POPULAR ELECTRONICS

677ELECTRONIC
EXPERIMENTER'S

HANDB O O K. siso

INCLUDING DIGITAL ELECTRONICS/MICROCOMPUTER SECTION

BUILD THE FULL CONSTRUCTION PLANS
| FOR...A Digital Thermometer
\ Hl Fl/TV ...$30 Scientific Calculator...
AUD'O ESP Tester...NiCd Battery

Charger.:\Stereo Equalizer
...Photoflash Tripper...SCA FM
Adapter...Capacitor Meter
...and much more

(SHUTS A.C. POWER
WHEN AUDIO ENDS)

_.@ ADJUSTABLE TIME DELAY

©® CONVENTIONAL TIMER USE Y :
PLUS: A Digital Logic

TR a Course...Microcomputer
% i Primer...How To Make
Double-Sided PC Boards




The last few years have seen a
remarkable quantum jump in the
cost effectiveness of computing
power brought about by the advent
of inexpensive microcomputer
systems. You've been reading
about these machines for some
time in the technical press. You've
seen stories of applications rang-
ing from specialized numerical
contro! systems for machine tools
to intelligent traffic light controllers.

One of the most exciting possibili-
ties which has come about as a
result of the inexpensive LSl com-
puter is the fact that a general
purpose computing system is within
the budget range of you, the
individual with an interest in the
technology and an appreciation of
both the intellectual challenge and
fun of building and using a per-
sonal computing system. There is
now a whole micro industry of

Turn to BU'[, The Small Systems Journal for a wealth of
information on the personal use of computer systems. BYTE is a
monthly compendium of information you need for personal use
applications of microcomputers:

Speculations:
* Buck Rogers and the Home

Theoretical: .
« Computers are Ridiculously

companies which package and
market microcomputer related
items as kits, finished products and
related items for personal use. The
products range from complete
system kits with hardware and
software to peripherals, software
and literature on the subject. But
where do you go to find out about
this personal involvement aspect
of microcomputer technology?

Simple

e What is A Character?

e Total Kitchen Information
System

¢ The Magic of Computer

Computer b % w5 |
e Could A Computer Take Over? g1 5 |
s Frankenstein Emulation "
« Biorhythm for the Computer

| Prov,
Prov sy A 2 Expresas

: Cokor Geaphucs 1oy 1y
i ¥ Ivpewrn
i rers,

Languages

* Data Paths

» Processing Algebraic
Expressions

* The Software Vacuum

News and Reviews:

* Son of Motorola

¢ The LSI-11: A New Mini-
Microcomputer System

* Microprocessor Update:

Practical: CP-1600

» Build a Graphics Interface « Microprocessor Update:

s Powerless IC Test Clip TMS9900

* Let There Be Light Pens * Assembling an Altair 8800

» Golf Handicapping By s The HP-65: World’s Smallest

Computer Computer System
e The COMPLEAT Tape e The SR-52: Another World’s

Cassette Interface Smallest )

» Assembling Programs By Hand ¢ The CT-1024 Kit

e Add A Kluge Harp to Your » Build a 6800 System
Computer With This Kit

BUI[ is professionally edited and packed with the information
you need on this fast growing field of personal computer applications.
Don’t miss a single exciting issue. Order your subscription today,
using the coupon below, or phone your request directly

- —
(call603-924-7217 and ask for the subscription department). .‘ Bv I [ PETEF!BOF!O“(&H(,,3458

If you are into computers,
if you are planning .

a computer of your own,
or if you're just curious, .
send this coupon today...

subscribe to BYTE. Address

Please enter my subscription to BYTE ...
[1$12 One Year [] $22 Two Years

[ Bill me. [ Enclosed is my check for $
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Both of these new books get down to
basics — present clear, readable dis-
cussions. Loaded with examples,
references, graphs, tables. Also,
data sheets, bibliography and ap-
pendices. You're encouraged tolearn
—and apply your knowledge to
practical situations.
Software Design for Microprocessors.
Helps ycu understand the hard-
ware/software relationship of miero-
processors. A convenient, stand-
alone text, suitable for both first-
time users of microprocessors and
the technically advanced.
Beginning chapters deal with
basic terms, basic machine archi-
tecture, instructions and address-
ing. Successive chapters treat the
process of generating software, de-
fining required support and docu-
mentation, and designing a simple
machine to program a problem. Sam-
ple problems at the conclusion allow
you to apply your new knowledge.

“Suggested ratail price; subject to change
without notice.

@ 1976 Texas instruments Incorporated

Whether youre a
seasoned practitioner
or astriving beginner...

Here are the

un

Basic Electricity and DC Circuits.
A self-teaching course designed to
enable you to predict and control the
behavior of most basic and complex
DC cireuits. Each lesson begins with
a listing of objectives — what new
skills and knowledge you should
have upon successful completion.
The text within each chapter is ar-
ranged so that you progress at your
owh pace, with answers to common-
ly asked questions presented at key
points.

Examples show you how to use the
principles of basic DC electricity as

Fr—-——————=- - - —— -

Texas instruments Learning Center.

Mail checks and money orders to: P.0. Box 3640, M/S 84,
Dallas. Texas 75285. Postage paid. Add state and local taxes
where applicable. {

!
!
l
! .
| Mail company purchase orders to: P.0. Box 5012. M/S 84,
Dallas. Texas 75222. Postage and taxes will be added to

| yourinvoice.

!

|
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Please send me__copies of (LCB 1891) Software Design for
Microprocessors at $12.95° per copy. copies of Basic
Electric ty and DC Circuits at $19.95° per copy.

— e — e — — — - — —

amentals.

Software Design
for Microprocessors.
378 pages

only $12.95.*

Basic Electricity and DC
Circuits. 1,016 pages

only $19.95.*

they are taught. You’ll analyze basic
DC circuit schematics and find your-
self experimenting with your own
designs. Plus, a quiz included at the
end of each lesson allows you to
gauge your progress.

If you're a hobbyist, student,or
simply interested in broadening
your knowledge of electronics, these
books are iust ad-
ditions to your library.
Use the coupon below
to order your copies

o]

TEXAS INSTRUMENTS

INCORPORATED

today.
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I erclose [ | check . money order for $ |
|
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|
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|
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BUILD THE HI-FI/TV “AUDIO MINDER” ..........c.iiiiiiiiinannnn Curt Kobylarz

Shuts off a.c. power when audio signal is absent; features
adjustable time delay or conventional timer operation.

MEASURE LOW MILLIVOLTS WITH A MULTIMETER............ John F. Hollabaugh 1
Range expander increases sensitivity of a VOM by x10 or x100

MAKING NOISES WITH THES55ICTIMER ..................... Michael S. Robbins 20

BUILD AN ESP TESTING MACHINE ....... ... ... ... .. i, Ira H. Spector 21

You can experiment with a young science and
have fun at your parties with it too!

BUILD A VERSATILE

NICKEL-CADMIUM BATTERY CHARGER ....................... Marshall Lincoln 27
SCA ADAPTER REVEALS HIDDEN MUSIC
AND NEWS ON YOURFMRECEIVER ..............c..cu.... Frank P. Karkota, Jr. 29
R-F TRANSISTOR TESTER . ... ..ottt eaees Daniel Metzger 32
Checks the upper-frequency limit of bipolar transistors.
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in applications from electronic watches to frequency synthesizers.
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MULTIPLIER BOOSTS SW SELECTIVITY ANDGAIN ................... Joe A. Rolf 52

If you add this low-cost accessory to your shortwave receiver,
you can enjoy more stations with greater clarity.

UNDERSTANDING YOUR TRIGGERED SWEEP SCOPE .......... Virgil A. Thomason 54
BUILD THIS NINE-CHANNEL STEREO EQUALIZER ...................... Gary Kay 55
Eighteen independent control positions offer full tlexibility

in adjusting sound quality to room acoustics,
while use of active op-amp filters produce low distortion, no ringing.
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A VU METER WITH NO MOVING PARTS .............coiiiiinnn, Terry L. Mayhugh

A special bar-graph device provides signal- strength
readouts and accurately measures peak signals.

FLIP—A CMOS GAME COMPUTER ..........ciiiviinnnnns Joseph A. Weisbecker

Do you dare challenge a handful of CMOS
chips to a game of logic? Give it a try!

HOW TO MAKE DOUBLE-SIDED PCBOARDS ................. Alexander W. Burawa

Follow this easy procedure for making
professional-quality boards at home.

A HIGH-VALUE ELECTROLYTIC CAPACITOR METER.............. John D. Richard

Is your junk box filled with unidentifiable capacitors? This meter
checks capacitance from 10 to 100,000 ufF and indicates leakage.

3-WAY PHOTO FLASHTRIPPER ....... .ot ann. John F. Hollabaugh
BASIC DIGITALLOGICCOURSE .......coiiiiiiiininianenannnnnn Forrest M. Mims

Fundamentals for the beginner and expert alike. . .
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A MICROCOMPUTER PRIMER:

COMPUTER BASICS FORBEGINNERS .................c.c..o.s. Leslie Solomon
COMPUTER HOBBYIST CLUBS/FAIRS/CONVENTIONS ................coviuuenen.
THE EXECUTIVE DIGITAL TEMPER COUNTDOWNER ............ Robert D. Pascoe
BUILD A VERSATILE DIGITAL LED THERMOMETER................ Thomas R. Fox

A low-cost, accurate device of multiple uses,
including heater/cooler thermostat, fishing thermometer, etc.

BUILD AN UNDER-$30 SCIENTIFIC CALCULATOR ..........cccuun... Martin Meyer
BITS TO DO S ..t et e et Lee Felsenstein

Ever wonder how digital information is transformed
into video displays? This article explains the process.
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MICROTREK

MICROCOMPUTER
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Like you, thousands of engineers
and programmers have -ealized
how important it is to master the

microcomputer. That's why they've
MIGRO.TREK become computer hobbyists and
subscribe to MICROTREK
MICROCOMPUTER MAGAZINE.
Don’t miss the vital info-mation
(and fun) contained in eech monthly
issue.

Here's just a sample of what
you’ll see:

Low-cost construction projects
System design methods
Applications ideas

Efficient programming techniques
Computer concepts

User groups activities

Latest products and book reviews

Subscribe now with the coupon below. Send only $10 for
12 monthly issues.

AUTHORS — send for FREE Author's Guide! Mark enveloge ‘‘Author’s
Guide’'. Mail to the address below.

Please enter my charter subscription for the first 12 issues of MICROTREK

I have enclosed my check or money order for $10.00.
| am especially interested in the following level:

[J Basic Intermediate Advanced
Mail to: Schneider Publications, Inc.
Dows Building

Cedar Rapids, lowa 52401

PLEASE ALLOW 6-8 WEEKS TO RECEIVE YOUR FIRST ISSUE.
Additional postage: add $1 for Canada. $2 for all other countries outside the U.S.

Charge my subscription to: (] Bank Americard [ Master Charge

Acct. No. Exp. Date
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COLOR BAND SYSTEM

e 1st | Significant

2nd] Figures
.-"(_ Multiplier

/_ Tolerance

by
iy

_

Resistors With Black Body Color Are

Compesition, Non-Insulated.

Resistors With Colored Bodies Are

Composition, Insulated.

Wire-Wound Resistors Have The lst

Digit Color Band Double Width.

DISC CERAMICS (5-DOT SYSTEM)

— —— lst{ Significant
Vo 2nd| Figures
- -

Jii’ Multiplier

it  — Tolerance
B
| ] Temperature
Coefficient
DISC CERAMICS (3-DOT SYSTEM)

T 1st | Significant
.II ~——— 2nd] Figures

Kta
Gy

Multiplier

MOLDED- INSULATED AXIAL LEAD
CERAMICS

1st | Significant
2nd] Fiqures
Multiplier

Tolerance

Temperature
Coefficient

MOLDED CERAMICS

Using Standard Resistor Color-Code
15t {Significant

2nd| Figures
Muitiplier
— Tolerance

—White Band

Distinguishes Cap-
acitor From Resistor

RESISTOR CODE

S (RESISTANCE GIVEN IN OHMS)

BODY-END-DOT SYSTEM

1st | Signiticant
COLOR_|DIGIT MULTIPLIER TOLERANCE { and| Figures
BLACK | 0 1 +20%, i X
BROWN | 1 10 1%
RED 2 100 +2%
ORANGE | 3 1000 13% ¢ o
YELLOW| 4 10000 GMV* Multiplier
GREEN | § 100000 +5% (EIA Alternate)
BLUE | 6 1000000 £6%° Tolerance
VIOLET | 7 10000000 £12 1/2%° BODY - END BAND SYSTEM
GRAY 8 .01 (EIA Aiternate) £30% ¢ s ianificant
WHITE [ .1 (EIA Alternate) £10% (EIA Alternate) S gniica
GOLD I (JAN and EIA Preferred) ¢5% (JAN and EIA Preferred) \an Figures
SILVER 01 (JAN and EIA Preferred) +10% (JAN and EIA Preferred) i}
NO COLOR +20% - .
*GMV - guaranteed minimum value, or -0 . 100% tolerance. L
+3.6.12 1/2. and 30% are ASA 40. 20. 10. and 5 step tolerances. Muitiplier
Tolerance
CERAMIC CAPACITOR CODES (CAPACITY GIVEN IN pF) HIGH CAPACITY TUBULAR CERAMIC
COLOR mon] MULTI- TOLERANCE TFMPERATURE EXTENDED RANGE  INSULATED OR NON-INSULATED
PLIER 10 pF OVER COEF FICIENT TEMP. COEFF, 1st| Significant
or LESS |1OMMi PPM/°C SIGN1- | MULT1- 2nd Figures
FICANT| PLIER Multiolier
— HICORE Tolerance
BLACK | 0 1 12.0pF 120% 0(NPO) 0.0 -1
BROWN | 1 10 +0.1 pF 1% -33(N033) -10
RED 2 100 2% -75(N075) 1.0 -100 Voltage
ORANGE| 13 1000 12.5% -150(N150) 1.5 -1000 (Optional)
YELLOW 4 10000 -220(N220) 2.2 -10000
GREEN | 5 (0.5 pF  |:5% -330(N310) 3.3 0 TEMPERATURE COMPENSATING
BLUE 6 ~470(N470) 4.7 <10 TUBULAR CERAMICS
VIOLET | 7 -750(N750) 7.5 100 1st | Significant
GRAY [ .01 10.25 pF +30(P030) +1000 2nd] Figures
WHITE 9 1 11.0 pF +10% General iolier
Purpose + 10000 :,Al::(rm:':e
SILVER Bypass & r— lolera
Coupling
GOLD +100 (P100,
A Temperature
Voltage ratings are standard 500 volts for some Coefficient
ac 1000 volts f ther c ies.
manufacturers. but 0 volts for other compan ENTENDED RANGE T C. TUBULAR
TYPOGRAPHICALLY MARKED CERAMICS JAN TOLERANCE CERAMICS.
LETTER [ 10pF OVER 1st ] Signiticant
or LESS lo0F 2nd| Figures
Temperature Coefficient g :g:: 3; —— Multiphier
. F 11.0pF 1% Tolerance
: Capacity G :2.0 pF 2% \
Tolerance " ‘;g;: Temp. Coeff. Multiplier
* T. C. Significant Figure

BUTTON CERAMICS STAND-OFF CERAMICS

FEED-THRU CERAMICS

1st | Significant 1st | Significant Ist ] Signiticant
2nd Fi?;ures 2ndj Figures J,’,— 2nd[ Figures
Multiplier Multiplier Multiplier
Tolerance Tolerance
\H/" .f
. \ Temperature
Viewed From Soldered Surtace Eeo':";?c';?:{e Coel‘:fcwnt

MOLDED MICA CAPACITOR CODES
{Capacity Given In pF)

MOLDED PAPER CAPACITOR CODES
(Capacity Given In pF}

MULTI- | CLASS OR MOLDED PAPER TUBULAR

COLOR |DIGIT| PLIER | TOLERANCE | CHARACTERISTIC LIRS — 1st | Significant

BLACK 0 |1 20% A —  COLOR |DIGIT | PLIER | TOLERANCE ! — 2nd] Fiqures

BROWN 1| 10 1% 8 BLACK | 0 1 20%

RED 2 | 100 2% ¢ BROWN | 1 L Multiptier

ORANGE | 3 1000 % D RED < 100 Toler

YELLOW| 4 10000 E ORANGE | 3 1000 Qncs

GREEN 5 5% (E1A) F(JAN) YELLOW| 4 10000

BLUE 5 GUAN) GREEN | 5 100000 5%

VIOLET 7 BLUE fjl 1000000 | TR Significant

GRAY 8 1(E1A VIOLET Voltage

WHITE 9 J'(:;M)l GRAY 8 Indicates Quter * ZnU} ;igu,ags

GOLD 1 ShHJAN) WHITE 9 10% Foil. May Be On

SILVER o | 10% coun fg"% Either End. May Add Two Zeros To Sig-

o 20t | Also Be Indicated By  nificant Voltage Fig-

Ciass or characteristic denotes specifications of design involving Q factors, Other Methods Such As ures. One Band Indi-
temperature coeffictents, and production test requirements. l

Allaxial lead mica capacitors have a voltage rating of 300, 500, or 1000 volts.

*or 1.0 pF whichever is greater.

CURRENT STANDARD
JAN AND EIA CODE

White { EJA ) Black {JAN)
o~ lIst| Significant
~— 2nd| Figures

“—— Multiplier

\x %

-——— Tolerance
“Class Or Characteristic

1977 EDITION

BUTTON SILVER MICA

Ist
(When
- Applicable) | Sig
fig

2nd (or 1st)

3rd tor 2nd)
" Multiplier

L—Tolerance

Class

2

MOLDED FLAT PAPER CAPACITORS
(COMMERCIAL CODE)

1st 7] Significant

— 2nd | Figures

Voltage

Multiplier
Black Or Brown Body

Typographical Marking

cates Voitage Ratings

Or Black Stripe. Under 1000 Volits .
MOLDED FLAT PAPER CAPACITORS
(JAN CODE)
Fr— Silver
gy —— 1st | Significant
A 4 ~————— 2ndj Fiqures
; i !'\— Multiplier
,‘ — Tolerance
e Characteristic
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fun-to-build, money-saving
electronic Kits!
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BUILD THE HI-FI/TV

AUDIO-MIND

® SHUTS AC POWER
WHEN AUDIO ENDS

@ ADJUSTABLE TIME DELAY
© CONVENTIONAL TIMER USE

® CONNECTS TO SPEAKER

BY CURT KOBYLARZ

F YOU EVER left an expen-

sive stereo system or a TV receiver
operating all night because you forgot
to shut it off, take heart. Here is a low-
cost, automatic shutoff controller for
home entertainment equipment that
does not require any internal circuit
changes or connections. Shutoffis ac-
tivated by the absence of an audio sig-
nal, not by a pre-set time interval, as
with mechanical devices. According-
ly, the controller can be connected to
speaker terminals or to a tape output
monitor jack.

An adjustable delay system avoids
. premature shutoff, provid ng the user
~ with enough time to change a record
~ on a manual record player or a reel of
tape on a recorder befor= the system is
‘turned off. Shutoff tim= range is 50
‘seconds to 20 minutes zfter the signal
level has dropped below a predeter-
‘mined setting. At about 60,000 ohms
impedance, the controlisr wili notload
“most circuits. Noise filtering is pro-
vided to remove AM and FM intersta-
tion hiss to ensure against false -
shutotftriggering when using either of
these signal sources.

Furthermore, the controller can be
used &s a standard non-audio timer for




2S
HAMO

ol
AL

Fig. 1. Complete sclhiematic diagram

= _m.v ~ _u:ohv 1
=g Jie= NEE ¢ 4o Mo £50 310zz
2= FEED 69 89 nose P
e | et i +|_ + l_l <61d |~|+
n”u "L —I A+ _ w_!
it | _ A FUIG
? Syzs Sle s8] 012
+/ %0l wi Zeed
ﬁ_.nm\,wf il 62y 24 3 T 355 B
-10s = ANV T ()
f...rl\.x 3] ]
me L 6
b3 00!
5 mqwmzN a5 mmmmmW_m o »_m._uo
3 1Y
~¥ AAAAAA
! %08) 00l
vzy At 91y
200¥N) -
€q
. Ie]] Uee U
i 92y 124
$06ENZ »06EN2
€0
A+
HIWIL
il
4
e o VES
TS~ TYWHON
<D FOBENZ anoool| + =
N 10 o —
=33 - = )|
T = m 006€=10T
- 3 =
FRE A +
v. UM * * u_nmnwvm\.
— T
W = L T A+
Tk w
s oy
NS g WOl XOO!
= X 2y 1y
==
W & NoL2
= Y
ey b0
13534 MO9S et O—" VYWY _o/
IS xmﬂm /

ELECTRONIC EXPERIMENTER S HANDBOOK



PARTS LIST

All capacitors disc or Mylar unless other-
wise noted.

C1—0.047 pF capacitor

C2—27-pF capacitor

C3—750-pk capacitor

C4—220-pF capacitor

C5—10-pF. I15-volt electrolytic capucitor

Co—1-pF. 15-volt electrolytic capacitor

C7—220-uF. 15-volt electrolytic capacitor

CR.C9.C10—0.01-pF capacitor

C11—1000-uF, 15-volt electrolytic capac-
itor

C12—0.1-pF, 200-volt capacitor

C13—470-uF, 25-volt electrolytic capac-
itor

D1.D2—IN4148 diode

D3—IN4002 diode

F 1—10-ampere fused and holder

IC 1—LM3900 quad op-amp

1C2—556 dual timer

J1—Phono connector

K1—Reed relay. 500-ohm. 12-volt coil,
normally open contacts

LEDI—Any light-emitting diode

Q1.Q2,Q3—2N3904

Q4+—2N3643

Q5—Triac, 20-A, 200 P1V

RECT I—Full-wave rectifier bridge

All resistors Va-watt, 109 unless otherwise
noted.

R1.R16,R 18—100,000-0hm resistor

R2, R 14— 10-megohm resistor

R3—68.000-ohm resistor

R4—4.7-megohm resistor

R5.R6.R20—560,000-ohm resistor

R7—270,000-ohm resistor

R&—1.2-megohm resistor

R9—100-ohm resistor

R10,R25—1-megohm resistor

RI11—3-megohm linear potentiometer
(Sensitivity™)

R12,R13.R24—180.000-0hm resistor

R 15— 1000 ohm resistor

R17—5-megohm linear potentiometer
(“‘Delay™)

R 19—330.000-ohm resistor

R21-—33-0hm resistor

R22 R23R28—&2.000-ohm resistor

R26.R29 ,R30—10,000-ohm resistor

R27—3300-0hm resistor

R31—100-ohm, Y2-watt resistor

R32—470-ohm. Y2-watt resistor

S1—Pushbutton switch, momentary con-
tact, normally open (**‘Reset’™’)

S2—Spst switch (“"Power™)

S3—Dpdt switch (“*“Normal/Timer™")

SO1 to SO4—Ac power receptacle (sock-
ets)

T1—Transformer: 12.6-volts. 300-mA ., PC
mount

Misc.: Suitable cabinet. heat-sink mate-
rial, 1C sockets (optional), strain relief.
press-on type. mounting hardware, etc.

Following are available from WEI, 4921
N. Sheridan Rd.. Peoria. Hlinois 61614:
complete kit (SO-1) includes all compo-
nents. PC board. metal case with walnut
cover, power cord,.ac receptacles, etc.
at $39.95; PC board (SO-2) at $6.00:
metal case/cover (SO-3) at $8.50. All or-
ders postpaid. lllinois residents please
add 5% sales tax. Allow four weeks tor
delivery.
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any electrical appliance, TV receiver,
etc. up to its rated 1200 watts. In this
mode, the controller will turn power
off at a pre-set time ranging from 10
minutes to two hours. The complete
circuit is shown in Fig. 1.

How It Works. The selected audio
input is applied via phono connector,
J1, to the first amplifier and filter IC1A
where it is amplified and filtered with
roll-off occurring about 1.25 kHz at —6
dB per octave. The second stage,
IC18B, is a two-pole filter whose cutoff
frequency is approximately 1 kHz with
unity gain. The two stages combined
roll off is about 18 dB per octave to
remove noise and filter out any high-
frequency hiss if an FM or TV station
goes off the air (if this is to be the audio
source).

The filtered signalis rectifiedtoadc
level by D1, D2, and C6, with R10
“bleeding’’ the charge from capacitor
C6 when a signal is not present. /C1C
is used as a comparator having fast
“snap action’’ (positive feedback) so
that when the rectified signal applied
to the non-inverting ( +) input exceeds
the level set by the SENSITIVITY control,
R11, the output switches off very
rapidly. Note that the 3900 op amps
used here are current devices rather
than voltage devices represented by
conventional op amps, therefore all
voltages must be converted to cur-
rents. This will explain why high-value
resistors are used in many places in
this circuit.

When /C1C output is high (audio
signal present), LED1 isturned on and
current-limited by R15. The IC1C out-
put signal also turns on the OR gate
formed by /C1D which, in turn, causes
Q4 to saturate and draw current
through the coil of the reed relay, K1.
With the reed relay contacts closed,
gate power is applied to the triac, Q5,
and power is present across the multi-
ple power sockets, SO71 through SO4.
This turns on any equipment con-
nected to these sockets.

When the input audio signal either
disappears or falls below the pre-set
SENSITIVITY threshold. comparator
/C1C switches off very rapidly. This ac-
tion also starts one of the timersin /|C2
whose output (pin 5) keeps the OR gate
operating until the timer times out.
Power remains on the four sockets. If
another audio signal should appear
within the time-out interval, the sec-
ond timer within /C2 will generate a
5-millisecond pulse which will turn on
Q3 and discharge the main timing

capacitor C7. This resets /C2 back to
zero and ensures that the last audio
signal is always the one that begins
the time-out delay. Transistors Q1 and
Q2 act as a ‘‘quench’ circuit by
grounding the comparator signal an
instant before shutdown. This is
necessary because some audio power
amplifiers generate a “thump’ when
turned off and this may retrigger the
timer and never allow system shut-
down.

Reed relay K1 is necessary for com-
plete isolation between the circuit and
the triac. Snubbers circuit €12 and
R32 protect Q5 from line transients
and surges generated when inductive
loads (such as the power transformers
in high-wattage power amplifiers) are
suddenly switched off. The triac
should be heat-sinked.

The timer function is determined by
the setting of NORMAL/TIMER switch
S3, which disables the input circuit by
turning on the ‘'quench’ transistor,
Q1, and connecting a larger capacitor
(C11) in parallel with the main timing
capacitor C7. Potentiometer R17 sets
the timer delay in either case, al-
though the range for NORMAL and
TIMER positions of S3 is different.

Construction. The circuit is easily
assembled on a single PC board, as
shown actual size in Fig. 2, which also
shows the component installation.
Connections to off-board compo-
nents are made via the lettered pads
on the foil pattern. Note that some re-
sistors are mounted "‘end up.”

The triac is mounted on a metal
bracket, which acts as the heat sink,
and mounted as selected within the
cabinet. If a metal case is used, make
sure that the triac is electrically iso-
lated, but thermally bonded to the
heat sink. Use at least 18-gauge wire
between the triac, power outlet sock-
ets, and the power line. A three-wire
line cord is recommended with the
ground (green) lead connected to the
metal chassis. Almost any type of
cabinet may be used.

The switches, J1, potentiometers,
and LED1 can be mounted on the front
panel, while the four controlled sock-
ets can be mounted on the rear apron.
Although four controlled power out-
lets are used, more can be added pro-
vided that the triac can handle them.

Operation. The selected audio input
signal can be taken from the tape
monitor output of either channel (use
a "'Y" connector if necessary), or di-

9



—Cl3—

32— ~ .
“-REI9— g
4 R0
1|d
T1 — i b
E—= |
] -5 B )
B " & >
Poeas o, e
Q1 “-R26—=
3 o T L iR2P ~“R20—
3 -«ue__nl‘_ e
& b _m4ﬁ59 (L Q3
<6 1 ,)_,flg i
-o+ = p 1c TE :L 2
fm' ()] AfbEY lgT AN P i
= OR2-y cae 40 &
2 { s € @
Cl— (1) 70 K60 O 3
rectly off the speaker terminals of POwEeER switch S2 on. Place both

either channel. The monitor output
has the advantage of a constant level
irrespective of volume control settings
so the SENSITIVITY control need be set
only once.

Connect the selected devices
(tuner, amplifier, etc.) to the con-
trolled sockets SO7 through SO4 and
turn on their power switches. Connect
the controller to the power line, place
S3 in the NORMAL position, and turn

10

potentiometers in their mid positions,
then depress RESET pushbutton S7.
LED1 should glow and the ac outlets
should be energized. With no signal
connectedtoJ?1, LED1T willgo out after
Cé6 discharges, but the delay timer will
keep the outlets energized, until it
times-out—determined by DELAY
potentiometer R17.

Connect the selected signal source
to J71, reset the controller, and adjust

Fig. 2. The printed-circuit board’s toil
pattern is shown at left, while the flop side
below illustiates component installation.
Note that resistors installed on pads with a
drawn civele are to be mounted end up.

SENSITIVITY control R77 until the LED
remains on continuously. The DELAY
potentiometer is adjusted as required.
When the input signal is removed, the
system should shut down after the,
delay period.

To shut down the system when an
FM or TV station is used as the signal
source and the station goes off the air,
use the following setup procedure.
Tune in the station and adjust the SEN-
SITIVITY control until the LED just goes
out, then bring it back until the LED
remains on most of the time. Tune the
receiver off-station for the hiss and
observe that the LED goes out. The
system is now adjusted so that it will
automatically shut down after a sta-
tion goes off the air for the night.

Use of the tape monitor output for
the signal source is necessary when
headphones are being used and the
amplifier is disabled from the speak-
ers. Since the input impedance of the
controller is approximately 60,000
ohms it will not load the signal to the
tape deck.

For use as a timer, place S3 in the
TIMER position, set the DELAY time as
desired (10 minutes to 2 hours), and
operate the RESET pushbutton S7. In
this case, the input is not being moni-
tored; the ac outlets will be de-
energized only after the selected time
interval has been reached. This mode
Isused toturn off any appliancesor TV
receiver automatically. ®
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Measure Low Millivolts
with a Multimeter

AVE you ever needed a simple
device that would let you ex-
pand the ranges of your muitimeter so
that you could measure low-millivolt
ac and dc voltages? Perhaps you need
a small amplifier for checking out the
high-level inputs of an audio amplifier.
Well, the decade meter range expand-
er described here will do both and
more.

The decade range expander can be
used to increase the usefulness of a
multimeter by adding ranges divided
by 10 and 100. It can also be used on
decibelscales, subtracting 200r40dB
from the existing ranges in your VOM.
Use the expander as a sensitive signal
tracer tec obtain quantitative mea-
surementis of the signal level at points
of interest, or to read voltage amplifier
stage gaindirectly in decibels on your

1977 EDITION

Range expander increases sensitivity by X10 or X100

B BY JOHN F. HOLLABAUGH

¥ Owing to simplicity of circuit,
pc or perforated board
- gn& }, construcetion is equally suitable.
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EVERY PROJECT

Whether you’re a hobbyist or serious experimenter, CSC’s line of precision
digital/electronics design and testing equipment can take the manual labor
out of your labors of love.

In fact, we can not only save you literally hundreds of hours a year, but
hundreds of dollars as well. On parts, accessories and test equipment.

Want proof? Read on — you’ll see why we’re the fastest-growing company
in the field!

QT Sockets and Bus Strips*—
time-saving, money-saving solderless
breadboarding — the CSC way =

Our expandable, interlocking breadboarding
system not only saves you hours of soldering, desoldering
and resoldering, it also saves wear and tear on your
components.

Resistors, capacitors, transistors, DIP's, LED’s,
micro-processors, etc., all connect with plug-in, plug-out
ease. Preassembled sockets with durable nickel-silver
non-corrosive 5-point terminals provide low-resistance
interconnections you can arrange and rearrange at will.
(And jumpers, where required, are short lengths of

TOP VIEW BOTTOM VIEW i
® 111 3 |

2 Busas of Intercannected Terminals — 5 Tia Points £ach

solid #22-30 AWG wire.) & \

Use QT Sockets and Bus Strips for designing, : -
troubleshooting, interconnecting, patching and dozens of + e i
other applications. Our unique snap/lock mechanism e % 1%
joins units in seconds, so you can add-on or take-off at will. “ssmsws s

Check the chart below for sizes and prices.
10 modestly-priced models to choose from — still at our original low prices.
All can be top or through-the-panel rear mounted.

j¢— Length ———j Length Hole - to-Hole Terminals Unit Price $
4— Hole - to-Hole —)|
e R

QT-598 6.5" 6.2" 118 12.50
#8011 ¢ QT-598B 6.5" 6.2" 20 2.50

_' QT-47s 53" 5.0" 94 10.00
* QT-47B 53" 5.0" 16 2.25

s QT-355 41" 3.8 70 8.50
w8 QT-35B 41" 3.8” 12 2.00

o

Y
& QT-185 24" 2.1" 36 4.75
- QT-128 1.8" 1.5” 24 3.75
% QT-8S 1.4" 1.17 16 3.25
e
= Qr.7s 1.3 1.0" 14 3.00
*U.S. Pat. No. 235,554 All Prices Shown Are Manufacturer's Recommended List. Prices and Specifications Subject to Change Without Notice.

CONTINENTAL SPECIALTIES CORPORATION
44 KENDALL STREET/ DJ. BOX 1942
NEW HAVEN, CT 06509
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IN THIS MAGAZINE IS
READ THIS AD.

Build projects, test circuits, check components as fast as you can think...
with CSC Proto-Board® Solderless Breadboards!

The right size for every circuit! The CSC Proto-Board system gives you the convenience and
versatility of QT Bus Strips and Sockets already mounted, in use-tested configurations, on sturdy metal

ground/baseplates* * with non-marring feet. They're

and you save money by using components over and over again.

PB-101—340 solderless tie points: ten 14-pin
DIP capacity. Two QT-35S breadboarding
sockets plus four QT-35B bus strips.
Excellent for audio and smaller digital
projects. Measures 4.5” wide x 5.8” long x
1.4” high (114 x 147 x 35mm); weighs 9 oz.
(.26 Kg). Price: $29.95

PB-103—2250 solderless tie points: twenty-
four 14-pin DIP capacity. Three QT-59S
breadboarding sockets, four QT-59B and
one QT-47B bus strips plus four 5-way
binding posts. For all but the very largest
circuits. Lets you build calculators, inter-
faces, complex switching circuits, etc.
Measures 6” wide x 9” long x 1.4” high (152
X 229 x 35mm); weighs 1.25 Ib. (.57 Kg).
Price: $59.95

great for a wide variety of audio and digital projects,

PB-102—1240 solderless tie points: twelve
14-pin DIP capacity. Two QT-47S bread-
boarding sockets, three QT-47B and one
QT-35B bus strips. You'll want this one for
intermediate digital needs, more complex
audio projects among other things.
Measures 4.5” wide x 77 long x 1.4” high
(114 x 178 x 35mm); weighs just 10 oz.
(.31 Kg). Price: $39.95

PB-104—3060 solderless tie points: thirty-
two 14-pin DIP capacity. Four QT-59S
breadboarding sockets, seven QT-59B bus
strips plus four 5-way binding posts. It's the
largest breadboard we made for the largest
projects you care to tackle—a CPU, en-
coder, complex display . .. just about
anything. Measures 8” wide x 9.8” long X
1.4” high (203 x 248 x 35mm); weighs 1.75 Ib.
(.79 Kg). Price: $79.95

Save even more with Proto-Board Kits! Invest ten minutes of your time, using nothing more than a
screwdriver and a pair of pliers, and you can have all the time-saving, money-saving features of CSC’s
Proto-Board system, for even less money! CSC Proto-Board Kits come with all hardware, non-marring
feet and sturdy base-plate. And unlike other kits, all sockets are pre-assembled, eliminating tedious

assembly and assuring long, trouble-free life.

PB-6 Kit—630 solderless tie points: g

six 14-pin DIP capacity. Most economical [ e . ..
way to take advantage of Proto-Board
speed and convenience. One pre-
assembled QT-47S breadboarding
socket, two assembled QT-47B bus
strips, four 5-way binding posts, metal ground/plane/base-
plate, all required hardware.10 minute assembly with pliers
and screwdriver. Measures 6” long x 4” wide x 1.4” high
(152 x 102 x 34mm); weighs 7 oz. (.20 Kg). Price: $15.95

PB-100 Kit—760 solderless tie points: ten

than PB-6 Kit. Comes with two pre-
assembled QT-35S breadboarding sockets,
one assembled QT-35B bus strip, two 5-way

base-plate, non-marring feet and all re-
quired hardware. Fast 10 minute assembly.

14-pin DIP capacity. 21% larger capacity

binding posts, pre-drilled and screened

Measures 4.5 wide x 6” long x 1.4” high
(114 x 152 x 35mm). Weighs 7.5 oz. (.21 Kg). Price: $19.95

Now! Proto-Board convenience, plus regulated power! No need to hunt for a power supply when
you’re working with these CSC Proto-Board units. Built-in power supplies give you the DC power you
need, with laboratory-precision regulation, plus low ripple and noise. Choose the PB-203 for digital circuits
and other projects requiring 5V or less (with external components) or for maximum flexibility, the

PB-203A, with 5VDC plus two independently-adjustable voltage sources.

PB-203—2250 solderless tie points:
twenty-four 14-pin DIP capacity. The
Ultimate!! All Proto-Board features plus
short-proof, fused 5VDC, 1A regulated
power supply with only 10mV ripple and
noise at 0.5A; on-off toggle switch and
pilot light. Three QT-59S breadboarding
sockets plus four QT-59B and one QT-
47B bus strips. Power supplied via two
of the four 5-way binding posts. It all
adds up to lots of capacity plus the proper DC voltage for most
digital and many analog IC’s. Measures 9.75” long x 6.6” wide
x 3.25” high (248 x 168 x 83mm). Weighs 5 Ib. (2.27 Kg).

For 117 VAC, 50/60 Hz (220 VAC, 50/60 Hz; also available

at slightly higher cost). Price: $75.00

e PB-203A—The Ultimate . . . plus!! All the
eatures of the PB-203 including regulated
% 5VDC supply plus additional power
supply flexibility (separate regulated
+15VDC and —15VDC, 0.5A supplies,
each with internally and independ-

- ently adjustable output voltage; ripple
and noise of + and —15V supplies, 10mV
“"at 0.25A). Connections for 3 power supply
voltages and ground available at four 5-way
binding posts. Same size as PB-203; weighs 5.5 Ib.
(2.5 Kg). For 117 VAC, 50/60 Hz (220 VAC, 50/60 Hz; also
available at slightly higher cost). Price: $120.00

TURN PAGE FOR MORE CSC PRODUCTS

**PB-100 has fibreglass-reinforced plastic baseplate.

1977 EDITION
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8 MORE WAYS TO DO
INALOTLESS TIME-FOR

CSC’s Design-Mate™ Series. Laboratory precision

at a hobbyist’s price.

We knew what you were looking for when we created

the Design-Mate Series. So we put the emphasis on laboratory
precision and professional performance instead of

needlessly expensive fancy cabinetry. Check it out! Check it all out!

DESIGN-MATE 1
BREADBOARD/CIRCUIT DESIGNER

Design-Mate 1 gives you every-
thing you need for fast, easy
solderiess circuit design in a
single compact package. QT
speed and versatility for
circuit design and modifi-
cation as fast as you can
push in (or pull out) a
lead, using one QT-598
breadboarding socket
and two QT-59B bus
strips, mounted on the
top panel. Adjustable,
precision-regulated 5-15
VDC 600 mA short-circuit-proof
fused supply, with less than 20 mV
noise and ripple at rated output (3W max.).
Built-in 0-15VDC meter lets you monitor voltages

in circuit or supply. Top pane! supply and meter con-
nections are easily made via four 5-way binding posts; on-off
and voltage adjustment controlled by potentiometer; bright
LED indicates power. Measures 7.5” wide x 6.5” deep x 3.25"
max. high (191 x 165 x 83mm); weighs 3 Ib. (1.4 Kg). For 117
VAC, 50/60 Hz (12W); also available for 220 VAC, 50/60 Hz at
slightly higher cost. Price: $54.95

DESIGN-MATE 3
R/C BRIDGE

Design-Mate 3 is an indispensible
tool for professionals and hob-
byists alike. Makes precision
resistance and capacitance
measurements in seconds,
with positive LED indica-
tion. Readings are accu-
rate within 5% of the dial
setting at any range—
resistance: 10-100 ohms,
100-1K, 1K-10K, 10-100K,
100K-1 meg; Capacitance:
10-100pF, 100-1,000pF, .001-
.01uF, .01-.14F, .1-14F. Simple
2-control operation: set range with
switch, then turn Null Adjust dial until
both LED are lit. Switches, controls, indicators
and connectors: toggle power switch with LED indicator;

range selector switch; Null Adjust dial (1-10 in 100 increments);
LED null indicators; twin 5-way binding posts. Measures 7.5”
wide x 6.5” deep x 3.25 max. high (191 x 165 x 83mm); weighs
2 Ibs. (0.91 Kg). For 117 VAC, 50/60 Hz; also available for

220 VAC, 50/60 Hz, at slightly higher cost. Price: $59.95

DESIGN-MATE 2
FUNCTION GENERATOR

Design-Mate 2 gives you a lot of
signal generator for very little
money. Advanced IC circuitry
produces stable low-distor-
tion sine waves (less than
2% THD), fast-rise-and-
fall-time square waves
(less than 0.5 micro-
seconds across 600
ohms) and high-linearity
triangle waves (better
than 1% over range). Fre-
quency is accurate—and
repeatable—to 5% of dial
setting, in 5 ranges: 1-10Hz,
10-100Hz, 100Hz-1KHz, 1-10KHz,
10-100KHz. Shortproof output is adjust-
able, 100mV-10V P-P for all waveforms, into
open circuit. Controls, switches, indicators and
connectors: toggle power switch with LED indicator;
function selector switch; range switch; frequency selector
dial (1-10 in 100 increments); amplitude control; twin 5-way
binding posts. Measures 7.5” wide x 6.5” deep x 3.25" high
(191 x 165 x 83mm); weighs 2 Ibs. (0.91 Kg). For 117 VAC,
50/60 Hz; also available for 220 VAC, 50/60 Hz at slightly
higher cost. Price: $69.95

DESIGN-MATE 4
MULTIPURPOSE PULSE GENERATOR

Design-Mate 4 is a multi-purpose, s
multi-mode pulse generator pro-
viding pulses from 0.5Hz-5MHz,
rise and fall times less than 30
nsec and 107:1 duty cycle
range, compatible with
CMOS and TTL. It provides
the precision, flexibility
and versatility of a lab-
oratory instrument,

priced low enough for

the workbench of every
engineer, technician, stu-
dent and hobbyist who works
with digital circuitry. Its unique
combination of performance and
price makes it ideal for a wide variety
of applications throughout the electronics
industry. Design-Mate 4 may be used as a clock

source, delayed pulse generator, synchronous clock

source, manual system stepper, pulse stretcher, clock burst
generator, in tandem with one or more DM-4’s used to gate
the output of one or more additional DM-4’s. Price: $124.95

COMPLETE INSTRUCTIONS AND APPLICATION DATA PROVIDED!!

All Prices Shown Are Manufacturer's Recommended List. Prices and Specifications Subject to Change Without Notice.
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A LOT MORE PROJECTS-
ALOT MONEY.

CSC’s Digital testers save your sanity. And your money.

New! LP-1. It digs up a lot of information LM-1. It lets you check digital IC's faster
i, for $44.95. Logic Probe 1 is a compact,versatile than a scope, safer than a voltmeter, for a

design, test and trouble-shooting tool for all === ot less than you might guess—only $74.95.
popular logic families and digital applications. B Logic Monitor™ 1 speeds digital design and testing by
By connecting the clip Iegds, setting a accurately and automatically displaying static and
switch to the proper logic family and dynamic logic states of DTL, TTL, HTL and CMOS DIP 1C's.
touching the probe to the node under All in a compact, self-contained 16-pin circuit-powered
test, you get an instant picture of circuit unit. Use it to effortlessly trace signals through counters,
conditions. shift registers, gating networks, flip-flops, decoders, etc. Clip
LP-1 combines the functions of level it over any DIP IC up to 16 pins, and each contact connects to a
detector, pulse detector, pulse single “bit" detector with high-intensity LED readout. Logic 1
stretcher and memory—makes one- (high voltage) turns LED on; Logic ‘0" {low voltage or open circuit)
shot, low-rep-rate, narrow pulses— keeps LED off. A power-seeking gate network automatically locates
nearly impossible to see, even with supply leads and feeds them to the Logic Monitor's internal circuitry.
a fast scope—easily detectabie and
visible.

Proto-Clip™* IC Test Clips pay for themselves the very first time you use them.

Use Proto-Clip Connectors By Themselves...

The reason’s as simple as Cable Price Price
it W the time you'll save testing, angh, | Snme | ol
! signal tracing or wiring in YT - oo e
DIP’s. Not to mention the PC-14- 18 7.75 14.75
o . cost of IC’s ruined by acci- PC-14. 24 8.00 15.00
r With dental shorts. A Proto-Clip pe-1a- o e e
. . PC-14- 36 8.50 15.50
Pre-Wired is the foolproof, short proof T, o o2 S
s s Cables way to bring up leads from PC-16- 18 8.50 16.00
R crowded circuit boards. Its PC-16- 24 8.75 16.25
patented, molded design :g'::: gg g-gg :g-gg
and unique gripping teeth Pc.u - o0 B5it0
free hands for other work. PO-24- 0 12.25 25.25
E Built to withstand tough PC-24- 24 12.50 25.50
: day-to-day use, CSC clips :g-‘;"- Sg :ggg gg-gg
: are available with or without 24 3 : :

cable for 14- 16- and 24-

i i H . . NOTE: S=single ¢lip (on one end of cable); D=
(Al DIP's stamng at $4.50 dual clips (on both ends of cable). When order-
ing Proto-Clip units with cable, include Part No.,

&

PC-14 PC-16 PC-24 n
(14-pin Proto-Clip} {16-pin Proto-Clip) (24-pin Proto-Clip) §fn°p'fe;'"5‘8f?gf‘z"f.'os'i';g'ziJsé)a&LD#i?r'. (E);(';?"se;
$4.50 each $4.75 each $8.50 each *U.S. Pat. No. 3,914,007 both ends.
CONTINENTAL SPECIALTIES CORPORATION Pl FOR OFFICE USE ONLY

44 KENDALL STREET Q
P.O. BOX 1942 Q

NEW HAVEN, CT 06509 No

NAME :Qlé QTy.|  Stock Number Unit Price Total Price

$ ¢ 3 ¢

STREET ADDRESS ] o
cITY STATE 2P Q .

This is your shipping label. Please print clearly.

FOUR FAST, EASY WAYS TO ORDER The CSC Guarantee:

We guarantee

TOTAL

O Inciude payment ($5.00 min.) g?mg&er:t?ngggsfggggn, _
O C.0.D. U.S.A. only. You pay postage and fees. Retyurn unsatiZfactor'y CONN-ng;TiZLéF& SHAAL:IESLT:();(
O Charge ($10.00 min.) Please fill in below. merchandise prepaid (see chart below)
AMERICAN EXPRESS [J Bank No. S TOTAL AMOUNT ENCLOSED
BANK AMERICARD | 4 numbers above your name [J 1 have [J 1 have not POSTAGE & HANDLING CHART
MASTER CHARGE 3 Credit Card No purchased from CSC before. Orders— Add—
' : up to $10.00  $1.50
[J In a hurry? Telephone! e CONTINENTAL SPECIALTIES CORPORATION $$0.01-25.00 200
East Coast —203-624-3103 xpiration Bate $25.01-50.00  2.50
West Coast—415-421-8872 Signature $50.01 & over  3.00

Prices, specifications and conditions of sale are subject to change without notice.
1977 EDITICN CIRCLE NO 7 ON FREE INFORMATION CARO 15



PARTS LIST

Bl, B2—9-volt battery

C1—3-pF capacitor

C2, C4—1-uF, 15-voht
capagcitor

C3-—100-pF capacitor

1C1—709 operational amplifier

1C2—741 operational amplifier

J1, J2—Phono jack

R1—3900-chm, Y4-watt resistor

R2—37-ohm. ¥-watt resistor

R3-—1500-0hm, Y-watt resistor

R4, R11—I1-megohm, Y4-watt resistor

R5. R6—10,000-ohm, Y4-watt resistor

R7—10,000-ohm trimmer potentiometer

R8, R9—25.000-ohm trimmer potentiome-
ter

R 10—100,000-ohm

R12—100,000-ohm linear potentiometer

S1—Spdt toggle or slide switch

S2—Dpdt slide or toggle switch

S3—Spst toggle or slide switch

S4—4-position, double-throw slide switch

Misc.—Chassis box, 9-volt transistor bat-
tery clips, shielded cable and audio
phono plugs (for test cables), IC sock-
ets or Molex Soldercons®, pc board or
perforated phenolic board and solder
clips, hookup wire. solder, hardware,
control knob. etc.

electrolytic

meter. You can even use theé range
expander to measure the output volt-
age of aphono cartridge. Try that with
an ordinary multimeter.

About the Circuit. The range ex-
pander makes use of two operational
amplifier IC’s (/C7 and /C2 in the
schematic), exploiting the particular
advantages of the types 709 and 741
op amps. A monolithic amplifier using
bipolar transistors appears to the
signal being processed as a series of
resistances and shunting capaci-
tances. An RC system like this forms a
phase-shift network that at some fre-
quency will cause the amplifier to os-
cillate.

Compensation is required to insure
low gain at the frequency at which os-
cillation occurs. The 741 op amp is
unconditionally compensated. (Gain
is reduced to unity at the point where
oscillation is possible.) The 709 op
amp is not internally compensated,
requiring external components to ob-
tain the necessary compensation.
However, it can be compensated for
frequencies up to 1 MHz, while the 741
Is restricted to a top-end frequency of
about 1 kHz by its internal compensa-
tion.

The 741 op amp has provisions for
input offset nulling, which makes it
operate well as a dc amplifier. In the
range expander, the 741 (/C2) is used
as a dc amplifier with output nulling
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Two operational amplifiers (IC1 and IC2) form heart of expander.

and a feedback network that mini-
mizas drift. The 741 has input over-
voltage protection and output short-
circuit protection, while the 709 has
neither. To provide input overvoitage
and output short-circuit protection for
the 709, R71 and R2 are used.

The 709 (/IC7) in the range expander
is compensated for a 40-dB gain up to
about 200 kHz by C7,C3, and R3. It has
a feedback network consisting of R4
and R5. Both ac and dc amplifiers (/C1
and /C2) have a common vernier con-
trol (R12) that can be used where
exact values of gain are not required.

The incoming signal (or voltage) is
applied viaJ7, while the mode of oper-
ation (ac or dc) is selected with S2.
Switch S§71 permits selection of X10 or
X100 in the dc mode, while switch 83
applies power to either the /C7 or the
/C2 circuit. The final switch, S3, per-
mits the range expander to be by-
passed when in the DIR position. In this
position, it routes the incoming signat
at J7 directly to output jack J2. (Note:
When S3 is in the DIR position, §4 can
be switched to off to conserve battery
life.)

Construction. Assemblingthe range
expander is relatively easy, owing to
the simplicity of the circuit. The entire
circuit can be easily accommodated
inside a 4 in. by 23 in. by 2 in. metal
utility box, with the four switches and
vernier control R72 mounted on the

top of the box for convenience.

You can use a printed circuit board
of your own design or perforated
phenolic board and solder clips for
mounting the /C7 and /C2 amplifier
circuitsinside the box. JacksJ7 and J2
canbe mounted atone end of the box.

When the circuit has been fully as-
sembled and all parts are mounted in
place, use dry-transfer letters to label
the control, switches, and jacks.

Calibration. With the range expand-
erswitched to bC (both S2 and $4 must
be set to this position) and R712 set for
maximum sensitivity, connect a mul-
timeter set to a low-voltage range ac-
rossJ2. Adjust R7 for a zero indication
on the multimeter's scale.

Connect a variable-output power
supply or a potentiometer in parallel
with a 1.5-volt battery to J7 and adjust
the supply or pot for a 0.1- to 0.5-volt
indication on the multimeter’s scale.
Adjust R8 for an indication of 10 times
the reading of the input voltage level.
(Use the multimeter to monitor both
the input and output voltage levels.)

Now, decrease the output voltage of
the power supply (or battery/pot
setup) again for a meter reading of 0.1
to 0.5 volt and switch S7 to the X100
position. Adjust R9 for a reading of 10
times the previous meter reading.
With the input disconnected, recheck
the null produced by adjustment of
R7. If necessary, readjust the null. @
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Almost half of the successful
TV servicemen have home
study training, and among them,
it's NRI 2 to 1! A national survey*
performed by an independent
research organization showed that

pros named NRI most often as the
recommended school and as the first
choice by far among those who had taken

home study courses from any school.

Why? NRI's 62-year record
with over a million students

. the solid training and
value built into every NRI
course . . . and the designed-
for-learning equipment origi-
nated by NRI are part of
the answer.

Training Geared
for Success

NRI training is aimed at giving
you a real shot 4t a better job or
a business of your own. You learn
at home, with ‘bite-size” les-
sons. ‘“‘Power-On’’ kits, designed
to give you practical bench ex-
perience, also become profes-
sional instruments you’ll use in
your work.

Includes 25” Diagonal
Color TV and
Quadraphonic Stereo
As a part of NRI's Master Course
in TV/Audio Servicing, you build
a 25" diagonal solid state color
TV with console cabinet. As you
build it, you perform ‘“Power-On”
experiments that demonstrate the
action of the circuitry. And, you

1977 EDITION

also build a 4-speaker Quadra-
phonic System! Instruments in-
clude a triggered sweep 5’ oscil-
loscope, digital integrated circuit
color TV pattern generator, a
CMOS digital frequency counter,
and NRI's electronics Discovery
Lab. You get both TV and Audio
training for hundreds of dollars
less than the combined cost of
courses at another school.

Free Catalog...
No Salesman Will Call

Choose from the five different
courses in TV/Audio servicing

. or you can learn Computer
Technology with a real program-
mable digital computer; Citizens
Band Radio; Communications;
Aircraft or Marine Electronics;
Mobile Radio, and more. Send
the free postage paid card for our
free catalog. See for yourself why
the pros select NRI two to one!
If card is missing, write to:

I “Ill NRi SCHOOLS

' ! McGraw-Hill Continuing Education Center
cJ ‘ 3939 Wisconsin Avenue.
4}. Washington, D.C. 20016
Hill|

*Summary of survey results on request.
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with the
3 IC Timer

One popular chip can be the heart of

a variety of circuits.

HE 555 IC timer can be used

to generate a wide variety of tones
and noises. Some have been de-
scribed before. But, here are other ap-
plications for this versatile, easily ob-
tainable 1C, whose output is a
harmonic-rich square wave. As shown
in the sketches, very few components
external to the IC are required.

Basic Tone Generator. The circuit
for a basic variable-frequency tone
generator using a small permanent-
magnet speaker is shown at (A). The
volume can be controlled by using the
20-ohm potentiometer in the speaker
circuit. With the values shown, the
output frequency is continuously vari-

L !
—_ v 2k
E: IN40OI
1K
—AAW—S
7 a
TONE + | (1OsF
300K 6 %5 3
I VoL
200

iN40OI

(a)

able over an approximate range of 76
Hz to 22 kHz.

Code Practice Oscillator. The cir-
cuit shown at (B) is a CPO with adjust-
able tone and volume controls. The
rest of the circuit is the same as that in
(A). The speaker can be replaced with
headphones if desired.

CW Monitor. The CW amateur radio
operator often finds that having an
audio signal to go with his code
transmission is very helpful. A circuit
todothisis shown at (C). The r-f signal
on the short antenna is rectified and
applied to pin 4 of the IC. When the
positive pulse appears at pin 4, the

.O0IuF

(B)

3100k

Sane cirenits based on a
single 555 1C timer elip.
Reter to tewt tor details.
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(D)
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BY MICHAEL S. ROBBINS

tone generator turns on. The circuit
should be assembled in a small
shielded enclosure with only the short
antenna protruding.

Electric-Eye Annunciator. A com-
pact doorway alarm for stores and
other applications can be built around
the 555. It eliminates the need for the
usual relays and chimes. In the circuit
shown at (D), a cadmium-sulfide LDR
and a light source (such as a flashlight
powered by an ac supply) will bias the
reset transistor within the IC. With the
LDR illuminated, there is a very low
voltage at pin 4. When the light beam
is interrupted, the resistance of the
LDR rises rapidly, placing the positive
voltage on pin 4. When this happens,
the 555 breaks into oscillation and
provides a “'screaming’’ tone.

Louder Noises. Though the 555 is
capable of driving a small speaker at
high volume, louder noises are possi-
ble. In the circuit shown at (E), the
output circuiton pin 3is replaced with
a switching amplifier. With a 12-volt
battery (lantern or vehicle type), the
output is an ear-piercing (approxi-
mately 10 watts) square wave into the
8-ohm trumpet speaker.

Construction. Any of the circuits de-
scribed here can be assembled on perf
board or on a small pc board. No spe-
cial precautions are required if the
supply is kept within 12 volts and the
resistor between the positive supply
and ‘pin 7 of 555 is 1000 ohms or
more. @®
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ESP

TESTING
MACHINE

DISPLAY

J.B.
Rhine, of the Duke University

VER forty years ago, Dr.

Parapsychology Labcratory, began
the first thorough scientific research
into extrasensory perception (ESP). in
those days, testing for ESP consisted
of thousands of card-guessing exper-
iments in which subjects would try to
pick the exact order of adeck of cards
to see how close they could come.
Since a certain amouni of "“hits” were
expected by chance, Dr. Rhine and his

N

by

1977 EDITION

associates were only interested in
those individuals who could consis-
tently achieve scores that were sig-
nificantly above chance. Those per-
sons provided the experimenters with
overwhelming evidence of the exis-
tence of ESP.

For today’'s advanced parapsycho-
logical research projects, the trend is
away from card guessing. Recent ESP
testing machines provide a test, au-
tomatically keep score, and can be in-

BUILD AN

Experiment with
a young science
and provide

entertainment

too!

BY IRA H. SPECTOR

terfaced with otherinstruments for de-
termining psysiological and
psychological correlates of extrasen-
sory perception.

The ESP Testing Machine described
here incorporates many of these fea-
tures. It is a portable, battery-operated
device that allows the experimenter to
test for all three types of ESP—
telepathy, clairvoyance, and precogni-
tion. Additionally, it's a fun game for
entertainment purposes.

+ O >
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General Description. The ESP Test
Machine consists of four light-
emitting diodes (LED's) which serve
as ESP ‘“‘targets.” There are four cor-
responding target select pushbuttons.
Aninternal random-number generator
selects one of the LED’s for illumina-
tion behind a small partition so that
the target is not visible to the subject.

Although the procedure varies ac-
cording to the type of ESP under in-
vestigation, the general objective is
for the subject to achieve a "'hit"" by
pressing the pushbutton correspond-
ing to the hidden target. After each
trial, the random-number generator
automatically selects the next target.
When ten trials are completed, the
number of hits is automatically dis-
played by a numeric indicator. A
manual-display pushbutton is also
provided to allow immediate feedback
of the score anytime during the test
run.

Since there are four equally proba-
ble target choices, the probability of a
hit during any trial is 25%. Therefore,
in ten runs (100 trials), the chance
score is 25 hits. Test scores which
regularly deviate significantly from
chance are considered evidence of
ESP

Circuit Operation. The basic logic
circuitis shown in Fig. 1. When power
is first turned on, an initiating signal
22

Fig. 1. Logic diagram of Testing Machine.
Two oscillators are gated to tirn on

one LED at vandom. When switch for
Lighted LED is pressed, a hit is

shown on the display.

Piece of opaque plastic is eut to fit on
top of chassis to form the vision barrier.
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generated by an RC circuit turnson a
single, randomly selected LED.

When one of the four pushbuttonsiis
depressed, an enable signal is gener-
ated. This goes through a delay to a
three-input NAND gate formed by half
of IC7. The other two inputs to the
NAND gate come from a pair of non-
synchronized pulse-generator oscil-
lators (/C9). When the NAND gate is en-
abled, it allows two non-synchronized
pulse trains to clock the target driver
made up of /IC7, IC2, IC3. This causes
the LED's to illuminate in a 1-2-3-4
sequence at a random rate. At this
speed of operation, the four LED’s will
all glow weakly. When the selected
push-button is released, the enable
signal is removed from the NAND gate
(after arandom delay), and only one of
the LED's will remain lit.

Each time the enable signal is gen-

erated, it also clocks the trial counter
(IC6). After counting up to 10 trials,
this counter generates a stop signal
which turns on the seven-segment
readout to display the number of
“hits."” It simultaneously turns off all
four LED's. In the case of 10 consecu-
tive hits, the logic produces a capital
letter **H’" on the seven-segment read-
out. To start a new test run, the power
is turned off and then on again.

If the operated pushbutton corre-
sponds to the illuminated LED, a com-
parator (/C5) generates a signal which
is counted by the hit counter to form
the display on the readout.

The length of the enable signal is a
function of the time that one of the
selection pushbuttons is held down.
The delay in the circuit depends on
the amount of bounce that occurs
when the switch is operated. This

adds human and mechanical random-
izing elements to the target selection.

The actual circuit of the machine is
shown in Fig. 2.

Construction. The ESP Testing
Machine uses a double-sided pc
board. The layout of components is
shown in Fig. 3.

In working with the CMOS IC’s, be
sure that they do not come in contact
with anything that can build up a static
charge. Keep them in their conducting
foam until ready for installation and
handle them only by their non-pin
edges. Use a small, low-wattage sol-
dering iron with a grounded tip and
observe the notch index for proper
positioning.

Install the four white (S2 through
S5) and one red (S7) pushbutton
switches on the Display Side of the

PARTS LIST

B1.B2—9-volt battery
C1.C2—0.001-pF. 209 mica. Mylar. or
ceramic capacitor

+9v
2] Jiolr
3
Ic6
o— [
|
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—+9
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Fig. 2. Complete schewmatic tor the ESIP Testing Maclive is shown
aboce and on opposite page. The civewit is powered by tio 9-colt
batteries. CMOS logic wnits are wsed to reduce drain on batteries.
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C3-CS5—0.1-pF. 20% Mylar or ceramic
capacitor

1C1—4013 CMOS dual-D flip-flop

1C2ICR-IC10—4011 CMOS quad 2-input
NAND

1C31CTT1—4001 CMOS quad 2-input NOR

1C4—4055 CMOS 7-segment decoder/
driver

[C5—4016 CMOS quad bilateral switch

1C6—MC 14520CP CMOS dual binary up-
counter

1C7—4012 CMOS dual 4-input NAND

ILED1-LED4—Light-emitting
(Monsanto MV-5024 or similar)

(Q1—2N2905 transistor

R1.R2.R4.R6.R8.RI10.R11—560-0hm.
Va-watt, 109% resistor

R3—3300-ohm. Y-watt. 10% resistor

RS.R7.R9.R14-R17—I-megohm. Ya-watt,
107% resistor

RI2.RI8.R19.R21—68.000-0hm. lY-watt,
10% resistor

R13.R20—100.000-ohm. Y-watt. 10% re-
sistor

ROI—7-segment LED readout (Litronix
DIL.-707 or similar)
S1—Spst momentary pushbutton switch
(red) (Oak 415-399592-LP or similar)
S2-S5—Spst momentary pushbutton
switch (white) (Qak 415-399596-LP or
similar)

S6—Spst alternate-action rocker switch
(Arcolectric C-400 ar similar)

Misc.—Case (H.H. Smith 2255). cover
(H.H. Smith 2256). plastic for target
partition. battery holders (2), battery
connectors {2). mounting hardware,

= = ete.

diode

Note [—The following are available from
Paratronics. 150 Tatt Ave., Los Gatos.
CA 95030: etched and drilled pc board
(ESP-1IPC) at $13.50; finished and
labeled panel. case, and target partition
(ESP-1PP) at $10.50: complete kit of

parts

(less batteries) (ESP-IKN) at

$59.50. assembled and tested unit
(ESP-1AT) at $69.50. California resi-

dents please add 6% sales tax. Add 5%
tor air shipping inside U.S.: 10% outside
U.S.
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ESP TESTING PROCEDURES

General Principles. it is desirable to ex-
periment in a quiet, comfortable room with
subdued lighting. Take the test slowly, al-
lowing enough time during each trial to
develop a “feel" for the correct target. Use
the DISPLAY pushbutton for immediate
feedback when you think you are perform-
ing well.

Try tc correlate any psychological fac-
tors (mood, approach, etc.) or physiologi-
cal factors (tiredness, physical comfort,
etc.) with test scores to see if patterns
emerge. Use the figures in the Perfor-
mance €hart to evaluate your scores.

Always keep the target partition in place
during fests and always press the target
select button for at ieast ¥2 second to en-
sure the registering of your trial and to pro-
vide extensive randomizing of the various
targets.

Testing for Telepathy. Mental telepathy
is the transferring of information from one
individual to another without the use of the
five senses. The procedure for conducting
a telepathy test is as follows:

1. Place the ESP Testing Machine on a
table between the subject (receiver) and
the sender. Make sure that the machine is
oriented so that the targets are visible only
to the sender.

2. When the power is turned on and the
initial target is illuminated, the sender con-
centrates on the number on the target par-
tition that corresponds to the target
selected by the machine.

3. The subject should then try to get a
mental image of the correct number and
press the corresponding target select
pushbutton. The subject should never look
at the sender during the test to avoid ‘‘sen-
sory leakage.

4. Repeat this procedure until ten trials
are complete and the score is displayed.

Note: You may want to substitute other
target material for the numbers on the par-
tition to see how scores are affected. Use

‘3

{

i

&
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letters, colors, pictures—anything that you
fell will enhance the visualization process.

Testing for Clairvoyance. Clairvoyance
is the perception of objects without the use
of the five senses. The procedure is as fol-
lows:

1. Position the ESP Testing Machine so
that the targets are not visible to anyone.
This precaution avoids the possibility of
“telepathic leakage.”

2. Turn on the power and try to visualize
which target is illuminated. Then press the
appropriate pushbutton.

3. Continue this procedure until the run
is complete and the score is displayed.

Testing for Precognition. Precognition
is the prediction of future events that can-
not be inferred from present knowledge.
The procedure is:

1. Write down a list of future events that
cannot be inferred from present know-
ledge. The procedure is:

1. Write down a list of ten numbers from
among the targetintegers 1,2, 3, and 4. Use
any sequence which you “feel” will be
selected by the machine when you actually
perform the test.

2. Turn on the power and press the target
select pushbuttons in accordance with the
chosen sequence. When the last number is
entered, you score will automatically be
displayed.

Other Tests. The use of the ESP Testing
Machine with other electronic equipment
will permit a more detailed investigation of
the nature of ESP. For example, if ham
radio equipment is avaifable, telepathy-
over-distance tests can be performed
either to verify or challenge previous re-
sults indicating that telepathy performance
is unaffected by distance. If high scores are
achieved, it would be an indication that the
telepathy signal was not appreciably af-
fected by distance.

PERFORMANCE CHART

No. of Chance Good Excellent

Runs® Score Score Score
(Odds (Odds
20:1) 100:1)

10 25 34 36

20 50 62 66

30 75 90 94

*10 trials in each run.

Photo shows the pe board and
the encloswre tor ESP Machive.

board, along with the seven-segment
readout. Mount the four LED’s so that
their bases are about Ys" above the
board. Use short lengths of bare wire,
soldered on both sides of the board
tor the test points.

Mark the cover of the plastic box so
that it can be drilled and cut to allow
the six switches, RO71, and LED’s to
protrude. The pc board is mounted on
the front panel using 3/16 inch spac-
ers. The power switch (S6) is mounted
directly to the front panel and fits into
the cutout on the board.

The chassis cover should also have
two slots. one on each side, between
the LED's and the readout. A piece of
opaque plastic should be cut so that it
will fit into the slots on each side. This
forms a vision barrier so that the per-
son operating the pushbuttons cannot
see the LED's. Mark the barrier with
the numbers 1, 2, 3, and 4 on each
side, keeping in mind that on one side
the numbers must read from left to
right, and right to left on the other

Complete the wiring in accordance
with Fig. 2

Checkout. Turn on the power and
observe that only one of the four LED
targets is illuminated. Press the Dis-
PLAY button and note that the numeral
‘0" appears on the readout. Then
press the target select pushbutton
opposite the illuminated LED and
notice an immediate mixing of the
targets. Upon release of the pushbut-
ton, one of the four LED's will be
lighted for the next target. Press the
DISPLAY button again and note that the
numeral 1" appears on the readout.
Continue this procedure until numer-
als 17" tarough "9 have been
checked out. On the tenth hit, the let-
ter "11" should automatically appear
and further trials should be inhibited.

If trouble occurs, first be sure that
the batteries are fresh. Further trou-
bleshooting will be aided by the use of
the test points labeled on the pc board
and shown in Fig. 2.

One Final Note. In the event that
some readers view the subject of ESP
incredulously, consider the following.
The prestigious IEEE (Institute of Elec-
trical and Electronics Engineers) at
one of I1ts annual conventions held a
seminar at which researchers pre-
sented professional papers outlining
theirwork in ESP and related subjects.
The session was attended by several
hundred enthusiastic electronics en-
gineers. ®
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N THESE DAYS of

portable

devices powered by nickel-
cadmium batteries, recharging de-
vices are becoming increasingly im-
portant. Unfortunately, most chargers
are designed for a specific applica-
tion. For example, a charger for a cal-
culator may not satisfactorily charge
the batteries in a portable tape recor-
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|
7VAC 12vDC

Si
<—0J
Ti
—— 12VAC R6
= 820
PL
il

BY MARSHALL LINCOLN

3uild a
Versatile
el-Cadmium
attery
Charger

Provides variety of charging rates
and operates from ac line or 12-V dc source

der. Similarly, you can't expect to
charge the batteries in a walkie-talkie
with a charger designed for a photo-
graphic speedlight. Here's a general-
purpose battery charger you can build
for under $15 that will accommodate
popular AA-, C-, and D-size nickel-
cadmium cells. With this unit, you
won't need a separate charger for

BP2

+Om

Fig. 1. Charger can be used for one to four C cells
with cells in clips or connected to binding posts.

PARTS LIST

B1-B4—D-cell battery holders

BP1, BP2—Five-way binding post (one
black, one red)

D1—200-PIV, 200 mA silicon diode

M1—0-5-mA meter movement

PLI—Ac plug with line cord, or use
chassis-mounting plug

PL2—Polarized dc plug (automotive or
other), or use chassis-mounting plug

R1—68-ohm, 1-watt resistor

R2—56-ohm, 1-watt resistor
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R3—47-ohm, V2-watt resistor

R4—39-ohm, 4-watt resistor

R5—5.4-ohm, V2-waltt resistor

R6—82-ohm, i-watt resistor

S1—Dpst switch

S2—2-pole, 4-position rotary switch

T1—I12-volt, Y2-ampere filament transformer

Misc.—Chassis box: hookup wire; hardware;
rubber grommet or plastic strain reliefs (2)
for line and dc power cords; solder; etc.

each piece of equipment containing
batteries.

The battery charger, shown
schematically in Fig. 1, overcomes the
single-application design by provid-
ing a variety of charging rates. To
make it as versatile as possible, the
power source for the charger can be
the ac line through PL1 or any 12-volt
dc source (including a car battery)
through PL2. It can charge from 1to 4
C cells at once with the cells either
installed in battery clips on the
charger or connected to the charger
through an external cord.

Vaiues of current-limiting resistors
R1 through R4 were selected to keep
the charging current through the cells
low enough so that damaging over-
charging would not occur. Switch se-
lection, viaS2, automatically switches
in the proper series resistance to
match the number of cells connected
to the charger circuit. Meter M7 pro-
vides a means of monitoring the
charging current so that you always
know the charge current is within cell
ratings.

A 12-volt filament transformer, 71,
and diode, D1, permit the charger to
operate from a 117-volt ac line source.
To operate the charger from a 12-volt
dc source, ST must be in its alternate
position, placing the R6/PL2 circuit in
the system and removing the
PL1/T1/D1 circuit. Resistor R6 isin the
circuit to insure that the same charg-
ing currentis delivered in the dc mode
as in the ac mode.
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“live"" onlyif the proper number of bat-
teries are installed for any given
switch position. For example, if S2
were in the R4 position, four batteries
must be in the charger; any lesser
number would leave an open circuit.

If you examine the schematic, you
will note binding posts BP71 and BP2.
These connectors are a convenience
feature that allows batteries of differ-
ent physical configurations to be re-
charged with the aid of test leads.
Select black and red binding posts for
BP1 and BP2, respectively.

The only other component in the
circuit is R5. This resistor serves as a
current shunt for M7. It permits the
meter, a 0-5-mA movement, to ac-
commodate a 0-120-mA current
range.

Building the battery charger is a
simple and straightforward project. As
shown in Fig. 2 and the lead photo, no
printed circuit or perforated phenolic

Fig. 2. Photo shows inner ussembly of the prototype.
All parts are installed by point-to-point wiring
so it is not necessary to use circuit board.

board is required during assembly. All
parts are installed by point-to-point
wiring.

The values of R7 through R4 were
selected to yield slightly less than 100
mA of charging current. When S2 puts
R1 in the circuit, charging current is

tacts. Switching through R2, R3, and
R4 successively adds the remaining
battery contacts so that up to four bat-
teries can be recharged simultane-

In use, the battery charger, operat-
ing at a 1/10 C charging rate, wilt fully
charge a depleted nickel-cadmium
battery in about 14 to 16 hours. For
only partially discharged cells, the re-

delivered to only the B7 battery con-

ously Note, however, that the circuitis

charging time will be shorter. @

Build your own

TTL-5

Power Supply

The fast, easy way to build
a TTL-5 Power Supply that
provides the rigid power
requirements of the TTL
(Transistor-Transistor Logic)
and C-MOS digital circuits.
Comes complete with all
necessary parts for assembly
and illustrated, step-by-step
instruction booklet. See the
TTL-5 Power Supply, Motor
Speed Control, Ditigal Clock,
DC Regulated Power Supply
and Burglar Alarm kits at
Calectro dealers everywhere.
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IC) Excellent voltage regulation and
transient suppression

Internal short circuit, thermal
shutdown and safe operating
area protection

[ Low output impedance and
ripple rejection

Catectro Kitd- Ready to Astendbte

Fur - Practteal - Educalconal
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BY FRANK P. KARKOTA, JR.

REVEALS HIDDEN MUSIC
AND NEWS ON
YOUR FM RECEIVERS

N AN EFFORT to utilize more fully

the radio spectrum, the Federal
Communications Commission some
time aga authorized FM radio stations
to use special subcarriers to broad-
cast additional program material. This
was covered in the FCC's Subsidiary
Communications Authorization—

hence the letters SCA, applied to the
process in general. The most commaon
use of SCA is in the transmission of
background music; but other broad-
casts may include detailed weather
forecasting, special time signals, and
other material designed and intended
forspecial-interest groups, such as re-

STEREQ
CHANNEL
(L-R)

EREQ
SUBCARRIER
38kHz

ligious and ethnic groups and hand-
icapped listeners, doctor’'s offices,
stores, factories, and other public
places.

Broadcasters who use SCA gener-
ally make their profits by leasing the
special receivers required to detect
the subcarriers. However, the SCA
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adapter described here will enable the
owner of almost any conventional FM
receiver to listen to these broadcasts.
(A word of caution: it is illegal to use
SCA broadcasts for commercial pur-
poses without written permission
from the broadcaster.j Using a single
IC, this low-cost SCA adapter can de-
rive its operating power from the re-
ceiver with which it is used. In many
cases, the adapter can be builtdirectly
into the cabinet with the receiver. A
small pc board and simple alignment
procedures make the project easy to
construct and use with most home FM
receivers.

How SCA Is Handled. In mono FM
broadcasting, the main channel
transmits only audio frequencies up to
15 kHz, and the transmitter/modulator
is designed for this range only. For ali
stereo FM Dbroadcasting, the
transmitter/modulator is designed to

pass not only the 15-kHz main (L + R)
channel, but also a 19-kHz stereo pilot
carrier and an amplitude-modulated
38-kHz subcarrier that contains the
stereo (L — R) information. For an FM
station to transmit also the SCA infor-
mation, it must be able to accommo-
date the SCA channel as a narrow-
band (7-kHz deviation) subcarrier cen-
tered at 67 kHz. The audio-modulation
frequency spectrum for an FM trans-
mitter carrying both stereo and SCA is
shown in Fig. 1.

To extract the SCA material from
this composite signal requires the
equivalent of two receivers—one to
demodulate the composite from the
FM transmission and the other to re-
cover only the SCA from the detected
composite signal. A conventional FM
receiver performs the first operation,
and the output of its detector forms
the input signal for the second ‘‘re-
ceiver." Essentially, the latter is in the

=
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Fig. 2. Single IC contains a complele i-f system, a
quadrature FM detector and an audio amplifier.

PARTS LIST

C1—430-pF. 5%, silver-mica capacitor

C2—5100-pF, 5% silver-mica capacitor

C3. C4, Cl11—0.1-yF, 10-volt disc
capacitor

CS,C6—10-pF electrolytic capacitor

C7—120-pF, 5% silver-mica capacitor

C8—390 pF, 5% silver-mica capacitor

C9—16-150-pF trimmer capacitor (Arco
424 or similar)

C10—0.01-pF disc capacitor

[IC1—CA3089E

L1—1000-uH, 5% inductor (Nytronic
WEE 1000 or similar)

L2—10,000-uH, 10% inductor (Nytronic
WEE- 10,000 or similar)

Q1—2N2222
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R1—500,000-ohm trimmer potentiometer
(CTS X-201 or similar)

R2—1000-ohm, ¥2-watt resistor

R3—100.000-ohm, Y%-watt resistor

R4—15,000-ohm, Y2-watt resistor

R5-—33.000-ohm, Y2-watt resistor

R6—2200-ohm. Y2-watt resistor

Misc.—Power supply, interconnecting
shielded cables. pc board. optional
mounting hardware, etc.

Note—The following are available from
Communications Poly Services, 46 Gro-
ton Rd., Westford, MA 01886: etched and
drilled pc board at $2.25: complete kit of
parts including pc board at $13.50. both
postpaid. Massachusetts residents.
please add 5% state sales tax.

form of a narrow-band FM receiver
tuned to 67 kHz. The audio output of
this SCA adapter is used to drive an
external amplifier and speaker.

How It Works. The schematic of the
adapter is shown in Fig. 2. The IC is a
new unit which contains a complete
FM strip on a single chip. Although
designed to work at the conventional
10.7-MHz i-f, this IC works well at 67
kHz for SCA.

The demodulated composite signal
is appliedto control potentiometer R7,
which acts as a squelch (to be
explained tater). The relatively low
value of C1 provides a high-pass filter
to reject the main channel and most of
the stereo subcarrier. Capacitor C2
and inductor L7 form a tuned circuit
that helps to reject noise above and
below 67 kHz and R6 determines the
bandwidth. Capacitors C3 and C4 are
used as bypasses to allow one side of
the tuned circuit (C2 — L7) to remain at
signal ground while current from pin 3
biases the i-f amplifiers connected to
pin 1.

The internal i-f amplifiers also pro-
vide the limiting that eliminates any
amplitude variations that might be
present on the input signal. This also
improves the rejection of the stereo
subcarrier since the stereo informa-
tion appears as amplitude noise.

The limited and amplified signal
then enters the internal quadrature
detector where capacitor C7 and the
tuned circuitformed by L2, C8, and C9
form the required phase-shift network
for tuning the detector. Resistor R5
connected across thetuned circuitde-
termines the bandwidth of the detec-
tor. The detected signal then drives a
squelch-controlled audio preamplifier
(also on the chip). A set of level detec-
tors in each i-f amplifier provides a dc
output proportional to the log of the
input signal. This dc voltage is applied
through R2 to the base of Q7, while C5
removes any 67-kHz component that
might be included. When a predeter-
mined signal level appears atthe input
tothe i-f amplifiers, the base current of
Q1 causes it to saturate. Resistor R3
forms the load for Q7. When Q7 satu-
rates, the low emitter-to-collector vol-
tage cannot squelch the internal audio
system. When the signal level drops
below the predetermined level, Q7 is
cut off; and its output signal (at pin 5)
is sufficient to operate the internal
audio squelch.

The recovered audio output (pin 6)
is de-emphasized by R4 and C10 while
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C171 blocks the dc component from
the audio output.

Construction. Although there are no
r-f signals present, the high gain of the
IC makes parts ptacement in the cir-
cuit somewhat critical. A pc board is
therefore recommended (Fig. 3).
When tuning the capacitor, C9, is in-
stalled, the side of the capacitor hav-
ing the top plate should be closest to
capacitor C6. Observe the notch code
on /C1 and the polarities of the two
electrolytic capacitors.

The test point is simply a smail loop
of bare wire, soldered into the board at
the point (TP) shown in Fig. 3.

Thedemultiplexer requires between
9 and 16 volts dc at 20 to 30 mA. If itis
not available from the conventional
receiver, a small supply can be built
using the circuit shown in Fig. 4.

Alignment. Use a shielded cable to
connect the adapter input to the FM
receiver. If you are tucky, the FM re-
ceiver will have a phono jack marked
“detector out,” ‘‘composite out,”
“output to MPX adapter,” “‘output to
stereo adapter,” or some variation of
these, If the receiver does not have this
jack, a connection must be made to
the FM detector before the de-em-
phasis network. Make the connection
as shownin Fig. 5. Connect the output

Fig. 4. This power supply can be
buill if not available elsewhere.
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of the SCA adapter to the external
audio amplifier and speaker.

Before applying power, temporarily
connect a short circuit between the
emitter and collector of Q7. Adjust var-
iable capacitor C9 for half mesh, and
set potentiometer R7 fully coun-
terclockwise (rotor at input end).

Connect adc voltmeter from the test
point to the side of C9 closest to C6.
Turn on the FM receiver and apply
power to the SCA adapter. When the
FM receiver is tuned across the band,
noise and distorted main-channel
programming will be heard on those
stations not carrying SCA. When a sta-
tion carrying SCA is tuned, this mate-
rial will be heard. Adjust C9 for zero
volts on the dc voltmeter. If a dc volt-
meter is not available, adjust C9 for
best results.

Remove the temporary short across
Q7. If the audio output drops away
when this is done, the SCA adapter is
receiving too little signal. Check the
connection to the FM receiver to make
sure it is properly made.

The internal squelch circuit is used
to quiet the SCA adapter between
music selections in the event that the
station making the SCA broadcasts
turns off the subcarrier between selec-
tions. In this case, adjust potentiome-
ter R1 to silence the noise between
setections.

The ultimate quality of the demulti-
plexed SCA signatl is largely a function
of the FM receiver. It is important to
have a strong signal, as free of mul-
tipath as possible. It should be noted
that the signal level required for noise
quieting increases as the bandwidth
of the received signal increases. It is
for this reason that a stronger signal
(compared to a mono transmission) is
required for adequate reception of
stereo broadcasts; and an even

Fig. 3. Actual-size foil patlern
and (far left) component installation.
Observe polarities on clectrolylics.

TYPICAL FM DETECTOR

r—————

____________ |
COMPOSITE
OUTPUT
| o MOMO
DE-EMPHASIS QUTRGT
METWORE

Fig. &, Typical FM detector
showing where the composite
apdpied can be token out,

stronger signal is required when an
SCA subcarrier is added. Note, also,
that any distortion (such as phase)
present in the FM receiver will appear
in the demultiplexed signal as
crosstalk.

Modifications. There have been
rumors of a proposal to reallocate the
FM subcarriers to accommodate
four-channel sound. If this comes ab-
out, or if you hear of any frequency
other than 67 kHz being used for the
SCA subcarrier, the SCA adapter de-
scribed here can easily be modified for
the new frequency by changing the
value of two capacitors. For C2, the
value is 10°(4n2f2); and for C8, use 108-
/(4n?f2)—70; where C is in picofarads
and f is in kilohertz. @®
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CONSTRUCTION

TRANSISTOR TES

Checks upper frequency limit of bipolar transistors

HECKING out an r-f transistor on

a "standard’ tester is as tricky
as testing a high-voltage TV tube on
the corner-drugstore machine. When
the indicator reads "‘good,” the device
can still be bad.

Unfortunately, most transistor test-
ers perform dc checks only. They in-
dicate the device's beta (amplification)
and, in some cases, leakage current.
Few check performance at radio fre-
quencies, however, which is an essen-
tial parameter if you're troubleshoot-
Ing a transistorized front end.

The important characteristic here is
the transistor’s cutoff frequency, f;. As
the frequency increases, a transistor’'s
amplifying capability drops rapidly.
Above f,, there is no gain at all, and
the transistor just doesn't work. You
can check your transistors’ f; to de-
termine if they will operate satisfactor-
ily at r-f by building the circuit shown
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in Fig. 1. (For more about the impor-
tance of f., see the box on page 59.)

How It Works. The circuit is essen-
tially an emitter-follower amplifier
whose input impedance varies with
the f, of the transistor. The input im-
pedance is then used as one leg of a
voltage divider, and the output volt-
age, as indicated on the meter, is a
function of f,.

The Q17 circuit is a conventional
Colpitts oscillator running at 1 MHz on
the Low range and 10 MHz on the HIGH
range of S7. A signal of approximately
6 volts p-p is applied to the left end of
resistor R6. Resistors R4 and R5 pro-
vide base bias for Q2, the transistor
being tested. Either L3 or L4 forms a
tuned circuit with C6 and the input
capacitance of the transistor being
tested. With C6 tuned to resonance,
the reactance of the transistor's C,,,

BY DANIEL METZGER

which would otherwise load the
signal, is cancelled.

The input impedance of the base of
@2 is essentially beta times the emitter
resistance. This emitter resistance is
R7 in parallel with the effective resis-
tance of the metering circuit. Emitter
resistance varies with the setting of
the calibrate control, but should be
near 400 ohms. If a transistor having
an f. of 17 MHz is checked on the
1-MHz range, it will have a beta of f,/f
=17/1 = 17. The base input resistance
of the transistor will then be:

r, = Br.=17(400) = 6800 ohms

The 6-volt p-p input signal is the
voltage divided by R6 and r, to pro-
duce a 3-volt p-p signal at the base
(and also at the emitter) of Q2. Diodes
D1 and D2 rectify this signal, but since
each diode requires about 0.6 volt be-
fore it begins to conduct, only about
1.8 volts dc appears across C10.

ELECTRONIC EXPERIMENTER S HANDBOOK



B1—9-volt battery

C1—100-pF disc capacitor

C2—150-pF disc capacitor

C3-—330-pF disc capacitor

C4,C5,C7-C10—0.01t-pF disc capacitor

C6—100-pF variable capacitor

D1,D2—Silicon signal diode (IN914 or simi-
lar)

PARTS LIST

£ 1,1.3—400-pH inductor
[.2,L4—25 turns No. 26 enamel wire, close-
wound on Y-in. slug-tuned form
M1—0-1-mA dc meter movement
Ql—Transistor (2N4124 or similar)
Q2—Transistor under test
R1,R3,R8—220-ohm, Y-watt resistor
R2—100,000-ohm, Y2-watt resistor

PNP l
p NPN
3nl I
2220n —_ {/
9 T s2a
It
c7I\ |
: .OIpF
R2 RFC I 3R4
2100K ImH 210K =1
1
SOl
Ql (Q2) ¢
SIA
‘ K LOW, Hmi__|
4]
100pF
. R3 Ll L2t
—~ 2200 i
c3
330pF o
c2 ca
150pF JOipF
I JS Wy
4 ‘83._|||'__..4.
TEST Bl ——
9V =

R4—10,000-ohm, Y2-watt resistor
R5-—15,000-ohm, Y2-watt resistor
R6—6800-ohm, V2-watt resistor
R7—470-ohm, Y2-watt resistor
R9—10,000-ohm trimmer potentiometer
R(Q—3300-t0-33,000-ohm resistor (see text)
SO 1—Transistor socket

S$1.82—Dpdt toggle switch

S3—Spst normally open pushbutton switch

Fig. 1. The transistor being tested (Q2) is connected to socket SO1. Transistor Q1 is an
r-f oscillator which supplies a signal to Q2. Frequency is changed by switching reactances.

Construction. Almost any type of
construction can be used. The pro-
totype was built up on a small piece of
perforated board. However, keep in
mind that the tester operates in the r-f
range, so all leads must be as short as
possible.

The test socket (SO7) and all con-
trols and switches (except for R9) are
mounted on the front panel. The bat-

tery is supported by a mounting clip.
Coils L2 and L4 are mounted on a
small metal bracket so that their
screwdriver adjustments can be easily
reached.

On the prototype, three five-way
binding posts were connected to SO7
and mounted on the front panel to
facilitate testing using clip leads to
connect to the transistor.

Calibration. Calculations such as
those given above and in the box can
be extended to apply to a range of f;
values and a calibration chart for the
low range of the meter can be cor-
structed as shown in Fig. 2. Other val-
ues of R6, R7, and signal frequency
can be used to alter the range of the
instrument, but care should be taken
to ensure that betas higher than 50 will

WHAT IS 1?7
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The cutoff frequency (sometimes also called gain-bandwidth
product) is the frequency at which the current gain (h,.) drops
to unity. For frequencies lower than f,, h,. increases linearly at
a rate of 6 dB per octave. (The beta doubles as the frequency is
halved.) The rise in beta continues until the low-frequency beta
(Bo) 1s reached at the beta cutoff frequency (fg) as shown in the
diagram. Notice that, for any frequency above fg, the product
of current gain and operating frequency is constant and equal
to f.. Hence, the name gain-bandwidth product for f,

Calculating h, at any frequency when f, is known is a simple
matter if this relationship is kept in mind. For example, If a
transistor having an f,. of 200 MHz is to be used in a 27-MHz
amplifier, its effective beta is f, divided by f or 200/27 = 7.4.

To find the frequency at which beta will begin to drop below
its full low-frequency value, the procedure is reversed. Thus, in
the example above, if the transistor has a low-frequency beta
of 150, it will begin to drop at 200/150 = 1.33 MHz




always drive the meter above full
scale. This is because many transis-
tors have a low-frequency beta not
much higher than 50 and they would
otherwise read low on the f; scale.
To calibrate the instrument, a high-
beta transistor with an f, specification
above 250 MHz is inserted in test soc-
ket SO7 with range switch S7 on Low.
The author used a 2N4124 with a

measured lo