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MITS Presents
The New 150 Series
Handheld Calculator

...8 Functions Mean a Handful of Features!

Multiplication

Division

Subtraction

100% American Made
Chain & Mixed Operations

Special Readouts:
Entry Overflow
Negative Result
Result Overflow
Low Battery
08 Digit Readout
(Always the most significant digits)

Bright Led Display

SIZE: 5-3/4" x 3-1/4" x 1-1/2"
Hi -Impact ABS Case

MITS
r

Memory

Square Roots

Squaring

Reciprocals

Percentages

"--Addition

Plus: Floating &
Fixed Decimal

Algebraic Logic

PR10ES*$129.95 Assembled
$ 99.95 Kit
Full 1 Year Warranty

AC Adapter for 110VAC Operation $6.95
Carrying Case (leatherette) $5.95
*Prices subject to change without notice.

toci,suu I

I or 0 BankAmericard
I or  Master Charge #

Credit Card Expiration Date
Include $5.00 for Postage and Handling

micro Instrumentation Kit  Assembled
_I Please Send Information on Entire MITS Line.

Telemetry Systems, Inc. 1 NAME

6328 Linn, N.E., Albuquerque, New Mexico 87108
I ADDRESS

505/265-7553 Telex Number 660401
CITY

STATE 8, ZIP
MITS/ 6328 Linn, N.E., Albuquerque, New Mexico 87108 505/2657553 Telex = 660401
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New square -cornered
Sylvania picture tube

Modular
construction
with plug-in

circuit boards

Automatic degaussing

100% solid
state chassis

Handsome woodgrain cabinet,
at no extra cost. (Offered only by NRI)

NOW...
learn color TV
servicing while

building this NEW 25101,..., SOLID STATE SET
created by NRI for home training

6 -position detented
UHF channel selector

Automatic
color control

Automatic
tint control

NRI wanted more than a hobby kit TV
... so we built one from the circuits
up, specifically for teaching advanced
electronics. You can only get this
superb set from NRI ... it's exclusive
with NRI Color TV Servicing Course.
NRI was first to supply home study students with cus-
tom -designed training kits to give practical hands-on ex-
perience as you learn. Now NRI scores another first . . .

with the exclusive 25" diagonal picture tube, solid chas-
sis, color TV set designed -for -learning. You build it your-

self with NRI's TV -Radio Servicing Course.

41,*

Kit for kit, dollar for
dollar, you get more for
your money from NRI.
The TV -Radio Servicing Course
includes a wide -band service type
oscilloscope and a color bar cross-
hatch generator... along with

other valuable equipment you will use to perform experi-
ments and make repairs on your own and other sets.

Automatic fine tuning

You'll soon find yourself earning $5
to $7 an hour, in your spare time ...
even before the course is completed.

Learning at home is easy ... the sim-
plified NRI way. Texts are "bite -size"
and fully -illustrated, leading you step
by step, stage by stage, to a thorough

knowledge of electronics. You can introduce defects into
circuits, perform experiments, and discover the how and
why of circuitry and
equipment operation.

Train with the
Leader-NRI.
The same training innovations which have made NRI the
leader in career training at home are now available to
you. Mail the insert card for a free full -color catalog
which spells out the NRI "discovery" method of learning.
There's no obligation. NO SALESMAN WILL CALL.
APPROVED UNDER NEW 01 BILL. If you have served since January 31.
1955, or are in service, check GI line on reply card.

NRI TRAINING
,

ittri 3939 Wisconsin Avenue, N.W.
Washington, D.C. 20016
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DECIBEL TABLE 7
REACTANCE CHART 8

COLOR CODES CHARTS 10
BUILD A HAND-HELD ELECTRONIC CALCULATOR Lorinda Russell & Bill Yates 11

The popularity of the "mini" calculator is at an all-time high, but
if owning one of the commercial models isn't in your budget, you
can build your own-with 6, 9, or 12 digit readouts.

THE DRUMMER BOY John S. Simonton, Jr. 19
Rhythm is the name of the game-waltz to funk, bass drum to
conga. Here is a low-cost rhythm section you can build yourself.

BUILD THE MUSCLE WHISTLER Harry Garland & Roger Melen 32
BUILD A GENERAL-PURPOSE ALARM Truett Brown 35
ALL AMERICAN SPORTS AMPLIFIER Robert B. Cooper 37

TV blackouts of your favorite teams' games can be beaten by adding
this highly selective TV antenna preamp which will bring in those
distant stations not affected by the blackout.

EL PANEL DRIVER Norman P. Huffnagle 47
Changing voltage and frequency on electroluminescent panels
changes brightness and color. There are many uses.

ADHESIVE STENCIL TECHNIQUE FOR PC BOARDS Thomas Anderson 53
DISTORTIONLESS AUDIO COMPRESSOR Charles Caringella, W6NJV 57

Just the thing for hams, CB'ers, and tape recording fans. Hirsch -

Houck Labs say it tests as impressively as many commercial units.

CRYSTAL CALIBRATOR FOR THE HAM & SWL William L. Blair 63
Unit provides accurate frequency checks 25 and 100 kHz apart.

LABYRINTH SPEAKERS FOR HI-FI David B. Weems 70
For devotees of the labyrinth speaker, author outlines some of the
problems involved in building such a system, offers practical solutions
to the problems, and hands out good advice to prospective builders.

ELECTRONIC EXPERIMENTER'S HANDBOOK: Published semi-annually by Ziff -Davis Publishing Companyat One Park Avenue, New York, New York 10016. William Ziff, President; Hershel B. Sarbin, Senior Vice PresidentSecretary, and Treasurer; Philip Sine, Senior Vice President.
Copyright® 1973 by ZIFF-DAVIS PUBLISHING COMPANY. All rights reserved.
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VHF FREQUENCY CONVERTER Lyman E. Greenlee
If you like monitoring various service bands while driving, this easily
built converter can be added to your car radio to make it possible.

ADD TRIGGERED SWEEP TO YOUR SCOPE Harry Garland & Roger Melen 79
You can upgrade your inexpensive scope by adding this circuit
to provide improved performance and new operating conveniences.

LOW -VOLTAGE REMOTE POWER CONTROL Neil Johnson 87

RUGGED AUTO EMERGENCY FLASHER Ronald L. Ives 90

UNIQUE STEREO DECODER Seymour Reich 94
An inexpensive IC and a handful of parts will enable you to make a
first-class multiplex decoder to up -date your FM receiver.

BUILD A MINI -PYRAMIDAL UHF TV ANTENNA George J. Monser 98

GANGED SWITCHING QUIZ Robert P. Balin 102

BUILD THE CHARGE NOW A A. Mangieri 105
With so many things "battery operated" these days, replacements can
get expensive. Unit recharges nickel -cadmium, alkaline AA, C, or D cells.

THE "CONTINENTAL" SPEAKER SYSTEM David B. Weems 114

HI-FI AMPLIFIER MODULE Art Trauffer 122

DON'T BYPASS THE HOBBY SHOP Frank H. Tooker 124
No electronic parts distributor near you? The hobby shop can prove a
veritable gold mine of hard -to -find tools and materials for your projects.

AQUARIUM HEATER CONTROL FOR FISH FANCIERS A. E. Donkin 128

. . . and photographers, chemists, and anyone else who needs stable,
precise temperature control. The control is built around a single IC.

EXPERIMENTS IN ELECTRO-CULTURE L. George Lawrence 131
Do plants know if you care? They have sensitive, sensible
reactions and you can measure them electronically!

BUILD A STROBE CUBE Richard M. Fisher 138

POWER -LINE BOOSTER/REDUCER Frank H. Tooker 140

TESTING POWER SUPPLIES James N. Demas 141

BUILD A DIGITAL LOGIC TRAINER Jack Cazes 143
This "baby computer" performs 32 functions and teaches Boolean
algebra. It is easy to build and uses a medium -cost IC.

ELECTRO-CHEMICAL HYGROMETER Joseph Giannelli 149
Construct this low-cost unit which measures ambient relative humidity
and gives you metered "proof" of why you feel so uncomfortable!

TODAY'S SURPLUS -EQUIPMENT DEALERS Alexander W. Burawa 152
Covcr Photo: Conrad Studios

For details on how to build a "mini'.
hand-held calculator, see page 11.

EDGAR W. HOPPER, Publisher
ARTHUR P. SALSBERG, Editorial Director  STANLEY NEUFELD, Associate Publisher

EDWARD I. BUXBAUM, Art Director  ANDRE DUZANT, Technical Illustrator
JOSEPH E. HALLORAN, Adv. Director  JOHN J. CORTON, Adv. Sales

P.B. HOEFER, Managing Editor  MADELEINE LITTMAN, Adv. Service Mgr.
FURMAN H. HEBB, Group Vice President, Electronics & Photographic
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NOW, FOR ANY
ASSIGNMENT...

tool cases
with different

tool selections

Model TC-100/ST

Model TC-200/ST

Technicians, servicemen, field engineers: Here's the ideal
combination - Xcelite professional hand tools made to
highest standards for any job ... all housed in a rugged,
attractive attaché style case personalized with your initials.
Tools neatly mounted in see-thru pockets on removable
pallets and trays... plus generous space for individualized
selection of test instruments, parts boxes, soldering gun
and other tools.

Your choice of two: Model TC-100/ST provides a larger, yet
compact case containing an extensive selection of 41 indi-
vidual and 13 interchangeable tools with 3 handles, and 5
separately cased sets of specialized drivers. Model TC-
200/ST offers an economical but extremely versatile selec-
tion of 10 individual and 28 interchangeable tools and
handles for less demanding work.
WRITE FOR nationwide availability through
BULLETIN N273. local distributors

L

6

XCELITE, INC.  54 BANK ST ORCHARD PARK, N.Y. 14127
Send Bulletin N273 on Attache Tool Cases.

name

address

city state & zone
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DECIBEL TABLE
! Voltage

Ratio
(Equal

Impedance)

Voltage
Ratio Power

(Equal Ratio

Impedance)

.----
Power
Ratio

db
+ ---..-

1.000 1.000 0 1.000 1.000

0.989 0.977 0.1 1.012 1.023

0.977 0.955 0.2 1.023 1.047

0.966 0.933 0.3 1.035 1.072

0.955 0.912 0.4 1.047 1.096

0.944 0.891 0.5 1.059 1.122

0.933 0.871 0.6 1.072 1.148

0.923 0.851 0.7 1.084 1.175

0.912 0.832 0.8 1.096 1.202

0.902 0.813 0.9 1.109 1.230

0.891 0.794 1.0 1.122 1.259

0.841 0.708 1.5 1.189 1.413

0.794 0.631 2.0 1.259 1.585

0.750 0.562 2.5 1.334 1.778

0.708 0.501 3.0 1.413 1.995

0.668 0.447 3.5 1.496 2.239

0.631 0.398 4.0 1.585 2.512

0.596 0.355 4.5 1.679 2.818

0.562 0.316 5.0 1.778 3.162

0.531 0.282 5.5 1.884 3.548

0.501 0.251 6.0 1.995 3.981

0.473 0.224 6.5 2.113 4.467

0.447 0.200 7.0 2.239 5.012

0.422 0.178 7.5 2.371 5.623

0.398 0.159 8.0 2.512 6.310

0.376 0.141 8.5 2.661 7.079

0.355 0.126 9.0 2.818 7.943

0.335 0.112 9.5 2.985 8.913

0.316 0.100 10 3.162 10.00

0.282 0.0794 11 3.55 12.6

0.251 0.0631 12 3.98 15.9

0.224 0.0501 13 4.47 20.0

0.200 0.0398 14 5.01 25.1

0.178 0.0316 15 5.62 31.6

0.159 0.0251 16 6.31 39.8

0.141 0.0200 17 7.08 50.1

0.126 0.0159 18 7.94 63.1

0.112 0.0126 19 8.91 79.4

0.100 0.0100 20 10.00 100.0

3.16x10 ' 10 ' 30 3.16x10 10'

10-2 10-4 40 102 101

3.16x10 ' 10 5 50 3.16x102 10'

10-3 10' 60 10' 106

3.16x10-1 10-7 70 3.16x102 10'

10-4 ' 10' 80 104 106

3.16x10' 10-° 90 3.16x101 10
10 ' 10-10 100 10' 101"

3.16x10 6 10 -1' 110 3.16x10' 1011

10 6 10-12 120 100 10'
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THE MOST IMPORTANT DISCS IN YOUR ENTIRE COLLECTION!
Stereo Testing! Spectacular Sound!

Model SR12

STEREO TEST RECORD

The most complete . most sophisticated ... most
versa!! le Test Disc available today. Whether you're an
avid audiophile who'll settle for nothing but peak
perlormance from his stereo components ... a casual
listener who'd like more insight into the challenging
world of stereo reproduction . . . or a professional
technician who needs precise standards for lab test-
ing ... the SR12 is a must for your record collection.

Make these important stereo checks BY EAR
Frequency response  Separation Cartridge track-
ing  Channel balance  Hum and rumble Flutter
 Cartridge and speaker phasing Anti -skating ad-
justment  "Gun shot test" for stereo spread Multi-
purpose musician's "A." Equal -tempered Chromatic
octave Guitar -tuning tones.

7 critical TEST EQUIPMENT checks . . . Attention
professionals: SR12 is also designed to be used as a
highly efficient design and measurement tool. In the
following tests, recorded levels, frequencies, etc.
have been Controlled to laboratory tolerances-afford-
ing accurate numerical evaluation when used with
oscilloscope, chart recorder, output meter, intermodu-
lation-distortion meter and flutter meter,

1,000 -Hz square waves to test transient and high.
frequency response of phono pickups.

SOO to 20,000 Hz frequency -response sweep.

Sine -wave tone -bursts to test transient response
of pickup.

Intermodulation test using simultaneous 400 -Hz
and 4,000 -Hz signals.

Intermodulation sweep to show distortion caused
by excessive resonances in tone arm and cartridge.

t,000 -Hz reference tones to determine groove
velocity.

3,000 -Hz tone for flutter and speed tests.

Sample waveforms-illustrating both accurate and
faulty responses are provided in the Instruction
Manual for comparison with the patterns appearing
on your own oscilloscope screen,

FREE-An informative manual which
Includes charts, tables and diagrams.

r

The Most Spectacular Sound
Exhibition of Stereo Fidelity

Ever Available on
Disc and Cassette

I )1.. .AI( iNsTR.V11(
1..(1 )111)1F1.F.I.=7-

STEREO DEMONSTRATION

RECORD AND CASSETTE
This record (and cassette) Is the result of 2 years
of intensive research In the sound libraries of
Deutsche Grammophon Gesellschaft, Connoisseur
Society Westminster Recording Company and Cam-
bridge Records, Inc. The Editors of Stereo Review
have selected and edited those excerpts that best
demonstrate each of the many aspects of the stereo
reproduction of music. The record and cassette
offer you a greater variety of sound than has ever
before been Included on a single disc or tape. It
is a series of independent demonstrations, each
designed to show oft one or more aspects of musi-
cal sound and Its reproduction. Entirely music, the
record and cassette have both been edited to
provide self-sufficlent capsule presentations of an
enormous variety of music arranged in a contrasting
and pleasing order. It Includes all the basic musical
and acoustical sounds that you hear when you listen
to records and tapes, Isolated and pointed up to
give you a basis for future critical listening.

WIDE RANGE OF DEMONSTRATIONS
Techniques of separation and multiple sound

sources  Acoustic depth  The ambiance of a con-
cert hall  Sharp contrasts of dynamics  Crescendo
and diminuendo Very high and very low pitched
musical sounds  Polyphony Itwo or more melodies
going on at once) with both similar and contrasting
instruments Tonal qualities of wind, string and
percussion instruments  Sounds of ancient instru-
ments  Sounds of oriental instruments  Sound of
the singing voice, both classically trained and un-
trained Plus a large sampling of finger snapping.
hand clapping, foot stamping and other musical and
percussive sounds.

13 SUPERB SELECTIONS:
STRAUSS: festive Prelude, Op. 61 (excerpt) OGG  DEBUSSY:
feat d'artif ice (excerpt) Connoisseur Society  BEETHOVEN:
Wellington's Victory (Battle Symphony).(excerpt from the
first movement) Westminster MASSAINO: Conzona XXXV
a 16 (complete) DGG Archive  CORRME: Concerto Commie
Op. R. No. 6, "le Maim des Dames" (third movement)
Connoisseur Society KHAN: Raga Chandranandan (ex.
cerpt ) Connoisseur Society RODRIGO: Concert-Serenade
for Harp and Orchestra (excerpt from the first movement)
DGG MARITAS DE PLATA: Gypsy Rhumba (complete) Con-
noisseur Society  'SMELLS: (arr. King): Psalm XVII "The
Heavens are Telling" (complete) Connoisseur Society
PRAETORIUS: Terpsichore: La Bourree XXXII (complete) OGG
Archive BERG: Wozzeck (excerpt from Act Ill) OGG
BARTON: Sonata for two pianos and Percussion (excerpt
from the first movement) Cambridge BEETHOVEN: Wel-
lington's Victory (Battle Victory) (excerpt from the last
movement) Westminster.

Created specifically
for playback through
stereo headphones.

BINAURAL DEMONSTRATION

RECORD

This unique record
presents sound of
unsurpassed realism.

Binaural recording re-creates tne directions, distances.
and even the elevations of sounds better than any other
recording method. The super -realism of binaural record-
ing is accomplished by recording the acoustical input for
each ear separately, and then playing it back through
stereo headphones. Thus the sound intended for the left
ear cannot mix with the sound for the right ear, and vice
versa.
Binaural recording offers the listener the identical acous-
tical perspective and instrument spread of the original.
The sound reaching navy ear is exactly the same as would
have been heard at the live scene.

"MAX"-GENIE OF BINAURAL RECORDING. "Max." a
specially constructed dummy head. cast in silicone rubber,
duplicates the role of the human head as an acoustical
absorber and reflector of sound. Super -precision capacitor
microphones were installed in Max's ears so that each
microphone would pick up Macey what each human ear
would hear. The result is a demonstration of phenomenal
recorded sound.

STARTLING REALITY. The Binaural Demonstration Record
offers 45 minutes of sound and music of startling reality.
You'll marvel at the eerie accuracy with which direction
and elevation are re-created as you embark on a street
tour in binaural sound-Sounds 01 The City .. . Trains.
Planes & Ships . a Basketball Game, a Street Parade.
a Street Fabrication Plant, The Bird House at the Zoo-all
demonstrating the incredible realism of binaural sound
reproduction.

MUSIC IN BINAURAL. The musical per1ormanCeti pre-
sented on the Binaural Demonstration Record transport
you to the concert hall for a demonstration of a wide va-
riety of music. Selections total 23 minutes, and include
examples of jazz. organ, and chamber music.
The Stereo Review Binaural Demonstration Record is the
ultimate in sound reproduction. It has been made without
compromise.
Although headphones are necessary to appreciate the near -
total realism of binaural recording, the record can also be
played and enjoyed on conventional stereo systems.

THE RECORD IS AVAILABLE IN YOUR CHOICE OF 3.3% RPM OR 45 RPM.
.1.55:4 CHARGE YOUR ORDER TO YOUR

AMERICAN EXPRESS OR

each of the selections performed. BANKAME WARD ACCOUNT
FREE-Booklet which discusses and describes

Mai
MiWerrn

RECORDS, ZIII-Deals Service Division, 595 Breathing, Rae York, N.Y. 10012

 My check (or money order) for $ is enclosed.

n Charge: El American Express  BankAmericard

Account *

Signature

SR12 Test Records @ $5.98 each, postpaid ($8 outside U. S. A.)
Stereo Demonstration Records @ $5.98 each, postpaid
($8 outside U. S. A.)

Check ener 0 331/2 RPM 0 45 RPM

Stereo Demonstration Cassettes @ $6.98 each, postpaid
($8 outside U. S. A.)
Binaural Demonstration Records @ $5.98 each, postpaid
($8 outside U. S. A.)

Print Name

EEH -V/74

Address

City

State Zip

ENCLOSE PAYMENT WITH ORDER It MOT CHARGED

1
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COLOR CODE CHARTS
COLOR BAND SYSTEM

lstiSignificant
2nd Figures

-Multiplier
.- . -Tolerance

Resistors With Black Body Color Are
Composition, Non -Insulated.
Resistors With Colored Bodies Are
Composition, Insulated.
Wire -Wound Resistors Have The 1st
Digit Color Band Double Width.

DISC CERAMICS 15 -DOT SYS

lst)Signific
2nd Figures
Multiplier

Tolerance

Temperature
Coefficient

DISC CERAMICS 13 -DOT SYS

1s11Significa
2nd f Figures

Multiplier

RESISTOR CODES (RESISTANCE GIVEN IN OHMSI

COLOR DIGIT MULTIPLIER TOLERANCE
BLACK
BROWN
RED
ORANGE
YELLOW
GREEN
BLUE
VIOLET
GRAY
WHITE
Goa."
SILVER
NO COLOR

0

1

2

4

7

100
110000000

100000
1000000
10000000
.01 (141A Alternate)
.1 (El.'. Alternate)
.1 (JAN and EIA Preferred)
.01 (JAN and EIA Preferred)

420%
.1%
*2%

*G.*5:4011V: Altet nate)

4

.10% (EIA Alternate)

2%.

. 15% (JAN and EIA Preferred)
410%(7.\N and EIA Preferred)

GMV = guaranteed minimum value, or -0  104101 .

BODY -END -DOT SYSTEM

lstiSignificant
2nd Figures

Multiplier

Tolerance

BODY- END BAND SYSTEM

IstiSignifican1
2nd Figures

23. 6, 12 1/2. and 30% are ASA 40. 20, 10, and 5 step tolerance.. Multiplier
Tolerance

CERAMIC CAPACITOR CODES (CAPACITY GIVEN IN pF)

int COLOR DIGIT MI. LTI
TITER

TOLERANCE TEMPERATURE
COEFFICIENT

PPM/°C

EXTENDED RANGE
TEMP. COEFF.10 pr

or LESS
06
IOMMI SIGNI-

F1CANT
FIGURE

MUL11-
PLIER

BLACK 0 1 .2.0 PE .20% oitrPol 0.0 -I
BROWN 10 .0.1 or .1% -33100331 -10
RED 100 .2% -75(1075) 1.0 -100
ORANGE 1000 .2.5% -150191501 1.5 -1000
YELLOW 10000 -220(1220) 2.2 -10000
GREEN .0.5 pr .5% -330193301 3.3 =I

TEM) BLUE -470044701 4.7  10
VIOLET -750(6750) 7.5 .100.

it, GRAY .01 .0.25 al. 301P030).  1000
WHITE .1 .1.0 pr .10% General

Puri.. .10000
SILVER Bypass &

Coupling
GOLD 100 WIN,

JANI

MOLDED -INSULATED AXIAL LEAD
CERAMICS

IstSignilicant
2ndFigures
Multiplier

Tolerance

Temperature
Coefficient

MOLDED CERAMICS
Using Standard Resistor Color -Code

1st1Significant
2nd r Figures
Multiplier

Tolerance

Voltage rating= are standard 20n volts for some
manidw toren. but Mum volts for other Nunpanles.

TYPOGRAPHICALLY MARKED CERAMICS

Distinguishes Cap-
White Band

Viewed From Soldered Surface
acitor From Resistor

MOLDED MICA CAPACITOR CODES
(Capacity Given In pF)

Temperature Coefficient

Capacity

Tolerance

BUTTON CERAMICS

d
lstiSignilicant
2n Figures

Multiplier

COLOR DIGIT
MULTI-
PLIER

.
TOLERANCE

CLASS OR
CHARACTERISTIC

BLACK 0 I 20% A
BROWN 1 10 I% II
RED 2 100 2% C
ORANGE 3 1000 3% D
YELLOW 4 10000 E
GREEN 5 5% (141A FIJAN)
BLUE 6 GIJAN)
VIOLET 7
GRAY II I tEIA1
WHITE 9 JIETA)
GOLD 511JAN)
SILVER .01 10%

Class or characterist c denotes specifications of design involving 0 factors,
temperature ccellicients, and p oduction test requirements.
All axial lead mica capacitors have a voltage rating of 300,500. or 1000 volts.ur or whichever la greater

CURRENT STANDARD

JAN AND EIA CODE
White ( FIAT Black IJANI

2n0 Figures
Ise Significant

Multiplier
-- Tolerance

Class Or Characteristic

BUTTON SILVER MICA

1st
IW hen

Applicable) Sig

2nd (or 1st)
Fig

3rd for 2n0)

Multiplier
Tolerance
Class

JAN
LETTER

TOLERANCE
10 pr
or LESS

OVER
1003''

C .01 Pr
D *0.5 pr
F ILO Tr *1%

O .2.0 pr .2%
(5%
00%

M .20%

STAND-OFF CERAMICS

IsTignificant
2nd Figures
Multiplier
Tolerance

Temperaturec.gcient

MOLDED PAPER CAPACITOR CODES
ICapac ty Given In pF)

MOLDED PAPER TUBULAR

IstSignificant
2ndFigures

Multiplier
Tolerance

HIGH CAPACITY TUBULAR CERAMIC
INSULATED OR NON -INSULATED

1st Significant
2 Figures
Multiplier
Tolerance

Voltage
(Optional)

TEMPERATURE COMPENSATING
TUBULAR CERAMICS

lstiSignificant
2nd Figures

4,
Multiplier
Tolerance

Temperature
.

ENTENDED RANGE T.C. TUBULAR
CERAMICS

0 Figures
Ist)Signilicant
2n

Multiplier
Tolerance

Temp. Coeff. Multiplier
T. C. Significant Figure

FEED-THRU CERAMICS

IstSigniticant
2ndFigures
Multiplier
Tolerance

COLOR
BLACK
BROWN
RED
ORANGE
YELLOW
GREEN
BLUE
VIOLET
GRAY
WHITE
GOLD
SILVER
NO COLOR

DIGIT

3

4

6

7

MULTI-
PLIER

10

100
1000
10000
100000
1000000

TOLERANCE
20%

5%

to%
5%
10%
20'6

MOLDED FLAT PAPER CAPACITORS
(COMMERCIAL CODE)

1st lSignificant
2nd_r Figures

Voltage

Multiplier

Black Or Brown Body

Temperature
Coefficient

, Significant

Indicates Outer 2nd Figures
Voltage

Foil. May Be On
Either End. May Add Two Zeros To Sig -
Also Be Indicated By nilicant Voltage Fig -
Other Methods Such As ures. One Band Indi-
Typographical Marking rotes Voltage Ratings
Or Black Stripe. Under ICOO Volts.

MOLDED FLAT PAPER CAPACITORS
(JAN CODEI

Silver
Is1Signiliwnl
2nd Figures

Multiplier
- Tolerance

Characteristic
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THERE'S no doubt that we've entered the
electronic calculator era. A wide variety

of these sophisticated devices are being of-
fered to shoppers for home and business use.

Probably the most popular model at the
moment is the hand-held, or "mini," calcu-
lator. Now you can build one for yourself,
if you are handy with a soldering iron.

The mini calculator presented here gives
you a choice of six, nine, or twelve digit
displays depending on which version you
wish to build. The readout can display true
credit balance, display overflow, calculation
overflow, math error, and a battery override
condition. And you can select two or four
decimal places. As an added feature, if you
allow the LED readouts to operate without
performing any functions, the display will
be extinguished after 30-45 seconds. An "H"
display will then appear. The logic still re-
mains in the calculator, however, and as
soon as you start up operations again, the
last calculation will be displayed.

The basic logic flow, shown in Fig. 1,
consists of four major circuits: the keyboard
and its diode encoding matrix, clock, MOS/
LSI chip, and display (LED readouts and
associated electronics). To understand the
operation of a calculator, you must under-
stand the functions of these four circuits.
The schematic is shown in Figs. 2 and 3.

gib A
HAND-HELD
ELECTRONIC
CALCULATOR
mos,Ls, integrated circuit
simplifies construction of
this versatile calculator.

By LORINDA RUSSELL & BILL YATES

MITS, Inc.

Keyboard and Encoding Matrix. The
keyboard enables the operator to input data
and commands to the chip; a diode matrix
codes the data so that it is compatible with
the chip. The actual keyboard consists of
10 digit keys (0 through 9); four function
keys displaying "+ =," "-," " x ," and
"±;" keys designating clear ("C"), clear
entry ("CE"), and the decimal point (".").

All of the inputs to the calculator chip
use negative logic; that is, an active input
is indicated by V,,,, ( -6 volts), while an
inactive input is designated by Vss (0 volts
or Gnd).

The four function keys, plus "C," "CE,"
and ".," are tied directly to corresponding
pins of the chip. If a switch is open, the
corresponding pin will be at Vss, therefore
inactive. When a key is operated, the cor-
responding pin will be at V., the active
state. This latter operation is recognized by
the chip as an input to be acted upon.

The 10 digit keys are not tied directly to
the chip, but feed a 13 -diode encoding ma-
trix that supplies four logic inputs ( 1, 2, 4,
8) to the chip. A basic circuit is shown in
Fig. 4. The diode matrix encodes key
closures as shown in Table 1.

The l's and 0's are represented by Vm,
and Vss, respectively. The code used is a
modified binary, where "0" is represented

1974 Winter Edition 11



KEYBOARD
a

ENCODING
MATRIX

( 1 LINES)

S DD

CALCULATOR
CHIP

CALTEX
5002

(12 STROBE LINES)
(7 SEGMENT LINES)
(1 DEC. LINE)

VDD POWER

Vss =GNO VDD. -6

gs

CLOCK

VS S

VDD

by 1010 (which in conventional binary
represents 10). The actual binary represen-
tation of zero (0000) could not be used as
a chip input since this code would be present
on the chip input lines when no keys were
depressed. The "0" binary code (1010) is
automatically decoded back to 0000 inside
the chip.

The operation of the diode encoding ma-
trix can be followed using Fig. 4. Keep in
mind that chip lines 1, 2, 4, and 8 are nor-
mally maintained at Vs, (inactive) when
all keys are open. Consider what happens
when key "3" is depressed. Diodes D3 and
D4 are forward -biased, consequently, they
conduct and connect lines "1" and "2" to
VDD, activating these lines. The four chip
lines are then in the following states:

Line Voltage Logic
1 VDD 1

2 VDD 1

4 V, 0
8 Vs, 0

The input to the chip will then be 0011,
or the binary representation of the digit 3.
You can use Fig. 4 to see how the other
keys are decoded.

Clock. The chip processes the binary
inputs at a rate determined by a two -tran-
sistor "clock" or square -wave generator,
switching between VDD and Vs,. These are
transistors Q1 and Q2 in Fig. 2. This
circuit oscillates at approximately 42 kHz,
as determined by the values of R3 -C1 and
R5 -C2. The upper clock frequency is deter-
mined by the chip used. Forty-two kHz is
within specifications and makes for rapid
calculations.

Integrated Circuit. The calculating por-
tion of the unit is an extremely complex
MOS/LSI integrated circuit, one of several
four -function calculator chips on the market.
This chip has several features which make
it suitable for use in a pocket calculator. It

DISPLAY
a

DISPLAY
ELECTRONICS

Fig. 1. Basic logic flow consisting of four
major circuits: keyboard and its diode en-
coding matrix, clock, MOS/LSI chip, and
display (LED readouts and electronics).

needs only one operating voltage, 6 volts
-± 1.5 volts, and a 20-50 kHz square wave
with a rise and fall time of less than one
microsecond (but greater than 0.05 micro-
second), which is taken care of by the
clock circuit.

The chip incorporates a debounce circuit
for all inputs, freeing the input lines from
any external debounce capacitors. This chip
is designed to compensate for a maximum
of 5 milliseconds of keyboard bounce.
Bounce time is the interval during which a
keyboard switch makes and breaks contact.
These intervals are accounted for in the
chip through proper delays, thus avoiding
what appears to be several switch closures
instead of just one. There are no provisions
for simultaneous depression of two or more
keys-all inputs will be accepted, usually
generating an erroneous result.

The output of the chip is positive logic;
that is, the active output (1) is Vs, and the
inactive output (0) is VDD. The output is
configured to drive the display in a multi-
plex mode and consists of 12 digit strobe
lines (lines prefixed with a "D" in Fig. 3),
8 segment lines (7 -segment display plus
the decimal), and one sign line (1 implies
a negative number to the display and 0
implies a positive number). The chip output
data is a standard 7 -segment format so that
no external BCD -to -7 -segment decoder is
required. The chip automatically keeps
track of where the decimal point is located
and the decimal -point segment line will go
active when the appropriate digit is strobed
on to correctly position the decimal.

Readouts. This particular calculator uses
LED -type readouts, arranged in the familiar
7 -segment configuration, as shown in the
readout portion of Fig. 3.

Electrically, a LED is just like any other
diode. When it is sufficiently forward -biased,
it will conduct. Unlike conventional diodes,
when a LED conducts, it emits monochro-
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12

12 DIGITS

DI9
re

DI8

11

04-015=S38473
RI3-R24.22K
R25-R36.1K
R45 -R52=47011
DIGITS=DL33PALED

10

Fig. 3. Schematic and parts list for cal-
culator. Wiring for the various display
options is included. Refer to the article.

9

9 DIGITS

8 1

DIGIT STROBE LINES

6

R1,R7,R9-10,000 ohm, 1/4 W res. ±10%
R2,R4,R12,R13-R24-22,000 ohm, 1/4 W res.

±10%
R3,R5-51,000 ohm, 1/4 W res. ±5%
R6,R8,R25-R36-1000 ohm, 1/4 W res. ±10%
R10-27,000 ohm, % W res. ±10%
R11-4.7 megohm, 1/4 W res. ±10%
R37-R44-Not used
R45 -R52-470 ohm, 1/4 W res. ±10%
R53-220 ohm, 1/4 W res. ±10%

inatic light (usually red, but some devices
glow green). By forward -biasing selected
elements of the 7 -segment array, any digit
between 0 and 9 can be formed. For exam-
ple, to create the digit "5," segments A, C,
D, F, and G must be driven on.

The MOS calculator chip cannot drive
the LED readouts directly for two reasons.
The chip digit or strobe lines do not have
sufficient current capacity to cause the LED
segments to glow; and the output drive sig-
nal does not have the correct polarity. The
active output of the chip is zero volts while
the inactive output is -6 volts. If you check
the readout portion of Fig. 3, you will note
transistors Q4 through Q15. These transis-
tors supply the LED drive by providing
current amplification and signal inversion.
All similar segments of each readout are
connected in parallel and are driven by a
single segment line (A through G of Fig.
3). However, all segements within a given
digit have common cathodes which are con-
nected to the collector of the digit driver
transistor for that particular digit. A basic

circuit is shown in the diagram of Fig. 5.
As an example of how the foregoing

works, assume a particular segment line
is at zero (Vss or logic 1 for the chip), and
that the digit drive line is strobed on to
zero (Vss). The strobe pulse on the base of
QI will turn that transistor on, driving it
into saturation, which effectively couples
the common cathodes of that digit to the
minus supply. This forward -biases the par-
ticular LED segment whose anode is con-
nected to the zero segment line, causing it
to glow. The amount of current flowing to
produce the glow is determined by the
value of R1 and the voltage level of VIM.

There is one more unique circuit in Fig.
2. This is the circuit of Q3 and its associ-
ated components. Capacitor C4 charges via
R11. When the junction of these two
reaches a certain level, a signal is applied
to pin 38 of ICI that causes all the readouts
to turn off, and produces the letter "H" on
the right -most display. Operation of the
keyboard keys keeps transistor Q3 satur-
ated, thus keeping C4 discharged via DI7.
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WAMM-Vss(OV1
R53

22011

5 4 3 2

C1,C2-470 pF disc capacitor
C3,C4-4.7 ixF, 25-V elec. capacitor
D1 -1N4003
D2,D18,D19-LED RL50
D3 -D17 -1N914
ICI-CT5002 calculator chip (Caltex)
LEDI-LED4-7-segment LED readout

(Litronix DL33M), 3 digits to module.
QI-Q15-S38473 or 2N2222
Sl-Spdt switch (part of keyboard)
Keyboard-Wild Rover Microthik C1547
Misc.-Case, 40 -pin IC socket, battery clips,

R52 intr 1R45

DEC
PT

SEGMENT LINES

hookup wire, fine solder, mounting hard-
ware

The following are available from MITS, Inc.,
6324 Linn, N.E., Albuquerque, N.M.
87108. Keyboard, $15; LED readouts, $15
per module; ICI, $15; plastic case and
filter (MITS 1200), $4.50; drilled and
etched plated PC board, $7. Insurance extra.
A complete kit of parts for a 6 -digit version
(1206) is $49.95; a 9 -digit version (1209)
is $69.95; while a 12 -digit model (1212)
costs $89.95.

When the keys are not in use, Q3 cuts off
and allows C4 to charge. This circuit is used
to reduce battery drain when a number of
digits are being displayed, and the operator
allows the calculator to stand idle for more
than 30 to 45 seconds.

Construction. Other than the keyboard,
the entire calculator is built up on one
double -sided, plated -through PC board. Be-
cause of the complexity of this board, and
the fact that it must be double -sided with
plated -through holes, it is almost impossible
to make on the experimenter's bench. A
source for a completed board is given in the
Parts List. This board also comes with com-
ponent installation screened on the top side.
Component installation is in accordance
with Fig. 6. All components, except for the
IC, LED's and their associated driver tran-
sistors (Q4 through Q15), should be cor-
rectly mounted and soldered in place using
a 25-30 watt soldering iron and fine solder.

Depending on the model you wish to con-
struct (6, 9, or 12 digits), there are up to

four LED display assemblies to be installed.
You can start with six readouts. Each "stick"
of readouts contains three digits-so you
will need two display packages. In this case,
they will be mounted at LED positions 1 and
2 of Fig. 6. As you only need drivers for six
digits, install only Q10 through Q15 and
their associated resistors. At some later date,
you may want to increase the number of
digits, so all you have to do then is install
the LED readouts ( in "sticks" of three) and
their associated drive transistors and resis-
tors. The installation technique is the same
as for the original six.

If you examine the LED readout, you will
note that it has a single notch on one side,
and two notches on the other. The "top" of
the digit has one notch and is installed in
accordance with Fig. 6. Install the first
"stick" so that the side towards the transis-
tors is flush with the board and the upper
end spaced about 3" above the board (you
can use a 3i" drill bit as a temporary spacer).
This tilt will enable the readouts to be clear-
ly visible through the case window. Install

1974 Winter Edition 15



Fig. 4. Basic circuit showing
the diode encoding matrix that
supplies logic inputs from the
digit keys to calculator chip.

IDS°4-4ri I

11411*11*-1141 1
1(2(3( 4( 56( 118/9

the second "stick" exactly like the first, mak-
ing sure that they both have the same tilt
angle and their adjacent sides are parallel
to avoid "waviness" of the display. In the
6- and 9 -digit versions only, before soldering
the second LED display in place, clip off
the top left-hand pin (looking down from
the top) close to the body of the display
package. This is to allow mounting of a LED
"overflow" indicator near display 2. When
you install three "sticks" of readouts (9
digits) do the same for the last readout pack-
age. Do not clip off any pins in the 12 -digit
version.

The LED overflow indicator (D19) has a
small crossbar on the anode side while the
cathode lead is plain. Install the LED at
readout 2 so that the cathode lead goes in
the hole for pin 14 of the LED readout (cut
off in the previous step), while the anode
lead fits into the marked hole alongside.
Before soldering in place, bend the diode
around the LED assembly until it is even
with the top of the LED's. These overflow
indicators are used only in the 6- and 9-
digit versions.

Next, install the negative -sign LED (D2),
at its position on the left-hand side of the
board, as shown in Fig. 6. Fit the top
(round) end of the diode so that it is the
same height as the LED readouts.

The last component to be installed is ICJ.
Separate the two halves, and install the

TABLE 1

Key Closed Output Code Key Closed Output Code
8 4 2 1 8 4 2 1

1 0 0 0 1 6 0 1 1 0
2 0 0 1 0 7 0 1 1 1

3 0 0 1 1 8 1 0 0 0
4 0 1 0 0 9 1 0 0 1
5 0 1 0 1 0 1 0 1 0

*DI2 *14
4

8

TO

SCHIP2

I'

VDDI 6V)

socket at the position marked "IC1" on the
board. Carefully solder each pin.

The MOS/LSI chip is extremely sensitive
to static electricity so should not be re-
moved from its conducting foam until ready
for installation. Before removing the IC from
the foam, tape a piece of aluminum foil to
the underside of the PC board. This is to
prevent the IC from being shorted during
installation.

Remove the IC from the conductive foam
and check that the pins are straight. If any
are bent, use needle -point pliers to align
one at a time-do not use your fingers.
Orient the IC notch with the notch shown
at "IC1" in Fig. 6. Align the 20 pins on one
side with the socket holes and start them in.
Do the same on the other side, using a
pencil tip to align the pins with their socket
holes. When all 40 pins have been started
in, rock the IC back and forth while pressing
it into the holes until it is firmly seated.
After the IC is seated, remove the aluminum
foil from the underside of the board.

Connect an 8 -inch -long length of thin,
flexible black wire to the "-" battery pad
on the board, and an 8 -inch -long thin, flexi-
ble length of red wire to the "+" terminal.
These wires, like the following, are inserted
from the component side of the board.
Solder the loose ends of these two wires to
individual battery clips. Connect 23 4% -inch
thin, flexible wires to the 23 pads on the
bottom end of the board. This completes the
board assembly. Carefully inspect both sides
of the board for correct polarity of compon-
ent installation and check that no solder
bridges exist between adjacent portions of
the foil pattern.

Orient the keyboard so that the L-shaped
lip is towards the bottom of the PC board.
The 23 keyboard wires coming from the
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Fig. 5. Basic circuit showing
how all segments within given
digit have common cathodes
connected to the collector of
the digit driver transistor for
that particular digit. See text.

SEGMENT
LINE

FROM
ICI

RI
G SAAAAN%

F VoVeWo

E WeVAA

D VVeVIA,

C KVA%
B %WA%

DIGIT
DRIVE

LINE

bottom of the PC board run "under" the
keyboard and, are soldered to similar pads
on the keyboard, that is, the first wire
("ON") is connected to the first pad on the
keyboard starting on the left, looking down
on the keyboard. Connect the remaining 22
wires, making sure that they run under the
keyboard and are installed in the proper
sequence. Note that the four tubular ex-
trusions on the keyboard exactly fit the four
holes drilled in the board.

Install the keyboard in the case top and
secure with four #2 self -tapping screws, be-
ing careful not to crack the plastic supports.
Arrange the 23 keyboard -to -PC board wires
down the center of the PC board, then
align the PC board mounting holes with the

ON
JACK-4110"-OBNPIWJACIC

OFF

7

5

Doc.2

oc.Cem

-+1 bile
- DII
--1.4010
-3,3i 0 5

Doc.4
-10 D 7 -^

9 -pi) 8

-MD- -LW- -1 Rs k'
020 010 H R2 I-

-I R3 1

^A0 DI - A R4 F.f.

A RS

Dec. Kr-- I-
a-, -

-KID3
0013

012 --.1?
-41015
- D14

CE

C

Com. Key

R47
R46 -

R 48 1-

--I R49 I -
R 50 -1-

-1 R51

-{ R52 4-

t t le

VDD (-6V)

TO SIMILAR
SEGMENTS
OF OTHER
DIGIT
DISPLAYS

I ONE DIGIT
10F LEO
I DISPLAY

-J

four keyboard bosses and secure carefully,
using #2 self -tapping screws. The two bat-
tery leads (one black, one red) should pass
through the PC board, exiting from the rear
(foil) side of the PC board via a vacant hole
close to where the two leads are soldered to
the board.

The battery connectors should be installed
in the receptacles provided in the case cover
and interconnected to form a series circuit.
Before installing the rear cover, fit a piece
of thin plastic insulating material over the
foil pattern. This is done to avoid possible
electrical contact between the board and
the batteries.

-I: C4

C 3

-D16 1>f- -4 R9 4 -

Check Out. To test the calculator, set

-333At j

-4 239253-
-{ R 14 1-.,.26 1-
-1_11.13_J-

06
R II 1-

- D17 D4- -1 917 1-

RIO

- R31
912 I- R18 I-

- 920 4-
G,CW3-`

- 922
R34 1-

0 Q3
H R35 .1

-{ 924 /-
-i R36 1-

- #2I

0 07

0 98

0010

099
0 Q11

0 013

0 0,4

015

-4 R53 I -

Fig. 6. Parts placement. Plated -through PC board cannot be home -built. See parts list.
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the decimal "2/4" switch to either position,
depending on the number of decimal places
you desire. Turn the power on. If you se-
lected two decimal places, then the display
should indicate 0.00; if four decimal places,
it will show 0.0000. If you leave the display
on and do not touch any keys for 30-45
seconds, the zeroes should fade out and a
letter "H" will appear on the extreme right-
hand display. Depressing the "+=" key
will restore the display.

To add: A + B C
Press the appropriate digit key (s) to

enter the first number (A); press "-F
key; enter B by pressing the appropriate
digit keys; press "+=" key again; read C
on the display.

To subtract: A -B = C
Press the appropriate digit key (s) to

enter the first number (A); press "+="
key; enter B by pressing the appropriate
digit key (s); press "-" key; read C on the
display.

To multiply: A X B = C
Press the appropriate digit key (s) to

enter the first number (A); press "x" key;
enter B by pressing the appropriate digit
key (s); press "+ =" key; read C on the
display.

To divide: A ± B = C
Press the appropriate digit key (s) to

enter the first number (A); press "±" key;
enter B by pressing the appropriate digit
key (s); press "-F = key, then read C.

Here are some precautions to remember
when operating this calculator. Once you
have begun a calculation do not change the
setting of the 2/4 decimal switch because
this can cause an erroneous answer. When
you are entering a calculation in the ma-
chine, you must keep in mind that there are
at least two or possibly four decimal places,
depending on the position of the 2/4 switch.
You should not exceed the capacity of the
machine. If for some reason you are inter-
rupted during a calculation and enough
time elapses for the battery override to
operate, those decimal places will be in the
display when you press the =" key to
return the display.

If you have a 6 -digit display, or a 9 -digit
display, and a larger number is entered
into the calculator, the overflow of the dis-
play will be indicated by a dot immediately
to the left of the numbers on the display
(not to be confused with the negative sign
which appears to the far left of the display).

Happy assembling! 4

SAVE MONEY!
A Delta Mark Ten Capacitive Discharge Ignition
(CDI) System On Your Car Slashes Maintenance
Costs And Increases Performance.

Put a Mark Ten on your car and save by elimi-
nating 3 out of 4 tune-ups. Save as gasoline mileage
increases (up to 20%). The Mark Ten CDI system
also extends spark plug life, promotes more com-
plete combustion and assures instant starts in all
weather. It operates on any 6 or 12 volt negative or
positive ground system.

The Mark Ten B affords additional money sav-
ing advantages by drastically reducing combustion
contaminants and restoring power lost by the use
of smog control devices. Equipped with handy
switch for instant return to standard ignition, the
Mark Ten B works with ANY 12 volt negative ground
engine. Both systems install in ten minutes with-
out rewiring.

Order your Mark Ten or Mark Ten B today. Save
money while you enjoy low maintenace and in-
creased performance.

Mark Ten (Assembled) $44.95 ppd.
Mark Ten (Deltaklt) $29.95 ppd. Mark Ten B $59.95 ppd.

(Kits available in 12 volt only, (12 volt negative ground only)
positive or negative ground)

Superior Products at Sensible Prices
Mfg. in U.S.A.

CIRCLE NO. 2 ON READER

Dept. PE 1
DELTA PRODUCTS, INC.
P O BOX 1147  GRAND JUNCTION. COLORADO 61501
PHONE (303) 242.9000

Please send me literature immediately:
Enclosed is $
 Ship ppd.  Ship C.O.D.
Please send: Mark Ten B @ $59.95 ppd.
- Standard Mark Ten (Assembled) @ $44.95 ppd.
-6 Volt: Neg. Ground Only Positive Ground
- 12 Volt: Specify Negative Ground

Standard Mark Ten (Deltakir) @ $29.95 ppd.
(12 Volt Positive Or Negative Ground Only)

Car Year Make
Name
Address
City/State Zip

L
SERVICE CARD
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BY JOHN S. SIMONTON JR.

The
Drummer

A4 Boy

RHYTHM IS THE
NAME OF THE GAME -

WALTZ TO FUNK
BASS DRUM TO CONGA

W HETI-ER you are 31 1-nateur organist,
" a guitar reai. 3r us- get your kicks
with a comb and ; pec-e of paper, there
have probabt) beer t Ines *nen you were
rea ly Arailinf r e elf tat the only thing
Separa'ir p vi,4 Me pros was the ex-
tr. " L.) 41' tla: a iltythna section provides.

So *la! 'veld rsu back? Probably :he
;150 or noa tt1-1' 3 c-orrrnercially avail-
able e'pectroni: ryittwn secfion costs. In that
case, the "Durnirio Boy" is for you. For
about a third )1 thrt nyie-y, you can build
a rhydisn section It a: has :he features of
a coneriterciai unit-and you'll get some
valuable \oledtonics irainitg experience in
the proces3--...,
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R43
47K

R57
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.05pF

C16
.00IpF
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 SMONA

SHIFT BUS

R23 R25
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R27-- 33K

.00IpF

SHIFT BUS

R44 R46 014 R5I
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013 015

R45 R47

R4
33K
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.0015F

2
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47K
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.055F 33K

>1

>2

>4

WALTZ VIENNA JAZZ
WALTZ WALTZ

R37 R39
82K 10K

>6

>7

R38 R40 CI I
.05pF

R34 R4I
33K 33K

C15
.05,F

R55
33K

8

CI7
.05pF

BI

01-017= 2N27I2

R58
330
11

Fig. I. Generated by Q18, the shift pulses are passed down the counter.

PARTS LIST
RING COUNTER AND
SWITCHING CIRCUITS

CI,C3,C5,C7,C9,C11,C13,C15,C17,C19-
0.05-AF disc capacitor

C2,C4,C6,C8,C10,C12,C14,C16-0.001-µF disc
capacitor

C18-2.2-pY, 15 -volt electrolytic capacitor
DI -D41 -1N914 diode (or similar)

R6I
I5K

R63
75K

018 TEMPO
2N487I

R60
47011

CI8
2. 25F

Q1 -Q17 --2N2712 transistor
Q18 -2N4871 transistor
R1-680-ohm,1/2-tratt resistor
R2,R9,R16,R23,R30,R37,R44,R51-82,000-

ohm 1/2 -watt resistor
R3, R6, RIO, R13, R17, R20, R24, R27, R31,

R34, R38, R41, R48, R52, R55-33,000
ohm, 'is -watt resistor

R4,RII,R18,R25,R32,R39,R46,R53,R62-
10,000-ohm,1,:2-Watt resistor
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A
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e

1, 0030
I 031161

I I D32 r I
I I 033U

f_HD34
035

D36

L

03701

SII
O .15
A

1 RHUMBA

8

512

1

A TANGO

0

JI
COUNTER

BOARD(

DOWNBEAT
EMPHASIS

SI3 6-1
A

WOOD 
BLOCK SI4

A

BD38
SNARE

CLAVE

SIB
D39

R130
330K

D40

A

1 0
SNARE

CONGA

SI6

A

B-
SNARE CONGA

S17

I 0-1
O 1

BASS

WOOD
D4I BLOCK

518

Fig. 2. The diode matrix determines the number and spacing of the
pulses and after selection, the groups are passed to the tone generator.

R5,R7,R12,R14,R19,R21,R26,R28,R33,R35,
R40,R42,R47,R49,R54,R56-1000-ohm, %-
watt resistor

R8, R15, R22, R29, R36, R43, R50, R57-
47,000 ohm, %-watt resistor

R58 -330 -ohm, 1/2 -watt resistor
R59 -47 -ohm, %-watt resistor
R60 -470 -ohm, 1/2 -watt resistor
R61 -15,000 -ohm, 1/2 -watt resistor

CLAY
lY

TONE
GEN

BOARD

R63 -75,000 -ohm, reverse audio taper
Potentiometer

R130 -330,000 -ohm, 1/2 -watt resistor
S1-S18-Dpdt rocker switch
Misc.-Switch mounting brackets (2), mount-

ing hardware, two -lug terminal strip, etc.
Note-An etched and drilled PC board is

available (#7701A)at $5.00, postpaid,
from the address given in Parts List for
Fig. 3.
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Essentially, the Drummer Boy is a vari-
able speed digital counter that has 11
different beats-ranging from a slow
waltz to a fast cha-cha-played either by
a bass drum, wood block, clave, conga,
snare drum, or a combination. Self -pow-
ered and having both variable tempo and
volume control, the Drummer Boy is easi-
ly connected to an instrument power am-
plifier.

On the other hand, if you construct
only the tone generator board and couple
it to a finger -operated switch system
(also described here), you can simulate
an entire rhythm section with one hand-
in any type of beat.

Ring Counter. The circuit of the Drum-
mer Boy can be divided into three sec-
tions: an eight -stage ring counter, a
switching and decoding system, and an
electronic tone generator.

In the ring counter (see Fig. 1), the ba-
sic timing is provided by Q18, a conven-
tional UJT relaxation oscillator whose fre-
quency is determined by capacitor C18
and by the setting of the tempo control,
R63. Each time the UJT fires, a positive
pulse is generated across R60. The pulse
turns on Q17, which momentarily causes
the shift buss to be shorted to ground.

With the exception of a modification in
the start circuit of stage 1 (Q1,Q2), the
eight ring counter stages are identical.
With switch SI off, Q1 is biased on by
the combination of R2 and R3; and Q2 is
off. When SI is turned to Start, the mo-
mentary surge of charging current on C19
causes a voltage spike across R62. This
positive -going spike is passed through D1
to the emitters of QI and Q2 causing them
to change their states. As long as Q2 is
on, the current flow through the common
emitter resistors, R7 and R5, keeps Q1
off.

When a pulse from Q17 occurs on the
shift buss, the collector of Q2 is effective-
ly grounded and the emitter of QI is low-
ered to the point where it turns on.
Simultaneously, while Q2 was on, C2 ac-
cumulated a charge so that, when Q2
turns off, C2 discharges through R5 and
R7 and the biasing resistor on Q3. This
causes Q3 to turn off. When the shift buss
returns to normal (Q17 not triggered),
Q2 will not turn on because Q1 is satu-
rated. At the same time, Q3 is off and Q4
is on.

PARTS LIST
TONE GENERATOR

C20,C22,C26,C31,C36,C39,C40,C41-0.05-µF
disc capacitor

C21,C27,C32,C37,C42-0.1-µF disc capacitor
C23,C24,C33,C43,C48,C49-0.01-µF disc

capacitor
C25,C28,C34,C35,C44,C45-0.005-µF disc

capacitor
C29,C30,C50-0.001-µF disc capacitor
C38,C57-0.22-µF, Mylar capacitor
C46 0.1-µF, Mylar capacitor
C47,C51-2.2-µF, 6 -volt electrolytic capacitor
C52,C53-30-µF, 10 -volt electrolytic capacitor
C54,C55-30-µF, 15 -volt electrolytic capacitor
C56 -100-µF, 15 -volt electrolytic capacitor
D42 -1N914 diode (or similar)
11-Open-circuit phone jack
Q19-Q29,Q31-Q34-2N2712 transistor
Q30 -2N5139 transistor
R64 -270,000 -ohm, 1/2 -watt resistor
R65,R74,R79,R80,R83,R93,R102,R122-

68,000-ohm, 1/2 -watt resistor
R66,R75,R84,R88,R89,R94,R98,R99,R103,

R118 -39,000 -ohm, 1/2 -watt resistor
R67,R73,R76,R85,R95,R104,R117-

1-megohm, 1/2 -watt resistor
R68,R77,R86,R96,R105-4700-ohm, 1/2 -watt

resistor
R69,R70,R71,R78,R87,R106,R107,R108-

100,000-ohm, 1/2 -watt resistor
R72,R81,R90,R100,R109,R115-50,000-ohm

trimmer potentiometer, printed circuit type
R82,R92-470,000-ohm, 1/2 -watt resistor
R91 -150,000 -ohm, 1/2 -watt resistor
R97,R121-47,000-ohm, 1/2 -watt resistor
R101,R116-330,000-ohm, 1/2 -watt resistor
R110,R112,R113,R120-10,000-ohm, 1/2 -watt
R111,R125-2200-ohm, 1/2 -watt resistor
R114,R124-6800-ohm, 1/2 -watt resistor
R119 -680 -ohm, 1/2 -watt resistor
R123 -15,000 -ohm, 1/2 -watt resistor
R126,R127-330-ohm, 1/2 -watt resistor
R128 -100 -ohm, 1/2 -watt resistor
R129 -1000 -ohm potentiometer with spst

switch (SI)
Tl-Miniature driver transformer 10K:2K;

secondary not used
Note-The following are available from PAIA

Electronics, Inc., PO Box 14359, Oklahoma
City, OK 73114: etched and drilled tone
generator board ( #7701B) at $4.25 post-
paid; complete kit of parts for tone gener-
ator at $17.75, plus postage for 1 lb; com-
plete kit for Drummer Boy including cir-
circuit boards, hardware, and finished case
(#7701K) at $59.00, plus postage for 10
lb. Oklahoma residents, add 2% sales tax.

Each time a pulse occurs on the shift
buss, this same procedure is repeated
down the string of eight counters. Thus,
a pulse appears to walk down the outputs
numbered 2 through 8 on Fig. 1. When
the last stage is reached, the output goes
through switch SI back to the first stage
and the counting continues. The process
continues until SI is turned off, which
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(ON RI 2 9)

TO
RING
COUNTER

R131
10011 + Fig. 4. The power supply, which

?TO
is chassis mounted, provides a

CI
Cr TONE smoother dc to the tone gener-

1000 1000
pF

'BOARD ator than to the pulse counter.
NF

PARTS LIST
POWER SUPPLY

C1,C2-1000-µE, 25 -volt electrolytic
capacitor

E1 -1A -ampere fuse and holder

R131 -100 -ohm, 1/2 -watt resistor
RECT1-50-volt, 1.5 -ampere bridge rectifier

(Motorola MDA942A-1 or similar)
S19-Spst switch (on R129)
T2-Filament transformer; secondary, 12.6

volts, 300 mA

also shorts out C19 to insure that it will
be completely discharged for the next
sequence.

An RC differentiating network is con-
nected to the output of each pair (for ex-
ample, C3 and R13 for Q3 and Q4) to con-
vert the square -wave output to spikes.
These are used in the diode matrix to de-
code the selected rhythm patterns and
trigger the various tone oscillators.

Since the ring counter normally counts
in eight beats, a waltz tempo using six -
beats is obtained by bypassing stages
three and four with the closing of switch
S2, S3, or S4.

Decoding and Switching. The output
from stage one of the ring counter (ter-
minal E) is the downbeat signal and is
processed in a special way which will be
described later. The other seven outputs
(2 through 8) are coupled to the diode
matrix shown in Fig. 2. The diodes are
arranged to pick up the correct beats for
the selected rhythm. (The use of diode
coupling permits more than one ring
counter output to be tied to a single tone
generator without intercoupling.) Rocker
switches S2 throuph S12 are used to select
the desired rhythm, while switches S14
through S18 and their associated coupling
diodes select the tones. Switch S13 per-
mits emphasis on the downbeat when de-
sired and couples the first ring stage to
the bass tone generator.

Tone Generator. When a percussion in-
strument is struck, it generates a tone
which is dependent on the instrument's
size and the material out of which it is

made. The tone then dies away. A similar
effect can be obtained electronically by
applying a sharp pulse to a parallel -T
audio oscillator that is normally just be-
low the point of oscillation. Once trig-
gered, the circuit oscillates at its resonant
frequency, with the oscillation decaying
just as in a musical instrument. By select-
ing suitable time constants for the oscil-
lator circuits, almost any tone can be
simulated. Those used in the Drummer
Boy are shown in Fig 3.

As an example, note that in the conga -
drum circuit, the oscillator consists of a
single high -gain transistor (Q19) stabi-
lized by feedback through R67. A second
feedback loop consisting of a parallel -T
RC notch filter made up of R70, R71,
R72, C22, C23, and C24 is used. Normally,

CONTROL IDENTIFICATIONS

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
Sll
S12
S13
S14
S15
S16
S17
S18
R63
R129

Start/Stop
Waltz
Vienna Waltz
Jazz Waltz
Polka (March)
Fox Trot
Samba
Bossa Nova
Funk (Watusi)
Cha-Cha
Rhumba
Tango
Downbeat Emphasis/Off
Wood Block/Snare
Clave/Snare
Conga/Snare
Conga/Bass
Wood Block/Clave
Tempo/Off
Volume
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TONE GENERATOR

DECODING
Ir t1

The prototype was assembled within a sloping -front chassis with the layout shown here.
The decoding and ring counter board is soldered directly to the lugs of the asso-
ciated switches. The other end is cemented to a length of conventional rubber strip.

the circuit is quiescent. When a voltage
spike appears at the input, it passes
through R64 and the R65/C20 combina-
tion to put the circuit into oscillation. The
spike is brief so that the circuit starts to
oscillate quickly and dies away rapidly.
The frequency of oscillation is deter-
mined by the component values in the
parallel -T circuit. The "lossiness" of the
circuit is preset by R72. Emitter follower
Q20 couples the output to the common
audio line.

Circuits for the clave, wood block and
bass drum are similar but the snare drum
presents a special problem. In this case,
we need the sound of the striking of the
drumhead by the stick and also the sound
of the snares striking the bottom drum-
head. This problem is solved by using
"white noise", which is similar to the in-
terstation hiss heard on an FM receiver.

There are six transistors (Q27 through
Q32) in the snare drum circuit. Transistor
Q31, the white noise generator, is used as
a reverse -biased pn junction operated
above its breakdown potential. As the
junction avalanches, the resulting shot
noise closely approximates the Gaussian
distribution of white noise. The noise is
amplified by Q32, which is normally bi-
ased off. A voltage spike at input N ex-
cites a ring from the parallel -T oscillator

Q27 and Q28 to generate the drum strik-
ing tone and also turns on Q29 and Q30.

Due to the action of capacitor C46, both
Q29 and Q30 stay on long enough to ac-
cumulate a charge on C47 and a resulting
voltage envelope across R115. This enve-
lope biases, Q32 to turn it on and transmit
the white noise to a voicing circuit con-
sisting of C50 and the primary of T1.
The time constants of the triggering en-
velope and T1 and C50 are selected to
achieve the desired sound of the snares.

Each tone generator is coupled to the
common audio line through an isolating
resistor and the outputs are amplified by
Q34, with Q33 acting as an emitter fol-
lower for coupling.

A power supply consisting of a bridge
rectifier and suitable filters for the Drum-
mer Boy is shown in Fig. 4

Construction. The major portion of the
Drummer Boy is assembled on two printed
circuit boards whose foil patterns and
layouts are shown in Figs. 5 and 6. Be
sure to align the semiconductors proper-
ly; get the proper polarities on the elec-
trolytic capacitors; and use a low -power
soldering iron and fine solder.

The accompanying photos show how
the prototype was assembled; though any
arrangement can be used. In the proto-
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Component installation and external connections to the pulse generator.

type, a bracket was constructed to hold
the 11 rocker switches (S2 through S12)
that select rhythms and S1 the start -stop
switch. The physical arrangement of
these switches is such that the edge con-
nector pads for the ring counter board
may be soldered directly to the pertinent
switch contacts to form the support for
the board. To make a good mechanical
connection, bend the center solder lugs
on the switches 90 degrees. The various
jumpers between the top row of switch
contacts are made of insulated wire with
connections to the appropriate tie points
on the circuit board.

Another support bracket was made
to hold the six instrument selection
switches (S13 through S18) and the tempo

The power supply can
be mounted in any

convenient place within the
chassis. A terminal strin is

used to mount the rectifier, and
terminate the electrolytics, and

the power line connections.

Asil3

S8B

512A

512B

and volume controls (R63 and R129). The
switches are interconnected as shown in
Fig. 2 with resistor R130 and diodes D38
through D41 soldered directly to the
switch lugs. Secure a two -lug terminal
strip (one grounded) to the bracket ad-
jacent to R129. Use the ungrounded lug to
mount one end of C57 and the grounded
lug for the ground on the output coaxial
cable to J1.

In the prototype, the tone generator
board was mounted on four spacers on
the bottom of the chassis and the power
supply components were mounted beside
it, with a nine -lug terminal strip for the
small components:

Once the mechanical assembly is com-
plete, interconnect the four major sub -
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assemblies (counter, tone generator,
switches, and power supply). Although
the wiring from the six tone selector
switches to the tone generator may be
bundled and laced together to make a
neat appearance, don't bundle the leads
from the rhythm selector switches to the
ring counter. There is always the possi-
bility of mutual coupling between these
leads and a trigger pulse intended for
one tone generator can accidentally ac-
tivate another. Note also that small diam-
eter coaxial or other shielded audio cable
is used to connect S18 to the slave oscil-
lator. Because of its relatively high fre-
quency and long sustain, this oscillator
is particularly susceptible to erroneous
triggering.

Shielded audio cable or small -diameter
coaxial cable should be used to make
the connection between the output ca-

+0 (56 NOISE . . _ -RI26-,  -k-f \ p C.i.5
-9116-ol T1 7- + 0331---1® G
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Fig. 6. Actual size foil pattern
for the tone generator, and the
component installation (above).

pacitor C57 and the output connector J1.
When completed, check all wiring and

check printed circuit boards for solder
bridges and cold solder joints.

Using press -on type or some other form
of lettering, identify the various switches
and controls as shown in the Table. Note
that S14, S15, and S16 have a common
"snare" designation. The lettering for the
rhythm selectors should be located at the
on position of the switches.

Checkout and Tuning. Connect the
Drummer Boy to a suitable audio ampli-
fier and speaker. Place all tone generator
controls in the full counterclockwise po-
sition (looking into the PC board). Turn
on the power switch (through the Tempo
control) and advance the volume until
sounds are heard. All rhythm selector
switches should be off.
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If you want to control the tone generator manually,
a set of independent normally open switches can be
used and connected directly to the tone generator.
A typical switching circuit is shown at upper right.

Using a small screwdriver, slowly ad-
vance each trimmer potentiometer (ex-
cept R115 for noise) until a tone is heard.
Then back the control off slightly until
the tone just disappears. The bass drum
may continue to come through at this
point. The tempo control can be adjusted
as desired.

If a tone cannot be heard at all, look
for trouble in the audio preamplifier
(Q33, Q34) or the power supply. If one of

'---INN9118
-I- .001p--

Fl

68K IN918

*CLAVE .01pF

TO TONE
GENERATOR
BOARD

Fig. 7. Six normally open pushbutton switches are
connected as shown here, one feeding each tone
generator. Dc voltage comes from the same bat-
tery that powers the tone generator board.

the individual oscillators fails to operate,
the problem is within that stage.

Once all the oscillators are operating,
place S14, S15, and S16 in the snare posi-
tion, S2 on waltz and S1 on start. You
should hear the familiar waltz rhythm,
with the tempo adjustable through R63.
You should also hear the bass drum on
the downbeat and probably a distorted
snare drum on the other two beats. Adjust
both R109 and R115 to get a true snare
drum sound. The level of the bass down-
beat can be changed by switching S13.

With the waltz rhythm still operating,
set S14 to the wood block position, and
then adjust R90 on the tone generator to
get the best wood block sound. (Note also
that taking either S14, S15 or S16 off the
snare position removes the snare com-
pletely.) With S14 back on snare, set S15

The author's prototype used a pair of metal brackets to support the various switches and controls.

S17 D39
SI8 D40 D38

R130
C57

6 S15 S14 S3 RIP° R63
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As the rhythm switches are fre-
quently operated, they should
be mounted as firm as possible:

to the clave position and adjust R81 for
the best clave sound. Put S15 back to
snare and set S16 for conga. Adjust R72
to get the best conga sound. All the tone
generators have now been adjusted.

Turn off the waltz switch and turn on
each rhythm switch one at a time. Note

In the hand-held
unit, tone generator
board will fit snugly
in a conventional
plastic utility case.

that the rhythms are properly generated.
Turn off the main switch and see if the
pattern .n progress completes itself be-
fore stopping.

Operation. Obviously, the best thing to
do is experiment. Bear in mind that more

The six finger -operated rhythm
pushbuttons are mounted
to the top panel with the
volume control, while the
output jack is mounted on one
side. The batteries fit inside.
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than one of the rhythm switches can be
used at a time to produce unusual beats.
Operating either of switches S14, S15,
and S16 removes the snare and substi-
tutes the wood block, slave, or conga,
respectively. However, neither of the
switches takes precedence over the oth-
ers.

The conga -bass switch (S17) allows the
substitution of a conga for the bass on
any beat except the downbeat, where the
bass drum is permanent. At the same
time that the conga -bass switch substi-
tutes the conga for the bass in a pattern,
it also substitutes for the conga either
the slave or wood block as selected by
S18.

The tone generator can be used by it-
self and operated manually by using the
circuit shown in Fig. 7. Six similar cir-
cuits are needed for all of the tone func-
tions. The switches are normally open
with snap action. The circuits are identi-
cal except for the snare drum which uses
a 0.01-pF series capacitor instead of the
0.001-/LF capacitor shown in the diagram.

Both this board and the tone generator
board may be driven by a pair of 9 -volt
transistor radio batteries in series. The
tone generator board can then be con-
nected to the main audio amplifier
through a length of audio cable. The man-
ual toggle, the tone generator, and the
batteries can be put in a small case and
connected to the amplifier.

Lugs of the switches associated with the decoder -
matrix board are bent 90 degrees so that they can
be soldered directly to the pads on the boards.

Min
FAST - EASY
with DATAK's

CIEE
EASY-patterns rub down
directly on the copper
board and connect with
rub -down lines or tapes
supplied.
FAST-safe new etchants
will etch a 2 oz. copper
board in 30 minutes.
ACCURATE-+.002" print
tolerance so parts and
connectors mate with no
errors. Circuit Made With ER -1

COMPLETE ER -1 SET contains hundreds of dry trans-
fer DIP, flatpack, TO -5, IC, and transistor patterns;
X6" and .%2" etch resist tapes; 4 copper clad boards;

lb. dry etch; tray and instructions. $4.95 ppd.
IN STOCK AT ALLIED AND OTHER DISTRIBUTORS

WRITE FOR FREE CATALOG listing this and many
other dry transfer marking sets.

The DATA K Corporation
65 Seventy-first Street  Guttenberg, New Jersey 07093
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Build the Muscle Whistler
LISTEN TO YOUR BICEPS DO THEIR THING

THERE are 656 muscles in the human
body and all of them generate a small

voltage potential when they are activated.
This voltage, called myoelectricity or
EMG, is present on the surface of the
skin surrounding the muscle. The detec-
tion of this signal is important in both
clinical medicine and medical research.

Reaction time, for example, can be
measured by noting the time lag between
a stimulus and the onset of EMG activity.
Audible EMG monitoring has been used
experimentally in training athletes-it
has been hypothesized that athletes can
learn complicated, coordinated muscle
skills faster by listening to their muscles
during training.

The Muscle Whistler, described here,
can monitor many of the muscles in the

BY HARRY GARLAND
AND ROGER MELEN

body, producing a whistling tone each
time a muscle is activated. Try it, for in-
stance, with the electrodes on the biceps
muscle (upper arm) and lift a heavy ob-
ject. Signals can also be picked up with
the electrodes on the triceps (back of up-
per arm) when you try to push something.
The flexor muscles (on the front of the
lower arm) are active when you clench
your fist, and the gastrocnemius muscle
(in the calf of the lower leg) is active
when you stand on your toes. You may
be surprised to hear muscle activity even
when you think a muscle is relaxed. This
is called "muscle tone" and is character-
istic of all muscles.

Whether you listen to the Muscle
Whistler to monitor the force generated
by your muscles, measure your reaction
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JI
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R6

250K

ZERO
R9

250K

RS
M 33K

RII
IK

R5

Fig. I. Essentially, the skin voltage signals applied to the op amp
high -gain differential amplifier control the frequency of the UJT.

B1,B2-9-volt battery
CI-C3,C5--0.1-RF disc capacitor
C4 -5-µF, 15 -volt electrolytic capacitor
ICI-Operational amplifier (Fairchild

RA741C)
.11-Three-pin microphone connector
Ql-Transistor (Motorola HEP724)
Q2-Transistor (Motorola HEP739)
Q3 -2N1671 transistor
R1 -R3 -10,000 -ohm resistor
R4,R5-1-megohm resistor
R6,R9-250,000-ohm potentiometer

PARTS LIST
R7 -330,000 -ohm resistor
R8 -33,000 -ohm resistor
R10 -27,000 -ohm resistor
R1 1,R12-1000-ohm resistor
R13 -470 -ohm resistor
S1-Dpst slide or toggle switch
SPKR-100-ohm speaker
Misc.-Battery connectors, battery mounting

clips, knobs (3), IC socket (optional),
three -lead cable, plastic strip for electrodes,
solder lugs (3), electrode hardware, pert
board, component clips, etc.

time, or improve your golf swing, this
project will provide an entertaining in-
troduction to an important area of med-
ical electronics.

Construction. The circuit of the Muscle
Whistler is shown in Fig. 1. The prototype
was built on a piece of perf board, though
any other method may be used. The com-
ponents are mounted on small clips,
except that a 14 -pin dual in -line socket
may be used for the IC if desired. The
input connector (I1), the speaker, the
zero and sensitivity potentiometers (R9
and R6, respectively), and the on -off
switch (S1) are mounted on the front
panel of the selected chassis.

A conventional three -lead microphone

jack with an associated three -lead micro-
phone connector and a few feet of three -
lead cable are used to connect the muscle
electrodes to the circuit.

The electrodes are fashioned from two
screws mounted 3 or 4 inches apart on a
narrow piece of plastic as shown in Fig.
2. A third screw midway between the
other two forms the ground electrode.
Solder lugs under the nuts are used to
connect the three color -coded leads from
the circuit. The center screw is longer
than the other two so that a knob, or
handle, can be attached.

Operation. With power applied to the
circuit, adjust R9 so that there is no out-
put from the speaker when there is no
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input signal. The output varies from a
whistle down to a series of slow clicks.
Adjust R9 until the clicks just stop. With
the sensitivity control (R6) turned up
slightly, touching one of the end elec-
trodes on the muscle probe should cause
the circuit to squeal due to imbalance
in the operational amplifier circuit. (It
is actually pickup from the field created
by the 60 -Hz power line.) However, when
both electrodes are touching the skin,
virtually all of this ambient noise is re-
jected by the differential amplifier.

Good electrical contact must be made
between the electrodes and the skin. Use
a commercial electrode paste or make
your own by mixing salt, water, and
flour in a good pasty consistency. The
paste is rubbed into the area of skin
where the electrodes are to be applied.

Before the electrodes are placed against
the skin, set R6 partially up and be sure
R9 is adjusted to give no output. Place
the electrodes against the skin. There
will be a change in the tone of the output.
Adjust R9 just below the oscillation point
and adjust R6 until the output changes
frequency as the muscle is activated.
Each time the muscle is flexed, the
whistle changes frequency-the tenser
the muscle, the higher the frequency.

Theory of Circuit Design. Operational
amplifier IC1 is a very high gain differ-
ential amplifier whose gain (sensitivity)
is controlled by feedback potentiometer
R6. The differential input to the op amp
is picked up by the electrodes applied
to the skin.

Unij unction transistor Q3 is wired
in the classical UJT oscillator config-

4011

CABLE

KNOB

GND
ELECTRODE

PLASTIC

SOLDER
LUG

Fig. 2. Electrodes are mounted on a small
length of plastic as shown here. An insulated
knob on the ground screw acts as the handle.

uration with C5 determining the frequen-
cy and the emitter -collector resistance of
Q2 (with limiting resistor R12) acting as
the charging resistor. The interelement
resistance of Q2 is a function of the ap-
plied base current and the voltage to
move this current is stored in capacitor
C4, which is charged up by amplifier Q1.
The size of the steady-state charge on C4
is determined by the setting of 119.

When a muscle voltage is amplified by
IC1 and fed to Q1, the collector voltage
on Q1 varies, thus changing the charge
on C4. This, in turn, varies the UJT oscil-
lator frequency. The speaker forms the
load for Q3, and the audible tone consists
of a series of spikes, each occurring as
the UJT fires. *

LIGHT
MINDER
ALERTS YOU TO TURN OFF
CAR LIGHTS WHEN ENGINE
IS SHUT DOWN

BY STEPHEN J. ERST

REPLACING a dead battery resulting from
having left your car lights on overnight

is an expensive and time-consuming propo-

sition. Detroit has remedied the "forgotten
ignition key syndrome" with a buzzer; now
you can remedy the "forgotten light syn-
drome" with a similar alerting system. With
a Light Minder installed in your car, you
will be alerted to turn off parking and head-
lights whenever you turn off the engine
without first switching off the lights.

LOW
BEAMS

SEAMS

'ARCING
_IGHTS

DI-D3rIN4001

OIL
PRESSURE
SWITCH
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Build a GENERAL-PURPOSE ALARM
SIREN -LIKE WAIL CAN BE TRIGGERED BY A NUMBER OF SOURCES

BY TRUETT BROWN

THERE
ARE many different types of in-

trusion alarms. They all have one pur-
pose-to detect the presence of an intruder
and sound the alarm.

However, there are many applications for
alarms that do not involve an intruder.
These include signalling the presence of
unwanted moisture or liquids, the presence
or absence of light, the removal of a small
object, and the unwanted opening of a door
by a child or animal. What is needed then,
is a general-purpose alarm that can be
triggered by a variety of stimuli.

The circuit for a basic alarm is shown in
Fig. 1. Transistors Q1 and Q2 form an audio
oscillator with the speaker representing the
collector load for Q2. The frequency of os-
cillation is determined by C4 and the volt-
age across C3. The charge on C3 comes
from the positive line through R3, R4, and

R5. When the de voltage across C2 reaches
a level determined by the spring adjustment
of KI, the relay pulls in allowing the con-
tacts to open so that both C2 and C3 dis-
charge. As C3 discharges, it causes the
audio tone to go down in frequency. As the
voltage across C2 drops, the point is reached
where the relay contacts close to repeat the
cycle. As C2 and C3 charge and discharge,
the oscillator frequency simulates the rising
and falling wail of a siren.

The circuit is triggered into operation
only when SCR1 is in a conducting mode.
This, of course, means that some positive
going voltage must be applied to the gate
input connector of TB1 (positive with ref-
erence to the neg input). Figure 2 shows
some examples of how such toggling can
be obtained.

In Fig. 2A (a break -wire trigger), when

BI 1+
9V I CI

R3

100}1F

POS 0-
GATE W.1

NEG 0 1.5K

Tel

R2
330n SCRI

G EPRI221

A.
KI

R7
47K SPKR

en

Fig. 1. The siren -like wail is produced by the changing voltage on capacitor C3,
which is controlled by the operation of Kl. Operation of SCR1 turns on the system.

PARTS LIST
81 -9 -volt battery
C1 -100-µF, 10 -volt electrolytic capacitor
C2-2000-pS, 15 -volt electrolytic capacitor
C3 -30-µF, 6 -volt electrolytic capacitor
C4-0.05-p.F ceramic disc capacitor
K1 -1000 -ohm, 50-mIF sensitive relay

(Sigma 11F-1000-G/SIL or similar)
Q1 -2N2712, HEP724 transistor
Q2-HEP230 transistor
R1 -1500 -ohm, 1/2 -watt resistor
R2 -330 -ohm, 1/2 -watt resistor

R3 -150 -ohm, 1/4 -watt resistor
R4 -27,000 -ohm, 1/4 -watt resistor
R5-6800-ohm,1?-tvatt resistor
R6 -68,000 -ohm, 1/2 -watt resistor
R7 -47,000 -ohm, Vs -watt resistor
SI-Spst switch
SCR1-HEP R1221 silicon controlled

rectifier
SPKR-8-ohm speaker (see text)
TB1-Three-lug terminal strip
Misc.-Battery clip, mounting hardware,

suitable chassis, etc.

!SOIL
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(A)

POS

GATE PROBE

NEG

POS

GATE

NEG

s)

the wire is opened, a positive -going pulse
is applied to the gate of SCR1. This circuit
can be used for closet doors, toy chests, etc.
If desired, a magnet -operated, normally
open reed switch can be used. Since it is
battery -operated, this system can be
mounted over a hotel or motel door to
signal the opening of the door.

The photo -trigger sensor shown in Fig.
2B can be used to signal the presence of
unwanted light in an unattended photog-
raphy darkroom or the illicit turning on of a
light in any room. The potentiometer is
used as the sensitivity control. The water -
level sensor shown in Fig. 2C can be used
in basements, boat bilges, etc. to sound the
siren -like wail when water gets above a
predetermined level.

You can also connect a simple normally
open switch between the positive and gate

41711 VA-ol

POS

GATE

NEG

(C)

Fig. 2. Three typical trigger circuits.
(A) is for break -wire; (B) is light
controlled; (C) is water level sensor.

terminals of TB1 to turn on the alarm when
the switch is closed. There are any number
of mechanical arrangements for this appli-
cation. In an automobile, the alarm can be
powered from the vehicle battery and used
to signal the presence of voltage on any
desired line-turn signals, parking lights,
backup lights, etc. If wired to the dome
light with the siren output capacitor coupled
to an audio amplifier, the circuit serves as
a burglar alarm.

Construction. Although any type of con-
struction can be used, the foil pattern and
layout shown in Fig. 3 provide a good,
trouble -free arrangement. Note that K1 and
C2 are mounted off the board.

In the prototype, an 8 -ohm speaker was
connected to the board, but you can increase
the volume somewhat if you use a conven-
tional transistor output transformer, with the
secondary matched to the speaker imped-
ance. For coupling to an audio amplifier,
interconnect the common negatives and use
capacitor coupling from the collector of Q2.
Adjust the pull -in spring of the relay so that
it cuts in and out at the upper and lower
voltages (charge on C2) desired.

.4Tt Fig. 3. Foil pattern and component
layout. K1 and C2 are not on board.

SC RI
+
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0-C34
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HIGHLY SELECTIVE TV ANTENNA F'REAMP
BRINGS IN DISTANT STATIONS

MIN a time when the sports
fan-espEcialIN the pro -tooth a 11 fan-

wishesihi OUld tune :in on- a TV stadon
outside his inureiliile area. This hapjens
when kis favorite. locid pro team is play-
ing at hone and there is no local TV
cmerage.--

limer the present. Hierallv sanctioned
pro -football tehvision sta-
tions within 75 miles of th, stadium are
preventec from te1vising al home game;

BY ROBERT B. COOPER, President
CADCO, INC.

yout recetvef-provicled if fsdrivtn by a
properly designed and installed cutdoor
antenna. (See page 42.) Of course, the
.RASA was not designed merely to "beat
the TV blackout." Rather it is intended to
improve substantially ihe_ reception from
stations 75 to 150 miles away. and, in
some cases, to make such reception a real
possibility.

Since the signals from distant (up to
150 miles) stations are normally "there,"

the reaso-i Ping, of course, that local TV but blocked out by stronger local signals,
covera- attendance- the Lick to receiving them is to use a re -
at the ceivil; system that liters out tl.e strong

The All AntErical S2ce-s plifier -local signals arid am-kfie3 the weak dis-
(AAS?) ceszrilsed "ner3 has bility to tant s_gnals. That, in L. nutshell, is what
prcduae v ewthle ielevis .programs the AASA (with die groper antenna)
from .3 -_at c -.s 75 to 150 m' ay from does.



I
N JI

B
A

N
D

P
A

S
S

 F
IL

T
E

R
A

M
P

LI
F

IE
R

 F
IL

T
E

R
R

F
C

3
3.

3p
H

0 
0 

0

C
C

3
C

6

* R
I

C
8

C
2

4 
40

pF
C

7
4-

40
pF

eL
l

eL
2

eL
3

eL
4

el
5

*L
I

R
F

C
I

.3
.3

0
R

F
C

2
3.

3p
H

L2
*

C
4

C
5

.9
-7

pF
.9

-7
pF

C
IO 50

0
pF

01
E

30
0

S
D

 e
L6

.L
7

C
12 50

0p
F

C
13

50
0 

P
 F

R
2

C
I5

50
0p

F

C
9 4-
40

pF

a

C
II

4-
40

pF

02
E

30
0

S

C
14

*

6

C
17 50

0p
F C
I8

50
0p

F

D
 e

L8
eL

9

R
3

C
20

50
0p

F

C
16 4-
40

pF

03
E

30
0

S

C
I9

*

O

C
22 50

0p
F

C
23

50
0p

F

(-
41

11

D
eL

IO

C
2I 4-
40

pF

*S
E

E
 P

A
R

T
S

 L
IS

T
*S

E
E

 T
E

X
T

eL
, E

T
C

H
E

D
 IN

D
U

C
T

O
R

P
A

R
T

S
 L

IS
T

LO
W

 -
B

A
N

D
 A

A
S

A

C
1,

C
3,

C
6,

C
8-

ch
an

ne
ls

 2
-4

: 5
.6

-p
F,

 5
%

 d
is

c
ce

ra
m

ic
 c

ap
ac

ito
r

-c
ha

nn
el

s 
5-

6:
 4

.7
-p

F,
 5

%
 d

is
c

ce
ra

m
ic

 c
ap

ac
ito

r
C

2,
C

7,
C

9,
C

11
,C

16
,C

21
-4

-4
0-

pF
 tr

im
m

er
 c

a-
pa

ci
to

r 
(E

lm
en

co
/A

rc
o 

42
2)

C
4,

C
5-

0.
9-

7p
F

tr
im

m
er

ca
pa

ci
to

r
(E

l-
m

en
co

/A
rc

o 
40

0)
C

10
,C

12
,C

15
,C

17
,C

20
,C

22
-5

00
-p

F 
uh

f 
st

ud
 -

m
ou

nt
in

g,
 f

ee
dt

hr
ou

gh
 c

ap
ac

ito
r 

(S
pr

ag
ue

B
H

-1
05

, C
en

tr
al

ab
 M

FT
)

C
13

,C
18

,C
23

-5
00

-p
F,

 1
0%

 d
is

c 
ce

ra
m

ic
 c

a-
pa

ci
to

r
C

14
,1

9-
ch

an
ne

ls
 2

-4
: 9

.1
80

-p
F 

tr
im

m
er

 c
a 

-

S
H

IE
LD

0I
-0

3

41
It

s
0

S
H

IE
LD

pa
ci

to
r 

(E
lm

en
co

/A
rc

o 
46

3)
-c

ha
nn

el
s

4-
40

-p
F 

tr
im

m
er

 c
a-

pa
ci

to
r 

(E
lm

en
co

/A
rc

o 
42

2)
eL

l-
eL

10
-E

tc
he

d 
in

du
ct

or
s 

on
 P

C
 b

oa
rd

11
12

-G
 -

F-
59

 F
 c

ha
ss

is
 m

ou
nt

in
g 

co
nn

ec
-

to
rs

L
1,

L
2-

ch
an

ne
l 2

: 9
 tu

rn
s 

#1
6,

 5
/1

6"
 f

or
m

,
cl

os
e 

sp
ac

ed
 w

ith
 0

.2
" 

m
ou

nt
in

g
pi

gt
ai

ls
-c

ha
nn

el
 3

: 7
 tu

rn
s 

sa
m

e 
as

 a
bo

ve
-c

ha
nn

el
 4

: 5
 tu

rn
s 

sa
m

e 
as

 a
bo

ve
-c

ha
nn

el
 5

: 6
 tu

rn
s 

sa
m

e 
as

 a
bo

ve
-c

ha
nn

el
 6

: 5
 tu

rn
s 

sa
m

e 
as

 a
bo

ve
Q

1-
Q

3-
Fi

el
d

ef
fe

ct
tr

an
si

st
or

(S
ili

co
ni

x
E

-3
00

)
R

1 
-R

3 
-9

1.
56

0 
-o

hm
,

1A
 -

w
at

t
re

si
st

or
(s

ee
te

xt
)

S
H

IE
LD

S
H

IE
LD

15
/1

6'

+
10

V

J2 O
U

T

1.
0.

-1
3/

16
4-

-1
 1

3/
32

=
-4

R
FC

I-
R

FC
3-

3.
3-

µH
 m

ol
de

d 
ch

ok
e 

(I
. W

.
M

ill
er

 9
31

0-
24

)
M

is
c.

-S
ui

ta
bl

e 
ch

as
si

s,
 m

ou
nt

in
g 

ha
rd

w
ar

e,
in

te
rs

ta
ge

 s
hi

el
ds

, s
ps

t s
w

itc
h,

 e
tc

.
N

ot
e-

T
he

fo
llo

w
in

g
ar

e
av

ai
la

bl
e

fr
om

C
A

D
C

O
,

P.
O

.
B

ox
18

90
4,

O
kl

ah
om

a
C

ity
, O

K
 7

31
18

: a
ct

ua
l s

iz
e 

fo
il 

pa
tte

rn
an

d 
co

m
po

ne
nt

 la
yo

ut
 g

ui
de

 a
t $

4 
(s

pe
ci

fy
ch

an
ne

l)
; e

tc
he

d 
an

d 
dr

ill
ed

 c
ir

cu
it 

bo
ar

d
L

B
24

 (
ch

an
ne

ls
 2

-4
) 

or
 L

B
56

 (
ch

an
ne

ls
5-

6)
 a

t $
14

, p
os

tp
ai

d;
 c

om
pl

et
e 

ki
t o

f 
al

l
pa

rt
s 

in
cl

ud
in

g 
po

w
er

 s
up

pl
y,

 p
re

 -
dr

ill
ed

m
ou

nt
in

g 
ca

se
,

ba
se

 p
la

te
, w

oo
de

n 
en

d
ca

ps
, p

re
w

ou
nd

 c
oi

ls
, E

 -
30

0'
s 

w
ith

 m
at

ch
ed

so
ur

ce
 r

es
is

to
rs

, L
B

24
K

 o
r 

L
B

56
K

 a
t $

49
.5

0
pl

us
 p

os
ta

ge
 f

or
 4

 lb
. (

Sp
ec

if
y 

ch
an

ne
l.)



In practical terms, let's consider a situ-
ation where your locality has TV trans-
mitters on (among others) channels 2 and
4. In your home, both channels are so
strong that, when you tune to channel 3
and rotate your fine tuning control, you
receive a mixture of channel 2 sound and
channel 4 picture. Both signals are over-
loading the receiver and bleeding into
channel 3.

If you had a channel 3 antenna pointed
at a 100 -mile distant station, and either
or both of channel 2 and 4 left the air
while channel 3 was still transmitting,
you would see a typical fringe signal:
fairly weak, snowy, and fading up and
down in level. With both channels 2 and
4 (or even just one of them) on the air,
however, the bleeding would cover chan-
nel 3-even with a special antenna.

The AASA, installed between the an-
tenna and receiver, filters out channels 2
and 4 (and all others except channel 3)
and, at the same time, amplifies and filters
channel 3. It reduces channels 2 and 4
levels by 20 to 50 dB and amplifies the
channel 3 signal by 22 to 25 dB.

Since most television receivers have
no more than 40 dB or adjacent channel
rejection in their i-f strips, when your
local station is 40 dB or more stronger
than a distant one, the receiver is not
capable of separating the two on adjacent
channels. And, while any distant station
needs amplification to be viewed com-
fortably, the receiver must "see" (from
the antenna system) a better ratio of sig-
nal levels. Merely installing a signal
booster and a cut -to -channel antenna for
the distant signal is not enough since the
booster amplifies the already strong local
signals as well as the distant signal; and
the existing ratio of signal levels be-
tween local and distant becomes more in-
tolerable.

Construction and Alignment. The All
American can be built for either the low
channels (2 through 6) or the high ones
(7 through 13). The respective schematics
are shown in Figs. 1 and 2. A printed cir-
cuit board is required in either case and
may be ordered as noted in the Parts
Lists. (The foil pattern is too large to be
reproduced here but may also be ordered
from the source given in the Parts List.)

A schematic of the power supply is
shown in Fig. 3. See Fig. 4 for assembly.

PATENT NOTICE

The All American Sports Amplifier (ti-
tle copyright CADCO 1971) is covered by
one or more patents issued to the au-
thor by the U. S. Patent Office. Individual
(non-commercial use of the designs
and products covered here is permitted
by the author and CADCO. Commer-
cial use is the subject of numerous
licensing agreements entered into by
CADCO and/or the author, and all com-
mercial rights are retained. "Interdigital
Pre -Amplifier" and "Amplifilter" are reg-
istered trademarks of CADCO, Inc.

TECHNICAL SPECIFICATIONS
LOW -BAND AASA

Total Gain: 22-25 dB
Noise Figure:* 3.4 dB
Bandwidth (±0.25 dB): 4.5 MHz
Dynamic Range: 100 dB
Rejection lower adjacent aural,

upper adjacent visual carriers: 16-24 dB
Rejection lower adjacent visual,

upper adjacent aural carriers: 40-50 dB
Input/Output Impedance: 75 ohms,

unbalanced
Input Match: 16-18 dB
Output Match: 15-17 dB
Frequency Range LB24: 54-72 MHz

LB56: 76-88 MHz

HIGH -BAND AASA

Total Gain: 22-26 dB
Noise Figure: 5.0 dB
Bandwidth (±0.25 dB): 5.0 MHz
Dynamic Range: 100 dB
Rejection lower adjacent aural,

upper adjacent visual carriers: 6-10 dB
Rejection lower adjacent visual,

upper adjacent aural carriers: 35-50 dB
Input/Output Impedance: 75 ohms, un-

balanced
Input Match: 17-19 dB
Output Match: 15-17 dB
Frequency Range: 174-216 MHz

*Noise figure is computed as loss in the
passive bandpass filter section plus elec-
tronic noise figure of first amplifier stage,
as measured by a suitable noise figure
test set.
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For the low -band version, the values of
LI and L2 are determined by the distant
channel you want to draw in. Study
Figs. 5 through 7 carefully to determine
component placement. Remember that
lead dress and parts orientation are very
important at these frequencies.

Begin by mounting the bandpass filter
components (Fig. 5). An etched "R" ap-
pears on the circuit board between the
last filter section and the amplifier. Mount
a temporary coaxial fitting here on a 1"

piece of solder -tinned braid with the cen-
ter of the coax connected to C8. This
fitting will be used later in alignment.
Solder the interstage shield down to the
board ground with the transistor hole op-
posite the inner etched conductor (Fig.
6). Make sure that the shields are
mounted at 90° to the board.

The vhf bypass capacitors (C10, C12,
C15, C17, C20, and C22) are mounted
next. Note that these are really feed -
through capacitors with two tips and a
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center ring. One tip goes to the connec-
tion dot on the etched inductor nearest
the shield, while the bulge (ring) leans
against the shield and is soldered to it.
The opposite tip floats free.

The FET's are mounted in their holes
in the shields with the gate lead facing
the bypass capacitors. Use a heat sink on
the FET leads when soldering. Mount the
six input-output trimmers (C9, C11, C14,
C16, C19, and C21) using the leaf ter-
minal as the rotor and soldering it to

ground. The stationary terminal is sol-
dered to the dot on the inner end of the
etched inductor. Solder the FET source
and drain leads to the appropriate trim-
mers, using a heat sink.

The interstage coupling capacitors are
installed using Table 1 for proper tap
points. Keep the leads as short as pos-
sible.

Short jumpers are used to connect the
power buss to the FET stages. Mount all
components except for source resistors
RI, R2, and R3. Performance curves for
the E-300 FET call for 5 mA of current
per stage for optimum noise figure and
gain (with 9 -to -10 -volt operation). Con-
nect a 10-mA meter in series with a re-
sistor of 91 to 560 ohms. Connect the
combination in the position for RI. Ad-
just the value of the resistor until the
current is 5 mA. Use this resistor for RI.
Do the same to determine the values for
R2 and R3. Solder these resistors in place
between ground and the outer dot on the
etched inductor on the source side of the
FET.

To align the bandpass filter, connect
the antenna (aimed toward the distant
station) to .11 and connect the temporary
jack at C8 to the TV receiver. The fine
tuning control on the receiver is very
important now. In many cases it has not
been used on this channel before and the
local oscillator slug may have to be ad-
justed in the tuner. If your receiver has
automatic fine tuning (aft), it must be dis-

(Continued on page 44)
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CHOOSING AN ANTENNA
FOR THE ALL AMERICAN

When it comes to picking up a distant
TV station, most people think it is only
necessary to rotate their present antenna
in the direction of the station and maybe
hook up some type of signal booster.
However, if you attempt this, you will
most likely find that you still don't
have much in the way of a useful signal.
The rules given here for choosing and
installing an antenna for the All Amer-
ican Sports Amplifier are equally applic-
able to any situation involving the re-
ception of distant signals.

Station Selection. Probably more than
one station within a 75- to 150 -mile range
carries the program of interest. A low-

band (channels 2 through 6) station is a
better choice than one in the high band
(7 through 13) because most TV sets
have better selectivity and sensitivity at
the low end. In addition, low -band signals
tend to fill in behind buildings, hills, and
trees better than the high -frequency sig-
nals. Low -band signals are probably at a
higher level at a distance than high -band
signals. In most cases, a low -band sta-
tion 100 miles off may well be a better
choice than a high -band one that is 75
miles away.

Antenna Selection. The best antenna
for a single channel is the single -channel
yagi, with all of its parameters optimized
for that one channel. Virtually all antenna
manufacturers have such items in their
line. Here are the preferred configura-
tions:

Distance Channels Channels
to station 2-6 7-13
75 miles 5 -element, 10 -element,

40-50 feet 40-50 feet
high high

100 miles 10 -element, 10 -element,
40-50 feet 60 feet

high high
125 miles Stacked Stacked

5 -element, 10 -element,
50-60 feet 60 feet

high high
150 miles Stacked 4 stacked

10 -element, 10 -element,
60 feet 60-70 feet

or higher high

Antenna Orientation. Since a single-

channel yagi is very directional, try to
choose a distant station that lies in a
different direction from your local TV out-
lets. The built-in directional pattern of
the yagi can greatly assist in the rejec-
tion of the local stations. All directional
antennas have a maximum pickup from
their front and minimum pickup on each
side. Do a little map reading and care-
fully choose the best direction for your
purpose.

Antenna Height. A typical suburban
neighborhood is described as being 35
or 40 feet "tall"-the height of most resi-
dential buildings, utility poles, trees, etc.
Anything below that level is described
as being in the "clutter level." So, unless
your house is on a hill, your antenna

Channel
2
3
4
5
6

7-13

TABLE 1
TAP POINTS' FOR ETCHED INDUCTORS

eL5
4 out

2 out

eL12,eL16
2 out

eL6 eL7 eL8
outside 2 out outside

11

1 in, side 2 out 1 in, side

eL14,eL18 eL13,eL15,eL17,eL19
1 out outside

eL9 eL10
2 out 2 in

outside
2 out outside

3 in, corner

11

Note: Input inductors eL5, eL7, eL9 (low -band) and eL12, eL14, eL16,
eL18 (high -band) start the inductor turn count on the inside (center) and
count out with the first full turn (not the partial final inner turn) as turn
number one, etc. Output inductors eL6, eL8, eL10 (low -band) and eL13,
eL15, eL17, eL19 (high -band) start the inductor turn count on the outside
and count in with the outer most turn being number 1.
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must be above the clutter level. A large
antenna 20 feet above the ground is not
as good as a smaller one 40 feet up,
simply because the height brings free-
dom from signal absorption by the sur-
roundings. Once you get above the clut-
ter, signal reception improves slowly
until the antenna is 60 or 70 feet up,
where reception begins to improve mark-
edly again.

Antenna Installation. Be sure that you
know the impedance of both the antenna
and your TV set and use a good quality
low -loss transmission line of suitable im-
pedance. If necessary, use a matching
transformer at one or both ends to get
the correct impedance matching. Re-
member that there are both indoor and
outdoor (weatherproof) matching trans-
formers.

Incidentals. Before mounting a high
antenna, be sure that the ends of the
elements are closed to avoid the "pipe
organ effect"-wind blowing past the
open tube and causing it to hum. This
can be very annoying when the antenna
mast transmits the noise to the roof of
the house.

Use guy wires when the antenna is 15
or 20 feet high. The cost of guy wires
is small compared to that of a good
antenna. Waterproof the connection be-
tween the transmission line and antenna
to avoid electrolysis and wind damage.

Another good tip is to connect a 100,-
000 -ohm resistor across the antenna be-
fore you put it up. Then all you need is
an ohmmeter to test the circuit from the

TV receiver to the antenna without low-
ering the antenna. The high resistance
value will not affect the antenna's per-
formance.

Rotators are always useful for locating
distant signals. Sometimes the signal
may not be the strongest when it comes
directly from the station. Reflections from
a hill or tall building may be stronger.
There is more than one case of a signal
being bounced off a hilltop roadside bill-
board (having a metal backing) to be re-
ceived down in the valley.

If you do your own TV servicing, try dif-
erent tubes (of the same type naturally)
in front-end and first i-f amplifier. This is
where the bulk of the snow comes from,
and having a couple of extra tubes per-
mits you to select the one with the lowest
noise. (Unfortunately, you can't do this
easily if your set is all solid state.)

In using an old TV receiver for distant
reception (and if you have the test gear),
try reducing the bandwidth, which in-
creases the gain. A less snowy 2.5 -MHz
picture is better than a snowy 3.5 -MHz
one. Be sure that the other tubes in the
set are up to snuff, especially in the i-f
strip where all the signal gain occurs.

Don't use staples to hold the trans-
mission lines. You can damage an inter-
nal conductor or
Use the mounting procedure recom-
mended by the cable manufacturer. Fi-
nally, don't forget to waterproof the hole
where the line enters the house. Your
team may lose but you'll still have a dry
floor.

Channel 3 circuit without traps showing the
channel 2 aural and channel 4 visual markers
down the skirt. Although they are far down
the skirt, such carriers cause interference.

Here is the same channel 3 circuit with its
adjacent channel double traps installed. Note
the sharpened band pass characteristic and
vastly improved adjacent channel rejection.
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CI RI RFC3 D5 DI-D4 TI

Fig. 4. The power supply can be tucked
into one corner of the metal cabinet.

abled. Turn on the receiver. In most
cases, you will have "spillover" from the
adjacent channels. Using a plastic align-
ment tool, loosen the rotors on C4 and
C5 to minimum capacitance. Adjust C2
and C7 to get maximum signal from the
distant station. (You may have only sync
bars to work with.) Adjust the receiver
fine tuning for best reception. Slowly in-
crease the capacitance of C4 (screw in)
until the signal from the lower adjacent
channel is a minimum. Adjust C5 to get
the same effect on the upper adjacent
channel. Readjust the fine tuning and the
other filter capacitors to get the best re -

TEMPORARY
CONNECTOR

eL4 C8 CIO eL6
LI L2 C7 RI C12

eL 2 RFCI RFC2 e 3 C9

Fig. 5. Component installation at input end
of low -band unit shows temporary connector.

mote picture. Remove the temporary con-
nector from C8 and connect C8 to its tap
on eL5.

Connect the TV receiver to output jack
J2 and turn on all power. Using an insu-
lated alignment tool, adjust C11, C16,
and C21 for maximum distant signal re-
ception. Then adjust C9, C14, and C19
for the same effect. Trimmers C9, C14,
and C19 affect the flatness of the band-
pass curve (best sound and picture to-
gether), while C11, C16, and C21 affect the
total gain. If absolutely necessary, you
may have to readjust C4 and C5 slightly
to reduce any adjacent channel inter-
ference. The alignment process can be
done faster and easier if you have an r -f
sweep generator, a marker, and a scope.

R2 C17 eL8 R3eL7 C15 JUMPER eL9

ELIE 1

'
/Bs muiII111111101NON 11=4111LIRM 1111111
CI3 C14 Q2 SHIELD CI6 CI8 C19

Fig. 6. The mid -section of the low -band ampli-
fier showing how the bypass capacitors and
the jumper for the FET power are connected.

Component installation for the high-
band All American is shown in Figs. 8
through 10. The same precautions must
be used in assembly as were described
for the low -band version.

Alignment of the high -band bandpass
filter is a little tricky. Temporarily con-
nect an output coaxial connector to point
R on the board with the center conductor
connected to the output of C11. Tempo-
rarily disconnect CI from J1 and connect
C2 to J1. With the antenna connected to
11 and properly aimed and with the TV
receiver connected to the temporary out-
put from C1/, adjust C6 and C10, then
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IN TERSTAGE
SHIELDS

Ji

Fig. 7. Overall view of the low -
band amplifier showing shields.

R2
C20 C22

In NO MIN

L3

LI

C4

POWER
SUPPLY

L5 L7
eL4

L2
C5 L4 C8

L LI I RI C19
L8 C14 L9 CI7

11111111111111111

eL13
-C20

C CI eL5 eL6 eL7 eL8 C13 C 2 C16 C18
J1 eLI2

Fig. 8. Input end of the high -band amplifier showing component
placement. Note the five mutually coupled etched -circuit coils.

JUMPER R3

C24 C25
C29

C27

4
111[11 1101ffilinin 4giya

eL 02 eL15 C26 03
C21 SHIELD C23 eLI6 SHIELD

Fig. 9. Mid section of the high -
band board showing components.

Fig. 10. Overall view of the high -
band board showing the shields. J1

C7, C8, and C9 for maximum reception
of the distant signal.

Reconnect Cl and C2 as shown in the
schematic and connect the temporary
output to C15. Adjust C3 and C5 for min-
imum lower adjacent channel bleed and
C12 and C14 for minimum upper channel
bleed. Retouch C7, C8, and C9 for best
reception. Reconnect C15 according to
the schematic. Now the entire circuit is
in operation. With power applied, adjust
C18, C23, C28, and C33 for maximum
signal. Then adjust C16, C21, C26, and
C31 for best reception.

Theory of Circuit Design. In the low -
band version of the All American (Fig. 1),
the 75 -ohm antenna line is connected to

INTERSTAGE-SHIELDS- POWER
SUPPLY
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Actual reception (left) of KTVH, channel 12, Hutchinson, Kan. (155 miles) using only an
outdoor antenna cut for that channel. Note severe adjacent channel interference from
channel 13 (2.1 miles). Right is reception of channel 12 using the All American unit.

a three -section bandpass filter. The first
section is composed of C1, C2, C3, eL1,
eL2, and L1; the third is C6, C7, C8, eL3,
eL4, and L2. Between these are two series
trap circuits; RFC1-C4 traps out the
lower adjacent channel and RFC2-05
traps out the upper adjacent channel. The
combined filters permit only the selected
channel to pass and severely attenuate
the interference from the adjacent chan-
nels.

Following the bandpass filter are three
stages of FET amplifiers. Using the E-300,

a plastic -case, low-cost version of the
2N5397, the three stages provide a total
gain of 22 to 25 dB. The E300's, in
common -gate operation, have only a
1.3 -dB noise figure at 100 MHz; at 216
MHz (channel 13) the figure is 2.0 dB.
Additional bandpass filtering is provided
in these stages by the etched inductors.

In the high -band (channels 7-13) of the
All American, the same principle of oper-
ation is used. The bandpass filter, how-
ever, contains 11 sections and there are
four stages of FET amplification. 0

A SIMPLE SW

CONVERTER

BUCKING
the trend toward more com-

plexity in circuits, the simple converter
shown here (submitted by Larry Lisle) is
to be used with a portable transistor radio to
pick up shortwave signals. The radio pro-
vides the i-f and audio amplifier, and any
crystal in the shortwave frequencies can be
used in the converter (crystal frequency 455
kHz difference on either side of the desired
shortwave).

In operation, the shortwave signals are
picked up by the antenna and coupled to
tuned circuit LI-C2. The inductor is 13
turns of #22 wire wound on a diameter,
Pio" long ferrite core, tapped 4 turns up
from the ground end. Capacitor C3 connects
to Ll at the best point for impedance
matching. The signal is amplified by Q1 and
mixed with the frequency generated by the
crystal to produce an i-f at the difference
between the two. This is passed on to the
receiver i-f.

Any one of several types of transistors can
be used for Q1 as long as it is of the high
frequency type. Use a receiver with a trans-
former to avoid the possibility of shock.

To use the converter, hook up an outdoor
antenna ( 20 feet is enough), turn on the
power and start with C2 fully meshed. Slow-
ly decrease C2 until shortwave signals are
heard. As the frequency of the crystal is
reached, the converter will go dead and
then come on again as the frequency is
passed. If the crystal frequency is lower
than the desired signal, the first sensitive
point is the image and the second is the
real signal; and vice versa if the crystal fre-
quency is higher. -Larry Lisle

+9V

(-IP-TO PRIMARY
OF lit IF

C4 TRANSFORMER
56pF

TO RCVR GNO
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E
PANELDRiVER

CHANGING VOLTAGE AND FREQUENCY ON

ELECTROLUMINESCENT PANELS

CHANGES BRIGHTNESS AND COLOR / BY NORMAN P. HUFFNAGLE

ALTHOUGH IT is widely hailed as one of
the great breakthroughs in modern

lighting design, electroluminescence (EL)
remains something of an enigma to the
scientist as well as the layman. The first
demonstration (performed by Lossev)
showing that a single crystal of zinc sul-
fide would emit light when under the in-
fluence of an electric field occurred back
in 1923. In 1936, G. Destriau reported
that electroluminescence had been ob-
tained from a thin layer of fine parti-
cles placed between two electrodes-
either with or without a dielectric sus-
pension medium. The light was so faint
that, at first, some researcher doubted its
existence, but verification was forthcom-
ing and practical uses began to evolve.

Electroluminescent lamps are now used

in the form of panels as night lights and
to illuminate instrument panels in air-
craft and space vehicles. In the future
they will probably be used on automobile
dashboards and other instrument panels
where a nonglaring, yet highly visible
cold light in various colors is required.

Despite its acceptance and use, how-
ever, there remains some doubt as to just
how electroluminescence actually works.
Like its cousin the light -emitting diode
(LED), the EL lamp is a solid-state device
and, as such, is immune to catastrophic
failures due to vibration, environmental
extremes, etc. Also, since it is solid-state,
it can be used in conjunction with solid-
state power supplies providing a homo-
geneous overall system.

However, unlike the LED, which uses

1974 Winter Edition 47



LIGHT OUTPUT

PLASTIC
TRANSPARENT
ELECTRODE

MATRIX OF PLASTIC,
ZINC SULFIDE WITH
COPPER,BORON AND
COLORING AGENTS

%/////.%////////////////////////////////. LUMINUM ELECTRODE
PLASTIC

Fig. I. This enlarged view of a thin electrolumi-
nescent panel shows how "sandwich" is created.

low -voltage dc power, the EL device re-
quires a high -voltage ac supply. Electro-
luminescent panels now available operate
in excess of 10,000 hours at 60 Hz and
117 volts, delivering 1 to 1.5 footlamberts
of light. If the operating voltage and fre-
quency for such panels are changed, they
can produce up to 100 footlamberts.

All of this results from a phenomenon
whereby light is emitted from a thin lay-
er of crystalline phosphor (usually zinc
sulfide) situated in a "capacitor sand-
wich" as shown in Fig. 1. This particular
phosphor emits a green light when stim-
ulated and also makes an excellent host
crystal for a number of color -changing
additives. You have probably seen zinc
sulfide (ZnS) a number of times since it
is the basic phosphor used to coat the
screens of oscilloscope CRT's. (In this
case, the phosphor is excited by high-
speed electrons from the CRT gun.)

As shown in Fig. 1, the phosphor com-
pound is sandwiched between a thin
aluminum foil and a transparent, al-
though conductive, electrode. The alum-
inum also provides some reflection, in-
creasing the light output, while the
transparent electrode permits the light to
escape. The entire EL panel is then sealed
within a moisture -proof plastic which
also provides electrical isolation. The
overall assembly is approximately 1/32"
thick with a 1- to 5 -mil separation be-
tween the two electrodes.

Electron Impacts. Although a back-
ground in solid-state physics is necessary
to a full understanding of the presently
known mechanisms whereby an EL panel
emits light, a not too rigorous, yet ac-

ceptable explanation is that, under the
application of an intense electric field,
electrons are removed from the surface
of the phosphor particles, accelerated by
the applied field, and caused to collide
with other phosphor particles. These im-
pacts cause energy to be given up in the
form of light. In the case of zinc sulfide,
this light falls in the green portion of the
optical spectrum.

The electrical field strength necessary
to perform this phenomenon is between
200 and 800 volts dc applied between the
two parallel electrodes spaced 1 mil
apart. For the panels that are available
(such as night lights), the conventional
power line peak voltage of about 300
volts is sufficient to cause light emission.

Although the first EL phosphors used
the green emission of ZnS:Cu (zinc sul-
fide with a copper additive), it was soon
found that adding other elements created
a range of different colors. One other
fact turned up: many EL phosphors ex-
hibit an unusual emission property called
"frequency color shift." For example, one
of the most efficient and easily made
phosphors, ZnS:Cu:C1 has a broad green
emission band when excited at a fre-
quency of 100 Hz and 100 volts rms per
mil. As the frequency is raised, however,
the emission band broadens and moves
toward the shorter wavelengths, and at

Fig. 2. There is a relationship between inten-
sity and voltage, and between color and frequency
as shown here. These curves are illustrative only.
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PARTS LIST
CI,C2-1012F, 150 -volt electrolytic capacitor
C3 -0.1-µF capacitor (see text)
DI,D2-Rectifier diode, 600PIV, IA
D3 -24 -volt, 400-mW zener diode
Ql-Unijunction transistor ( Motorola MU -

4894 or similar)
02-Transistor (Motorola M.1105 or similar)
R1 -26,000 -ohm, 5 -watt resistor
R2 -470 -ohm, 1/2 -watt resistor
R3-10,000-ohm, 1/4-watt resistor ( see text)
R4 -100,000 -ohm potentiometer ( see text)
R5 -6800 -ohm, 1/4 -watt resistor (see text)
R6 -10,000 -ohm, 1/2 -watt resistor
R7 -5000 -ohm, 25 -watt resistor
T1-117 :117 -volt isolation transformer
Misc.-Suitable chassis, EL connector strip,

mounting hardware, etc.

TO
EL
PANEL

Fig. 3. When using this variable -frequency
panel driver, remember that about 320 volts
ac is present across R7 so take extreme care.

20 kHz, the peak wavelength is in the
deep blue region.

a fre-
quency characteristic and is essentially
independent of the applied electric field.
The curves in Fig. 2 show the effects of
such changes on an arbitrary panel.

With an ac supply, the light output
from an EL panel occurs in two bursts
per cycle-one near each peak of the
sine -wave excursion. The quantity of
light emitted is a function of the applied
frequency and the voltage. For a fixed
frequency, increasing the voltage in-

creases the brightness. For a fixed volt-
tage, increasing the frequency increases
the light output and, over a small range,
changes the color.

Building an EL Power Supply. To see
more clearly how electroluminescence
works, it is helpful to build a small vari-
able frequency power supply. This can
be done in one of two ways. A sche-
matic for the first supply is shown in
Fig. 3. In this circuit, DI., D2, Cl, and C2
form a voltage doubler having a dc out-
put of about 320 volts. (Ripple is not im-

(On next two pages are some uses for EL panels. Continuation of article follows.)

TO
EL
PANEL

Fig. 4. This panel driver uses an
external audio generator to drive
the switching transistor. The ac out-
put here is also high, so take care
when making panel connections.

PARTS LIST
C1 -10 -AF, 100 -volt electrolytic capacitor
DI,D2-Silicon rectifier, 600 PIV, IA
QI-Transistor (Motorola MII05 or similar)
Tl-Power transformer, secondary 24V, IA
T2-Filament transformer, secondary 6.3V,

600 mA
Misc.-Suitable chassis, EL connector strip,

mounting hardware, audio generator.
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Plastic or wood (not metal) picture frame (above),
fitted with electroluminescent panel becomes con-
venient light -box viewer for slides and photo neg-
atives. Before fitting EL panel into frame (right),
solder a -c line cord to metal tabs on the panel.

Evenly distributed soft light from EL
panel reduces eye strain when viewing
slides and negatives as shown at right.

USES
FOR

EL
PANELS

Next, fit piece of Masonite or hardboard over rear
of frame, cementing into place with silicone rub-
ber compound (left). Also, fill line cord exit
hole with cement to provide strong strain relief.
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Locate light switches quickly in a darkened room with a back -lighted switch plate. Cement EL panel
to the rear of a translucent switch plate (above) and use a sharp knife to make clearance holes
through the panel for mounting screws. Make sure that +he power to the switch is shut down; then
connect the wire leads from the EL panel to the power line terminals on the switch (not the switched)
terminals. Properly mounted behind the switch plate, the EL panel is invisible as shown upper right.

Opaque black or translucent colored tape turns the
viewer described on the opposite page into custom-
made exit signs. Leads from the sign connect direct-
ly to a -c power line for constant -on operation.

Framed EL panel mounted inside hi-fi console pro-
vides illumination for you to see what you're do-
ing. For this application, use a white or a yellow
electroluminescent panel which has brighter output.

Panel mounted on base of desk lamp at left serves same func-
tion as panel mounted behind switch plate. Leads from
EL panel pass through holes previously drilled through base
and connect to line cord with wire nut. Cement panel to lamp
base after making absolutely certain that the panel and the
wires are electrically insulated from the base of the lamp.

1974 Winter Edition 51



C2 OPTIONAL
FUSES

CI DI

D2
C3 OI R3 R7

02 R6 R2 RI D3 BARRIERR5
STRIP

The circuit may be built up on perf board as layout is not critical. Connection
to the EL panel is through barrier strip on rear of chassis. The line isolation
transformer is mounted at one end of the chassis and must be used for safety.

portant in this case.) Resistor R1 and
zener diode D3 form a 24 -volt supply for
the oscillator circuit containing unijunc-
tion transistor Q1. Transistor Q2 is a
driving amplifier. The period of oscilla-
tion is a function of the interstage cou-
pling components of the two transistors,
with potentiometer R4 adjusted to vary
the frequency. For the values shown, the
frequency is adjustable from about 200 to
800 Hz. By operating Q2 in the switching
mode, dissipation and losses are cut to a
minimum.

The output pulse across R7 is a square
wave having an amplitude of about 320
volts with a variable duty cycle and rep-
etition rate. If it is desired to modify the
frequency, reducing the value of C3 or
the R3, R4, R5 network increases the fre-
quency and vice versa. The maximum
frequency is reached when Q2 cannot
turn off. Tests on the circuits show that

Some EL panels are fitted with slender electrical
connections. Do not bend them back and forth too
many times or you will break them off at panel.

using a value of 10,000 ohms for R6 and
a series combination of a 3900 -ohm fixed
resistor and a 5-megohm potentiometer
for R3, R4, and R5, permits operation
from about 20 Hz to nearly 2 kHz.

The UJT used in this circuit may be of
almost any type as long as it can take the
24 -volt supply. Any npn transistor can be
used for the driver as long as it has a col-
lector -emitter breakdown rating over
320 volts.

The circuit of another supply is shown
in Fig. 4. Here, an external sine wave
generator is used as the driving source,
with a voltage step-up produced by fila-
ment transformer T2. In this, as in the
first circuit, remember that a high ac
voltage is present on the EL test points
so handle them with care. The EL panel
output and connectors should be well in-
sulated.

The supply may be constructed in any
way desired. Construction of a prototype
is shown in the photos.

Operation. Connect the EL panel to the
driver being careful not to cause acci-
dental shorting between the high -voltage
leads. With the driver turned on, note
that varying the frequency changes the
brightness of the panel and, in some
cases, the color.

52
ELECTRONIC EXPERIMENTER'S HANDBOOK



, 1,701141

AD IVE
STENCIL TECHNIQUE
FOR PC BOARDS

GET PROFESSIONAL QUALITY
FROM MAGAZINE FOIL PATTERNS

THE ELECTRONICS HOBBYIST often
 has to prepare printed circuit boards

from actual size etching guides published
in magazines. This process involves
point -by -point transfer of dimensions
from the printed page to the copper foil
on the board blank, a tedious process to
say the least. And, even though his inten-
tions may be good, the results of his ef-
forts have more often than not yielded
rather untidy PC boards made by the
easiest method available-free-hand ap-
plication of resist.

Until now, to obtain a professional -
looking board, either dry -transfer resist
or photographic techniques had to be
used, neither of which is economical and
both of which employ materials with lim-
ited storage lives. Clearly, a faster, more
convenient, and less expensive method of
making professional -quality PC boards is
in order.

This article describes a new adhesive -
stencil ("Ad-Sten") technique of prepar-
ing blank boards for etching. The tech -

BY THOMAS ANDERSON

nique is suitable for all but very intricate
patterns. And you can, if desired, use the
same stencil to make multiple copies of
the same PC board. Inexpensive mate-
rials, available from any dime store, are
used throughout. These materials also
have unlimited storage lives.

With the "Ad-Sten" (for Adhesive -
Stencil) technique described in these
pages, a typical PC board can be readied
for etching in less than an hour at a cost
of only 150, exclusive of the board blank.
To top it off, the finished product will
have the appearance of being profes-
sionally made, even though the point -by -
point transfer of dimensions has been
completely eliminated.

Basic Materials & Tools. It would be
pointless to describe the Ad-Sten tech-
nique of making printed circuit boards
without first enumerating what materials
and tools you will need. In the category
of materials needed, there are "Con -

(Text continued on page 56)
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THE 7 -STEP

"AD-STEN" TECHNIQUE

On these two pages are illustrated
the seven steps required to trans-
late an actual size etching guide
on a printed page to a finished
printed circuit board that can
hardly be distinguished from a
commercially made board. The
procedure flows from left to right
across both pages, first along the
top and then along the bottom.
The steps shown are of a general
nature and apply to all board lay-
outs. Special cases are discussed
in detail on page 56. The quality
of the work you do depends on
the care you take in preparing the
stencil. So, take your time and
work in a well -lighted area.

air

The first step in the Ad-Sten procedure is
to make an actual size copy of the etching
guide from the printed page. This is best
done with the aid of tracing paper and a
soft -lead pencil. Since the etching guide
will be destroyed in the following steps,
it is not advisable to use the original
guide here. Once the tracing is made, use
rubber cement to adhere it to an oversize
piece of Con -Tact. Tape this to your soft-
wood working surface and use your circle
cutter or punch to cut out the solder pads.
it is essential that you cut cleanly and
completely through the stencil in this step.

The board blank to be used with the stencil
should be no less than 1/4" more in length
and width than the finished printed circuit
board is to be. Furthermore, it must be
scoured to completely remove all traces of
dirt, grease, and oil. Once the copper sur-
face is cleaned, do not handle it with your
bare hands. Now, starting at one corner,
and taking care to prevent any folds or air
bubbles, apply the stencil to the bare cop-
per. Then, with your finger wrapped in a
soft, clean cloth, firmly go over the en-
tire stencil to securely fix the Con -Tact's
adhesive backing to the raw copper surface.

Next, liberally apply the nail polish re-
sist to all exposed copper surfaces, work-
ing it into every bend and corner until it
completely covers the copper. There is no
need to be artistic or neat since the sten-
cil will assure a well-defined and accur-
ate resist pattern. Allow the nail polish
to set for at least 20 minutes. Then use a
very sharp knife to score the resist around
all edges of the stencil, and slowly peel
off the stencil. Take care not to tear the
stencil if you wish to make multiple copies
of the same board. If you do not plan to
reuse the stencil, discard it after removal.
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Once the solder pads are made, use a very
sharp hobby knife to cut away the material
to make the interconnections between the
pads. Go slowly at first until you get the
"feel" of the cutting process. Make very
short cuts along the edges of the outlines,
cutting no more than 1/8" at a stroke. In

this manner you will soon find that you
can easily and accurately cut curves and
intricate patterns with little effort. Do not
give in to the temptation to rush; haste
at this point will almost certainly result
in a torn or ragged stencil that will de-
feat your purposes. All lines must be smooth.

When all cutting is completed, check the
stencil against the original etching guide
on the printed page to make sure that you
have not missed anything. Be especially ob-
servant of those short conductors between
closely spaced solder pads. This is also a
good time to clean up any fuzzy areas with
the hobby knife. Now, remove the stencil
from your working surface. On close inspec-
tion, the stencil should very closely re-
semble, if not exactly duplicate, the orig-
inal etching guide. You can check this out
by laying the stencil over the published
etching guide and aligning the patterns.

Do not be alarmed if, after removing the
stencil, you notice that a great deal of
adhesive has been left behind. The adhe-
sive must be removed before etching, but the
job is simplified by the fact that lighter
fluid makes a good solvent. After the nail
polish has completely dried, moisten a tis-
sue with the lighter fluid and clean away
the adhesive. When working with lighter
fluid, practice extreme caution. Work in a
well -ventilated area where no open flame
or burning ember exists. Lighter fluid is
extremely flammable, and careless handling
can quickly result in an uncontrollable fire.

After etching the board in the conventional
manner, you can remove the nail -polish re-
sist either by scouring it away with a me-
dium -grade steel wool or with nail polish
remover. Use the first method only if the
nail polish has been laid on fairly thin.
If the coat of polish is thick, it is bet-
ter to use the latter method and follow up
with a good cleaning in soap and water to
remove the moisturizer left behind by the
remover. Then, after drilling component
lead holes and making any necessary cutouts,
trim the board to size with a nibbling tool
or other suitable cutter to prevent cracking.
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Tact" (an adhesive -backed vinyl sheet
commonly used for shelf covering; the
pattern or color is unimportant), rubber
cement, tracing paper and pencil, tape,
soft -wood working surface, nail polish
and nail polish remover, and one or more
grades of steel wool. You do not have to
buy the "best" or top -rated brands; just
get the least expensive materials that
will assure a good job.

In the category of tools, there are just
two items. The first is a set of circle
punches or cutters for making
component -lead solder pads in the sten-
cil. These can be homemade or store
bought. The homemade punches, for
which you will also need a small hammer
to drive home, can be made from lengths
of telescoping antenna elements of vari-
ous diameters. The punches are cut to a
length of about 5" then chucked into a
drill and sharpened with a file. A set of
circle cutters, ranging in diameter from
1/8" to 1/4", can be purchased from most
art or drafting supply stores. The home-
made punches, however, are less expen-
sive, easier and faster to work with, and,
if well sharpened, produce a cleaner hole
in the stencil.

The second tool you need is a good
hobby knife. When buying the knife, be

sure to stock up on extra cutting blades.
The best blades to obtain are those that
come to a very sharp point.

Special Cases. One special case that
might arise is a PC board which contains
one or more conductors completely sur-
rounded by other continuous conductors.
Obviously, in a case like this, your stencil
will have to consist of two or more
pieces. This is no problem, however. Un-
like other stencils, the Ad-Sten's adhe-
sive will keep all pieces in place regard-
less of their number. Care in positioning
the pieces relative to each other is re-
quired. Additionally, in cases where
shielding is unnecessary or unimpor-
tant, you can redesign the conductor pat-
tern to eliminate surround conductors.

Another special case is that of a PC
card designed to plug into an edge con-
nector. The trick here is not to cut the
stencil slots for the matching conductor
stripes right to the edge of the stencil.
Make the conductor cutouts that will
mate with the connector contacts just
long enough to extend slightly beyond
the edge of the finished board. You can
trim the conductors to the desired length
at the same time you finalize the dimen-
sions of the PC card. O

LASER LIGHT SUPPORTS TINY GLASS SPHERES

Using a beam of laser light, Bell Labs
scientists have raised small transparent
glass spheres off a glass surface and
held them aloft for hours in a stable
position. The experiments, which demon-
strated optical levitation for the first
time, were conducted by Arthur Ashkin
and Joseph Dziedzic.

The new technique is expected to pro-
vide simple, precise methods for manipu-
lating small particles without mechanical
support. It could be useful in communi-
cations research to measure the scatter-
ing loss caused by particles, either in
the atmosphere or in other transmission
media.

The laser beam is focused upward on
the glass sphere which is about 20 mi-
crons in diameter. Radiation pressure
from the light not only counteracts grav-
ity and raises the particle, but also
traps the sphere in the beam and pre-
vents it from slipping out of the beam
sideways. The experiment has been dem-
onstrated in air and in a partial pressure.

The sphere is launched by lifting it

off a transparent glass plate with the
light beam. However, initial molecular
attraction between the sphere and the
glass plate is broken acoustically by
vibrating a ceramic cylinder attached to
the plate. Once aloft, the sphere can be
moved up and down or sideways very
precisely by changing the position of the
focus of the laser beam.
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Distortionless
Audio Compressor
JUST THE THING FOR HAMS. CB'ers,

AND TAPE RECORDING FANS

THE AUDIO COMPRESSOR is an im-
portant engineering instrument in every

recording, television, and radio studio. By
holding the output of a device at a given
level for a given increase in input signal
level, the compressor assures a smooth
listenable product, without booms and
overloading distortion. You can see how
valuable a contribution a compressor
would make to your own audio equip-
ment-be it tape recorder, amateur radio
or CB transmitter.

Once set up to operate with a tape re-
corder, the audio compressor will hold
the recording level constant, without in-
troducing noise or distortion. You can
ignore the recording level meter on your
recorder and there is no need to "ride"
the recorder gain control. The compressor
is particularly valuable when recording
lectures, press conferences, family groups,
etc. Smooth, professional results can be
achieved when making stereo or multiple
channel recordings. All it takes is one
compressor in each channel and the work
is done for you.

BY CHARLES CARINGELLA, W6NJV

When used with amateur radio and CB
transmitters, an audio compressor can
provide as much as a 10 -dB increase in
signal strength at the receiving end. This is
the next best thing to adding a kilowatt
linear amplifier to your transmitter! The
automatic limiting action also prevents
overmodulation, without adding distor-
tion to the transmitted signal.

Still another application for the audio
compressor is with public address ampli-
fiers. Here, the output of the system can
be held constant regardless of input varia-
tions due to difference in voice levels and
distance from the microphone. The unit
also minimizes annoying feedback.

You can build your own audio com-
pressor for less than $50 and it will be
the equivalent of commercial units cost-
ing 4 or 5 times as much. Although the
compressor is somewhat complex in the-
ory, it is easy to build and use. It is simply
installed between the microphone and the
equipment. There is no need to dig into
the equipment circuitry.

Besides having a large dynamic com-
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Fig. I. The audio compressor is essentially a high -quality audio
amplifier having a built-in agc loop to maintain a constant -level,
non -clipping output. If it is desired, the agc can be switched out.

pression range (45 dB or more), the
compressor described here also serves as
a high gain preamplifier with approxi-
mately 46 dB of gain. This permits the
use of practically any type of microphone,
from low -impedance dynamics (200 ohms
or more) to high -impedance crystal, ce-
ramic, and dynamic types. An FET input
provides a very low noise figure.

The completed unit, housed in a cabinet
5" X 21/2" X 41/2", can be operated from
an internal 12 -volt mercury battery for
portable applications or any other 12 -volt
external supply.

Theory of Circuit Design. The compres-
sor is basically an audio amplifier with an
automatic gain control (agc) feedback
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PARTS LIST

B1 -12 -volt mercury battery (Mallory 289
or similar)

C1,C7-100-pF ceramic disc capacitor
C2 -0.1-µF miniature ceramic disc capacitor
C3,C17-100-µF, 12 -volt miniature printed

circuit electrolytic capacitor
C4, C12 -0.001-µF ceramic disc capacitor
C5,C11-1-µF, 12 -volt miniature printed

circuit electrolytic capacitor
C6-0.005-gF ceramic disc capacitor
C8,C9-1000-AF, 12 -volt miniature printed

circuit electrolytic capacitor
CI0,C16-0.01-µF ceramic disc capacitor
C13,C14,C15,C18-10-µF, 12 -volt miniature

printed circuit electrolytic capacitor
D1 -1N914 silicon diode
IC1-Amplifier integrated circuit (Motorola

MFC4010)
11 -3 -way phone jack
12-Closed-circuit coaxial power jack
13,14-Phono jack
MI-Milliammeter, 0-1 mA, 2800 -ohm coil

(Emico Model 12)
QI,Q6MP0,Q7-FET, n -channel (Motorola

FI2)
Q2-Pnp transistor (Fairchild 2N4917)
Q3,Q4,Q5-Npn transistor (Fairchild

2N3565)
R1-1-megohm potentiometer with spst

switch for S2
R2,R24-470,000-ohm, 1/2 -watt
R3,R5,R16,R17-4700-ohm,"
R4,R25-1800-ohm
R6,R9,1219-10,000-ohm "
R7 -270,000 -ohm
R8 -180 -ohm PP

RI0,R11-47-ohm ??

R12 -15,000 -ohm
R13,R14,R15,R18,R21-6800-ohm"
R20,R22,R23-47,000-ohm " "
R26 -5000 -ohm potentiometer
SI-Dpdt rocker -type slide switch
S2-Spst switch, part of RI
Misc.-Chassis (5" x 214" x 41/2"), knob,

angle brackets (6), battery clips (2), rub-
ber feet (4), hardware, wire solder, etc.

Note: The following are available from
Caringella Electronics, Inc., P.O. Box 327,
Upland, CA 91786: etched and drilled
printed circuit board at $5.95; complete
kit of parts less battery but including PC
board, chassis, assembled power supply,
and all hardware at $49.95 plus $1.50 for
U.S.A. shipping. California residents, add
5% sales tax.

10% resistor

loop (see Fig. 1). The feedback provides a
very fast attack time and a slow decay
time. The fast attack means that the com-
pressor can respond to a 20 -dB increase in
signal at 1 kHz in less than 1 millisecond.
At 10 kHz, the attack time response is
less than 100 microseconds. The fast at-
tack time results in no loss of information
at the beginnings of words or sounds.

More important, since there is no "over-
shoot" of the signal associated with the
attack, there is no evidence of popping or
clicks in the audio signal, which is a
drawback in many compressors.

Compression is accomplished by a
form of negative feedback, part of the
output signal being fed back out of phase
with the input. The amount of negative
feedback increases as the signal level
goes up and vice versa. The net result is
that the compressor output remains con-
stant as the input signal varies.

Field effect transistor QI provides a
high input impedance (on the order of 0.5
megohm) and keeps the "front end" noise
to an almost unmeasurable level so that
there is none of the "rushing" sound com-
monly associated with transistor ampli-
fiers. The input level control is adjusted
by potentiometer R1.

Integrated circuit IC1 is a high -gain am-
plifier with low output noise. The IC
package contains three npn transistors
and five resistors. The audio signal from
the output of ICI is coupled to the output
level control, R26. The combination of
R12 and C12 provides high frequency roll
off above 20,000 Hz.

Part of the output signal is also fed to
the base of transistor Q3. Resistors R8,

R9, R17, and R18 set the forward bias for
Q3 and also divide the output signal so
that it is at the proper level. Transistors
Q2 and Q3 form a variable gain amplifier
whose output provides negative feedback
to the input of ICI. The gain of the feed-
back amplifier is varied by changing the
effective resistance in series with bypass
capacitors, C14 and C15. This resistance
is provided by Q6 and Q7, which are con-
trolled by a dc voltage that is a function
of the output signal.

Part of the output is fed to diode 131
and transistor Q4 through capacitor C16.

The diode and transistor form a voltage
doubling rectifier (with very low output
impedance) which controls Q6 and Q7.

The time constant of R24 and C18 deter-
mines the decay time of the compressor.

Transistor Q5 serves as a dc current
amplifier to drive the compression indi-
cating meter. The meter indicates only
during compression and not when the cir-
cuit is amplifying in the linear region.

Capacitors C8 and C9 and resistors R10
and R11 provide filtering for the 12 -volt
supply so that a simple transformer and
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Fig. 2. Actual size foil pattern and component installation for
the audio compressor. Observe the current polarity of electrolytic
capacitors and all semiconductors including IC audio amplifier.

full -wave rectifier can be used as a supply
instead of the battery. Capacitor CIO pro-
vides r -f bypassing when the compressor
is used in conjunction with transmitting
equipment.

A 3 -way jack is used for the input con-
nection. The remote line, running to 14, is
used for push -to -talk operation. The com-
pressor can be bypassed by placing SI in
the OUT position.

Although the compressor is rated at 45
dB compression range, it is capable of
producing as much as 50 dB. Total har-
monic distortion is extremely low and
must be measured with sophisticated
laboratory equipment. It cannot be seen
on an oscilloscope.

Construction. All of the circuit compo-
nents, with the exception of Cl, are
mounted on a circuit board whose foil
pattern is shown in Fig. 2. Capacitor Cl
(r -f bypass) is mounted directly across the
input level control R/, as shown in Fig. 3.

Fig. 3. Although any method of installation
may be used, this is a view of prototype.

RI

J3 R26
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HIRSCH-HOUCK LABORATORIES
Project Evaluation

As claimed, this is a nondistorting
compressor. The maximum output level
was too low for us to make distortion
measurements, but visually it looked
perfect on a scope no matter what the
degree of compression.

The gain in the linear portion is very
good, 45 microvolts being required for
10 millivolts output-about 46 dB. Com-
pression begins at about 300 microvolts.
The maximum output at full compres-
sion is 60 millivolts.

We passed a 10 -kHz tone burst
through the compressor to measure the
attack time. It would seem to be about
100 microseconds.

20
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When the input level control is set
below maximum (the usual condition),
the frequency response is quite flat-
down 1.5 dB at 35 Hz and 20 kHz. How-
ever, at maximum input level, the highs
rise and keep rising to a maximum of
+9 dB at 30 kHz. The rather high input
impedance seems to be responsible for
the rolloff, which is of little practical im-
portance since one would hardly use it
"wide open."

We made tape recordings of voice with
the compressor, and they sounded fine
-no distortion, just a bit of "breathing"
on extreme compression.

10pV 100pV .ImV

Input versus com-
pression showing
the smooth curve
of on excellent no -
distortion setup.

11111111H

FREQUENCY, HZ

The frequency response of the compressor is just as good as most high -
quality audio systems so that it is top notch for musical recordings.
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J2 J3 J4 R26

The rear apron of the compressor chassis
showing the jack for external power supply
input, terminals, and output level control.

Mount all of the transistors first. Space
each one about 1/4" away from the board
and make sure they are properly oriented.
The IC should rest flat against the board.
Mount D1 vertically. Use a heat sink on
all semiconductor leads during the solder-
ing operation.

The capacitors should be flush against
the board. Observe the polarities of elec-
trolytics. All of the resistors are mounted
vertically with one end flush against the
board. Use shielded wire between 11 and

Si and RI.
Attach all the connecting leads to the

board before installing it in the cabinet.
Use shielded wire for the input line.

The prototype cabinet was made of two
pieces of 0.050" sheet aluminum, though
a standard chassis box can be used. The
circuit board was mounted vertically us-
ing two angle brackets. Due to the high
gain and high input impedance of the
circuit, it is extremely important that the
entire circuit be completely shielded in a
metal box. This is important if you plan

TECHNICAL SPECIFICATIONS
Compression Range: 45 dB minimum
Sensitivity: Approximately 300 micro-

volts for compression
Frequency Response: -3 dB at 20 Hz,

-1.5 dB at 20,000 Hz, in linear region
of amplification and in compression
region

Total Harmonic Distortion: At 1 kHz,
0.1% in linear region, 1.5% in com-
pression

Input Impedance: 0.5 megohm
Output Impedance: 5000 ohms
Attack Time: Less than 1 millisecond for

20 dB change at 1kHz
Release Time: Approximately 2 seconds

to use the compressor in a custom instal-
lation or within existing equipment.

Use shielded cable for the input and
output connections.

Use. With a 12 -volt battery installed, or
some other 12 -volt supply attached, plug
a microphone into the compressor and
connect the compressor output to the
equipment to be used. Place Si in the
OUT position to bypass the compressor.
Talk into the microphone at close range
and set the gain control on your equip-
ment for the proper operating level. If you
are using a tape recorder, you will be
watching the recording level meter; if
you are using a transmitter, you will prob-
ably be watching a modulation indicating
meter.

Now, turn on S2 but leave RI and R26
fully counterclockwise. Place Si on the
IN position. While speaking into the mike.
advance RI until the compression meter
begins to kick upward. Now advance the
output level control, R26, until the meter
on your equipment reads the same as
when the compressor was bypassed. Flip
S1 back and forth to see how the signal
looks with and without compression.

The compression meter not only indi-
cates the fact that the signal is being com-
pressed, but also when the signal is over-
driving the compressor. In that case the
meter reads off scale. Compression will
begin at an input of about 300 microvolts;
and the compressor will be overdriven
when the input exceeds about 60 milli-
volts. When the meter on your recorder
or transmitter indicates the presence of a
signal but there is no indication on the
compression meter, the compressor is
simply acting as an amplifier.

While operating the compressor, adjust
the input level control (R1) for the amount
of sensitivity required. This will vary ac-
cording to the type of microphone used,
background noise, etc. A 200 -ohm dynam-
ic mike will drive the unit into compres-
sion but is not as sensitive as a high -im-
pedance dynamic mike or a crystal or ce-
ramic one. If you need more sensitivity
from a low -impedance mike, use a step-up
transformer on the input to the com-
pressor.

Telephone conversations can be re-
corded by hooking the input of the com-
pressor either directly to the phone line
or to a telephone pickup coil. O
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CRYSTAL

CALIBRATOR
FOR THE

HAM and SWL
PROVIDES ACCURATE FREQUENCY CHECKS

25 and 100 kHz APART

IN NOVEMBER OF 1969, the Federal
Communications Commission com-

pleted a program of frequency realloca-
tion in the amateur radio bands. The re-
sults created licensing incentives for Ad-
vanced and Extra class hams by provid-
ing operating privileges over wider fre-
quency bands than are permitted to Gen-
eral class ticket holders. These sub -bands
are defined in increments of 25 kHz.

To assure himself that he is transmit-
ting within the limits of his class of li-
cense, the operator using narrower bands
must have a calibration oscillator that
works in two modes. The first mode
should supply outputs every 100 kHz
from 100 kHz to 30 MHz; in the alternate
mode, outputs need to be spaced every 25
kHz to identify precisely the sub -band
limits.

The Dual -Mode Ham/SWL Crystal Cal-
ibrator described here fulfills the require-
ments for a stable, precise signal source
for transmitter and receiver calibration.
The finished project is compact enough

BY WILLIAM L. BLAIR
Cubic Corporation

to be built right into most modern re-
ceivers. And, except for the crystal, the
cost of the project comes to only about
$7.25.

Theory of Circuit Design. Transistors
Q1 and Q2 in Fig. 1, working with the
100 -kHz crystal, constitute the series -
mode oscillator stage. Trimmer capacitor
C2 allows the operating frequency of the
oscillator to be varied approximately 50
Hz on either side of the crystal's center
frequency so that the oscillator can be
accurately beat against a frequency stan-
dard such as WWV.

The output signal at the collector of Q2
is essentially a clipped sine wave. Since
the harmonic content of this type of
waveform is not particularly good, this
circuit by itself is not especially useful
for generating marker signals at the
higher ham band frequencies. This situa-
tion can be compensated for by the addi-
tion of the Q3/Q4 multivibrator stage.

Both ac and dc coupling are employed
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in the multivibrator: dc from the collector
of Q3 to the base of Q4 and ac between
the emitters of the transistors. In the 100 -
kHz position, S113 powers all four stages,
while S1A switches C4 out of the cou-
pling circuit. The time constants provided
by R8 -R11 and C3 allow the multi -
vibrator to operate at 100 kHz, and the
extremely fast switching times (typically
between 40 and 100 ns) provide a har-
monically rich output.

When S1 is in the 25 -kHz position, C4
is switched into the circuit to slow down
the multivibrator so that it switches at
one-fourth of the input frequency. The
fast transitions are still maintained and
the harmonics are quite strong to 30 MHz
and beyond.

Multivibrators operate on the principle
that the transistor pair is connected for

regenerative (positive) feedback. Assume
that Q3 is saturated and that its subse-
quent low collector voltage cuts off Q4.
The drop in the Q4 emitter circuit is cou-
pled as a negative transient to the emitter
of Q3 through C3/C4. This negative -
going spike has sufficient amplitude to
saturate Q3 further. However, since this
signal is capacitively coupled, the value
of the voltage holding on Q3 decreases
with time as C3 and C4 charge through
R8 and R11.

When the voltage level increases be-
yond a critical point, the next pulse from
the crystal oscillator stage causes Q3 to
cut off and Q4 to saturate. Since the
feedback is again regenerative, the
emitter -coupled signal accelerates the
transition and the change in state occurs
very rapidly, producing fast rise and fall

Fig. I. Transistors QI and Q2, with the crystal, form
a series -mode oscillator, while Q3 and Q4 form a multi -
vibrator with switching to operate at two frequencies.

RI
100K

XTAL
100kHz

III 01- 04r MPS3693

PARTS LIST
C1-390-pF, 500 -volt capacitor (Elmenco No.

DM -15-391J)
C2-2-22-pF trimmer capacitor (E.F. John-

son No. 189-508-5)
C3-1800-pF, 500 -volt capacitor (Elmenco

No. DM -19-182J)
C4 -0.015-µF, 600 -volt capacitor (Cornell-

Dubilier No. DPMS6S15)
C5-100-pF, 500 -volt capacitor (Elmenco No.

DM -15-101 J)
Q1-Q4-MPS3693 bipolar transistor

(Motorola)

100kHz

OFF

25kHz

R1,R3-100,000-ohm, 1/4 -watt, 10% resistor
R2,R4-10,000-ohm, %-watt, 10% resistor
R5 -27,000 -ohm., 14 -watt, 10% resistor
R6 -68,000 -ohm, V4 -watt, 10% resistor
R7 -47,000 -ohm, 1/4 -watt, 10% resistor
R8,R9,R11-3900-ohm, %-watt, 10% resistor
R10 -5600 -ohm, 1/4 -watt, 10% resistor
S1-Dpdt, center -off, switch (Cutler -Hammer

No. 7591K4)
XTAL-100-kHz quartz crystal in HC -13/U

holder
Misc.-Circuit board, mounting hardware,

hookup wire, solder, etc.
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times for the collector voltages. Now, the
time constant that determines how long
the transistors remain conducting is a
function of the values of R9, R10, and
C3/C4.

Again, the emitter -coupled signal de-
sensitizes the multivibrator temporarily
to the next oscillator pulse and does not
allow immediate return to the initial
states until the charge curve nears the
threshold voltage level. When this occurs,
the very next pulse does initiate a rapid
transition. The desired output is available
at the collector of Q4, synchronized with
the 100 -kHz oscillator and with the same
percentage of accuracy.

The output signal is not a symmetrical
square wave (on/off ratio is approxi-
mately 5/7) owing to the different valuer
selected for the Q3 and Q4 collector load
resistors. This was done intentionally be-
cause a perfect square wave contains
only odd harmonics of the basic fre-
quency, which would not have been use-
ful in generating 25 -kHz markers. The
asymmetrical waveform generated by the
calibrator overcomes this situation and is
rich in all harmonics.

The waveforms in Fig. 2 show circuit
operation when SI is in the 25 -kHz posi-
tion. The voltage at the collector of Q2 is
a clipped 100 -kHz sine wave. At the emit-
ter of Q4, two capacitor charge curves are
apparent; one is positive going, the other
negative. Superimposed on these curves
are transients of the 100 -kHz oscillator
signal. These transients are of insufficient
amplitude to toggle the multivibrator ex-
cept as the charge curve approaches the
stage threshold. The final waveform is
that of the output signal present at the
collector of Q4.

Construction. The use of a printed cir-
cuit board for assembling the calibrator
capitalizes on the advantage of project
compactness. An actual size etching and
drilling guide, accompanied by a com-
ponents placement photo, are provided
in Fig. 3. You will note from the com-
ponents placement photo that the
physical layout of the parts is roughly
similar to the parts layout in the sche-
matic diagram.

Once the circuit board is etched and
cleaned, use a 1/8" drill for the four
mounting holes. The five medium size
holes should be made with a No. 60 drill,

02
COLLECTOR

04
EMITTER

04
COLLECTOR

Fig. 2. Waveforms for various points in the
circuit during operation in 25 -kHz mode.

while all other holes should be made with
a No. 66 or No. 67 drill.

If you prefer not to make a printed cir-
cuit board and would rather use perfo-
rated board, you can use the components
layout diagram to help in locating the
parts on the board according to the hole
pattern. Wiring should be performed on
the bottom of the circuit board.

Installation and Use. Installing the Dual -
Mode Ham/SWL Crystal Calibrator in
your equipment is simple. A single 3/13"

hole, drilled through the front panel of
the equipment, will accommodate Sl. Be-
fore drilling this hole, however, be sure
that when the switch is mounted it will
not interfere with the equipment's con-
trols and normal operation.

Locate and mount the circuit board as-
sembly as close as possible to SI to keep
lead lengths short. Use 4-40 machine
hardware and 1/4" to 3/8" spacers when
mounting the circuit board.

Power is applied to the circuit via SIB
from any convenient +9- to +12 -volt
source within the equipment in which the
calibrator is used. There is no need to
worry about the power drain on the
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Q2

RI

R2 R3 R4 R5 R6

equipment's supply since the calibrator
draws very little current.

Next, solder one end of a length of in-
sulated stranded hookup wire to the free
end of C5. Route the other end of this
wire as directly as possible to the equip-
ment's input. If the insulation is left
intact and the open end of this wire is
wrapped a few times around the antenna
lead-in wire, the low capacity thus pro-
vided between the two wires will provide
light loading on the calibrator and supply
plenty of signal level across the entire
band from 100 kHz to 30 MHz. This cou-

R8 Q3 RIO

Fig. 3. If you want to make a
printed circuit board, use the foil
pattern at left. Lay out the com-
ponents as shown above. A per-
forated board can be used in-
stead of a printed circuit board.

pling has the further advantage of being
easily adjusted for optimum performance
simply by adding or removing a few
turns of the hookup wire as required.

Setting C2 for the exact frequency re-
quired is accomplished by tuning your re-
ceiver to any frequency standard sta-
tion, such as WWV. While listening to the
station, wait until the background tone is
removed; turn on the calibrator by
switching it to the 100 -kHz position and
adjust C2 until you hear a zerobeat. (It is
well to perform this check periodically to
correct for long-term aging of the crystal.).
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You can build a quality Heathkit product
for as little as $5

These low-cost Heathkit projects represent great values on electronic items you
could pay up to twice as much for in assembled form. But they are also great kits

for the first-time Heathkit builder, or the youngster who has been wanting to try
a sophisticated electronics project. All the kits shown can be assembled in one

or two evenings' time with conventional hand tools and a soldering iron.
The assembly instructions begin with a quick course in soldering then take the

builder into the famous Heathkit check -by -step assembly manual. After the
kit is completed and working, the builder can go on to the circuit description

sections which tell him how and why his kit works.
And finally,' only Heath gives its customers this unique pledge: "We won't let

you fail" If a Heathkit builder has any problem before, during or after assembly,
he has a nation-wide technical consultant staff backing him up. These technicians,

at the Benton Harbor plant anti Heathkit Electronic Centers in every major
metropolitan area are the "big brothers" of the Heathkit fraternity. They are always

pleased to lend a helping hand...free.
For as little as $5, a Heathkit product could be the most

worthwhile investment you'll ever make.

A.

Visit your
nearest Heathkit

Electronic Center,..
or send for

FREE catalog

HEATHKIT ELECTRONIC CENTERS - ARIZ.:
Phoenix; CALIF.: Anaheim, El Cerrito, Los Angeles,
Pomona, Redwood City, San Diego (La Mesa),
Woodland Hills; COLO.: Denver; CONN.: Hanford
(Avon); FLA.: Miami (Hialeah); GA.: Atlanta;
Chicago, Downers Grove; IND.: Indianapolis;
KANSAS: Kansas City (Mission); MD.: Baltimore,
Rockville; MASS.: Boston (Wellesley); MICH.: De-
troit; MINN.: Minneapolis (Hopkins); MO.: St. Louis;
N.J.: Fair Lawn: N.Y.: Buffalo (Amherst), New York
City, Jericho; L.I.: Rochester, OHIO: Cincinnati
(Woodlawn), Cleveland; PA.: Philadelphia, Pitts-
burgh; R.I.: Providence (Warwick): TEXAS: Dallas,
Houston; WASH.: Seattle, WIS.: Milwaukee.

B.

E. F.

H. I.

J.

World's largest
selection of
electronic kits

K.

A. Heathkit Lamp Dimmer - lets you adjust
brightness of table or floor lamps smoothly
from full on to complete invisibility.
Kit GD-1018. 2 lbs 795`
B. Heathkit Tune-up Meter - for 4 -cycle,
3. 4, 6 and 8 -cylinder engines with conven-
tional ignition systems. Includes two -range
tachometer to 4500 rpm, dwell meter,
and 0-15 V voltmeter.
Kit ID -29, 5 lbs. 29.95'
C. Heathkit Electronic Metronome -
provides tempos from 40 to 210 beats per
minute. Adjustable volume control.
Uses two 9 -volt batteries (not supplied).
Kit TO -17, 2 lbs. 9 95'
D. Heathkit Cab -to -Camper Intercom -
Camper unit has switch position for listen-
ing to cab radio. Includes brackets and
15' cable. 12 -volt automotive system
provides power.
Kit GD-160, 5 lbs. 25.95"

E. Heathkit Photoelectric Lamp Switch
- turns on a lamp when you're away.
Adjustable sensitivity control lets you set
unit to operate at various levels of
darkness. No timers to set - electronic
circuitry is fully automatic - senses light
level changes any time during the year.
Operates on 120 VAC.
Kit GD-600, 1 lb. 5 00'
F. Heathkit Bookshelf Speaker System -
excellent reproduction with any audio
system having 4 watts or more per channel.
Has 41/2" high -compliance cloth -suspension
speaker with sealed acoustic suspension
cabinet. Measures 12" H x 7" W x 6" D.
Useful frequency response extends from

Kit AS -106, 10 lbs. 19.95'
G. Heathkit Code Practice Oscillator - has
tone and volume controls, built-in speaker,
headphone jack, blinker light. Includes key,
phone plug, cord. Uses two 9 -volt and
one "C" battery (not supplied).
Kit HD -16, 3 lbs. 9 95'
H. Heathkit Thermo Fish Spotter - an
all -solid-state thermometer with self-
contained reel and 100' cable. Includes
fish temperature preference charts, cali-
brating thermometer and line depth
marking material. Uses one 9 -volt
battery (not supplied).
Kit MI -104, 3 lbs. 24.95'

I. Heathkit 4 -Watt Monophonic Amplifier
- all solid-state. Inputs for ceramic phono
cartridge, mono AM or FM tuner or tape
recorder. Outputs for headphone &
4-16 ohm speaker.
Kit AA -18, 4 lbs 19.95'

J. Heathkit Portable AM Radio - Has big
SW' speaker, RF amplifier stage, auto-
matic gain control. Uses one 9 -volt
battery (not supplied).
Kit GR-1008, 2 lbs. 14.95*

K. Heathkit Telephone Amplifier - Special
acoustic -coupled design for use with
virtually any telephone hand set. Amplifies
incoming signal only. Includes speaker
with 8' extension cord. Uses one 9 -volt
battery (not supplied).
Kit GD-1024, 2 lbs. 14.95'

HEATH COMPANY, Dept. 110.9
Benton Harbor, Michigan 49022
 Please send FREE Heathkit Catalog.
Enclosed is S plus shipping.

 Please send model(s)
Name
Address

Schlumberger

City State
Mail order prices; F.O.B. factory.

Zip
CL -478R

CIRCLE NO. 6 ON READER SERVICE CARD
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Labyrinth

Speakers

for HI-FI
SOME PROBLEMS

AND SOLUTIONS

ALONG WITH

ADVICE

TO EXPERIMENTERS

BY DAVID B. WEEMS

Ov THE BASIC types of loudspeaker en-
closures, most are produced as classic

designs by the various manufacturers of
speaker systems. However, one basic design
is carefully avoided. A representative of one
manufacturer recently offered praise for the
neglected design, although he concluded:
"Of course, it isn't commercially practical."
He was speaking about the labyrinth, an
open-ended pipe connected to the back of
a speaker.

In the 1970's, any speaker enclosure to
appear on the market must compete in
size, cost, and performance with the sim-
plest of enclosures: the sealed box. Accord-
ing to the rules of the game, the large
labyrinth comes up to bat with two strikes
against it. Hence, it must win on perform-
ance alone.

Pro's and Con's. When Benjamin Olney
first developed the labyrinth for Stromberg-
Carlson in 1936, the chief competition was
the boomy open -backed cabinet of the
console radio. In the 1950's S -C introduced
their "acoustical labyrinth" to the compo-
nent hi-fi market. But later S -C abandoned
the consumer market, and the commercial
life of the labyrinth came to a tentative end.
In recent years, however, it has been re-
vived by Admiral Corp. and IMF Products.

Partisans of the labyrinth claim that its
dual bass source delivers more impact with
less of the "boxy" sound of other enclosures.
Britain's E. J. Jordan, for example, states
that it offers the purist probably the cleanest
method of absorbing back radiation from a
speaker.

One measurable difference between the
labyrinth and the sealed box is the former's
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extremely smooth impedance curve. Many
engineers contend that because modern
amplifiers operate as constant -voltage
sources, the impedance curve is not too
important. Labyrinth partisans retort that
transistor amplifiers are incapable of deliver-
ing their rated power into a high -impedance
load. So, they say, the single high -impedance
peak of a speaker in a sealed box may cause
an amplifier to choke its output power or
go into distortion at the critical low fre-
quencies.

Labyrinth users also claim a more ex-
tended low -frequency response that is not
even limited by the speaker's resonant
frequency. A panel of British engineers
listed the labyrinth and large (25' long)
horn as the enclosures most capable of
reproducing the extremely low frequencies.
And John J. Virva of Admiral, developer
of the company's "tunnel reflex," says,
"When a high -compliance speaker is tuned
in a tunnel reflex enclosure, it has its effec-
tive low -frequency power delivery extended
by at least one octave."

But what about the power handling
ability of a high -compliance speaker in an
open-ended pipe? Virva states that the
greater efficiency of the pipe takes care of
the problem. "Because there is such a
significant increase in the sound output
from such a system, the power input re-
quirements or driving power are substan-
tially reduced," he says, adding that the
emphasis should be on the advantage of
reduced input requirements; the listener
should be interested in maximum sound out-
put as opposed to maximum electrical power
input.

Virva's statements are based on experi-

ments with existing small high -compliance
speakers. A designer of large sealed -box sys-
tems is free to design a woofer with a sub-
sonic resonance. Such a woofer would not
need the extra octave of bass if the system
resonance were planned to fall at the bot-
tom of the desired frequency range.

Why have American hi-fi loudspeaker
system manufacturers ignored the full-size
labyrinth? This question was put to repre-
sentatives of Electro-Voice, JBL, Jensen,
and University Sound. Their answers were
somewhat varied but boiled down to cost
and complexity.

The labyrinth is in little danger of be-
coming extinct. Each time it has been
commercially discontinued, the design was
carried on by amateurs until it reappeared
in some form. Fred Nichols of E -V states,
"As long as there is a hobby aspect to high-
fidelity, there will be interest in the laby-
rinth enclosure."

Labyrinth Operation. The labyrinth is a
tuned pipe with one open end. When the
wave from the speaker reaches the end of
the pipe, it spreads out into the listening
environment, causing a sudden pressure
drop which reflects back through the pipe
to the speaker as a rarefaction. At the quar-
ter -wave frequency ( A/4) of the sound, the
air in the mouth of the pipe is at minimum
velocity but maximum pressure ( Bernoulli's
Theorem). This condition produces an ac-
companying maximum rarefaction reflected
back to the speaker cone. Here, the anti -
resonant action of the pipe offers maximum
damping to the speaker.

At the frequency at which the length of
the pipe is a half -wavelength ( A/2), of the
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Drawings show, left to right, interior details of Olney's original labyrinth (1936), Bailey's
transmission line (1965) and IMF's "Studio" loudspeaker system (current design).
In all cases, the small arrows indicate the direction of the rear radiation from the speaker.

sound, the air in the mouth is at low pres-
sure but high velocity. Because there is no
sudden change in pressure as the wave
moves out of the pipe, there is no anti -
resonant action by the pipe, and the speaker
cone is able to move freely. And, because
of the A/2 phase shift (180°) within the
pipe, the emerging wave is in -phase with
that coming from the front of the cone,
adding to the speaker's output.

The Olney labyrinth utilized a pipe cut to
A/4 at the speaker's resonant frequency.
The A/4 action of the pipe damped the
speaker's resonance, reducing boom; the
A/2 action added to the speaker's output
in the octave above resonance. Olney chose
the A/2 frequency to be about 75 Hz. His
8" speaker had a 50 -Hz free -air resonance,
reduced to 40 Hz by the labyrinth. (The
labyrinth is unique in its ability to lower the
speaker's resonant frequency.)

Olney noted the presence of objectionable
resonances which were produced as har-
monics of the fundamental resonance of the
enclosure. To counter this, he lined the
walls with sound -absorbing material which,
combined with bends in the pipe, eliminated
the output from the labyrinth at frequencies
greater than 150 Hz.

Recent Developments. Lined tubes were
the fashion until Prof. A. R. Bailey of
Bradford Institute of Technology developed
a "stuffed transmission line." The theory be-
hind it is that an infinitely long acoustic
line, or pipe, will absorb the backwave from
the speaker without troublesome reflections

that can produce standing waves behind the
cone. A line of infinite length, of course,
would be impractical; so, Bailey substituted
stuffing for length. His long -fiber wool stuf-
fing attenuated the back wave so effectively
that the sudden pressure changes at the
mouth, with their attendant reflections, were
avoided. Extremely low frequencies were
not attenuated and escaped to increase bass
output. Bailey claimed that his transmission
line, with its less abrupt low -end cutoff, pro-
duced less ringing than conventional ported
enclosures.

As shown, Admiral's sound system em-
ploys 51/4" high -compliance speaker in
quarter -wave tunnel reflex enclosure.
Rear wave follows path of fhe wiring.
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IMF has carried the transmission line
concept a step further. Irving M. Fried of
IMF says, "The transmission line, as we
have designed it, is a tapered pipe with
variable -density damping . . . which crit-
ically damps three resonances-air in the top
chamber resonating with the mass and com-
pliance of the driver, tube resonance, and
free -air resonance of the driver-thus broad-
ening and extending the bandpass."

IMF also employs suspended filters, slabs
of fiberglass oriented so that the edges of
the filter receive the back wave from the
cone. The reason for the end suspension is
that the flat surface of roll damping material
can be reflective at certain frequencies.

Labyrinth Design. The designer of a laby-
rinth enclosure for a particular speaker must
first decide which type of labyrinth to use.
He must then consider such problems as op-
timum cross-sectional area and pipe length.
Finally, he must do considerable experimen-
tation to test his design.

Most designers make the cross-sectional
area at least equal to the effective piston
area of the driver. The figures for effective
cone area, however, are generally based on
the assumption that the cone acts as a flat
piston. A safety factor should be added to a
speaker's effective cone area to avoid chok-
ing the pipe too much.

An additional safety factor is necessary
for IMF's "free -flow" concept. The term im-
plies that the area of the pipe must be equal
to the cone area plus the area occupied by
the stuffing. There is no simple way to de-
termine exactly how much space is occu-
pied by the solid fibers in a given damping
material. But a rough estimate can be ob-
tained by compressing a sample of the
damping material to be used to simulate the
solid fiber area. The figure obtained from
this rough process can then be added to the
minimum pipe area.

The classic labyrinth is a X/4 pipe.
Fred Nichols suggests that it should not be
used with some modern component quality
speakers, stating that the speakers of the
1930's were underdamped and needed the
damping of the pipe to avoid booming at
resonance. Component speakers (e.g. E -V's
SP12 and SP15) can be used in a labyrinth
of A/4 to X/2 at speaker resonance. "The
increase in level from the use of the lab-
yrinth could restore flat response to some-
thing approaching the free -air resonance,
if done correctly. This could be a spectacu-

Before cutting wood members, it is sug-
gested you first assemble temporary lab-
yrinth from Celotex and run impedance
checks. Some typical curves obtained
by author are shown on next 2 pages.

lar low end once the proper combination of
ingredients is found," says Nichols.

A A/2 design for an unstuffed pipe should
be used only when recommended by the
speaker manufacturer (see table). Most
manufacturers base their recommendations
on Olney's A/4 design. Although Admiral
uses a X/4 pipe, John Virva says that this
is only one mode of operation for the tunnel
reflex system. He states that the mean path
of the column is chosen to properly aug-
ment the low -frequency response of the
high -compliance speaker as well as to pro-
vide substantial loading for it.

Dr. Bailey's transmission line was set, per-
haps arbitrarily, at 7 ft in length. Jordan
states that the minimum length of the
stuffed labyrinth should be set at X/4 for
the lowest frequency produced. Using this
specification, the pipe would be 7 ft long for
a frequency of 40 Hz. But a stuffed pipe 7
ft long will almost certainly act longer since
the stuffing retards the passage of sound
and effectively lengthens the pipe.

Dale Nussdorfer ( University Sound) men-
tions another gremlin that can increase ef-
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MANUFACTURER -RECOMMENDED
SPEAKERS FOR LABYRINTH

Admiral Corp.:

Electro-Voice:

IMF Products:

JBL:
Jensen:

University
Sound:

(Markets only complete
systems using small high -
compliance speakers)
Models SP12,SP15; X/4 to
A/2 suggested labyrinth
length
(Markets only complete
systems: "Studio" and
"Monitor")
(None recommended)
High -compliance Models
W15LF, W15NF, L12LF,
W12NF, etc.; X/4 sug-
gested labyrinth length
All cone speakers except
Model GS -100; X/4 sug-
gested labyrinth length

fective length: "The effective length of a
tube is longer due to the friction of the air
against the walls. But a bent tube has sharp
corners for the air to pass around, and this
will cause the friction to increase."

The factors of stuffing and bending may
explain why the IMF speakers operate at
A/8. The performance of a straight open
pipe can be predicted, but for a pipe that is
folded and stuffed, one needs a crystal ball.

Practical Approach. If you want to ex-
periment with the labyrinth, a good way of
negotiating the difficulties is to build a
straight pipe of the length, cross-sectional
area, and type desired and run an imped-
ance curve with the speaker installed. Then
make adjustments on the folded pipe until
similar results are obtained. Cost and time
can be saved by using Celotex as the ma-
terial for the temporary enclosure; one 4 x
8' sheet will be enough for an 8 ft pipe
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The results of some experiments with an
8 -in. speaker are shown in the two graphs
on these pages. Note that in each the
speaker's free -air resonance occurred at 74
Hz. First a straight A/4 pipe was built, the
speaker installed, and an impedance curve
run. The curve is similar to that of a bass
reflex enclosure tuned to the speaker's free -
air resonance. This is not surprising since
both types of boxes offer maximum damp-
ing at resonance.

Next, the A/4 pipe was loosely stuffed
with fiberglass. Note that the new impedance
curve is much flatter with a single peak at
about the original free -air resonance point.
It seems that for this particular combination
of speaker, pipe, and stuffing, the system's
impedance behavior is similar to that of a
closed -box system-with one big exception.
Instead of the enclosure raising the resonant
frequency, resonance is back to where it

was in free air. This combination should
provide good response down to the speak-
er's resonant frequency, although too much
stuffing could produce excessive bass rolloff
at that point.

The speaker was then installed in a pipe
of about twice the length of the first one
and another impedance curve was run. Fi-
nally, the longer pipe was loosely stuffed
and another test was run. The results of
this combination yielded the flattest imped-
ance curve of all tests.

The stuffing used for the tests consisted
of house insulation grade fiberglass which
was ripped from its backing sheet to leave
a rough absorptive surface. An alternate
method is to cut the fiberglass into angular
wedges so that they fit together loosely.

For those who wish to experiment with
the labyrinth enclosure, the suggestions of
various manufacturers on which of their
speakers might be suitable are given in the
table opposite.
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VHF
FREQUENCY
CCOATILTIEWVIIEEL.

BANDS TO YOUR CAR RADIO

FOR THE PERSON interested in moni-
toring the various service bands (vol-

unteer fire, police, CD, CAP, etc.) install-
ing a vhf receiver in his automobile can
be an expensive proposition. It is much
less costly and easier to install a fre-
quency converter so that the regular
BCB car radio can be used; and the pros-
pects are even brighter if the simple
one -IC converter circuit described here
is used. This crystal -controlled converter
is powered by the vehicle's 12 -volt bat-
tery and can be set accurately to the
desired frequency (between 25 and 225
MHz) so that the BCB receiver need only
be tuned to one particular spot on the
dial. If the vehicle receiver has push-
button tuning, one button can be used
for the desired vhf station. The conven-
tional vehicle antenna can be used, or a
special vhf antenna can be installed to
feed both the converter and the BCB
receiver.

Many vhf-to-BCB converters use manu-

BY LYMAN E. GREENLEE

ally tuned oscillators. This presents a
problem in a moving vehicle. Drift, acci-
dental tuning movement due to vibra-
tion, and the usual short duration of vhf
transmissions make manual tuning im-
practical. With crystal control, only the
vehicle's BCB radio need be adjusted
and crystals are relatively immune to
vibration problems.

Construction. The basic circuit of the
frequency converter is shown in Fig. 1
and the component values for the vari-
ous frequencies are given in the Table.
The layout shown in Fig. 2 should lie
followed for best results. All connecting
leads, especially those carrying r -f must
be kept short. Be sure to observe the
polarities of the diodes and the pin loca-
tions on the IC. Some type of clamp
(or spring) must be used to keep the
crystal holder seated. Note that the IC
is mounted on standoff clips with the
leads fanned out.

76 ELECTRONIC EXPERIMENTER'S HANDBOOK



(C2
.00IpF

C3
F

R3
IK

RI*

R2
5.6

XTIAL

-x---il2AL[11-

4

I ciL2.

S2

L4
C> R4
C> 33K

R5 C9

R6
68K C8

R7
IK

R8
5.6 K

R9
5.6K

RIO

17°.001
pF

*SEE TABLE

CL3
c>IrnH

CHI

SET ANT
JI J2

RII
15011

*323V
2

500pF

Fig. I. This one -IC vhf converter is used with a conventional vehicle
radio enabling monitoring of CAP, CD, volunteer fire and police bands.

PARTS LIST
CI.C4,C6,C9-See table
C2,C5,C7,C8,C10,C11-0.001-µF disc capaci-

tor
C3-0.01-0. disc capacitor
C12,C14-0.1-µF capacitor
C13-500-pF capacitor
DI-Signal diode
D2-Rectifier diode: IA, 400V
D3-Zener diode: 12V, 1W
ICI-Integrated circuit (RCA-CA3018
J1,J2-Shielded antenna connector
LI,L2,L5-See table
L3-1-mH r -j choke
L4-12 and 3 turns, #24 enameled wire
R1-See table

``ON
SI

12V

D2

.IyF

R2,R8,R9-5600-ohni, 1/2 -watt resistor
R3,R5,R7,R10-1000-ohm, 1/2 -watt resistor
R4 -33,000 -ohm, 1/2 -watt resistor
R6 -68,000 -ohm, 1/2 -watt resistor
R11 -150 -ohm, 1/2 -watt resistor
S1-Dpdt slide or toggle switch
S2-Spdt slide or toggle switch
Misc.-Suitable board, mounting terminals,

crystal socket, knobs, spacers, enclosure,
mounting hardware, etc.

Note-Complete kit of parts, less crystal, is
available for $39.95, postpaid, from Mobil
Electronics. Inc., P.O. Box 1132, Anderson,
IN 4601.5 (USA only). The M6970 (simi-
lar to RCA CA3018) integrated circuit is
also available for $3.50, postpaid.

Frequency
MHz

COMPONENT TABLE
LI L2 L5 Cl C4

Turns Turns Turns pF pF
C6
pF

C9
pF

25-35 12&3 12 - 15 56 33 -
35.55 12&3 12 - 10 33 15 -
60-80 6 6 6 86 43 33 33
80-110 5 5 5 15 10 10 10

150-170 3 3 3 25 10 10 10
200 2 2 2 22 10 12 12

R1
Kilohms

220
220

68
68
68
68

Note: Use #24 enameled wire for the 12 and 3 turns on
LI; #18 bus wire on all other inductors. Antenna connects
to 3 -turn winding on LI when there are two windings and
directly to winding when there is only one.
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L2 02 RI I ICI

Fig. 2. Perf board construction was used in the prototype, observing
good vhf wiring practice. Any connecting leads carrying r -f must be
kept as short as possible. An etched board can also be designed and
used. Note how IC leads are fanned out and soldered to standoff clips.
Although only one crystal is shown, the other fits into a socket adja-
cent to XTALI. More crystals may be used within same frequency range.

Any type of board can be used to as-
semble the circuit, with the board
mounted in a small metal enclosure that
fits easily in the vehicle. The antenna
bypass switch and the crystal selector
switch (if used) should be mounted on
the front of the enclosure so that they
are accessible. When the antenna switch
is in the bypass position, power is re-
moved from the converter and the anten-
na is connected directly to the BCB
radio.

The connections to D1 and C9 are
shown as dashed lines in Fig 1. For the
frequency range between 25 and 55
MHz, L5 can be omitted and diode DI
connected directly to pin 4 of the IC.
With L5 omitted, C9 can also be left out.
For other frequencies, both L5 and C9
are used.

In selecting a crystal choose one whose
harmonic is between 600 to 1600 kHz
different from the desired frequency.
The frequency between 600 and 1600
kHz is the intermediate frequency to
which the BCB receiver is tuned. If pos-
sible, work backwards. That is, pick a
spot on the radio dial that is quiet, with
no strong signals nearby, and then pick

a crystal whose frequency is that
amount different from the desired vhf
frequency. Two crystals (switch select-
able) can be used in the converter if the
two signals are not more than 4 MHz
apart in the same band.

Alignment. Connect the converter
(through J1) to the antenna input of the
vehicle receiver, using shielded line to
avoid pickup. Connect the vehicle anten-
na to J2 on the converter. For the best
reception, the antenna height should be
about 42". Place S1 in the on position
and tune the vehicle receiver to the cor-
rect frequency on the standard broad-
cast band between 600 and 1600 kHz.

Connect a high impedance dc voltme-
ter between pin 7 (+) on IC1 and ground.
Using an insulated alignment tool, adjust
L4 for a maximum indication, then back
off one to two turns. The voltage should
be about 4 to 6 volts. Connect the volt-
meter between pin 4 (+) on ICI and
ground, and adjust L5 for a maximum
indication. Remove the voltmeter. Ad-
just L1 and L2 for a maximum signal
from a station or signal generator at the
desired frequency. *
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TRIGGERED SWEEP
TO YOUR SCOPE

NEW LIFE, NEW USES FOR INEXPENSIVE SCOPES

ONE OF THE BEST features of expen-
sive oscilloscopes is that they usually

have a built-in triggered sweep. Without
a triggered sweep-using only the con-
ventional free -running time base found in
lower -priced scopes-it is very frustrat-
ing to try to get some waveforms to stand
still. Built-in triggering also eliminates er-
ratic multi -triggering; and, due to the ex-
tremely good linearity found in triggered
sweep circuits, accurate time and/or fre-
quency measurements may be made along
the horizontal axis. Once a signal is dis-
played on the scope, it can easily be ex-
panded horizontally without losing sync.

BY HARRY GARLAND AND ROGER MELEN

In any triggered sweep system, the
sweep does not start until the reference
signal (usually the signal to be displayed
on the vertical axis), reaches some pre-
determined level. Once triggered into op-
eration, the sweep becomes immune to
any other input signal for the duration
of that trace. After retracing, the sweep is
once again triggered and the process is
repeated. Since the horizontal sweep is
then very linear, the trace can be cali-
brated in microseconds, milliseconds, or
seconds per division, enabling time and
frequency measurements to be made dur-
ing the display period. Nonperiodic wave -
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forms, such as those found in many digi-
tal pulse circuits can be displayed proper-
ly only on a triggered sweep scope.

The triggered sweep generator whose
schematic is shown in Fig. 1 has a high
input impedance, a 100 -mV triggering
sensitivity, three switch -selected sweep
rates with provisions for vernier control,
and a sweep linearity of better than
0.01%.

Fig. 2. The actual size foil pattern
above can be used to make a printed
circuit board, with the components
mounted on it as shown at left. Control
components S2 (with C6, C7, and C8),
R7, and RI3 are located off the
circuit board. Add R14 in series with
input capacitor C3.

48.-9V

r8 -5--9V

18.-GND

Construction. The circuit can be assem-
bled on a printed circuit board such as
that shown in Fig. 2. Be sure to observe
the coding on the IC's and use a low -
wattage soldering iron and fine solder for
installing all components.

There are two ways of mounting the
board. A small chassis can be used with
three operating controls (sweep switch
S2, sweep vernier R13, and sensitivity
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SET SCOPE H
INPUT TO

EXTERNAL

SIGNAL
UNDER

TEST

Z-AXIS
INPUT

(OPTIONAL)

Fig. 3. When sweep generator is assembled outside Shown here is method of attaching capacitors C6,
of scope, make connections to scope as shown here. C7, and C8 to the sweep rate selector switch S2.

control R7) mounted on the front panel
and with another switch used to turn the
power on and off. A pair of 9 -volt bat-
teries can be used for power in this case.
The sweep generator is connected to the
scope as shown in Fig. 3.

The second approach is to mount the
sweep generator directly in a scope, lo-
cating the printed circuit board in any
suitable spot (away from heat if the scope
uses vacuum tubes). A pair of silicon rec-
tifier diodes and filter capacitors may be
used to obtain the necessary dc operat-
ing voltages from the scope filament sup-
ply, or if the scope is all -solid-state, a
look at the schematic will show where
the suitable voltages can be picked off.

The input to the sweep generator may
be derived from the existing scope input
or from the scope sync leads. In the latter
case, the high -input impedance FET stage
may be omitted and the circuit shown in
Fig. 4 used for the input. The 100,000 -

ohm potentiometer in this circuit is used
as the sensitivity control. The blanking
output may be connected to the scope
blanking circuit if desired.

Operation. With the desired input signal
connected (using an audio generator for
testing), and the triggered sweep not
turned on, only a vertical trace will be
seen on the scope. Adjust the height to
some convenient value. When the trig-
gered sweep is turned on, a horizontal
trace may appear. If it does, adjust both
the sweep rate selector switch, S2 and
sweep vernier R13 until the display
shows some multiple stationary signals.
If the trace does not appear, adjust the
sensitivity control, R7, until it does. Low-

er the input level from the generator and
keep adjusting the sensitivity control un-
til the sweep triggers at some low level.
Once the lowest trigger level is estab-
lished, the sensitivity control may be left
alone. The scope horizontal gain control
determines sweep length.

With a steady signal now displayed,
note that manipulation of the sweep ver-
nier and sweep rate switch produces a
stationary signal from a small part of a
sine wave to any desired number of sine
waves, without losing sync lock at any
time. Also, with a single sine wave dis-
played, it is possible to adjust the audio
frequency generator over a wide range
of frequencies without losing sync lock.

Calibration. If you want to calibrate
sweep vernier 1113 and sweep rate S2, an

Fig. 4. If scope sync leads are used for sweep in-
put, omit Q I and use this circuit for first stage.

OPTIONAL CAPACITOR FOR
4/HIGH DC LEVELS1/

INPUT
I 100K
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THEORY OF CIRCUIT DESIGN
To avoid loading the input circuit ( which

is also applied to the scope), the first stage of
the sweep generator uses a field effect tran-
-istor. Resistors RI and R2 and diodes DI
through D4 provide automatic range selec-
tion. As the input voltage rises, the diodes
conduct to shunt the input and reduce the
signal applied to the FET. If high-level in-
puts are used constantly, a series resistor will
reduce the loading effect.

The output of the FET source follower is
coupled to the first op amp which is half of
/C/. The sweep cycle begins when the signal
to pin 8 exceeds the bias set by the threshold
potentiometer R7 at pin 9. The high -gain op
amp amplifies the difference signal until its
output is +9 volts. The positive output of the
first op amp appears at the minus input of the
second op amp, causing its output to swing
to -9 volts. This level is held to -9 volts by
the feedback action of RIO. The next stage
(1C2) is known as a Miller integrator and
produces an ultra -linear ramp voltage when
the negative signal is applied to pin 4. The
speed of the sweep is determined by the value
of the switch -selected feedback capacitor
(C6, C7, or C8) and the value of R13.

When the sweep voltage ramp reaches its
maximum value, the feedback signal through
R11 and D12 causes the output of the second
op amp to change from -9 to +9 volts. Diode
D13 is then forward biased and the selected
feedback capacitor is rapidly discharged. Dur-
ing the discharge of the capacitor, the scope
trace returns to the left side of the screen,
where it remains until the trigger cycle starts
again.

accurate source of frequencies must be
available. To calibrate the horizontal
graticule, apply a known frequency to
the input and establish a steady trace.
Adjust the scope horizontal shift to start
the trace at some known mark on the
left side of the horizontal graticule. Ad -

The sweep switch 52, with C6,
C7, and CS, sensitivity control
R7, and sweep vernier RI3 are
connected by wires of suitable

length to appropriate points
on PC board. Note that leads
from R7 are twisted together.

RISE
TIME

1 i

Fig. 5. To measure rise or fall time of an applied
pulse, count time between 10% and 90% points.

just the scope horizontal gain until the
trace reaches another known mark on the
right side of the screen. Determine the
time period of the input frequency by
using the equation T = 1/f, where T is
the period and f is the frequency. For
example, using a 100 -kHz sine wave, each
cycle is 10 microseconds long. Adjust R13
until one cycle occupies exactly one divi-
sion on the scope graticule. Mark the
knob position on R13 10 ,as/div. Other
points on either R13 or S2 can be found
using the same technique. For example,
60 Hz is 16.6 milliseconds and 15,750
Hz (TV line frequency) is 63.6 micro-
seconds. If desired, a series of fixed re-
sistors and trimmer pots may be used
for R13 (with a selector switch).

Once calibration is complete, it is easy
to determine the frequency of an applied
waveform or to measure the rise or fall
time of an applied pulse. In the latter
case, note that measurement is made be-
tween the 10% and 90% points of the
waveform (see Fig. 5). Adjust the trig-
ered sweep for at least one complete
pulse. The rise (or fall) time is calculated
by determining how many divisions and
parts of a division lie between the two
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SCOPE HORIZONTAL SCOPE POWER SUPPLY

ADDEO TRIGGERED
SWEEP BOARD ADDED ± 9V POWER SUPPLY

This is a typical installation of triggered
sweep generator in a scope. Location is not
critical but it should be away from heat if
the scope uses tubes. In the case illustrated
here, a 9 -volt power supply was added.

In the installation shown here, the "phase,"
"sync," and "sweep" controls on the front of

+he existing scope were removed and replaced
by three controls for the sweep generator.

Blanking output can be connected if desired.

measuring points and multiplying this
number by the time scale of the controls.

Frequency is measured by determining
the exact number of divisions (and parts
of a division) in one cycle of a known
waveform and then measuring the num-
ber of divisions occupied by an unknown
waveform. The frequency is then found
from the equation f = 1/T where T is the
number of divisions occupied by the un-
known multiplied by the calibration fac-
tor determined with the known wave.

TRIGGER
LEVER7L

SWEEP
VERNIER

RI3

SWEEP
RANGE

S2
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LOW -VOLTAGE

Remote Power Control
AVOID SAFETY PROBLEMS AND COSTLY REWIRING

MOST
HOUSES and apartments come

with an adequate (if you're lucky)
wiring system already concealed within
the walls and floors. There usually comes
a time, however, when what you have
isn't enough and you need a two-way
switching system for remote control.

The first thing that comes to mind is a
conventional two-way circuit that in-
volves running a pair of power -carrying
leads from the remote to the local switch-
ing point-sort of a super extension cord.

BY NEIL JOHNSON

Such a system is definitely out, since you
are creating a real safety hazard, not to
mention violating the National Electrical
Code and running the risk of making your
insurance man very unhappy.

Of course, you can hire an electrician
and do the thing properly; but you may
not want to spend that much money-
and there is a way out, for less than $10.

The secret of this remote power switch-
ing unit is a step-down transformer that
also contains a relay. It is perfectly safe
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Fig. I. Relay K1 also contains a step-down trans-
former. Wiring to 12 and S2 is low -voltage type.
Power can be switched from either end of circuit.

PARTS LIST

F1,F2-4-ampere fuse and holder
II -117 -volt neon indicator lamp
12 -6.3 -volt indicator lamp
kl-Remote control isolation relay (ALCO

FR -101, Lafayette 30F12002)

S S

S1,S2-Spdt slide or toggle switch
S01 -120 -volt ac chassis mounted outlet
TI -6.3 -volt, 1 -ampere filament transformer
TSI,TS2-4-terminal barrier strip
Misc.-Suitable enclosures (2), length of

4 -wire cable (Belden 8741 or similar), 3 -
lead ac power line, mounting hardware.

to run low -voltage, low -current wiring
around the house without elaborate pro-
tection-the high -power portion of this
system is located as close as possible to
the 117 -volt outlet. A typical circuit using

F2 Fl

the transformer relay is shown in Fig. 1.
The relay contacts can handle up to 600
watts at 120 volts ac, but the control
winding is safely isolated from the power
line. When the control winding has a very

Enclosure for power unit
must be either non-metallic
or units must be properly
insulated to avoid contact.
Both sides of power line
are fused with ground con-
ductor connected to chassis.
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low resistance in its circuit, there is suffi-
cient pull -in power in the relay winding
to close the contacts.

The system is divided into two sec-
tions: (1) the high -power circuit with
transformer, relay contacts and the com-
ponent to be controlled (plugged into
S01); and (2) the low -power remote sec-
tion containing a switch and indicator
lamp. A conventional 4 -wire intercom ca-
ble can be used for the connections to the
remote circuit. If 4 -wire intercom cable
is not available use 4 -conductor cable
such as that commonly used for antenna
rotators.

Construction. The power circuit should
be constructed in a non-conductive hous-
ing to avoid any chance of making contact
with the power line. If a metal housing is
used, the components must be mounted
to avoid accidental contact with the en-
closure. Make sure that the power line
ground lead is directly connected to the
metal enclosure. Mount a 4 -terminal bar-
rier strip, socket(s) S01, local power in-
dicator II. and local on -off switch S1 on
the power unit chassis. The fuses should
be mounted on insulated holders and the
power line should have a grommeted hole
in the chassis.

The remote control unit can be mount-
ed in any small enclosure, insulated or
not, since no appreciable power flows
through it. Mount a 4 -terminal barrier
strip, remote on -off switch S2, and remote
indicator 12 on this enclosure.

Operation. Plug the main unit into the
commercial power line. Note that .11 is
not lit and there is no power at S01. Re-
move the power. Connect the 4 -wire cable
to the power unit, noting which lead is
which and then connect it to the remote
control unit. Plug the power cord in again.
Either switch S1 or S2 can now be oper-
ated to apply or remove power from
S01. Try to keep the total resistance of
the four -wire cable at a reasonably low
ohmage to get reliable operation. The
indicator lamps, one at each end, give
visual indication that the system is work-
ing properly.

When the remote and local units are in
place and the wiring between the two has
been installed carefully and securely, re-
check the entire system with a load
plugged into S01.
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BY RONALD L. IVES

RUGGED

AUTO

EMERGENCY FLASHER
NEITHER RAIN, NOR DUST,

NOR BUMPS WILL STAY ITS ACTION

ALTERNATELY flashing blue lights used
on emergency vehicles (and increas-

ingly on campers, trailers, etc.) are either
mechanically or electronically driven and
they operate fine as long as the going is
smooth and they are not subjected to
extremes of temperature and humidity.
But the vehicles that use such lights are
just those that are required to travel oc-
casionally where adverse environmental
conditions are encountered.

Little can be done to improve the relia-
bility of mechanical flashers due to their
sensitivity to vibration but electronic
units can be made to be quite depend-
able. This is achieved through good cir-
cuit design, careful selection of compon-
ents, and rigorous assembly techniques.

The improved electronic flasher whose
circuit is shown on the next page was
designed to eliminate thermal problems
-primarily by separating the timing
function (Q1 and Q2 multivibrator cir-
cuit) from the lamp switching function
(Q3 and Q4).

Silicon transistors are used for Q1 and

Q2 in the symmetrical multivibrator cir-
cuit. Transistors Q3 and Q4, the lamp
drivers, are germanium power types,
biased well into cut-off to prevent con-
tinuous conduction at high temperatures.
Further protection against thermal dam-
age is obtained by mounting Q3 and Q4
on the project case and using small slip-
on heat radiators on Q1 and Q2.

No "revolutionary new" design princi-
ples are employed in the improved flash-
er. Simple reliability and ruggedness
under difficult conditions were the only
really important requirements looked for
in the design stages. Fortunately, it was
found that the simple no-nonsense multi-
vibrator/power switching system more
than adequately filled the bill if certain
common-sense assembly techniques were
applied.

When selecting components for the im-
proved auto flasher, get the best. For
example, use only metal -cased transistors
for Q1 -Q4. Substituting plastic -encapsu-
lated "equivalent" transistors will likely
cause erratic operation under changing
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humidity environments. Also, use silicone
paste when mounting Q3 and Q4 to the
project case and when slipping onto QI

and Q2 Thermalloy No. 2230C-5 heat
radiators.

The flash rate of the system is deter-
mined by the time constant of the C1/R3

and C2/R4 combinations. The flash rate
is determined by the formula: F = 1/
(1.4RC), where R is R3 or R4 and C is
Cl or C2; R is in megohms, C is in micro -
farads, and F is in hertz. For the values
given, the flash rate will be about once
every second. Slower and faster flash
rates can be obtained by increasing or
decreasing the values of R3 and R4, or by
decreasing or increasing the values of Cl
and C2. The flash rate, however, should
not exceed five times/second. Remember,
if you change either R or C in one side of
the circuit, the same change must also
be made in the other side to obtain
symmetry.

The capacitors used in the prototype
for Cl and C2 are Sprague Atom Type
TVA 1205. These capacitors demonstrate
somewhat more resistance to tempera-
ture extremes than the manufacturer

guarantees. Their effective temperature
range is from about -50° F to about
200° F. Low temperatures do not harm
the capacitors; when the capacitors warm
up again, they operate within specifica-
tions. However, temperatures exceeding
200° F will usually cause these capaci-
tors to exhibit permanent high leakage,
requiring their immediate replacement.

Another item you should take care in
selecting is the circuit board. Phenolic
boards just do not stand up to vibration
stresses and environmental conditions as
well as do epoxy -glass boards. The epoxy
glass board you select should be of the
heavy-duty variety with solder connec-
tors to match.

Now, you can begin assembling the
flasher system. Use an aluminum case to
house the components after painting all
outer surfaces of the case a flat black
to improve heat radiation. Mount Q3 and
Q4 to one wall of the case with mica
insulators and appropriate hardware. The
best lockwashers to use here and wher-
ever mounting is to take place are stain-
less steel. They bite better, assuring a
more vibration -resistant anchor.

Transistors QI and 02 in multivibrator circuit are silicon types, while 03
and 04 lamp drivers are germanium power types. The flash rate of the system
is determined by the RC time cons+ants of the R3/CI and R4/C2 combinations.

03
2N2870 R2

IK

II
12V

12V
CAR

BATT

RI
1508

R3
27K

*CI
25pF

01

2N2270

*SEE TEXT

R4*
27K

C2*
25pF

4-
02

2N2270

04
R5 2N2870
IK

R6
1508 454

12
12V

PARTS LIST

CI,C2-25-12F, 25 -volt electrolytic capacitor
(Sprague Atom Type TVA 1205-see text)

11,12 -12 -volt lamp (see text)
Q1,Q2-2N2270 silicon transistor
Q3,Q4-2N2870 germanium power transistor
R1,R6-150-ohm, 1 -watt resistor
R2,R5-1000-ohm, 2 -watt resistor
R3,R4-27,000-ohm, 1 -watt resistor (see text)

Misc.-7" X 5" X 3" aluminum utility box;
epoxy -glass circuit board with push -in
solder terminals; 4 -lug barrier block
Cinch -Jones No. 4-142-Y); Teflon tubing;
heat radiators for Q1 and Q2 (Thermalloy
No. 2230C-5); mica insulators for Q3 and
Q4; machine hardware with stainless steel
lockwashers; flat black paint; potting com-
pound (optional-see text); hookup wire;
spacers; brass strip; solder; etc.
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C2
R4 -e -4=,
R6

R 2

RI--
CI

IR 3 -7-'44=

014 03

02

0I

Use perforated G -I0 epoxy -glass board and heavy-
duty push -in connectors to assure rugged assembly.
Heat radiators on 01 and Q2 bolt dawn to board.

On the opposite end of the case, mount
the barrier block. Make the clearance
holes for the solder terminals to the
barrier block a bit oversize to permit
plastic sleeving to be slipped over the

To provide insulation between 03 and 04
and chassis, use shoulder fibre washers
or transistor sockets and mica insulators.

lugs after hookup wires are soldered to
the lugs.

Referring to circuit diagram, wire com-
ponents on the circuit board, making all
interconnections with hookup wire from
the bottom side of the board. To insure
good vibration resistance, pinch shut the
push -in terminals after the component
leads are inserted and before soldering.
Likewise, firmly wrap around the termin-
als all wire leads on the underside of the
board before soldering. With these steps
taken, even if the solder eventually crys-
tallizes under vibration, the occurrence
of connection failure will be greatly
minimized. Before mounting the circuit
board to the floor of the chassis, you can
add additional protection against the
elements and make the assembly even
more rugged by dipping it in or coating
it with a semi -solid plastic or silicone -

rubber compound to seal it. However,
if you take this step, make certain that
the compound used does not require heat
curing and is an electrical insulator.

Once the circuit board is mounted in
place, connect and solder the wires com-
ing from it to the appropriate points on
the terminal block and switching tran-
sistors.

The aluminum case is not designed to
withstand heavy vibration. To overcome

SLEEVING
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this deficiency, it is a good idea to back
up the upper lip of the chassis channel
with strips of hard brass or bronze bar
stock that has been drilled and tapped to
accept the cover screws. Two lengths of
5/s" x %2" stock will do nicely. An alter-
native approach would be to fasten the
case together with pop rivets at 2" in-
tervals and place electrician's rubber tape
between the metal surfaces to be joined
to provide an almost air-, water-, and
dust -tight assembly.

The lights to be operated by the im-
proved auto flasher are standard blue
truck clearance lights (DoRay No. 1130)
designed to use GE No. 67 II lamps which
draw about 0.6 ampere at 12 volts. If
you wish, you can substitute GE No.
1156 lamps which are about three times
as bright and draw about 1.7 amperes.
Even brighter lamps can be used-for up
to 5 amperes of current drain-if you
wish in this circuit. But you had better
check the traffic laws in your locality
before installing the brighter lamps. In
general, clearance and identification lights
exceeding 25 watts tend to be distracting
to oncoming drivers.

The more rugged a switch that is used
the better will be the reliability of the
flasher system. For this reason, it is sug-
gested that you invest in a "Mil Spec"
or heavy-duty industrial switch. If you
go the route of selecting an automobile
switch, the reliability of the system will
be compromised. The auto switches are
designed to withstand the relatively min-
or vibrational stresses of paved -surface
roadways-just barely.

Finally, if a pilot lamp is desired to tell
you when the system is being operated,
you can connect a 33 -ohm, 2 -watt resistor
in series with a #44 lamp and connect
the assembly directly between the nega-
tive and positive buses on the barrier
block.

Preventive maintenance with the flasher
consists of routine checks before and after
each use, a routine check every 2000
miles, and blowing out the dust each time
the mud is dumped out of the air filter
and the oil is replaced. The capacitors,
which reputedly have a service life of
two years, gradually lose capacitance and
increase their leakage with age. The re-
sult is an increase in flashing rate which
signals the need for replacement. Actual
service life of modern electrolytic capaci-
tors considerably exceeds ten years in
some cases.

This flasher should be more than rug-
ged enough for most needs-unless you
continually travel over rock-strewn, rut-
ted terrain that would tax even a moun-
tain goat. The prototype flasher has with-
stood the rigors of summer off -road driv-
ing in the Mojave Desert; in the sand
dunes along the Gulf of California; and
many miles of winter off -road driving in
the mountains of Arizona and New
Mexico.

Designed originally for use in search
and rescue vehicles, the improved flash-
er is equally at home in campers, Jeeps
and Rovers, boats, etc.-anywhere where
the going gets rough and vibration and
the elements can spell the end of the
conventional flasher system.

METRONOME -CODE PRACTICE OSCI LLATOR - GENERATOR
MORSE KEY

PARTS LIST:
1 HEP 310
1 Resistor, 6.8K, 1/2 Watt
1 Resistor, 680 ohms,

1/2 Watt
1 Potentiometer, 50K
1 Capacitor, 10 mfd or

0.01 as needed for desired
circuit

1 Speaker, 100 ohm or
Headphones with 47 ohm
Resistor

1 Battery as Desired

I

Headphones may be subsitituted

+9V to 25V

680 SI

Metronome 10 µF
CPO .01 i.LF

Signal Generator; values
between above may be
switched for frequency
desired

.01 SIGNAL GENERATOR- - I- -

HEP 310 for speaker

100 St
SPEAKER
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A BRAND-NEW IC AND A HANDFUL OF PARTS,

MAKE A FIRST-CLASS MULTIPLEX DECODER

BY SEYMOUR REICH
RCA Linear Applications

NOW IS THE TIME to update your FM
receiver to include multiplex stereo-

or to improve your present stereo FM
receiver with the latest circuit advances.
Why now? Because there is a new in-
tegrated circuit component which needs
only 12 other low-cost standard compo-
nents (13 if you want an indicator light)
to make up a complete stereo decoder.
The decoder circuit using the new RCA
SK3078 IC, can be made operational
without any instrumentation and re-
quires only one adjustment that can be
adequately set by an off -the -air signal.

The decoder circuit, shown in Fig. 1,
has a single tuned circuit made up of
capacitor C2 and inductance coil L1
tuned to 76 kHz. A built-in phase locked
loop places minimum reliance on the ac-
curacy of the initial adjustment of the
oscillator, obviating the need for elaborate
alignment procedures. Characteristics of
the decoder circuit include:
 Automatic switching from mono to
stereo.
 Automatic energizing of the indicator
light when stereo is present.
 Operation over a range of power sup-
ply voltages from 10 to 16 volts.
 Internally regulated power supply
with current drain (typically 22 mA) vir-
tually independent of supply voltage.
 Typical output (with 200 mV input) of
400 mV across 10,000 -ohm load-suffi-
cient to drive most output stages.
 System gain of 6 dB.
 Nominal 40 -dB channel separation

without necessity for decoder balance
adjustment.
 Small size-IC is in a 16 -lead quad in-
line plastic package.

Theory of Circuit Design. The functions
performed in the SK3078 IC are shown
in the block diagram in Fig. 2. The com-
posite signal is applied to pin 1 of the
low distortion preamplifier. The ampli-
fied composite signal is then applied to
the 19 -kHz detectors, the 38 -kHz L-R
detector and the matrix circuits. The
L-R detector and the lamp driver ampli-
fier are normally off unless energized by
the Schmitt trigger.
, A local VCO (voltage controlled oscil-

lator) is adjusted, by means of an ex-
ternal coil, for free running at 76 kHz
and this signal is fed to a divide -by -two
counter. The 38 -kHz output from this
stage is fed to the L-R detector and to
the divide -by -two counters that provide
19 kHz. (Two of the latter counters are
required because the phase relationships
of the reference signals required by the
two detectors must be different. The ref-
erence for the phase lock detector must
differ from the pilot by 90°, while the
reference for the pilot presence detector
must be in phase with the pilot.)

The 19 -kHz pilot carrier, contained in
the composite signal from the preampli-
fier is compared to the locally generated
19 -kHz signal in the phase lock detec-
tor. A phase difference results in a dc
output voltage that is impressed on a re -

94 ELECTRONIC EXPERIMENTER'S HANDBOOK



- C3 +
IyF

+IIV
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IyF
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0
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C
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29000F
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R5
15011

{ 1R4 R3
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+I IV

C7
.0075pF

.0075oF

JI

LEFT

C8 -
TRIGHT

Fig. I. The high -quality, yet very simple multiplex adaptor can be
aligned from an off -the -air signal, and includes a stereo -on lamp.

PARTS LIST
C1 -0.22-µF disc capacitor
C2-3900-pF silt or. mica capacitor
C3,C5-1-uF, 12 -volt Mylar or tantalum ca-

pacitor
C4-0.47-gF, 25 -volt Mylar capacitor
C6 -25-µF, 25 -volt electrolytic capacitor
C7,C8-0.0075-uF disc capacitor
11 -10 -volt, 10-mA pilot lamp (Sylvania 10AS

or similar, see text)

ICI-SK3078 integrated circuit (RCA)
I 1,I2-Phono connector
L1-1.3-3-mH adjustable inductor (Miller

9059.1 or similar)
R1 -390 -ohm, 14 -watt resistor
R2 -470,000 -ohm, IA -watt resistor
R3,R4-10,000-ohm, 14 -watt resistor
R5-150-ohm,14-watt resistor
Misc.-Printed circuit board, wire, solder,

etc.

actance control network within the 76 -
kHz VCO that corrects the discrepancy.
Similarly, a dc output from the pilot pres-
ence detector activates the Schmitt trig-
ger, enabling the L-R detector and en-
ergizing the lamp driver.

The matrix circuit mixes the L+ R
(monophonic) information with the L-R
(demodulated 38 -kHz signals) to provide
the left and right outputs. The matrix cir-
cuit passes only mono in the absence of
the 19 -kHz pilot carrier (no output from
the 38 -kHz L-R detector). Hence the sys-
tem automatically switches between
stereo and mono. The difference in out-
put level when switching takes place
is about 0.1 dB, and the circuit eliminates
the annoying "thumping" frequently de-
tected in stereo systems during the auto-
matic stereo -mono switchover.

Construction. The decoder prototype

was built on a PC board using the foil
pattern and component layout shown in
Fig. 3. Note that the 75 -microsecond de -
emphasis network, comprising capacitors
C7 and C8, is not mounted on the PC
board. The PC board is not an absolute
necessity; discrete wiring to the integrat-
ed circuit is entirely feasible.

When assembly is complete, the only
adjustment required is to set L1 so that
the free -running frequency of the VCO
is close to 76 kHz. With the pilot present,
the phase -lock detector captures the
VCO and locks it in on frequency if the
free -running frequency is within 6 kHz of
76 kHz. Of course, capture performance
is optimal when the VCO is properly ad-
justed to begin with. This can be done
easily by connecting a frequency mea-
suring instrument to pin 15 through an
isolation resistor of greater than 47,000
ohms and adjusting L1 to get 76 kHz. If
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38 kHz [a-
L-R DET

Fig. 2. As IC diffusion techniques are improved, quite a lot of circuits can
be laid down on a tiny "chip". Just visualize how large the discrete parts
circuit would be. The numbers within the circles are the IC pin identifiers.

AMP 0

1-1°
AMP

you don't have the proper instrumenta-
tion for this, you can use one of the two
following procedures:

An accurate alignment can be achieved
by using a signal generator and an
oscilloscope having an input impedance
over 1 megohm. The output of the 76 -

kHz oscillator is then compared with
that of the signal generator by connect-
ing pin 15 through a 47,000 -ohm isola-
tion resistor to the vertical input of the
scope and the signal generator to the
horizontal input. Set the signal genera-
tor to the lowest obtainable multiple of
76 kHz (76, 152, or 228), and adjust L1
to obtain the appropriate Lissajou pat-
tern on the scope. (Since the two fre-

quencies are not synchronized some drif
in the pattern can be expected.) Greater
accuracy can be obtained by calibrating
the signal generator with the 19 -kHz pi-
lot and then touching up the VCO using
the calibrated generator. This is done by
driving the decoder from an on -air stereo
signal with oscilloscope and signal gen-
erator connected as described before. If
the pilot light comes on, the VCO is phase
locked to 76 kHz. Now adjust the signal
generator to get the proper Lissajou pat-
tern on the scope. This means the signal
generator is calibrated for 76 kHz and the
free -running VCO can be adjusted with
the on -air signal removed.

The second method of adjusting the

Fig. 3. Actual size foil pattern and component installation for the adaptor.

INPUT

CI

+1

^R2-
----R5- 

'I C2

1

1
C3

C4

 -R4-
--R3-

L OUTJ I I L+
GND R OUT

II
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Fig. 4. This compensation network
added to the FM detector output
can greatly improve the results.

VCO uses only the on -air signal. If the
stereo indicator light is on, rotate Li
counterclockwise until the light goes off.
Then rotate L/ clockwise and note the
exact position where the pilot light
comes on. Continue to advance the slug in
L1 clockwise until the light again goes
off. Record the total number of turns of
the Ll slug from light on to light off.
Rotate the L1 slug counterclockwise and
count the number of turns before the light
goes on. Subtract this number from the
number for clockwise adjustment. Divide

slug position required for centering L1 in
the VCO pull -in range. Continue to ad-
vance the slug counterclockwise to reach
the desired position.

Additional Factors. The typical 40 -dB
stereo channel separation that can be
provided by the IC used in this decoder
may be adversely affected by improper
bandpass characteristics in the FM
tuner detector. Most FM detectors have
a 1 -dB rolloff at 38 kHz and this is the
design criterion for the decoder IC. If the
decoder is to be used with an FM detec-

tor having different characteristics, the
compensation network shown in Fig. 4
should be used.

If the characteristic curve is flat to
above 38 kHz, then the trimmer capacitor
should be connected across the 2200 -
ohm resistor; if there is a rapid falloff at
38 kHz, then the trimmer should be con-
nected across the 22,000 -ohm resistor. In
either case, the trimmer capacitor is ad-
justed until the detector output curve
shows about 1 dB drop at 38 kHz. Though
it is not an absolute necessity, the com-
pensation network should be used when
circumstances warrant.

The stereo outputs are intended to
drive audio amplifiers that incorporate
the required 75 -microsecond de -empha-
sis networks. If your amplifier(s) is not so
equipped, add C7 and C8 as shown in
Fig. 1. Failure to use a de -emphasis net-
work will create excessive high -frequency
levels.

The circuit shown in Fig. 1 requires
a composite input signal of 150 to 200
mV. If it is desired to widen the dynam-
ic range, remove resistor R5 and substi-
tute a series tuned LC network consisting
of a 4.7-mH coil and a 0.015-µF capaci-
tor. This change permits the input signal
to range from 30 to 400 mV.

If it is desired to add a "high -power"
pilot light to act as a stereo signal detec-
tor, connect pin 12 directly to the posi-
tive side of the supply, disconnect pin
13 from ground and connect it to the
base of an npn transistor (such as 2N32-
41). Ground the emitter of this transis-
tor and hook a 10 -volt, 50-to-150-mA
pilot lamp between the collector and
the positive side of the power supply.
Provision for this change is included in
the board in Fig. 3.

A PROFESSIONAL TOUCH FOR

The more professional looking your
project, the more eye appeal it has. Even
a really well-built project can look second
rate if the front panel's switch position
markings are irregular in size, shape, or
location. However, you can convert a
potentially difficult task to an easy job
with the aid of a drill and some escutch-
eon pins, the latter available from most
hardware stores. First mount the switch
on the panel, being careful to properly
orient it. Place a pointer or index knob on

SWITCH -POSITION MARKINGS

the shaft; then rotate the knob to each
position, marking each location with a
scriber or pencil. Locate each mark Vs" -
3/16" from the index or pointer to
achieve a regular arc or circle. Remove
the switch and carefully drill a hole at
each location. The holes should be just
small enough to provide a driving fit for
the pins. Cut the pins to the panel thick-
ness length, and carefully drive them into
the holes with light taps of a hammer.

-Gerald Larocque, WA1FRV
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BUILD A

MINI-

PYRAMIDAL
UHF TV ANTENNA

GET SHARP, GHOST -FREE RECEPTION LOCALLY,

IN FRINGE AREAS, AND EVERYWHERE IN BETWEEN

BY GEORGE J. MONSER

THE LOWLY UHF TV ANTENNA has
been almost lost in the shuffle for big-

ger, better, and more complex VHF arrays.
Yet, the UHF antenna is somewhat of
a phenomenon. Roughly one -tenth the
size of its VHF counterpart, the UHF
antenna is a great deal easier to install
and use. The question is: How well does
the properly designed UHF antenna op-
erate?

To find the answer, a VHF log period-
ic antenna of known operating ability
was trimmed down for operation in the
UHF band. Since the new antenna re-
tained the "pyramidal" shape, it was
dubbed the "Mini -Pyramidal UHF TV
Antenna." Performancewise, it excels.

In initial tests, the Mini -Pyramidal an-

tenna pulled in two UHF channels from
San Diego, a distance of about 185 miles
from where it was set up in Santa Bar-
bara. On less distant and local stations,
reception was clear and sharp. There
can be little doubt that the 10 -dB log
Mini -Pyramidal antenna will cover the
entire UHF TV band with nearly con-
stant gain. The antenna is well matched
to 300 -ohm twin -lead cable and, there-
fore, will provide ghost -free reception if
set up within about 190 miles of a UHF
station.

Construction. Building the Mini -Pyra-
midal UHF TV antenna is a simple pro-
cedure, requiring the use of only a drill,
a hacksaw, and a screwdriver. The raw
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Fig. I. Simple U channel/support arrangement for booms provides maximum
durability under any environmental conditions likely to be encountered.

materials needed for the various parts
that make up the antenna are available
from any well -stocked hardware store.

The first step is to prepare the alu-
minum U -channel booms and Plexiglass
supports. After cutting these parts to
the dimensions specified in the Bill of
Materials, refer to Fig. 1 and mark the
locations for the holes that will be used
to mount the elements and attach the
down -lead to the booms. Slip one of the
booms onto a support as shown. Then
use a 1/8" drill to bore through the boom
and support at each marked hole loca-
tion. Repeat this procedure for the re-
maining boom and support.

Next, fabricate the antenna elements
from 1/2" X 1/42" aluminum stripping (do
not attempt to substitute narrower strip-
ping or tubing for the elements since
neither will provide the proper bandwidth
for color reception), referring to Fig. 2 for
fabrication details and a table of element
lengths. Note that two elements of each
length are required and that the lengths
listed include the 1/2" of stripping used
for the element mounting tabs. The ac-
tual element lengths will be 1/2" shorter
than the dimensions given in the second
column in the table.

Now, referring to Fig. 3, arrange the
boom assemblies so that they form a
50° throat angle. Drill a pair of 1/8" holes
at the throat. Then drill a 1/8" hole
through each boom support at the ends
opposite the throat. The first pair of holes
will be used to anchor the booms at the
proper throat angle, while the second
pair of holes will be used for mounting
the antenna to a mast. Use 6-32 X 3/4"

machine screws and nuts to fasten to-

gether the boom supports at the throat.
Starting from the throat end of one

of the booms, slip the mounting tab of
one of the shortest elements between
the boom and support (see Fig. 4). Align
the tab hole with the second hole in the
boom and use a 6-32 X 5/8" machine screw
and the appropriate lockwasher and nut
to anchor the pieces together. In the same
manner, mount at the third hole location
on the boom one of the second shortest
elements on the opposite side of the
boom. Working on alternate sides of the
boom, mount one of each successive
length element in place.

Again starting at the throat end of the
antenna, mount the second set of ele-
ments as described above. However,
when mounting these elements, they must
be located on the opposite sides of the
boom from those on the first boom. For
example, if element No. 1 on the first
boom projects to the left, element No. 1
on the second boom must project to the
right.

ANTENNA ELEMENT LENGTHS
Element Element length

No. in inches*
1 2"
2 21/2"
3 27/8"
4 31/4"
5 41/4"
6 4%"
7 5%"

*Overall dimension; actual element
length is 1/2" shorter than dimensions
given.
Note: two of each length are required
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5-3/8"

4 1/8

4 5,8'

2 7/8"

3 1/4"

Fig. 2. Use 1/2" X "is" aluminum stock
only for antenna elements: use of nar-
rower stock will degrade performance.

Fig. 3. Use non-metallic mount
(Plexiglass or fiber glass) to
fasten antenna to mast. Do not
substitute metal for mount or
mount antenna directly to mast.

1/4" THICK X 1-1/2" WIDE
PLEX !GLASS MOUNT

#8 SHEET METAL
SCREWS

METAL
ANTENNA --.-

MAST
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Fig. 4. Mounting element tabs be-
hind booms assures good contact.

Pass a 6-32 x 3/4" machine screw
through each of the unoccupied holes
near the throat end of each boom. Place
a lockwasher (preferably steel or bronze)
on each screw and follow up with a
6-32 nut. Securely tighten each screw so
that the lockwashers bite deeply into the
metal booms without cracking the Plexi-
glass supports. Loosely screw on a pair
of nuts. The antenna is now ready for
installation and testing.

Installation. The Mini -Pyramidal UHF
TV Antenna is designed for outdoor use.
If you already have a VHF antenna
mounted on a mast, the UHF antenna
can be mounted above-NOT below-it
with a simple Plexiglass mounting ar-
rangement as shown in Fig. 3. Use #6 X
5/8" sheet metal screws to anchor the
Plexiglass antenna mount to the metal
antenna mast.

Once the antenna is mounted, attach
300 -ohm twin -lead cable to it by wrap-
ping the cable conductors around the
screws at the throat and tightening down
on the nuts. Connect the other end of the
twin -lead to the UHF antenna termi-
nals on your TV receiver. Turn on the re-
ceiver and tune across the UHF band
while observing the TV screen. At var-
ious points across the band, depending

BILL OF MATERIALS
2-10" X 11/2" pieces of 14" Plexiglass for

boom supports
1-15" X 11h" piece of 1/4" Plexiglass for

antenna mount
1-60" length of le X 1A2" aluminum mold-

ing strip for antenna elements
2-81/2" lengths of 5/s" X %" (inside dimen-

sions) aluminum U -channel for booms
t!isc.-300-ohm twin -lead cable; 6-32 ma-

chine hardware (see text); #6 X %" sheet
metal screws for mounting antenna; etc.

on the number of stations within the
range of the antenna, you should ob-
serve pictures pop in and out. Tune for
the strongest station (sharpest picture
and color and least distorted sound). If
you have a rotor in your antenna system,
try repositioning the Mini -Pyramidal an-
tenna for improved reception.

Now tune for a weaker, snowy station
and reposition the antenna for the clear-
est reception. You will soon realize that
there are more UHF TV stations within
range of your antenna than can be
picked up by conventional UHF anten-
nas. The pictures will be sharper, the col-
ors more vivid, and the sound clearer. *

A111110.

RAD 6k ACK

"You're welcome, dear. I got a substan-
tial raise, so why shouldn't I buy my

wife something with itr
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Ganged Switching Quiz
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BY ROBERT P. BALIN

ELECTRONICS
hobbyists, espe-

cially troubleshooters, can al-
ways use some practice in tracing
out circuits that include ganged
switches. Unless you are careful
and systematic, it is easy to get con-
fused, lose your way or overlook
a component. Here's a chance to
practice this important skill.

The schematic at left contains
a 6 -position, 3 -pole switch, six 6 -
volt lamps and 6- and 12 -volt bat-
teries. As the switch is rotated,
determine what combinations of
lamps will light-each to full
brightness. The answers are below
so cover them up while you work
out the circuit.

Note that although the switch-
ing function which this circuit per-
forms can be done by a much sim-
pler circuit ( a single 6 -volt battery
can do the job) such a circuit
would be too simple to be challeng-
ing and only unnecessary schematic
zig-zagging could make it look
more complicated. Since this quiz
is intended to be a training prob-
lem, practical considerations have
been ignored.
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INFORMATION SERVICE

Here's an easy and convenient way for
you to get additional information about
products advertised in this Handbook.
Just follow the directions below... and
the material will be sent to you promptly
and free of charge.

1.

2.

3.

4.

Tear out one of the perforated
postage -free cards. Please print
or type your name and address
where indicated.

Circle the number on the card
that corresponds to the key num-
ber at the bottom of the adver-
tisement that interests you. (Key
numbers for advertised products
also appear in the Advertisers'
Index.)

Simply mail the card. No post-
age is required.

This address is for our "Free
Information Service" only. All
other inquiries are to be directed
to, 1974 ELECTRONIC EXPERI-
MENTER'S HANDBOOK, One
Park Avenue, New York, N.Y.
10016.
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Units A, B and C have tilted compartments to prevent spill-
age and include pressure sensitive labels for titling.

(D) 6 -unit 7" reel case. 8" high x 71/2" deep x 5" wide. Holds
reels in original boxes. $5.25 each; 3 for $15.00.

(E) 20 -unit 12" record case. 131/4" high x 121/2" deep x 31/2"
wide. Holds records in original jackets. $5.95 each;
3 for $17.00.

HERE'S HOW TO ORDER
CASH: Mail your order along with your name, address and
remittance in the amount indicated above for the units
being ordered PLUS an additional 506 per unit for postage
and handling.

CHARGE: Your American Express or Bank- ifgfi'7
Americard account! Mail your order, name,
address and credit card number. You will be
billed for the amount of your order.
BE SURE YOU IDENTIFY THE TYPE OF CASE ORDERED
AND INDICATE YOUR COLOR CHOICE FOR THE BACK
OF THE CASE-BLACK, GREEN OR BROWN (SIDES IN
BLACK ONLY).

MAIL ALL ORDERS TO: Ziff -Davis Publishing Co., Dept.
721A, One Park Ave., New York, N.Y. 10016.
Outside U.S.A. add $1.00 per unit ordered.

1.10111.4.

(C) 12 -unit 8 -track cartridge case. 131/4" high x 6'/2" deep
x 41/2" wide. $7.95 each; 3 for $22.00.

a

a

(1)

A COMPLETE SET OF
MATCHED

STORAGE CASES

Here's the ideal solution to the problem of keep-
ing all your records and tapes stored neatly,
safely, conveniently and attractively. A complete
set of matched storage cases, designed by the
editors of STEREO REVIEW magazine, for your
records and all your tapes: cassette, cartridge
and 7" reel. Now you can keep them side -by -
side on your bookshelf or cabinet, easy to iden-
tify and readily available.
These cases are sturdily constructed and cov-
ered in a handsome leatherette. The outer case
is elegantly embossed in gold and comes in your
choice of three popular decorator colors-black,
brown and green-so that they lend themselves
readily to the decor of any room.
STEREO REVIEW large capacity storage cases
are just what you've been looking for-they're
the ideal solution to keeping your records and
tapes neatly stored for easy use.

(A) 60 -unit cassette case 131/2" high x 12%" deep x 51/2"
wide. $15.95 each; 3 for $45.00.

(B) 30 -unit cassette case. 131/2" high x 61/2" deep x 5'/2"
wide. $11.95 each; 3 for $33.00.



CC -VI -7C CHARGER
RI PLUS R2

Build the Charge Now
RECHARGES ANY NICKEL -CADMIUM OR

ALKALINE AA, C, OR D CELL

NAME your battery charging problem!
The "Charge Now" solves them all-

with some added extras. With a Charge Now
in your workshop or lab, you have all the
advantages of an expensive commercial unit
-at much less cost.

Here are some of the uses to which you
can put the Charge Now. It provides dc cur-
rents in values from less than 1 mA to 1 A in
ten ranges for recharging nickel -cadmium
cells. It recharges any alkaline AA, C, or D
cell in fourteen hours using voltage limited,
tapered charging to automatically prevent
overcharging. With a well -filtered dc output
available at a pair of binding posts, the charg-
er serves as a fully adjustable constant -cur-
rent source for testing semiconductors and
many other components and circuits. And
with a zener diode across the output, a well -

BY A. A. MANGIERI

regulated, low -voltage source is available
for other testing. (For a handy dual -voltage
op -amp supply source, connect two series -
connected zener diodes across the output
and a filter capacitor across each.)

Construction. The schematic of the bat-
tery charger is shown in Fig. 1. Wiring and
layout are not critical. In the prototype
shown in the photos, a piece of perf board
31/2" x 4" was used to support most of the
components. Layout is shown in Fig. 2. Op-
tional transistor sockets were used in the pro-
totype. Note that the metal cases of R27,
R28, and R29 provide negative return to
terminal ZZ.

Another piece of perf board 2" x 2" was
mounted directly on the meter terminals to
hold all of the components directly associ-
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PARTS LIST

C1 -5500-µF, 25 -volt electrolytic capacitor
C2 -0.22-µF disc capacitor
C3 -25-µF, 25 -volt electrolytic capacitor
D1 -D6 -1 -ampere, 50-PIV silicon diode

(HEP154 or similar)
F1 -1 -ampere fuse and holder
11 -117 -volt ac neon lamp
11,12-Five-way binding post (one red,

one black)
M1-1-mA dc milliammeter

(Allied Electronics 701-0020 or similar)
Q1,Q3-Transistor (HEP53 or similar)
Q2-Transistor (HEP247 or similar)
Q4,Q5-Transistor (HEP51 or similar)
R1 -2200 -ohm
R2 -47 -ohm
R3,R4-1000-ohm
R5 -33,000 -ohm
R6,R7-5.6-ohm
R8,R9-1-ohm
R10 -150 -ohm
R11 -22 -ohm (see text)
R12 -6.8 -ohm (see text)
R13 -3.3 -ohm (see text)
R14 -1000 -ohm
R15 -270 -ohm All resistors
R16 -130 -ohm I -watt
R17 -56 -ohm
R18 -22 -ohm
R19 -11 -ohm, 2 -watt resistor
R20 -6.8 -ohm, 2 -watt resistor
R21 -2 -ohm, 5 -watt resistor
R22 -1 -ohm, 5 -watt resistor
R23 -3.6 -ohm, 2 -watt 5% resistor
R24 -0.68 -ohm, 2 -watt, 5% resistor
R25 -O.22 -ohm, 2 -watt, 5% resistor
R26 -1200 -ohm, 1 -watt resistor
R27,R28-1.5-ohm, 2 -watt, wirewound

potentiometer (Centralab V-1.5 or similar)
R29 -600 -ohm, 2 -watt wirewound

potentiometer (Centralab V-600 or similar)
R30 -100 -ohm, 2 -watt wirewound

potentiometer (Centralab V-100 or similar)
R31 -1000 -ohm, wirewound potentiometer

(Centralab WW -102 or similar)
RECTI-1-ampere, 200 -Ply rectifier

(IfEP176 or similar)
SI-Spst slide or toggle switch
S2-Double-pole triple -throw slide switch

(Wirt G128L, Allied Electronics 760-0004,
or similar)

S3 -6 -pole, 6 -position non -shorting rotary
switch (Centralab PA -2023, Allied Elec-
tronics 747-2023, or similar)

S4-One-pole, 10 -position, non -shorting
rotary switch (Centralab PA -1001, Allied
Electronics 747-1001, or similar)

T1 -12 -volt, 2 -ampere filament transformer
Misc.-Heat sink and mounting kit (Motorola

HEP500 or similar), plastic case with cov-
er for cell holder, 2" corner braces, pert
board, eye bolts, springs, capacitor mount-
ing bracket, lug strips, thin sheet brass or
stainless steel, line cord, mounting hard-
ware, copper sheet for RECTI mounting,

wood V blocks, vinyl tape, solder lugs,
etc.

I. All resistors 1/2 -watt

J

ated with the meter circuit. Terminals on the
board should be identified for making con-
nections.

When assembling the power supply within
the chassis, makes sure that filter capacitor
Cl is completely insulated from the metal
chassis by a plastic sleeve. The rectifier
(RECTI) is mounted on four heat sinks, one
attached to each leg, so that sufficient heat is
conducted away during use with 1 ampere
drain. The heat sinks were made of four cop-
per L brackets mounted on perf board with
the bottom of the L up. The leads of the recti-
fier were then soldered to their respective
heat sinks. Also on this perf board was the
fuse holder.

The large heat sink for Q2 can be mounted
on the rear wall of the chassis using four in-
sulated shoulder washers for support. It is
then possible to omit the usual mica washer,
but use silicone grease between the transistor
and the heat sink. The transistor was fitted
into a socket on the other side of the heat
sink and a three -lug terminal strip was
mounted on one of the heat sink nuts for con-
nections to the transistor. Include some vent
holes if the rear wall of the chassis is solid
metal.

W XV2ZZ

A

a

D

E

F

H

J

K

L

N

V UTSRCIP 0

Fig. 2. Component installation on the perf board.
The dark lines duplicate the insulated wire connec-
tions made between the various mounting clips

Cell Holders. Before building the chassis,
determine what type of cell holders you pre-
fer. Obviously, conventional holders for AA,
C, and D cells may be used. In this case, sim-
ply mount the cell holders to an outboard
wooden frame and connect them to the
charger through short lengths of insulated
wire. To duplicate the prototype, a special
cell holder must be made as follows.
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THIN BRASS
SHEATH

Fig. 3. This is the way to construct
the optional battery holder. To
ease the bracket sliding, mount
three narrow pieces of plastic be-
tween the rear of the main box and
the rear plate, with one piece at
each side, and one in the middle.

3-3/4"X 2-5/8"X I-1/2"
BAKELITE BOX

7/8"X 1/4'
SLOT (2)

SPRING

BAKELITE
COVER

REAR OF BOX

7/13"X 5/8"
SLOT (2)

L BRACKET (2)

EYEBOLT (2)

STRANDED
WIRE

SOLDER LUG

Obtain a 11/2" deep X 2% 1 X 33/4" plas-
tic utility box with plastic cover. Cut two
holes in the rear of the box as shown in Fig. 3.

Two-inch steel corner braces must be made
and filed smooth; also make a thin brass or
stainless steel cover for the arm that pro-
trudes into the case. Make sure that both
braces slide smoothly up and down in their
slots. Swage a conventional solder eyebolt to
the rear of each slide as shown. Cut two slots
in the plastic cover so that the eyebolts can
slide up and down to the maximum travel of
the steel braces. Then secure a pair of solder
lugs to the bottom of the cover directly under
each slot. Use small spacers to attach the
cover to the rear of the box so that, when as-
sembled, the two braces can slide up and
down unhindered. Mount a spring to each
soldering lug and attach the other end to the

eyebolt. The electrical connection is made
through a short length of insulated wire.

The interior of the case is fitted with wood
V blocks faced with black vinyl tape. These
blocks are cemented in place after test align-
ing a cell. Use double -sided tape to attach the
blocks while aligning them. Then use cement
or epoxy for final mounting.

With an AA cell in place on the V blocks
and with the steel braces partially up in their
slots (the rear spring providing tension), lo-
cate the lower minus contact button and use
6-32 X 3/4 hardware and a spacer to mount it.
With a cell in place, the brace should auto-
matically clamp the cell between the brace
and lower minus contact.

Because of different cell diameters, two
sets of minus contacts should be provided for
each side of the cell holder. Electrical con -

108 ELECTRONIC EXPERIMENTER'S HANDBOOK



nections to these contacts are made through
a soldering lug at each minus contact. Identi-
fy the cell holders as B1 and B2 and identify
the PLUS and MINUS sides of the holder.

The face of meter MI must be retouched
to add two more scales. The original 0-1
scale will be used for the 1000-mA range.
Using some form of press type, add the num-
bers 50, 100, 150, 200, and 250 over the
original indications for .2, .4, .6, .8, and 1.0
respectively. This is the 250-mA scale. Simi-
larly, add 10, 20, 30, 40, and 50 for the 50-
mA scale. When making these additions,
take care not to damage the meter movement
or the needle.

The front panel of the charger is shown in
the photographs. Note the cutout for the
plastic cell holder which is supported by four

mounting screws. Switch S3 is marked for
VLTC (voltage -limited tapered charge) on
three positions and CC (constant current) on
two positions. The CC positions are further
identified by a line going to the R31 (FINE)
and S4 (COARSE) controls. This aids in set-
ting up the correct switches.

Note the placement of the other switches
and controls on the panel and inside the chas-
sis. Since lead length and placement are not
critical, it is not necessary to duplicate the
prototype exactly; but the arrangement has
been found to be convenient.

Adjustment. Before making any adjust-
ments, connect a 5 -to -10 -watt, 20 -ohm re-
sistor between the plus of the power supply
and the remainder of the circuit to test the

(A)CONSTANT CURRENT

THEORY OF CIRCUIT DESIGN

The schematic shown here is a simplifica-
tion of the Charge Now circuit. Section A il-
lustrates the constant -current (CC) mode. The
load is on the collector circuit of the 01-Q2
Darlington pair. The emitter circuit includes
S4 which selects the various current range

shunts. The constant -current adjustment cir-
cuit (R31, R3, and R29) is a voltage divider
on the base of 03. Resistor RI in the collector
circuit of Q3 also supplies base drive for the
Darlington pair. If the emitter current of Q2
rises, Q3 receives more base drive and reduces
the drive to 01 correcting for the change (and
vice versa). With high loop gain through 01,
Q2, and Q3, the current through the load is

regulated very closely.
In the voltage -limited tapered -current

(B) VOLTAGE LIMITED
TAPERED CHARGE

(VLTC) mode, two series -connected shunt
voltage clamps are switched into the circuit
of Q2. (See section B.) The CC adjust circuit
and S4 are replaced by a current shunt made
up of RII, R12, or R13, which are selected
by S3E Diodes Dl and D2 and transistor 04
are matched so that, with the cell out of the
holder, the open -circuit voltage is 1.7 to 1.75
volts. With a discharged cell (about 1 volt)
connected between 11 and 12, the voltage
clamp does not conduct and current is sup-

plied to the cell. As the cell voltage builds
up, the voltage clamp begins to shunt current
around the cell, thereby providing the voltage -
limited tapered charging.

Resistor R3, which is used in the constant -

current mode and shorted out in the VLTC
mode, insures base drive to 03 under all con-
ditions when non -shorting switch S3 is used.
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FRONT VIEW

OP VIEW

V

SLOT

L BRACKET

BLOCKS

NEGATIVE
CONTACT

SCREW

SPACER

LUG

The V -blocks are used to center the cells in the
holder so that good contact is made between the
two electrical connectors. After final positioning,
cover the wood blocks with black plastic tape.

VLTC ranges and check the CC mode for
positions 1 through 9 of S4. For position 10
of S4, use a 10 -to -15 ohm resistor.

Set R29 for a resistance of about 300 ohms

and R27, R28, and R30 for maximum resis-
tance. Place S3 in the CC mode, S4 in the
first LO position, and S2 on 1000.

Connect a multi -range milliammeter be-
tween 11 and 12 and turn on the power. As
S4 is advanced from position 1 to position 9,
observe an increasing output current from
less than 1 mA to several hundred mA with
variable control through R31 in each posi-
tion. Set the output current to 200 mA, place
S2 on 250 and adjust R30 until the meter on
the front panel indicates 200 mA.

With R31 set for low current, place S4 on
HI. Adjust R28 until the meter indicates 400
mA. Shut down the power and replace the
external 20 -ohm resistor with a 10 -ohm re-
sistor. Turn on the power, and slowly ad-
vance R31 and R29 until the meter indicates
one ampere with R31 fully clockwise. Repeat
these steps until R31 controls the current
from 400 to 1000 mA. Then set S4 to posi-
tion 9 and adjust R27 until R31 covers the
range up to 500 mA. Check that all lower
ranges have a slight overlap.

Check that the meter on the charger tracks
the external milliammeter on the three major
ranges of S4. Potentiometer R30 is used to
make any necessary scale adjustments. It
may be advantageous to set R30 so that the
high range (1000 mA) is correct, and then
trim the shunts of the lower ranges (R23-
R25) for reasonably close meter indications.

In the VLTC mode, diodes are paired off

The various components that are associated with the meter circuit are mounted
on a small piece of perf board, that in turn, is mounted on the meter terminals.

S3

TRIMMER
FOR R25

R24 R25 06 C2 (OPTIONAL) RIO R30

MI
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S3

'414

RI6

S4

R3I RI8 R19 R20 S2

Arrangement of the resistors associated with 54 shows an easy method of mounting.

with Q4 and Q5 and resistors R11 through
R13 are sized to set the charge rates indi-
cated in the Table. Use a 20 -ohm resistor in
the plus lead of the power supply and re-
move the outboard meter from II and 12.
Allow a 5 -to -10 minute warmup for the
diodes and transistors.

Accuracy is more important in setting the

C I R26 RECTI

voltage limit than in measuring the charge
rate. Check the accuracy of the low -voltage
dc range (5 volts) of the external VOM you
are going to use.

Place S3 on position 5 (VLTC-D) and, if
necessary change the value of R13 until MI
indicates 200 mA. Then measure the voltage
across the B1 and B2 holders. It should be

Fl

TI

Each terminal of the rectifier
is soldered to a copper plate
that acts as a heat sink during
heavy power consumption. Each
segment is individually mount-
ed. Capacitor CI is insulated
from chassis by a plastic wrap.
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Although the author used sockets for the transistors, they are optional. To avoid wir-
ing errors, clearly identify each terminal and component. To create a neat appear-
ance, leads going to a common area are bundled together to form a wiring harness.

CURRENT AND VOLTAGE LIMITS
VLTC MODE

Mallory
Type

Rated
Capacity
(mA-hr)

Charging
Rate
(mA)

SA-15AA
SA -14C
SA -13D

300
1000
2000

30-37.5
100-115
200-230

Charge open -circuit voltage limits
(volts): 1.7-1.75.

about 1.7 volts. The diodes in each circuit
may be interchanged to get a better match.
If the voltage is less than 1.7, increase the
charge rate using R13. If the matched volt-
ages are above 1.75, set the charge rate
slightly under 200 mA or select other diodes.

Power transistor Q2 is mounted
directly to its heat sink, and
the heat sink is insulated from
the metal chassis. Vent holes
allow cooling air to circulate
within the closed container.

HEAT
SINK

Just make sure that the voltages on the B1
and B2 holders are matched.

Set S3 to position 4 (VLTC-C) and adjust
the value of R12 to obtain 100 mA on MI.
The voltage on the holders should remain the
same. If not, interchange or change the val-
ues of R8 and R9. To increase the voltage, it
is preferable to raise the charge rate rather
than use higher resistances.

Follow the same procedure with S3 in
position 3 (VLTC-AA). In this case, it will
probably be necessary to set the charge rate
toward the high limit of the Table.

Application. To charge a single nickel -
cadmium cell, set S3 to position (CC -B1)
and place the cell in the B1 holder. For two
identical cells, place S3 in position 2 (CC
Bl+B2). Recharge nickel -cadmium cells at

INSULATED
SHOULDER
WASHERS
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the rate and for the time marked on the cell
or as specified by the manufacturer. Both S4
and R31 can be adjusted for the correct val-
ues, with the current indicated on MI. If the
charging information is not specified, but the
milliampere -hour rating is known, divide this
rating by 10 and charge at that rate for 14
hours. Cells should have been discharged to
1.1 volts before recharging. To recharge
nickel -cadmium multicell batteries, run leads
to 11 and J2 and observe the correct polari-
ties of the leads and battery terminals.

Recharge Mallory SA-15AA, SA -14C, and
SA -13D cells in the VLTC mode using S3
set for the appropriate cell size. For a single
cell, use either the B1 or B2 battery holder
and charge for 12 to 14 hours. The built-in
voltage limiter permits each cell to take what
it needs at the maximum rate. Therefore, the
cells need not be discharged nor in the same
state of charge before placing them on
charge. The meter indicates the total current
to the VLTC circuit and cell and not the cell
current alone. A quick way to check the
charging progress is to connect a voltmeter
across the cell with S/ off. If the voltage is
above 1.65, the cell is fairly well charged. As
cells age, the final voltage drops to below 1.7.

Although only three VLTC charge rates
are provided, other cells may be recharged
by using the nearest lower rate and increas-
ing the charging time accordingly.

Drifting. Due to the base -emitter charac-
teristics of Q3 there is a certain amount of
drift during warmup. For instance, with a
load of 1 ampere (output terminals shorted),
there may be a drift of 7% for the first 20
minutes. At 1/2 ampere, drift is about 4%,
essentially finished in 10 minutes. At 100
mA, drift is about 1%, with stabilization in
about 5 minutes. Although such drifts
are of no consequence in charging, the cur-
rent may have to be reset after a short
warmup.

Charger "backleak," or cell discharge back
into the circuit when S/ is off, is less than
one microampere, which permits storage of
the cells in the charger. Nickel -cadmium
batteries may be kept on continuous trickle
charge, as specified by the maker.

Constant -Current Use. The Charge
Now may be used as a constant -current
source for values up to one ampere. The cur-
rent is taken from 11 and J2 with S3 in the
CC position. Tests may then be made on
various types of semiconductors and other
circuits. 4>
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Now...the most enjoyable,
do-it-yourself project
of your life-a Schober -
Electronic Organ! 1

You'll never reap greater
reward, more fun and proud
accomplishment, more
benefit for the whole family
than by assembling your own
Schober Electronic Organ.
You need no knowledge of electronics, woodwork or
music. Schober's complete kits and crystal-clear instruc-
tions show you - whoever you are, whatever your skill (or
lack of it) - how to turn the hundreds of quality parts into
one of the world's most beautiful, most musical organs,
worth up to twice the cost of the kit.

Five superb models, with kit prices from $500 to around
$2,000, each an authentic musical Instrument actually
superior to most you see In stores.

Get the full story FREE by mailing the coupon TODAY
for the big Schober color catalog, with all the fascinat-
ing details.'

a

The .9744642 Organ Corp., Dept. EH -7
43 West 61st Street, New York, N. Y. 10023
 Please send me Schober Organ Catalog.
 Enclosed please find $1.00 for 12 -inch L.P.

record of Schober Organ music.,
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APOLLO ROAD, PLYMOUTH MEETING, PA.
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BY DAVID B. WEEMS

"Continental"
SPEAKER SYSTEM

OFFBEAT LAYOUT AND EUROPEAN SPEAKERS

ADD UP TO TOP-NOTCH SOUND

THE U.S. MARKET for high-fidelity
component loudspeakers was domi-

nated by American and British manufac-
turers until the Japanese grabbed a piece
of the action in recent years. The only
serious continental European challenge to
the market came in the 1950's when Phil-
ips of Holland sent over the Norelco FRS

speakers. ("FRS" stood for "Full -
Response Speakers.") The Norelco speak-
ers were popular for a while, then faded
from the scene.

Now the Norelco loudspeakers are
back. The new line, imported by Amperex
Division of North American Philips Co., is
good news for those hi-fi buffs who build
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GRILLE
MASK

Fig. I. Unconventional design and layout of speakers
requires use of two -thickness speaker mounting board
and rear panel for stiffening the shallow enclosure.

their own speaker systems. Norelco's
components for sealed -box systems,
woofers, midrange speakers, tweeters,
and crossover networks fill a real need
ignored by many manufacturers.

Amperex sells a book which is quite
useful for the speaker system construc-
tor, although the measurements provided
in the plans are all based on the metric
system. ("Building Hi-Fi Speaker Sys-
tems," M.D. Hull & K.R. de Vries, N.V.

Philips' Gloeilampenfabrieken, Eind-
hoven, The Netherlands, 1970.) The
speaker system described in these pages,
which we have called the "Continental"
as a result of the origin of the speakers
used, is No. 23 of 24 different two- and
three-way systems described in the Am-
perex book.

The Continental is a three-way system,
employing a total of nine loudspeakers
(one 12" woofer, four 5" midrange
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BILL OF MATERIALS
1-12" woofer (Norelco No. AD 1256/W)*
4-5" midrange speakers (Norelco No. AD

5060/ W8) *
4-1" tweeters (Norelco No. AD 0160/T)*
I-Crossover network (Norelco No. 4304-

078-71971)*
2-37" X 11" pieces of 3/4" fir plywood for

enclosure sides
2-22%" X 11" pieces of %" fir plywood for

enclosure top and bottom
2-351/2" X 21%" pieces of 3/4" fir plywood

for enclosure rear panel and speaker
mounting board

1-3.51/2" X 21%" piece of 14" interior ply-
wood for front panel

1-Piece of Celotex (approximately 33%" X
19%" x le) for rear panel stiffener

4-b' lengths of %" X 3/4" pine for cleats and
corner blocks

2-19%" X 3%" pieces of 3/4" pine for mid-
range column sides

2-6" X re pieces of %" pine for midrange
column top and bottom

1-2114" x 6" piece of %" pine for rear of
midrange column

1-Piece of 14" Masonite (approximately
351/2" X 211/4" X 3/4") for grille frame

1-Package of %"-wide ribbon veneer trim
I2-doz. #8 X 114" flathead wood screws
3-doz. #8 X 1%" flathead wood screws
1-doz. #8 X 2" flathead wood screws
2-doz. #8 X 3/4" flathead wood screws
2-doz. #10 x 1" panhead sheet metal screws
4-8 x 1" round head brass screws (Jo,

mounting crossover network)
32-#8 X 1/2" panhead sheet metal screws

for mounting midrange speakers
8-#10 X 3/4" panhead sheet metal screws

for mounting woofer
I2-#10 X 3/4" panhead sheet metal screws

for mounting tweeter
12-Heavy-duty oval service cable straps

(%"-wide with 1" mounting flange and 1" -
long X Ns" high cavity) for tweeter mount-
ing

Wisc.-Grille cloth; glue and contact ce-
ment; silicone rubber compound; speaker
zip cord; two -lug screw -type terminal
strip; %"-long standoffs; fiberglass wool;
solder; etc.
The nine speakers and crossover network
are available as Norelco System 23 for
$84.95, plus shipping, from McGee Radio
Co., 1901 McGee St., Kansas City, Mo.

64108.

speakers, and four 1" tweeters) and an
appropriate crossover network. It is rated
at 40 watts, and system resonance is a
low 40 Hz-which qualifies the Continen-
tal for real high-fidelity duty.

About System. The layout of compo-
nent loudspeakers in the Continental (see
Fig. 1) is a bit unconventional-but not
without purpose. Interaction between

Sides, top, and bottom panels should be mi-
ter cut to provide invisible joints when
enclosure is assembled with corner blocks.

speakers can be a serious problem in any
speaker system which utilizes more than
one midrange speaker or more than one
high -frequency speaker (tweeter). In the
Continental, the problem is avoided in
the high -frequency range by placing the
tweeters far apart (with reference to
the wavelength of the sound).

For the midrange, another solution was
found: arranging the speakers in a verti-
cal column. This effectively restricts to
the vertical plane interactions between
the speakers.

The offbeat speaker arrangement leads
to another unusual characteristic: The in-
side of the enclosure from front to rear is
extremely shallow, requiring special
bracing of the speaker mounting board
and the rear panel of the enclosure. The
limited depth was dictated by the size of
the speaker mounting board and the
cubic volume requirement. A deeper en-
closure (with no change in the dimen-
sions of the speaker board) would have a
larger -than -optimum volume, limiting the
power -handling capability of the woofer.
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Fig. 2. Smear of silicone rubber compound
on speaker serves as gasket. Note use of
special cable clamps in mounting tweeters.

Assembling Enclosure. Except for the
panels that make up the speaker mount-
ing board, the construction of the en-
closure is along conventional lines. All
permanent assemblies must
together with glue and screws. Use a 7/64"
drill for guide holes and a 3/64" drill for
pilot holes. And, unless otherwise speci-
fied, use #8 X 1/4" flathead wood screws
throughout.

The first step to be performed is to cut
to the dimensions specified in Fig. 1 and
in the Bill of Materials the six 3/4" and

one 1/4" panels that make up the enclo-
sure proper. Do NOT, however, at this
time make the speaker cutouts in either
the front 3/4" or 1/4" plywood panels.

When cutting the panels to size, re-
member to miter cut the ends of the top,
bottom, and side panels at 450 angles to
provide "invisible" joints when the en-
closure is assembled. Assemble the en-
closure shell (top, sides, and bottom),
using corner blocks and cleats. Set the
rear panel into place on the appropriate
cleats and mark the cleat outline on the
inside surface of the panel.

Remove the rear panel from the en-
closure shell and lay it on a flat surface.
Drill guide holes through the panel at
4"-6" intervals, starting 2" from each cor-
ner, spaced 3/8" from all four edges.
Next, cut a piece of 1/2" -thick Celotex to
just fit within the cleat outline. Then cut
a 1" X 2" slot out of the Celotex, locating
the slot in the center of the panel and
about one-third of the way from the bot-
tom edge.

Coat the mating surfaces of the rear
panel and the Celotex with glue and
fasten the two pieces together with #10
X 1" panhead sheet metal screws. Place
the assembly, Celotex side down, on a
flat surface and heavily weight it until the
glue thoroughly sets.

Meanwhile, proceed to work on the
front panel assembly. An extra sheet of
1/4" plywood serves the double purpose
of strengthening the speaker board and
permitting flush mounting of the tweeters
and midrange speakers. First sandwich

AMP
COM

Fig. 3. Components for
crossover network come
prewired on printed circuit
board. For proper opera-
tion, speakers must be cor-
rectly phased when con-
nected into the network.
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the 3/4" and 1/4" plywood panels together
with the aid of C clamps or small finish-
ing nails driven through the and into
the 3/4" panels at the corners. Now, re-
ferring back to Fig. 1, locate the centers
for each of the nine speaker cutouts and
at each location drill a small guide hole
through both panels.

Separate the two panels and identify
the guide hole pairs so that when they
are reassembled the appropriate cutout
pairs mate perfectly. Set aside the 1/4"
panel. Then use a compass to strike the
cutout outlines on the 3/4" panel. Work-
ing carefully, use a router or sabre saw
with a fine blade to remove the wood for
the cutouts. These cutouts should be as
close to circular as possible.

Next, prepare the 1/4" panel as de-
scribed above. When you are finished,
the woofer and midrange speaker cutouts
will be larger in diameter than the cut-
outs for the same speakers in the 3/4"
panel. Conversely, the tweeter cutouts
will be smaller in diameter.

Cut to size the parts that make up the
midrange column box. Then assemble the
box shell (sides, top, and bottom) with
glue and screws. Prepare but do not
mount the rear panel of the column box
just yet.

Temporarily set the 3/4" speaker board
panel in place in the front of the enclo-
sure shell. With a pencil, mark the cleat
outline on the inside surface of the panel.
Remove the panel and set it on a flat sur-
face. Center the column box shell over
the midrange speaker cutouts, locating
the shell so that its bottom surface just
clears the line for the bottom cleat. Mark
the outline of the column shell on the
panel. Remove and set aside the column
shell.

Next, strike lines parallel to and spaced
3/8" in from the four lines marked for the
column box outline. Starting 1" from each
corner made by the new lines, drill guide
holes at 2" to 3" intervals.

Sandwich together the 1/4" and 3/4" ply-
wood panels that make up the speaker
mounting board. Now, exercising ex-
treme care when handling the speakers,
use a tweeter to test each pair of cutouts
for proper fit. Adjust the panel orienta-
tions so that the tweeter fits properly at
each of the four locations. Similarly, use
a midrange speaker to check for proper fit

at each of its cutout locations. If any ad-
justments have to be made when the mid-
range speaker is being used, the tweeter
cutouts will have to be rechecked.

When you are satisfied that all speakers
fit properly in their cutouts, drive a finish-
ing nail through the 1/4" panel into the 3/4"
panel at all four corners to prevent them
from slipping around and to serve as ref-
erence points when the panels are finally
glued together. Now, drill pilot holes
through the 1/4" panel and into the 3/4"
panel, but do not completely penetrate
through the thicker panel. Locate these
holes at 4" to 6" intervals over the entire
surface of the board, including the spaces
between the speaker cutouts. Invert the
panel assembly and extend the guide
holes for the midrange column box to
completely penetrate the 1/4" panel. Re-
move the clamps and partially withdraw
the nails at the corners to separate the
two panels. Then enlarge the pilot holes
in the 1/4" panel to guide hole size.

Drive the corner nails far enough
through the 1/4" panel to hold the panels
apart until the points of the nails are
fitted into the reference holes. Evenly
coat with glue the mating surfaces of

Crossover network is mounted to right of
midrange box on the speaker board assembly.
Acoustical padding in cabinet is important.

118 ELECTRONIC EXPERIMENTER'S HANDBOOK



AMP

both panels. Then fit the panels together
by aligning the nails with the holes, and
hammer the nails down. Drive #8 X 3/4"
flathead wood screws through the guide
holes to securely anchor the panels to-
gether. Then install the midrange speaker
column shell on the sneaker mounting
board with #8 X 2" flathead wood
screws. Lay the assembly, 1/4" panel side
down, on a flat surface and heavily
weight it until the glue sets.

Assuming the rear panel assembly is
ready to be worked on, unweight it and
'drill a pair of 1/2" -diameter holes through
the plywood panel within the slot. Locate
these holes on centers which mate with
the lugs on a two -contact screw -type ter-
minal strip. Feed one conductor of a 36"
length of speaker zip cord through each
hole and solder to the lugs on the termi-
nal strip.

Slide the terminal strip into place on
the rear panel and fasten it down with
small brass screws. Screw down the
screws on the terminal strip. Then fill the
cavities around the solder lugs and screw
ends with silicone rubber compound to

Proper phasing must be care-
fully observed when connect-
ing speakers to crossover net-
work. Woofer (W), tweeter (T),
midrange (M -R), and amplifier
(AMP) lugs are clearly marked
according to polarity (phas-
ing) in illustration at the left.

provide an air -tight seal. Mount the rear
panel assembly in the enclosure shell
with #8 X 1" wood screws, using caulk-
ing compound to provide an air seal.

When the speaker mounting board is
ready to be worked on, round the front
edges of the tweeter cutouts in the 1/4"
panel. Now, measure in 3/8" on all four
sides of the panel, strike lines parallel to
the edges, and sink guide holes at 4" to 6"
intervals along the lines. This done, apply
a coat or two of fiat black to the front
surface of the speaker mounting board
assembly.

Using contact cement, apply a ribbon
of wood veneer edge trim to the exposed
raw edges of the plywood panels at the
front of the enclosure. Then smoothly
sand, stain, and finish the enclosure as
desired.

Line the interior walls of the enclosure
with a minimum of 1" thickness of fiber-
glass wool or other acoustical damping
material. Then attach to the bottom of the
enclosure self -sticking rubber feet.

Speaker Installation. Set the speaker
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mounting board on a pair of sawhorses or
other convenient supports, face up, Ap-
ply a thick bead of silicone rubber com-
pound around the rear rims of the speak-
ers. Install the woofer and midrange
speakers with screws from the front of
the board. The tweeters mount through
the rear of the board with the aid of spe-
cial oval service cable straps as shown in
Fig. 2. It is important that you use only
those cable straps described in the Bill of
Materials.

Install the crossover network to one
side of the midrange speaker column, us-
ing brass screws and 3/8" spacers. Then
begin wiring the speakers together as
shown in Fig. 3. First wire the midrange
speakers in series -parallel and check to
make sure that all cones move in a com-
mon direction when a 1.5 -volt battery is
connected across the network.

Connect and solder one end of an 18"
long piece of zip cord to the midrange
speaker network. Drill a 1/4" hole through
the center of the rear panel of the col-
umn, and pass the free end of the cord
through. Mark the lead connected to the
red dot terminals on the speakers. Then
fasten the panel down on the rear of the

Speaker board must be slowly eased into en-
closure to prevent damaging the woofer cone.

column shell with glue and screws, and
fill in the zip cord exit hole with silicone
rubber compound.

Wire together the tweeters, relying ex-
clusively on the red dot markings for
proper polarity. (Do not use the battery
to check out the tweeters.) Finish wiring,
connecting the speaker networks to the
crossover network and the crossover net-
work to the free end of the speaker ca-
ble coming from the screw -type terminal
strip.

Check out the speaker wiring by con-
necting an amplifier or other source to
the Continental via the terminal strip and
listening to each speaker in turn at low
volume levels to make sure each speaker
is operating. If all seems to be okay, in-
stall the speaker board assembly in the
enclosure, using caulking compound, if
necessary, to insure a good seal.

The large speaker board will produce a
tremendous compression of the air inside
the shallow enclosure if it is carelessly
inserted. In fact, the sudden rise in pres-
sure can even rupture the woofer cone.
So, go slow and give the air time to es-
cape. Ease the speaker board assembly
slowly into the enclosure to allow suffi-
cient time for the air pressure to stabilize
before screwing down and sealing the
board. -

Finally, staple or tack a piece of grille
cloth over the Masonite frame and fit the
grille assembly into the front of the en-
closure. If you miscalculated with the di-
mensions of the assembly and the fit isn't
tight enough, you can use a few drops of
silicone rubber compound on the back of
the frame to hold it in place.

You will find that the sound of the
Continental is extremely wide range. The
high -frequency response is particularly
open and nondirectional. There is no
sense of veiled sound, nor masking of
high notes, nor of distortion.

The Norelco engineers are apparently
opposed to the idea of mixing -level con-
trols with speaker systems; so, the Con-
tinental has none of the usual midrange
or tweeter L -pads. If the high frequencies
are too pronounced for your listening
room, use the treble control on your am-
plifier to compensate. There will be a
slight loss in the midrange in many situa-
tions due to the low placement of the
midrange speakers. This is a "listenable"
speaker system, well worth building.
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BY ART TRAUFFER

AMPLIFIER
MODULE

NEW COMMERCIAL UNIT SIMPLIFIES CONSTRUCTION

JI
INPUT

Fig. I. Complete amplifier
module, two capacitors, and

contains only
potentiometer.

PARTS LIST
BP1-13134-Five-icay binding post
C1-10-IAF, 10 -volt electrolytic capacitor
C2-1000-RF, 35 -volt electrolytic capacitor
ICI-Sinclair Model Z-30 audio amplifier

module (available from Audionics, Inc.,
8600 Northeast Sandy Blvd., Portland, Or.
97220, $15.95.)

J I-Phono jack
R1 -50,000 -ohm audio taper potentiometer

W HEN doesn't it pay to design and
build your own solid-state hi-fi am-

plifier? When you can buy a better one
than you can design-for less money
than it takes to build one. This was the
reaction upon seeing the specifications
of the Sinclair Model Z-30 audio ampli-
fier presently being imported from Eng-
land.

This excellent general-purpose audio
amplifier module can be housed in a
small enclosure and can be used with al-

most any AM or FM tuner or with a
ceramic phono cartridge. It is also useful
as a signal tracer or in a number of other
audio applications.

The module (on a printed circuit
board) can be made into a complete am-
plifier with the addition of a couple of
capacitors and a volume control as
shown in Fig. 1. It is only necessary to
solder six wire "lugs" to the module
terminals as shown in Fig. 2. Use heavy-
duty solid wire and let them overlap the

Fig. 2. The module can be mounted easily in
a small case with other components attached.
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TECHNICAL SPECIFICATIONS

Power output: 15 watts continuous sine
wave (30 watts peak) into 8 ohms
with regulated 35 -volt supply; 20 watts
rms into 3-4 ohms with regulated
30 -volt supply

Frequency response: 30-50,000 Hz ±1
dB

Distortion: 0.02% or less up to and in-
cluding full output at 8 ohms

Sensitivity: 250 mV into 100,000 ohms
Signal-to-noise ratio: -70 dB unloaded

with class AB output
Power requirements: 8-35 volts dc reg-

ulated (power output level decreases
with decrease in supply voltage)

end of the board about 1/4". All ground
leads are soldered to one point.

The power supply for the amplifier
module can be between 8 and 35 volts
dc. The amplifier shown in Fig. 2 was
built to have an external power supply,
but the supply could easily be incorpo-
rated in the same enclosure.

A loudspeaker of 8 or 16 ohms is rec-
ommended. If you want to use a 3.2 -ohm
speaker, be sure that the power supply
is not over 25 volts and that the module
has adequate heat sinking.

The Z-30 amplifier module comes with
an operating manual, which should be
consulted for further instructions.

Leakage Current
et Electrical Shock

BY PAUL B. JARRETT, MD

T HE SENSITIVITY of man to electric
shock and electric currents is well estab-

lished. Until recently, physicians could dis-
count the effects of minute currents and low
voltages because of the insulating properties
of the skin. When dry and calloused, the skin
has an average resistance of about 100,000
ohms. Skin wet with perspiration, however,
may have a resistance of less than 1000
ohms. Skin resistance varies with body area
and vasomotor (flushing or capillary con-
striction) response.

A current flow of from 9 to 14 mA pro-
duces discomfort. With a current of 15 to 25
mA, the victim loses his ability to release the
conductors due to muscle contraction in
tentany. At 25 to 50 mA, respiratory paraly-
sis can occur (depending on the current
path) and the victim is in pain. If the current
reaches 75 to 100 mA, ventricular fibrillation
(heart irregularity) ensues and at 200 mA,
or over, there is total cardiac standstill.

No Skin Insulation. A source of current
acting on the body from under the skin is an-
other matter. At 20 ,izA this current, if applied
directly to myocardium (heart muscle) for
more than 3 milliseconds, will produce fatal
ventricular fibrillation.1 In medical circles
particular emphasis is now being placed on
external cardiac pacemakers with transverse
bipolar electrodes inserted through the right
jugular vein. An engineering analysis of the
death of one such patient has recently been
discussed in the literature.'

It was determined that the external pace-
maker had not been grounded, but instead
was being supplied ac power from a 2 -prong,
10 -foot extension cord. Measurement of the
leakage current of the pacemaker including
the 3 -wire power cable of the instrument it-
self, plus the 10 -foot extension cord, revealed
a current of 54 A. Unfortunately, the pa-
tient with the pacemaker had been placed on
an electrically operated bed that had been
grounded to the hospital power system. The
leakage current passed from the electrode
into the patient's heart through his body and
into the ground connection on the bed.

This accident has emphasized the growing
interest in safety problems associated with
medical electronic apparatus. Hospital per-
sonnel must be properly instructed about
electrical safety.' Patients with internally
placed electrodes must not be placed in beds
with ground connections that are accessible
to the patient. The pacemakers should only
be used with a current limitations device of
5 µA under any condition. Untrained hos-
pital personnel should also be taught the use
of a new electrometer which permits safety
monitoring of electronic equipment for leak-
age currents, static charges, and insulation
resistance.4-Dr. Paul B. Jarrett

1. J. M. R. Bruner, Anesthesiology, 28/2, 1967.
2. Von Der Mosel, Measurement & Data News,

Vol. 4 No. 4. July & August 1970.
3. Von Der Mosel, Medical -Surgical Review,

Oct. -Nov. 1970.
4. Roveti Instruments (Mod EP -3), Annapolis,

Md.
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BONI RPM HOW illeP
A GOLD MINE OF HARD -TO -FIND TOOLS

AND MATERIALS

FOR THE ELECTRONICS EXPERIMENTER

BY FRANK H. TOOKER

V OUR HOBBY interests may not extend
to model railroading, airplanes, or

ships, but that is no reason for you to
pass right by the model hobby shop when
you are out shopping for items for your
electronics hobby. When you browse
around a modern, well -stocked hobby
shop, you will be amazed at the variety of
items you find that are useful in elec-
tronics.

Materials and tools that are obtainable
only with difficulty or perhaps not at all
from electronics suppliers and hardware
stores are right there on display in the
hobby shop. To give you an idea of what
you can expect to find, let's discuss some
examples.

Basic Materials. Precision -made tele-
scoping brass tubing, round or square, is
a standard item in any hobby model
shop. Available in a wide variety of di-
ameters and square dimensions, these
tubes fit one inside another so precisely
that they can be used anywhere as bear-
ings.

Short lengths of tubing can be used to
increase control shaft diameters-say,
from 1/8" to 1/4"-to allow the use of
readily available knobs. And the tubing
can be used as extension shafts, too; the
extensions are lightweight, yet sufficient-
ly strong, for most electronics applica-
tions.

The tubing can be quickly formed to
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Useful hobby shop offerings for
experimenters include wide vari-
ety of sizes of brass, aluminum,
and plastic round and square tub
ing, angles, strips, and sheets.

make attractive handles for projects.
Tubing benders for this purpose are prob-
ably right there on the same shelf with
the tubing.

Available diameters for brass tubing
cover a range of from 1/16" to 1/2" with
a 1/64" wall thickness. And you can ob-
tain the tubing either plain or nickel
plated. Small -diameter aluminum and
plastic tubing are also available in hobby
shops. Most of the better places have
both 12" and 36" lengths.

Looking for sheet metal for any pur-
pose from shim stock to a small chassis?
The hobby shop is the place to get it.
Brass, copper, aluminum, even light-
weight magnesium sheet stock are there
for the picking. And don't forget the vari-
ous thicknesses of plastic sheets and
brass, aluminum, and plastic angle stock.

Model hobby shops also carry "music
wire" in a wide range of diameters. This
is a very high -quality steel wire preferred
by industry for making coil springs. And
you know how difficult it is to buy a
spring with just the right tension and di-
mensions even for standard dial cord
assembly replacement. With a reasonable
selection of music -wire sizes, you can
actually make small coil springs to order
for just about any application. (NOTE:

The photographs in this article were taken by
Ed Busbaum in, and with the kind cooperation
of, Polk's Hobbies, Fifth Ave., New York, N.Y.
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Do not attempt to cut music wire with
diagonal cutters; you will only damage
the cutters. Instead, use a carbide saw
or grinding wheel to cut the wire.)

Maybe you need some especially tiny
screws, nuts, and washers. You will not
find them in a hardware store or an elec-
tronics parts supply store. But the hobby
shop has them in abundance in dozens of
sizes-some so small you need a jewel-
er's loupe and screwdriver to work with
them.

Have you ever looked high and low
for small pulleys for stringing dial cords
in a home -brewed project? If so, you al-
ready know that such a basic item is
often the hardest thing to find. Excellent
"pulleys" (known to the modeler as
"sheaves") can be had from any hobby
store in 3/32", 1/8", 3/16", and 5/16" di-
ameters. You won't find much use for the
first two sizes, but the latter two are
really handy.

This is by no means the end of the
list of materials you can find in hobby
shops that you can put to good use in
electronics project building. There are
dozens and dozens of other materials you
have probably long since given up on
trying to find.

Special Tools. The model hobby store
excels in its variety of special-purpose
tools. Don't be misled into believing that
modeling tools are cheaply made, inac-
curate, and made of poor quality mate -
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Many items on peg -board displays are pack-
age° in clear plastic bags so contents can
easily be seen, simplifying

rials. While there are certainly some
"cheap" tools available for the infrequent
user, serious modelers own and use some

of the finest hand tools you'll find any-
where.

What most significantly distinguishes
modeling tools from most others is that
the former are designed to do small, fine
work accurately. (Just think of some of
the really close work you have had to do
in some of your most recent projects,
and you'll appreciate how handy model-
ing tools can really be.)

Modelers work in miniature, so their
tools are often miniature in size. Such
tools, of course, can be obtained from
jewelers' supply houses, but for a one -

place source, the hobby shop is the place
to go.

A simple but pressing example of a tool
that is desperately needed for modern
electronics work is a No. 67 drill. This
drill is extensively used in making com-
ponent lead holes in printed circuit
}wards. Some hardware stores handle this
size drill, but all hobby stores have it as
a standard item. When buying such fine
drills, add the extra few cents and get the
high-speed steel ones; they are well
worth the extra cost.

Now you will need a device to let
you use such a small drill with a standard
drill chuck. Get a collet -type pin vise
when you pick up the drill. A word of
caution: Don't try to use fine drills in
your portable electric drill (a drill press
is okay); you will just bend or break them
one after another.

Small items, among them hardware, tools, cutters, etc., are generally kept in glass
display cases under counters to afford browsers and buyers easy view of offerings.
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When working with fine drills, invest
in a geared -type cordless electric drill,
another hobby shop standard. Your $6 or
$7 investment in the drill will more than
pay for itself in drills and reduced labor
when drilling many holes.

Most electronics supply houses now
have jewelers' screwdrivers, but in the
hobby shop you can also get wrenches
and nutdrivers for hardware as fine as
No. 00. You can also buy a saw with a
fine Swedish -steel blade that is only
0.008" thick (that's roughly half of 1/64"!)
for about $1.25. Look around in the hand

Tools are available individually and in kits.
Example of modeler's tool kit is shown above.

tool section, and you'll find a wide va-
riety of miniature pliers and cutters and
tweezers that seem to be just made to
order for your electronics workbench.

Visit Your Local Hobby Shop. But take
along only the amount of money you in-
tend spending. This is no light admoni-
tion. The vast array of materials and tools
(not to mention model kits) are too tempt-
ing to pass up.

Here's a good idea: Make your first
trip a browsing visit in which you famili-
arize yourself with the items available.
Don't buy; just look. Then come back
another day to make your purchases.
Either way, allot a good four hours for
your first visit; more if the hobby shop is
really first class. You'll need that much
time to just look.

If you live in an area not serviced by a
well -stocked model hobby shop, you can
do your browsing and purchasing by mail.
You will have to pay for a catalog, but it
is well worth the nominal investment. 0
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Aquarium
Heater
Control

For
Fish

Fanciers
AND PHOTOGRAPHERS,

CHEMISTS, AND ANYONE ELSE
WHO NEEDS STABLE,

PRECISE TEMPERATURE CONTROL

WHILE virtually all IC's were originally
designed for commercial applications.

quite a few have filtered down to the
hobbyist and experimenter. One of the
more interesting IC's to follow this
route is RCA's CA3059 trigger circuit
for the control of thyristors. Almost by
itself, this IC is a complete electronic
control system for immersible and non -

immersible heaters. This means that the
tropical fish keeper, the amateur and pro-
fessional photographer, and the chemist
can now have an inexpensive, highly
accurate heater control.

The CA3059 eliminates the instabil-
ities present in the typical bimetallic
thermostatic heater by replacing the
mechanical contacts with a triac and em -

BY A. E. DONKIN

ploying a totally electronic interface.
Among its many features, the IC includes
zero -voltage switching; which means
that triggering for the triac is provided
only at the points where the 60 -Hz line
power voltage crosses the zero axis.
Hence, rf noise is eliminated without
having to resort to bulky and expensive
line filters.

The electronic heater control de-
scribed here will maintain any preset
temperature within its range of control
to very tight limits. With the components
specified, the system will handle output
loads (heaters) rated at up to 200 watts.
However, a higher power triac can be
substituted to cope with higher power
requirements.

Theory of Circuit Design. The CA3059
is a fairly unique integrated circuit. In
addition to its triggering circuit, the IC
also contains a power supply and a dif-
ferential amplifier. This minimizes the
external circuitry to a handful of com-
ponents as can be seen in Fig. 1.

The only external components needed
are thermistor temperature sensor TH1,
temperature control resistor and poten-.
tiometer RI and R2, triac QI, and the
dropping resistor and filter capacitor R3
and CI for the power supply. The power
line is fused by Fl as a safety measure,
and neon lamp/resistor assembly I1/R4
are optional items that give a visual indi-
cation of the operational status of Ql.

In operation, the heater to be used
with the system is plugged into SO1 and
the line cord is plugged into any con-
venient 117 -volt ac receptacle. Both tem-
perature sensor TH1 and the heater are
then immersed in the same water or so-
lution (but no less than 2" apart), and
R2 is adjusted to the position that will
maintain the water at the desired tem-
perature.

Assuming that the water was origi-
nally cooler than desired, the system
should trigger on as soon as the heater
and THI are immersed and power is ap-
plied to the circuit. While the system
is active and triggering QI into conduc-
tion, II will light to show that power is
being applied to the heater.

At some time during the heating proc-
ess, the water will attain the desired
temperature, at which time TH1 will in-
itiate action to stop the IC from trigger -
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51K

NE2

40532
BOTTOM VIEW

:43172
G

MTI

PARTS LIST
C1-100-p,F, 35 -volt electrolytic capacitor
F1 -2 -ampere fuse
I1-NE2 neon lamp
ICI-CA3059 integrated circuit (RCA)
QI-40532 triac (RCA)-see text
R1 -2200 -ohm, V2 -watt resistor
R2 -2500 -ohm, linear -taper potentiometer
R3 -10,000 -ohm, 2 -watt resistor
R4 -47,000 -ohm, 1h -watt resistor
SOI-Chassis-mounting ac receptacle
THI-Fenwall JA33.11 thermistor
Misc.-8"-long glass tube; perforated phe-

nolic board and push -in solder clips; Bake-
lite chassis box; fuse holder; ac line cord
with plug; solid and stranded hookup
wire; lamp bezel with lens for 11; insulat-
ing tubing and air hose; solder; hard-
ware; etc.

Fig. 1. Only a few external components
are needed with IC1 to make control.

ing Q1 into conduction and shut off
the heater. As long as the water tem-
perature remains constant at the preset
level, the system will remain passive.
However, if the water temperature
should fall below the preset level, TH1
will sense the event and initiate the proc-
ess for resuming triggering (21 and turn-
ing on the heater.

Assembly. There is nothing critical
about the layout and wiring of the main
circuit just as long as proper soldering
precautions are exercised. In Fig. 2 can
be seen how the prototype was assem-
bled using a small piece of perforated
phenolic board and push -in solder clips.

Interconnecting wiring was routed along
the bottom side of the board.

The sensing element probe assembly
consists of a 0.01" -diameter disc therm-
istor mounted inside a glass tube one end
of which is sealed. To make this assem-
bly, use a high -heat flame to bring the
end of the glass tube to red-hot tempera-
ture and draw out the softened glass un-
til it seals itself. Then hold the sealed
end of the tube in the flame again until
the sharp point rounds off.

Twist together two 36" lengths of flex-
ible stranded hookup wire. Slip a 3"
length of insulated sleeving over the end
of one wire, and solder both conductors
at this end to the thermistor leads. Slide

Fig. 2. Simplicity of circuit is responsible for easy layout of components on
perforated board. Note that, since line voltages are exposed in several places
in circuit, insulating Bakelite box should be used for the chassis enclosure.
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RUBBER
TUBING

CABLE
CLAMPS

I/8"THICK PLEXIGLASS

GLASS
TUBE

Fig. 3. Sensing probe assembly mounts
on plastic bracket with cable clamps
and #6 hardware. Do not overtighten
clamps or the glass tube will break.

the sleeving down over the thermistor
lead. Then check to make sure that the
thermistor's leads do not short out
against each other with the sleeving in
place.

Now, carefully slide the thermistor into
the open end of the tube until it sits
against the closed end. Fashion a mount-
ing bracket for the probe assembly from
'/s" -thick Plexiglass and mount the probe
assembly to it with a pair of plastic-
lined cable clamps as shown in Fig. 3.
Then slip a 6" length of plastic or rubber
air hose over the free end of the twisted
wires and force it down over the open
end of the glass tube for about 1/4" as
shown. Connect and solder the free ends
of the wires to the appropriate points
on the circuit board.

Test and Use. After the control system

is assembled, an easy test to check out
its operation can be performed with the
aid of a 40- or 60 -watt incandescent
lamp as the load. (Note: Since line volt-
age is used at several points in the cir-
cuit, exercise extreme caution when
working with the circuit without the
cover on.) Turn up the heat control, R2,
until the lamp lights.

Bring the sensing probe near the light-
ed lamp; after a short lag, the lamp
should extinguish as a result of the heat
transfer from the lamp to the thermistor.
Keep the probe assembly near the lamp
after it goes out, and a few seconds later,
the lamp should again trigger on. If the
probe is held near the lamp for a consid-
erable time, the lamp should cycle on
and off.

Now you are ready to put the control
system into service. If you already have
a bimetallic thermostatic heater, turn
its control up for a high temperature.
Plug it into SO1 on the control box. (If
you do not have a heater, use one of the
non -controlled submersible heaters found
in pet stores.)

Advance the heat control to the de-
sired setting, making sure that the probe
and heater are both immersed in water.
Wait until the water temperature stabi-
lizes before making any small adjust-
ments of the control.

If the control system is to be used just
for tropical fish aquariums, rough setting
of R2 will suffice. However, for more crit-
ical photography bath and chemical so-
lutions, it is advisable to calibrate the
control setting with the aid of an accu-
rate thermometer.

CONTACT PROTECTS PANEL MARKINGS
Dry -transfer lettering kits have made

a simple job of prettying up front pan-
els of home-made projects. But keeping
the markings from wearing away or
scratching off is a big problem. How-
ever, there is a simple way of rugged-
izing the markings to bear up under
even extra -heavy usage. After finishing
off the front panel and applying the
lettering and markings, cut some trans-
parent Contact (a flexible adhesive -
backed vinyl) to dimensions 1/2" larger
than the length and width of the panel.

Strip off the protective backing and
tack the Contact, adhesive side up, on
a flat surafce. Now, carefully lower the
front panel onto the Contact, roughly
centering it. Do not attempt to lift the
Contact off the panel from this point
on or the lettering and markings will be
destroyed. Remove the tacks and firm-
ly burnish down the Contact, pricking
any air bubbles with a sharp pin as you
proceed. Finally, use a sharp knife to
trim away the excess Contact flush
with the panel edges.-Richard A. Kunc
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EXPERIMENTING on living organisms
°- is exciting and-as history shows
-often rewarding. But there just aren't
many people, dogs, birds, fish, etc., that
you can (or would want to) subject to
tests to determine such things as emo-
tional reactions, nervous response, or
sensorial perception. So, how about
plants? They are after all, living things,
and there are many indications that
when stimulated, they have sensitive,
sensible reactions which can be mea-
sured on ordinary electronic equipment.
Before going into the details of the equip-
ment (which you can build for yourself),
let's get to know a little more about
plants and how they tick.

Do They Just Sit? On first thought,
plants appear to be quite remote from
life as we know it. Their sedentary exis-

BY L. GEORGE LAWRENCE

DO THEY REALLY

KNOW IF YOU CARE?

FIND OUT ELECTRONICALLY

tence stands in strong contrast to en-
ergetic animals, which are endowed with
a massive inventory of sensory capaci-
ties, fast reflex movements, and many
active organs.

However, recent research has revealed
that many of the same environmental
factors and stimulations that affect ani-
mals also affect plants. Of course, here
we find modified abilities to sense, feel,
and react. Also, since a plant cannot run
away from a threat to its existence, it
would appear that special internal forces
are set in motion to protect the organism
from shock and possible death. These
phenomena are akin to states of anxiety
in animals and are evidenced by changes
in the plant's psychogalvanic or electric
states which occur in threatening situa-
tions. The recently discovered "Backster
Effect," seems to provide evidence that
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PARTS LIST

B1 -B3 -9 -volt battery

B4 -1.5 -volt D battery
BP1-BP6-Five-way binding post
C1 -0.047-µF capacitor
C2 -0.1-µF, 50 -volt paper capacitor
C3 -0.005-µF capacitor
C4 -0.01-µF capacitor
C5,C6-50-µF, 10 -volt electrolytic capacitor
D1,D2-Silicon diode (RCA SK -3016)

11 -2.2 -volt lamp (222)

ICI-Op amp IC (Fairchild µA741C)
M1-1-mA dc meter (Calectro D1.912)
Ql-Transistor (RCA SK -3011)
Q2-Transistor (RCA SK -3003)
R1 -75,000 -ohm resistor (see text)

R2 -100,000 -ohm linear potentiometer (see

text)

R3 -100,000 -ohm linear potentiometer
R4 -100,000 -ohm resistor

R5,R6,R15-1000-ohm resistor
R7 -240,000 -ohm resistor

R8-3-megohm linear potentiometer
R9 -82 -ohm resistor

RI0,R11-470,000-ohm resistor

R12 -3300 -ohm resistor

R13 -10,000 -ohm resistor

R14 -4700 -ohm resistor
R16,R19,R20-100-ohm resistor
R17 -3.5 -ohm, 1 -watt resistor

R18 -10 -ohm resistor

R21 -8 -ohm potentiometer L pad
S1,S3,S5,S9-Spst switch
S2,S6-Dpdt switch
S4-Dpst switch
S7,S8-Normally open pushbutton switch
TI-Audio transformer; 250/8 -ohm, 200-mW

(Calectro D1-726 or similar)
Misc.-Suitable chassis and cabinet, battery

holders, pilot -lamp mounting assembly,

clamp support, machine clamp, clam in-
sulators, metal electrodes, twin shielded
lead, rubber feet, plastic pot for plant,
knobs, mounting hardware, etc.

Note-The µA741C op amp is available from
PolyPaks, PO Box 942W, Lynnfield, MA
01940, for $0.41.

A) (C) (0) (E)

(A) 60 -unit cassette case. 131/2" high x 12%" deep x 51/2" wide.

(B) 30 -unit cassette case. 131/2" high x 61/2" deep x 51/2" wide.

(C) I2 -unit cartridge case. 131/4" high x 61/2" deep x 414" wide.

Units A, B and C have tilted compartments to prevent spillage
and include pressure sensitive labels for titling.

(D) 6 -unit 7" reel case. 8" high x 71/2" deep x 5" wide. Holds
reels in original boxes.

(E) 20 -unit 12" record case. 1314" high x 121/2" deep x 31/2"
wide. Holds records in original jackets.

A COMPLETE SET OF MATCHED STORAGE CASES
Here's the ideal solution to the problem of keeping all your
records and tapes stored neatly, safely, conveniently and
attractively. A complete set of matched storage cases,
designed by the editors of STEREO REVIEW magazine, for
your records and all your tapes: cassette, cartridge and 7"
reel. Now you can keep them side -by -side on your book-
shelf or cabinet, easy to identify and readily available.
These cases are sturdily constructed and covered in a
handsome leatherette. The outer case is elegantly em-
bossed in gold and comes in your choice of three popular
decorator colors-black, brown and green-so that they
lend themselves readily to the decor of any room.

STEREO REVIEW large capacity storage cases are just
what you've been looking for-they're the ideal solution to
keeping your records and tapes neatly stored for easy use.

4 CHARGE YOUR STORAGE CASE ORDERS
TO YOUR AMERICAN EXPRESS
OR SANKAMERICARD ACCOUNT '--

ZIFF-DAVIS PUBLISHING COMPANY, DEPT. 23
One Park Avenue, New York, N.Y. 10016
ci My remittance in the amount of S Is enclosed

EEH-W74for the cases indicated.
0 CHARGE: 0 AMERICAS EXPRESS 0 BANKANERicARD

Account *
Signature

60 -unit Cassette Cases @ S15.95 each; 3 for $45.00
30 -unit Cassette Cases @ $11.95 each; 3 for $33.00
12 -unit 8 -Track Cartridge Cases 6) S7.95 each;
3 for $22.00
6 -unit 7" Reel Cases @ $5.25 each; 3 for $15.00
20 -unit 12" Record Cases @ 55.95 each; 3 for 517.00

Add 50c per unit ordered fOr postage and handling. Outside U.S.A.
add $1.00 per unit ordered. Payment must be enclosed with order
if not charged.
Check color choice for back of case (sides in black only):

0 Brown 0 Green 0 Black

Print Name

Address

City
Sip

11.USIMPOS

I
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Fig. 2. Leaf contact is made through a highly conductive metal disc and electrode
jelly of the same type used by physicians to make medical electronic tests. Take
care not to crush the leaf when making the contact, and use a stable support system.

plants have some ability to function in
a mode of supersensory perception. This,
of course, invites a host of exciting and
unique investigations.

However, prior to engaging in plant-
oriented experiments, you should realize
that living systems frequently produce
maverick results. While a plant may be
regarded as an organic semiconductor
having variable resistance and self-gen-
erating properties, it also has elements of
apparent cellular consciousness. Elec-
tronic and mechanical response profiles
are not uniform.

TRANSMITTER EFFECT
The behavior of plants in strong r -f

fields has been studied only superficially.
Although excessive energy levels induce
heating and death and although plants
are (electrically speaking) dc -oriented
organisms, they nevertheless incorpo-
rate mechanisms which allow them to
survive in the immediate vicinity of high -

power radio transmitters of all types. To
our knowledge, no tests have been per-
formed to detect psychogalvanic be-
havior in plants under these conditions.

Some plants (such as the Mimosa
Pudica) react rapidly; others give no dis-
cernable reactions to stimuli and still
others exhibit strangely delayed re-
sponses. Remember that typical electrical
signals provided by plants are in the
low millivolt/microampere range. The
equipment described here for making ex-
periments should give you a good start,
but for some extremely sensitive tests,
you should avail yourself of an ultra -high
gain electrometer with input impedances
of 1010 ohms or higher.

Another factor to remember is the
importance of repetition. If, for example,
a plant specimen is stimulated continu-
ously, badly injured by burns or cuts,
infrequently watered, etc., it is bound to
tire quickly, perhaps lapse into shock and
die. Terminal conditions are indicated by
wilting, and discoloration usually fore-
casts death. Depending on the plant's
overall chemistry and the amount of
moisture retained in leaves and stem
structures, a dead specimen is little else
than a simple conductor of the carbon
type and no psychogalvanic response of
any kind should be expected. In short,
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be gentle and allow plants to recuperate
after they have served your purpose.

Some 350,000 plant species are known
to science. At this time, we have no
concise information as to which group is
psychogalvanically superior to others. In
general, however, it has been discovered
(Lund, 1931) that the distribution of
gradients of electrical potentials in large
plants (such as trees) is more complex
than in small plants. Apparently, each
individual cell in a plant is electrically
polarized and acts as a tiny, variable bat-
tery. The electrical potentials occurring
in tissues are summation effects of the
potentials of individual cells which may
act either in series or in parallel (Rosene,
1935). Various mechanisms of correlation
are involved here; but, as you are bound
to discover, there is no complete uni-
formity from one specimen to the next,
either in looks or reactions.

Plant Response Detector. The basic in-
strument for plant experimentation is a

ANNUNCIATOR
BOARD

MAGNETO -TROPISM
This phenomenon was discovered by

Dr. L. J. Audus, of Bedford College, Lon-
don, in 1959, and reported by him in
"Nature" in 1960.

In tests, a viable seed of any plant is
inserted in a small plastic container which
is then placed between the poles of a
strong magnet (of the magnetron type).
For control purposes, another similar
seed and container are placed far away
from the magnet but with all other condi-
tions being the same.

The "magnetized" seedling should
show some bending effects plus a more
emphatic growth than the control.

It is also possible to "quick -ripen"
fruit with a 900 -gauss magnet. For ex-
ample, a number of tomatoes placed at
various distances around the magnet
poles (anywhere from 3 to 17 inches
away) will show varying rates of ripening.
Those closest to the magnet will be the
first to turn red. Horticulturists at the
University of Utah believe that the earth's
magnetic field activates an enzyme sys-
tem inside fruits and vegetables causing
them to ripen and artificially when the
fruit is placed near a powerful magnet.

The prototype was constructed in sections on independent circuit boards, but
any other physical arrangement may be used as well as any type of cabinet.

AUDIO OUTPUT L PAD VOLUME CONTROL

GAIN NULL METER

DC
AMPLIFIER
BOARD
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DC BOOSTER
In tests performed on a tree by the

U. S. Department of Agriculture at the
University of California in 1964, the ap-
plication of about 58 volts dc (negative
electrode high in the tree, positive at-
tached to stainless steel nail driven in
the base of the trunk) showed that leaf
density on the electrified branches in-
creased substantially after 28 days. Over
a much longer period of time, the leaf
growth was 300% over that on the non -
electrified branches.

It was also noticed that when a sensi-
tive dc voltmeter was connected between
two conductors driven into a living branch
(one at the center of a cut-off portion;
the other in the layer just under the bark),
cutting twigs or branches in any other
part of the tree produced a sudden fluc-
tuation on the meter. Even burning a
leaf produced a noticeable effect. Not
only did the natural voltage rise and fall;
at times it even reversed polarity. There
is no explanation for this effect.

response detector whose schematic is
shown in Fig. 1. The detector has both
visual (meter) and acoustical (speaker)
indications of plant reaction. The audio
tone output can also be connected to a
conventional audio tape recorder and a
pen -type recorder can be connected to
the dc amplifier output to make
permanent records of results.

The schematic is divided inta four op-
erational sections: the Wheatstone bridge
input with exciter and input-output pol-
arizer; an op amp guard circuit having a
disabling feature; a high -gain dc opera-
tional amplifier; and an audio tone gen-
erator whose frequency varies with the
potential generated in the plant. The op
amp used has a large -signal gain of
100,000 and has built-in short circuit
protection.

. The circuit can be assembled on perf
board or a printed circuit board. Be care-
ful to avoid heat damage when soldering
the IC and other semiconductors. Ob-
serve the polarity of the electrolytic
capacitors. Either a well -filtered dual 9 -
volt power supply or 9 -volt batteries may
be used for the power source. Use a
suitable metal chassis to house the de-
tector, with the meter and all controls on
the front panel.

Connections to Plant. The pickup elec-
trodes which are attached to the plant
(see Fig. 2) can be of almost any shape
and any metal that has good conductivity.
Stainless steel or silver electrode pairs

will work very well. Use of dissimilar
metals can cause undesirable electrolysis.
The effective size of the electrodes can
be determined experimentally, but nor-
mally would be less than one inch in
diameter. If it is found that the leaf re-
sistance is very high, a larger diameter
on the electrodes is required. If the plant
has thin, moist, semi -opaque leaves, a
smaller electrode is used. Leaf conduc-
tance can be enhanced by using electro-
cardiographic electrode contact cream,
such as ECG KONTAX (Cat No. 391,
Birtcher Corp., Los Angeles, CA 90032).
It is water soluble and should be wiped
off plant leaves after the experiment is
complete. Give the leaf a good rinse after
that. Connections to the electrodes are
made through a shielded pair cable. The
electrodes are insulated from the metal
clamp by pieces of plastic with the leaf
gently compressed between the elec-
trodes. Using the bridge resistor values
shown in Fig. 1, the resistance between
the electrodes should not exceed 250,000
ohms. Also keep in mind that the plant
generates a small current of its own
which, depending on the setting of switch
S2, is superimposed on the excitation
current flowing in the circuit.

THE BACKSTER EFFECT
Cleve Backster, one of this country's

leading authorities on the polygraph (lie
detector) connected a pair of electrodes
to a leaf of a dracaena massangeana
while it was being watered. Surprisingly,
the plant's psychogalvanic reaction pat-
tern resembled that of a human subject
exposed to emotional stimulation.

In further tests, Backster decided to
ignite a match and burn the leaf to
which the electrodes were attached. At
the instant that the thought image oc-
curred in his mind, a dramatic change
appeared on the plant's polygraph read-
out. Tests were carried out on other liv-
ing matter including paramecium, fresh
fruits and vegetables, amoeba, mold cul-
tures, scrapings from the roof of a human
mouth, and yeast. All showed similar
results. It would appear that there is an
unknown communication between all liv-
ing things, outside the orthodox electro-
magnetic spectrum. For example, placing
plants in lead -lined, Faraday -screened
cages, fails to suppress the phenomenon.

It also appears that plants form some
sort of emotional attachment to their
owners. Cleve Backster has reported that
one plant responded to his emotional
attitude at a distance of over 1000 miles.
Obviously, much work remains to be done
in this area.
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Theory of Circuit Design. The resis-
tance of the plant leaf, connected to BP1

and BP2, forms part of a Wheatstone
bridge with the other arms formed by
R1 and the two portions of R2. Power
for the bridge is supplied by B1 controlled
by R3. The final values of R1 and R2

are determined by the type of plant leaf
being used. The resistances must be in-
creased when the leaf is thin and sensi-
tive to avoid over -excitation and unde-
sirable side effects.

The input/output polarizer switch S2

permits reversal of the current applied
to the plant leaf since living matter tends
to saturate and gradually cease to func-
tion as an organic resistor.

The offset signal from the bridge is
amplified in ICI, which is guarded by
diodes DI and D2. When S3 is closed,
these diodes limit the input voltage to the
op amp and protect it from large signals.
However, once the circuit is operational
and maximum sensitivity is required
after M1 has been nulled, S3 can be
opened. The output of the dc amplifier
is indicated on a meter and can be used
to drive a dc pen recorder if a permanent
record is desired. The output also drives
an audio oscillator (Q1 and Q2) whose
frequency is a function of the dc signal.
Transformer T1 couples the audio tone to
an optional audio tape recorder and to
an internal speaker. Capacitor C3 and
resistor RIG provide feedback for the
oscillator.

The circuit is sensitive to a few micro-
amperes of input current, and when this
current changes as a result of plant stim-
ulation, the bias on Q1 changes to alter
the pitch of the oscillator. Indicator lamp
11 momentarily activated by pushbutton
switch S7, permits intermittent tests of
battery voltage and provides for the in-
jection of cue markers on a tape recorder
since the pitch increases when S7 is ac-
tivated. Power to the audio oscillator is
controlled by switch S5.

Transformer Tl provides an audio out-
put for the tape recorder at all times
regardless of the position of S6. In one
position of S6, R17 serves as a load;
while in the other position, R21, an 8 -
ohm pad, is the load. Volume control
is essential since the beep in the audio
tone is annoying to listen to and can pro-
duce an undesired stimulus to the plant.

While performing a particular experi-

ment, the audio signal can be fed to one
channel of a conventional stereo tape re-
corder, while the other channel is sup-
plied with time markers (from WWV or
CHU) or vocal announcements. This per-
mits recording of vocal stimulus to the
plant as well as the plant's response.

Conducting Tests. In connecting the elec-
trodes to the leaf, apply just enough
pressure to make a good contact with the
leaf without crushing it. Place the guard
switch (S3) in the closed position to pro-
tect the IC from an excessive input signal.

When S1 is turned on, power is applied
to the bridge circuit at a level determined
by R3. Then turn on S4 to activate the
op amp IC. Potentiometer R2 is adjusted
for a meter null indication. This null may
have to be re -adjusted when the plant
is in a non -stimulated condition. Note the
pitch of the audio tone coming from the
speaker when the plant is quiescent. A
change in pitch, as well as in the meter
indication, may result when the plant's
well-being is threatened.

The amount of excitation (via R3), and
the state of the input/output polarizer
switch S2 must be determined by actual
use. Obviously, the gain control (R8) can
be adjusted to obtain more or less sensi-
tivity, and S3 can be opened to increase
the gain of the dc amplifier.

There is very little more to be said
about the use of the response detector.
Patience and repetition are the key words.
Obviously, also, controlled conditions are
a must. The area in which the plant lives
must be quiet so that stimuli can be ap-
plied. There should be a minimum of
power -line noise to avoid fluctuations in
the audio and meter indications. There
should be no r -f transmitters in the
vicinity to cause faulty indications. 
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BUILD A

STROBE

CUBE

FLASHER FOR POP MUSIC
OR MOTION -STOPPING STROBE

BY RICHARD M. FISHER

ALTHOUGH
electronic strobes are most

often used in industrial and photograph-
ic applications, the dramatic effect of a
flashing light makes a nice complement to
the modern pop -music scene. It also makes
a good, hard -to -miss, obstruction warning
light.

The Strobe Cube described here can be
used for both purposes, and it has a variable
flashing rate (with a maximum that does

not do harm to the eye). Any type of con-
tainer can be used though the kit mentioned
in the Parts List includes a square translu-
cent plastic box.

Theory of Operation. The circuit is shown
in Fig. 1. Isolation transformer TI is op-
tional, but its use is recommended in the
interest of safety. When the power is on,
capacitor C3 is charged up through the
combination of RI and R2. The voltage
across R2 is also coupled through T2 to the
anode of SCR1. As soon as the voltage
reaches the flashover potential of neon lamp
Il, a positive pulse is applied to the SCR
gate. This causes the SCR to turn on and
C3 is discharged through the primary of
T2. A high -voltage spike is then generated
across the secondary of T2 and is applied
to the trigger electrode of the flashtube. The
main dc power is also applied across the
flashtube, so that as soon as the trigger
pulse occurs, the gas in the tube ionizes
producing a bright flash of white light. Ca-
pacitor C3 is discharged, and the process
repeats. The flash rate is determined by the
resistance setting of RI.

Construction. A PC board foil pattern
and component layout are shown in Fig. 2.
Optional transformer TI is not on the board.
Install all the components except the flash-

tube, observing the proper polarities.

TI IN4003

II7VAC D2

PARTS LIST

CI

20pF

2
+ 205F

T

RI
REDIMEG
DOT

R2
1-2150K

011 0 0

CI,C2-20-µF, 250 volt electrolytic capacitor
C3 -4-µF, 150 -volt electrolytic capacitor
D1,D2-Diode (1N4003)
11-NE-2 neon lamp
12 -5 -watt flashtube (see note)
R1-1-megohm linear -taper potentiometer

(with integral SI)
R2 -150,000 -ohm, 1/2 -watt resistor
R3 -150 -ohm, 1/2 -watt resistor
S1-Spst switch (on RI)
SCR1-Silicon controlled rectifier (2N2325)

/C3 I

49F NE -2

T
R3

12
FLASHTJBE

!Son.

SC RI
2N2325

TRIGGER
WIRE

T 1-117V :117V isolation transformer (op-
tional)

T2-Trigger transformer (see note)
Misc.-Suitable translucent plastic cube,

mounting brackets, TV cheater assembly,
knob, mounting hardware, etc.

Note-The following are available from DEC,
45 First Ave., New York, NY 10003: 5 -watt
fiashtube (FT -10A), $3.75; trigger trans-
former (TR-1A), $2.00; SCRI, $2.00; PC
board. $4.00; PC board and all parts (ex-
cept T1), $15.95; Plexiglass cube, $5.95;
complete kit, $20.95. Add $1.35 on all
orders to cover postage and handling.

Fig. 1. Flashtube is triggered when SCR1 turns on and charge on C3 leaks off through T2.
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Fig. 2. Actual size foil pattern for the
strobe cube is shown at right. Com-
ponents are mounted as shown above.

O

The flashtube has three leads, one at each
end of the U tube and one connected to as,.`
strap around the tube. The latter connec-
tion is the trigger electrode. Solder a short
length of thin wire to this electrode and
wrap it around the tube four times, making
sure that the wire does not contact either
of the other two leads. Wrapping the wire
around the tube increases the trigger lead
surface contact. Mount the flashtube in
place, noting that the cathode has the large
electrode and should be connected to the
minus side of the power supply. Trigger
transformer T2 has a red dot at one pin
(the high -voltage pulse terminal) and must
be connected as shown.

A conventional TV "cheater" connector
was used on the prototype to make the ac
contacts.

All components except T1 are mounted
on PC board as shown on prototype.

Testing and Installation. Connect the ac
cord to the isolation transformer and turn
on Si (located on RI). A 3-ampere' fiat
may be used to protect the circuit until you
are sure that it works properly. Do not
touch the circuit until you have made sure
that all capacitors have been discharged.
Changing the setting of RI will cause the
strobe to flash at different rates.

If you make the cube, mount the PC
board on the bottom plate, remembering
that the potentiometer mounting hardware
is used to hold the bottom plate to the re-
mainder of the cube. Cut a small hole in
the side of the cube where the potentiome-
ter is located. The rest of the cube is ce-
mented together and a small piece of plastic
is cemented to the side opposite the poten-
tiometer hole so that a small holding screw
can be inserted through the bottom.

OPERATING CONDITIONS
The equivalent series capacitance of Cl

and C2 is 10 /IF. The energy input to the
tube, per flash, is E = Y2CV2 = 3i( 10 x
10-6) ( 340)2 = 0.578 joule. At six flashes
per second, the total power to the tube is
6 times the energy per flash or 3% watts,
which is well within the 5 -watt rating of
the flashtube. Approximately 9 flashes per
second will hit the 5 -watt limit. With the
circuit enclosed, any heat generated re-
mains in the enclosure. Therefore, if the
flasher is to run continuously near its maxi-
mum rate, ventilation holes must be used.
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POWER -LINE BOOSTER/REDUCER

OFFSET VOLTAGE FLUCTUATIONS

SIMPLY AND INEXPENSIVELY

pOWER-LINE fluctuations are common
occurrences these days. In some locali-

ties, periodic voltage increases can be ob-
served. In other localities, especially in large
urban areas where peak demand can exceed
the power company's ability to supply, volt-
age reductions are a way of life. Whether
they are increases or decreases, changes in
the line voltage that is supplied to some
test instruments can have adverse effects on
the instruments' operation.

It is necessary, therefore, to supply any
voltage -sensitive instruments on your work-
bench with a facility for offsetting power
line fluctuations. To accomplish this, you
can install a booster/reducer right in the
equipment by connecting a transformer in
the primary circuit of each instrument.

INSTRUMENT
PWR

XFMR
PRI

Instruments that are voltage -sensitive
must be protected from power -line
fluctuations. This circuit does it eas-
ily with only a transformer and ro-
tary switch. Addition or subtraction of
12 volts is obtained in 3 -volt incre-
ments taken from taps on transformer.

Ordinarily, a power -line booster/reducer
requires several switches to provide the
needed functions. This makes the setup
shown in the schematic diagram especially
interesting inasmuch as the boosting, reduc-
ing, and in/out functions are all accomp-
lished by means of a single 7 -position ro-
tary switch. A multi -tap transformer, with

BY FRANK H. TOOKER

three outputs on each side of the center-
tap, makes the simplification possible.

With the switch set at its center position,
the output voltage from the -transformer into
the instrument's power transformer primary
is unchanged from that supplied by the ac
line. However, when the switch is set to
any other position, the system adds or sub-
tracts the amount of voltage selected from
the line -voltage level. By this means, a max-
imum addition and subtraction of 12 volts
can be obtained in 3 -volt increments, start-
ing at 6 volts. Electrically, whether addi-
tion or subtraction takes place is a matter
of phasing.

The Burstein-Applebee Co. Stock No.
13A-902 transformer, which can be pur-
chased for $4.99 plus postage, is rated at 1
ampere. It is very well made, with the pri-
mary and secondary wound on a nylon bob-
bin. When selecting a rotary switch, get one
with contacts rated at 1 ampere at 117 volts.
If possible, choose a ceramic type over the
phenolic type.

Most test instruments have more than
enough space inside their cabinets to ac-
commodate the extra transformer. If this is
the case in your instrument, locate the
booster/reducer transformer as close to both
the instrument's power transformer and fuse
assembly as possible.

Unless the front panel of the instrument
is extremely crowded-and few are-the
add-on rotary switch can be mounted in
any convenient location on the panel. How-
ever, when mounting the switch, make ab-
solutely certain that it does not interfere
with the operation of other switches and
controls nearby. Also, when wiring the
switch to the booster/reducer transformer
and the primary of the instrument's power
transformer, use No. 18 stranded wire. If
practical, use the heavy wire leads on the
add-on transformer to connect it to the
switch. Do not ground any part of the add-
on assembly.
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Testing
Power

Supplies
SIMPLE CIRCUIT IS HIGHLY ACCURATE

A T ONE TIME or another it becomes
^ important to be able to check the
line and load regulation of low -voltage
power supplies. Besides being of intrinsic
interest, such data are highly practical.
Many circuits are fussy about their
power requirements, and poor perfor-
mance or blown components may re-
sult if power regulation is off.

For supplies of modest performance
(0.1 to 2% regulation), checking the
output can get to be a bit sticky. Multi -
meters do not have the necessary resolu-
tion; and better meters are usually too
expensive. Consequently, performance is

Fig. I. Reference voltage bucks out tested
voltage until the voltmeter indicates zero.

*SEE TEXT

BY JAMES N. DEMAS
rarely verified; the experimenter just
crosses his fingers and suffers the conse-
quences if something goes wrong.

Fortunately, a neat, inexpensive solu-
tion to this problem exists for supplies
delivering five or more volts. All you need
is a suitable battery, a potentiometer, a
fixed resistor, and a high -input impedance
TVM or VTVM with a low dc voltage
full-scale readout.

How It Works. The circuit (shown in Fig.
1) can be breadboarded quite easily in a
few minutes. Potentiometer RI and re-
sistor R2 are in series across the battery,
BI. Thus, depending on the setting of RI,
a wide range of dc voltage is possible be-
tween the rotor of RI and the nega-
tive battery terminal. The voltage of the
battery should be slightly higher than
that of the supply being measured. Reso-
lution is improved if RI is a multi -turn
potentiometer.

The voltage from the battery (EREF)

and the supply to be tested (Er') are con-
nected as shown. A voltmeter connected
between points A and B indicates the
difference between the two voltages. The
difference can be nulled by adjusting the
reference voltage. As long as the refer -
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ence is stable, any changes in Ea (result-
ing from warm-up drift, line or load vari-
ations, etc.) appear as meter indications.
For example, if E0 is 10 volts and the
voltmeter is set to its 0.3 -volt range, a
deflection to 0.1 volt would mean a 1%
change in E. A change of 0.01 volt,
which is easily read, corresponds to a
0.1% change in Eu. Thus, even a well
regulated supply can be checked.

Comments on Use. The voltage of B1
must be high enough for EREF to equal
Ea. Because of the low current drain,
ordinary 9 -volt transistor radio batteries
may be used: one for supplies of 5 to 9
volts, two for 8 to 18 volts, and 3 for 17
to 27 volts. Resistor R2 should be about
175,000 ohms for one or two batteries;
350,000 ohms for 3 batteries. Even low-
cost batteries have a stability better than
0.05% over a period of one hour.

Keep in mind that the voltmeter may
drift with time. To zero the meter, re-
move one lead from the test circuit and
short it to the other. Do not short the
meter while it is in the circuit. As B1
ages, it will become too unstable for
meaningful data to be obtained. If drift
is noted when a new battery is put in,
then you can be sure that a new one was
needed.

Allow the reference supply to warm up
for about 15 minutes; then adjust R1 to
obtain a null on the meter when Et, is
turned on. When the zero is obtained,
call it time zero. Note the meter indica-
tions at appropriate time intervals (every
five minutes, for example) and record

20

Fig. 2. A typical chart of varia-
tion of the output of a homemade
power supply over 20 -min period.

them. The percent regulation is (EM/E)
x100%. A chart of variations will look
somewhat like that shown in Fig. 2.

Output regulation as a function of load
can also be plotted as shown in Fig. 3. In
both of these examples, the supply was a
homemade low-cost 15 -volt circuit. Line
regulation can be also checked by using a
Variac or similar voltage -variable source
in the input. In this case, a 10% change
in line voltage produced a
0.45% (67 mV). This shows that accurate
measurements can be made, even with
supply changes under 1%.

Fig. 3. Output regulation as a function of
load current can be plotted as shown here.

0.0

0.1

0.2

-Q3

0 5 10

LOAD CURRENT (mA)
15

0
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Build a

DIGITAL
LOGIC
TRAINER
BABY COMPUTER PERFORMS 32 FUNCTIONS

AND TEACHES BOOLEAN ALGEBRA

THERE
have been quite a number of arti-

cles appearing in various magazines cover-
ing digital logic. In most cases, they dealt
with simple applications of logic in clocks,
frequency counters, or digital multimeters.
However, there are very few articles covering
the use of digital logic in computation-such
as the construction of real digital computers.

The digital logic computer described here
is an arithmetic/logic function generator that
can perform 16 binary arithmetic operations
including addition, subtraction, decrement,
and straight transfer and 16 logic functions
including AND, NAND, OR, NOR, Exclu-
sive -OR, and comparator. Not only will this
combination allow you to learn and use
binary arithmetic, it will also enable you to
study logic and Boolean algebra.

To use the computer, all you do is set the
appropriate selector switches and enter the
data as two 4 -bit words. There is no re -wiring
or patching required for any of the 32 avail-
able functions.

The computer is designed around a
medium -cost IC (75 equivalent gates on a
single chip) and a multi -contact rotary
switch.

Construction. There are no special con-
struction techniques required and lead dress
is not critical. Of course, neat layout of the
leads will result in a more esthetically appeal-
ing unit as well as one that is easier to trouble-
shoot, should the need arise. In the prototype
shown in the photographs, many of the leads
( those interconnecting the IC, the function

,c,tc

hM

BY JACK GAZES

selector switch, the binding posts, the lamp -
driver boaid, the output lamps, and the
bank of data input switches) were tagged
with 34" -wide numbered wire markers.

The computer is housed in a 7" x 5" x
3" aluminum case, with the 16 -position func-
tion selector switch mounted horizontally at
one end. All other switches, lamps, andbind-
ing posts are located on the front. The case
should be drilled, painted, and marked, using
dry transfer lettering, before mounting the
components.

The function selector switch, Si, should
be wired first, as shown in Fig. 1. It is con-
venient to complete this wiring outside the

Fig. 1. Wire S1 as shown here with
connections to the IC, BP1 and BP2.
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case, leaving leads 8 or 10 inches long, to be
connected to the IC and BPI and BP2. Label
these leads appropriately and mount the
switch in the case.

Insert the 24 -pin IC socket in the center
of a 2" x 2" piece of perforated phenolic
board (hole spacing, 0.100") . It is advisable
to use a socket for the integrated circuit to
prevent possible heat damage resulting from
soldering directly to the IC. Connect the four
leads from the rotors of SlA, S113, SIC, and
SID to the IC socket according to Figs. 1
and 2. Connect long leads to all other IC
socket pins except #15 and #17, marking
them with their respective pin numbers, and
then mount the board in the case.

Wire the six lamp -driver circuits as shown
in Fig. 3. Here again, it's convenient to use

co

O
z

Vcc AI BI A2 52 A3 53
IC (SN74181)

e BO Ito S3 S2 SI SO CN M

O

0
0
O
I-

0
0

O

4
N
0

0
O
0
0

0

O

4
O

O
I-

0

I-
O

0

O

4
0

O

N0

I-

N
a.

0
1 -

NOTE: S6/COM MEANS"THE COMMON TERMINAL OF S6"
NC" NO CONNECTION"

Fig. 2. Top view of connections to
the IC. It is best to use a socket.

a small piece of perf board to mount the resis-
tors and transistors. The lamp assemblies are
mounted in the front of the case and then
wired to the driver circuits inside the case.

Using Fig. 4 as a guide, install all of the
wiring that interconnects S2 through S11.
The leads running from the IC socket to S2
through SI/ should now be connected. The
only remaining task is to connect all leads
going to the two binding posts and the lamp-
driver circuits (LD1-LD6) from Si, S2
through S//, and the IC socket. Wiring is
now complete. Check all of your wiring care-
fully and, when you're sure all is correct, plug
in the integrated circuit. You're now ready to
try out your computer.

Testing and Operation. Connect a regu-
lated 5 -volt dc supply to BPI (pos.) and
BP2 (neg.). This will provide supply voltage
to the IC and the lamp -driver circuits, and

0,

LDI

LD2

LD3

LD4

LDS

LD6 R6

01-012.2N5I29
RI -R6 22K
11-16 5V, 50mA LAMP

Fig. 3. Lamp drivers with high input
impedance display the final result.

logic 1 level voltage to the input and function
selector switches. Internal grounding repre-
sents the logic 0 state at the various inputs.
In actual operation, outputs at a logic 0 level
will be near zero volts, whereas outputs at a
logic 1 level will be well above zero ( 3 volts).
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r-TO BPI

:1 21

52

IC -23

ID
L..2) (1)

IC -2
TO

TO BP2

TO BPI

IC -22

LOGIC

21

IC -1

TO BP2
F.TO BPI

S6

"A" WORD INPUT
SWITCHES

S2, S3, S4, S5

"rWORD INPUT
SWITCHES

S6, S7, S8,S9

TO BPI

MODE CARRY INPUT
SII

SWITCH SWITCH
IC -8 IC -7

TO BP2 TO BP2
NOTE:THAT WIRING

OF SII IS THE REVERSE
OF S2 THROUGH SIO

Fig. 4. Wiring of mode of operation
switches and those for word inputs.

A logic 0 state will result in an unlit lamp,
whereas a 1 state will turn the lamp on.

Arithmetic functions are obtained by set-
ting S/O to ARrni and S// to the logic 0 posi-
tion. The desired function is then selected
from Table I and function selector Si is set
to the appropriate position..

For logic functions, SiO must he set to
the LOGIC position. Setting of S// is irrele-
vant in this case. The desired logic function
is selected from Table II and Si is set to
the appropriate position. In this mode of
operation, the internal carry is disabled.
Thus, one can enter four different combin-
ations of input conditions and observe their
respective outputs simultaneously.

Exhaustive testing of the computer would
require going through each of the 32 avail-
able functions, setting the "A" and "B"
input switches to all of their possible com-
binations and seeing that the result is what
it should be. This would be beyond the
scope of this article and is probably unnec-
essary. However, using Tables III and IV
as guides to typical operation, set the input

TABLE I-ARITHMETIC FUNCTIONS
S1 Position Function

1 A
2 A+
3 A + AB
4 Minus 1*._
5 A plus AB
6 (A + B) plus A173-
7 A_minus B minus
8 AB minus 1

9 A plus AB
10 A plus B
11 (A + B) plus P.13
12 AB minus 1
13 A plus A***
14 (A + B) plus A
15 (A + B) plus A
16 A minus 1

General Note: Plus signs are logic OR
functions (as in positions 1, 2, and 3
of switch Si). Arithmetic functions are
spelled out.
*Displayed as its 2's complement.
**Also used for comparator function,
A,- B.
***Each bit in binary N shifts to the
next more significant position.

switches as shown and check to see that
your output levels correspond to those given
in the tables.

The expressions shown in Tables I through
IV are written in Boolean algebra. Let's
briefly review the notational system used:

1. A "high" or "yes" logic level is written
as 1, whereas a "low" or "no" logic level is
written as 0. An exception to this notation
is at the CARRY OUT. Here, because of the
way in which the IC was designed, the re-
verse is true. Thus, when CARRY OUT is 0,
its voltage level is high, (lamp turned on),

TABLE II-LOGIC FUNCTIONS
S1 Position Function

1 A (Inversion of A)
2 A ± B (NOR)
3 AB
4 Logic 0
5 AB (NAND)
6 B (Inversion of B)
7 A e B (Exclusive OR)
8 AB
9 B

10 A ED B

11
12 AB (AND)
13 Logic 1
14 A B

15 A + B (OR)
16 A
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TABLE III-
ARITHMETIC FUNCTION TESTS

(Set S10 to ARITH, Sll to 0)
S1 A inout B input Output

8421 8421 Carry 8421 A= B
1 1010 0101 1 1010 0

2 0011 1010 1 1011 0

3 0011 1010 1 0111 0

4 0000 0000 1 1111
1111 1111 1 1111 1

5 1111 0000 0 1110 0

6 0101 0100 1 0110 0

7 0000 0000 1 1111
1000 0011 0 0100 0

0011 1000 1 1010 0

8 0000 0000 1 1111 1

9 0110 1001 1 1100 0

10 1000 1100 0 0100 0

11 1110 1001 0 0110 0

12 1111 1011 0 1010 0

13 0101 0000 1 1010 0

14 0100 0001 1 1001 0

15 0100 0001 0 0010 0

16 1000 0000 1 1111 0

and vice versa. If this becomes annoying,
you can reverse the output by inserting an
inverter stage between pin 15 of the
SN74181 and LD1.

2. A line over an expression means "not."
Thus, A is read as not A, and B is read as
not B. If A = 1, then A = 0, and vice versa.

3. AB is read as A and B. AB is read as
A and not B.

4. A B is read as A or B. A + 13 is read
as A or not B.

5. A ED B is read as exclusively A or B.

TABLE IV-LOGIC FUNCTION TESTS
(Set SIO to Logic, Sll irrelevant)

S1 A input B input Output
8421 8421 Carry 8421 A = B

1 0101 0000 1 1010 0

2 1001 1100 1 0010 0

3 1010 0011 1 0001 0

4 0000 0000 1 0000 0

1111 1111 1 0000 0

5 1001 1010 1 0111 0

6 0000 1111 1 0000 0

0000 0000 1 1111 1

7 0101 0110 1 0011 0

8 0101 0110 0 0001 0

9 1100 1010 0 1011 0

10 1100 1010 0 1001 0

11 0101 1001 1 1001 0

12 0101 1001 0 0001 0

13 0101 1001 1 1111 1

14 1100 1010 0 1101 0

15 0101 1001 1 1101 0

16 0101 1001 0 0101 0

6. Arithmetic addition and subtraction are
written as "plus" and "minus", respectively.

Using the Computer (Addition). Binary
addition of two 4 -bit numbers is accom-
plished by entering them as A and B and
reading the result directly. If the result is
greater than 15 there will be a "carry out"
(CARRY OUT = 1, lamp off). Thus:

1 0 1 1 A (BINARY 11)

0 0 1 1 B (BINARY 3)

1 1 1 0 SUM (NO CARRY OUT)

BUT 1 0 1 1 A (BINARY 11)

1 1 0 0 B (BINARY 12)

0 0 1 1 1 SUM (WITH CARRY OUT)

CARRY

Subtraction. Enter the two numbers with
which subtraction is to be performed into
A and B inputs. The result, for Function 7
in Table I, will be A minus B minus 1,
rather than only A minus B. The reason for
this can be understood by examining the
procedure by which subtraction is performed
within the integrated circuit. We must first,
however, define a couple of terms.

1. If each bit in a binary number is in-
verted (i.e., zeroes changed to ones, and
vice versa) the result is known as the "l's
complement" of the number. For example,
given the binary number 1 1 0 1, its l's
complement would be 0 0 1 0. Note that the
sum of a binary number and its l's com-
plement is always a binary number com-
posed of all ones (1 1 0 1 plus 0 0 1 0=
1 1 1 1 ). A number can be converted to its
l's complement in the computer with Si in
logic position 1 for a binary number entered
into A and with Si in logic position 6 for a
binary number entered into B. Set your
computer for Lome with Si on 1. Enter
binary 1100 into A and observe that the
output reads 0 0 1 1, the l's complement of
the entered number.

2. If the l's complement of a number is
increased by one (i.e., add 1 to it) the result
is called the 2's complement. Thus, the 2's
complement of 1 1 0 1 would be

1 1 0 1 GIVEN NUMBER

0 0 I 0 1'S COMPLEMENT

PLUS 1 ADD 1

0 0 1 1 2'S COMPLEMENT

Now let's return to the mechanism by which
subtraction is performed. To subtract B
from A, the l's complement of B is added
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ICI

This shows how the prototype was as-
sembled. Note mounting of IC board.

to A. This is done internally, within the IC.
We've already seen, however, that the result
of this type of subtraction is not A minus B,
but rather A minus B minus 1, which is one
less than the result we want. Some larger
machines automatically correct this result
by a technique known as an "end -around" or
"forced" carry. Let's follow what happens,
for example, in subtracting 3 from 8:

A 1 0 0 0 A (BINARY 8)

ADD y 1 1 0 0 1'S COMPLEMENT OF BINARY 3

0 0 1 0 0 BINARY 4,i.e.,8 MINUS 3 MINUS 1

ADD
k. END-

1 END -AROUND CARRY OPERATION
AROUND

0 1 0 1 BINARY 5,I.e.,8 MINUS 3

With this computer, this end -around carry
must be performed externally. It can be
simulated by simply switching Si 1 to the
1 position, thus adding 1 to the result. Don't
forget to switch S// back to 0 for normal
arithmetic operation!

We have seen that the l's complement
method of subtraction is a two-step pro-
cedure. Most larger computers use a
different, one-step method that is more
economical in terms of time required and
makes use of the 2's complement of the
subtrahend. Two's complement subtraction
involves conversion of the subtrahend to
its 2's complement, followed by its addition
to the other number. Thus, 3 from 11 is:

1 0 1 1 BINARY 11

ADD 1 1 0 1 2'S COMPLEMENT OF BINARY 3

1 0 0 0 BINARYB

F=A OA

A

F.A+Bo0

B

A
0 -

O
B

O
F= AB0

B

_ B
F.B

F=AB

0
B

A
0
O
B

A+B

AND AB

NAND A8

OB

A+

AND AB

Fig. 5. Logic functions performed by
the computer are represented here in
symbolic "electronic shorthand" form.

PARTS LIST

11-16-.5-V, 50-mA miniature lamp assembly,
with plastic cap (Southwest Technical
Products, Inc., Box 32040, San Antonio,
TX 78216, Part 57ASP-007 )

ICI-Integrated circuit (TI SN74181)
BPI-BP8--4-way binding post (H. H. Smith

Type 1517)
Q1-Q12-Transistor (National 2N5129)
R1 -R6 -22,000 -ohm, %-watt resistor
R7 -1000 -ohm, 1/4 -watt resistor
S1 -4 -pole, 16 -position rotary switch, non -

shorting (Centralab PA -3007)
S2-S11-Spdt, miniature toggle switch (Alto

MST -105D)
Misc.-Aluminum case (7" x 5" x 3") (Bud

CU2I08A or Premier PMC-1008); 24 -pin
IC socket; phenolic pert board (2) (2" x
2" and 11/2" x 4") with 0.100" hole spacing.

Note: A set of twelve 2N5129 transistors and
one SN74181 integrated circuit is available
from Electronetics Co. Inc., Box 278, Cran-
bury, NJ 08512 for $14.00, postpaid.
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Comparator Functions. To use the A =
B comparator function, set the computer up
for subtraction (S10: ARITH; Sii: 0; Si: 7).
Whenever A is equal to B, the A=B output
will be in a 1 logic state (lamp on). A
second comparator function works as fol-
lows. With S/O on ARITH and SI on 7, there
are four possible conditions: (1) with S//
= 0 and CARRY OUT on, A is less than or
equal to B; (2) with S11 = 1 and CARRY
OUT on, A is less than B; (3) with S11 = 0
and CARRY OUT off, A is greater than B; and
(4) with S// = 1 and CARRY OUT off, A is
equal to or greater than B.

Logic Functions. The sixteen available
logic functions shown in Table II as Boolean
algebra expressions will accept four different
sets of input conditions and provide the four
resultant outputs simultaneously; this is be-
cause when the computer is set up in the
logic mode, the internal carry is disabled.

ICI LAMP DRIVER
BOARD

14 16.-4; 11K-7

*VA

"It.-,
1144

44;

12 14 16
II 13 15

SI

The computer is simple to build when
wired in sections as in Figs. 1 to 4.

Equivalent logical block diagrams are shown
in Fig. 5 for some of the available functions.
To use them, set S/O to LOGIC and Si to the
desired function. Enter input conditions via
A and B, as required by the function select-
ed; up to four conditions may be entered
simultaneously. Observe the resultants at
the four outputs.

NOVEL USE for LED
AN AID FOR THE HARD OF HEARING

L ight-emitting diodes (LED's) are now
widely used as power -on indicators or

state readouts, or in other reasonably com-
plex indicator circuits. However, an LED
can also be fun and very handy when used
in some non -critical and unusual circuits.

A typical LED operates in the potential
range between 1.2 and 3 volts and requires
a maximum current of about 20 mA. Con-
sidering its small size, it can generate a
surprising amount of useful light.

The voltage required for the one watt
of power for a conventional 8 -ohm speaker
is within the LED range. Try clipping an
LED across the speaker voice coil and
watch the light flicker with the program
material. With LED's available in different
colors, here is a chance to make the world's
simplest and smallest color organ.

For the Handicapped. If you connect an
LED to the speaker terminals of a telephone
amplifier, it makes an interesting and help-
ful item for the deaf. With the phone in

BY ROLAND J. McMAHAN

the amplifier cradle, the LED will glow
steadily if the volume is brought up and
there is a dial tone. A busy signal is indi-
cated by a fast flashing; ringing by a long
steady, intermittent glow; and a received
voice produces a variable -strength glow.
Deaf people have easily recognized the
signal difference between" "no" and "OK."
Thus, by judicious questioning, they can
find out if their spoken message has been
understood. If the deaf person is also mute,
a buzzer or an audio oscillator at each end
of the line permits Morse code conversation
over the telephone easily and without as-
sistance.

An LED connected to the speaker ter-
minals of a record player, in conjunction
with a Morse code record, has been success-
fully used to teach the code to a group of
deaf people. One deaf student will soon
have her novice license; and with an LED
at the audio output of her receiver, will
have no problem holding conversations with
other hams all over the world.
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WHEN IT comes to determining how the
" current weather will affect us, the rela-
tive humidity is almost as important as the
temperature. (Isn't that why the weather
bureau gives us the temperature -humidity
index every day?) There are many sophisti-
cated ways of measuring the relative hu-
midity; but if you would like to have your
own hygrometer, here's a good direct -read-
ing, fast -responding unit that can be built
easily and cheaply.

Many salts, such as common table salt
(sodium chloride), are hygroscopic in na-
ture. That is, if the ambient atmosphere
has a higher water vapor content (high hu-
midity) than the salt, the salt absorbs the
moisture until the vapor pressure of the salt
equals the vapor pressure of the atmosphere.
At that point the absorption stops, and the
salt has some definite ohmic resistance.
When the ambient atmosphere drops in hu-
midity, the salt gives up its moisture, and
has a higher ohmic resistance.

This change in resistance with humidity
can be used in a standard bridge circuit
with a meter that is calibrated in percent
humidity. However, since salts exhibit some
form of polarization to dc current, mani-
fested by a continual resistance change as
long as the dc is applied, it is necessary to
use ac current in the circuit (see Fig. 1).

Circuit Operation. Transistor Q1 and its
associated components are arranged in a

Electro-

Chemical

Hygrometer
LOW-COST UNIT MEASURES
AMBIENT RELATIVE HUMIDITY

BY JOSEPH GIANNELLI

twin -T oscillator configuration. With the val-
ues shown in Fig. 1, the frequency is about
400 Hz. The output of the emitter of Q1
provides the ac signal to the bridge. Power
is supplied to the meter during the positive
half cycles. The two variable controls (R5
and R6) are used to set the two ends of the
meter scale.

Construction. The circuit can be assem-
bled on a small PC board using the foil
pattern shown in Fig. 2. The board is
mounted directly on the meter terminals
through the two holes on top of the board.
Large solder lugs are used to make the elec-
trical connections to the meter terminals.

Construction of the sensor is shown in Fig.
3. A %"-wide strip of fiberglass cloth
(about the same weight as a handkerchief )
is mounted as shown. After clamping both
ends in the brass plates, the weave threads
are removed from the cloth to improve the
response time. The completed sensor is
dipped into a solution of lithium chloride
(a mound of the salt about the size of a
dime dissolved in a tablespoon of water).
After soaking the sensor, shake off the ex-
cess solution and allow the sensor to dry.

Calibration and Test. When assembly is
complete and the sensor is dry, attach about
8 inches of insulated wire to each end of the
sensor, connect it to the circuit, and sus-
pend the sensor in an 8 -ounce jar contain -
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2N3711

R2
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PUSH TO READ 81

8.4V

S2

Fig. 1. Twin -T oscillator circuit (Q1) provides the depolarization current for
the humidity sensor which is one leg of a bridge circuit, with meter driver Q2.

PARTS LIST

BI -4.2 -volt mercury battery (2 required)
(Mallory TRI 33 or similar)

CI -0.05-µF Mylar capacitor
C2, C4 -0.1-µF Mylar capacitor
C3 -0.005-µF Mylar capacitor
MI-1-mA (or less) meter
QI,Q2-2N3711 or 2N3392 transistor
RI -2400 -ohm resistor
R2 -51,000 -ohm resistor
R3 -36,000 -ohm resistor
R4 -16,000 -ohm resistor
R5 -250,000 -ohm, PC -type potentiometer

R6 -1000 -ohm, PC -type potentiometer
R7 -2500 -ohm resistor
R8 -200 -ohm resistor
R9 -3900 -ohm resistor
R10-(see text)
SI-Normally open pushbutton switch
S2-Spdt slide switch
Misc.-Battery holder, 25,000 -ohm potenti-

ometer for 100% check, suitable chassis,
fiberglass cloth (handkerchief weight),
lithium chloride ( 1 oz, available at chemical
supply houses or Conso-Lab Supply Co., 7
Endo Blvd., Garden City, NY 11533), hard-
ware for sensor, mounting hardware, etc.

ing a wad of water -soaked tissue. Do not
allow the sensor to touch the wet tissue.
The sensor leads can be brought out under
the jar lid. After a few minutes, place S2
in the bridge position, depress pushbutton
Sl, and adjust R6 to obtain a 100% indi-
cation on the meter scale. When you are
satisfied that the reading repeats after a few
more minutes, remove the sensor from the
jar, disconnect it from the circuit, and
substitute a 25,000 -ohm potentiometer for
the sensor. Adjust this potentiometer to ob-
tain a 100% indication on the meter. Dry
the sensor by placing it in the air stream
from a fan.

Without disturbing the setting of the 25,
000 -ohm 100% humidity potentiometer, re-
move it from the circuit (for use in later
checks), and re -connect the dried sensor.

To determine the local ambient humid-
ity, use a conventional bulb thermometer to
record the temperature. Then wrap the bulb
with water -soaked tissue and place it in the

PSYCHROMETRY TABLE

Percent
Humidity

Dry
Bulb

Wet
Bulb

Dry
Bulb

Wet
Bulb

Dry
Bulb

Wet
Bulb

10 75 50 70 47 65 44
20 53 50 47
30 56.5 53 48.5
40 60 56 52
50 62.5 58 54
60 65 61 56.5
70 68 63 59
80 70 65.5 61
90 72.5 68 63
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TO
TO S2 SENSOR

01 802
COM

TO MI
TOS18+8.4V

(BEND
C BACK)

Fig 2. Foil pattern (right) and com-
ponent layout (above). The board is
mounted right on the meter terminals.

air stream from a fan. Record the lower
temperature. The accompanying table is a
greatly simplified psychrometric table
that relates dry-bulb temperatures to wet -
bulb temperatures and converts the two

Fig. 3. Sensor is a small piece of 1/2"
fiberglass with some weave removed.

REMOVE WEAVE
AFTER CLAMPING

1/2"1110 X 1/32"
BRAS (4)

-2-56X 3/8"
BRASS OR S.S.

FIBERGLASS
CLOTH

FIBRE BOARD
2" X ve X 1/16"

ALL HOLES ARE .0* 44

readings to percent humidity. A more de-
tailed psychrometric chart can be found
in almost any book on air conditioning in
your local library.

After a short period of time, the sensor
will have taken on the local humidity and
potentiometer R5 can be adjusted so that
the meter reads the same as the humidity
determined from the dry and wet thermom-
eter readings. Using the previously set 25,-
000 -ohm potentiometer in place of the
sensor, recheck the 100% point and adjust
R6 if necessary. Recheck the local humidity
and adjust R5 again if necessary. The two
potentiometers (R5 and R6) are set to ob-
tain the best compromise. The two calibrat-
ed points will repeat accurately at room tem-
peratures between 68° and 78°F, but will
be off by about 10% at other temperatures.
If you require better accuracy, many wet/
dry-bulb readings may be made at differ-
ent times, with required corrections noted.
Then a new meter scale can be fabricated.

An increase in humidity will require
about % to 1 second to register, but a de-
crease will require about 3 minutes to reg
ister.

Resistor R10 is used to keep tabs on the
battery. Use a value that will produce about
a %-scale indication on the meter, with a
new battery and S2 in the battery test po-
sition. Mark this point on the meter scale.
Typical values for R10 are 11,000 ohms for
a 1-mA meter movement and 22,000 ohms
for a 0.5-mA meter.
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TODAY'S
Surplus -Equipment Dealers

MANY
"new" electronics hobbyists have a

distorted picture of what surplus parts
and equipment dealers are and what type of
wares they have to offer. They have a stereo-
typed picture of a dingy, dark shop crammed
full of disorganized piles of junk.

While this may have been an accurate
picture in the years immediately following
World War II when military gear created a
big surplus glut, today's surplus dealers have
done much to change the picture and im-
prove their images. Most of them operate out
of fairly modern warehouses and stores. A
few have even grown so big that they occupy
entire multi -storied buildings.

There are literally dozens of dealers doing
business in the surplus market. Obviously,

BY ALEXANDER W. BURAWA

for a first crack out of the barrel, you needn't
write to all of them. But you will need a short
list of companies to get you started collecting
catalogs. We have compiled a short list that
is relatively complete insofar as covering the
whole range of items currently offered:

For true military and surplus gear, you
can obtain a catalog from G&G Radio Supply
Co., 45 Warren St., New York, NY 10007.
For computer and other commercial items,
a good catalog to have on hand is one from
Delta Electronics Co., Box 1, Lynn, MA
01903.

Solid-state items are currently the "big
thing" in experimenter electronics. So, for
transistors, diodes, and linear and digital IC's
( including readouts) , you will want to have

- catalogs from Solid State Systems, Inc., P.O.
Box 773, Columbia, MO 65201; and Solid
State Sales, P.O. Box 74A, Somerville, MA
02143.

While almost all of the companies in the
surplus electronics business feature small
parts offers (resistors, capacitors, trans-
formers, etc.) Poly-Paks, P.O. Box 942E,
Lynnfleld, MA 01940, has made a specialty
of supplying quantity assortments of every-
thing from resistors and capacitors to tran-
sistors and diodes to knobs and hardware.
They also have fairly extensive listings in
their flyers of digital and linear operational
amplifier IC's.

The catalog put out by Fair Radio Sales
Co., 1016 E. Eureka St., Lima, OH 45802,
reads like a military communications, test
equipment, and spare parts master list.

As you become familiar with dealing in
the surplus market, you will undoubtedly add
more companies to your list of suppliers-
especially when you begin to realize that
surplus dealers can often supply immediately
items you might have to wait for on back
order from other local and mail-order sup-
pliers. Many surplus dealers advertise in
electronics magazines, especially those writ-
ten for service and ham radio readers. OO
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Now you can learn Electronics by performing

more than 200 practical, skill -producing

experiments ...with authentic industrial

components...at home ...in your spare time.

You learn by doing! This I61 -piece Laboratory includes
the up-to-date equipment you'll need - such things as an
IC (integrated circuit), printed circuit board, FET (field
effect transistor), photovoltaic cell, DC motor, micro-
phone, multimeter, soldering iron and power supply.

You put theory into practice right in your own home...
in your spare time...while you go right on pulling down
your present pay. It's CIE's exciting space-age "Elec-
tronics Technology with Laboratory" program...
a unique combination of CIE's special AUTO -
PROGRAMMED® Lessons and laboratory equipment.
It is the practical way to learn Electronics!

Prepare for a High -paying Career
You see, when you "learn by doing': you're ready to do
...you're armed with the know-how to meet the chal-
lenges of a high -paying career in Electronics...
prepared to go after an exciting, relevant job in a growing
field such as medical technology, pollution control, radio
and TV broadcasting, computers...just to name a few.
Once you have some experience, you can make S12,000
a year or more.

But that's not all! When you successfully complete
your Electronics Laboratory course, you'll get a CIE
Diploma. And, you'll be able to pass the Government
FCC examination or be entitled to a full refund of all
tuition paid! CIE's Money -Back Warranty is valid during
the completion time allowed for your course.

Send today for CIE's 2 FREE BOOKS about oppor-
tunities in Electronics. For your convenience, we will
try to have a representative call. Mail reply card or
coupon to CIE...or write: Cleveland Institute of
Electronics, Inc., 1776 E. 17th St., Cleveland, Ohio 44114.

You Learn to

Make Money

...with CIE's

Electronics

Laboratory!

You learn how to construct
circuits and connect them with
a soldering iron, which is part of
your CIE laboratory equipment.
This "hands on" experience is
extremely valuable.

Testing and troubleshooting
are an important part of your
learning experience. Your labora-
tory has a precision multimeter
to diagnose electronic troubles
quickly and accurately.

APPROVED UNDER BILL
All CIE career courses are approved for educational
benefits under the G.I. Bill. If you are a Veteran or
in service now, check box for G.I. Bill information.

MMMMMMMM 11IIMMI=IIIIIIIIMIN=11111111=1,C' E Cleveland Institute
of Electronics, Inc.

1776 East 17th Street, Cleveland, 0,10 44114
Accredited Member National Home Study Council

Please send me your 2 FREE
BOOKS-The CIE school cata-
log. "Succeed in Electronics"
and "How To Get a Commercial
FCC License:.

Name

Address

City

I Please Print)

State Zip
Veterans and Servicemen:
CI Check here for G.I. Bill information.

Age

EH -14
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mil lit
Sams brings you the latest
in 10 areas of electronics.
Here are ten new or newly revised books from Sams, dealing with specific
areas of electronics. All are informative, instructive, and as current as today.
One or more of them may be exactly what you've been looking for.

1-2-3-i SERVICING CASSETTES
by Forest H. Belt
A complete course In servicing the fast grow-
ing cassette market includes all you need to
know about the cassette machines, how they
work, and the easy 1-2-3-4 method of finding
and curing their trouble, made as simple as
1.2.3... hence the name. 240 pages.
No. 20922 $5.25

ELECTRONICS FOR MEDICAL PERSONNEL
by Edward J. Bukstein
Explains the principles of electrocardiographs,
pacemakers, defibrillators, patient -monitoring
and telemetry systems used in hospitals. A
valuable ald for paramedics and technicians
who service this type of equipment. 144 pages.
No. 20931 $4.95

HOW TO BUILD SIMPLE ELECTRICAL
METERS & INDICATORS
by Charles Green
A book for the hobbyist, starting with simple
projects and progressing to the more complex.
The projects include, among others, a voltaic
cell, thermocouple, galvanometer, magnetom-
eter, polarized -vane meter, and moving -coil
meter. 128 pages.

No. 20930 $3.95

AUTOMOTIVE TEST EQUIPMENT
YOU CAN BUILD
by A. Edward Evenson
How to build "professional level" instruments
for diagnosing and servicing automotive elec-
trical equipment. The first seven chapters de-
scribe separate test Instruments which are
combined into a multifunctional analyzer in
chapter eight. 160 pages.
No. 20926 $4.95

SOLID-STATE ELECTRONIC PROJECTS
by Charles D. Rakes
Shows how to make a wide range of useful
projects, such as burglar alarms, metal lo-
cators, and a long-range listening device. The
use of the transistor-switching mode and uni-
junction-Is emphasized. Circuit descriptions,
schematics and pictorial diagrams are all
used. 128 pages.

No. 20921 $3.95

STEREO HANDBOOK (Fourth Edition)
by William F. Boyce
A complete and profusely illustrated presenta-
tion of all stages of electronic sound repro-
duction. Covers the three major stages of hi-fi
reproduction, and equipment for all modes of
lour -channel sound. Includes much new mate-
rial on latest devices, products and equipment
in the field. 400 pages.
No. 20918 $5.95

HI-FI PROJECTS FOR THE HOBBYIST
(Second Edition)
by Leonard Feldman
Detailed instructions for building 19 hi-fi proj-
ects, all completely practical. Includes how
to design a printed circuit, how to etch the
boards and mount the components. Projects
are progressively more complex throughout
the 20 chapters. 144 pages.
No. 20925 $3.95

QUESTIONS & ANSWERS ABOUT COLOR TV
(Second Edition)
by Leo G. Sands
The most important aspects of color TV ex-
plained in easy -to -understand question and
answer format. Covers theory of operation,
installation, servicing, and modification of
equipment. Informative for both beginners and
professionals. 96 pages.
No. 20928 $3.95

TRANSISTOR RADIO SERVICING COURSE
by Wayne Lemons
This complete course, covering all aspects of
the transistor radio, Is both a text for be-
ginners and a useful reference for service
technicians. It covers all a -m and fm transistor
components and stages and summarizes each
chapter with a question and answer review.
191 pages.

No. 20914 $6.95

PHOTOFACTg GUIDE TO TV TROUBLES
(Second Edition)
by Howard W. Sams Editorial Staff
Actual photographs show what you see on a
picture tube when any component in the re-
ceiver becomes defective. With it as a guide,
you'll save valuable time in determining just
which part is faulty. 192 pages.
No. 20521 $4.95

.1figeorm)1 Ivo
''10)41

HOWARD W. SAMS & CO., INC.
4300 West 62nd Street, Indianapolis, Indiana 46268

EX
Order from your Electronics Parts Distributor, or mail to Howaal W. Sams 8 Co., Inc.

enclosed. Please  20922 E 29916Send books checked at right $
include sales tax where applicable. Canadian prices slightly higher.
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