SEPTEMBER 197 3/FIFTY CENTS

opular Electmmc_

INCLUDINGE EICC"O CcS

Antennas for CB'ers and Hz
Bench Shock-H
Julian Hirsch ot

Electronicsi In:

How to Build
= Single-Digit =
» Linear-Sc w;

Test Repor

- m Sherwood S-24
Stereo |
= Johnson Mes: "#
*’*CBTransse el
= Turner “Super Sidek
: Microphone
= Wayne Model WT2
~ “Transistor Tels‘tei"u
m Electra‘Jolly Roger” 2%
| quito[‘Beceiver
§23 L $1080 AN STTIN SKMO

Yy ¥39vIHIST3D
60
Q7T 9 ¢LAON LbMQ‘;ZJG $90 eg219




NOW you can train at home building

a NEW 25......

Solid State Color TV

engineered by NRI for learning and

trouble-shooting

Handsoma woodgrain cabinet,
at no extra cost.
(Offer=d only by NRI)

New square-cornered
Sylvania picture tube

100% solid
stete chassis

So much better for learning TV
servicing than any hobby kit,
because NRI designed and
created it as an educational tool.

Unlike hobby kits which are designed lor creating

a TV set as the end product. NRI buill its exclusive
25" Diagonal Solid State Color TV kit as a real training
kit. You can introduce and correc{ defects . . . for
trouble-shooting and hands-on exjserience in

circuitry and servicing. The kits include a wide-

band oscilloscope, color bar crosshiitch generator,
transistorized volt-ohmmeter and gther valuable
eqiipment that can soon have yo;eaming $5 10 87

an hour servicing color sets in yout spare time.

6-position detented UHF channel selector @

~ YOU GET MORE
FOR YOUR MONEY FROM NRI

Modular
construction
with plug-in

circuit boards

Automatic
degaussing

Automatic fine tuming

Automatic
tint control
/

Automatic
calor control



IRl FIRSTS make learning Electronics fast and
ascinating—to give you priceless confidence

'IRST to give you a complete programmable digital computer,
ith memory, you build yourself ... to learn organization, opera-
on, trouble-shooting and programming. This remarkable com-
ater is one of ten training kits you receive with the new NRI
omplete Comrruter Electronics Course.

-

'IRST to give you true-to-life experiences as a Communica-
ions Technician. Every fascinating step you take in NRI Commu-
lications training. including circuit analysis of your own 15-watt.
hone/cw transmitter, is engineered to help you prove theory and
ater apply it on the job. Studio equipment operation and trouble
hooting become a matter of easily remembered logic.
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FlRST to give you completely specialized training kits engi-
neered [or business, industrial and military Electronics Technol-
ogy. Shown is your own training center in solid-state motor control
and analog computer servo-mechanisms. Telemetering circuits,
solid-state multivibrators and the latest types of integrated circuits
are included in your course.

SEPTEMEER 1973

The NRI color TV and digital computer kits are the
latest in a long line of “firsts” for NRI. For more
than fifty years, NRI has been providing unique 3-
dimensional home-study training that has helped
hundreds of thousands of students reach their goals
quickly and easily.

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

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

Train with the leader—NRI

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

GET FACTS ABOUT Gi BILL

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

Send for free NRI catalog

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

If the card has been used, write direct to:

NRI TRAINING

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

By Milton S. Snitzer, Editor

IC’S AND THE HOBBYIST

Remember when we thought a circuit containing 3, 4 or 5 transistors
was complex and daring? Prices for a single transistor were high and
we considered the device primarily as a substitute for vacuum tubes
—in circuits reflecting vacuum-tube thinking.

What a difference a few years can make!

Integrated circuits came on the scene and their advantages we e
quickly recognized. A natural evolution produced new and improved
devices; prices dropped. RTL IC's gave way o TTL IC’s. Close on
the latter’s heels, linear IC’s emerged; and one in particular, the
op amp, proved to be a near-universal device. Now, such marvelous
linears as phase-locked loops, power supply regulators and other
circuits have appeared at very low cost, enabling the experimenter
to work with circuitry he never dreamed he could.

Proceeding one more step, we now have what is calied MOS technology.
Here, complexity has increased to where circuits for a complete
digital calculator or digital clock can be deposited on a single
chip. Despite the complexity of this IC, which may contain several
thousand transistors, it makes construction of a project infinitely
simpler than with discrete transistor circuits. After all, we need
only be concerned with inputs and outputs, which has changed design
from a one-stage-at-a-time approach to a systems concept using “‘black
boxes” as the basic components. And serious projects can now be
designed and built that are far superior to the best commercial
equipment available only a few years ago.

As more and more of these sophisticated devices were used, component
cost dropped. For example, EIA data reveals that the average unit value
of total IC factory sales dropped from $2.33 in 1968 to $1.03 in
1972 (it was $18.50 in 1964)! Unit sales of digital IC’s rose
from 298 million in 1971 to 481 million in 1972; linears went from
the 65-million level in 1971 to 123 million in 1972; MOS jumped from
12.9-million units in 1971 to 26.4 million in 1972.

It’s clear that integrated circuits have, indeed, contributed
greatly to the enjoyment of our exciting electronics hobby. They
make it possible for us to offer you practical, interesting projects
that are more fulfilling than ever before.

[ POPULAR ELECTRONICS Including Electronics World
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Get the whole kit and
caboodle from RCA.

RCA IC Project Kits, Experimenter Kits, and Devices

Type

KC4000
KC4001
KC4002
KC4003
KC4004
KC4005
KC4006
KC4007A

KC4008A

KC4003A
KC4010A
KC4011

KC4012
KC4500

Description

1.C. Microphone Pre-Amplifier Kit
1.C. Two-Channel Mixer Kit

1.C. Audio Oscitlator Kit
1c
t.C

. Power Amplifier and Osciilator Kit

. Regulated Power Supply Kit
1.C. Intruder Alarm Kig
I.C. Fire Alarm Kit
1.C. Converter Kit: 118-136MHz
Aircraft Band
1.C. Converter Kit: 134-150MHz
Ham, Government, Space Research
Band
1.C. Converter Kit: 148-164MHz
Maritime Motile, Police, Fire Band
1.C. Converter Kit: 160-174MHz
Police, Fire Band
Digital/Readcout IC Kit
Digital/Counter 1C Kit
Kit Enclosure for use with KC4000,
KC4001, KC4002. includes Input
& Output Jacks. On-Off Switch and
Hardware

Type

KD2100
KD2106
KD2106
KD2110
KD2117

KD2118
KD2120
KD2123
KD2124

KD2131
3N128DP

402140DP

Description

Silicon Control Rectifier Assembly
SCR Expernmenter Kit

Add on Light Sensor Kit

Add on Heat Sensor Kit

1.C. Experimenter Package

Basic Kit Contains: 2-KD2114;
1-KD2115, 2-KD2116

NPN Silicon Variety Pack 15 Units}
PNP Silicon \Vanety Pack (5 Units)
PNP Germanium Variety Pack

{5 Units}

NPN Germanium Variety Pack

(5 Units)

70-Watt IC Power Module
MOS/FET Device in Display
{Blister) Pack

18 Amp. % in. Stud Silicon
Rectifier Device in Oisplay
{Blister) Pack

CIRCLE
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Now available from RCA
...a wide variety of solid-
state components in conven-
ient kit form to build inter-
esting and useful projects.

And you can further ex-
pand your solid-state experi-
ence with RCA's popular
hobby and experimenter’s
manuals. For example, the
368-page  RCA Solid-State
Hobby Circuits Manual (HM-
91) has over 60 interesting
circuits you can build.

See your RCA Distributor
to buy the RCA Kits and
Manuals of your choice.

RCA
Electronic Components
Harrison, N.J.07029.

Electronic
Components
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If You Work In Electronics:

Earn Your Electronics

DEGREE
by studying
at home.

Your technical experience can be

a

your electronics career to the
engineering level. By adding
college-level home training
and a college degree to your
experience, you can move

up to greater opportunities.

GRANTHAM

School of Engineering

1

Hollywood, CA 90027

is a college-level insti-
tution. specializing in
teaching electronics and
supporting subjects,. main- %
ly by correspondence. Grantham
can prepare you to take advan-

valuable asset in advancing

505 N. Western Avenue

tage of advancement opportunities.

Grantham offers a correspondence program
leading tothe A.S.E.T.degree. After earning this
degree, you may continue with additional corre-

S

pondence plus a one-week residential seminar |

and certain transfer credits, to earn the B.S.E.T.

degree. Then, the B.S.E.E. degree is available |

through further residential attendance.

The School was established in 1951 and is au-
thorized under the laws of the State of California
to grant academic degrees. G.I. Bill approved.

Mail the coupon below for free bulletin.

Grantham School of Engineering PE-9-73
1505 N. Western Ave., Hollywood, CA 90027
I have been in electronics for. years. Please

mail me your free bulletin which gives details con-
cerning your electronics degree programs.

Name. Age
Address
City -~ State Zip
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(_ Letters

| MODIFIED GENERAL-PURPOSE ALARM

The article “Build A General-Purpose
Alarm” (Sept. 1972) was st what 1 needed.
However, not having the relay specified on

" hand, T decided to modify the circuit. The sche-

s

Omtp

50K

@3
2H4924

5K

! matic diagram shows the result of my modifi-
cation. 1 eliminated a conple of components

| and juggled the values of a fbw more to accom-

‘ modate the UJT I used

| ULricii KREIDLER

Spring Lake, N.C.

} A good solution to your prioblem. Thanks for
| passing your idea on to us and those readers
| who want to avoid using a relay.
|
|

HAZARDOUS FLASH LIGH'IJ

I sincerely hope that the hazards of the re-
chargeable flashlight (Aprik 1973) are evident
to everyone and that no one would build it as
indicated, with JI and J2 being identical. If P1I
were inadvertently plugged into J2, 117 volts
ac would be applied to the batteries, which
might then explode. Worse yet, if the flashlight
body is made of metal, it might be placed at
full line potential. Other problems concerned
with an identical plug/jack arrangement also
come to light. I suggest that different types
of plug/jack setups be used for each circuit to
eliminate the possibility of an incorrect hook-
up.

I would also like to point out that an even
less excusable error in design exists in the
project: A plug (PI) is used to deliver 117

POPULAR ELECTRONICS: Im:luslv;ng Electronics World



volts ae to the flashlight. With this sctup, if P1I
were to be unplugged while the other end of
the line remained plugged into the ac outlet,
two live prongs would be hazardously exposed.
1 consider this irresponsibilitv on the part of
PoruLan Erectronics to allow such a design
to be published. The plug should be on the
fHashlight for safety purposes.
Josepn M, NEWCOMER
Pittsburgh, Pa.

Consider us properly reprimanded. You are
of course, correct on both accounts. Those
plug/jack arrangements should definitely be
different for each circuit—and reversed to
maintain « modicum of safety. And you are
also correct, as you point out elsewhere in your
letter, that P2 (or ]2 if rewiring is done prop-
erly) should mever be left plugged into the
flashlight during the recharge cicle.

WHY SHOULD I BUILD IT?

After stimulating my interest with the title
“Unique Digital Clock™ (May 1973) and sub-
title “Tells Time and Teaches Binary Arith-
metic,” the article leaves me high and dry.
What does the finished project look like? More
important. how does it teach binary arithmetic?
The ftinal question is: Why should 1 build it?

EuceNe A. \WWiLLE, KIIGEVX/\WOEKU
Honolulu, Hawaii

yl' ,My(
£

=5
‘\/,""/‘ \ ] m
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In order to get the entire story into the al-
lotted space, we had to compromise und leave
out the drawing (shown here) in favor of using
the more important schematic diagram and PC
drawings. With reference to your second ques-
tion, the clock’s readout system consists of a
series of LED’s, each of which is legended with
its appropriate decimal equivalent. The oun/off
states of the LED’s indicate the time in a bi-
nary format. So, by adding up the decimal no-

-

L —SECONDS PULSER

i

tations near each lighted LED, the time can
be read in conventional notation—and you're
learning hinary arithmetic, to boot. The SEC-
ONDS PULSER LED simply pulses on and
off to tick off the seconds and facilitate accu-
rate time setting.

R (>
& e
h o - 4 ‘g s
3 19 2 § &
FREE 7
> h. & = . "
@ | 7 Dalily frustrations make
- p v a person want to get away

ij y from it all. And, the UTAH MP-3000
Speaker will take you there better, faster
than any comparable unit. With the MP-3000,
you know you are in Tahiti, Paris or even Kentucky.
Your day becomes more pleasant, too, as the
MP-3000 conquers the sound barriers.
MP-3000 combines the rare attributes of sound and
styling. Clean, undistorted sound comes from this
4-speaker, 3-way speaker system. The oiled and
hand-rubbed walnut veneer cabinets, and unique
grille of sculptured foam are both acoustically and
geometrically beautiful. The system contains a 15”
high compliance woofer with a 2” voice coil, as well
as two horn-loaded-dome-tweeters, It's a distin-
guished combination of well-defined, distortion-free
sound reproduction. Size: 27" x 20%2" x 14" deep, ex-
cluding base. Shipping weight: 70#.

Come travel with us. Get complete information about
the exciting MP-3000 Speaker System.

UTAH ELECTRONICS

Huntington, Ind. 46750




Stereo Scene

\\

J

LAST SPRING, near the end of the local

concert season, I had an opportunity to
compare a borrowed pair of Sony C-500
condenser microphones—among the best
mikes money can buy—with my own, not-
too-imperfect Sony C-37 condensers. Both
are professional mikes priced respectively at
around $500 and $400 each (without power
supplv); and their specifications indicated
that there should be a small but audible dif-
ference between them. The comparisons
were made using my Revox A-77 tape re-
corder and (merely for laughs) a $150 cas-
sette recorder that I had just overhauled for
a friend.

[ won’t pretend that the resulting cassctte
and open-reel tapes were comparable. What
surprised me, however, was that, even from
the cassette, the more expensive mikes
sounded smoother than the “cheaper” ones.
Not conspicuously so—hoth are excellent
mikes—but just enough so that there was
no mistak ng which were on at any given
time.

Now if you think I'm going to try to per-
suade vou to buy over $1000 worth of mikes
to feed a $150 recorder, vou're wrong. If
you were that critical of your recordings,
you'd own a top-ndtch, open-reel tape
machine. What T am saying is that, given a
recorder of above average quality, the bet-
ter the mikes, the better the sound. You
can’t justify skimping on mikes with the
excuse lhat you won't hear any improve-
ment if you pay more than such-and-so dol-
lars for them. You will. But if money means
anything to you, youre probably going to

How to Pick
aMike

By J. Gordon Holt

have to set your sights lower than the pin-
nacle of perfection and exercise a modicum
of judgement in choosing your mikes. The
following is offered in the hope of making
the job easier.

If this is to be your first microphone pur-
chase, you are probably in the market for a
pair of mikes for stergo recording. This
means you must think in terms of twice the
per-nike prices I'll be quoting subsequently,
for a stereo pair must be identical for best
results. This doesnt mean you must buy
them at once of course; but if you do go
one at a time, make sure any accessory
items (like power supplies for condenser
mikes) are purchased in the stereo models
so they can be used with the second mike
when you get around | to acquiring it.
Special-purpose mikes (for solo highlighting,
for instance), will be purchased singly as
needed, and these need not be (in fact,
should not be) identical to your main pair.

Transducer Types. Although as a user
vour are more interested in a mike's per-
formance than in how it converts sounds
into electrical signals, we can make some
valid generalizations about the performance
capabilities of each tran§ducer type. Ce-
ramic mikes are generally of poor quality
and, since they are inherently high-imped-
ance devices, are not usable anyway with the
low-impedance mike inputs of solid-state re-
cordings.

Moving-coil (dynamic) types range from
cheap and dirty ($10) to expensive and ex-
cellent, with a top price of around $200.
More money than that will buy you extra
features like adjustable frequency response
or extreme directionality (for spotlighting
from a distance), but not extra audio qual-
ity.
Ribbon mikes range from modestly
priced ($45) and quite good to expensive
(5200) and sometimes a bit better than the

POPULAR ELECTRONICS Including Electronics World
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best dynamics. A ribbon can be made lighter
than a coil and thus can have better tran-
sient response, but its verv lightness tends
to make some ribbon mikes fragile and sus-
ceptible to damage from wind (or close
breaths). That this can be overcome is
proved by at least one manufacturer (Bever
Dynamic), who is making ribbon mikes of
verv high quality that are as rugged as dy-
namics. So fragility is not necessarily a rib-
bon shortcoming, any longer.

The class of condenser mikes includes
some of the best performers available (their
diaphragms can be even lighter than rib-
bons) and also some mediocre ones. As a
group, all are characterized by outstanding
detail or “snap.” But, whereas the $400-
and-up professional tvpes (whose elements
must be kept charged by a power supply)
are generally extraordinarily good, the
8100 (and under) electret tvpes, with per-
manently charged capacitor, have neither
the smoothness nor frequency range of
the verv hest ribbons or dvnamics.

Oddly, there are only two condenser mikes
(to my knowledge) in the wide price vange
from $100 to $400, and both are made by
PML (through Ercona Corp.). The DC-20
and DC-21 are, respectivelv, omnidirectional
and cardioid versions of the same mike; and
a DC-21 plus stereo power supply costs
$200. With two DC-21's, the cost is $350,
which is a far cry from $400 per mike. In
performance. the PML’s have much more in
common with professional condensers than
with the electret tvpes.

Impedance. Although not as critical as
loudspeaker amplifier matching, a mike’s
impedance range should suit the load im-
pedance provided by the recorder’s mike in-
puts. Solid-state recorders call for the use
of low-impedance mikes, which means any-
thing between 150 and 600 ohms. If pos-
sible, trv to get a mike rated between 230
and 300 ochms impedance.

Tube-tvpe recorders usuallv require a
high-impedance mike, on the order of 10.-
000 ohms or more; but there are so many
advantages to low-impedance interconnec-
tion (lower hum, greater permissible cable
length) that it is best to buv low-Z mikes
and use impedance-matching transformers
at the recorder’s inputs.

Output. Most currently available mikes
produce roughly the same amount of audio
signal voltage for a given sound level, and
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most mike preamps are designed to handle
optimallv the kind of voltages a tvpical mike
will deliver under typical gonditions. The
latter are considered to range from a speak-
ing voice at a mike distance of 3 feet to a
full chorus and orchestra at 10 feet. If vou
don’t expect to use a mike closer than a few
feet from a loud sound sdurce or more
than, say, six feet from a qujet sound (like
normal speech), vou need not be concerned
about a mike’s output. If vou anticipate a-
typical conditions, be concerned.

The subject of output ratings is complex
enough to warrant a separate article. which
we will write at some future time. Suffice
it to sav here that a typical mike will be
rated at around —56 dB relative to 1 mW /10
pbar, —75 dB relative to 1 V/ubar, or — 150
dB EIA G.. Any mike rated 5 dB or more
above or below those figures may give you
trouble, depending on the direction of the
difference and your proposed use. Excessive
mike output is easily remedied by adding an
attenuator (available from Shuve, E-V, and
others) but inadequate output is not curable
without replacing either the mike or the
preamp.

Directivity. The sensitivity of some micro-
phones is affected by the direction from
which sounds reach them. Some are most
sensitive to frontal sounds and least so at
the rear (unidirectional or cardioid). Some
are equallv sensitive at front and rear (bi-
directional or figure-8), and some are
equally sensitive to sounds coming from all
directions (nondirectional or omnidirec-

Fig. 1. Microphone directional char-
acteristics:  (from left) |cardioid,
bidirectional, and omnidirectional.

tional). (See Fig. 1.) None of these direc-
tional characteristics is inherently superior
to the other, but there are times when one
will do a specific job better than anything
else. For example, conference recording of
a group of people around a table calls for an
omnidirectional characteristic—as does re-
cording a moving sound source from a fixed
mike position. Bidirectional mikes are ex-
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The cost? A bargain either way. Photofact-of-the-
Month Club members pay just $15.75 a month—a
$88.20 a year saving for the entire service package.
And if you need a Photofact on Rip van Winkle,
above, the price is only $3.3C.
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