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EXPERIENGE
5 STILL YOUR

BEST TEACHER

NRI designed-for-learning
training equipment gives you
priceless confidence be-
cause your hands are trained
as well as your head.
Learmng Electronics at home the NRI way is fast

and fascinating. Read opposite page.

. § OLDEST AND LARGEST
SCHOOL OF ITS KIND

A dited by the ing C ion of the i Home Study Council
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You get more for your money
from NRI—more value, more solid experience

so essential to careers in Electronics. NRI's pioneering
‘‘discovery’’ method is the result of more than half a
century of simplifying, organizing, dramatizing subject
matter. In each of NRI's major courses you learn by
doing. You demonstrate theory you read in ''bite-size"
texts programmed with NRI designed-for-learning pro-
fessional lab equipment. Electronics comes alive in a
unique, fascinating way. You'll take pleasure in evidence
you can feel and touch of increasing skills in Electronics,
as you introduce defects into circuits you build, per-
form experiments, discover the “'why'" of circuitry and
equipment operation.

Almost without realizing it, the NRI discovery method
gives you the professional’'s most valuable tool—prac-
tical experience. You learn maintenance, installation,
construction and trouble-shooting of Electronic circuits
of any description. Whether your chosen field is Indus-
trial Electronics, Communications or TV-Radio Servicing,
NRI prepares you quickly to be employable in this
booming field or to earn extra money in your spare
time or have your own full-time business. And you
startout with training equivalent to months—even years
—of on-the-job training.

NRI Has Trained More Men for
Electronics Than Any Other
SChOOI—By actual count, the number of individ-

uals who have enrolled for Electronics with NRI could
easily populate a city the size of New Orleans or Indiana-
polis. Qver three-quarters of a million have enrolled with
NRI since 1914. How well NRI training has proved its
value is evident from the thousands of letters we re-
ceive from graduates. Letters like those excerpted
below. Take the first step to a rewarding new career
today. Mail the postage-free card. No obligation. No
salesman will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D.C. 20016.

L. V.Lynch, Louis- 2 G. L. Roberts,

ville, Ky., was a
factory worker
with American
Tobacco Co.,
now he's an Elec-
tronics Technician with the
same firm. "'l don't see how
the NRi way of teaching could
be improved.*

Don House,
Lubbock, Tex.,
went into his
= own Servicing
business six

s > months after
completing NRI training. This
farmer clothes salesman just
bought a new house and re-
ports. "'l look forward to mak-
ing twice as much money as |
would have in my former
work."”

5 Champaign, lil.,
is Senior Tech-
% nician at the U.
of lllinois Coor-
dinated Science
Laboratory. In two years he
received five pay raises. Says
Roberts, "I attribute my pres-
ent position to NRI training.’”

Ronald L. Ritter
of Eatontown,
N.J., received a
promotion be-
fore finishing the
NRI Communica-
tion course, scoring one of the
highest grades in Army pro-
ficiency tests. He works with
the U.S. Army Electronics Lab,
Ft. Monmouth, N.J. "Through
NRI, | know i can handle a job
of responsibility.”’

APPROVED UNDER NEW GI BILL. If you served since January 31,
1955, or are in service, check Gl line on postage-free card.

May, 1971

G =

COLOR TV CIRCUITRY COMES ALIVE

asyou build, stage-by-stage, the only custom Color-TV engineered
for training. You grasp a professional understanding of ali color
circuits through logical demonstraticns never before presented.
The Tv-Radio Servicing course includes your choice of black and
white or color training equipment.

COMMUNICATIONS EXPERIENCE

comparable to many months on the job is yours as you build and
use a VTVM with solid-state power supply, perform experiments
on transmission line and antenna systems and build and work
with an operating, phone-cw, 30-watt transmitter suitable for
use on the 80-meter amateur band. Again, no other hoame-study
school offers this equipment. Ycu pass your FCC exams—or get
your money back.

o T i

COMPETENT TECHNICAL ABILITY

can be instantly demonstrated by you or completing the NRi
course in Industrial Electronics. As you learn, you actually build
and use your own motor control circuits, telemetering devices
and even digital computer circuits which you program to solve
simple problems. All major NRI courses include use of transis-
tors, solid-state devices, printed circuits.

WwWwWwW americanradiohistorv com
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New Cobra PF-1 AM/FM Police/Fire Monitor

Now you can hear about all the exciting events in your town as they happen.
Traffic jams, robberies, dangerous criminals at large. Exact details of the
latest fire. Hazardous storm warnings . . . before it's too late.

It's amazing! The new Cobra PF-1 monitors government VHF channels
and lots more. Does it better tnan any other radio of its kind. All at a price
you can afford.

Unlike other monitors, you ceceive both AM and FM high and low bands
without an extra set of crystals. And in addition to manual tuning, you get
crystal control option for a high and low pre-selected frequency—a feature
usually available only in the most expensive radios.

So why settle for less? Exclusive noise limiting circuits reduce ignition
interference and insure quiet aperation. And the ultimate in new solid state
circuit design gives you top reach and selectivity.

You even get a modern decorator-styled exterior suitable for any decor
or auto interior.

Ask your dealer about the exciting new Cobra PF-1. Or write us for com-
plete details. And you'll know all the talk of the town!

Cobra PF-1 $119.95

All solid state with IC, 2 tunable VHF bands (30MHz
to 50MHz & 152MHz to 174MHz), independent tun-
ing knobs for each band, dial scale calibration, crys-
tal control option for high and low band preselected
frequency (your choice of crystals, $5 each), reverse
polarity protection for DC operation, exclusive dual
noise limiting circuits, antenna and mounting
bracket for mobile use included. 117 volt AC or 12
volt DC. Unique circuit permits application of AC
and DC simultaneously. If AC fails, DC power source
takes over.

Obra

Product of

DYNASCAN CORPORATION
1801 W. Belle Plaine
Chicago, IHlinsis 60613

CIRCLE NO. 7 ON READER SERVICE PAGE

May, 1971
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Dualwon't
make alasting
impressionon
your records.

Your record collection may be worth
hundreds, even thousands of dollars. And
its value can be preserved indefinitely.

Or be diminished every time you play a
record. It all depends on your turntable.

Your turntable is the one component that
actually comes in contact with your precious
records and tracks their impressionable
grooves with the unyielding hardness of a
diamond.

So, to preserve their investment, many
serious music lovers demand the flawless
precision of a Dual automatic turntable. A
standard of perfection so well recognized,
that most professionals choose a Dual for
their own stereo component systems.

If you'd like to know why, we'll send you
some interesting literature that tells you
what to look for in record playing
equipment. And a series of independent
test reports on the Duall.

We didn't write either booklet.

But if you read them, you'll know why
Dual has made such an impression on the
experts and absolutely none on their
records.

United Audio Products, Inc.,

120 So. Columbus Ave., Mt.Vernon,
New York 10553. m

1215, $99.50

1209, $129.50
CIRCLE NO. 2s ON READER SERVICE PAGE
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Ninth in a Monthly Series by Oliver P. Ferrell, Editor

BEGRUDGING—BUT TRUE

There’s an undercurrent swirling around hobby and experimental
electronics that has long-range repercussions. Maybe it's
because of the cutback in defense spending; maybe it's because
the electronics manufacturers now reatlize that consumer
spending may bail them out; or maybe it's the result of a lot
of things; but the handwriting is on the wall—several aerospace
components manufacturers are eying hobby electronics. After
nearly a decade of gradually turning away from the hobbyist,
manufacturers are starting up the other side of the full circle,
wondering whether or not they might have missed something
a lot bigger than a onesy-towsy marketplace.

While it is difficult for anyone to pinpoint the cause
of this change in philosophy, there are signs that manufacturers
are thinking in terms of romancing the hobbyist. Some unique
and difficult-to-obtain components are soon to be offered
to experimenters at vastly reduced prices and several manufacturers
are ready to set up distribution facilities especially for
technicians, experimenters, and hobbyists. The latter idea—
which is only a little further along than the “‘talking stage’ —
may open the flood gates.

Simultaneously, the sale of electronic kits is starting
to climb and, while some of the very high ticketed items may
not be moving as fast as their manufacturers would like,
there has been a subtle increase in volume and numbers
of purchasers. Even the sale of partial kits—such as those
mentioned in PoPuLAR ELECTRONICS construction articles—
is booming and magazine readers are clamoring for more projects,
more experimental information, and more ideas on what can
be done with parts now available.

The picture on the horizon is exciting, welcome, and
certainly long overdue. From some quarters, the change in
attitude toward the electronics hobbyist is being offered
begrudgingly; but for what it’s worth, it is the feeling here
at PopuLAr ELECTRONICS that the next 12 months may see a
healthy revolution in hobby electronics.
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If you are traveling between §0-Hz and 60-
Hz areas, use a suitable switch to connect pin
2 of the modified IC(s) to pin 1 for 50 Hz and
pin 9 for 60 Hz.

A. C. VAYHINGER
Telecommunications Advisor
USOM/PSD

APO San Francisco, CA 96346

—

CUT FOIL JUMPER

¥ ’ % \v

PRAISE AND PINK NOISE : 1 . ICi

I finished building the “Pink Noise Genera- ) a i e
tor” (December 1970, p 61) just in time for - o ; o
final exams. I used the generator during study i -
sessions—and guess what—I got all A’s.

J. STALER b~
Los Angeles, CA %
| hdor N & B

50-HZ CLOCK . 1

I have found that. with one simple modi- =
fication. the Digi-Vista Clock (December 1970 . N b :
and January 1971) can be used on a 50-Hz ' F = =%
power line. In the case of the six-digit clock, )
locate IC2 on the scaler board and cut the foil JUMPER CUT FOlL
pattern between pins 2 and 9 as shown here.

Then solder a jumper between pins 1 and 2 LIGHT BULBS GALORE
of IC2 This changes the counter from a Your readers may be interested in a service
divide-by-six to a divide-by-five. For the four- we have to offer if they are evier in need of
digit clock, make the modification to both specialized light bulbs. We carry in stock
IC2 and IC3. over 15 000 different light bulbs lrom one watt

New Cortina2 Stereo Kits

The lowest-priced component guality high fidelity!

€1CO 3780 50-Watt Silicon Solid State

FET AM-FM Siereo Receiver.

Kit $109.95, Wired 3169.95

A4 Separate Tuner, 50-Watt Amplifier, each:
Kit 569.95, Wired $109.95.

'. J

R

Cxpress Yoursel]
IN CREATIVE ELEqTRONICS

Save up to 50% with EICO KITS & WIRED EQUIPMENT

New EICOCRAFT®
The elecironic science
project kits for be-

ginners, sophisticates,

New Automotive Electronics
EICO 889 Solid State

Capacitive Ignition System.

Boost gas mileage up t0 25%;  w,,

New “Treasure Hunter”
Kit inds metals. pipes,
several inches

educators, 42 kits to h Timy underground. Locates
REA . &5 ron, a8, 901
FM Wireless Mike wired $39.95. ' G, . silver, copper, etc.
$3.9 EICO 838 Solid State Universal peeoloilcE

Engine Analyzer. Tunes and " I oy 1NCTEASES a5

you near object

trouble-shoots your car/boat
engine, the totally professionat

way
Kit $49.95, Wired $69.95.

SOUND N’ COLOR
Now, see the music you hear!

Colar Organs by EICO transform
sourd wzves in'o moving
synchronized color images

Modp! 3450 Giant (30" x 127 x 10”}
4-Channels. Kit $79.95,

Wired $109 95. Others from $19.95.
Trarslators create audio-simutated
light displays.

Ay
8 New

Eicocraft Kits
Automotive “LIGHT-
GUARD"»"'VARIVOLT
DC Power Supply
“MOODLITE™ Light
Dimmer Control »
"VARASPEED"' Motor
Speed Control »
LIGHTSHOW" Sound/
Lite Translator «
“SUPER_MOQODLITE"
Remote Contro! Dimmec
* "ELECTROPLATER
From$2.50 to $14.95.

NEW SOLID STATE
TEST INSTRUMENTS

The first and only solid state test
equipment guaranteed for 5 years!

Eico Model
TH-30.

battery-operated,
$29.95.

Fromh Kit

$24.95, Wired $39.95

Newi Model 3477 Cube Strobe
creates white light flashes
in rhythm with audio

with| 3 colored lens fitters. $29 95.

EICO 240 Solid State FET-TVM. Kit
$59.95, Wired $79.95

EICC 379 Solid State Sine/Square
Wave Generator

Kit $69.95, Wired $94.50

EICO 242 Solid State FET-TVOM.
Kit $69.95, Wired $94.50

EICO 150 Solid State ngnal Tracer.
Kit $49.95, Wired $69.9

EICO 330 Solid State RF Signal Generator.
Kit $59 95, Wired $84.50.

Fill out Reader Service Card for

FREE catafog of 200 bes| buys offered by 2500 local
EICO dealers who give ypu top brands,

technical counsel, off-the-shelf service.

é?cheaé? of Leadeirsm;)rd Cr%anve Elfectronics

ectronic Instrument Co.,Inc., ®

| 283 Malta St., Brouklyn, N.Y. 11207,

(212) 949-1100, /
CIRCLE NO. 11 ON READER SERVICE PAGE ‘

8 POPULAR ELECTRONICS

New “ELECTRIC
FIESTA’" Audio-Color
Organ Kit $14.95.
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The new KLH Thirty-Two is the best speaker
you can buy for the money.

Bravado has never been our bag. But after carefully
comparing the new model Thirty-Two with our competi-
tor's best-selling loudspeaker, we're going to break our
rule.

Our product is superior.

You see, the Thirty-Two sounds like a very close rela-
tive of our now famous Model Six.

With good reason.

It's designed like a Six. It's built like a Six. And it
shares many of the Six's finest listening qualities. Bass
response that curls your toes. A mid-range that seduces
you with its smoothness. And an overall sound quality
that finally puts an end to listening fatigue.

But the Thirty-Two not only sounds like an expensive

speaker, it looks like one, too. It is unquestionably the
tsuggested retail prce Siightly higher in the west

best looking loudspeaker in its price range.

The price?

Almost os amazing as the sound. Just $47.50 ($95
the pair).t

Make sure you hear—and see—the new KLH Thirty-
Two soon. And compare it with the best-known speaker in
its price range. We are sure you w:ll agree that there's
never been anything like it for the money.

Anybedy's money.

For more information on the Model Thirty-Two, write
to KLH Research and Development Corporation, 30 Cross
St., Cambridge, Mass. 02139. Or visit your KLH dealer.

o
s, dddds ]
LU TR

KLH PESEARCH AND DEVELOPMENT CORPORATION
*A trodemark of KLH Research ond Development Corporation

CIRCLE NO. 16 ON READER SERVICE PAGE

May, 1971
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Still the greatest
value In
CB base antenna
history...

to 10,uuy watts and one volt to 300 volts in

innumerable sizes, shapes, and colors. We are

supplied by over 40 manufacturers, both for-

eign and domestic, with photio, microscope,

computer, neon, xenon, black light, germicid-

al, hobby, miniature, mercury, gtc. We believe

we have the largest variety of light bulbs and
matching sockets in the Unitad States.

Joux~ TisoN

Jetronics Litd.

2691 Patricia Avenue

Los Angeles, CA 90064

OUT OF TUNE

In “Non-Destructive Transistor Tester”
(March, p 47) the following table was omitted.

GAIN CONVERSION TABLE

Meter Hrz
Indication Current 16 lc:
2 10 uA .5 0.1
e Vlagnum 28" B
4 30 1.5 0.3
5 50 2.5 0.5
MODEL M-117 $32.95 6 100 5 1.0
Suggested resale prica 7 140 T 1.4
. 8 200 10 2
e The original omni- 9 300 15 3
gain antenna—3.75 10 400 20 4
solid dB gain! i \i 12 600 3¢ 6
e “Hi-Q'" phasi hh. - } 14 900 45 9
. phasing it
i 16 1.2 mA 60 12
transformer. weath-
erproof construc- ég ;‘g 138 ;g
tion! : )
22 2.36 118 23
-%.wave length 24 2.75 137 27
radials! 26 3.26 163 32
eMore CBers own ! 28 3.48 174 35
Magnums than any 30 4.05 209 40
other base station 32 4.55 228 45
antenna! 34 5.1 255 51
36 5.75 277 57
38 6.17 308 62
40 6.63 332 66
42 7.30 365 73
44 7.85 382 78
46 8.43 420 84
48 9.26 463 93
Be an ‘“‘antenna specialist!”” These great, 50 9.85 494 99

top-quality jackets available only from
your A/S dealer — just $8.95.

the antenna
specialists co.

"Stripes of Quality”

Division of Allen Electric and Equipment Co.
12435 Euclid Avenue, Cleveland, Ohio 44106
EXPORT: 220 Shames Drive Westbury, L.I., New York 11690
CANADA: A. C. Simmonds & Sons, Ltd.
CIRCLE NO. 2 ON READER SERVICE PAGE
10

“Buijld a Wheatstone Bridge and Substitu-
tion Box” (February, p 62). To avoid continu-
ous drain on the battery, connect switch S25
directly in series with the battery rather than
between 826 and R27/R25.

“Build the Psych-Tone” (February, p 25).
In the Parts List on page 26, zener diode D8
is listed as a 1N746. In the schematic on page
30, it is 1N747. The correct component is
1N746, though the 1N747 woulld work perfect-
ly well. There is only a slight difference in
voltage values.

(Continued on page 99)

POPLILAR ELECTRONICS
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DEMCNATRATAL T FHINCMINAL LA

Stere Reviews

A SOiammsms GTOeND DYSRENC (On &

TN neacevos esmrs.
0 mARLL WAAD ORI

Binaural recording re-creates the directions, distances, and
even the elevations of sounds better than any other recording
method. The super-realism of binaural recording is accom-
plished by recording the acoustical input for each ear sepa-
rately, and then playing it back through stereo headphones.
Thus the sound intended for the left ear cannot mix together
with the sound for the right ear. and vice versa. This technique
eliminates all acoustical problems in playback, such as the
effects of “dead” rooms, over-reverberant rooms, variations in
stereo perspective caused by changes in sitting position, and
variations in frequency response due to changes in speaker
positioning.

Binaural recording offers the listener the identicai acoustical
perspective and instrument spread of the original. The sound
reaching each ear is exactly the same as would have been
heard at the live scene. The Stereo Review Binaurai Demon-
stration Record is the only record of its kind; there is nothing
else like it. It provides a unique listening experience that you
will want to share with your triends.

“MAX"”—GENIE OF BINAURAL
RECORDING. More than a year of intense
effort was devoted to the preparation of
this recording. "‘Max,” a specially con-
structed dummy head, was modeled by a
professional sculptor, then cast in sili-
cone rubber. Super-precision capacitor
microphones were installed in Max's ears
s0 that each microphone would pick up
exactly what each human ear would hear.
The two separate sound channels were
then fed into an ultra-low-noise electron-
ics system and then recorded on an
advanced-design tape recorder operating
at 30 inches per second.

In making location recordings for the demonstration side of
the record, a recording technician taped miniature capacitor
microphones into his ears, so his head would serve its normal
acoustical role as an absorber and reflector of sound. The
result is a demonstration of phenomenal recorded sound.

STARTLING REALITY. The Binaural Demonsiration Record
offers 45 minutes of sound and music of startling reality. Side
1 introduces you to binaural recording via a narrated demon-
stration in nine sequences, taking you through a variety of
situations that show off the remarkable depth and natural
perspective of binaural recording.

May, 1971

| The phenomenal realism
of binaural sound recording
is demonstrated by Stereo Review’s

- AMAZING NEW BINAURAL DEMONSTRATION RECORD

Created specifically for playback through stereo headphones, this unique record presents
the listener with sound of unsurpassed realism. It recreates at each of the listener’s ears the
precise sound that each ear would have heard—independently—at the original scene.

You'll marvel at the eerie accuracy with which direction and
elevation are re-created as you embark on a street tour in bi-
naural sound—Sounds Of The City...Trains, Planes & Ships...
a Basketball Game, a Street Parade, a Steel Fabrication Plant,
The Bird House at the Zoo ~ all demonstrating the incredible
realism of binaural sound reproduction.

MUSIC IN BINAURAL. With “Max"” acting as your extension
ears, the musical performances presented on the Binaural
Demonstration Record transport you to the concert hall for a
demonstration of a wide variety of music. Selections total 23
minutes, and include examples of jazz, rock, organ, and cham-
ber music.

A highlight of the record is the first recording of Space Virgin,
a new jazz work by noted composer Ronnie Roullier. Insiders
have already called it one of the most exciting jazz recordings
ever made. The crgan recordings, with Frederick Swann at the
keyboard of the majestic Riverside Church organ, have been
hailed for reproducing the whole range of organ sonorities
totally without distortion, and are among the most memorable
listening experiences of a lifetime.

The Stereo Review Binaural Demonstration Record is the ulti-
mate in sound reproduction. it has been made without compro-
mise for the owner of stereo headphones. If you own stereo
headphones, this record is a must.

Note: Although headphones are necessary to appreciate the
near-total realism of binaural recording, the record can also be
played and enjoyzd on conventionai stereo systems.

Order your Sterso Review Binaural Demonstration Record
today. ONLY $5.93.

: RECORDS. ZIff-Davis Service Division, 595 Broadway, N.V.‘, N.Y. 10012 :
i Please send Binaural Demonstration Records at $5.98 each, 1
I postpeaic. My check (or money order} for $. is enclosed.

Qutside U.S.A. please send $8.00 per record ordered.) N.Y. State resi- )
' dents please add iccal sales tax. PE.5-71 l
: Frint Name .
] 1
B Address B |
]

City 1
P = — 1
1 st - Zip [}
B om omom ww  PAYMENT MUST BE ENCLOSED WITH ORDER PER— |

11
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20” GR-270

18" GR-269

14" GR-169

There’s a Heathkit solid-state color TV to
fit every size and budget need. Think about it.

Consider the choice. Heath offers five different solid-state color
TV's in easy-to-assemble kit form, from the portable 14" GR-169
to the largest screen in the industry, the 25" GR-371MX. All offer
Heath’s famous modular plug-in circuit board design that makes
assembly easier. Only two tubes (picture and high voltage rec-
titier). And Heathkit color TV's are the only sets available at
any price that can be serviced by the owner, without special test

equipment or years of training. The famous Heath manual, com-
bined with the special volt-ohm meter supplied, enables you to
perform every adjustment required. And each set includes the
No-charge 90-day Warranty Service on soﬁd state modules and
2 year picture tube warranty. Here's the rundown on the Heath
series of solid-state color TV's. Think them over, you'll find one
fust right for your own size and budget requirements.

25" GR-371MX . . . the top of the Heath color TV line. Compare
this list of standard features on the 371IMX .. . there isn't another
set available that offers all these extras at no extra cost. Giant
25" Matrix picture tube delivers the biggest, brightest color pic-
ture you'll ever see ... 315 sq. in. And pictures don't wrap around
the sides as before. Specially formutated etched-glass face plate
cuts out glare, increases contrast without reducing brightness.

Automatic Fine Tuning delivers perfectly tuned picture and
sound with a push of a button. “Instant On” circuitry provides
sound instantly, picture in seconds. Exclusive Heath MOSFET
VHF tuner gives superior reception, even under marginal condi-
tions. VHF Power Tuning is built-in...a push of a button lets
you scan thru all VHF and one preselected UHF channel. High
resolution circuitry improves picture clarity and adjustable
video peaking lets you select the degree of sharpness you de-
sire. Adjustable tone control . . . adjustable noise limiting and
gated AGC . . . hi-fi sound output . .. 75 & 300 ohm VHF antenna
inputs . . . Automatic Chroma Control — all standard. Plus three
luxurious optional cabinets to choose from: Mediterranean, Early
American or Contemporary. Plenty of reasons to order your new
GR-371MX now.

Kit GR-371MX, (less cabinet), 125 Ibs. .................. $579.95*

23" GR-370. Actually the GR-371IMX with a smaller picture tube.
Features a premium quality bonded face, etched-glass 23" screen
. 295 sq. in. of viewing enjoyment. Includes the same standard

12

high performance features as the 371MX above, except the Matrix
picture tube is a low cost option.

Kit GR-370 (less cabinet) 127 lbs. ........ ..coviinn.. $539.95*
Kit GR-370MX, as above with Matrix plcturn tube s dams $549.95*

20" GR-270. In reality, the feature-packed GR-371MX with stand-
ard 20" bonded-face, etched-glass picture tube providing 227
sq. in. of colorful TV viewing. See the GR-371MX above for all the
other standard features. Easily your best buy in a medium
size solid-state color TV, and ideal screen size for smaller

living rooms.
Kit GR-270 (less cabinet), 114 Ibs. .............cvevenn $489.95*
18” GR-269 . . . the Heathkit “compact” color TV. Has the same

highty sophisticated modular solid-state circuitry as the GR-
371MX, but modified to accept the popular 180 sq. in. color pic-
ture tube. Features AFT, “Instant On", 3-stage IF, MOSFET VHF
tuner, switch-controlled degaussing . . . all standard.

Kit GR-269, (less cabinet), 100 Ibs. ....... ............. $399.95*

14” GR-169 delivers console performance with portable conveni-
ence. Here's the GR-371MX modular circuitry modified slightly
to accept a 14” diagonal picture tube. Features MOSFET VHF
tuner, 3-stage IF, switch-controlied degaussing, complete up-
front secondary controls, built-in VHF & UHF antennas. Hand-
some portable cabinet included.

Kit GR-169,69 Ibs. .........oveiiiiiiiiiiin $349.95*

POPULAR ELECTRONICS
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1B-101 Frequency Counter

Oven

TO-101 Legato Theater Organ

Microwave

And here are a few of the more than 300 other
Heathkit thoughts for the budget minded:

New Heathkit “Legato” 25-pedal Theater Organ. Now you can
save hundreds of dollars by building this versatile instrument
yourself. All solid-state design. Features 15 manual voices, 4
pedal voices. 25-note heel & toe pedal board, range 16" & 8
CO to C3. Two 44-note keyboards; accompaniment range 8, F1
to C5. Solo manual 16, 8, 4, 2, F1 to C7. Color-Glo key lights
have you playing like a pro in mirutes. Two solid-state ampli-
tiers deliver 200 watts peak power . .. one amp for the rotating
2-speed Leslie, one for the two 12”7 main speakers. Tape record/
playback jack on amp. Bandbox & Playmate accessories ava -
able. Bench included.

Kit TO-101, 295 Ibs. ..ovviieiriieiteiiiiieeeeernnnnens $1495*
New Heathkit Microwave Oven . .. tomorrow's cooking revolution
here today in easy-to-build kit form. Exclusive patent pending
Heath double door interlock prevents oven from being turned
on if door is open. Cooks meals in minutes, not hours . . . elimi-
nates dirty pots & pans by cooking on paper, glass, china. Low
profile design fits nearly anywhere. 120 V operation.

Kit GD-29, 97 Ibs. ...oiviiiiiii i i $399.95*

New Heathkit 5” Solid-State Scope . . . ideal for all general lab

& shop applications. Wide 5 MHz response, 80 nanosecond rise
time and 30 mV/cm sensitivity make the 10-102 a truly high per-
formance, low cost scope. Convenient switch-selected AC or DC
coupling. Frequency-compensated 3-position attenuator. FET
input provides high input Z (1 megohm) to minimize circuit
loading. Recurrent, automatic sync type sweep provides
5 ranges from 10 Hz to 500 kHz with vernier. External horizontal
and sync inputs. One volt P-P output. New flat face 5” CRT with
removable 6x10 cm ruled graticule. Zener-regulated power sup-
plies give excellent display stability. 120/240 VAC operation.
Choose easy to assemble kit or factory-wired version,

Kit 10-102, 23 IbS. ...ttt eiieasniie e eiiaennens $119.95*
Assembled 10W-102, 29 Ibs. ..............
Assembled PKW-101, 1 megohm probe, 1 Ib. ...... 5
New Heathkit Solid-State Frequency Counter . . . delivers highly
accurate measurement from 1 Hz to over 15 MHz. All IC cir-
cuitry for top performance. Automatic trigger level for wide
range input without adjustment. Hz/kHz ranges & overrange
give 8-digit capability. 1 megohm input Z.

Kit 1B-10T, 71bS. .ottt iiieee e eaniinnens $199.95%

e
= RS
HEATH COMPANY, Dept. 10-5 —— —

Benton Harbor, Michigan 49022 8 Schiumberger company

See these and 300 other Heathkit suggestions at one
of the following Heathkit Electronic Centers:

]

i

CALIFORNIA: Anaheim, 92805, 330 E, 8all koad; El Cerrito, 94530, 6000 Potrerc Avenue; La Mesa, |

92401, 8363 Center Drive; Los Angeles, 900D7, 2309 S. Flower St.; Redwood City, 94063, 2001 Mid- 1

dietield Rd.; Woodland Hills, 91364, 22504 Ventura Blvd.; COLORADO: Denver, 80212, 5340 W. 38th

Ave.; GEORGIA: Atlanta, 30305, 5285 Rosweil Road; ILLINOIS: Chicage, 60645, 3462-66 W. Devon 1

Ave.: Downers Grove, 60515, 224 Ogden Ave.; MARYLANO: Rockville, 20852, 5542 Nicholson Lane; |

MASSACHUSETTS: wellesley, 02181, 165 Worcester St.; MICHIGAN: Defroit 48219, 18645 W. Eight |

Mile Rd.. MINNESOTA: Hopkins, 55343, 101 Shady Oak Rd.; MISSOURI: St. Louis, 63123, 9296 Gravois |
Ave.; NEW JERSEY: Fair Lawn, 07410, 3507 Sroadway (Rte. 4); NEW YORK: Jericho, L., 11753, : Name _

[}

[}

1

1

]

)

[}

[}

L

[JEnclosed is $_
Please send model {s).
O Please send FREE Heathkit Catalog.

. Plus shipping

15 Jericho Turnpike; New York, 10036, 35 W. 45th Street; QHI0: Cleveiand, 44123, 5444 Pear} Rd.;
woodlawn, 45215, 10133 Springfield Pike; PENNSYLVANIA: Philadelphia, 19148, 6318 Roosevelt
Bivd.; Pittsburgh, 15235, 3482 William Penn Hwy.; TEXAS: Dallas, 75201, 2715 Ros . Avenue; Houston,
77027, 3705 Westheimer; WASHINGTON: Seattle, 98121, 2221 Third Ave.; WISCENSIN: Milwaukee,
53216, 5215 W. Fond du Lac

Reta:l Heathkit Electronic Center Prices slightly higher to cover shipping, local stock, consultation
2nd demonstration facilities. Local service ajso available whether you purchase lozally or by factory

mail order.

Address

City .. State________ 7Zip

Prices & specifications subject to change without notice.
*Mail order prices; F.0.B. factory, CL-410R

e e e e e e e )

CIRCLE NO. 13 ON READER SERVICE PAGE
May, 1971 13
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six great
safety devices.

the red one is FREE
when you buy any of these
top performance Johnson radios!

For a limited time only this professional
quality dry chemical fire extinguisher can
be yours at no extra cost. It's U.L. approved,
U.S. Coast Guard approved, rechargeable,
and comes with its own mounting bracket.
A retail value of over $14...yours free
when you buy another great safety device
for your home or car: any of the Johnson
citizens two-way radios shown!

From top down: Messenger 124, deluxe 23-
channel full function base station (mike
extra); Messenger 102, 1%2-watt hand-heid;
Messenger 100, low-cost 6-channel mobile;
Messenger 323, deluxe 23-channel mobile
with narrow band crystal filter receiver,;
Messenger lil, famous 12-channel Johnson
mobile.

Take your choice—then see your Johnson
dealer and let him give you two great safety
devices for the price of one!

Hurry—offer expires May 31, 1971
E.F.JOHNSON CO.

WASECA, MINN. §6093

Circle No. 14 on Reader Service Page

Blonder-Tongue Laboratories, Inc., recently
published a pamphlet titled “An Introduction
to MATV.” The text of the pamphlet presents
the basic facts necessary to understand mas-
ter antenna television systems. The approach
used is not on the engineering level. Rather,
the pamphlet is written to provide the reader
with an overview of the subject. Included is a
Glossary of Terms in which are defined the
word and symbol jargon conimon to the
MATYV field.

Circle No. 75 on Reader Service Page |5 or 95

A four-page brochure which describes in de-
tail a new line of seven loudspeakers for use
in hi-fi svstem installations is available from
CTC Corp. The five system choices described
include the compact “Futura 1’ which fea-
tures a 4%” full-range acoustical air-suspen-
sion speaker with a 10-oz ferrite magnet and
a power rating of 10 watts rms. At the top of
the line is a three-way 12”7 sound system
which employs a matched network composed
of a 12” woofer, 4%” midrange speaker, and a
3” tweeter. Suggested internal enclosure di-
mensions for each speaker syvstem are pro-
vided.
Circle No. 76 on Reader Service Fage 15 or 95

Test Equipment Catalog No. 57-T which can
be obtained from Triplett Cory. features in-
formation on the company’s complete line of
multimeters. The listing covers digital VOM’s.
the newest laboratory-accuracy FET VOM,
accessories, sales and service data, and a
unique VOM Selection Chart. The compre-
hensive catalog is well illustrated and gives
the technical details of each VOM listed.

Circle Ne. 77 on Reader Service Page 15 or 95

Catalog No. 711 available from BF Enter-
prises lists an interesting and fascinating pot-
pourri of items for the optics, photography,
nautical, and electronics buffs. Of particular
interest to the hobbyist in electronics are the
listings for Instant Logic matrix plug-in cir-
cuit boards, a digital project kif, and reduced-
price integrated circuits. Cameras and lens
assemblies, electrotheodolites and rotary
tables, and tinie pieces and sextants are
among the many items that fill out the cata-
log listings.

Circle No. 78 on Reader Service Page 15 or 95
POPULAR ELECTRONICS
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free information service:

Here's an easy and convenient way for you to get additional information about
products advertised or mentioned editoriaily (if it has a “Reader Service
Number’’) in this issue. Just fcllow the directions below...and the material
will-be sent to you promptly and free of charge.

1 On coupon below, circle the number(s) that
W corresponds to the key number(s) at the bot-
tom or next to the advertisement or editorial men-
tion ‘that is of interest to you. (Key numbers for
advertised groducts also appear in the Advertisers’
Index.) Print or type your name and address on the
‘lines indicated.

2 Cut out the coupon and mail it to: POPULAR ELECTRONICS,
®m P.0O. Box 8391, Philadelphia, PA 19101.

note' It you want to write to the editors of
W POPLLAR ELECTRONICS about an article
on any subject that does not have a key number, write
to POPULAR ELECTRONICS, One Park Avenue, New
York, N.Y. 10016. Inguiries concerning circulation
and subscriptions should be sent to POPULAR

ELECTRONICS, P.0. Box 1096, Flushing, N.Y. 11352.

Void after June 30, 1971

- Popular Electronics zeoiz, .. o

1 23 45 6 7 8 91011121314151617 181920
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 7071 727374757677 78 79 80
81 82 83 84 85 86 87 88 85 90 91 92 93 94 95 96 97 98 99 100

NAME (Print clearly)
ADDRESS
CITY STATE ZIP CODE

MAY, 197}
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THE RADIO AMATEUR’S HANDBOOK
(48th Edition)
by The Headquarters Staff, ARRL

The American Radio Relay League is justifi-
ably proud of its annual Handbook. This is
the 1971 edition—the 48th in a series that
started in 1926. This reviewer recommends
the Handbook (but see below) to any serious
student of electronics—regardless of his in-
terest in amateur radio. It is a storehouse
of information—concise, orderly, well-written
and encompassing. It is trite to sav. but no
hobbyist should be without a recent edition.

It’s not an easy task to make something

antennas, etc. After carefully scanning the
1971 Edition, we cannot help but wonder why
the ARRL doesn’t re-issue the Hanflbook just
every other vear. The changes and additions
made between the 47th and 48th editions are
very modest and there is little motivation or
enticement for the owner of the 47th to in-
vest in the 48th. If you skipped the 47th and
have a 45th or 46th edition, this is a good
time to up-date, but if vour 47th edition is in
good condition—Xkeep it.

Published by The American Radio Relay
League, Inc., Newington, CT 06111. 688 pages.
Soft cover, $4.50. Hurd cover, $7.50.

Recent Arrivals

ESTIMATING THEORY WITH

APPLICATIONS TO

COMMUNICATIONS AND CONTROL
by Sage and Melsa

Another volume in the “Series in Systems
Science,” this book was written by engineers
for engineers to provide a comprehensive
coverage cf estimation theory, inqluding de-
cision theory. Questions of true npathemati—
cal rigor have heen largely ignored.

like the ARRL Handbook look brand new
each yvear. Sections devoted to theory often
undergo only the slightest changes, and ma-
jor emphasis is placed on the construction
projects—transmitters, receiving equipment,

Published by McGraw-Hill Book Cu,., 330 West
12 8t., New York, NY 10036. Hard| cover. 529
payes. $16.50.

(Continued on page 99|

Until TDK developed gamnja ferric oxide, cassette
recorders were fine for taping lectures, conferences, verbal

memos and family fun—but npt foriserious high fidelity.

| 'nx(qA-ﬂ'*c-.o'o

the tape that
turned the
cassette into
a high- fidelity

medium

- —_

Today you car
choose among
high-qualityt
stereo
cassette

i
i

100 200 %0 1000),2000 3000 10000 20000
[rntouemcy i og)

The new magnetic oxide used in TDI(shper Dynamic
i - =1 tape distinctively differs from standard fofmulations in such
TOK a2t SD C-90 important properties as coergive force, hysteresis-loop
= squareness, average particle|/length {only! 0.4 micron!} and
particle width/length ratio. These add up!to meaningful
[ performance differences: response capability from 30 to
2 o (& - 20,000 Hz, drastically reducegd backgroun[d hiss, higher

output level, decreased distortion and expanded dynamic
TDK SUPER DYNAMIC (SD) TAPE

range. In responge alone, there's dbout 4ito 10 db more
output in the region above 10.000 Hz—and this is
immediately evident on any dasseq!e recarder, including
-older types not designed for high performance. There's a
difference in clarity and crispness you cap hear.

Available in C60SD and C90SD lengths.

TDK ELLECTRONICS C P.
® LONG ISBLANOCITY, NEW YORK 11103
CIRCLE NO. 24 ON READER SERVICE PAGE
16 POPULAR ELECTRONICS
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Additional information on products described

in this section is available from the manu-

NEW facturers. Each new product is identified by

a corresponding number on the Reader Service

Page. To obtain additional information on any

PRODUCTS of them, circle the number on the Reader Ser-

vice Page, fill in your name and address, and

AVANTI TWO-METER FM ANTENNA —A variant of the
popular Astro-Plane CB antenna has heen made avail-
able by Avanti Reseurch and Development for use in the
2-meter ham bhand. Of particular importance to hase sta-
tions--such as FM repeaters—the new model ARD-257
produces an omni-directional pattern with more than
+ dB gain {mcasured over a quarter-wave ground plane).
Bandwidth of the Model ARD-257 encompasses all of
the 2-meter ham band and the power handling capability
is 1000 watts at a nominal input impedance of 50 ohms.
Vertically polarized. the measured VSWR is 1.5:1, or
less and the overall length is approximately 65 inches.
The antenra is constructed of aircraft quality aluminum
and fiberglass.
Circle No. 79 on Reader Service Page 15 or 95

mail it in accordance with the instructions.

s

LAFAYETTE SSB TRANSCEIVER—The Telsat SSB-25 avail-
able from Lafapette Radio Electronics is fully compati-

modes on both receive

ble with all other AM, DSB and SSB CB units and deliv-
ers full 23 channel crystal controlled operation with 69
and transmit. Dual-conversion
superheterodyne receiver’s sensitivity is 05 .V on AM
and 0.15 4V on sideband. A *2-kHz fine tuning claritier
simplifies sideband tuning and there is a front-panel r-f
gain control. Also variable squelch; and a bhuilt-in bur-
glar alarm control circuit.

Circle No. 80 on Reader Service Page {5 or 95

JANSZEN ELECTROSTATIC SPEAKER SYSTEM —Boo k-
shelf speaker Model Z-TO0A (Electronic Industries, Inc.)
has o ferrite magnet bass driver with a free air-cone
resonance of 19 Hz and total system resonance of 38 Hz.
Low-frequency response is virtually flat (=3 dB down
to 31 Hz) and is down 6 dB at 20 Hz. Complete system
comprises low-frequency drive and two electrostatic ele-
ments with claimed flat response from 31 to 20,000 Hg,
down 6 dB at 20 Hz and 30.000 Hz.
Circle No. 81 on Reader Service Page 15 or 95

OLSON STEREO FM,/AM RECEIVER —Scveral interesting
and probably beneficial details are included in the Model
RA-290 receiver from Olson Electronics: a circular tun-
ing dial with well-defined marks for FM logging; two
tuning meters; slide controls for volume, balance, bass
and treble; rocker switches for
loudness, FM muting and tape monitoring; and front-

high and low filters,

(Continued on page 22)

May, 1971

-
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10 Reasons why
RCA Home Training is

your best
Investment
orarewarding
career

In electronics:

Performing transistor experiments
on programmed breadboard - using §
oscilloscope

18 POPLILAR ELECTRONICS
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LEADER IN ELECTRONICS

TRAINING
When you think of clectronics, you im-
mediately think of RCA...a name that
stunds for dependability, integrity, and
pioneering scientific advances. For over
half a century. RCA Institutes. Inc.. a
subsidiary of RCA, has been a leader in

technical training,
2 ELECTRONICS FASTER, EASIER,
ALMOST AUTOMATICALLY

Beginner or refresher, AUTOTEXT.
RCA Institutes’ own mcthod of pro-
grammed Home Training will help you
learn clectronics more quickly and with
less effort, even if you've hud trouble
with conventional learning methods in
the past.

RCA AUTOTEXT TEACHES

WELL PAID JOBS ARE OPEN TO

MEN SKILLED IN ELECTRONICS
RCA Institutes is doing something posi-
tive to help men with an interest in elec-
tronics to qualify for rewarding jobs in
this fascinating field. There are chal-
fenging new fields that need clectronics
technicians. .. new careers such as com-
puters, automation, television, space
electronics where the work is interest-
ing and carnings are greater.

WIDE CHOICE OF CAREER

PROGRAMS
Start today on the clectronics cureer of
your choice. On the attached card is a
list of "Career Programs”, cach of which
starts with the amazing AUTOTEXT
method of programmed instruction.
Look the list over, pick the one best
suited to you and check it off on the card.

Construction of Multimeter,”

May, 1971

|

SPECIALIZED ADVANCED
TRAINING
For thosc already working in electronics
or with previous training, RCA Insti-
tutes offers advanced courses. You can
start on a higher level without wasting
time on work you already know.
6 PERSONAL SUPERVISION
THROUGHOUT
All during your progrim of home study.
your training is supervised by RCA In-
stitutes experts who hecome personally
involved in your efforts and help you
overany “roughspots” thut may develop.
HANDS-ON TRAINING

7 To give practical application to
vour studies, a variety of valuable RCA
Institutes engineered Kits are included
in your program. You get over 250 proj-
ccts and experiments and as many as 22
Kits in some programs. Each Kit is com-
plete in itself. You never have to take
apartone picce to build another. They're
vours to keep and use on the job.
8 FCC LICENSE TRAINING—

MONEY BACK AGREEMENT
Take RCA's Communications Career
program—or enter with advanced stand-
ing and prepare immediately for your
Ist. 2nd. or 3rd class FCC Radio Tele-
phone License examinations. RCA In-
stitutes money-back agreement assurcs
you ot your money buack if you fail to
pass the FCC examination taken within

6 months after completing the course.

9 CONVENIENT PAYMENT PLANS
You get a selection of low-cost tui-

tion plans. And, we are an cligible insti-

wwwW americanradiohistorv com

tution under the Federally Insured Stu-

dent Loan Program.

10 RCA INSTITUTES IS FULLY
ACCREDITED

RCA Institutes is an accredited member

of the National Home Study Council.

Licensed by N. Y. State—courses of study

and instructional facilities are approved

by the State Edycation Department.

VETERANS: TRAIN
UNDER NEW GI BILL

SEND ATTACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BOOK
YOURS WITHOUT OBLIGATION!

1f reply curd is detached, send this coupon

RCA INSTITUTES, INC.
DEP'T. 694-005-1

320 W. 31 ST.

NEW YORK, N.Y. 10001

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

Name

Address

City

State ZIP

Veterans: Check here (J

Temperature exper}ment with transistors.

21
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NEW PRODUCTS CONTINUED FROM PAGE 17

panel jacks for headphone and tape input and output.
Add to this an all solid-state circuit (FET input) with
175 watts output—and a Garrard turntable can be mount-
ed on the top.

Circle No. 82 on Reader Service Page 15 or 95

SPIRATONE STROBOSCOPE FLASH —Those wild action
photos that you see in the magazines can be made easily
with a Model SS100 Strohoscope from Spirdtone, Inc.
Flashes of 1/15,000 of a second up to 30 times a second
produce a three-second exposure with about 100 separate
images. You can use it with almost any still camera
and it has its own power cord, synch plug, and fiash-
rate adjustment. Use it for fun or for making time and
motion studies, in quality control work, for teaching,
and in sports. With a flashtube, it’s $29.95.

Circle No. 83 on Reader Service Page 15 or 95

KRIS SEQUENTIAL SCANNING RECEIVER—The “Tri-Band-
er” introduced by Kris Inc. takes a lot of the chore out
of channel monitoring by sequentially scanning a pre-
set 16 channels—8 in the high band, 4 in low band and
4 UHF frequencies. The user can reprogram the unit to
monitor any combination of frequencies without chang-
ing boards or modules. Rate of scan can be adjusted
from % second per channel to 150 channels per second.
The channel number is displayed on a digital readout.
It can also be programmed to skip frequencies or moni-
tor any single frequency.

Circle No. 84 on Reader Service Page 15 or 95

AKAI :”’ VIDEO TAPE RECORDER-—There are a number of possibilities
tor use of the Model VT-100 Akai America, Ltd. video tape recorder—as
a training aid, for audio-visual promotional purposes, and quite possibly
as a home entertainment component. It is the only video tape recorder
which uses 14” tape, which makes it lightweight and compact and lower
in operating costs than other VTR systems. With a tape recording speed
of 11% ips, 20 minutes of recording time are provided on one reel
The complete svstem (at $1295) includes camera, video tape recorder-
plaver, battery charging adapter, and built-in video monitor.

Circle Na. 85 on Reader Service Page 15 ar 95
22 POPULAR ELECTRONICS
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CAN'T FIND
.. PARTS FOR

RCA Integrated Circuit Project Kits
eliminate that problem for
hobbyists, educators, technicians, hams.

Stop running all over town trying to hunt up a part “or
your solid-state projects! Get RCA IC Project Kits —
complete with active and passive components, predrilled
printed-Circuit boards, and easy-to-follow instructions.

As a matter of fact, RCA IC Froject Kits are a conven-
ient and inexpensive source far all kinds of circuits: from
intruder- and fire-alarms to a 9-V regulated power supply,
from amplifiers to marine-band converters.

See your Distributor or Dealer listed on the following
two pages for the IC Project Kit of your choice. And while
you're there, purchase the 368-page RCA Solid-State Hobby
Circuits Manual, HM-91 — it details over 60 interesting
circuits, and includes a section on theory and operation of
solid-state circuits.

RCA | Electronic Companents | Harrison, N.J. 07029.

CIRCLE NO. 21 ON READER SERXICE PAGE
MAY, 1971 23
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ALASKA
Anchorage
Team Electronics
404 E Fireneed Lane
ARIZONA
Phoenix
Sterling Electronics, Inc.
1930 North 22nd Avenue
Yuma
Yuma Ejectronics
320 8tn Street
ARKANSAS
Texarkana
Lavender Electronics, Inc.
522 East 4th Street
ALIFORNIA
inglewood
Ofson Electronics
4642 Wes! Century Bivd
Long Beach
Clean Electronics
714 Pine Avenue
Los Angeles
Cison Electromics
2620 West Pico Blvd
Lynwood
Clsan Flectrorics
10906 At'antic Avenue
North Hollywood
Q son Etectromics
5356 Lankershim Biva
Pomona
O son Electronics
£80 Wes! Holt Avenue
San Diego
Olson E ectronics
3519 €l Caon Blva
San Francisco
Oison E eclronics
169 Eleventh Street
Sants Ana
Olson Electromes
1329 South Ma n Street
Santa Clera
Oteon E ectromics
2125 £1 Camino Real
Torrance
C son Electronics
10914 S Hawthorne Blvd
COLORADO
Arvada

Team Electronics

Arvada Plaza Shopping Center

9232 West 58th Avenus

Boulder

Bursten-Applebee Company

Basemar Shopping Center

Denver

B irste n-Applebee Company

&00 Lincoln Street

F1. Collins

Team Electromics

107 S Coliege

Pyeblo

P .eblo Radio TV Supply

Company

301 East Northern Avenue
CONNECTICUT

New Haven

Hatry Etectromcs

60 Bou'evard

New London

Jabbovr Eleciron ¢ Supgplies,

Inc
227 Jetterson Avenue
Norwalk
Arrow Etectronics, Inc
18 Isaac Sneol
FLORIDA
Coral Gables
Oison Electronics
5855 Ponce de Leon
Miaml
O son Electronics
1644 N E Second Avenue
GEORGIA
Albany
Specialty D strributing Company
428 Roosevelt Avenue
Athens
Srec alty Distributing Company
230 Epps Bridge Road
Atlanta
Heathhit Electronic Center
5285 Roswell Avinue
Olscn E ectroncs
485 Peachtree St NE
RCA D stributing Corporation
1500 Marielta Boulevard,
Northwest
Avgusta
Scecialty Dnslnaulmq Comparny
1541 15th Strest
Specialty D stributing Company
1251 Gordon Park R

YOU CAN FIND
PROJECT KITS AT

Brunswick
Specialty Distributing Company
2812 Carrie Street
Columbus
Specialty Distnbuting Company
1112 Blookhaven Boulevard
Decatu
Olson EIecnon!cs
2571 North Decatur Road
Mscon
Specialty Distributing Company
539 Arch Street
Marietta
Specialty Distributing Company
105 White Avenue
Savannah
Specialty Distnbuting Company
612 East Broad Street
Valdosta
Specialty Distr buting Company
916 Marion Street
ILLINOIS
Carpentersviile
Team Etectronics
Meadowda'e Drive. Space 1A
Chicago
Howard Eiectromic Sales. inc
4573 S Archer Avenue
North Central Etectronic Supply
ompany
3412 West Bryn Mawr
Olson Electronics
4101 N_Milnaukee Avenue
Olson E:ectronics
123 N Western Avenue
Otson Electronics
2641 W 95th Street
Downers Grove
Heathiit Electronic Center
224 Ogaden Avenue
Evanston
Tri-State Electronics
707 W Howard Street
Melrose Park
Olson Electronics
1354 Winston Park
Morton Grove
Olson Electronics
6231 Dempster Street
Rock Island
Yeam Electronics
1714 5th Avenue
INDIANA
Anderson
Seybert's Electronic Supply
14 & Main Streets
Bloomington
H A Wilhams & Son
204 South Rogers Street
Columbus
H A Wilhams Co
1003 Washington St
Evanpville
Ohio Valley Sound, Inc
20 E Sycamore St
Fort Wayne
Ft Wayne Electronics Supply,
Incorporated
606 E Maumee Ave
indianapolis
Graham Electonics-Glendale
Incorporated
6101 N Keystone Ave
Granam Electronics Supply, tnc.
133 S Pennsylvania St.
Jettersonville
Moakler Electronics
500 E Chestnut St
ette
Lafayette Radio Supply, Inc.
408 E North St
Muncie
Muncie Electronic Supply, Inc,
222 North Madison St
Rlchmond
H A Williams Co
1114 South F Street
Terre Haute

Midwest Supply Electronles, Inc.

2015 Garfield Ave
Yincennes
Ohio Vlllev Sound, Inc
902 Msin St

10WA

Cedar Rapids
Team Electronics
216 8th Street. S E.
Team Electronics
4444 First Avenue
N E. Lindale Plaza
Oes Moines

Tesm Electronics
3660 Merle Hay Road
Team Electronics
1718 6th Avenue

Dubugue

Team Electromcs

20 South Main Street
Fort Dodge

Team Electronics

2307 5th Avenue, South
M

3

Team Electronics

30 First Avenue, S. V.

Sioux City

Team Electronics

2015 4th Street

Wnluloo

Electronics

2750 Unwevs-ly Avenue
NSAS

Gerden City

Team Electronics

215 W. Kansas Avenue

Hutchinson

Team Electronics

14 South Main Street

Ovesiand Park

Burstein-Applebee Company

Metcalf Shopping Center

Wichila

Amateur Radio Equipment
Company, Incorporated

1203 East Douglas Street

Team Efectronics

784 North West Street

Team Electronics

812 S Woodlawn

KENTUCKY

Louisville

P 1 Burk's Company, Inc.

842 South Seventh St

Peerless Electronics E

Allen Park

Olson Electrofics

15847 Southhigld Road

Ann Arbor

Wedemeyer Ejectronic Supply Co.
2260 Industrigt Highway
Benion Harl

Co fax Co.

1485 M-138 Bldg =2
Clewson

Radio Supply|& Engineerning Co., Inc
1203 W. 14 M{le Road
Delrolt

Heathkit Elecironic Center
18645 West 8/Mile Road
Olson Electrdnics

15620 Grand River Avenue
Olson Electrgnics

14243 Gratiol Avenue
Radio Speciajties Co., Inc.
12775 Lyndor

Riss1 Electronic Supply Co.
14405 Wyom ng Avenue
Ferndele

Mdway Elec] 'omcs Supply
990 WQsl 8 Mile Road

Sh-nd Electrbnics. Inc.

2401 South et Highway

Grand Rapidp

Bursma Radio Supply Co.

1030 Scribnas Avenue, N W.

Jackson

Wedemeyer Electronic Supply
Compan

1617 E Mncl gan Avenue

L‘nntlnq

Company
1815 So 7th St
Owensboro
Ohjio Valley Sound Inc.
600 West 3rd St
LOUISIANA
Baton Rouge
Sterling Electronies. Inc
5201 Government Streel
Gretna
Sterling Electronics, Inc.
1504 Stumpt Blvd
Houm,
Sterling Electron cs, Inc
252 Magnolia Street
Latayette
Sterling Electron ¢s, Inc
1416 S College
Melelrie
Olson Electronics
1833 Airline Highway
s‘;mnq Electronics, Inc.
9 Vi

Slenmo Elecuomcs Inc
7S Claiborne Avenus
smntpovl
Koelemay Sales Company, Inc.
2530 Linwood Avenua
MAIN

Portland

Commercial Distributors

8 Somerse! sueel
RYLAND

Aberdeen

Harco Electronics, Inc.

Carsins Run—Rt 22

Hagerstown

Allegheny Electronics, Inc.

1301 Potomac Avenue

Sallsbury

Standard Elec Supply Co.

701 Snow Hill Road
MASSACHUSETTS

Boston

De Mambro Radio Supply Co.
1095 Commonwealth Avenue

A W Mayer Co . Inc.

895 Boylston Street

Sager Etectnical Supply Company
172 High Street

Brockton

Ware Radio Supply Corp.

913 Centre Street

Land Electronics Supply Co , Inc.

9R Franklin Street

Meirose

Melrose Sales Company

166 Tremont Street

New Bedford

C E Beckman Company

11-35 Commercial Street
ICHIGAN

Adrian

Wedemeyer Elecironic Supply Co.

2982 Treat Road

www americanradiohistorvy com

yer Electronic Supply
Company

800 MernIl Avenue

Menominee

Team Electrpnic:

M & M Plaza, P. O Box 212

Muskegon

E ectronic Distributors_ Inc.

1960 Peck Sireet

Roseville

Radio Specipities Co . Inc

27882 Gratigt Avenue

Saginaw

Norley Brotjers, Inc.

4375 Hollan$ Road

Westland

Cison Electionics

200 North Wayne Road

Wyandotte

Fuuo Spcc alties Co .

2953 Fort Sleeet

[.D

NNESOTA

Bloomington
Team Eleclionics
2515 W 791p Street
Dututh
Yeam Elect{on:
2954 Miller Trunh Highway
Mibbing ]
Team Electronics
112 E Howprd Street
Mnnknl
Team Elecl‘omn
tAadison Edst
Minneapolip
Team Elecironics
337 € Hengepin Avenue
~eam Electronics
2640 Henndpin Avenue
Team Elecyonics
5413 Lyndsle Avenue,

South
Team Elec|ronics
720 29th Avenue, S.E.
MoomudL

Team ElecfroniCs

115 8th Strpet, South

Rochester

Yeam Eleclromics

102 4th Street, S €.

St. Cloud

Team Eleclronics

117 5th Avénue, South

$t. Paul

Team Elecjronics

455 Rice Sgreet

Team Elecgronics

1534 Whit¢ Bear Avenue

Wesi S1. Phul

Team Eleclronics

1733 S Rdberts Street

Wilimar

Team Eler=ronics

920 E Liti=tald
MISSOUR!

Kan: fty
Burstein-Anplebee Company
3199 Merrinr Street
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RCA SOLID~STATE
THESE LOCATIONS

Lee 3 Summit
Burstein-Applebes Company
244 N Oldham Parkway
Springtietd
Burstein-Applebee Company
19C4 S Glenstone Bivd
Team Edectronics
1430 € Sunshine
St Joseph
St Joseph Radio & Supply Co.
720 South 9th Street
St Louis
Ols~n Electronics
1517 Olive Street
MONTANA
Billings
Team E ectronice
2501 Grang Avenue
Bozeman
Team Electronics
1008 N_71h Street
Great Falls
Team £ vc'ronics
613 Cer 'ral Avenue
Missouls
Team E eclronies
1805 South Avenue, West
NEBRASKA
Lincoin
Team Electronics
2055 O Street
Omaha
Team Electranics
8109 Ames Avenue
Team Flectronics
3901 Leavenworth Street
Team Etectronics
12100 West Center Road
Bel ArPlyza
NEVADA
Las Vegas
O:son E'ectronics
Wonder World
3651 Maryland Pkwy & Twain
NEW HAMPSHIRE

Concord

Evans Radio, Inc , Box 893
NEW JERSEY

Pennsauken

RESCO Eteclronics
Arport Central Highway
Arrport industnal Park
Springtield
Route Electronics, Inc
Echo Plaza U S Roule 22
Tolowa
Areaw Electromics Inc
225 Rou'e 46

NEW MEXICO
Albuquerque
Sterling Electronics. Inc
1712 Lomas Boulevard, N E.

YORK

Albany
RTA Distributers, Inc
991 Broadway
Batavis
Radio Equipment Corporation
5 Center Street
Bayside
Arrow Electronics, Ing
206-19 45th Road
Buttalo
Olson Electronics
711 Main Street
Olson Electrgnics
3259 Sheriaan Drive
Radro Electric Products, Inc
1398-1400 Main Street
Radio Equipment Corporation
3240 Sheridan Drive
Radio Eguipment Corporation
196 Vulcan Street
Radio £quipment Corporation
1532 Walden Avenue
Farmingdale
Arrow Electronics, Inc
900 Broad Hollow Ra (Rt 110)
Lackawanna
Crosstown Electronics, Inc
Abbott and Ridge Road
Middletown
Artec Distnbutors
17-21 Cotiage Strest
Mineota
Arrow Electronics, Inc.
525 Jencho Turnpike
Nanvet
Arrow Electronics,
195 West Route 59
New York
Arrow Electronics, fnc.
78-91 Reade Street
Dale Electronics Corporatton
244 West 141h Street

ne
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Packard Ejectronics Corp.

33 Urnion Square West

Olean

Ragio Equipment Corporation
1615 State Street

Rochester

Masiine Electronics, Inc.

511 Clinten Avenue, South
Schenectady

Grimmer s Electronic Parts Supply
41 N Brandywine Avenu
Syracuse

Saina E ectronics, Inc.

2100 Park Street

Troy

Tro,an Electronic Supply Co., Inc.
15 Middieburg Street

Yorkville

Valley Electronic Laboratonas, inc,
A

Truck Route §
NORTH CAROLINA
Asheville
Frecx Radio & Supply Co.. Inc,
38-40 Biltmore Avenue
NORTH DAKOTA
Brsmark
Team Electronics
2304 East Broadway
Grand Forks
Team Etectronics
1583 11th Avenue, North
Minot
Team Electronics
709 11th Avenue SW
OHIO
Akran
Fox Radio Parts Co
300 Akron Square Shopping Center
165 S Arington St
Oraon Zlectronics
260 South Forge Street
Qlson Electronics
69 W State Street
Canton
Tha Electromic Center, inc
‘300 N Cherry Avenue
Cincinnatl
Olson Electrorics
815 Ma:n Street
Cleveland
Fox Audio Center
3736 Rocky River Drive
Olson £lectronics
21850 Center Ridge Road
Olsor Electronics
2020 Euclid Avenue
Olson Electronics
6813 Pearl Road
Columbus
Hughes-Peters, Inc
481 East 111h Avenue
Olson Electronics
2280 Morse Road
Olson Electronics
16 West Long Street
Elyria
EL A-Co
235 Lod: Street
Lima
Hutch and Son
Roberts at Lenore
Manstield
Fox Radio Parts Co
1225 Park Avenue, W
Servex Electronic Distribuling,
Inr
755 Springmill Road
Marion
Servex Electronic Distributing
Inc

224N Prospect St

Maylield Helghts

Olson Electronics

£153 Mayfield Road

Perrysburg

Main Line Distributors, Inc.

Wilhis Day Industrial Park

Sendusky

ServexElectronic Distributing Ire

534 Columbus Avenus

Tiftin

Hutch and Son

278 N Washington

Toledo

Hitlebrand Electronie Supply

4665 W Bancroft

Witloughby

Olson Electronics

36212 Eurclid Avenue

Witlo Plaza Shopping Center
AHOMA

Muskogee

Sooner Radio & Television Supply,
Incorporated

110 Callahan Street

Oklahoma City
Raaio Supply, Inc
724 North Hudsaon Avenue
Sterling Home Electionics
5611 South Western Avenue
Sterling Home Electromics
4327 N'W 231d Street
Tulsa
Radiog, dnc
1000 South Main Sireet
S & S Radio Supply Company
537 South Kenosha
OREGON
Eugene
United Radio Supply
974 W 6th Avenue
Pendletan
Round-Up Electronics
2927 Riverside Avenue
PENNSYLVANIA
Piltsburgh
Olson Electronics
5918 Penn Mall
Olson Electronics
3405 Saw Mill Run Blvd
SOUTH CAROLINA
Charleston
Wholesale Radio Supply Co.
515 Easl Bay Street
OUTH DAKOTA
Rapid City
Team Electronics
1101 Omaha Street
Sioux Falls
Team Flectronics
613 West 41st Street
Warren Supply Company
196 £ 6th Street
Watertown
Team Electronics
223 91h Avenue, S E
TENNESSEE
Bristol
Lafayette Radio Electronics
‘Associate Store’
1375 Volunteer Parkway
Chattanooga
Curle Ruddio Supply Company
439 Broad Stree!
Radio and Appliance O stubutors
Inc
2515 Cannon Avenue
Kingsport
Radio Electric Supply Co
961 East Sullivan Street

Austin
Modern-Electrotex
914 W 121h Street
Sterling Electronics Inc
1712 Lavaca
Wholesale Electronic Supply
703 W 7th
Beaumont
Sterling Electronics inc
3810 Coliege
ryan
Steriing Electronics. Inc.
903 South Main Street
Corpus Christt
Modern-Electrotex
4019 Brett
Sterling Elecironics, inc.
805 S Staples Street
Dallas
Adleta Electronics Co
1914 Cedar Springs
Olson Electronics
6215 Hilicrest Avenue
Southwest Radio Sugply
Company
1820 North Harwood Street
Sterling Electronics, Inc.
4428 Lemman
Sterling Elactronics, Inc
3510 Marvin D Love Freeway
Sterling Electronics Inc
2875 Merrell Road
Sterling Electronics of Dallas
11420 Narth Central
Expressway
Sterting Eiectronics of Daltas
2608 Ross Avenue
El Paso
Mdland Specialty Company
2235 Wyoming Avenue
Fort Warth
Adleta Electronics Co.
100 S Freeway at Vickery
Sterling Home Electronics
2939 Wes! Tth Street
Garland
Newark-Dallas Electrenic
Corporation
707 Easy Street
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Greenville
Lavender Electronics Inc of
Greenvilie
2311 Washington
Houston
Electrotex
2300 Richmond Avenue
Sterling Electronics, Inc
42071 Southwest Freeway
Sterting Home Electronics
3118 Smuth
Sterling Home Eleclranics
8404 Winkler Drive
Irving
Sterting E'ectronics, Inc
D B A Crabtiee Wholesa'e
E ectronics
254 West Carpenter Freeway
La Marque
Electratex
216 Byrd Street
Lutkin
Elactrotex
430 Atkinson Orive
Odessa
Midltand Srecially Company
2101 Ancrews Highway
Paris
Lavender Electrons <. Inc of Pans
250 South Main Street
San Antonla
Modern-E'ectralex
910N Laurel
Stee ing Electronics, In¢
1407 S W Military Drive
Sterhing Electronics, Inc
4600 San Pedro Avenue
Sherman
Lavender E'vctromes Inc of
Srerman
308 Fast Houston S'reet
Tyler
La.ender Electronics Inc
503 Fast Qakwood Strect
Victorna
Madern-Electralax
1007 North William
Waco
The Harg s Company, Ing
1205 Washington Avenue
UTAH
Salt Lake City
Team Electronics
6237 South Highland Drive
vIRGINIA
Arlington
Arlington Electronc Wholesaters
Inc
3636 Lee Highway
Charlottesville
Graves Electronics Inc
1700 aihied Street
Harrisonbur:
Electrical Whatesalers Inc
611 N Main Street
WASHINGTON
Everett
Pringie Electronic Supply, lnc
2101 Colby Avenua
Wenatchee
Mid-State Electronics
611 North Wenatcher Avenue
WISCONSIN
Appleton
Team Electronics
1828 Vwest Wiscansin Avenue
Eau Claire
Team Electronics
2321 E Clairemon! Parkway
Green Bay
Team Electronics
821 Military Road
La Crosse
Team Electronics
1505 Losey Blvd  South
Madison
Team Eleclronics
3365 East Washington Avenue
Milwaukee
Olson Electronics
5830 West Fond du Lac Avenue
Olson Electronics
423 West Michigan Street
Team Eiectronics
7512 W Appleton Avenue
Manitowoc
Team Electronics
1801 Marshall Street
Racine
Team Electronics
3701 Durand Avenue
Eimwood Plaza Shopping Center
Scholield
Team Electronics
725 Grand Avenue

25
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QAssembIe the first
all-electronic puzzle
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UZZLES—whether they are word games, jigsaws, entwined nails,

or interlocked pieces of wood—are the joy (or bane) of many
people’s existences. Whatever the overall reaction, however, nearly
everyone is fascinated by a real “toughie”—providing he is assured
the solution is possible and the whole thing is not a hoax.

Presented here is an ancient puzzling principle in a new guise—
the electronic “Princens Puzzle.” The solution to Princeps Puzzle is
based on clear-cut rules of logic (as used in everyday computers) and,
assuming you get your unit properly assembled and wired, it is defin-
itely possible—though not quickly obtained through some ftrick of
black magic.

T here are eight lights and eight pushbuttons on the puzzle. There

27
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Construction is left to the builder. Here, the lamps, switches and capacitors are

grouped in lines on the front panel. The PC board is mounted on a pair of brackets.

15 also a feset button which, when pressed,
furnx on all the Lights at any time. The point
of the puzzle then is to get them all turned
ol again by pressing the appropriate num-
berad buttons. You can figure out the solu-
tion to the Princeps Puzzle from the logic
diagrm shown in Fig. 1; and we'll give you
a hint—it fakes 170 pushes of one button or

PARTS LIST
C1-C8—0.05-uF dise capucitor
DI1-DI3—SNmall-signal silicon diode
HA8—6.3-rolt, 50-mA pilot light
TCHICE—Dual JK flip-flop (Motorola MC-

3P)

1C5—Quad 2-input NOR gate (Motorola MC-
702)

1C6—Quad 2-input NAND gate (Motorola
MCT100)

Q1-Q8—2N5129 transistor

RIR2—1700-0hm. Y-watt resistor

R3-R10—)800-0hm. "i-watt resistor

R1I—I5-0hm, Y5vatt resistor

N-N9—Spst pushbutton switch (Switeheraft
103 or similar)

Misc—Suitable chassis. plustic lens for lump
(8), line cord. grommet. mounting hard-
teare, ete.,

Note: The following are arailable from Nouth-
west Technical Products. 219 B, Rhapsody.
Nan Antonio, TX 78216: etched und drilled
PC board ut 32.90. postpaid : complete kit
of parts including board. chassis, and power
supply at 829.95. plus postage and insurance

for3 1.

MAY, 1971

another in the proper sequence to cet all the
lights off. Gnee you 2ot the svstem down pat,
vou'll be able to twen off all the lights in a
minute or two—atter watehing vour triends
push and puale ard puzzle and push for
hours.

The detailed proccdure for all 170 sieps is
too long to print here—besides we don’t want
to xpoil yonr fun—but we'll <end yvou a copy
if vou send 20¢ to cover handling and mailing
to Iiditorial Dept., Porvnar Ernectroxics,
One Park \ve,, New York, NY 16016,

Construction. The clecironic portion of
Princeps Puzzle is assembled on a printed
cireuit board as shown in Fig. 2. Be sure to
wet the proper orientation on the 1Cs and the
correct polarities on the diodes. Use a low-
wattage soldering iron and fine solder # avoid
damaging the semicondnetors with heat, The
cight lights and their associated pushbuttons
and capacitors are mounted on the 'ront panel
along with the reset button and 2277, Onee
these are installed, the eireuit board can he
attached fo the front panel as shawn in the
photographs.

The wiring between the switehes, lampsz, and
board Is not eritieal but it <houl! he color
coded to avold contusion, A line-operated
power supply, delivering approximately 5
volts is shown in Fig, 3. This supply may be
assembled within the chassis using terminal
strips to hold the components,

29
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Fig. 2. Actual size foil pattern
(left) and component installation
(below) for the plzzie. Note that
two insulated jumpers are shown
and can go on foil side of the board.
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117VAC

Fig. 3. Typical power supply for use with the puzzle.
Any other type of five-voit supply may be substituted.

PARTS LIST
C1.C2—500-uF. 20-volt clectrolytic capacitor
D1-D3—30-PIV. 14 silicon dinde
RI1—=2.7-chm. J-watt resistor
T'1—Transformer: secondary 12 VCT, 1.4

Theory of Circuit Design. The circnit
nses four dual JK master-=lave flip-flops, a
quadd two-input NAND eate, and a quad two-
input positive NOR eate. The lamps ave driv-
en by cmitter followers whiclh are connected
to the Q outpnt ol the flip-fHops. In Mz, 1,
the thp-flops are numbered to corvespond to
the lamps that they control,

The JI inputsto /11 are licld at a hieh Jevel
at all times <o that zny pulse on the € input

changes the Q outpnt and turns /7 on or

off. The @ output of FI71 also control= the
JK inputs to FF2. Thus FF2 can be changed
by a pulse on C only if the Q output of Fr'7
15 high—meaning 77 is on. The @ output of
11 s coupled to £ 173 through diode 17 and
to one input o the NAND eate which is one
ol the controls for 747 through FFS Thus

FF3 throuol FES ave operative when 71 =
oft and the other control lTevels are correet.
The Q output of FEF2 ix coupled to FIF3
through D2 <o that FF3 can funetion only
when 77 iz off amd 72 i< on. The Q output of
FF2is coupled to FF P thvongh FES throneh
a NAND care o that they ean operate only
when FF2 < ol and other conditions ave met,

The @ output of FI°3 is coupled throngh
1X7 10 R so that the Tatter ean only operate
when /3 iz lit. The @ ontput of FF3 ix also
coupled to a NOR eate and its Q ontput to a
NAND wate. These eates control FES through
F'1S <0 that they cannot operate mnless 15 i~
oll. The Q output of FF'7 ix coupled to FI°5
through 725 <o that 'Y can operate only
when 74 s on. The Q ontpuat ol FFis con-
neeted to one input ol a NAND eate coupled

5 VOLT
POWER SUPPLY

The author elected to use a five-volt regulated dc supply in his prototype.

The bridge rectifier, pass transistor,

May, 1971

and filters can be seen above.

31
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to FF6, PI77, and FF8 so that they can op-
erate only when 74 is ofl and other conditions
are met.

The Q output of FF3 is connected through
D8 to FF6 <o that FF6 can operate only when
15 is on. The Q output of FF35 is alzo con-
neeted to a NOR gate while its Q output is
connected to a NAND gate to control FI77
and I'F8 so that they can operate only when
I5 is off and other eonditions are met. The
Q ouiput of FF6 is used only as a lamp drive
but its Q outpnt is connected to a NOR gate
to control FF7 and to a NAND wate to con-
trol FI'8 so that FF7 can operate only when
16 is on and FFS§ can operate only when /6
i= off. _

The Q output of FF7 is used only to drive
I7 and its Q output is connected to a NOR
eate to control FFS._Thus FFS can operate
only it 77 is on. The Q ontput of /'8 ix used
as a lamp drive only.

The clock input to cach flip-flop requires
that the input be held low, inereased momen-
tarily, and then returned to low. This condi-
tion 1s met by the normally closed pushbut-
ton switches S7 through S8 A capacitor
across each switeh integrates the pulse and
climinates contact bounce.

The overall logie eivenit then controls the
lamps so that 77 can be turned on or off” at
any time and to change the condition ot any
other lamp, the lamp immediately preceding
the one to be changed must be on and all other
lamp= preceding that one must be off. Thix
ix the format that must be followed in solving
the puzzle.

There are two modifications that can be

32

This view shows the value in using a ter-
minal strip to mount off-board electronic
components, in this case the regulated pow-
er supply. Such an approach can be lused in
any type of supply, or in any other project
that requires outboard component méunting.

tried. To make it casier, only the first xix
lamps and their asxociated eirenits can be nsed
—climinating I7 and I8 and associated eir-
cuits. To make things more diffieult, inter-
change the pushbuftons <o thut they don't
line up with the light~ but be sire you know
what's what or ven may wind up on the
puzzled side yvourselt. —30~—
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THE

I HE BY DAVID B. WEEMS

SINGLE

WOFR

PROS AND CONS ON AN OLD SUBJECT:
THE THIRD SPEAKER IN A STEREQO SYSTEM

HIE ITDEA of using a <ingle wootor 1o 1c-

produce the bass information present in the
signals on both stereo ehannels i< abant as old
as consumer stereo itsell. Fven today, there
are awdio authorities who maintan that, in
some respeets, one woofer can he better than
two. To =upport their eases, they eite ~neh
advantaves as extended bass response: het-
ter midrange and high-frequeney perform-
ance; reduced turntable rumble: and more
flexibility in speaker arrangement.

Going back in history (sterco history. that
is), vou will find that the Electro-Voice ©Fs-
quire-Stereon,”  Stephens  “Stereodot,”™ and
Jenzen “Galaxy” emploved a mixced-signal
speaker of one kind or another. All of these
systems were essentially three-speaker setups
in which the middle speaker carried the com-
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bined ~tereo signal, thoueh it was not neces-
~arily limited 1o operation in the hass range.
Two snall “satellite”™ speakers filied out these
svetems, providing left- and  right-channel
~ound =ourees,

The Galaxy was a bit unusunal. In it, the
center speaker wos used mainly for bass and
low midrange reproduction, rolling off in re-
~ponse above 1000 Tz, Its ecrossover point
from =atellites to wooter was about 350 Iz

None of these three-speaker systems seemed
to inspire any great lovalty from stereo buffs
of the tine; but there was one other system
that might have suceeeded where the others
failed. It was the Weathers “Triphonie,”
which also had three speakers, but the third
~pcaker did not have to be located in the mid-
dle. 1t contained a 10-in. woofer which had
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a falling responsc above 100 11z, with a cross-
over point from satellites to woofer at 80 Hz—
low enough to make the woofer's sound non-
directional.

Sometimes called the “camouflage” system,
the Triphonic’s satellite speakers were dis-
guised as books, while the woofer box was
small enough to be hidden under a picce of
furniture. The system was probably the first
attempt to exploit the unigue advantages of
single-woofer sterco.

Regardless of its originality, the Triphonie
svstem was a commereial failure, which prob-
ably tainted the single-woofer concept for
manufacturers and sterco buffs alike. Com-
mercial suecess or failure is an unreliable
enide to what is good or bad, but one possible
factor attributing to the failure of the Tri-
phonic¢ was the need for interchangeability
between amplifiers and speakers. The period
of transition from monophonic to stereophon-
ic sonnd was also a time for change in ampli-
fier design as transistors began to supplant
vaenum tubes. Early transistorized amplifiers
were often fussy about what was connected to
their outputs. (Even today, certain precau-
tions must be observed before conneeting a
mixed bhass cirenit to some amplifiers.) Most
audio buffs took the ecasier method of using
two separate speaker systems—ineluding two
woofers.

Some equipment buyers, following the rea-
soning that if one is good, two are better,
antomatically associated the idea of a =ingle
woofer with inferior quality, Department
store salesmen, looking for a quick =ale, were
often responsible for perpetrating this mis-
conception. Most of them use the ploy of em-
phasizing the number of speakers inside their
system consoles as important advantagees with-
out reference to overall system quality.

Nor did the Weathers syvstem offer mueh in
the way of a status svmbol for the prospeetive
buyers. Apparently, the only buyers inter-
ested in the Triphonie were impressed by the
novelty of “invisible” speakers.

The return of interest in mixed bass is
evident in the Infinity “Servo-Static 1.” Un-
like the Weathers system, it is neither small in
size nor moderately priced. This raises the
question: Do the Infinity speakers demon-
strate that a novel concept, once shot down
by the $100 competition, can make it in the
#1000 bracket? Of course, with their motional
feedback and high overall quality, they have
more going for them than just mixed bass.
But whatever the reason, the fact that some
audio fans are plunking down %2000 for a
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common bass svstem suggests that single-
woofer sterco 1s worth a careful zecond look.

The owner of two large speakers would
gain little by adding a third woofer to rob
power from the two already in/nse. But if
going to a mixed bass permits the wse of a
significantly larger woofer, then one advan-
tage scems certain—improved bass response.

Of course, some experts feel tliat extension
of the bass ranee is insufficient véason for the
switeh to the single woofer, elaiin ng that sep-
arate woofers are less likely to exeite room
resonances than one large woofer! Others con-
tend that smaller woofers have the advantage
of better transient response and bass detail
over the bigger woofers. There are differences
in sound eharacter between a large woofer and
a small one; but only a careful listening test
will lelp vou to determiuve whieh, if either,
vou prefer.

The scecond advantage is less| obvious but
just as important for some réoms. Sterco
speaker systems, even small compaets, are of-
ten placed on the floor whicli enhances bass
response but makes the high frequencies sound
both unnatural and poorly dispersed. Here,
the nse of a separate woofer perniits the place-
ment of satellite speakers for optimum high-
frequeney sound dispersion andstereo effect.
Tt also provides an opportunity for imagina-
tive furniture arrangement.

With a properly chosen crossover frequen-
cv, the dirvection of the sound from the woofer
will not be noticeable. The wooter box can be
tucked away under a piece of flurniture, put
in a closet, or even moved into an adjoining
room. If the woofer is removed too far, dis-
criminating listeners might ddtect a phase
shift between the fundamentdl bass tones
from the woofer and harmonies of those tones
produced by the stereo satellite speakers. But
the stereo effect itself will not be compromised.
The listener will still hear somie bass instru-
ment= on the left, others on the vight, since the
location of each instrument is re¢ognized by its
overtones which are produced by the upper
range speakers.

The use of a common woofer for both chan-
nels also insures the physical separation of
the low-frequeney speaker from the treble
speakers. Putting a tweeter ix an enclosure
designed for good bass response, even if the
tweeter is acoustically isolated, makes no en-
gineering sense at all. The dangers of sound
reproduction distortion and dgmage to small
speakers which are not sealed off from the
woofer are well known. What is sometimes
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overlooked is the effect of the enelosare shape
and size on high-trequeney sound dispersion.

A large rectangular eross section enclosure
has <harp corners at the front edee which
produee diffraction effects, particnlarly when
the midrange speaker or tweeter is installed
in the front middle o the enclosure. These
effeets may cause peaks or dips, up to ax mueh
as 25 dB in the response curve!,

Lnclosure dilfraction, which produces in-
teraction between the dilfracted waves and
the normal waves, was demonstrated by Dr.
HHarry F. Olson of A Laboratories some
20 vears azo®. But another shorteoming ol
the laree enclosure when used for the middle
and hieh freguencies, though not as well ree-
ornized, may be just as important to con-
~ider. The wider the front of the enclosnre.
the poorer is the dispersion of midrange and
hich-Irequency soundl.

It is am irony that speakers ean be made
to sound expansive and “hie,” due to good
dispersion, by making them smaller. When
the midranze and tweeter speakers arve re-
nmoved from the wooler's enclosuve, the de-
siener s ree {o make use of enclosures tha

|
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fit the requirements of optimum upper fre-
queney response and dispersion, An obvious
example of one possible approach is the line
source, or narrow midrange column, as de-
seribed in “Totem Polex For Sterco” (Poru-
AR Enecerroxios, Jannary 1966).

Reducing turntable rumble througl the
use of a single wooler has often been sug-
gested. The theory is based on the fact that
rumble vibrations in a turntable tend to be
in the vertical plane, to which the ideal stereo
pickup will respond by producing equal and
out-of-phase voltages in each channel. These
signals, if carried through the sterco system
and  reproduced by the speakers withont
phase =hitt differences, will cancel the rum-
ble frequency. A =terco system with a wooter
in cach channel, when operated in proper
halance, should theoretically cancel the mun-
ble; but various factors, suel as the listener's
position with respeet to each wooler, may
prevent perfeet cancellation.

When a sinele wooler is used for both
chaimnels, the unpredictable factor ol room
aconsties s caneeled, Then rumble cancella-

The mixed-signal woofer in the
“Totem Poles For Stereo’ proj-
ect (January 1966) was located
in the squat box shown in
the center of the photo. The
‘“totem poles” on each side
contained the satellite speakers.
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