears respond differently
to different frequencies (in this case, higher frequencies
produce less response).

Let’s take this a step further. If the ear was a perfect
listening machine, then it would stand to reason that if a
sound source—loudspeaker or whatever—produced
tones from 20 Hz to 20 kHz at exactly the same level,
then our ears would respond equally to these tones; the
high frequency ones would sound just as loud as the
low frequency ones. This would be an example of flat
response—i.e., the response is even throughout the
audible frequency range. But as we have already seen,
there is a tendency for the ear to lose treble responses as
it ages, which means we suffer a deviation from flat
response.

The aging effect is not the only problem we have with
our nonetheless marvelous hearing mechanism; the ear
also exhibits a different frequency response at different
sound levels. At fairly low listening levels, the ear
responds less to very high, and very low, frequencies.
On the other hand, at high listening levels the response
of the ear is much flatter, although it still is not the ideal
we would hope for. So much for the problem inherent
in our hearing; but there are also other problem spots in
the audio signal chain.

A speaker never has flat frequency response. No
matter how much you spend, every speaker will have
deviations from the ideal response we’re looking for.
For example, at very high frequencies a loudspeaker
has to create very fast variations in air pressure; but the
mass of the cone of the speaker, friction problems, and
other error sources make very accurate high frequency
reproduction difficult. At the other end of the audio
range, you havelow notes that require the movement of
large amounts of air. Even a 15" speaker can have
trouble moving enough air to generate massive air



pressure changes; so, this gives problems with the low
frequency response. A typical loudspeaker will have a
frequency response that rolls off towards both the
extreme high and low ends ... but that's not all;
resonances, or response anomalies, in the speaker and
speaker enclosure itself can cause deviations in the
midrange response. To complicate matters even fur-
ther, the room in which you are listening to the speaker
will contribute its own shaping to the sound. A room
with many hard surfaces like concrete, will bounce high
frequencies around and make them appear more
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prominent, while the thickly carpeted room will absorb
many of the high frequencies. To think people call this
process high fidelity!

Think our problems are over? Not by a long shot.
Phonograph cartridges, microphones, guitar pickups,
and other transducers have the same type of problems
in giving flat frequency response as loudspeakers. As
we mentioned last column, these half mechanical/half
electronic devices are typically inefficient little beasties,
and that goes for their frequency response characteris-
tics, too.

Amplifiers don’t have perfect frequency responses
either, but compared to our ears, or loudspeakers, they
are quite good. Many amplifiers can reproduce tones
from 20 Hz to 20 kHz, or even 100 kHz, with ruler-flat
response. Generally, the amp will not be the weak link
in our frequency response problems.

We're reaching the end of the puzzie. Our conclu-
sion: With so many variables between musician and
listener, we have to do something to keep the chaostoa
minimum. Hence, whenever possible, we try for audio
systems that have the flattest possible response. Then,
the only variables left are the ears and listening environ-
ment of the listener, which can be compensated for by
that listener. Studios spend a fortune on tape decks,
monitor speakers, and room tuning devices in order to
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insure flat frequency response in the master tape they
produce. If that tape (or recorded dub) plays through a
listening system with flat frequency response, then
we'll hear the same overall sound through both sys-
tems. But if the studio loudspeaker exaggerates the
high frequencies, then any tapes made in that studio
will probably sound deficient in highs when played
over a system with flat response. So, in order for this
whole hi-fi process to work smoothly, every system has
to have flat frequency response, both at the recording
and playback end.

We've gone through a lot of heavy stuff here, so let’s
just recap a bit. We’ve learned about sound waves and
the associated properties of frequency and level. By
examining whether a device responds to all frequencies
of identical levels in exactly the same way, we can
determine whether that device has flat frequency re-
sponse, or, as is more likely, some deviation from the
norm of which we should be aware.

Well, it’s all very nice to have this new knowledge,
but now we must relate what we’ve learned to the real
world. If you ask a speaker manufacturer about the
frequency response of a speaker, for example, you'll
probably be handed a sheet of graph paper with squig-
gly lines all over it and strange markings given in Hz
and kHz, which we already know about, and decibels
which we’ll cover next. Simply stated, the dB is a unit of
ratio between two audio signals; probably the best way
to become familiar with the dB is through some exam-
ples.

Let's say you're listening to an amplifier/speaker
combination, and have a sound level meter calibrated in
dB that registers changes in the acoustic output of your
system. Furthermore, let's suppose the input to the
amplifier is not a complex musical source such as a
recording, but instead is a very pure audio test tone that
can vary in frequency from 20Hz to 25 kHz.
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Remember, since the dB expresses a ratio, we're
going to need some kind of standard signal which we
can compare other signals against in order to derive this
ratio. Under ideal circumstances, you would adjust the
level of the tone for a comfortable listening level, and
adjust your meter so that it reads 0 dB at this reference-
level. Notice a big advantage already to working with
the dB . . . the absolute sound level coming out of the
speakers is not important, so we can listen at any
volume level. What we're looking for are changes in
volume level so we can set up some ratios.

A good reference frequency to start off with is 1 kHz;
the biggest response anomalies occur at the limits of
response, so 1 kHz is a good reference frequency since it
lies in the approximate middle of the audio spectrum. A
signal that is stronger than our reference creates a ratio
that is — so many dB; a signal that is weaker than our
reference creates a ratio that is — so many dB.

So, we have our reference frequency, 1 kHz, and our
reference level, 0 dB. Now, let’s change the test tone
frequency and see if there are any changes in the sound
level. Figure 1 shows a plot of a loudspeaker low end
response. As our signal generator starts going down in
frequency, we don’t notice very much change in the
sound output. [t might deviate a dB or two from the
reference. But after a slight boost around 125 Hz, the
response starts dropping off and becomes relatively
uneven. Now, let’s perform the same type of exercise,
but move upwards in frequency from 1 kHz instead.
Figure 2 shows a plot of the upper end of our speaker.
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As you can see, there is a slight peak in the upper
midrange region; but the response starts to fall off
dramatically around 16 kHz.

If we wanted to summarize the performance of this
speaker, we could say that it is flat within 3 dB, or =3
dB, from 60 Hz on up to about 18 kHz. We could also
express the response as being +6 dB, 60 Hz-18 kHz,
which is the type of short form summary often given
with loudspeaker specifications. We could alternately
characterize the speaker by saying that it is +6 dB from
30 Hz to 20 kHz. Either way of looking at the speaker’s
performance is correct.

Having this knowledge enables us to do certain
things. For one, since we now know our system is not
flat, we can twiddle with the amplifier tone control
knobs in order to help compensate for the speaker’s
anomalies. Or, what about that peak in the treble
range? If we combine this speaker with, say, a phone
cartridge that also has a trebly peak, then the resulting
sound of the two working together will be unnaturally
tinny and bright. On the other hand, by choosing a
cartridge with a more subdued high end, the speaker/
cartridge combination will complement, rather than
oppose, each other.

Let’s look at two comparative speaker response
curves, figures 3 and 4. Notice that for a short form
description, A would be +3 dB from approximately 60
Hz to 16 kHz, whereas B would be +3 dB from 125 Hz to
13 kHz. If this was the only information we had, we
would conclude that speaker A has a more wide-range
response, and assume this is the superior speaker . . .
but it ain’t necessarily so. Let’s compare points on the
two curves where the speaker response is down 6 dB.
For speaker A, this occurs at about 50 Hz on the low
end, but for speaker B this occurs at 30 Hz . . . indicat-
ing that speaker B has a slightly better low end response
overall than speaker A. At the high end, A is down 6 dB
at about 18 kHz, but B goes up to about 20 kHz before
the response goes down an equivalent amount.

Let’s look at the nature of the curves. Speaker A is
very “peaky,”” and suffers from a very fast dropoff in
responses at both the extreme high and extreme low
ends. Speaker B has a much smoother response, and its
roll-off is much gentler at the extreme limits of re-
sponse. This speaker could probably be made pretty flat
through the judicious use of tone controls, but speaker
A would be much more difficult to equalize. So, notice
how, according to one interpretation of the specs,
speaker A comes out ahead. But when looked at in
greater detail, speaker B is actually a speaker with
greater potential fidelity and evenness of response.

As another example, I was asked to look at a tape
recorder that had a “boomy” low end and a “funny
sounding” high end. I ran a variable test tone that was
perfectly flat into the input of the recorder; but what
came out the output was anything but flat. In fact, it
looked somewhat like figure 5. Here was an obvious

38 MODERN ELECTRONICS

explanation for the “boom’: a large peak, about 3 dB, in
the bass range. The "“funny sounding’ high end was
attributable to a boost in the 10 to 12 kHz region.
Although this boost brings out the sheen of instru-
ments, it can also make them sound thin. Part of the
reason for the high frequency boost may have been
improper bias and/or equalization settings on the ma-
chine; but these controls were not accessible, so we had
to do the best we could with what was available.

Luckily, the recorder’s owner had a pretty flexible
equalizer (tone control) unit, so I suggested cutting the
bass at the peak’s frequency during recording to offset
the boost induced by the tape recorder. Asit turned out,
this action offset the boost just enough to give a fairly
flat response. As for the high frequency boost, I sug-
gested recording without attempting to offset this boost.
As aresult, on playback there was an artificially bright
highend. However, by using the equalizer again to take
off some of the high end duringplayback not only did the
artifical brightness go away, but any tape hiss was
brought down a little bit at the same time.

If you want to try running some tests like these, it's
not too hard . . . especially if you have equipment with
some VU meters built in so you can easily monitor the
results—mixers, tape recorders, etc. Most electronics
people would use a piece of test equipment called a sine
wave oscillator as the signal generator; the sine wave is
a very pure type of signal that is ideal for testing audio
equipment. However, if you do not have access to a lab
quality signal generator you can often get by with a
synthesizer oscillator module. Many synthesizers can
produce acceptable quality sine waves over a wide
enough range to give good qualitative results.

TAB POPULAR CB BOOKS

CB Radio Operators Guide—2nd Edition

Tells what CB is, how it is used, how to buy and install equip-
ment—PLUS Part 95, the FCC rules regulating CB. 256 pps.
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GIFTS and GOODIES
for CHRISTMAS

The calendar will confirm that Christmas is indeed pust
around the corner. It’s time to start thinking about goocies
for yourself and other electronics freaks . ..

To helo you celebrate—or bemcan, if you hagpen to 2e Scrooge—the
fact that Christmas is nearly upon us, /4odern Electronics has gathered
togethar on the following pages a veritable supermarket of th ngs
electronic.

The variety is wide. There’s a simple plug-and-jack box for owners of
Radio Shack’s ubiquitous TRS-80, end Sharp’s marvelous SC-8000
all-in-one stereo recsiver and microprocessor controlled cassette
deck.

Our own favorite category is Games. Judging oy their obvious popular-
ity and huge sales, we suspect many others will agres with our choice
... But it really doesn’t matter, cecause there’s something for every-
one.

Let’s go shopping . . .

Editor's Note: Alf prizes listed on the following pages
were current at time of preparation. Due to well known
factoss, they are cha ging very frequently. Therefore,
use teem only as a Juide to what the current amount
may actually be.
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Sharp in looks as well as name, the SC-8000 (A, facing
page), combination stereo receiver and microprocessor
cassette deck bears a list price of $549.95%. The receiver
is rated at -5 watts RM:3 per channel at & ohms. The
unique cassette deck performs the same functions as
Shamp's RT-3388, with five forms of memory, a digital
clock tfor controlling the timed functions and, of course,
Dolby noise reduction system. At B, Sony’s TC-K8B is not
for the price-conscious bargain hunter at $850 suggested
retail. Quality seekers, however, will want to look closely
at seme of ils unusual features. One is the liquid crystal,
peak-reading record level meters with dynamic range of
from -40 10 +5 dB, providing utmost accuracy in record-
ing. Marantz has a new turntable, Model 6350Q (C).
Precise spead accuracy is due to a quartz-locked, direct
drive motor. Speed deviasions are as little as .003%. If it's
disco sound you want, try Electro-Voice's $338 PI-12-1,a
full range speaker system that can handle 100 watts of
continuous power. Pioneer’s new front-loading cassette
deck, CT-F500 seen at E, suggested retail of $175, has
four memory functions and a unique flourescent peak-
reading level indicator instead of VU meters. Includes
Dolby NF, 3-position tape select switches and automatic
shut-off. At F, Panasonic’'s RS-612US front-loading ste-

reo cassette deck, with Dolby NR. Housed in a simulated
wood cabinet, has separate bias and equalization switch-
es, DC servo motor, automatic stop in both play and
record modes. Cassette access door is oil damped, and
there is a full complement of the usual controls. Yamaha
NS-225 “Natural Sound” 2-way bass reflex bookshelf
speaker system, $175, seen at G, is rated at 3 ohms
impedance, handles 60 watts maximum input power,
frequency range of 40 Hz to 20 kHz. Contemporary
styling and superior sound quality enhance the value of
Koss' K/6ALC stereophones (H). Features low-angle
drivers to minimize distortion, volume controls, contoured
aar cushions, all contributing to better-than-ever sound.
Suggested retail, $34.95. Here's a new compact speaker
system (1) small enough to be used in a car or at home,
and good encugh to have excellent sound. Bass reflex
design. frequency response is 65-16,000 Hz. Maximum
power rating is 15 watts, comes complete with mounting
bracket that makes wall or shelf installation easy. It's by
Aiwa, Model SC-47E. At J, the top of the Wharfedale line.
It's the E-70 computer-optimized, 3-way speaker system.
Handles up to 100 watts. Typical system response is
virtually flat from 50-18,000 Hz. Weighs 70 Ibs. Retail
price, $420.
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: SONY

Sharp Electronics’ Compact Music System SG-200,
shown at A, has just about everything. FM/AM/FM Ste-
reo, with front-loading cassette tape deck, 8-track record/
playback deck, and a full size automatic record changer.
Available with SP-3000 speakers as shown, $359.95