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CASH IN ON THE BOOM
IN COLOR TELEVISION

The NRI TV -Radio Servicing course
includes your choice of black and
white or color TV training equipment.
Color TV needs thousands of trained
men to keep pace with millions of sets
being sold every year. NRI prepares
you quickly. Cash in on the boom.

IF

CARD IS
MISSING

MAIL
THIS

COUPON

NATIONAL RADIO INSTITUTE
Washington, D.C. 20016

Name

13 028

Address Age

City St -,te Zip

 Check for facts on GI Bill

You get more for your money from NRI
NRI pioneered the idea of supplying home -study
students with custom designed training kits to
give practical on-the-job experience as you learn.
Today, NRI's "3 -Dimensional" training can't be
equalled. You get more value - from the exclu-
sive Achievement Kit sent the day you enroll, to
"bite -size" texts and custom training equipment.
Learning TV -Radio, Electronics or Communica-
tions at home is easy, exciting, the NRI simpli-
fied, dramatized way.

BE A SKILLED TECHNICIAN IN AMERICA'S
FASTEST GROWING INDUSTRY

Regardless of your educational background, you
can learn the Electronics field of your choice the
practical NRI way. The NRI color catalog, sent
to you free and without obligation, tells you how
you can qualify quickly to be a part of the fast
growing Electronic Age; about engineering jobs
in business, industry, broadcasting, government,
now offered to men without college degrees. It
will open your eyes to the great number of suc-
cess opportunities available right now in the
high -pay world of TV -Radio Servicing, Broad-
casting -Communications and Industrial -Military
Electronics. With NRI technical training, you
can take your choice of a wide variety of career

openings or have a business of your own. And if
you choose one of five NRI courses that include
FCC License preparation, you must earn your
FCC License or NR1 refunds your tuition!

MAKE $4 TO $6 AN HOUR EXTRA
IN SPARE TIME STARTING SOON
Tens of thousands of NRI graduates are proof it
is practical to train at home in your spare time.
Keep your present job while preparing for a bet-
ter one, and earn $4 to $6 an hour extra in spare
time while you train, fixing sets for friends and
neighbors. NRI shows you how. Equipment you
build and keep becomes useful in your work.

STEP UP TO BETTER PAY, A BRIGHTER FUTURE
NRI can help you, but the decision to act must
come from you. Decide now to move ahead . . .

mail the postage -free card. If missing, use coupon
above for FREE NRI color catalog. No salesman
will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D.C. 20016.

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

NRI Programmed Equipment Gives You Priceless Confidence,

Makes Learning TV -Radio, Electronics Fast and Fascinating

BUILD TES" EXPLORE All this is yours - from Achievement Kit,
to solid state Radio, to training -engineered Color TV set -when you
enroll for NRI's TV -Radio Servicing course. Other courses equally
complete. Unique training methods, "bite -size" texts, many personal
services have made NRI the leader in its Said for over 50 years.

THE ONLY

COLOR TV
TO-ALLY ENGINEERED

FOR TRAINING



NEW from RADIO SHACK

Science
Fairni

ELECTRONIC KITS
CREATED BY RADIO SHACK ENGINEERS

to let you build the way the pros
build - by "breadboarding"

`ttt--

'
RAIL Kit

BUILD THIS
2 -TRANSISTOR

RADIO KIT
ONLY

395

An hour to assemble, even for first-time kit build-
ers! Step-by-step numbered instructions, plus pic-
torials and schematics . . . a ground -floor intro-
duction to basic solid state electronics. Then

of hearing your favorite AM sports
music and news on a radio you've built yourself'
Radio Shack's 'Science Fair' kits feature perf-
board construction to let you move or interchange
parts, even create additional experiments. Abso-
lutely safe: no AC voltages; just add a 29C 9V
battery (4-'23-464) and you're on the air!

1

OL.

,x,itam 2

Reco -amended'
by

revieWell.
and

educators

Every Science Fair' Kit Is Complete - No Extra Parts to Buy!

8 KITS TO CHOOSE FROM:
28-102, 2 -Transistor Radio Kit .

28-100, 1 -Tube DC Radio Kit ...
28.101, Transistor Organ Kit ....
28-103, Wireless AM Mike Kit ...
28-104, AC/DC Power Supply Kit
28-105, 3 -Way Code Oscillator Kit
28.106, "on" Audio Amplifier Kit
28.112, Bell/Buzzer/Code Key Kit

3.95

3.95

5.95

3.95

6.95

3.95

4.95

1.49

Only the battery ( in D: kits) needs to be
added. We include su:h "extras" as po-
tentiomete:s, switches, speakers, etc., as
required. No surplus pats. Performance is
definitely sup:rior to comparable products.

Dept XA
ORDER NOW RADIO SHACK Division of Tandy Corporaion

EAST: 730 Commonwealth Ave., Boston, Mass. 02215
WEST: 2615 West 7th St., Ft. Worth, Texas 76107
Rush me the 'Science Fair' kit(s) li!:ed helaw.
I enclose S plus 50, w cover handling and
postage in the U.S.A.

El Send
Free 1968

Radio Shack

Name

Street

CityIn Stock at Any One of the Catalog. State Zip200 Radio Shack Stores Coast to Coast L _ i
CIRCLE NO. 16 ON READER SERVICE CARD
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:.LEAc),ELECTRONIC

When this issue of the ELECTRONIC EXPERI-

MENTER'S HANDBOOK appears on the local

newsstands, many hobbyists will be recalling

that this is the twentieth anniversary year of

the discovery of the point -contact transistor.

Few inventions have had as far-reaching im-

pact as the transistor-upon every person in

every nation around the globe. Even a partial

list of the contributions of the transistor to our

everyday life would consume pages. Be it auto-

mobile, food blender, lighting fixture, color TV,

satellite, or computer, the transistor and its

offspring in the family of solid-state compo-

nents participate ii our everyday life.

Naturally, most of the projects described in

this edition of EN use solid-state devices-
junction transistors, siliccn-controlled rectifiers,

field-effect transistors, integrated circuits, etc.

Some projects are simple, some complex, but

all hcve been tested and double-checked for

performance before publication.

And, in speaking of transistors, I have noted

that many experimenters tend to shy away

from a workable understanding of how to test

transistorized circuits. Chapter 3 is devoted to

a new and differert approach to this subject-

read it over a couple of times and see if your

knowledge of transistors doesn't increase by

leaps and bounds.

OLIVER P. FERRELL

1961 Spring Edition



JOHNSON LEADS
the INDUSTRY in
FCC ACCEPTANCE

What does this mean to you?
It means when you purchase a Johnson CB
Transceiver, you are getting a piece of equip-
ment that's going to be around a while ... a
piece of equipment that already has FCC Type
Acceptance.

It means that you are getting a transceiver
that is designed for solid communications. All
Johnson transceivers use premium quality
components throughout. All have built-in
audio compression and outstanding transmit-
ter efficiency for clear, distinct "Talk Power."
None have meaningless features that increase
cost and reduce reliability.

See your Johnson Dealer today. Check out
the complete Johnson line. Every Johnson
Transceiver shown is FCC Type Accepted.
That should make your decision a little easier!

A. Messenger I -
5 channels, tube S114.95

B. .Messenger 11 -
Ill channels, tube S159.95

C. Messenger 323 -
23 channels, solid state 5229.95

D. Messenger 110 -
5 channels, solid state S

E. Personal Messenger -
1V2 watts, solid state

F. Messenger III -
12 channels, solid state 8159.95

G. Messenger 300 -
12 channels, solid state 8189.95

H. Messenger 100
6 channels, solid state 5129.95

I. 1 1 II '; II \ I 11111i 1 \
2555 Tenth A.e. S.W. Waseca, Minnesota 56093

Providing nearly a half -century of communications leadershipJ®
CIRCLE NO 11 ON READER SERVICE CARD
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NOW
International

 LOW COST
 MINIMUM

DELIVERY TIME

3,000 KHz to 60,000 KHz

A low cost Crystal for
the Experimenter

SPECIFICATIONS: International Type
"EX" Crystal is available from 3,000
KHz to 60,000 KHz. The "EX" Crystal
is supplied only in the HC -6/U holder.
Calibration is ± .02% when operated in
International OX circuit or equivalent.
CONDITIONS OF SALE: All "EX" Crys-
tals are sold on a cash basis, $3.75
each. Shipping and postage (inside U.S.
and Canada only) will be prepaid by
International. Crystals are guaranteed
to operate only in the OX circuit or its
equivalent.

1H

I

t

COMPLETE OX OSCILLATOR KITS
Everything you need to build your own
oscillator. Two kits available. "OX -L" kit
3.000 to 19.999 KHz. "OX -H" kit 20.000
to 60,000 KHz. Specify "OX -L" or "OX -
H" when ordering.

Postage Paid
CIRCLE NO. 10 ON

8

type "EX"

75
Postage

Paid

MINIMUM DELIVERY TIME We guaran-
tee fast processing of your order. Use
special EX order card to speed delivery.
You may order direct from ad. We will
send you a supply of cards for future
orders.

ORDERING INSTRUCTIONS
(1) Use one order card for each fre-
quency. Fill out both sides of card.
(2) Enclose money order with order.
(3) Sold only under the conditions
specified herein.

INTERNATIONAL

CRYSTAL MFG. CO., INC.
10 NO LEE  OKLA. CITY. OKLA 73102

READER SERVICE CARD
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CHAPTER
1

USEFUL

PROJECTS

Selecting the "ideal- projects to appear in this chapter of

the Spring Edition of the ELECTRONIC EXPERIMENTERS HAND-

BOOK was not a particularly easy task. There was a wealth of

interesting and valuable projects to goose from and certa:nly

no outward sign that hobby electronics is losing its appeal.

We have tried to "mix- the projects, providing something for

fun and games, something for the motorist, something for the

photographer, etc.

As the result of many requests, we have included plans for

a very low-cost metal locator. You can build this unit in a
couple of evenings and be positive that it will work. It won't

spot treasures three or four feet under the surface, bit it will

locate rings, coins, and lost jewelry under two to five inches

of sand or loose gravel.

10 REMOTE COMMANDER Elden C. Maynard, K6SAI

15 SPOTS BEFORE YOUR EYES Don Lancaster

21 THE BEACHCOMBER Daniel Meyer, KMT2967

27 COMBINATION BATTERY CHARGER AND TESTER Harley H. Stover

31 LIQUID LEVEL INDICATOR FOR THE BLIND T. V. Crammer, K4MMA

33 FIRING -RANGE TIMER Calvir F. Hadlock

3g AAH-CHOOI NOT ANOTHER PEPPER') Gary McClellan

40 ELECTRIC TIC TAC TOE Ken Creenberg

42 AUTOMATIC LIGHT BLINKER Melvii Chan

43 THE SOUND SYNC ER A. J. Lowe

45 S6 ELECTRONIC TACHOMETER Richaid E. Staerzl

47 PULSE COMMAND RESPONDER Elden C. Maynard, K6SAI

1968 Spring Edition



REMOTE
COMMANDER

LET THIS
RADIO CONTROL SYSTEM
TURN ON AND OFF
YOUR RADIOS, TV'S,
LAMPS, ETC.,
UP TO 500 FEET AWAY

By ELDEN C. MAYNARD, K6SAI

THE "REMOTE COMMANDER" radio
control ( R/C) system can save you

time and energy inside and near your
home. It lets you take care of little jobs.
like turning TV sets, radios and lights
on and off from remote locations. Outside
your home, the system is a real conveni-
ence; it can be rigged to a garage door
opening and closing setup that can be
controlled with the touch of a button -

you don't have to get out of your car in
even the stormiest weather.

The system is made up of a transmit-
ter that is compact and light enough in
weight to be carried in your shirt pocket
and an equally compact receiver. In oper-
ation, the receiver remains in a fixed lo-
cation near the device being controlled,
while the transmitter can be moved to
any location within range of the receiver.
No physical link between the two units is
required. so you are not limited to a few
"strategic" locations-any location you
happen to be at is strategic when you
have the transmitter with you.

The "Remote Commander" R/C system
was originally conceived as the control-
ling device for the "Pulse Command
Responder" ( see page 47 of this issue).
If used with the responder, it is con-
nected as shown in Fig. 1. However, the
responder is not required for operation of
the system. The "Remote Commander"
can be used with an inexpensive power
relay to control a single device.

Of course, being a radio control sys-
tem, the "Remote Commander" can also
be used for controlling model airplanes.
boats and racing cars.

10 ELECTRONIC EXPERIMENTER'S HANDBOOK



TRAPIMITTER RECEIVER

RESPONDER

EXTERNAL
POWER
RELAY

Fig. 1. "The Remote Commander" can be used as an
R/C remote control device for the "Pulse Command
Responder" (page 47) if the setup is as shown above.

How The System Works. The two de-
vices that make up the major elements of
the system are reproductions of actual
manufacturer circuits. ( The schematic
shown in Fig. 2 is a Mark II "Mule" tone
transmitter, and Fig. 3 is a Model "4"
superregenerative tone receiver, both
made by Controlaire Division of World
Engines, Incorporated.)

The transmitter circuits (Fig. 2) de-
velop a 26.995 -MHz carrier and an 800 -
Hz modulating tone, generated by crys-
tal controlled oscillator Q1 and blocking
oscillator Q4, respectively. The modulat-
ing tone is amplified through Q3 before
it is passed on to Q2 where it modulates
the r.f. carrier. After amplification
through Q2, the resulting tone -modulated
signal is coupled through C/ to the an-
tenna and finally radiated into space.

The receiver's antenna (see Fig. 3)
picks up this signal and passes it to su-
perregenerative detector Q1. Transistor
Q1 operates as an interrupted oscillator
that generates a quenching voltage and
maintains the Q of tuned circuit L1 -C4
at maximum (on the border line just be-
fore Q1 goes into oscillation).

The r.f. carrier is shorted to ground
through C6, and the modulating tone is
transformer -coupled via T1 to audio am-
plifiers Q2, Q3, and Q4. When Q4 con-
ducts, K1 energizes.

The input sensitivity of the receiver is
4 microvolts or better and is directly
attributable to the use of a superregen-
erative detector.

When K1 energizes, the load being con-
trolled either receives or is denied power,

1968 Spring Edition 11



Fig. 2. Transmitter is crystal -controlled to con-
form with the FCC specifications regarding carrier
frequency stability. Output consists of a 26.995 -
MHz carrier signal, modulated with an 800 -Hz tone.

TRANSMITTER PARTS LIST

B1 -9 -volt battery
C 1-100-pl; ceramic capacitor
(-2, C3, C5 -0.02 -AF ceramic capacitor
C4 -0.05-µF ceramic capacitor
CO-62-pl; ceramic capacitor
LI-R.I. coil assembly I See Text)
L2-i2-All radio frequency choke
01,02- 2N706 transistor
Q3-- 2N2924 transistor
04-2.1.229 transistor
R1 -1500 -ohm
R2, R4 -100 -ohm
R3-10.000-olins

..-111 resistorsR5 -47,000 -ohm IA saltR6-15,000-0km
R7 -27,000 -ohm
RS -4700 -ohm
S1-S.p.s.t. normally -open momentary action

push-button switch
T1-10,000- to 1000 -ohm impedance matching

transformer
IT/IL-26_995-MHz crystal I az'ailable front

Texas Crystals, 1000 Crystal Dr., Fort .flyers,
Fla.)

1-Printed circuit hoards
1-.-Intenna t similar to Lafayette Radio Elec-

tronics No. 99 II 30115)
Misc.-Metal box. battery ," rubber grom-

met, hookup wire, solder, hardware, metal strip,
insulator, etc.

*Sec Receiver Parts List.

R2

12

ANT.

LI

/RS
475

x74L

SRI
1.55

02
2N706

ANT.

CI
100pF

Si

e9V -I

Fig. 3. Receiver is a simple, single -channel superregenerative unit employing
a relay -type output. Incoming signal is detected by Q1 and a 800 -Hz tone is passed
through amplifier stages Q2. Q3 and Q4. The amplified tone from Q4 energizes Kl.

LI
-444

C2

'CL5PF.-
,
V U000'-

01
214588

L20

R3
lt

C4
I /6p7

t
C6

6247 02pF

R7
03 470f1 04

2N229 2N508

sv
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Fig. 4. To control high power
loads, use a power relay wired
as shown between receiver and
load in order to prevent damage
to relay (K1) in the receiver.

Fig. 5. Transmitter (directly above) and receiver
(below right) etching guides are shown actual size.
The layouts show parts location and orientation on
the boards to facilitate easy component mounting.

841

RB
ANT.

depending on the pair of contacts to
which the load is connected. The con-
tacts of K1 are designed for low -voltage
and low -power loads. Therefore, they
must be protected against overloading
and arcing through the use of low -
voltage external power relay K2 (Fig.
4) and a power source compatible with
the requirements of K2's solenoid wind-
ing.

For normally -on operation of the load
being controlled, K2 should be connected
to the upper pair of Kl's contacts. Con-
versely, for normally -off operation K2
should be connected to the lower con-
tacts. When wiring K2 and its power
source across the contacts of Ki, a con -

RECEIVER PARTS LIST

RI--3-volt battery
C 1. CS -0.01-ut r ramie capacitor

ceramic capacitoe
C3-62-pF ceramic capacitor
(4- -.1s-pf ceramic capacitor
('5- 0.005-µF ceramic capacitor
C6 -0.02-µF ceramic capacitor
C7-- 15-µF, 15 -volt clean)! ytic capacitor

3-µF, 15 -volt electrolytic capacitor
Al-- .s.p.d.r.,50-ohm subminiature relay*
K2- -Sec text
1.1--R.f. coil ( Sec Text)
L2- radio freaunvy choke
Q1 2 X5SS transistor
Q2.04 2.V508 transistor
Q3- 2.V22i transistor
RI- -4700-ohm
1?2, R.3, RS-1000-0km
R4 1500 -ohm Ill resistors
KS 15,000 -ohm
R6--330-rho,
R7- 470 -ohm
SI -S.p.s.t. switch

watt

7'1, T2 10,000- to 1004-ohnt impedance match-
ing transformer with tab mount*

I Printed circuit board'
I-Telescoping antenna rSee Transmitter Parts

List I.
.disc.-Small metal box., 3;i" x PA" x

utility box, !.," rubbo. grown:, I. 3-Ing termi-
nal strip. hookup win.. solder, hardware, in-
sulator, battery clip, etc.

*These parts obtainable front Controlaire Elec-
tronics, World Engines. Inc., son0 Rossash Rd.,
Cincinnati. Ohio 4523o.

1968 Sprinq Edition 13



Fig. 6. Transmitter case should be smallest pos-
sible size, but large enough to house circuit board,
battery and switch, and provide support 'or antenna.

tinuous series circuit should be obtained,
so that Kl's contacts act as a switch
between the low voltage supply and K2.

Construction. While small size and light
weight are not important in the receiver,
they are absolute necessities in the trans-
mitter for maximum portability. Both
circuits should be built on printed circuit
boards, if for no other reason than to
minimize construction time.

You can etch and drill your own print-
ed circuit boards using the drawings
in Fig. 5 to guide you, or you can buy
them already etched and drilled (see
Parts Lists ). Coil Ll in both the trans-
mitter and receiver can also be home
brewed. The transmitter coil consists of
31., turns (upper winding) and 1 y,

TUNING COIL

?\10

SI

ItANTENNA

RECEIVER MODULE

CABLE IC RESPONDER

turns (lower winding) of #24 enameled
wire. The receiver coil consists of 10
turns of #30 enameled wire. Both coils
should be closely wound on 1/2" -diameter
coil forms with adjustable high -frequen-
cy powdered iron cores.

Mount all parts as close to the circuit
boards as possible, but allow enough lead
length between transistors and boards to
permit proper heat sinking when solder-
ing. All the resistors in the transmitter
and a few in the receiver should be
mounted "on -end" to conserve space.

When all parts are in place, solder
them to the boards' foil conductors, being
careful to prevent solder bridges between
the closely spaced conductors. Then cut
away the excess component leads as close
to the boards as possible.

Mount the transmitter circuit board in
the smallest size metal box that will
house the board, battery and switch and
provide a support for the antenna as
shown in Fig. 6. Place a piece of insulat-
ing material between the bottom of the
board and the metal box.

Drill a 1.," hole in the top of the metal
box, place a grommet in it, and slide the
antenna into place, securing it to the
board with a metal strip. Finally, mount
the switch on top of the box near the an-
tenna, and drill a small access hole in the
box directly over Li.

The size of the box you use to house
the receiver and its associated parts is
unimportant. The main circuits-minus
power switch, antenna and batteries-

(Continued on page 153)

Fig. 7. For maximum shielding from outside
interference, receiver circuit board should
be mounted in separate metal case (above).
Mount receiver module, switch, batteries
and antenna in larger metal cabinet (left).

14 ELECTRONIC EXPERIMENTER'S HANDBOOK



INTEGRATED CIRCUITS
SIMPLIFY CONSTRUCTION

OF REAL ELECTRONIC DICE
FOR FUN,

PLEASURE, OR PROFIT,
AND PUT . . .

TECHNICALLY SPEAKING, this is a
pair of Mod 6 walking ring counters

using six J -K flip-flops and lamp drivers.
Decoding is reduced to four circuits each
and the readout is an arrangement of 14
low -voltage bulbs. From a practical as-
pect, this is an electronic pair of dice
that can't be loaded.

SPOTS BEFORE YOUR EYES
By DON LANCASTER While intended primarily for use with

parlor -type family games, this gadget
will make a dandy science fair project
for illustrating the basic principles of
probability and computer counter circui-
try, and will serve as an immediate at-
tention -getting device at any exhibit or
display. It measures 6'4" x 3')i" x 2",
and should cost from $18 to $30, depend-
ing on how fancy you care to make your
particular version. Complete kits and/or
all special parts are readily available.
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Fig. 2. Since each cl,e is fed from a
separate coun'er. and there is no fixed
time during which the counters cycle
through their stages, the final lamp in-
dication is random, as with real dice.

SI

3 kHz --L- DIVIDE -BY- 6
OSCILLATOR COUNTER COUNTER

IC4,1C5 ICI, IC2 1C2, 1C3

PARTS LIST
40m11.0, apacitor (Cor-

nell Dubilier BR 4000-6, or similar;
(2. C.i, C4- 0.1-µF, 19 -volt miniature disc

ceramic capacitor
DI- -.1111.19201.1 1 -ampere, 50 -volt, full save

bridge rectifier assembly ( Motorola)
112, 113, 1.14-1S4901 or similar silicon power

diode
50-m..1, pilot lamp assembly.

7 rid, 7 green (Southwest Technical Products
Corp. L-92, or similar l

ICI, 1C2, IC 3-.11(76(1/' dual J -K flip-flop
Motorola)

Il I .11C7801' her inaerter ( Motorola)
1(.5 ul.ouu boiler tairchild
(11-(110 .11PS6554 transistor I Motorola)
RI 220 -ohm, !1 -watt carbon resistor
R2-- l-megohm, 4 --watt carbon resistor
R3- -10,1100-ohm. 4 -watt carbon resistor
R4-R14--470-ohm, !a -watt carbon resistor
S1---Two-circuit "make one, break one" push

button, Snap -action
TI 0.6 -ampere miniature filament

ormer I knight 54111416, or similar )
1- x 2" case and cover /harry

DI. = or similar)
.s 2! X 1/16" printed circuit board*

line cord and strain relief. wire nuts
2), l'C terminals 117), #6 x 4g" threaded

standoffs #6 x 4 screws (4), insulated
wire jumpers ( 15 ), wire, solder, etc.

*The following arc available from Southwest
Technical Products Corp. 219 W. Rhapsody, San
Antonio, Tex. 75116: etched and drilled circuit
board, $3.50: kit of 14 pilot lamp assemblies in-
cluding I spare bulb, $4.00: complete kit of all
parts including fully punched and finished plastic
case. $30.00; postpaid in USA.

NOTE: Although a metal mounting box is shown
in the photo on page 15, the construction given
in this article are for the plastic box called for
above.

How It Works. Each of the two dies
consists of seven pilot lamps that are
lit or not lit dependent upon the com-
mands of an electronic counter and de-
coder circuit. Figure 1 shows the circuit,
while the block diagram in Fig. 2 illus-
trates basic operation.

There are two electronic counters, each
of which has six possible states, just like
the six sides of a die. Whenever the con-
trol push button (S/) is depressed, a
3 -kHz oscillator is connected in the cir-
cuit, and both counters rapidly run
through all of their states, the first at a
3 -kHz rate; because of the divide -by -six

DECO:
DR

06 TH.ql.   
DECODER/

DRIVER
01 THRU 05

0 0
000
0 0

RED DIE GREEN DIE

characteristic inherent in the first coun-
ter, the second operates at a 500 -Hz rate.
Since the push button will be held down a
good fraction of a second, each counter
runs through all of its states many hun-
dreds of times.

When the push button is released, the
counters stop in some random state --
truly random, as the operator has no con-
trol whatsoever over which number is
up on either counter when he releases
the button. Since each die cycles at dif-
ferent rates and since the dwell time on
any one "side" is identical, true dice odds
result.

The six counter states are decoded to
produce the familiar die combinations,
with the center lamp lit only for a "one."
the outside six for a "boxcar," etc. Al-
though seven lamps are used, only those
combinations of lit bulbs corresponding
to the die patterns are permitted to light.

Each counter requires only four decod-
ing circuits. The first decides "even," or
"odd." If the count is "odd," the center
bulb lights. The next decoder decides
"not one" which lights two diagonally
opposite bulbs except during a "one." A
third decoder decides "four," "five." or
"six" and lights the remaining two diag-
onally opposite bulbs on these counts.
The final decoder selects "six" and lights
the two remaining bulbs on this count.
A bit of reflection will show that these
four decodings automatically light the
proper number of bulbs in the proper
pattern for each die position.

A dual power supply and a special
pulse circuit complete the unit. The lat-
ter feature resets the counter the instant
the push button is depressed, guarantee-
ing that both counters always start off
properly.

1968 Spring Edition 17



Fig. 3. Actual -size layout
If ycu make your own as
find. A commercial board

-.Y.ERS AS
5-0*N ON

:::.VPONENT
SDE

of printed board. Be careful
wiring errors will be hard to JN BF D CE AG L KM HP
is available (see Parts List).

/71.'1,4311N\

I, 11411
et

0 Oe ce

 58 DRILL --.-
11661

/9/64 DRILL
li,CDRILL AND SET
PC TERMINALS ON
COMPONENT SIDE (a)

/IL      

0 0

O

-/
3-5/8

Fig. 4. Before installing components on the board, insert
the 16 insulated jumpers as shown here. Observe caution
when installing jumpers as errors can be troublesome.

Circuit Details. Integrated circuit ICS
and part of IC4 form a 3 -kHz multi -
vibrator that runs only when S/. a 2 -cir-
cuit. snap -action push button, is de-
pressed. This 3 -kHz signal is routed to
the two counters consisting of ICI. IC2.
and IC3. Incidentally, the total cost of
:111 the integrated circuits is slightly tin-
der S8.00.

High -gain transistors ( QI through
Q/0) are used to amplify the low-level
logic signals and light one or two bulbs
each. Resistors R4 through R13 limit the
base currents and prevent the bulbs and
transistors from excessively loading the
counters.

RIGHT N.C.
CONTACT

ON Si

COMMON TO
ALL BULBS

TO
SECONDARY I

LEFT N
CONTACT ON

ON siaRi

2- /2'

0

Fig. 5. Component lay-
out and wiring intercon-
nections. Note that IC1-
1C4 are identified by
notches at one end while
IC5 has one flat side.
Lettered bulbs are ar-
ranged as per Fig. 1.

NOTE:
RI MOUNTS
ON SI

LEFT N.O.
CONTACT ON
SI B RI

LEAD ON Cl

BULBS HOP

BULBS ICBM

BULB L

BULBS ABG

BULBS CBE

BULB 0

BULBS eaF

BULBS JI3N

LEAD ON CI

RIGHT N.O.
CONTACTS)
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Fig. 6 (right). Finished layout with
parts called out in Parts List. Other
arrangements can be used if desired.

Fig. 7 (below). Internal view of the
finished device. Note that 121 is
mounted on Si on the front cover
plate along with indicator lamps.
Construction details of the U-shaped
frame, and the cover, are on page 20.

The bulbs consist of 6 -volt, 50-mA
units. available as complete, matched red
or green panel lamp assemblies from the
source listed. Use of higher -current bulbs
is not recommended due to the require-
ment of a larger power transformer and
the necessity of using power transistors
with exceptionally high gain to obtain
any reasonable brilliance and uniformity.
Even the transistors selected for the 50-
mA bulbs must have a beta well over
100, specified at a 100-mA current level.
Bear this in mind if you make any substi-
tutions. The particular bulbs and power
levels selected are more than bright
enough for use under normal viewing
conditions, and the actual bulb current is
purposely held low to gain a long bulb
life.

The dual power supply consists of T1
and diodes D1 through D4. The bulbs and
transistors run off the unfiltered, full -
wave rectified low -voltage from Dl. Di-

odes D2. D3. and D4 form a dynamic reg-
ulator that drops this voltage and feeds
it to filter capacitor C1 and then to the
oscillator and counter circuits. The nor-
mal level across Cl is 3.9 volts: this will
vary a tenth of a volt or so with the dif-
ferent die combinations. The value of C/
selected is the smallest one that will al-
low the circuit to operate properly-do
not substitute for Cl unless you increase
its value.

Switch S1 is a "make one, break one"
push button. A d.p.cLt. snap -action type
can be substituted simply by not using
the extra contacts. Network R1, R2, and
C2 generates a brief reset pulse each
time the push button is initially de-
pressed.

Construction. A printed circuit board
is an absolute must for this circuit, owing
to the large number of connections and
the mounting techniques required for the
integrated circuits. You can buy the
board already etched and drilled com-
mercially (see Parts List). If you pre-
fer, you can lay out, etch, and drill your
own, by following the details in Fig. 3.
Be exceptionally careful with your lay-
out if you make your own, for a wiring
error in the counter portion of the cir-
cuit is quite difficult to find.

Sixteen wire jumpers are required for
the PC board. These are formed of insu-
lated wire and mounted on the compo-

1968 Spring Edition 19



DRILL I/6"

-r - -r-

(5)

TI
_

CI E

-

3-1/2

I/2"

5 23/32"

1

1
si

I-1/2"
4 g

$ I

/1 $

1/2"

I/4'STANDOFFS

SIDE VIEW

nent side of the circuit board, before any
other parts are inserted. Just follow the
layout guide in Fig. 4. Be sure to connect
the jumpers exactly as indicated.

All the circuit parts except Tl. Cl, Rl.
Sl, and the bulb mount on the board. Use
a very small iron and fine solder. Double-
check all connections with a magnifying
glass and remove all excess solder flux.

Component layout and wiring intercon-
nections are shown in Fig. 5. Note that
the integrated circuits may only be con-
nected in one manner, and that they are
identified by a notch on one end of the
flat packs, and a flat beside lead th4-8 on
105. (All IC's are shown top view in the
schematic.) Each bulb has its die posi-
tion identified by the code letters shown
in the schematic. Use two contrasting col-
ors of pilot lamp assemblies, one for each
die.

The electronic dice may be built in vir-
tually any small enclosure. You can use a
deep -drawn aluminum box, a convention-
al chassis, or a plastic instrument case.
Mounting details are shown in the pho-
tos (Figs. 6 and 7). The U-shaped frame
supports the circuit board, transformer,
and filter capacitor. The PC board should
be spaced slightly above the bottom of

DRILL 5/32"
41

3-3/16"

Mechanical details of the
U-shaped frame. This frame
supports the PC board, ca-
pacitor CI, and transformer
Ti. Note that the PC board
uses 1/2 -inch standoffs. The
frame is designed to fit
the plastic box specified.

Fig. 8. Drilling details of
the front cover. The lamp
holes are drilled so that the
lamps can be press -fitted.

3 1/2"

T
I
I/ 2-

J

the metal support to avoid any short cir-
cuits. The entire assembly can then be
mounted in its case.

Details of the lamp assembly drilling
on the case cover are shown in Fig. 8.
The cover supports the 14 lamp assem-
blies grouped according to the color and
die patterns as well as Si and RI
(mounted on Si). --E0--
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THE ALTER EGO OF OUR
DEEP SEARCH "IC -67" LOCATOR*

WILL FIND THOSE SMALL
METALLIC OBJECTS AND COINS

PROBABLY
EVERY one of us has at

one time or another had the urge to
go searching for buried treasure. The
"treasure" could be really valuable-a
pot of gold coins buried during the Civil
War, or a platinum locket lost on the
beach-or it could be just a few cents
dropped in some weeds or an old coffee
can lid. A "treasure finder" or metal lo-
cator tells you where to dig.

Metal detectors come in two basic
types. The one best suited to your needs
will depend on just what you are search-
ing for. The bulkier and more expensive
'Sec 1968 Winti r Edition of this IlsIstosooK.

By DANIEL MEYER

transmit -receive detectors can find large
objects at greater depths, but do not
detect small objects easily. A simple sin-
gle -loop beat -frequency locator, like the
"Beachcomber," will detect objects at a
depth of only about 2 feet maximum
( depending on size) but can readily find
small objects only 1 or 2 inches in di-
ameter.

The Beachcomber can be a lot of fun
to have along on a trip to the coast, or to
an old battlefield to search for relics. It
is lightweight, and operates 6 to 8 hours
on an ordinary transistor radio battery.
Its speaker is built in, so there are no
headsets or wires to get in the way or
get lost. And it only costs about $15 to
build.

How It Works. The simple circuit (Fig.
1) consists of two r.f. oscillators-oper-
ating around 400 to 500 kHz, a detector,
and an audio amplifier. The oscillators
are identical, except for the coils used
to tune them. One coil, Ll, is tuned to
make this oscillators frequency slightly

1968 Spring Edition 21



MPS3638

C6
.001
yF

C5
1pF

IRS
47K

RI
"IF 33K

LI
50-300

J,JH

01
MPS 3F38

R2
4711

CI
.10

R9 R11
10011 10K

03
AlP53708

RIO
10K

RI?:

MPS3706

R I 3
4.71(

H

C14
.22yr

NOTE LETTERS INDICATE CONNECTION
POINTS TO PRINTED CIRCUIT

L2
SEARCH COIL

higher or lower than that of the search
coil oscillator. The two signals are com-
bined in detector stage Q3. whose out-
put is the audible difference between the
two frequencies. This signal is fed to
emitter follower Q4 and output stage
Q5, and finally to the speaker.

The search coil oscillator frequency
changes slightly whenever the conduc-
tance of the material in the field of the
loop changes. This means that if the coil
passes over a metal object, the oscillator
frequency will change slightly, and the
pitch of the audio beat note you hear
from your speaker will also change. It is
easier to hear a small frequency change
in a low-pitched sound than an equal
change in a higher frequency tone.

To get the best results from the Beach-
comber, set the oscillators as near the
same frequency as possible. Both oscil-
lators must be very stable. Good sturdy
construction with no loose parts is a
must. The circuit must also be so laid
out as to reduce coupling between the
two oscillators to the minimum. Other-

CY
C>

soonc.
C>O

;.5
MPS 8

9V

Fig. 1. Variations of frequency of the Q1 cir-
cuit caused by "pickup" of a metallic object
in L2's field we compared with the Q2 oscil-
lator's output, and the difference signal is
passed on to the speaker through Q3, Q4, and
Q5. Nonlinear operation of Q5 "encourages"
generation of harmonics of the difference sig-
nal which can be more efficiently handled
by the speaker. and heard by the listener.

PARTS LIST
tit o-rolt battery
C1, C5----0.1-AF, low -voltage diAi. rapari-

tor
C2, C6 -0.001-µT pn(r.clyrcor ea melt Of
(.3. C7- -0.411-OF polvslyrrn. ea twit or
C 4 . CS , C 13 -10 -AF , 15 -volt f lectrolytic capacitor
Co, C 10--4.7-ph ceramic di,c capacitor
C I 1--0.01-AF, low -voltage disc Ceramic capacitor
C12- -200-,IF,O-volt ciectrolytic capacitor
C14 (1.22-1l; low -voltage disc ecru mil. capacitor
1.1- -50-300-A1l variably inductor I Thordarson

WC -11, 1. W. Miller 4-,:6/96, or similar)
1.2- Search roil-see text
(11, (12-111',S3638 transistor (Motorola)
(13, (1. Q5--.111.S370-i transistor ( Motorola )
RI, R5- -33,000 ohms
R2, RO---17,01111 ohms
R3, R4, R7, RS, R12, R14 .-111

-1000 ohms resistors
R9- - Inn ;inn ohms IA ::Ufa
R In. R 11-10,000 ohms
R13- 4700 ohms
SI -S.p.s.t. slide switch
7'1-- -Transistor out put transformer: primary, 50(1

ohms CT (do not rise CT); secondary; S ohms,
150 mll

Misc. -Miniature speaker, chassis box, battery
clip, enameled Wire, spacers, solder, etc.

NOTE: Printed circuit board for this project
available for *2.50 from Southwest Technical
Products. 219 West Rhapsody. San Antonio.
Texas 7S216. A complete kit (excluding the rod)
is also available for $15 postpaid.
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wise, the oscillators will "pull" ---sudden-
ly lock together every time the beat fre-
quency is brought down to a low pitch.
That is why both oscillators are de -
coupled from the battery supply and from
each other ( through R4 -C4 and R8 -C8)
and why such small value capacitors are
used for C9 and C/O.

The output stage is purposely designed
to produce "distortion," so that the low -
frequency beat notes can be heard from
the small speaker. If the audio cir-
cuit were designed for linear operation
and little distortion, the speaker would
produce little or no output below 150
to 200 hertz. In this circuit the audio out-
put stage is not biased "on" at all. When
it is driven with an audio signal from
emitter follower Q4, transistor Q5 con-
ducts and produces an output on each
positive half cycle. The signal to the
speaker is therefore a series of pulses
at the frequency of the beat signal. Since
the pulses contain many harmonics, they
can be heard down to a few hertz.

Construction. The electronic portion of
the metal detector is easy to assemble.
and there is no chance of coupling prob-
lems or shifting parts if the printed cir-
cuit board construction shown is used.
The board ( Fig. 2) serves as a template
to locate the holes for Ll, the mounting
spacers, and the speaker.

Cut a 71.;" -diameter hole for Ll and
another of the correct diameter for your

speaker. Then mount the small parts
by simply inserting them in the positions
indicated by the parts numbers on the
top side of the board, turning the board
over, and soldering them in place.

File the switch hole in the cabinet to
fit the type of switch used. Mount the
switch, speaker, battery clip, and Ll as
shown in the photograph ( Fig. 3). Wire
the switch and battery clip as shown.
The lead from the positive terminal of
the battery goes to one switch contact,
and a short lead should be soldered to
the other contact-to go to point F on
the board. A doughnut cut from plastic
foam is placed around the rear of the
speaker; the board compresses the foam
when it is mounted, and thus holds the
speaker snugly.

Now connect the battery and speaker
wires to the underside of the board at
the points indicated on the schematic
diagram. Mount the completed circuit

9 9
14 ' '.4.-fi 0-18-0 TC8: 9C6

114 o / T 1 co G 9 Cl ?+ R17 ?

1

., 14 1 ci

4 g

i R5

1,..-1050

T ii.? occi 73?

.0

1,, .09

cu ik ft° is ° 1 +oo I

0-113
*-1112-0

9 U 00 4
C4

0+ p10 ° 4

0:oC12 6 

Fig. 2. Actual size draw-
ing )f foil side of printed
circuit (left) will help you
make your own board. Parts
are installed on the plain
side of the board as shown
above. Figure 4 shows
parts assembled on board.
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Fig. 3. Part of the speaker and coil Ll
pass through the circuit board and must be
carefully positioned to fit properly. The
speaker is not bolted and can be shifted.

SPKR SI LI

board ( Fig. 5) and connect LI to the
eyelets at points C and D on top of the
board.

The Search Loop. This important part
of the locator can be made in several
ways. Of the two presented here, the

tubing search coil shown in Fig.
6 is more rugged, but the plastic tubing
loop will work well and is much easier
to build.

To make the copper coil, obtain a
piece of t" soft copper tubing 42 inches
long and bend it into as smooth a circle
as possible. (Be sure it is straight when
you buy it-and bend it around a cylin-
drical object a little less than a foot in
diameter.) Leave a quarter -inch gap be-
tween the ends. Drill a 1/s" -hole on the
inside of the circle opposite the gap.

Fig. 4. A "doughnut" of foam rubber or plastic
placed around the speaker holds it securely in its
correct position when circuit board is installed.

9I

Fig. 5. C'ean. firm assembly of in-
ternal as well as external components
and other hardware means clean oper.
ation. Any variations due to movement
of parts can cause false readings.

CM Ti C7 02

C13 04 03 01 LI
C12 C3

Then take a hacksaw and split the
tubing around its outside wall. (Cut
through the outside wall only, not com-
pletely through the tube.) The edges of
the cut can be smoothed with a small
file. Solder about 6 inches of insulated
hookup wire to one end of a 50' length
of No. 24 enameled magnet wire, and
slip a piece of insulating tubing over the
connection. Thread the insulated wire
through the l'," -hole in the tubing from
the outside ( through the slot) and leave
about an inch or two of insulated wire in-
side the split loop.

Now wind 14 turns of wire inside the
copper tube through the saw slot, being
careful not to pull the 1/4" end gap to-
gether. Cut the magnet wire and solder
another piece of hookup wire to that end.
Insulate the connection and thread the
hookup wire through the hole in the tub-
ing. Finally, paint the coil of wire inside
the copper shield with coil dope or white
glue.

You can make the plastic loop (Fig. 6 )
in much the same way. Slip a 2" length
of plastic tubing over the ends of the
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!WHOLE FOR LEADS

I/4" SOFT COPPER TUBING

SAW SLOT AROUND
OUTSIDE OF TUBING

I/B HOLE
FOR LEADS

,3/8"WIDE FOIL

ii2"WIDE TAPE

SPIRAL WRAP WITH ALUMINUM FOIL
AND MASKING TAPE SANDWICH

I/4" POLYETHYLENE
PLASTIC TUBING

CUT SLOT AROUND
OUTSIDE OF TUBING

tC; 3/INE8NOT,:IJGH 2"LENGTH

Fig. 6. Loop housing made of copper is shown
above, and plastic tubing at right, above. If plastic is
used, a metal outer covering can be made from alu-
minum foil. In either case, there mLst be a gap.

plastic tubing to hold the ends in
place. Then cut or drill a hole on the in-
side of the loop opposite the gap, and
split the outside of the loop with a knife.
Cut out a lii;" strip all the way around
the outside.

Make up the magnet wire as described
for the copper loop and wind the search
loop with 14 turns. Cement the turns to-
gether. Since the plastic loop does not
shield the coil as does the copper loop-
it must be shielded before mounting.

You shield the plastic loop by cutting
a piece about "." wide from the end of a
roll of aluminum foil. Stick the foil to a
piece of 1 o" plastic masking tape, leav-
ing a border on each side. Then strip the
insulation off of about half of a 6" piece
of stranded hookup wire, and place
the bare portion between the foil and

Fig. 7. Plastic -covered loop must be securely posi-
tioned. Use plastic cable clamps and putty or ce-
ment to hold the entire loop on the plywood board.
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tape at the beginning of the spiral roll.
Now. starting at the point where the

connections come out of the loop, spiral -
wrap the tape -foil sandwich around the
coil form. When you have gone all the
way round, tear the foil off and go round

1

Completed "Beachcomber" is ready to "look for"
buried treasure. Adjust loop so it us parallel to the
ground while you hold unit at comfortable angle.
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The copper tubing loop assembly is rigid enough to
permit the use of a small wood brace for assembly.
Some weight reduction can be gained in this manner.

again with the masking tape only, to
hold everything firmly in place. Note that
the foil must not form a continuous loop.
Do not let the end of the foil-where you
stop-touch the beginning of the wind-
ing.

The finished loop is mounted with plas-
tic cable clamps to a I /4" plywood base
(see Fig. 7). Use at least four clamps.
The plastic loop must be potted in place
on the plywood base with water putty
to make sure it won't move or bend.

Finishing Touches. The handle on the
Beachcomber can be any convenient
length of 34" aluminum tubing, and it
can be fastened to the plywood base with
a universal elbow made for 3:I" tubing.
(These items were obtained by the au-
thor off a "do-it-yourself" rack in a local
hardware store. If you have trouble find-
ing them, the handle can be made of
wood. Even an old hoe handle will do.)

Connect the two ends of the loop to
the two wires and the shield to the shield
braid of a two -conductor shielded cable
long enough to run up the handle to the
control box. Screw the bottom of the box
to the handle and bring the cable through
a hole in the bottom of the box to a
three -lug terminal strip, which can be
mounted with one of the screws that
hold the box to the handle.

Connect circuit board points A and B
to the loop wires at the terminal strip
with about 3 to 4 inches of hookup wire
twisted together. Clip in the battery, put
the box together, and you're ready to go.

Using the Detector. The Beachcomber
is simple to use and-with a little prac-
tice-you should be able to find buried
metal easily. The first thing to do is to
set the tuning control to produce a beat
note. Since the adjustment range of the
coil is very wide, you should be able to
get a beat note even if your search coil
is not identical to the one shown.

If you are not sure whether the circuit
is operating, hold a transistor radio near
the detector while you turn the tuning
control. You should be able to get a
strong signal near the low end of the
broadcast band somewhere in the tuning
control's range.

Place the search loop flat on the ground
and adjust the tuning to give a low beat
note. Raising the loop 4 to 6 inches
above ground should not change the beat
note very much. To search, you simply
hold the coil near the ground and swing
it from side to side, parallel to the
ground. If you hear a change in the
pitch of the beat note, move the coil
slowly around the area to get an idea of
the exact location and size of what you
have found.

The change in beat note will depend
on the size of the buried object and its
area as seen from straight above. Thus,
while you can easily find a coffee can
lid buried flat, you might miss it if it
were buried on edge.

Operating Notes. Do not attempt to use
the Beachcomber with the two oscilla-
tors operating at zero beat ( the same
frequency). This will reduce sensitivity
by about half, due to the slight locking
action caused by stray coupling. If you
note any sudden changes in pitch when
the search coil bumps the ground or vege-
tation, check the w:ring and loop mount-
ing for loose parts. Any movement of
parts or wire, inside or outside, on or
near the search coil can cause changes
in pitch. The better the construction,
the more reliable the indications.

If you are primarily interested in
smaller objects, coins-for instance, you'
can make the detector more sensitive by
using a smaller -diameter search coil. A
4" loop will work nicely. The only change
necessary is to add two turns to the
search loop coil. Keep in mind that the
smaller loop will not penetrate as deep-
ly as a larger one.
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BUILD A

COMBINATION
BATTERY CHARGER

AND
TESTER

By HARLEY H. STOVER

YOU CAN CONTROL AND MONITOR
CHARGING CURRENT AND VCLTAGE,

AND TEST BATTERIES UNDER
ACTUAL WORKING CONDITIONS

WHY SHOULD you spend the time
and money needed to build a battery

charger and tester when you can buy a
charger for less than $5? Well, many of
the low-priced chargers are brute -force
types, having a single diode rectifier in
series with the 117 -volt power line and
the dry cells. In addition to the possibili-
ty of getting no safe power line isolation
on some of these chargers, you cannot
control and monitor the charge cycle or
determine beforehand, without the aid of
a separate testing device or meter, if
your dry cells will take a charge. With
the Combination Battery Charger and

Tester, you can pretty much predict
whether or not a particular cell will take
a charge, as well as get an indication
of the cell's service capability after you
have charged it. It is not uncommon
to find a dry cell (usually a low-priced
9 -volt transistor type) that will, on its
first discharge cycle, develop such high
internal resistance that it won't take a
charge.

A major advantage of the Combination
Battery Charger anc Tester is its ability
to accurately recharge a battery on a
current/time or ampere/hour basis. This
is particularly desirable when you're us -

1968 Spring Edition 27



ing the more expensive cells and you
don't want to risk damage from over-
charging. With this charger, you have
manual control and monitoring facilities
of the charging current, as well as an
ability to measure battery voltage under
both varying load and charging condi-
tions.

The test feature lets you observe the
output voltage vs. load current charac-
teristics. A zero -center milliammeter and
the same variable load used to regulate
the charging current is used to establish
desired loading conditions even while the
voltage is being observed on another
meter built into the unit.

Fig. 1. Each of five stations (A through E)
can be independently controlled to

establish the required amount of charging
current for a regular or trickle

charge. Batteries can be tested under load
conditions without removing them

from their charging stations. Both voltage
and current are easily monitored.

Connect the positive side of each battery
to the positive (left-hand) side of

each of the charging stations A th-ough E.
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Fig. 2. The entire works is mounted on the front panel. Construction is not
as complicated as it looks, nor is parts layout critical. Polarity of the rectifier
stack should be observed for proper connections. It is a good +dea to com-
plete the wiring and assembly of all components before you mount the meters.

You can process all types of dry cells-
ranging in size from the small hearing -
aid to the large flashlight batteries. Dif-

PARTS LIST

F1-?& -ampere nn,
1,2-lia-ampere fuse. Just -acting
11 -12 -volt pilot light
11, 12,13,14-lack (5 -way binding post)
M1-100-0-100 µA meter-sec text
.112-0-1 onA meter
RI, R3, RS, R7, R9-Wire-wound potentiometer

-sec text
112, R4, R6, R8, RIO--Trickle-charge resistor-

sec text
R11-1500 ohms
R12-5000 ohms All 34 -watt,
R13-15,000 ohms ± S%
R14-50.000 ohms resistors
R15-150,000 ohms ,

R16-Shunt-sec text
RECT 1-Full-wave 300-mA bridge rectifier
51-S.p.s.t. switch
52, S8-S.p.d.t. switch
53, 54, SS, 56, 57-S.p.d.1. center -off switch
S9-s.p., 7 -position rotary switch
S10-s.p., 5 -position rotary switch
TI-Filament transformer: primary, 117 volts,

secondary, 12.6 volts
1-10" x 14" x 21/2" chassis and cover
.Vise.-Battery holders (4), binding posts (4),

knobs (7), pilot light holder and bezel, Juse
holders ( 2 ), wire, solder, machine screws,
nuts, etc.

ferent sizes of batteries and the variety
of terminal configurations found on them
present no problems. There are five dif-
ferent charging stations on the Combina-
tion Battery Charger and Tester that
can be individually used and independent-
ly controlled.

How It Works. A 12 -volt filament type
power transformer and a full -wave bridge
rectifier provide power line isolation and
a low d.c. voltage for charging, as shown
in Fig. 1. The low d.c. voltage permits
the use of low -power potentiometers and
resistors.

The various charging stations (A to
E) can be made to accept batteries of
any size or shape within the capabilities
of the power supply In this project, Sta-
tions A and B are set up to handle "D"
size cells; Station C can accommodate a
pair of leads to connect to any battery ;
Station D takes a standard 9 -volt tran-
sistor battery; and Station E is another
general-purpose charging position outfit-
ted with a special fixture to handle hear-
ing -aid batteries.

Each charge station has a three-posi-
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tion single pole switch (S3 through S7 )
which provides a charging position. a
standby or trickle charge position, and a
center -off position. The trickle -charge re-
sistors (R2, R4, R6, R8, and R10) are
selected to allow a few milliamps of
charge current for long-term battery
storage on the charger. Potentiometers
RI, R3. R5, Ri and R9 permit current
adjustment for charging and load ad-
justment for testing.

Current measurements are made with
microammeter M1 shunted by R16 to
read out 100 milliamperes full scale on
either side of 0. Switch 28 and jacks J1
and J2 provide for the insertion of an ex-
ternal meter for heavier current work or
for meter calibration purposes.

Voltage readings are obtained from
the multirange voltmeter circuit. A set
of jacks (J3 and J4) lets you use M2 as a
general-purpose d.c. voltmeter. You can,
with the use of these meters, simulta-
neously determine current drain of bat-
tery -operated devices and actual opera-

i ting voltage. Station selector switch S9
"throws" the voltmeter circuit across any
one station at a time. Range switch S10
lets you go from 150 volts full scale down
to 1.5 volts full scale, in 5 ranges. in a
conventional manner.

Construction. A standard 10" x 14" x
21 chassis is used as a cabinet, and the
entire unit is mounted on the front panel
as shown in Fig. 2. Panel lettering can

be made from 3M Scotch -Cal photo sensi-
tive decals and pressed into place ( they
have their own adhesive backing) after
all punching and drilling is completed.

There are many types of battery hold-
ers available commercially. However, for
the 9 -volt transistor battery, don't over-
look the idea of removing the terminal
board on a used battery and cementing
it ( with epoxy) to the panel, for Sta-
tion D.

A large ceramic resistor can be used
as a form to wind your own meter shunt
(R16). The size of the shunt depends
upon the sensitivity of your ammeter.
You can eliminate the shunt if the meter
is already designed to operate within the
desired range.

To avoid calculating and measuring a
home-brew shunt, merely insert a VOM
into J1 and J2, set it on the 100-mA
range, and add or take away turns of
wire on the shunt until M/ reads the
same as the VOM. Be careful in the be-
ginning not to overload Ml. Start with
about three turns of No. 22 AWG hookup
wire. If M1 reads high, remove some wire
or use a heavier gauge wire; conversely.
if it reads low, add some wire. As you
approach the proper calibration point,
adjust the current through the meter to
allow you to make the final shunt ad-
justment at a full-scale reading.

It is also a simple matter to build the
voltmeter circuit. The resistance values

(Continued on page 144)
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Fig. 3. Graph shows the approximate number of hours of use that can be expected from a certain 1.5 -volt
cell if the cell is used 4 hours per day. Battery life depends upon many factors, including temperature.
current drain, and end voltage. Note that more hours of life can be expected when the current drain is
small. This is true for ampere hours also. At the 0.8 -volt level, a 100-mA load accounts for about 5
ampere hours. Corn are the latter figure with the 10-mA load's approximate 6.6 -ampere hour work capability.
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LIQUID LEVEL INDICATOR FOR THE BLIND

ELECTRONIC DEVICE LETS BLIND PEOPLE
POUR COFFEE, SOUPS, AND OTHER HOT

OR COLD LIQUIDS -WITH CONFIDENCE

W 11EN YOU POUR steaming liquids
" into a cup or bowl, you know when
to stop-unless you happen to live in the
perpetual darkness of the blind. A con-
tinuity checker, rigged up with a suit-
able liquid -sensing probe which gives an
audible signal when the cup is full
enough, solves the problem admirably.

The simple neon lamp relaxation os-
cillator circuit presented here was de-
vised by the author and has been used
with much success by blind clients of
the Bureau of Rehabilitation Services in
Kentucky. This level indicator is not
only suitable for use with hot liquids,
but with cold liquids such as milk or
carbonated drinks-and even with
spirits.
*The author serves as Director. Dirision of Ser-
vices for the Blind. Bureau of Rehab;litation Ser-
vice's. Department of Education, Frankfiwt,
lip murky.

By T. V. CRANMER, K4MMB

The first circuit tested for this applica-
tion was suggested by L. W. Butler of
Milwaukee, Wisconsin. Mr. Butler used a
single transistor in a conventional Hart-
ley oscillator circuit with the sensing
probe connected in the battery lead.
This circuit worked well, but the audio
level of the output was insufficient to
permit its use in noisy surroundings.

Mr. Butler has since made a clever
modification of a conventional pocket-
size radio which gives a much better out-
put. To make this modification, you
need only feed the output from one side
of the speaker transformer through a
100-pF capacitor through the probe to
the center connection or wiper of the
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SPAR
3.2f1

0.0ipF

NE2

820K

AUDIO OUT PUT
TRANSFORMER

120VDC
(IIISEE TEAT)

The value of the resistor can be either increased or
decreased to respectively raise or lower the pitch
or frequency of the tone heard at the speaker.

volume control. When the probe is in
contact with a liquid, the feedback cir-
cuit is completed and the transistor
radio goes into strong oscillation.

The neon oscillator circuit shown in the
drawing has the advantages of low cost.
high reliability, excellent output signal
and negligible battery drain. Value of
the resistor can be changed to vary the
pitch of the sound output. Four small
30 -volt batteries I Burgess U-240. or
similar ) can be used in series to power
the circuit. The unit is housed in a 4" x
4" x 5" sloping panel meter case.

The probe can be made with a twin -
lead Mosley 301 and 311 connector.
One-half of the connector is attached to
a flexible cord. A phono plug on the
other end of the cord fits into a jack on
the oscillator's case. The other half of
the connector holds two horseshoe -
shaped pieces of stainless steel rods hav-
ing a diameter of about 0.050".

Suitable stainless steel wire for the
probe can be obtained from dental sup-
ply stores. Two 211" -long pieces of this
wire are needed. When each one is bent
into the correct shape. the dimensions
are: long leg, about 7"; short leg, about
3i"; crown ( or width), about L_!". You
insert the short legs into the connector.
and tighten the connector's setscrews.
Then complete the assembly by plugging
the two halves of the connector together.

This arrangement allows removal of
the "business" end of the probe for oc-
casional washing. In use, the probe is
hung over the side of the cup or bowl.

Two lengths of non -corrosive stainless steel wire
make up the probe. These wires should be fitted
into a suitable connector as shown and the whole
assembly connected to two -conductor flexible wire.

Some of the blind hams in Kentucky
have built this equipment for them-
selves. There are many blind people.
however, who have no technical back-
ground and would need help in building
a liquid level indicator. If you have a
blind friend, why not offer your assist-
ance? Besides the satisfaction you would
derive from such a gesture, you would
help instill in your friend the one thing
most needed by the handicapped-confi-
dence.
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BUILD A

FIRING -RANGE TIMER

YOU CAN IMPROVE YOUR
RAPID-FIRE ACCURACY

IF YOU USE THIS
AUDIBLE TIMER ... JUST

KEEP YOUR EYE ON
THE TARGET, NOT

ON YOUR STOPWATCH!

By CALVIN F. HADLOCK

I S SHARPSHOOTING one of your hob-
bies? If so, are you really as fast as

you think you are on the firing range?
How would you like to "clock" your rate
of fire with an automatic timer that will
"beep" at precise 10- or 20 -second inter-
vals? You can build the Firing -Range
Timer in an evening or two.

When you practice rapid firing, you
can lay the timer on a bench or put it in
your pocket with the headphone plugged
in. Then, with the timing switch set to 10
seconds and the unit turned on. the gun
is loaded. Listen to a few beeps to get
a fix on how long the 10 -second interval
actually is. When ready, commence fir-
ing at the sound of a beep and cease
firing at the sound of the next one. If
your timing is perfect, you will be able
to get the fifth shot off at the instant
the last beep occurs. For time firing.
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Fig. 1. The timing signal is produced by a UJT relaxation
oscillator (Q3) gated by Q2 at intervals. established by values
chosen for resistors RI and R2 and capacitor Cl. and by Ql.

set the switch to 20 seconds and follow
the same procedure as for rapid fire.

How It Works. The timer (Fig. 1) con-
sists essentially of a unijunction transis-
tor timing circuit (QI). a gating circuit
( 92), and UJT relaxation oscillator (Q3).

With S2 open, a 20 -second timing in-
terval is set up by the values chosen for
R2 and C/. With this switch closed, the
timing period is halved by the parallel
combination of RI and R2 in serves with
C/, and a 10 -second timing is established.

When power is applied through switch
S1, the voltage drop across diodes Di
and D2 forward -biases Q2 and causes it
to conduct. When Q2 conducts, the emit-
ter and base 2 of Q3 "sees" a very small
voltage which is not enough to allow the
relaxation oscillator to work.

At the same time, capacitor C/ takes
on a charge through R1 and R2, or R2
alone (depending upon the position of
S2), until its potential is enough to allow
the emitter and base 1 junction of Q1 to

(Continued on page 138)

TO
SI

TO
S2

TO
HEADPHONE

Fig. 2. Parts are first assembled on a circuit board which is then mounted on standoff spacers
inside the metal case. Do not overheat the transistors or diodes when soldering the connections.
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10 Reasons why
RCA Home Training is

your best
investment
for a rewarding
career
in electronics:
1 LEADER IN ELECTRONICS

TRAINING
RCA stands for dependability, integrity
and pioneering scientific advances. For
over a half century, RCA Institutes,
Inc., has been a leader in technical
training.
2 RCA AUTOTEXT TEACHES

ELECTRONICS FASTER, EASIER
Beginner or refresher - AUTOTEXT,
RCA Institutes' own method of Home
Training will help you learn electronics
faster, easier, almost automatically.

3 THOUSANDS OF WELL PAID
JOBS ARE OPEN NOW

RCA Institutes can help you qualify for
a rewarding career if you have an inter-
est in electronics. Every year, thousands
of well paid electronics jobs go unfilled
just because not enough men take the
opportunity to train themselves for
these openings.

4 WIDE CHOICE OF CAREER
PROGRAMS

Start today on the electronics career of
your choice. On the attached card is a
list of "Career Programs", each of
which starts with the amazing AUTO -
TEXT method. Look the list over, pick

Transistor experiments
on programmed breadboard -
using oscilloscope.

5..

the one best for you and check it off on
the card.

5 SPECIALIZED ADVANCED
TRAINING

For those working in electronics or
with previous training, RCA Institutes
offers advanced courses. Start on a
higher level. No wasted time on mate-
rial you already know.
6 PERSONAL SUPERVISION

THROUGHOUT

All during your program of home
study, your training is supervised by
RCA Institutes experts who become
personally involved in your efforts and
help you over any "rough spots" that
may develop.

7 VARIETY OF KITS, YOURS TO KEEP
At no extra cost, a variety of valu-

able specially engineered kits come with
your program-yours to keep and use
on the job.
8 FROM RCA INSTITUTES. INC.

TRANSISTORIZED TV KIT AND
VALUABLE OSCILLOSCOPE

All students receive a s aluable oscillo-
scope. Tiose enrolled in the TV pro-
gram or courses receive the all -new
Transistcrized TV Receiver-both at no
extra cos: and only from RCA.

9 UNIQUE TUITION PLAN
You progress at your own pace.

You only pay for lessons as you order
them. There s no long-term contract or
large down -payment to lose. Even it
you decide to interrupt your training,
you don't lose a single cent.

10 RCA 3RADUATES GET TOP
RECOGNITION

Thousands of graduates of RCA Insti-
tutes are now working for leaders in the
electronics field: many others have their
own profitable businesses ... proof of
the high quality of RCA Institutes
training.
SEND ATTA:HED CARD TODAY FOR
FREE DESCRIPTIVE BOOK

All courses and programs approved
for veterans under new G.I.Bill.

CLASSROOM TRAINING ALSO AVAIL-
ABLE. FREE CATALOG ON REQUEST.

Canadians: -hese same RCA courses
are availabl'a to you in Canada. No
postage. No customs. No delay. Your
inquiry will oe referred to our school
In Canada.

RCA INSTITUTES, INC. Dept EE -48
320 West 31st St., N.Y., N.Y. 10001

ACCREDITED MEMBER National Home Study Council

RCA
Construction of Osciloscope. Construction of Multimeter.
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QUITE A FEW READERS have built
"Pepper," the outboard r.f. ampli-

fier to increase the sensitivity of auto-
mobile AM broadcast band receivers.
Although the "Pepper" circuit that ap-
peared in the May 1966 issue ( page 56 )
of POPULAR ELECTRONICS could add 8 to
10 dB of gain, it just didn't behave prop-
erly for many project builders. Some
readers complained of increased sensi-
tivity to ignition noise or susceptibility
to motor boating.

The original "Pepper" circuit has been
revised as shown in Fig. 1. In the modi-
fied circuit a coil/capacitor combination
(L//C3) has been added and the new
design calls for installation in a metal
or shielded container.

The modified "Pepper" unit need not
cost more than $5 and will obviously
cost much less if you have constructed

the original circuit. If your car has a
positive ground, substitute an npit tran-
sistor for Q1 and reverse the polarity
of capacitor C5.

Construction. Although parts layout is
not critical, the "Pepper" circuit must
be shielded on all six sides. The con-
nection to the AM radio input must be
via a coaxial cable.

Drill the appropriate size holes in the
box to mount J1, CS and L1 as shown in
Fig. 2. You can use a perforated phe-
nolic board to lay out the circuit com-
ponents; if you do, use 12" long spacers
to provide adequate clearance between
the circuit board and the metal box.

Run the coax cable through a rubber
grommet in the side of the box, and
solder the cable directly into the circuit.
If possible, connect the 12 -volt power
lead to the on -off switch in your car
radio. However, the current drain is so
low that the "Pepper" circuit can be left

Fig. 1. R.f. amplifier Q1 can be tuned for best
reception at any desired frequency in broad-
cast band by adjusting settings of LI and C3.

TO
ANT.

Oi
2N404

CI
68pF
C 2

680K,.

C3
365pF

0 V

TO RADIO
ANTENNA

INPUT

MOTOROLA
JACK
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PEPPER?

Q4

By GARY MC CLELLAN

RI

,

011!

1_f
C2 CI JI

,

OUTBOARD BCB PREAMP
PEPS UP

AUTO RECEPT;ON

LI

R3

C3

Fig. 2. Optional metal plate shields LI from rest of
circuit. Be careful not to short out trimmers on
tuning capacitors. Solidly ground box to car frame.

PARTS LIST
CI- -0.001-ph disc capacitor
C2 -68 -pp disc capacitor
C3--365-pl, variable capacitor
(-1-03-µF. ltm-volt paper capacitor
c5- 15 -volt electrolytic capacitor
II-Motorola antenna hick
1.1-Ferrite loopstich antenna coil (similar to

Lafayette 3211410S
(11-2.V404 transistor- -Set text
RI--080,000-olion resistor

1R2--100.000-ohin reshior an resistor,
'R3 -100 -ohm resistor 2 -::vi!!

R4-2200-ohnt resistor-see text
Misc.- -Metal box, coaxial cob!,, hookup

perforated phenolic board. spacers, hard car..
xoid, r. rubber Arnonait,.

41,

Fig. 3. Circuit must be built inside metal box to
provide effective shield against r.f. interference
that can be caused by ignition and other noises.

operating even when your radio is
turned off by simply tying into the "Ac-
cessory" side of the ignition switch.

Tuning and Use. Disconnect the an-
tenna from your car radio and plug it
into the "Pepper'") input jack, J1. Turn
on the AM radio and adjust Ll until
at one setting you can tune CS through
the entire AM broadcast range. Once
set, LI is not readjusted; but peaking
of the circuit is left to C3. On strong
local signals, additional peaking of C3
may be unnecessary and you may find
that an arbitrary setting of peaking ca-
pacitor, CS, will serve your everyday
needs. On long trips and when you are
away from strong AM broadcasting
stations, have "Pepper" positioned so
that you can tune CS for best reception.

For additional gain, try substituting
a 2.5-mH radio frequency choke for the
collector load resistor. WI. -30-
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3UILD
THE

I-LECTRIC

TIC
TAC

TOE

PERMANENT GAME SETUP
IS EYE -ATTRACTIVE

SCIENCE FAIR PROJECT

YOU CAN BUILD this tic-tac-toe game
with a minimum of parts. The novel

feature of the game is that each one of
the 9 translucent indicators lights up red
or green according to the play. The se-
cret of the design is the use of miniature
grain -of -wheat bulbs.

The game shown in the photo was built
by the author in a 3" x 10" x 5" aluminum
chassis fitted with a bottom plate. If
you duplicate the author's model, draw
( with a pencil) two sets of 11," tic-
tac-toe squares on the top surface of the
chassis. In the center of each of the bot-
tom 9 squares mount a single -pole, dou-
ble -throw, center -off toggle switch so
that the handle moves from side to side.

In the center of each of the top 9
squares, drill a ',2" hole. Carefully en-
large each hole with a file or reamer so
that the plastic lens cap of each of the
Dialco lamps can be pushed/twisted into
place. The 12 -volt red and green grain -
of -wheat bulbs are sold by most hobby
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shops. Each bulb will cost about 15...
The leads should be sufficiently long to
permit wiring the red and green bulbs
directly to the toggle switches as shown
in the schematic diagram. Handle the
bulbs with care, since they break easily.
As each pair of bulbs ( one red, one
green) is wired to its switch, position
them in the lens cap. Cement the bulbs
in place with a clear plastic cement, or
tape them in place with Scotch or plastic
adhesive tape. Also, tape the leads down
to the chassis as they go from lens cap
to switch.

9
INDICATOR -

LENSESL_

Finally, mount the power transformer
on the chassis wall and install a termi-
nal strip under each of the mounting
screws to serve as convenient tie points
for the 18 common bulb leads which are
connected to the transformer.

Erase your pencil lines and paint in
heavier black lines to represent each
tic-tac-toe square. Lettering or press -
down labels to indicate switch positions
will simplify operation for the players.
The red and green lights are used in
place of the usual "X" and "0".

--Ken Greenberg

Generally speaking, the leads from
most grain -of -wheat lamps will be tong enough
to be wired directly to the switches.
These leads are fragile, so treat them with
care. The white Dialcc lens cap is known
as the manufacturer's part number 95-0935. Not
all catalogs carry this item. but Allied Radio
(Stock 60 E 8033) has these
plastic lenses (190, ea.).

FILAMENT
TRANSFORMER

t9
GRAN OF WHEAT

BULBS RED \ GREEN
,2C11

VAC
/ I CA

-111...°
S

9 .1
SPST
CENTER OFF
SWITCHES

ii7
VAC
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SIMPLE
TWO -TRANSISTOR CIRCUIT

CONVERTS IDIOT LIGHT
TO WARNING LIGHT

HAVE YOU EVER driven many miles
before noticing that your oil pres-

sure warning lamp has been glowing
dully . . . or had a cold, clammy feeling
out on that deserted highway, after
wondering just how long your low -fuel
warning lamp had been lit . . . or found
that your engine was acting up and then
discovered that your parking brake was
not fully off and you didn't see the
lamp glowing down there? If any of
these things have happened to you,
you'll be interested in this automatic
light blinker.

Because the circuit to be described is
a true on/off switch, it can be inserted
in series with almost any light bulb in
the car ( within electrical limits) and
cause that bulb to blink at an attention -
getting rate.

How It Works. Following the schematic
diagram, assume that both Cl and C2
are completely discharged before power
is applied to the switch. As power is
applied, Cl charges through diode Dl,
while C2 charges through R2 and R3.

IN CAR

SI
6-12V

1itREMOTE
SWITCH

IF DESIRED

*SEE TEXT

Flasher circuit is connected in series with the
existing idiot light circuitry. Some parts values
depend upon current load of light bulbs in use.

AUTOMATIC
LIGHT
BLINKER
By MELVIN CHAN

As C2 is charging, the voltage devel-
oped across R2 keeps Q1 in the off state.
As Q1 draws no current, there is no volt-
age drop across R1; therefore. Q2 is also
in the off condition. When C2 reaches
full charge, Q1 starts to conduct and the
voltage developed across R1 causes Q2
to go into saturation. When this hap-
pens. the collector -to -emitter resistance
of Q2 is reduced to a very low value,
producing a virtual short circuit across
the switch output terminals.

At this time, diode D1 becomes back -
biased and does not allow Cl to dis-
charge through the effective short cir-
cuit. The voltage stored in Cl keeps Q1
conducting, and therefore maintains Q2
in a saturated condition. As C/ dis-
charges, C2 is also discharging, and
when the charge on Cl is exhausted, the
circuit reverts to its original open -cir-
cuit condition.

Although no transistors are specified
for QI and Q2, almost any available
transistors will do, except that the
of Q2 (see transistor handbook) must be
at least three times the current required
by the lamp. Also, almost any diode can
be used for Dl as long as it will pass
the current requirements of Ql. The
series light flasher will operate with any
voltage that does not exceed the break-
down voltage of the transistors, the elec-
trolytic capacitors, or the diode.

Using the Blinker. Open the circuit to
the remote bulb, determine which lead is
positive and which is negative and then
connect them to the respective terminals
on the solid-state blinker. When the
power to the bulb is turned on, the blink-
er operates automatically.

If desired, the flashing rate may be
altered by changing the value of Cl or
C2. The higher the value, the slower the
bulb repetition rate.
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APTURING an explosion at the in-
stant of detonation is not new to

photographers, but only a few well -en-
dowed amateurs and professionals are
equipped with a "motion freezer." How-
ever, if you have a camera, a strobe.
and a tape recorder or other microphone -
amplifier setup, you can add a "Sound
Sync'er" to put you on the business end
of stop -action photographs. There are
only four electronic components in this
gadget which should cost less than a
sawbuck.

Actually the stop -action effect is made
possible by the strobe flashgun, but the
trick is to fire the gun at exactly the
right time. When a sound burst accom-
panies and coincides with the action you
want to photograph, the "Sound Sync'er"
"listens" to the sound and "triggers" the
flashgun. Use of an open -shutter tech-
nique in a "darkened" room lets you get
by with a minimum amount of photo-
graphic equipment.

How It Works. The input of the "Sound
Sync'er" is connected to the amplifier in
place of the speaker and the output of

By A. J. LOWE

SOUND -FIRED STROBE
STOPS MOTION
FOR SHUTTERBUGS

the gadget goes to your flashgun. A mi-
crophone, connected to the input of the
amplifier, completes the system, as shown
in Fig. 1.

When the desired sound pulse hits the
microphone, the signal is amplified and
passed on to the silicon -controlled recti-
fier (SCR1) as shown in Fig. 2. Resistor
R1 provides a suitable load for the am-
plifier, and R2 acts as a gate current
limiter for SCR1. Diode D./ permits a
"cleaner" gating action lo take place
by allowing only the positive pulses to
hit the gate of the SCR.

The SCR acts like a thyratron tube .. .
once it is fired ( allowed to conduct) by
an appropriate signal on the gate, it
conducts until the positive voltage on
the anode is dissipated or removed. It is
important, therefore, that the SCR's
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STROBE
FLASH

GUN

Fig. 1. Block diagram shows the setup requ red
for using the sound from the action to be photo-
graphed to trigger the "Sound Sync'er" and strobe.

R2
3.9K

TO
AMP

OUTPUT

TO+
SIDE OF
STROBE

TO -
SIDE OF
STROBE

Fig. 2. Use the 2N2325 (available from Allied Elec-
tronics for $7.95) for silicon -controlled rectifier
SCR1 and not the 2N2325A which costs $2 more.

Fig. 3. The "Sound Sync'er" can be assembled on
a terminal strip and mounted inside a small metal
or plastic box. Use grommets to protect the cables.

anode be connected to the positive side
of the strobe. The instant the SCR con-
ducts, the strobe is fired.

Construction and Use. Layout is not
critical, and you can save a lot of time
by mounting the parts on a terminal
strip as shown in Fig. 3. A small plastic
or metal box can be used to house the
parts. However, if you use a metal box,
be sure to line the inside with insulating
material to prevent accidental short cir-
cuits between the box and the strobe.

Observe polarity of the diode as well as
the SCR, and heat -sink the leads when
soldering them in place.

Set up the microphone close to the ob-
ject to be photographed, but not within
camera view. Turn the volume control on
the amplifier all the way down and slow-
ly advance it until the amplifier will re-
spond only to the desired sound signal.
Too high a setting will trigger your
strobe prematurely, and too low a set-

4414.44NI.

Fig. 4. For a professional finish,
you can paint the case and apply
suitable lettering to identify the
input and output cables as shown.

114.

PARTS LIST
D1-1.1.6-15 diode
RI- ,/,-watt resistor
R2- .N00-ohm ,V2-watt resistor
SCR 1- 2N2325 silicon -controlled rectifier, or

similar
Misc.- Small metal or plastic box, terminal

strip, wire, strobe extension cable, solder, bard -
were. etc.

ting will cause you to miss the shot. The
speaker must be disconnected from the
amplifier to prevent feedback howl.

By changing the distance between the
microphone and the action being photo-
graphed, you can change the timing of
the flash to capture the right "moment."
Sound travels at about 1100 feet per
second, so figure about a 1 -millisecond
delay for every foot separating the mi-
crophone and the sound source.

When you are ready to take a picture.
set up your camera as you normally
would for a flash shot, aim, focus, etc..
and then turn off all the lights in the
room, open the camera's shutter, and
start the action. After the shot has been
taken, close the shutter and turn the
lights back on.
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BUILD

$6 ELECTRONIC TACHOMETER
TRANSISTORIZED CIRCUITRY

KEEPS WATCH
ON YOUR ENGINE SPEED

FOR BETTER GAS MILEAGE,
MAXIMUM EFFICIENCY,

AND BETTER PERFORMANCE

By RICHARD E. STAERZL

I F YOU DRIVE a manual shift auto, at
what engine speeds rather than road

speeds-should you shift gear for top
fuel economy with maximum horse-
power and torque? At 65, 100, or 1800
r/min? The answer lies in the horse-
power rating, number of cylinders, en-
gine cycle, and other factors related to
engine design.

Car makers' manuals usually contain
information on specific engine r/min
from idling speed through full accelera-
tion, and specify when to shift gears, or
when maximum torque is reached. How-
ever, if your car is rot equipped with a
tachometer, this information will be of
little value to you.

For under six bucks you can build and
install an accurate transistorized tach-
ometer that can be used with any 4-, 6-,
or 8 -cylinder, 2- or 4 -cycle engine hav-
ing either a standard or transistorized
negative -ground ignition system. This
tach will tell you what your idling speed
should be, when to up -shift for best ac-
celeration and maximum efficiency, and
when to down -shift to avoid engine lug-
ging.

How It Works. The tachometer circuit
(Fig. 1) is nothing more than a simple
monostable multivibtator (Q1 and Q2)
triggered by a shaped negative -going
rectangular pulse produced by the open-
ing and closing of the auto's ignition
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points. Pulse shaping is accomplished
by the C2 -R6 combination.

The average current in Q l's collector
is monitored by a 0-1 mA full-scale
meter. Since the collector current will
be directly proportional to the trigger
frequency, determined by the engine
r/min, the meter can be calibrated in
terms of r/min. The accuracy of the
reading is determined essentially by the
accuracy of the meter used. The econ-
omy meter shown is accurate within

2'; of full scale.

Construction. A convenient layout for
the tachometer is given in Fig. 2. The
parts are laid out on a 112" x 112" per-
forated phenolic board, and the circuit

PARTS LIST
CI,C2-0.1-µ1',200-volt capacitor
All- -0-I mi d.c milliommeter- see text

2.V414 transistor
RI, R2 2200 -ohm, ',wall resistor
R3---l0,000-ohm printed -went, miniature poten-

tiometer
R4- h.111(1 -ohm, resistor
R5. Rh- 1000 -ohm. !,-watt resistor
R7- 47 -ohm ';,-watt resistor
Misc. Transistor sockets, phenolic circuit board,

wire, solder, enclosure ( optional)

+I2V

Fig. 1. If you want to use this tachometer circuit
with a positive -ground automobile, simply replace
transistors Q1 and Q2 with 2N1302 transistors.

board is then mounted on the back of a
d.c. milliammeter. Although an inexpen-
sive 0-1 mA d.c. meter was selected to
keep the cost low, a 3'-"- or 41:." -wide
view panel meter is preferable.

The entire unit can be housed in a
plastic or metal case for use as a portable
test instrument, or the meter case can

Fig. 2. The electronic circuitry is first put together
on a suitable sized circuit board, and the as-
sembly is mounted on the back of the meter case.
You could also house the circuit board separately.

be mounted separately on the dash while
the electronic circuitry can be housed
and stored in the glove compartment,
or fastened under the dash.

Calibration. The easiest way to cali-
brate your tachometer is with another
tachometer. Connect both tachs in par-
allel and rev the engine up to 1000
r/min. Then adjust R3 for a reading
of 0.1 mA on the meter being calibrated.
With this adjustment, the meter is cali-
brated so that each 0.1 mA increment
on the dial represents 1000 r/min. If
you wish, you can also calibrate the
meter directly in r/min.

Another method of calibration is to
use a high -output square -wave generator
as a signal source. Set the generator
frequency to 33 hertz for a 4 -cylinder
car, to 50 hertz for a 6 -cylinder car, or
to 67 hertz for an 8 -cylinder car, and ad-
just the generator to any output from 6
to 24 volts peak -to -peak. Now adjust
potentiometer R3 until you get a read-
ing of 0.1 mA on the meter. With this
adjustment, your tack is calibrated for
1000 r/min per 0.1 mA. -130-
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YOU CAN CONTROL ALMOST ANY NUMBER OF
ELECTRICAL DEVICES FROM ALMOST ANYWHERE

THE "Pulse Command Responder" is
perhaps one of the most versatile

selective multifunction types of remote
control centers you are likely to find
anywhere. With just the touch of a
single button, you can control many dif-
ferent electrical circuits individually and
at any time. You can turn your TV set.
lamps, motors, and just about any other
electrical device an and off from one or
more locations, and at distances of up
to several hundred feet.

The Responder can be operated by ra-
dio control (R/C), carrier -current re-
mote control, or direct "on-line" switch-
ing. For R/C operation, a transmitter
and a receiver-of the types for control-
ling model airplanes-are suitable. The
carrier -current remote control also has a
transmitter and a receiver; but instead
of the signal radiating from the trans-
mitter into space, it is coupled to the

By ELDEN C. MAYNARD, KELM

receiver by way of your house wiring.
(Construction of a "Carrier Current Re-
mote Control System was described in
the 1968 Winter Edition of ELECTRONIC
EXPERIMENTER'S HANDBOOK.) The "on-
line" switching technique calls for a 3 -
wire hookup going from the Responder
to one or more strategically -located push-
button switches. A complete R/C system
is illustrated in Fig. 1.

Regardless of the type of control em-
ployed, operation of the Responder re-
mains the same: a number of pulses are
used to trigger an electronic switching
circuit, which in turn controls a step-
ping -type relay. Except for the first two
steps, each step on the relay is connected
to a different device to be controlled.

Unlike certain sequential or stepping
relay control devices, no unwanted cir-
cuit or device is energized even momen-
tarily while the stepping relay "finds" a
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wanted position. For example, you can
start a motor in step 5, without affecting
anything connected to steps 3, 4. 6. etc.,
and then, at a later time, control the de-
vices on steps 4 or 7 without affecting
the action on step 5. (Steps are on K5
as shown in Fig. 2.)

The Responder is foolproof. It will
seek a numbered step in accordance with
a like number of pulses on the first
round. On the second round, it will reset
itself almost instantly in the presence of
a single pulse. Sending up to three pulses
on the second round will have the same
effect as a single pulse. However, not un-
til the stepping relay is in its 0 position
can it accurately respond to a given
number of pulses for a given position.

By tying steps 1 and 2 together and
connecting them to the reset function
(K4 in Fig. 2), a certain amount of noise
immunity is built into the Responder. It
will not activate any control circuits un-
less at least three pulses are received in
rapid order. This feature is especially
desirable for R/C operation, or where the
Responder may be accidentally pulsed.

How It Works. An s.p.d.t. switching
mechanism, such as that shown for K1
in Fig. 2. is used to connect a positive or
a negative voltage as needed to K3. K4,
K5 and the base of Ql. This switch (on
KZ) can be part of a relay in an R/C
receiver or in any other appropriate ex-
ternal control device. ( Note that K1 is
actually not considered as a part of the
Responder, but rather as an integral
component of whatever external control
system is used.)

Relay K1 ( or its equivalent) switches
the voltage from positive to negative and
back to positive for each pulse. There -

Fig. 1. The Responder can
be radio -controlled if it
is connected as shown.

fore, this switch should be a spring -
loaded affair which always returns to an
upward position ( positive voltage on the
normally -closed set of contacts).

Before tracing the action of the posi-
tive and negative voltages on Ql, the
various diodes and relays K2, K3, K.
and K6, you should know how K5 works.
Both the Advance and Reset coils of K5
operate on 117 volts a.c. Since the con-
trol voltages are on the order of 6 volts
d.c. in the Responder, relays K3 and K4
are used to switch the Advance and Re-
set coils, respectively.

Each time the Advance coil is ener-

PARTS LIST
(.2-1110-A1', (tea rolyt capacitor*

.6 -1) -AF I or 5-µF), 15 -volt electrolytic
capacitor*

C4, (' µ1: ceramic or disc capacitor*
DI, 1)2. 1)3. U -1--1N-11104 ( or 1.V.Inn I I diode*
1 12 -6 -volt lamp- sec lest
AI .'.e text
A2--o-volt s.p.d.t. relay
AS. K4 -n-volt s.p.s.t. relay
A5- -117-volt a.c. stepping relay (Guardian

.11 ER -115 stepper/ reset, 2-i contacts, or simi.
lar I

An- n-z.olt power relay,
(II 2.217 transistor
RECT. I- 2 -amp, 50-1'11* rectifier bridge ( Inter-

national Rectifier 1011112.-1-C, or similar/*
R1, I/2 100 -ohm. I....wit resistor*
SI- S.p.s.t. switch
Ti sit transformer: primary, 117 volts;

secondary, 12 volts, 1 ampere. renter -lapped
--Printed circuit card, or 3 4 X 4" perforated
phenolic board see text**

1- Aluminum or steel cowl -type utility box
ise. Indicator lamp sockets, line cord. hookup
wire, spacers, solder, hardware, barrier strip

The asterisked parts are available from South-
west Technical Products Co., 219 West Rhapsody,
San Antonio, Texas 73216.

*Included in package of components for printed
circuit board. $5.
**Drilled and etched fiberglass printed circuit
card, S2.

48 ELECTRONIC EXPERIMENTER'S HANDBOOK



L_

II7
V

A
C

D
I

10
01

1
IN

40
04

01
2N

2t
7

N

K
2

7
2 N
 4

00
4

Z
I

R
I

-
i0

01
1

H

*S
E

E
T

E
X

T

20
3

F
ig

. 2
. E

le
ct

ro
ni

c 
sw

itc
h 

Q
1 

co
n-

tr
ol

s
th

e 
ad

va
nc

e 
fu

nc
tio

n
of

st
ep

pi
ng

re
la

y
K

5.
 A

 n
eg

at
iv

e
vo

lta
ge

 th
ro

ug
h 

D
4 

an
d 

K
4 

is
 r

e-
qu

ire
d 

to
 r

es
et

 K
5.

 T
he

 d
ev

ic
es

to
 b

e 
co

nt
ro

lle
d 

ar
e 

co
nn

ec
te

d 
to

K
5'

s 
st

ep
s,

 a
s 

sh
ow

n 
in

 s
te

p 
3.

P
ow

er
 r

el
ay

 K
6 

m
ay

 o
r 

m
ay

 n
ot

be
 n

ee
de

d 
fo

r 
co

nt
ro

lli
ng

 a
 d

ev
ic

e.



gized, K5 advances one step and holds.
When the Reset coil is activated, K5 is
spring -returned to its 0 step.

When S1 is closed and power is ap-
plied, the pilot lamp, 11, lights and the
Responder is ready to go to work. In the
Responder's quiescent state, Q1 does not
conduct and all relays and coils are de -
energized. Note that K6-like Kl-is not
considered to be part of the Responder
proper.

When K1 is energized, a negative
voltage is applied through the upper con -

C

E.

D

CS

+.0.
*if( Del.

RED DOT

J

Ti SEC

CS+01
REICT

T
do+
C2 CI

A

Fig. 4. Parts layout is not critical, but be careful
not to confuse polarity of diodes, and the con-
nections to the relays' frames, coils, and contacts.

Fig. 3. If you decide to
make your own printed
circuit board, use this
full-size drawing as a

guide to proper etching
of foil side of board.

tacts of K2 to D4 and the armature of
K5. In step 0 on K5, the negative voltage
is fed to D1 and forward -biases Q1 to
allow it to conduct. When Q1 conducts,
K2 becomes energized, which removes
the negative voltage from the D4 -K4 cir-
cuit and applies it to the D3 -K3 circuit.
Each time K3 sees a negative pulse, it
advances one step. Capacitor C3 holds
Q1 conducting and K2 energized to pre-
vent the Reset coil from being activated.
As long as K2 is energized, no control
voltage reaches any of the steps on K5,
and no externally controlled circuits are
affected until the Responder settles down
to a quiescent state. The train of pulses
must come in a rapid enough succession
to be within the discharge time of C3.

If K5 is on step 3 or higher when K1
is energized, the negative voltage can-
not get to Q1, and now D4 is able to go
to work and pass this voltage on to K4
and reset K5. Notice that steps 1 and 2
on K5 ( the noise immunity circuits) are
connected back to 1C4; if for any reason
K5 is advanced only to either step, K5
will reset itself with a positive or a nega-
tive voltage, but not until K1 de -ener-
gizes, Q1 in turn stops conducting, and
K2 releases.

Transformer T1, full -wave bridge rec-
tifier RECT 1, Cl, C2, R1 and 11 provide
suitable positive and negative voltages to
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operate the Responder. Pilot lamp 11
does double duty; it helps power supply
regulation as does R1, and it also serves
as an on/off indicator. Lamp 12 is op-
tional. Capacitors C4 and C5 are used
for relay contact protection; a 0.02 -/IF
capacitor can also be placed across the
contacts on K3 and another on K4. if
you wish. Capacitor C6 tends to prevent
chatter and helps K3 to perform in a
more positive manner.

Circuits to be controlled having volt-
age and current requirements different
from the 6 volts d.c. available at K5's
steps. or for continuous operation-once
activated, require relays (K6. etc.) or
other switching devices (SCR's) to be
interposed between K5 and the controlled
circuit.

Construction. The Responder can be
built into any 8" x 6" x 3" enclosure.
Parts placement is not critical, but per-
haps the most suitable layout for the
small parts is on a printed circuit board
or plain perforated phenolic board. If
you want to make your own printed cir-
cuit board, follow the actual -size draw-
ing shown in Fig. 3. You can buy one
already etched and drilled for $2 post-
paid (see Parts List).

If you use a circuit board, you can fol-

RESET

K5

ADVANCE

11 12 13 14 15 16
C4 St

C5

Fig. 5. Position the parts so that they do not in-
terfere with each other or with the circuit board.
Both Reset and Advance coils are 117 -volt a.c.-
operated and care must be exercised to keep them
clear of the case. If necessary, use a larger case.

low the same general layout for parts as
shown in Fig. 4. When mounting capaci-
tors. diodes and transistor, be careful to
observe polarity. After all parts are
mounted, set the circuit board aside.

Drill the mounting holes for the cir-
cuit board, power transformer, indicator
lamps, switch and stepping relay. refer-
ring to Fig. 5 for the general location of
these major parts. Actual location of
parts is not too important provided that
the parts do not interfere with the cir-
cuit board or each other. To faeilitate
mounting of the board and other parts.
secure T1 to the metal case last.

Use "," spacers to get adequate clear-
ance between the board and case. Op-
tional indicator lamps (11. 12. etc.)
should be mounted on the front part of
the case.

After all parts are mounted, wire the
circuit in accordance with the schematic.
For your convenience, the lettered points
in Fig. 4 correspond to the same lettered
points in Fig. 2.

Each of the steps on stepping relay
K5 should be connected to a suitable
terminal strip or set of output jacks
mounted on the back of the case, such as
the jack marked "TO K6" in Fig. 5. Be-
cause only 6 volts d.c. is available at each
step at any one time, power relays or
circuits to be controlled should also be
able to operate on 6 volts d.c.

Final Check. When construction of the
Responder is complete, connect the puls-
ing device to satisfy the switching re-
quirements for K1 as shown in Fig. 1.
Turn the Responder on, and pulse it
once. Relay K5 should advance to step 1.
After a short delay, as C6 discharges,
the stepping relay should automatically
reset to step 0. The same is true when
you pulse the responder twice, except
that K5 should first advance to step 2.
Check each of the other steps of K5 by
pulsing the Responder the same number
of times as the step number you want.
but between each selection of steps, re-
set K5 to step 0 with one or two pulses.

When you are sa:isfied that the Re-
sponder is operating properly. you can
connect your power relays and circuits
to be controlled. Once you work with and
get to know the Responder, you will find
that its applications and functions are
practically limitless. -30-
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THE MOST SPECTACULAR SOUND EXHIBITCON
OF STEREO FIDELITY
EVER AVAILABLE
ON ONE DISC.

This record is the result of two years of intensive
research in the sound libraries of several of the
world's leading record companies. The Editors of
HiFi/Stereo Review have selected and edited those
excerpts that best demonstrate each of the many
aspects of the stereo reproduction of music. The
record offers you a greater variety of sound than
has ever before been included on a single disc.

AN ELECTRIFYING EXPERIENCE IN LISTENING
The HiFi/Stereo Review Stereo Demonstration Rec-
ord is a series of independent demonstrations, each
designed to show off one or more aspects of musi-
cal sound and its reproduction. Entirely music, the
Record has been edited to provide self-sufficient
capsule presentations of an enormous variety of
music arranged in a contrasting and pleasing order.
It includes all the basic musical and acoustical
rounds that you hear when you listen to records.
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
Concert Hall Sharp Contrasts of Dynamics
Crescendo and Diminuendo Very High and Very
Low Pitched Musical Sounds Polyphony (two or
more melodies going on at once) With Both Similar

Wind, String and Percussion Instruments  Sounds
of Ancient Instruments  Sounds of Oriental Instru-
ments Sound of the Singing Voice, Both Classi-
cally Trained and Untrained Plus a Large Sam-
pling of Finger Snapping, Hand Clapping, Foot
Stamping and Other Musical and Percussive Sounds

13 SUPERB SELECTIONS
STRAUSS: Festive Prelude. Op. 61 !excerpt Deutsche Grammophon
Gesellschaft Scored for full symphony orchestra plus organ with
prominence to the brass instruments. Remarkable for the impressive
sense of depth it reproduces.
DEBUSSY: Feux d'artifice (excerpt) Connoisseur Society Virtually
the entire range of the piano is used. including the full force of the
bass notes. This is the sound of a piano in reverberant surroundings
heard fairly dose -up.
B EETHOVEN: Wellington's Victory (Battle Symphony) (excerpt from
the first movement Westminster The recording emphasises extreme
directionality. It is a dramatic presentation engineered specifically for
stereo reproduction.
H ASSAINO: Canzona XXXV a 16 !complete) DCC Archive  Performed
cn old instruments. and recorded with techniques that combine diret
tonality with depth and ambiance. this band reproduces the sound
if the music rn its original environment. a large and reverberant
cathedral.
CORRETTE: Concerto Conlin. Op 8. No 6. Plaisir des Dames"
third movement) Connoisseur Society Recording demonstrates the

HinisienReqew STEREO
DEMONSTRATION
RECORD A =Doing sena et loweestratlees, sack geolgonl

to shoe eft elle a, wen aspects of austral mai
and Its eerie reproduction.

sound and special layout of a smolt performing group (harpsichorc. cello and
flutes) in fairly resonant surrauniAngs.
KHAN: Raga Chandranandan leveret) Connoisseur Society This classical
Indian music provides some of the most exciting musical experiences irnagin.
able. Directionality between vastly different instruments is the point here, as
well as the sneer sound of the Ins ,ruments themselves
RODRIGO: Concert-Serenade for Harp and Orchestra leaver ot from the first
movement) Deutsche Grammophon Gesellschaft This excerpt provides a wealth
of instrumental color behind a harp solo. The music is clear. colorful, rather
classical. and immensely entertaining.
MANITAS DE PLATA: Gypsy Rhumba (complete) Connoisseur Society The
recording puts the listener in the :enter of a flamenco party by precisely trans-

depth of this completely impromptil
recording session.
H ARCELLO: fair Ring): Psalm XV I "The Heaves are Telling'' (complete) Con
norsseur Society This arrangemr nt of the brief Marcell° Psalm IS for brass,
choir and organ. who answer one another antiphonally.
PRAETORIUS: Terpsichore: La Bourree XXXII (complete) OGG Archive A musical
gem played by a raft of 'era issance instruments including recorders, VIOrS, lutes,
harpsichord, small kettle drums, chimes, bells, and triangle.
BERG: Woireck (excerpt from Act I I) Deutsche Grammophon Gesellschaft  The
acknowledged masterpieces of modern music incorporating the use of many un
usual and extraordinary musical devices, including dramatic crescendos for full

B ART:chal8aB : Sonata for two pianos and Percussion ;excerpt from the 'first move.
merit) Cambridge The work is a stunning exploration of percussive sounds used
as the basic material of the composition.
B EETHOVEN: Wellington's Victory Battle Victory) (excerpt from the last mOve
menti Westminster A demonstration of one of stereo's greatest virtues. its
unmatched ability to clarify senaten contrapuntal voices being played by similar
instruments.

Advanced New Anti -static Vinyl
Recorded with the cooperation of Deutsche Grammophon
schaft, Connoisseur Society, Westminster Recording Company
and Cambridge Records Incorporated, the Stereo Demonstration
Record is processed and pressed on a newly developed, improved
vinyl. It is permanently anti -static, repels dust and dirt and pro.
motes longer stylus wear. The use of this material is conducive to
low surface noise and contributes to the production of full dy
namics and frequency range. The record continually looks new,
sounds new and wears longer.

FREEDESCRIPTIVE BOOKLET
ENCLOSED WITH EACH ALBUM

Packed with valuable facts to give you a better under-
standing of the term "stereo high fidelity," including a
discussion of the selections appearing on the record, plus
a complete description of each selection performed and
the purpose behind its demonstration.

12" STEREO RECORDING AVAILABLE IN
YOUR CHOICE OF 331/3 RPM OR 45 RPM
The 33,S rpm is of the highest attainable quality at that
speed. The higher speed of the 45 enables an even higher
quality disc.

ORDER YOUR STEREO DEMONSTRATION RECORD TODAY

Only $ 498 Postpaid
Stereo Demonstration Record
P. O. Box 3463  Church Street Station  New York, N.Y. 10008
Please send me Hifi/Stereo Review Stereo Demonstration Record Albums
at 54 98 each, postpaid. My check (or money order) for
is enclosed.

Check One: 33t1v rpm n 45 rpm

(outside U S.A. please send $7.00 per album ordered.) New York State residents
please add local sales tax.

Print Na me

Address

City State 71p Code __-
PAYMENT MUST BE ENCLOSED WITH ORDER

EEH-S68
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CHAPTER
2

AUDIO

STEREO

PROJECTS

After a lull of several years, the Editors of the ELECTRONICS

EXPERIMENTER'S HANDBOOK are seeing a tremendous rebirth

of interest in building hi-fi gear. The last edition of EEH (Win-

ter, 1968) contained plans for a 70 -watt per channel stereo

system. In this chapter there are two hi-fi speaker systems
that could be used with that equipment.

Don't be confused by the 70 -watt rating of power ampli-

fiers. Just because the output might peak at 70 watts doesn't

necessarily mean that your speaker must equal or exceed that

rating. Keep in mind that no one is going to drive his power

amplifier at full output at any time-if he did, the windows
might break and the walls give way.

For optimum hi-fi reproduction in the average living room,

an average output of even 4-6 watts is more thar sufficient.

The large power ratings are good barometers of music han-

dling capacity and transient response-not of actual or desir-

able loudness.

54 SOLID-STATE LINE -OPERATED AUDIO AMPLIFIER Lyman E. Greenlee

5 7 THE "MINI -VERB" Daniel Meyer

t3 THREE -CORNER SPACE SAVER David B. Weems

t8 THE "2 x 2" REMOTE VOLUME CONTROL Lyman E. Greenlee

7 1 "PRINCESS CINDERELLA" David B. Weems
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SOLID-STATE

LINE -OPERATED

AUDIO AMPLIFIER
HIGH -IMPEDANCE FET DRIVES COMPLEMENTARY

RECTIFIER -TRANSISTOR COMBO
DIRECTLY FROM

I F YOU'VE always wanted a versatile
1 I 7 -VOLT A.C. POWER LINE

solid-state audio amplifier to put a
little zing in your old phonograph. or a
good -quality amplifier with separate bass By LYMAN E. GREENLEE
and treble controls for your guitar.
tuner, or microphone, look no further . . .

for here's a line -operated amplifier with
a field-effect transistor (FET) that will the same time, serving as an impedance -
give you the high impedance you need matching device for the input and output
for that crystal or ceramic cartridge, and circuitry. The output of this stage is
excellent frequency response for more developed across R10 and direct -coupled
enjoyable listening. to the base of Q3, whose output is

As a bonus, you get instant play the coupled to the speaker through trans -
moment you flick the unit on. No more former Ti.
waiting for tubes to warm up when you Diode D2, together with C6, forms a
update that old tube -type phono ampli- transient voltage suppression network to
fier with solid-state devices. And you get limit voltage surges and protect Q3 from
to hear the beginning of every record possible destruction. If the value of C6
you play. is increased beyond the recommended

0.001-p .F capacity, high -frequency roll -
How It Works. The audio amplifier off can be achieved for operation with

(Fig. 1) features a field-effect transistor small speakers ( smaller than 8 inches in
(Q1) for high input impedance, a com- diameter). However, if the capacity is
mon collector audio stage (Q2), and a increased beyond 0.005-pF, tone quality
power amplifier (Q3) driving a speaker could be adversely affected.
transformer ( T1). Diode D1 is the line rectifier, while

The signal input at J1 is applied to the R14 and C8 are filtering elements. Since
gate of Q1 through limiting resistor R12 one side of the power line is grounded
and coupling capacitor C/O. The ampli- directly to the unit's chassis, a polarized
fled output at Ql's drain is coupled line plug must be used. Resistor R1
through C9 to a tone control network serves to isolate the input device from
comprised of R2 (the bass control) R5 the amplifier's chassis.
( the treble control), and R7. a compen-
sated volume control with tone correc- Construction. You can build the audio
tion provided by C3 and R6. The output amplifier circuitry on a 31 x 5" piece
of the volume control is applied through of perforated circuit board, and then
C5 to the base of Q2, biased by voltage house the entire unit in a 3" -high by 8" -
divider R8 -R9. wide by 5" -deep cowl -type metal box.

As a common collector amplifier. Q2 The operating controls, pilot lamp and
provides a high current gain while, at input jack can be mounted on an L-
54 ELECTRONIC EXPERIMENTER 5 HANDBOOK
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PARTS LIST
( 1, C2-- 1200-pF c. ramie disc capacitor
( 3-0.005-111, ceramic disc capacitor
C4 -100-µF, 25 -volt eectrolytic capacitor
C5 -0.1-µF, 200-600 roll ylar capacitor

6-0.00/-pF, 600 -volt Ilylar capacitor
C 7-250-µF, 12-voll e ectrolytic capacitor
(8 -50 -AF, 150 -roll electrolytic capacitor
( 9, C10 -3.3-µF, 35 -volt electrolytic capacitor
( 11--50-µF, 25 -volt electrolytic capacitor
Dl, D2-Silicon rectifier ( RCA 40265 or similar)
I1- Phone, jock
11- Neon lamp current limiting resistor
01- Motorola .111'F-1(:3 FET
(,;2 - -R('A 40263 transistor

-RC.1 40264 transistor
A 1 56,000 -ohm, -watt resistor

3-megohni audio taper potentiometer ( bass
control)

R3, R9---65'.006-ohni, ''.-watt resistor
R4 330.000 -ohm, !!.-watt resistor
R5- 1-megolton audio taper potentiometer with

switch I treble control)
R10-10.000-ohon, V, -watt resistor

Ki--2-megohm linear taper potentiometer
lapped at 1 megohm (volume control)

10 -180,000 -ohm, !,;-watt resistor
R11 -33,000 -ohm, -watt resistor
R12, R20 -68,000 -ohm, V -watt resistor
R13 -220 -ohm, 1/2 -watt resistor
R14-270-ohni, 5 -watt wire -wound resistor
R15-100,000-ohni, 1 -watt resistor
R16 -12,000 -ohm, !/2 -watt resistor
RI7-22.000-ohm, !/2 -watt resistor
R18-470-ohni, !-watt resistor
R19-4.7-megohni, Y., -watt resistor
.1/-5.p.s.t. switch
T 1-Out put transformer, 10,000 -oh on miler -

lapped to 3.2 -ohm voice coil (or to 8 -ohm
voice coil if 8 -ohm speaker is used)

1-NF213 transistor heat radiator, push -on type
(Wakefield Engineer;ng Type D. or similar)

1-Cowl-type 3" x x metal box (Bud
SC -2132, or similar)

Misc.-Knobs, rubber grommet, line cord, inter-
lock, wire, solder, push -in terminals, hardware.
four -lug terminal strip, two -terminal barrier
strip, neon pilot light with current limiting
resistor, are" -prick sheet aluminum, perforated
phenolic board, etc.

*A black crackle finish cabinet with control
mounting plate, heat sink, circuit board, out-
put barrier strip and cheater cord with inter-
lock is available from Mobil Electronics, Inc..
P. 0. Box 1132. Anderson, Ind. 46015 for
89.05 postpaid in the U.S.A.
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SI

C3 C2 R6 NT C5 R3 R4 145 CI R2 R le

02 RIO 814 Re CT CO

shaped plate cut and drilled, and then
screwed to the long edge of the circuit
board (see Fig. 2).

The heat sink for the power transis-
tor (Q3) is fabricated from a thin sheet
of aluminum. An interlock for the spe-
cial TV -type line cord used by the au-
thor can be mounted on a small bracket
screwed to the rear of the circuit board,
as shown in Fig. 2. (If you prefer to
use an ordinary line cord, you can elim-
inate the bracket.)

The parts are mounted on both sides
of the board to conserve both space and
wire run, and are interconnected by
means of regular push -in terminals. The
top side of the board is shown in Fig. 2,
and the reverse side of the board is
shown in Fig. 3.

56

CONTROL
MTG. PLATE

JI

RI

01

812

CIO

C9

A C INTERLOCK

7/8"SPACER (4)

Fig. 2. Components are mounted on
both sides of circuit board to con-
serve space. Use metal spacers (as
shown) to provide adequate clear-
ance between parts mounted on un
derside of board and metal cabinet.

Be sure to heat -sink the transistor leads
while they are being soldered. Also, ob-
serve polarities when wiring the diodes
and electrolytic capacitors in the circuit.

After mounting the output transform-
er on the bottom plate, connect the leads
to the circuit board and install the board
on four '7,.6" -long standoff spacers.

Operation. Before you plug the unit
into the line outlet, check it over care-
fully to verify the correctness of your
wiring. If you are satisfied that there
are no errors, plug it in and turn it on.
Touch the cabinet. If you feel a slight
tickle or hear a loud hum, reverse the
line plug. With an input connected, ad-
just the BASS, TREBLE and VOLUME
controls for normal listening.

Fig. 3. Busbars eliminate the need
for extra push -in solder terminals
on underside of board. Solder the
components directly to the busbars.

ELECTRONIC EXPERIMENTER'S HANDBOOK



REAR FONT
MINI -VERB

BUILD
THE

"MINI -VERB"

REVERBERATION systems are offered
as "accessory" equipment with many

cars, included in many high fidelity sys-
tems or electronic organs, and even in
public address amplifiers. Reverb sys-
tems give music a warmer tone and add
a feeling of spaciousness by simulating
the reverberation-- or echo- -effect of
large concert halls. A car- -or even the
average living room- --is not blg enough
to have an audible natural reverberation.
So adding electronic reverberation makes
the reproduction more pleasant and gives
a feeling of concert -hall space.

The "Mini -Verb," an updated version of
the system described in the Spring, 1967,
ELECTRONIC EXPERIMENTER'S HANDBOOK,
was originally built for use in a car. It
was miniaturized by using a smaller de-
lay line than the one in the older system.
However, it is also usable with your
home hi-fi installation and can be hooked
up to most stereo systems with little
trouble. Quality and output power have
been kept high in spite of the fact that
the size has been brought down.

By DANIEL MEYER

IMPROVED AUTO REVERB

CIRCUIT USES NEW
MINIATURIZED UNIT;
SUITABLE FOR ATTACHMENT
TO STEREO HI-FI RIGS

A standard high-fidelity solid-state
circuit is used in the amplifier. The
transformerless class -B output stage will
deliver at least 3 watts into a 3.2 -ohm
speaker with less than 1'; distortion
Silicon transistors are used throughout
for maximum temperature stability.

The small delay line reverb unit ( Gibbs
Type VII) makes possible a compact sys-
tem that can be installed almost any-
where. The case measures 2" x 231" x
6" and includes the fader control and
power switch. If you have room in your
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Fig. 1. In an automobile installation, reverberation is achieved by delaying and "reverb'ing" the sound from
the rear seat speaker. The delay of sound fools the ear into believing the sound is in a large concert hall.

PARTS LIST
Cl, C7 -10-µF, 15 -volt electrolytic eapacit,,,
(2- -30-0', 6 -volt electrolytic capacitor
C3. C4 --5-µF, 15 -volt electrolytic capacitor
(.5 200.µF, h -volt electrolytic capacitor
C6 -500-µF, 25 -volt electrolytic capacitor
C8 -100-µF, 15 -volt electrolytic capacitor
01, 04--1S645 silicon diode, 600-m II'
02, 113- 1.V3754 single -ended diode r RCA
Fl- Slo-Blo fuse
Q1.Q.2.03-111'S-370S transistor ( Motorola)
Q4- -311'S-3638 transistor Motorola;
Q.5.06--TIP-24 transistor (Texas Instruments)
RI, R.?. Rh, R10 4700 -ohm. !,:-watt resistor
R2. R7-22.000-ohnt, V;-seatt resistor
R4--1000-ohm miniature trimmer control (Mal-

lory MTC-1 or similar ;
R5- - -2200-ohm, ' ',..-watt resistor
Rs 25.000 -ohm. !(,-watt resistor

100-011m. resistor IllR11 -1000 -ohm. ',watt resistor resistorsR12, R13- -220-ohm, Y',-,:att resistor Dr;
R14- -470-ohm. !,watt resistor

toleranceR15 -10 -ohm, ! .:-watt resistor
RIO- -40-ohm, 5 -watt wire -wound potentiometer

with slide actuator
Rb-- -120-ohm, !'..,-walt resistor-see text
NI-- 1).p.d.t. slide switch
1 --Gibbs Type I'll reverteration unit
Misc.--Case, printed cirenit board, fuse holder,

nuts, bolts, knob, wire, snider, etc.

A complete kit of parts including a special case
is available from Southwest Technical Products.
219 W. Rhapsody. San Antonio. Texas 75216. for
$16.74 (postpaid). Prices of individual compo-
nents are available on request.

car to mount a speaker selector switch.
you will probably have enough room for
the reverberation system.

How It Works. The heart of any re-
verberation system is the audio delay
line. It consists of two electromagnetic
transducers and a pair of different -di-
ameter springs coupling them. Audio fre-
quency signals drive the input trans-
ducer, which twists the springs slightly.
This mechanical motion travels down the
springs and creates an electrical signal
in the output transducer. Not all the
mechanical energy is reconverted to an
electrical signal- some energy continues
to travel back and forth and gradually
decays, resulting in both a delay and a
decay of the original sound, as with na-
tural echoes.

The audio signal is split between the
speakers through a fader control (R16)

and selector switch S/ ( Fig. 1). When
the selector switch is in normal posi-
tion, the same signal is applied to both
front and rear speakers. The fader serves
as a variable divider to balance or shift
the sound output from each speaker as
desired. When the fader control knob is
pulled out. S1 switches the power onto
the reverb amplifier and connects the
rear speaker to the amplifier's output.

The signal from the radio now drives
the front speaker and the input trans-
ducer through R15. The output trans-
ducer of the reverb unit is connected to
a high -gain amplifier (Fig. 2). The am-
plifier makes up the 40 to 45 dB loss in
the delay line reverb unit. In this circuit.
Q1 drives voltage amplifier Q2, which is
directly coupled to a pair of complemen-
tary driver transistors, Q3 and Q4. The
driver transistors drive the class -B out-
put pair on alternate half cycles.
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Fig. 2. Schematic diagram shows the simple solid-state high -gain amplifier requ.red to compensate for the
audio signal in the reverberation springs. The amplifier has a 3 -watt output and ts powered by 12 volts d.c.

The diodes between the base of Q3 and
the base of Q4 provide a small forward
voltage bias to prevent crossover distor-
tion and also provide temperature com-
pensation. Diodes D2 and D3 are in direct
physical contact with the output stages.
as shown in Fig. 3. Any heating which
would increase output transistor idle cur-
rent is quickly sensed by the diodes.
The heat reduces the diode voltage drop.
reducing the transistor forward bias
and idle current.

The reverb system's gain is controlled
by R4 and the fader ( R16) R4 for the
coarse settings and the fader to make
variations to suit the taste of the listen-
er. The amplifier is efficient and draws
only about 10 mA with no signal input.
At full 3 watts output, the current is
0.4 to 0.5 ampere.

Construction. To make the system small
but still easy to assemble. the amplifier
is built on an etched board and the whole

system is housed in a specially designed
case. ( See Fig. 4 ). If you follow the in-
structions. there should be no construc-
tion problems.

Begin by mounting the power transis-
tors and diodes in the rear of the case.
Use a 6-32 x i screw. with a shoulder
washer on the outside of the case and a
mica spacer between the inside of the
case and the transistor mounting flange.
Be sure to coat both sides of the mica
washer with silicone grease to insure
good heat transfer.

The 1N3754 bias diodes are pushed
into their clips and mounted with the
same screw that holds the transistors.
The diode leads are insulated from the
case. so the clips can contact the transis-
tor mounting tab. Turn the diodes so
that the red cathode identification dots
are opposite each other. Cut the lower
leads and solder them together -cathode
of one to anode of the other- -as shown
in Fig. 3. Mount the terminal strip next
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Fig. 3. The npn output transistors are of unusual
construction and have not previously appeared in
ELECTRONICS HANDBOOK projects. Each transistor
is bolted to the chassis wall along with bias-
ing diodes D2 and D3. You must follow this plan.

to the diodes and connect the remaining
two leads to the center and lower lugs.
Check for possible shorts between the
transistors and case.

Now mount the fader control and re-
verb unit. Wire the leads for the front
speaker, radio input, and ground to the
fader control. Dress the wires behind
the reverb unit and to the case bottom,

Fig. 4 (above). Due to the intense interest in
this project, a special mounting case is available.

install the grommet, and bring the wires
out through the grommet.

Mount the various parts on the circuit
board (Fig. 5) as indicated by the print-
ed part numbers (see p. 62). Be sure the
electrolytic capacitors and diode are
mounted with correct polarity. Solder
leads to Q5 and Q6 as shown in Fig. 3.
Connect wires to points +12V and r,
for the power and rear speaker, and to
El and C for the bias diodes. Use a piece
of lamp cord or equivalent to wire the
rear speaker.

Connect the ground side of the rear
speaker to the board's ground strip near
the output transistor connection. Do not
attempt to use the frame of the car for
the ground lead to the rear speaker -
this can result in noise and even circuit
oscillation. Connect a short piece of hook-
up wire to point f. Connect the green
lead from the reverb unit's output (red
coil) to point A and the green lead from
the input to point E. Be sure all wires
and connections are soldered.

Mount the circuit board on the side of
the case ( Fig. 6) with 4-40 x RK" machine
screws. Be sure the switch knob slides
between the plates at the rear of the
fader control. Use quarter -inch spacers
between the case and the circuit board.
Connect the wire from point f to the

Fig. 5 (below). View o' partially completed printed circuit
board shows location of some of the components. The num-
bers alongside C6 pertain to connections to transistor Q6.

Fig. 6 (right). Photo
of the completed unit.
Push-pull control dis-

6 ables reverberation am/ plifier and doubles as
C7 front-torear speaker

"fader" volume control.

C4
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arm of the fader control. Mount a solder-
ing lug under the mounting screw at the
bottom front of the board, and connect
it to the black wires from the reverb
unit coils and to the ground side of the
fader control, using a short piece of bare
wire.

Connect the leads from the board to
the power transistors. The numbers on
the board and the transistors must
match : 1 to 1, 2 to 2, etc. Connect the
wire from point C to the upper (unused)
lug on the terminal strip. Install D4 and
Rb on the terminal strip and, observing
polarity, the other end to D3's anode.
Connect a wire from point B to the
cathode side of D2 on the terminal strip.
Connect a lead at +12V and run it out
through the grommet in the rear of the
case to the fuse holder. (This in -line
type holder can be picked up at an auto
supply house, and is used with a half -
ampere Slo-Blo fuse.) Label the leads-
to protect the transistors.

Installation. The circuit is designed to
work with an ungrounded front speaker.
If one side of your speaker is grounded
at the speaker frame rather than at the
radio, simply clip the ground lead and
splice on a piece of wire for connection
to the reverb unit. Be sure the car has

4- or 8 -ohm speakers. (There are some
40 -ohm systems around which require a
matching transformer from the radio to
the reverb unit.) Also, be sure the speak-
er is not "hot." Some speakers have 12
volts on the leads.

Connect the +12 -volt lead from the
fuse holder to the radio, or connect it
to the accessories terminal on the igni-
tion switch. Connect the ground lead to
an unpainted screw or to some other
point that you are sure is a good ground
on the car's frame. Connect the lead
from point f on reverb input to the front
speaker. Run the two rear speaker wires
to the rear speaker.

Turn the radio on, with the reverb
unit knob pushed in. The control should
vary the volume of the front and rear
speakers as it is turned, with near -zero
volume on the front speaker at the ex-
treme rear position, and vice versa. Now
pull the fader knob out. You should have
about the same volume as before with
R4 set for full gain the resistor is par-
tially bypassed by C2). Sound will
probably be best with a bit less volume
on the rear speaker when the system
is in the reverb position. Set the fader
control in the center position and adjust
R4 for the most pleasing rear speaker
level.

The reverb unit cover can be fastened
under the dash with sheet -metal screws,
or mounted through the dash and held
by the fader control bushing.

Testing. The system will work quite
well without exact circuit adjustments.
You can, however, get lower distortion
and slightly greater output if you have
the proper equipment to make a few
tests.

Resistor Rb is specified as 220 ohms.
This is slightly lower than the best value
but safe in all cases. A slightly higher
value may reduce crossover distortion.
To check for the proper value, connect

la milliammeter (VOM) in the +12 -volt
lead. Short the meter leads and turn on
the amplifier. Unshort the meter leads
and read the idle current. Now short
Rb with a clip lead and watch the meter
reading. If it drops between 5 and 10
mA, the value of Rb is okay. If the drop
is less, increase the value of Rb to 270
ohms, and check again. The initial cur-
rent reading should not be more than 15
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Fig. 7. This simple power supply will enable the
builder to operate his Mini -Verb off the 117 -volt
a.c. lines. All components are easily purchased.

LEFT
CHANNEL

1

RIGHT
CHANNEL

Fig. 8. Reverberation in your home calls for using
the Mini -Verb as a third channel. Mixed signal from
the right and left channels is derived as shown in
this diagram. See text at right for more information.

mA, and Rb must not be increased past
the value that gives a 10 mA increase in
current.

You can adjust R8 in either of two
ways. If you have only a voltmeter, it
can be set for a reading of +6 volts at
the emitter ( terminal 1) of Q5. If an
oscilloscope and signal generator are
available, drive the amplifier to full out-
put (clipping level) with a 4 -ohm load
at about 1 kHz and adjust R8 for sym-
metrical clipping of the observed wave-
form.

"Stationary" Applications. To use the
"Mini -Verb" with your high fidelity sys-
tem ( or public address equipment), you
will need a 12 -volt power supply that
can deliver 500 mA with good regulation
and low hum. A typical circuit is shown
in Fig. 7.

To use the "Mini -Verb" with your
stereo system. follow the circuit of Fig.
8. ( The resistors should be about 47
ohms, 1 watt: reduce the resistance if
reverb volume is too low.) This circuit
will give you a driving signal that con-
tains information from both channels.
Little separation remains in reverbera-
tion sound. so two channels are unneces-
sary in the reverb system. _,36_
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THREE -CORNER SPACE SAVER

TRIANGULAR ENCLOSURE GIVES
SPEAKER SYSTEM TOP-QUALITY

HI-FI SOUND

By DAVID B. WEEMS

UNTIL STEREO SOUND became pop-
ular about eight years ago, use of

the triangular -shaped corner speaker
system was quite common among hi-fi
enthusiasts who wanted top-quality
sound reproduction. Today, it is a rare
home that has a corner speaker system
-the triangular enclosure has all but

disappeared from the hi-fi scene. Yet this
type of enclosure is considered by many
speaker system experts to be superior
to the limited -volume rectangular or
bookshelf designs that have replaced it.

G. A. Briggs of Wharfedale Wireless
Works in England, one of the foremost
authorities on loudspeakers and speaker
system design, rates the triangular en-
closure as one of the two best designs
(see Enclosure Design Table). Accord-
ing to him, the triangular enclosure in-
sures maximum bass response in the
average listening room. This type of en-
closure can maximize speaker system
efficiency and, if carefully constructed,
will occupy little more than a cubic foot
of floor space.

1968 Spring Edition ea



ENCLOSURE DESIGN TABLE°

TYPE
Triangular
Hexagon
Concrete Column
Average Cabinet
Circular Pipe
Slimline
Cube
Sphere

ACOUSTIC MERIT
10
9

10
7
5
5
3
1

"From More About Loudspeakers. G. A.
Briggs, 1965, page 102.

Because the triangular enclosure is so
highly rated by Briggs, the author de-
signed the speaker system to be de-
scribed here. The "Three -Corner Space
Saver" is a slightly modified version of
the system presented on page 97 of
Briggs' book, More About Loudspeakers.
To avoid compromising sound quality, a
pair of Wharfedale speakers was used
in the enclosure. The speakers selected
account for the slight variation in di-
mensions between Briggs' system as de-
scribed in his book and the hi-fi speaker
system presented here.

The "Three -Corner Space Saver" de-
rives its name from its characteristic
design and the fact that it requires so
little floor space. But any way you slice
it, this system will perform as well as,
and possibly outperform, many more
expensive hi-fi speaker systems on the
market today.

Fig. 1. Fullrange "Super 10" speaker has heavy
cast aluminum basket to minimize support reso-
nance. Large 7lb magnet extends bass response.

The Speakers. The fullest possible fre-
quency response is obtained from the
system through the use of the moderate-
ly priced Wharfedale speakers. A Model
"Super 10" 10" -diameter full -range
speaker reproduces the bass and mid-
range frequencies, while a 3" Model
"Super 3" tweeter provides more than
adequate response in the high fre-
quency range. Paired together in a well -
designed enclosure. these two speakers
provide a smooth response over virtual-
ly the entire audio frequency spectrum.

The "Super 10" shown in Fig. 1
sports a big 7 -lb. ceramic magnet, and
the speaker has a characteristic free -air
resonance of somewhere between 38
and 43 Hz. The "Super 3" tweeter, shown
in Fig. 2, also has a large (3 -lb.) ceramic
magnet; high frequency cutoff is 20
kHz on the average. Both speakers have
cast aluminum baskets that reduce the
possibility of undesirable support res-
onance.

Since the tweeter, like the full -range
speaker, has an open back, it requires a
separate enclosure, designed to reduce
diffraction of the high frequencies. This
simply means that the front of the
tweeter board must be chamfered around
the speaker mounting hole. However, the
Wharfedale people have eliminated the
necessity of fashioning this board since
the "Super 3" is shipped mounted to a
board that can be used as the front of
the tweeter enclosure as shown ( left in
Fig. 2).

The Enclosure. An almost complete ab-
sence of parallel surfaces is perhaps the
most favorable feature of the triangular
enclosure design. (The top and bottom
surfaces, although parallel to each oth-
er, are such small areas that they can be
disregarded.) Without parallel surfaces
to bounce the sound around, standing
waves are minimized and the enclosure
is less apt to "peak" or favor a given
band of frequencies.

The triangular enclosure used for the
"Three -Corner Space Saver" speaker
system contains a port that tunes the
system, providing extended low -frequen-
cy response. Since the port is located in
the bottom rear of the enclosure, the
additional space between the bottom of
the enclosure and the floor acts as an
expanded port.
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5 7/8'

Construction of the enclosure is quite
simple, as can be seen from the draw-
ings in Fig. 3. However, it is almost a
necessity that you have a power saw
equipped for making angular cuts to
properly mate the speaker board to the
front of the enclosure.

To make the cutout for the port ( small
triangular shape at apex of top view

5 7/8",...

Fig. 2. An enclosure (left) must be used with "Super
3" tweeter (right). Speaker mounting hole should
be chamfered to reduce high -frequency diffraction.

drawing), measure 53i" from the 90°
corner along the adjoining sides, draw
a straight line connecting the two mea-
surement points. and cut along this line.
Discard the small triangular piece. but
save the remaining piece of plywood for
later use as the bottom of the enclosure.

Glue and nail a side cleat flush with
one of the longer edges of each side
plate ( see Bill of Materials for dimen-
sions). When the glue sets, cut the
cleated edges of both side pieces at a
450 angle. To do so, place the saw
against the uncleated side. or outer wall,
and angle the saw blade toward the edge
opposite the cleat.

Except when securing the speaker
board and decorative trim to the front of
the enclosure, use wood cement liberally
between all surfaces to be joined.

Glue and nail the sides together as
shown in the top view drawing, and set
the side assembly on the bottom plate
( plywood board with port cutout), re-
cessing it "1" in from the front edge of
the bottom plate. Glue and nail the sec-
tions together.

Invert the bottom -side assembly onto

the top plate, and align the right-angle
corners flush with each other (there
should be "i" distance between the front
edge of the top plate and the front edges
of the sides). Draw the interior outlines
of the sides and side cleats on the top
plate, and remove the bottom -side as-
sembly.

Cut two pieces of "i" x "i" clear pine;
one 14':2" -long, the other 13"i" -long.
Glue and nail these top cleats in place
along the side outlines on the top board.
After applying wood cement to the out-
er surface of the cleats and the top
edges of the sides, set the top in place.
and drive l'i"-long wood screws through
the top cleats and into the enclosure
sides.

Cut the ends of two 21.1i" pieces of
"1" x "1" clear pine at a 45° angle, and
glue and nail these to the top and bot-
tom of the enclosure, each end touching
opposite side cleats. The outer edges of
the cleats should now be "i" in from the
front edges of the top and bottom of the
enclosure.

Secure the port wall in place, and
mount the legs. The only dimension of
the legs that is somewhat critical is their
length-- 6 inches. Otherwise, they can be
square, round, tapered, or any other
shape that suits your fancy, and they
can be located as desired.

Prepare the small sealed enclosure
for the "Super 3" tweeter, using the di-
mensions given in Fig. 2 as a guide. The
front of the enclosure will be the board
on which the tweeter was shipped to
you, as mentioned earlier, and the sides
and back should be 11" -thick plywood
or hardwood board. Before sealing the
tweeter enclosure, however. drill a small
hole through one of the sides of the en-
closure, bring out the tweeter wires, and
line the walls with 1" -thick fiberglass or
cotton batting. Then fill the hole around
the tweeter wires with cement to make
an airtight seal.

Prepare the speaker board as shown
in Fig. 3, front view. Smooth the front
surface and walls of the speaker cutout
with medium emery cloth, and apply a
coat or two of flat black paint. When the
paint dries, glue and screw the front and
side braces, orienting them approximate-
ly as shown in Fig. 4

Sand and stain or paint all exterior
surfaces of the enclosure.
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* SEE TEXT
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Fig. 3. Mating surfaces between speaker board and sides of enclosure (as well as port
front) must be cut at 45° angles to insure proper mating of parts and airtight seal.

BILL OF
1 27" x piece of fib

sp,aker board
1---18" x 281-1," piece of ',Ir fir plywood for side
1- 17!4" x 2815" piece of ,1,'4" fir plywood for

side
1- 191s" x 19'8" piece of f:i" fir plywood, cut

diagonally, Jor top and bottom
x %!," piece of 3.;" fir plywood for port

2 2,/,," x 5%8" pieces of plywood for tweet-
er enclosure top and bottom

2-  2!';" x 51a" Pfrecs of :'4" plywood for tweet-
er enclosure sides

1- 57/8" x 5%8" piece of !4" plywood for tweet-
er enclosure hack

2- -281,Y. lengths of :f.1" x .1:';4" clear pine for
side cleats*

2. 22" lengths of :3(1" x char pine for side
braces',

I- 20" length of ./4" x 15,g" clear pine Jor front
brae,

141." length of x :1_1" char pine for top
eleat*

MATERIALS
. .ah of char pine for top

,leat -
2-211,4" lengths of 34" .r 4i" clear pine for

front top and bottom cleats**
3--6"-long kgs----see text
1-11"barfedale Model "Super 10" 10 -inch full -

range speaker (Allied Radio .Vo. 20-8173X,
$47.50)

1----Wharledale 3Iodel "Super 3" 3 -inch tweeter
Radio .Vo. 20-S1851, 826.50f

1-- -2-4: paper or oiltilled capacitor
x fial-head wood screws (72),

gS x flat -load screws Ix), 1;," finishing
nails. 1' wir, brads, wood omen!, grille cloth
or expanded aluminum mesh, picture frame
molding for decorative trim, open -weave black
cloth. felt strips (4). fiberglass or cotton bal-
ling, speaker wire, mounting bolts for woofer
(4), solder, etc.

*Sold a-. x 2" clear Aire
**Sold as I- x I" clear pine
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Fig. 4. After constructing envosure and mounting
speakers in place, glue and screw appropriate length
braces to speaker board (above) and sides of en-
closure (right). Brace locaticns are not critical.

Symmetrically orient the tweeter as-
sembly over its hole and secure it in
place with glue and screws. Use a metal
strap to mount the 2-1,F capacitor near
the full -range speaker. Now install the
woofer, using four bolts ("iii" x 1'2"
flat -head).

Finally, line the entire interior of the
enclosure with 1" -thick (or more) damp-
ing material, such as cotton batting or
fiberglass, and glue a strip of felt to
each of the front cleats.

Installation. Wire the speakers and ca-
pacitor exactly as shown in the schemat-
ic drawing (Fig. 5). The red wire from
the tweeter must go to the positive
terminal of the full -range speaker for
proper phasing.

Set the speaker board in place on the

Fig. 5. Wire speakers
exactly as shown for
proper phasing of sys
tern. Capacitor serves
as a high-pass filter.

T08 OR 1611 TAP

TWEETER

FULL RANGE

front of the enclosure, and screw it
down. The screws should be located 4"
apart around the front, or speaker board,
to insure the proper seal.

Cover the entire front surface of the
speaker board with open -weave black
cloth, and tack the cloth in place. The
picture frame molding selected for the
decorative trim should be cut to size
with mitered corners that can be joined
together with glue and only one finish-
ing nail through each corner.

Speaker grille material or expanded
aluminum mesh can be used to attrac-
tively set off the front trim. Tack the
grille cloth or aluminum mesh to the
trim, and mount the assembly on the
front of the enclosure with small wire
brads.

Connect the speaker cable to the 8- or
16 -ohm output terminals on your ampli-
fier-either tap will do. Set the speaker
system in a corner, turn your amplifier
on, and start a record spinning. If the
bass is too "throaty" or deep, pull the
system out from the wall until you are
satisfied with the way it sounds. If you
want to, you can even set it out in the
middle of the room and still get good
hi-fi reproduction.

You'll be surprised at the superior
quality of sound possible with the
"Three -Corner Space Saver" speaker
system-so surprised that you'll want
two (one for each channel) if you have
a stereo system.
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BUILD THE
"2 +2"

REMOTE

VOLUME CONTROL

By LYMAN E. GREENLEE

... AND CONTROL AUDIO DEVICES
FROM UP TO 50 FEET AWAY

DO TV AND RADIO commercials irri-
tate you? If so, you can build a re-

mote volume control that will let you re-
duce or blank out the sound from up to
50 feet away, and the whole thing will
cost about $2 and require just 2 hours of
work. With a remote volume control. you
don't have to leave your easy chair or
make an extra trip to the TV set when
the telephone rings. Simply flip a switch
or set a control.

The "2 + 2" remote volume control
gets its name from the cost and construc-
tion time. Once built, it can be connected
to your set in a matter of seconds and
can be removed just as quickly. While
connected and turned off, it has no de-
tectable effect on the normal operation
of the set, nor can it cause any damage
or introduce hum.

Light -dependent resistor LDR1 in the
schematic diagram is the heart of the
"2 4 2." It is optically close -coupled to a
controlled intensity lamp (11) that
causes an increase or decrease in the
resistance of LDRI. The intensity of the
light is dependent on the amount of cur-
rent flowing through B1, R1 and B2, and
it can be increased or decreased by vary-
ing the setting of R1. Any increase or
decrease in the intensity of the light re-
sults in a corresponding decrease or in-
crease in the resistance of LDR1.

Although B1 and B2 develop a total
potential of 3 volts, there is little danger
of burning open the 2 -volt ( =48 ) lamp
since the maximum current through the
circuit is limited by the d.c. resistance of
the 50' -long twin -line cable connecting
B1 and B2 to 11.

To use the "2 + 2" remote volume

control in your TV set, radio, or phono-
graph amplifier, simply clip one of the
leads from LDRI to the wiper lug and
the other to the signal ground lug of the
set's volume control. With the "2 ± 2"
turned off, adjust the set's volume con-
trol for the desired maximum loudness.
Then operating the "2 + 2" will reduce
the volume from this point.

TO
VOLUME
CONTROL

DR I

II

SO' CABLE

81 RI
10011

I 82

REMOTE VOLUME CONTROL

Lamp 11 and light -dependent resistor LDR1 must be
mounted in light -tight box. Parts in shaded area
are contained in separate box at remote location.

The batteries, switch and potentiometer
can be mounted in any convenient size
box. However, LDRI and 11 should be
hooked in a small i.f. transformer can to
take up as little space as possible and
facilitate easy sealing with tar or pitch
to exclude outside light.

The bottom of the transformer can
should be cut to make the can about
long, but leave enough metal to provide
a pair of ' i" tabs on opposite sides (bot-
tom) of the can. Mount LDR1 on a 1" x
:'," piece of phenolic board, set it at the
bottom of the transformer can, and fold
the tabs over to hold it in place. If neces-
sary, enlarge the hole in the top of the
can, and mount 11 and a 31" rubber
grommet here. Finally, seal the can. -!FO-
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Build The

DER I"

By DAVID B. WEEMS

Half -cubic foot scaltd enclosure costs under $10
IF YOU'RE thinking of putting down
II $30 or more for one of those depart-
ment store "no name" speakers in a box,
wait. Here is a little hi-fi speaker sys-
tem that can save you money and will
probably sound better. At least you will
know what went into the box! And you
won't find a similarly well -constructed
enclosure with a good -quality small
speaker system on the market for any-
thing like this price. If your idea of
what $10 will buy in speaker systems is
based on what was available just a few
years ago, the Cinderella system will
amaze you.

The secret of the Cinderella is in the
design and construction of its XS -5052
woofer. This woofer's distinctive qual-
ities are noticeable in two ways. The
first is the obvious visual differences be-
tween it and a normal 6 -inch speaker.
Second, and more important, there is a
distinct aural difference, which can be
made apparent by a frequency test run.
Octob4w. 1965

Test Results. I set one of these woof-
ers on my workbench and hooked it up
for the usual bass resonance frequency
test, starting downward from 200 cycles.
Although most 6 -inch speakers resonate
at about 120 to 150 cycles, a few "hi -fl"
6-inchers have a bass resonance of
around 70 cycles, and, frankly, that is
where I expected this woofer to fall.
Low resonance is the crucial character-
istic for wocfers to be used in small
sealed enclosures; the restricted air vol-
ume in such systems will raise the point
of resonance.

My eyes were glued to the osci:loscope
screen as the audio generator dial passed
70 cycles, then 60. Not until 48-49 cycles
did the voltage across the speaker reach
a peak, indicating resonance. A remark-
ably low frequency for a $4 speaker.

The remainder of the system consists
of a small cone tweeter with its self-
contained capacitor which acts as a high-
pass filter, and an enclosure that occupies
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Front view of an experimental "B" system built by
the author to test front and side panel vibration.
This enclosure was built using cleats arid screws.
unlike the plans on page 50. Fir plywood was also
used and the enclosure covered with a plastic ve-
neer. It was determined that gluing and nailing of
the panels would be adequate if care was exercised
in fitting the panels together. A grille cloth was
later installed to protect the speakers. Wiring of the
"B" speaker arrangement is shown below. Try the
8 -ohm tap instead of the 4 -ohm output of your
amplifier if the bass response seems a little thin.

Be sure to follow this wiring diagram to keep the
speakers in phase. Once the enclosure is sealed.
you may find it fairly difficult to change the wires.

52

though they seem to be thoroughly sealed
by glue. The caulking material can be
purchased in a cylinder for use with a
gun, or in a squeeze tube. Most building
supply stores have guns to loan, but
some rent them. Force the caulking ma-
terial along the joint and wipe away ex-
cess with a rag so it won't flow onto
the speakers.

The speakers are mounted and wired
as shown in the diagram. The back
should be drilled to allow speaker con-
nections to pass through. The wires can
be brought out through a small hole
which is later tilled with caulking mate-
rial or sawdust and glue, but a better
method is to use small bolts as con-
nectors through the back.

Padding is extremely important in a
small sealed enclosure. Tests indicated
that the (';,el, resonance could be
lowered .s or more and the bass
range greatly extended by the use of
proper padding. The whole interior of
the model shown is lined with a 1 -inch
layer of fiberglass. You can get fiber-
glass from most electronics stores; a
common size measures 1" x 24" x 60",
enough for two cabinets. Cut the fiber-
glass to fit all interior surfaces, except
the front baffle, and secure it in place
with tacks or glue. Then fold the re-
mainder of your sheet of fiberglass so
that it will fit into the enclosure loosely.
This should fill the enclosure.

Now fasten the back in place with the
screws specified, hook the Cinderella up
to your amplifier, and try on the "glass
slipper." That, naturally, is a suitable
wide range program source. When you
do, you'll be glad you didn't settle for
a pig in a poke. -36

After filling cavity behind speakers with padding
cleats should be caulked and back -nailed into place
The usual household caulk works out just right
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Six-inch woofer costs only $3.95 but has surprising
low end response. Tweeter is not sold separately.

The Cinderella enclosure is caulker and sealed, re-
quiring use of sturdy front, top, back, and side
one's. The author was satisfied with 3/4 -inch pine.
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-A- Sin ENCLOSURE
FOR ONE WOOFER -TWEETER PAIR

1
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DIA121

3-1/11.1-4
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"B' SIZE ENCLOSURE
FOR DUAL WOOFER TWEETER COMBINATION

REWS

LL MATERIAL
3/4 -THICKNESS

I 1"---"
le--9-V2*--m

3/4"
CLEATS

1.`4.»AilVat-s

Most builders may be satisfied with single woofer -
tweeter combination, but dual system sounds better.

BILL OF MATERIALS
Systrm -1.441 s s r

1-Woofer-tu,ecter rombinatiou (Stock .Co. XS -
TS -63. McGee Radio Co., NO I McGee St_
Kansas City X, My; woofer available sepa-
rately as XS -5052 far $3.95

of Xi" fir plywood
and hack

x 171 piece n clear pine for top
IxR)

x In piece of 4," clear pine for bottom
S I

2- .r c., o( " clear pre- for sides
x

_---1," x ," pier, is, 4i" pins I tide cleats
lor bark'

2-44" x 14'," 1.4" pine 'top and
bottom cleat, ,or ban k'

12---1X8 x :crews for back
8-46 x ;4" sheet metal screws for speakers
1- 1" x 2-1" r 4,," an o, rib, tla,,
Mite.- =I, finislune nail ' I., lb.). caulking ma-

1,rial. du,. and grid, ,101k

F1' Sy.tral said

2-- lion.  it,. I k No X.',
7N -n.; .1i, (O, Radio,

2 --12" x 18" pieces ., Ay" IX plywood for front
and back

2 -11" x 10' pi.cr fir plywood for fop
and bottom

--11" x /2" piece, of fi- plywood for sides
2-14" x 12" pieces of .4," pine 'side cleats for

tack)
_-k4" x 164/4" pieces of h* pine f top and bot-

tom cleats for back)
14-118 x 1!4" wood screws for back
16-#6 x V." skeet metal screws for speaker

mounting
1-1" x 24" x 60" sheet of fiberglass
Misc.-46 finishing weds (,4 lb.). caulking ma -

serial, glue, and grille cloth
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Nail side to bottom and front of the enclosure.
Good fit and a liberal use of glue are important.

only 3i sq. ft. of shelf space. The sys-
tem is called the Cinderella because,
while it bears no apparent pedigree, it
does show inborn quality. For example,
even it the small enclosure, the system
resonance is a little over 70 cycles. The
transient response is surprisingly good
for a low-cost system. As in all small
sealed enclosure systems, efficiency is
lower than in a large system, but a 7 -
watt amplifier supplied all the sound
you would want in a very large but very
live room. The Cinderella is rated at
12 watts.

Budgeting Your Money. The enclosure
is sturdy, contains sufficient damping
material, and is thoroughly sealed. Any
one of these features may be missing
from a department store box. For the
skeptic. here is a rundown of how to
budget your money to build the Cin-
derella "A" system for only $10.

Speakers $6.90
Plywood for front and back .55
Pine for top, bottom and sides .75
Screws .26
Glue .25
Fiberglass .66
Caulking material .20
Nails .08

Total $9.63

That leaves 37 cents to squander on
grille cloth and trim. You can use screen
molding for trim (as I did -15 cents for
a cabinet) and decorator burlap will
serve as grille cloth at 49 cents a yard
(17 cents). If anyone mentions finish-
ing the wood, you will find that 5 cents is
still available, and that is just about the
amount of shoe polish I used to stain
and "oil finish" the model shown. For
very little more, you can use a veneer
plastic, such as Contact. Or choose a
hardwood if you want fine cabinetry.

The sound can be improved by putting
two sets of the woofer -tweeter combina-
tion ($12.95) in one "B" size cabinet
(see page 52) at a cost of about $18.
Used in multiples, these little speakers
sound even better. There is more solidar-
ity in the bass and somewhat smoother
sound throughout the whete tillIct rim.
Also. the impedance curve ,onus to flat-
ten out when two woofers are hooked in
parallel.

In buying material, note that the
i" x 712" pine shown in the drawing is,

of course, what lumber yards sell as
"1 x 8". When you have cut all parts
to the specifications shown, set them up
as in the finished enclosure. At this time
you can trim any of them that do not fit
satisfactorily. One of the economies in
this system, in time as well as money, is
the avoidance of many cleats which
would require the use of extra screws,
nails, and glue. The nailing system
shown in the diagram is quite adequate
for such a small enclosure, but a good
fit is necessary.

Construction. Begin construction by
nailing the bottom to the front, using
plenty of glue between these two parts.
Next, nail one end to the bottom and
front. Continue with the other end, and
finally nail down the top to the sides
and front.

The cleats for the back can now be
attached, using glue and nails as with
the exterior parts; but if you use the
same kind of nails, they must be cut
just short enough so they will not pene-
trate the outer surface of the sides and
top. A somewhat easier method is to
use a different nail, such as sheet rock
nails which have a large head and are
the correct length.

The joints should be caulked even
October, 1965 51



"PRINCESS CINDERELLA"
BUILD THE UP -RATED

VERSION OF THE
CINDERELLA BOOK -SHELF

HI-FI SYSTEM

By DAVID B. WEEMS

T HE HALF -CUBIC FOOT sealed en-
closure called "Cinderella" (described

in the 1966 Fall Edition of this HAND-
BOOK) was a reasonable example of
what $10 will accomplish if you build
your own hi-fi speaker system. Inside the
original "Cinderella" enclosure was a 6"
woofer and a miniature cone tweeter.
Both speakers could be purchased for
just under $7. The 6 -inch woofer had a
very flexible suspension and a 5 -oz. mag-
net.
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Both earlier model speakers (left) had 4.6 -ounce alnico V magnets; improved rr odel speakers (rigt,
ounce magnets in tweeters and 20 -ounce magnets in woofers for superior damping and transien,

During the intervening two years, an
improved woofer has been developed
with a 20 -oz. magnet. This magnet
weight is rarely found in small speakers
--at least those with a diameter of less
than 8 to 10". You can build a "Princess
Cinderella" speaker enclosure using this
new woofer for about $15.

Although the size of the enclosure
must be increased, this new system is
still classified under the category of
small bookshelf systems. The sound it
can produce will compare favorably with
many similar size units that sell for as
high as $40.

New Speakers. The really interesting
characteristics of the original "Cinderel-
la" woofer was that the cone suspension
was free enough to allow a fundamental
resonance between 45 and 50 Hz. The
woofer in the "Princess Cinderella" has
a somewhat more rugged suspension and
the free air resonance has been measured
by the author to be about 60 Hz. Since
this 10-15 Hz increase in fundamental
resonance would be detrimental in a

PARTS LIST
1- -110,,i,, Ridio (.0. .i10,1,1 SX-6071)
1- Tweeterh.1/el re Radio Co. Model TS -6970
2 10" x 14" pieces of fir plywood for

speaker and rear boards
1- 15' 9!Z' piece of }j" pine shifting for

top
1-14" x 9! piece of :,;i" pine shifting for

bottom
2-1044" x 9!, ' pieces of 44" pint shifting for

sides
1-45" x x piece of pine for cleats
1- -5-ft. length of 1/4" quarter -round molding for

trim
x 1' finishing nails, 11S

sheet metal scrtwv. x 1!4" flathead wood
bind,. grille cloth, glue, wire, etc.

sealed enclosure, the author has designed
the "Princess Cinderella" as a ported
enclosure. Simultaneously, the use of a
port has raised the efficiency of the over-
all system while the increased magnet
weight has provided superior damping
and transient response.

The top end response of the system
has also been extended. Efficiency of the
tweeter has been improved due to the
use of a 10 -oz. magnet. The roll -off at the
high end of the audio spectrum appears
to be around 17,000-18,000 Hz.

The New Enclosure. A somewhat larger
volume enclosure is required to compen-
sate for the alterations in the woofer
cone suspension. As in the ' original
"Cinderella" system, rigidity of the

(Continued on page 142)

TOP, BOTTOM,SIDES -3/4"X 9-1/2" PINE SHELVING

Fig. 1. Dimensioning of speaker board ;s critical.
Speaker hole sizes are given, but outer diameter of
mailing tube selected determines size of port hole.
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CHAPTER
3

SPECIAL

FEATURE

of JUNCTION TRANSISTORS
ONCE YOU UNDERSTAND

HOW THE JUNCTION TRANSISTOR WORKS.
TROUBLESHOOTING BECOMES EASY

ONE OF THE MAJOR problems most
experimenters encounter when work-

ing with transistor circuits is- -what
should be the polarity and levels of the
d.c. voltages at each of the three tran-
sistor leads? In the case of some com-
mercial equipment, the various voltages
are indicated on the schematic for a par-
ticular item. In most cases such informa-
tion is lacking.

However, if you have a basic under-
standing of how semiconductor junctions
-and, therefore, junction transistors- -
work, you can use this knowledge and a
reasonably high -input impedance volt-
meter to solve this problem and a num-
ber of other troubleshooting problems.
This article will not make you a solid -
1968 Spring Edition

3Y BOB BARKLEY

state expert, but will go a long way to
enable you to understand just what is
going on in semiconductor circuits.

BASIC JUNCTION THEORY

Most solid-state devices funclion as
result of the electrical characteristics of
their junctions-two semiconductor ma-
terials. usually a- and p -types, that make
intimate contact with each other. Be-
fore a transistor- -or almost any other
solid-state device ---can be understood.
several fundamental facts covering basic
junction theory must be known.

(1) Junctions can control current flow
through themselves with external help
(called bias).
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( 2) Junctions can be biased in two
ways: forward -biased (with battery po-
larity the same as the semiconductor ma-
terials), as shown in Fig. 1( a ), where a
lot of current can flow through the junc-
tion; and reverse -biased (with battery
polarity opposite to that of the semicon-

JUNCTION

ONWARD CURRENT
FLOW

(A)

P PN N
P PN N

LEAKAGE CURRENT
(UNDESIRABLE)

(B)

Fig. 1. The two methods
of biasing a junction-
(a) forward. (b) reverse.

ductor materials), as shown in Fig. 1( b),
where no current should flow through the
junction. In the latter case, if any cur-
rent does flow, it is called leakage cur-
rent and is not desirable.

(3) The type of bias tells the junction
to turn on-or off.

( 4) With no bias applied to the junc-
tion, no current should flow through it.

(5) If the forward bias is increased,
the junction turns on heavily and a lot
of current should flow.

COLLECTOR

JUNCTION

BASE-IP
IST

JUNCTION lu

EMITTER

COLLECTOR

2ND
JUNCTION P

BASE -IN
1ST /

JUNCTION

EMITTER

BASE

NPN
(A)

BASE

PNP
(B)

COLLECTOR

2ND
JUNCTION

ST
UNCTION

EMIT TER

t FC TOR

EMITTER

Fig. 2. Most transistors consist of two junctions.

Junction Transistors. These transistors
are fabricated by making a "sandwich"
of two junctions, and can be arranged
in two ways-the npn method as shown
in Fig. 2(a), or the pnp method as shown
in Fig. 2(b).

Basic biasing techniques for both types
of transistors when used as a common -
base amplifier are shown in Fig. 3. Note
that in both cases the first junction (emit-
ter -base) is forward -biased and the sec-
ond junction ( base -collector) is reverse -
biased. This reverse bias should not be

INPUT-) I
RiNpUT

E B C

FLN N
P F!N N P P

-1111=, PNP

1ST JUNCTION
FORWARD BIASED

iI. OUTPUT

RLOAD

2ND JUNCTION
REVERSE BIASED

P
N N!P P N N

II NPN II

Fig. 3. Old method of biasing uses two batteries.

so large as to present the possibility of
breaking down the junction.

Current flow through the two types of
junction transistors is shown in Fig. 4.
An understanding of this concept will
help in troubleshooting transistor circuits
later on.

In both types of junction transistor
circuits, all the current originates at the
emitter. Once it crosses the first junc-
tion (emitter -base), the current divides,
with a small. amount going into the base
circuit and a larger amount passing
through the collector circuit.

Note that in the pnp transistor diagram
( Fig. 4 ), mention is made of "hole"
flow. Please do not fight the concept of
"hole" current flow, but accept it as a
current flow as real as that of electrons.
All current flow begins at the emitter
and must go through the first junction
( emitter -base) for proper distribution
to the base and collector. The forward
bias on the first junction controls the
amount of current flowing through it.

The arrow in the transistor symbol
always points to the negative side of
the power supply. In an npn transistor,
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IC

Is

PNP

NPN
"ELECTRON"

FLOW

Fig. 4. How current flow divides in a transistor.

both base and collector are positive
with respect to the emitter, and a posi-
tive -going signal at the base (input)
produces more forward bias on the first
junction ( base -emitter) and produces
more current flow through the transistor.
In an pup transistor, both base and col-
lector are negative with respect to the
emitter, and a negative -going signal ap-
plied to the base ( input) increases the
forward bias on the first junction and
thus increases the current flow through
the transistor.

Basic Bias Methods. Correct bias is the
key to the operation of the junction
transistor. As previously explained,
there are two types commonly used -

forward and reverse bias. For proper
operation of the transistor. forward bias
must be obtained on the first junction
( emitter -base), and reverse bias on the
second junction ( base -collector). Broad-
ly speaking, there are two bias methods
-the two -battery bias and the single -
battery bias.

The two -battery bias method is used
in most textbook discussions of the junc-
tion transistor, and is usually shown only
for a grounded base circuit ( because of
simplicity of explanation). It is the
oldest method devised and uses two pow-
er supplies as shown in Fig. 3. In prac-
tice. this method is seldom used.

There are several variations in using
a single battery to provide the necessary

bias for a transistor. All are simple, and
can provide the necessary forward and
reverse bias required by the transistor.
The reverse bias for the second junction
( base -collector) is obtained first and in
the same way for all approaches. The
variations are in the methods devised to
obtain the forward bias for the first junc-
tion ( base -emitter) from the same power
source used to get the reverse bias for
the second junction.

The matter is simplified if you remem-
ber that in an npit transistor both the
collector and base must be positive with
respect to the emitter; and in the pnp
type the base and collector must be
negative with respect to the emitter.

The first variation in single -battery bi-
asing is called "constant current without
compensation" and the reverse -biasing of
the second junction is shown in Fig.
5( a ). For a pap transistor, simply re-
verse the battery polarity. Base bias is
obtained as shown in Fig. 5( b). Note
that the base bias resistor is connected
from the base directly to the battery.
The fact that this voltage is taken di-
rectly from the battery where the d.c.
voltage is constant accounts for the "con-
stant current without compensation" ex-
pression.

NPN ('OUTPUT

RLOAD

Fig 5 How a single battery can bias a transistor.
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BIAS
TAKEOF F

POINT

Fig. 6. Constant cur-
rent with compensa-
tion method takes base
bias from collector.

The second variation in single -battery
biasing is called "constant current with
compensation," and a typical circuit is
shown in Fig. 6. This variation places
the base bias resistor between the base
of the transistor and its collector. As the
collector voltage varies with signal, so
does the base bias.

The third variation is called "voltage
divider without compensation" and a
typical circuit is shown in Fig. 7(a). The
forward bias for the base is obtained
from a voltage divider network consist-
ing of R1 and R2 connected in series
across the battery. This voltage divider
is connected directly across the battery ;
that is why it is called a "without com-
pensation" biasing system.

If the voltage divider is connected be-
tween the collector and ground, with the
junction of R1 and R2 going to the base
-the fourth variation-the biasing is

Fig. 7. 7. Two approach.
es to resistor divider
methods of base bias.

cep

called a "with compensation" method. If
the collector voltage changes, so does the
base bias. This method of biasing pro-
tects the transistor in the event that the
collector voltage changes drastically.

The fifth variation found in single -bat-
tery biasing provides a degree of stabil-
ity and allows you to substitute transis-
tors which may have different charac-
teristics from that used originally in the
circuit. This method actually provides an
amount of reverse bias for the first junc-
tion, and some external circuit must
provide enough forward bias to over-
come this reverse bias in order to make
the first junction ( base -emitter) become
properly forward -biased. Such a sys-
tem, called the "emitter resistor meth-
od," is shown in Fig. 8 and consists of a
resistor connected in series with the

CONSTANT
CURRENT OR

VOLTAGE
DI V TOE R

FORWARD BIAS
TO OVERCOME
THE REVERSE
BIAS ACROSS

RE

NON 4.

fa,

Fig. 8. Use of emitter re-
sistor provides reverse bias. 1111.

emitter. The voltage developed across
this resistor is actually a reverse bias
for the transistor and some level of for-
ward bias must be applied to the base cir-
cuit (from the external circuitry) so as
to overcome the reverse bias introduced
by It,: and enable the circuit to operate
properly.

The sixth variation is actually a com-
bination of the other methods. Figure
9(a) illustrates constant current with-
out compensation using an emitter re-
sistor for stability; (b) shows constant
current with compensation using an emit-
ter resistor for stability; (c) is a volt-
age divider without compensation using
an emitter resistor for stability; and (d)
is a voltage divider with compensation
using an emitter resistor for stability.

Thermal Runaway and Stability. The
bias methods covered in the preceding
paragraphs enable the first junction to be
forward -biased. To maintain the correct
bias when the transistor temperature
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Fig. 9. The four
methods of biasing
commonly found in
transistor circuits.

(Dl

rises, or when a substitute transistor
having slightly different characteristics
is used, requires some form of thermal
runaway compensation.

The first method to be described is
called "d.c. bias compensation" and is
provided by obtaining the base bias volt-
age directly from the collector of the
transistor as shown in Fig. 9( b) and
(d). In these circuits, as the collector
current begins to "run away" (increase
greatly), the voltage at the collector
drops. The drop in voltage is also re-
flected back at the base, and tends to re-
duce the collector current through the
transistor. This "runaway self-defeating"
measure prevents the collector current
from getting off to a fast start and thus
ruining the transistor. To prevent a.c.
feedback from causing the transistor

stage to oscillate due to the action of
the feedback resistor, in many cases the
feedback resistor is split into two por-
tions and the center junction is coupled
to ground through a bypass capacitor as
shown in Fig. 10.

The second method of preventing ther-
mal runaway is the use of emitter bi-
asing as shown in Fig. 8. Placing a low -
valued resistor in the emitter lead of a
transistor produces a reverse bias for the
base -emitter junction. If the collector
current starts to increase rapidly due
to thermal runaway, the voltage drop
( and hence the reverse bias) developed
across the emitter resistor increases.
This, in turn, brings the collector cur-
rent down, and stops the current run -

Fig. 10. Dividing and
bypassing base bias
resistor reduces pos-
sibility of feedback.

away. The use of an emitter resistor in
this fashion also allows the substitution
of transistors having somewhat different
gain characteristics, as the bias devel-
oped across the resistor automatically
adjusts to different transistors.

The third method of thermal runaway
compensation requires the use of a bias
diode, and is called "diode compensation."
Because the voltage drop across a diode
decreases with a rise in temperature, a
so-called bias diode can be used as part
of the base bias voltage divider as shown

Fig. 11. Diode corn-
pensation is often
used for stability.
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B+

BIAS
STICK

Fig. 14. Method of measuring forward bias voltage.

shown in Fig. 14. No current will flow
Cirough a good junction transistor until
the first junction is forward -biased prop-
erly. If this junction ever becomes re-
verse -biased, the stage will cut off.

Two practical in -circuit tests can be
made to find the condition of the junction
transistor: (1) the cutoff test (decrease
in current flow test) ; and ( 2) the for-
ward gain test ( increase in current flow
test).

The first test can be applied to see if
the transistor is capable of decreasing
the amount of current flowing through
the first junction. It should be capable
of stopping all current flowing through
the first junction, or go to cutoff. This
test is performed by connecting a short
circuit between the emitter and base of
the transistor. All current will then flow
through the short.

If no current flows through the first
junction ( because it is shorted out),
then nothing is left to go to the collector.
(Current must cross through the first
junction to go to the collector.) Shorting
effectively removes the forward bias and
all current flow through the junction
transistor should go to zero; and a volt-
meter across a resistor in the emitter or
collector circuit should show a very defi-
nite drop in voltage.

If the voltage across the resistor goes
to nearly zero, the transistor is capable
of controlling the current in one direc-
tion-toward cutoff. If the voltage across
the resistor drops very little, the transis-

tor is faulty, has leakage, or is shorted.
and should be replaced.

This test should be applied if the for-
ward bias is too large, to see if the tran-
sistor can control current flow through
the first junction in the cutoff direction,
to check leakage ( ), or if a shorted
transistor is suspected.

The second test t see Fig. 15) is applied
to see if the juncton transistor is capa-
ble of increasing the amount of current
flowing through the first junction. This
test should be capable of doubling the
normal current flow as a minimum. You
place a test resistor, equal in value to
the bias resistor, in parallel with the bias
resistor to increase the forward bias. A
good junction transistor will conduct
much harder. And a voltmeter across a
resistor in either the emitter or collector
circuit will show a definite increase in
reading, indicating that the transistor is
passing more current.

In constant -current biasing, there is
only one bias resistor. You should have
no trouble finding it. In voltage divider
biasing, the top resistor of the voltage
divider is the correct resistor to parallel.

If the voltmeter reading increases,
the transistor has forward gain and can
control the current flow in the forward
direction. If the voltmeter reading does
not increase, the transistor is bad,
leaky, shorted, or saturated.

The cutoff test and the forward bias
measurement ( reading too high) will
verify a condition of saturation. If the
transistor is not saturated, then it has
leakage or is shorted and should be re-
placed.

R TEST

INPU-

RTEST = RBIAS

Fig. 15. Reducing base bias
resistance will cause col-
lector current to go up,
thus increasing voltage
drop across load resistor.

)HIGH
IMPEDANCE
VOLTMETER

+41-1

OUTPUT

.1111.1

IMPEDANCE
VOLTMETER
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"Saturation" means that the first
junction is too far forward -biased and
the collector current cannot increase any
more. The forward bias must be cor-
rected in the supporting circuitry.

"Shorted" means that the junctions
have broken down and cannot control
the current flow through the transistor.
The transistor behaves like a piece of
wire and must be replaced.

"Leakage" means that the junctions
are beginning to break down and cannot
effectively control the current through
the transistor. The unit should be re-
placed.

These tests can be performed by using
a current monitor meter in one side of
the power supply (as shown in Fig. 16 )
if a very high impedance voltmeter is
not available. If, after the tests are per -

In dealing with shorts or opens, solder
blobs and wiring errors must be cleared
by visual inspection and all components
must be checked. Open components can
be found by signal tracing or injection
in the signal path.

No device or troubleshooting chart will
work if you do not apply some common
sense while using it. You are the most
important device of all. Use good old
horse sense, and you will find your prob-
lem-and its solution. The chart is just
an aid.

Type of Meter Required. To obtain use-
ful meter indications for troubleshoot-
ing. a meter with at least the following
four characteristics must be used:

(1) Since junction transistor circuits
are very small to begin with, do not

RT.RI(METER INDICATION INCREASES)

SHORT FROM BASE TO EMiTTERIMETER INDICATION DECREASES)

formed and the transistor is found to be
all right, the fault most likely is in the
supporting circuitry.

Supporting Circuitry Faults. A trouble-
shooting chart. such as that shown on
page 82. is a useful device for finding
certain types of supporting circuitry
faults. The most useful meter readings- -

from a very high -impedance meter-and
the trouble area are given in the chart.

Circuit faults can be placed in two cat-
egories: (1) opens ( usually found in
transformers, printed circuit boards,
capacitors. or caused by wiring errors;
and ( 2) shorts ( found in transformers,
or caused by bad soldering or wiring
errors).
1968 Spring Edition

Fig. 16. Saturation and
cutoff tests W:11 deter.
mine if transistor is good.

POWER
SUPPLY

complicate matters by trying to read a
meter scale which is too small. Get one
with a scale as large as you can afford. A
4" or larger meter scale is recommended.

(2) The probes for the meter should
have a needle or piercing point for the
tips. Clip -on types are highly recom-
mended; they have the piercing point
and can be clipped onto a component lead
or wire, leaving your hands free to per-
form tests.

(3) To measure the forward bias on
the first junction, the meter requires a 0
to 0.5 and a 0 to 1.5 volt range- -full
scale. Both ranges are needed but only
on d.c. volts.

(4) The signal -type transistor will be
forward -biased on the order of 50 to 100
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TRANSISTCR TROUBLESHOOTING CHART

Normal Bias Voltage From Collector
Base Voltage Voltage From Base Collector to Current

Defect to Reference to Emitter Emitter Flowing°

Open in base
circuit

wrong no yes no

Open in emitter
circuit

correct no yes no

Open in collector
circuit

correct yes no no

Open lead in
transistor

correct high yes no

Leakage in correct no (depends yes (depends high
transistor on leakage) on leakage)
Shorted coupling
capacitor

wrong no (probably
forward biased)

no high

.Voltage drop across collector load is measared.

pA. When a meter is used to measure
the voltage in such a circuit, and the
meter draws current from the circuit,
the circuitry may be upset. The ideal

TROUBLESHOOTING SUMMARY
Isolate the faulty stage by means of signal
tracing with an external detector, signal in-
fection with an internal detector, a current
monitor meter, or a combination of any of
these methods.

Check the first junction forward bias for ger
manium or silicon transistors, signal or power
types.

Determine if the fault is a transistor problem
by performing cutoff and saturation tests.

Determine if the fault is in the circuit by check
ing the wiring and testing components.

Use a voltmeter having a large viewing scale
(4" or larger is recommended), a 0.5- and 1.5
volt d.c. range, and a very high input imped-
ance.

Use meter probes that have a needle or pierc-
ing point for insulation penetration. Clip -on
probes will leave the hands free.

meter draws no current from the circuit
it is used on. A meter with a very high
input impedance is needed, and there are
three types of meters available which
have this characteristic:

(a) VTVM-tube type, with 11 to 22
megohms input impedance on d.c.

(b) VOM-taut-band movement, with a
sensitivity of 1 to 10 1,A full scale
( up to 1 megohm per volt).

(c) TVM, or transistor voltmeter,
which uses a field-effect transistor
or a special high -impedance input
circuit to produce an input resist-
ance equivalent to a tube type
VTVM.

In Conclusion. At this point you have
all the basic information needed to trou-
bleshoot junction transistor circuits.
Read this article often, and underline
specific points that have special meaning
for you. And use common sense when
troubleshooting.

Junction transistors can be fun to work
with if you know what they're doing. -34-
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CHAPTER
4

COMMUNI-

CATIONS

SWL

CB & HAM

What is the "first- project of most electronics hobbyists?
We feel a survey would show that a simple broadcast -band or

short-wave receiver would rank pretty high. Some of the

reasons for building a receiver are obvious: the project when

completed does something, mistakes are relatively easy to

spot, and a receiver is the type of project from which you
learn something about electronics. This chapter has two re-

ceiver projects-both battery -operated and both about as fool-

proof in construction and operation as you can find anywhere.

Both receivers use the field-effect transistor which, for all

means and purposes, can be considered the modern-day ver-

sion of the pentode tube.

Readers might also note the 100 -kHz Richie

(page 100)-which is a prime example of how simple a work-

ing electronic circuit can get through the use of an integrated

circuit. Last-but not least-if you're a O'er, read Dan Meyer's

comments on tuning up your CB transmitter; this article ex-

plodes some of the myths about modulation power or per-

centage vs. carrier strength.

84 INTRODUCING THE FET SET Jack Althouse

88 BEGINNER'S FET REGEN RECEIVER Charles Caringella

95 THE QRP MIDGET Jim White, WHET

97 THE INCREDIBLE VFO R. L. Winklepleck, WA9IGU

100 L'IL RICHIE Don Lancaster

107 GETTING THE MOST FROM YOUR CB RIG Daniel Meyer, KMT2967
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INTRODUCING
THE FET SET
A RADIO RECEIVER WITH A

POWER DRAIN SO LOW
THAT IT PLAYS FOR A YEAR

ON A 6 -VOLT BATTERY

W HAT IS a FET set? It is an ultra-
modern" version of the once -popular

tube -type regenerative receiver, with the
vacuum tubes directly replaced by field-
effect transistors-the high -impedance
solid-state devices that "think" and act
like tubes. The FET set is battery -opera-
ted and able to pull in BCB DX stations
with more selectivity and sensitivity than
you would expect from such a simple
circuit.

So, if you have an evening or two to
spare. and the $10-15 required for all the

By JACK ALTHOUSE

parts, you'll be in for a rewarding ex-
perience building the FET set. And you'll
have the satisfaction of knowing that
you are working with the very latest
member of the transistor family-the
FET.

How It Works. The theory of operation
of the field-effect transistor is discussed
in detail in the February, 1967, issue of
POPULAR ELECTRONICS ( page 47) and is
summarized later on in this article.

The circuit for the FET regenerative
receiver is shown in Fig. 1. Field-effect
transistor QI functions as a regenerative
detector in a Hartley circuit arrangement,
while Q2 operates as an audio amplifier.

Signals at the antenna appear across
Li, and the desired frequency selected
by tuning capacitor C/ is induced in L2
and applied to the gate of Ql. Since the
circuit is regenerative, a portion of
the signal at the drain is fed back to
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the gate. The amount of feedback is con-
trolled by C.1. The FET is self -biased
by RI, bypassed by C2. Coil RFC1 elim-
inates r.f. from the output circuit.

The detected audio is developed across
R2 and is coupled to the gate of Q.
through capacitor C4. Transistor Q2's
gate is returned to ground through R.1,
while R4, bypassed by C5, provides self -
biasing for this transistor. The amplified
audio at Q2's drain is reproduced by the
magnetic headphones.

Construction. The author's FET set is
housed in a 7" x 5" x 3" aluminum box,
with the tuning and regeneration con-
trols mounted on the front panel. If you
like this arrangement, begin construc-

tion by first laying out and drilling mount-
ing holes for the tuning dial (CI), re-
generation control (C3). and Ll-L2 coil
form, and the circuit board, following the
general arrangement shown in Fig. 2.

Then cut out a suitable sized slot
through the top of the box to mount the
terminal strip (TS1) that serves to con-
nect the battery, headphones, and an-
tenna to the receiver. Make sure there is
enough clearance so that TS1's termi-
nals won't ground out against the chassis.
Now lay the box aside temporarily.

Secure a 1" -diameter by 4" -long plastic
or cardboard coil form and drill the
holes called for in Fig. 3; two holes are
required at each end of the LI and L.?
windings. Following the instructions giv-

PARTS

B1----6-volt lantern bath ry
C Midg'et 400 -pi; variable capacitor (Allied

Radio 43 3524 or similar)
C2, (1- /Old,. 10 -volt miniature electrolytic

capacitor
C3 So-pF variable capacitor ( Ilammarlund

m(' -5.1-S or similar )
('4 0.01-111, paper capacitor
LI, 1.2 Nee Fig. 3
Q1, (12-2N4360 p -channel FET (Fairchild)*
RI, R2 22.000-olim. it watt resistor
R3 470,000-oh»1. 1, -watt resistor
R4- -10,000-oltin, 1, -watt resistor
RFC! 10-mll r.f. choke )National Radio R-50

or similar)
TSI --5-big terminal strip

HEAD-
PHONES

r -6,7

BI-. 6V

GNO

ANT

TSI

-0-

LIST
1 Pair of magnetic headphones, 2000 ohms or

higher
1- 7" x 5" x 3" aluminum box (L3113 TF-782

or similar)
x 3" perforated unclad circuit board

22 - Push -in terminals I I ector T-25 or siumilarI
.11i.vc.--C oil form ( 4" long x 1" dia.), knobs

(2). 1" -long 6-32 threaded spacers (2). 44" -
long 6-32 threaded spacers ( 2 ). ground lugs
(2). 6-32 .r 1/4 screws ( 10), 6-32 nuts (2),
#26 enam. led wire, solder

*Available from Glassman Electronics, 20
Hampton Rd., Massapequa. N. V. 11738, at
$1.25 each. Minimum order is $5: postage paid
in U.S.A.

0

0

1
22Kwim

IFC1
ID PIN

01

ic>

C4
.010F

2114360

0
5-409 RI
pF 229

LI

(SEE TEST)

CCYF

01,02
BOTTOM VIEW

FLAT

C3
6.5-50
pF

02
2N4360

R3 R4
470K 109

C5
100F

Fig. 1. This FET set schemat-
ic shows an updated version
of one of the most popular
radio receivers of the '30's
-the regenerative receiver.
Here, field-effect transis
tors are used to replace the
once mighty vacuum tubes.
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Fig. 3. To fabricate the
antenna/oscillator coil
(LI-L2), close -wind
the indicated number
of turns of z,":26 Form-
var enameled wire on a
4" length of 1" -diam-
eter polystyrene, phe-
nolic or cardboard form.

TSI

TUNING
DIAL

CI

REGEN
C3

COIL FORM
MOUNTING

SCREWS

CIRCUIT BOARD
MOUNTING SCREWS

1/41 2 1/2

1111111111111111111111111111111111111
TO ANT.

LI
110 TURNSI

Fig. 2. Start construction by drilling holes in the
aluminum box to accommodate the tuning dial shaft
and regeneration control. Then drill mounting holes
for the circuit board and coil form as shown here.

en in Fig. 3. wind Ll and L2 on the
form. Thread the free end of each lead
down through one hole and back up
through the other to hold the wire in
place. When winding L2. form a loop
about an inch long and twist it together
at the 25th turn from the left end; this
is your coil tap. Finish winding the coil.

Now refer to Fig. 4 and install the coil
in the box, using 1" -long threaded spac-
ers to support it. Do not use any shorter
spacers, since the coil must be kept at
least this distance from the metal box.
Mount the tuning (Cl) and regenera-
tion (C3) controls on the front panel
and set the unit aside.

Using Fig. 4 as a guide, assemble the
small parts on a 21'4" x 3" perforated
circuit board. Flea clips can be used to

L2
12-1/e CLOSE WOUND)

\ TAP AT 25 TURNS- (FROM LEFT END)- TWIST TIGHTLY

TO 01,y
GATE

MOUNTING
HOLE(2)
USE *27DRILL

DRILL B HOLES
3(16- APART
USE #60 DRILL

WIRE IS 026 GAUGE ENAMEL, NYCLAD, OR FORMVAR

Fig. 4. The parts layout for the FET set is not
critical, but the coil should be mounted at least
1 inch away from the metal box to avoid upsetting
circuit Q. Mount the circuit board on 3/4" spacers.

interconnect the leads. Once completed,
mount the board on two diagonally -
placed 34 " threaded spacers. Place a #6
grounding lug under the head of one of
the mounting screws, and connect the
common bus from the circuit board to
this point.

Complete the remaining point-to-point
wiring, using the schematic diagram
(Fig. 1). After carefully checking your
work, connect the battery (observe po-
larity), headphones, and antenna lead to
TS1. As with any regenerative -type re-
ceiver, a good antenna and ground are
a must. Use an inverted -L antenna-at
least 75 feet long-placed as high as
possible above the ground. The set's
ground connection should be to a water-
pi Pe.
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Since no power switch is provided for
the battery, you can only disconnect it
by removing its leads from the terminal
strip. However, if you use the recom-
mended 6 -volt lantern battery, you can
get about a year's play out of the radio
before having to change the battery. Of
course, you can also use a regular 9 -volt
transistor battery if you wish, but this
battery will not last nearly as long. Do
not operate the FET set at potentials
over 9 volts.

Be sure to use the recommended mag-
netic -type headphones and not a crystal
type, since Q2's drain current must re-
turn to the source through the head-
phones. Low -impedance headphones will
not provide adequate volume.

Operation. To tune for a station, turn
the regeneration control fully clockwise
while setting your tuning dial. Then slow-
ly turn the control counterclockwise to
reduce the amount of regeneration until

GAT E
INPUT

the detector quits oscillating. At that
point, your station will come in. Now
retune the dial slightly to peak the sta-
tion.

As you tune across the band, the regen-
eration control will have to be readjusted
slightly. On strong local stations, it will
have to be turned down considerably to
act as a volume control.

Possible Modification. After you have
become well acquainted with the opera-
tion of your FET set, you may want to
change Ll to optimize it for your partic-
ular antenna, its location, and reception
requirements. For example, if you are
getting interference from a strong sta-
tion over most of the band, remove three
or four turns from Ll. This reduces over-
loading while increasing the selectivity
of the set. If you li'e in a poor signal
area, you can increase the receiver gain
by adding about five turns or so to Ll,
or making the antenna longer. -CIO--

F-OW A FET OPERATES

OUT PJT

DRAIN

SOURCE

INPUT

+BIAS -BIAS

(A)

A field-effect transistor, variously called
FET, JFET, IGFET and MOST or MOSFET,
does not operate like a conventional bi-polar
transistor. Rather, it controls current flow
by means of an electrostatic field, and oper-
ates more like a vacuum tube-but requires
no heater power. It has high -input im-
pedance like a tube, and less circuit loading
than a conventional transistor. Other ad-
vantages of the FET include lower inherent
noise, and greater sensitivity to weak
signals.

In the diagram above, observe the similarity
between a p -channel FET amplifier (A) and

7 PUT

ICI

OUTPUT

a comparable vacuum -tube amplifier (B).
Note the difference in the polarity of the
operating voltages. The vacuum tube al-
ways requires a plus (4) voltage on its
plate, while the p -channel FET requires a
minus (-) voltage on its drain, the corre-
sponding electrode.

Observe, also, that the tLbe operates with
a negative grid bias wh le the p -channel
FET operates with a positive gate bias. To
avoid the use of a separate bias supply, a
self -biasing arrangement can be substituted
as shown in (C). This is the scheme em-
ployed in the "FET SET" circuit.
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BUILD THE

BEGINNER'S

FET

REGEN RECEIVER

MAKE THIS
YOUR FIRST PROJECT

USING
FIELD-EFFECT TRANSISTORS

PUT THE WORLD at your fingertips
with a simple all -wave receiver that

packs a lot of performance in a small
package! Build this FET regenerative re-
ceiver and tune in DX as well as local
broadcast stations. You'll be able to lis-
ten to hams, weather broadcasts, stan-
dard time signal broadcasts, maritime
telephone operators, and many, many oth-
er stations on the short-wave bands.

Simplified printed -circuit construction
and nominal cost make this receiver an
ideal beginner's project. Three bands can
be tuned by simply changing plug-in coils
-the broadcast band from 0.55 to 1.5
MHz. as well as two short-wave bands
from 1.7 to 5.5 MHz and 5.5 to 18 MHz.

Highlight of the all solid-state regen-
erative receiver is the FET (field-effect
transistor) "front end" stage. This is fol-
lowed by a 5 -transistor complementary -
symmetry audio amplifier that delivers
a room full of audio power to a built-in
loudspeaker. The completed receiver mea-
sures only 8'I" x 6'i" x 4".

A vernier drive mechanism, with a tun-
ing ratio of 6:1, is used for easier tuning.
An ordinary 9 -volt transistor radio bat-
tery provides the necessary d.c. power, so
the receiver can not only be used at home
but is "portable" enough to go camping.
on picnics, etc. The unit will also serve as
an emergency standby receiver. Since
power consumption is low, battery life is
quite good.

By CHARLES CARINGELLA

The receiver will cost about 32 dollars
to build if all new parts are purchased
individually. A savings of about 7 dollars
can be realized if the complete "kit" of
parts specified in the "Parts List" is pur-
chased.

How It Works. The schematic diagram
of the FET regenerative receiver is
shown in Fig. 1. Transistor Q1 is of the
Texas Instruments 2N3819 n -channel sili-
con field-effect variety. This is a new low-
cost epoxy FET, used as a regenerative
detector, which plays a large part in
making the sensitivity of this circuit ri-
val that of some superhet communica-
tions receivers.

Pre -wound slug -tuned plug-in coils, mod-
ified slightly by the addition of a feed-
back winding and a miniature mounting
plug, are used for each of the three bands
covered. R.F. signals from the antenna
are coupled to the primary winding of
LI through capacitor Cl. Variable ca-
pacitor C3 tunes the receiver by resonat-
ing with the secondary winding of coil
LI. A third winding on Li provides the
necessary feedback for regeneration.

Potentiometer R1 serves as the regen-
eration control and determines the
amount of a.c. voltage that is fed back
through C2 to the feedback winding on
LI. For reception of AM signals. RI is
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adjusted to the point just before the stage
"pops" into oscillation. This is the point
of maximum sensitivity and selectivity.
CW signals, as well as SSB signals. are
copied by adjusting R1 so the stage just
barely oscillates or regenerates.

The "front end" stage employing Q1 is
inherently stable because of the extreme-
ly low power dissipation and the rigid
mechanical layout of components on the
circuit board. Many of the frequency
drift problems common to equivalent
vacuum -tube circuits are non-existent in
this FET circuit. The author has success-
fully copied "ham" SSB signals with this
receiver, a trick that is often hard to
perform with many superhets!

The output signal developed by the re-
generative detector is a low-level audio
voltage. It is direct -coupled through re-
sistor R4 to audio preamplifier stage Q2,
a high -gain, low-cost RCA 40395 ger-
manium pnp transistor. Potentiometer
R8 is the volume control. Transistors Q3
and Q4 provide further amplification of
the audio signal.

Transistors Q5 and Q6 operate as
a push-pull complementary -symmetry
Class B power amplifier. They are sold to-
gether as a matched pair and are desig-
nated as the RCA 40396. Output distor-
tion is very low and fidelity is excellent.
Over 200 milliwatts of audio power can
be delivered to the speaker, more than
enough to fill an average -size room with
sound. D.c. stabilization is provided by
the feedback path through resistor R17.
The output of the audio amplifier is ca-
pacitively coupled through C16 to a 3'Z' -

diameter, 45 -ohm speaker, and a minia-
ture closed-circuit phone jack. J1, auto-
matically disables the speaker when an
earphone is used. Any impedance ear-
phone can be employed.

Battery B1 is a conventional 9 -volt
transistor radio battery. Since the d.c.
power requirement is very modest, bat-
tery life should be quite good, with a sin-
gle battery lasting for several months
under normal operating and listening
conditions. The idling current is a low 5
to 8 milliamperes with no signal, jump-
ing to a high of 20 to 25 mA on audio
peaks.

Construction. The entire receiver cir-
cuitry is constructed on a 4" x 27;,"
printed circuit board. The etched copper

foil side of the circuit board is shown
in Fig. 2. The first step is to mount the
coil socket in place with the retainer
ring provided with the socket. The flat
edge on the socket must face the direc-
tion indicated and the solder lugs on the
socket should be on the copper foil side
of the board.

Next, install variable capacitor C3. Use
three 6-32 x "." screws and three ' i"-
long spacers. The spacers must be insert-
ed between the capacitor bracket and the
circuit board to space the capacitor away
from the board.

The hole template of the front panel is
shown in Fig. 3. The panel thickness
should be 1.", and it can be fabricated
from aluminum, plastic, Bakelite, or any
equivalent material. Mount the speaker
with four 6-32 x "." screws. At the two
left-hand holes, use regular 6-32 nuts to
fasten down the screws. Use 1" -long
spacers that have been threaded for 6-32
screws at the remaining two locations;
refer to Fig. 4 for the exact location of
the spacers. Mount the vernier drive
mechanism with 4-40 x 'i" screws and
nuts. The two potentiometers and the
phone jack go on last-mount them in
the directions indicated in Fig. 5.

Now mount the circuit board on the
front panel. (See Fig. 4.) The two circuit
board mounting holes should line up with
the 1" spacers, and the shaft on the vari-
able capacitor should line up with, and
fit into, the vernier drive. Attach the
circuit board to the 1" spacers with two
6-32 x "." screws. Make sure the board is
exactly parallel to the panel, then tight-
en the setscrews to lock the tuning ca-
pacitor to the vernier drive. The circuit
board should now be mounted rigidly in
place. Attach a knob to the shaft of the
vernier drive, and turn it back and forth
from one stop to the other. The vernier
drive and the variable capacitor should
turn smoothly. If everything checks out
properly, you can remove the circuit
board assembly and proceed with the wir-
ing.

Bend the solder lugs on the coil socket
over and make the connections to them
as shown in Fig. 2. Keep these leads as
short as possible. Flip the circuit board
over and solder the components in place
as shown in Fig. 6. Mount all the tran-
sistors first. Space each transistor about
'4" may from the circuit board, making
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1.--1/4" /1/4" DIA. `3/8" DIA (2 PLACES)
Fig. 3. I his drawing shows the front panel ar- NO 27 DRILL (8 PLACES)
rangement of mounting holes in author's model.

-A-

SPEAKER

ANT

RI
WREN

VERNIER
DRIVE

ASSEMBLY

PB 8 SI
VOLUME

1/4"

NO 31 DRILL
(2 PLACES)

F
1.5/8"

1/4"

J1/4..

Figs. 4 and 5. When printed circuit board is attached to the front panel. it should
look like Fig. 4 above. A few components are mounted on front panel (Fig. 5, right,
above) before printed circuit is put in place. Be sure panel is made of strong metal.

sure that each one is oriented properly!
A heat sink should be used on each tran-
sistor lead while soldering to keep from
damaging the transistor.

Next, install the capacitors. They
should be flush -mounted against the
board. Carefully observe the polarity of
the electrolytics when installing them.
Capacitor C/O is the only one not mount-
ed on the circuit board. It is soldered di-
rectly across volume control R S .

Mount diode D/ vertically on the board.

GROUND

Space the body of the diode about 1

away from the board, and carefully ob-
serve polarity of the diode when it is
mounted. As wish the transistors, the
leads of the diode should also be held
with a heat sink while soldering.

All of the resistors are installed ver-
tically on the board. The connection to
tuning capacitor C',1 is made from the
"component" side of the board (see Fig.
6). All of the remaining connecting leads
are soldered to the copper foil side of the
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C14
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CII
RIO
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,TO TUNING CAPACITORIC3)

0-C6-0 0-05-6

0-442-6

142 cP
C4

0-911-

0-913-0 o -R14-

05 0-C13-0

9
C12
6+

06

*-1716-
R15 0+

C16

0
0 6-C2-6

SLUG ADJUSTING SCREWS

FEEDBACK
WINDING

TOP OF EXISTING
COIL WINDING

FEEDBACK
WINDING

GREEN DOT
(SAME ON

ALL COILS)

0

3/16*

Fig. 7. Each of the plug-in coils is mounted on
an Amphenol miniature 5 -pin plug. Coil modifi-
cation details appear in the text on the next page.

board. Flip the board over to the copper
foil side (Fig. 2), and make these lead
connections last. Leave these leads long;
they will be trimmed to the proper
length once the board is mounted in
place.

Once again, mount the completed cir-
cuit board assembly on the front panel.
Connect the leads from the board to the
two potentiometers, the speaker, and the
phone jack as illustrated in Fig. 5. Keep
the leads to regeneration control R1 as

Fig. 6 Flip side of printed circuit
board shown in Fig. 2. Note positions
of the components, and, in particolar,
observe lead orientation of the vari-
ous transistors. The center hole
(shaft) for mounting C3 is eventually
enlarged so that the shaft passes
through freely without binding and
C3 is rigidly supported by bolts
through the 3 remaining small holes.

short as possible! The lead from J1 to
the speaker lug ( represented by the dot-
ted lines) may be omitted if an alumi-
num panel is used. Recheck all wiring,
transistors, electrolytic capacitors, and
the diode polarities in accordance with
Fig. 6.

Coil Modifications. A set of three plug-
in coils will cover the frequency range
from 0.55 MHz to 18 MHz. Three J. W.
Miller pre -wound slag -tuned coils are
used for the purpose. As furnished by the
manufacturer, each coil consists of a
primary winding which is connected to
the external antenna and ground, and a
secondary winding is tuned by an
external capacitor. A miniature 5 -pin
plug must be attached to each coil for
"plug-in" capability. Also, a simple feed-
back winding must be added to each coil
as shown in Fig. 7.

Heavy, tinned copper wire is used to
hold the miniature plugs firmly against
the bottom of each coil. The heavy wire
connects the plug pins to the coil solder
lugs. Solder a 11:2" length of No. 18
tinned copper wire into pins 1, 2, 3 and
4 on each of the miniature plugs. Pin 5
will be left empty for the moment. The
plug pins are hollow, and each lead should
just barely stick out the bottom end of
the pin. Make sure each connection has
an adequate amount of solder within the
pin, but avoid running any excess solder
over the outside of the pins.

After all the pins have been soldered,
test each plug in the socket on the cir-
cuit board to make sure they plug in and
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out easily. If necessary, carefully trim
away any excess solder. Place the plugs
against each coil as shown in Fig. 7. Align
the green dot on each coil between pins
2 and 3 on each plug, and attach each
lead to the nearest solder lug on each
coil. Run each lead through the loop on
the solder lugs and cinch the leads tight-
ly to make a rigid assembly out of the
coil and plug, then solder each connec-
tion. Finally, cut off any excess leads.

Use No. 28 enameled copper wire for
the feedback windings on all three coils.
On each coil, start the winding by first
soldering one end of the enameled cop-
per wire to the coil solder lug which is
connected to pin 2 on the miniature plug,
then wind the wire as follows:

Coil "A"--0.55 to 1.5 MHz. With the
plug pins pointed towards you, wind 30
turns close -wound across the existing top

ANTENNA GROUND
BATTERY

(Bt)

AND HOLDER

Fig. 8. Back view of the completed receiver in the
cabinet designed by the author. You can either make
your own cabinet or buy a ready-made metal box.

94

Fig. 9. If you use the coils and variable
capacitor specified in the Parts List, the
tuning range should be approximately
550-1500 kHz with coil "A"; 1.7-5.5
MHz with coil "B"; and 5.5-18.0 MHz
with coil "C". The receiver should
regenerate smoothly over this range.

coil, in a counterclockwise direction,
starting from the bottom and winding
towards the top.

Coil "B"-1.7 to 5.5 MHz. With the
plug pins pointed towards you, wind 8
turns close -wound in a clockwise direc-
tion, starting about "ii." down from the
top of the existing winding, and winding
towards the top.

Coil "C"-5.5 to 18 MHz. With the
plug pins pointed towards you, wind 3
turns close -wound in a counterclockwise
direction, starting about "16" down from
the top of the existing winding, and wind-
ing towards the top.

Solder the end of each completed feed-
back winding to pin 5 of each plug. Then
complete each coil assembly by coating
the new feedback windings with coil dope.

A preliminary setting can be made on
the tuning slug of each coil to get them
in the right "ball park." Run the slug
completely out of each coil by turning
the adjusting screw counterclockwise un-
til it stops. Then, for coil "A" run the
slug in about 3 to 4 turns, for coil "B"
run the slug in about 8 to 9 turns, and for
coil "C" run the slug in about 3 to 6
turns. The coils can be more accurately
aligned later.

The Cabinet. You can construct the
cabinet to suit your own taste. The au-
thor used '2" -thick plywood.

The cabinet can be "finished" by cover-
ing it with self -sticking shelf paper, or
painting it the color of your choice. The
author used an imitation wood -grain shelf
paper ; however, there are many types and
colors to choose from. Shelf paper is
readily found in grocery stores, depart-
ment stores, etc.

(Continued on page 151)
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DO YOU STILL get a thrill out of ham-
ming? Or is the spirit of adventure

gradually disappearing? Maybe you have
been considering taking up a new hobby,
like chasing butterflies, or collecting
stamps. Don't do it. There is nothing
like switching to low power-very low
power-to restore the thrill to hamming.

If you have done all of your hamming
on a "store-bought" rig, maybe you
should try your hand at building a trans-
mitter-one that is really portable, with
no power lines to worry about. The QRP
Midget is a 2 -tube, battery -powered
transmitter that you can hold in the
palm of your hand. It will work on 80-,
40-, or 20 -meter CW. It can be built for
less than $10 and, when connected to a
good antenna, will give a good account
of itself.

How It Works. The circuit uses two
3S4 tubes in parallel as a crystal oscilla-
tor. The filaments are wired in series so
that a 6 -volt battery can be used for the
filament supply. By using plug-in coils,
band -changing is as simple as plugging
and unplugging a tube. The coils are
tuned to resonance in each band by a
single variable capacitor.

In addition to the 6 -volt battery, two
45 -volt B batteries are wired in series to
provide 90 volts for the plates and screens
of the tubes. The key is connected in
series with the B -minus lead to the bat-
teries. A small coil, L2, couples the r.f.
in the plate circuit to the antenna.

Construction. Since the QRP Midget is
very small, the arrangement of parts is
important. A good look at the photo -
1968 Spring Edition

BUILD THE

QRP
MIDGET
By JIM WHITE,

RETURN
TO THE DAYS OF OLD
WITH
2.5 WATTS INPUT

graphs will show you just where each
part is located.

After all of the necessary holes are
drilled and punched, install the crystal
socket. Then wire RI across its terminals.
Leave enough excess lead wire to reach
pin 3 of VI and the ground connection of
Ji. Now install the three tube sockets,
phono (JI) and coax (J2) connectors,
and variable capacitor CS.

Following the circuit diagram, care-
fully wire the balance of the transmitter.
All wiring, with the exception of the
leads to the batteries, is done with No.
20 solid hookup wire. The battery leads
are made of 18" lengths of No. 20 strand-
ed hookup wire; it is a good idea to use
different colored wire for these four
leads to lessen the possibility of making
a mistake when connecting them to the
batteries.

The last three parts to be mounted are
Si, Cl, and C2. The two capacitors are
wired across J1 and the 4 -prong coil
socket, respectively. The four battery
leads are connected to the switch, the
ground connection of J1, and the "hot"
side of

Winding The Coils. On each of the coil
forms, there are two separate windings,
Li and L2, of No 24 enameled wire.
They are separated from each other by a
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B- A - A+
6V

8+
90V

distance of 1..". For 80 meters. L1 con-
sists of 31 turns, close -wound, and L2 is
8 turns. close -wound. The 40 -meter coil
has 21 turns on LI and 7 turns on L2,
both close -wound.

The 20 -meter coil has 12 turns on Ll.
This coil is wound so that the winding
takes up about 1 inch. with the turns
spaced equally to occupy this space. Coil
L2 on the 20 -meter form consists of 3
turns. close -wound.

When you wind the 80 -meter coil, be
sure and solder C4 in place as you solder
the two wires from L1 to the pins. This
capacitor is mounted inside the coil form.

Going On The Air. Connect a key to J1
and a good antenna for the band you in-
tend to work to J2. With the power
switch in the "off" position, insert the

CI V2

Neatness counts; proper parts locatior and lead
dress are important for clean operation. Keep the
leads short. Terminal strip to accommodate battery
leads can be mounted on the other half of the box.
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Rockbound transmitter for
80, 40, and 20 meters is
small enough to fit into your
glove compartment, com-
plete with batteries. Note
that pin 5 on 3S4. connected
to screen grid and filament
center tap, is not used, and
is not shown here. Key
plugged into J1 turns trans-
mitter on and off for CW
operation. Don't let the low
power fool you non-hams-
you must have a license to
put this unit on the air.

PARTS LIST
CI, C2 -0.005-µF, I000 -volt dic ceramic ca-

pacitor
C3-3-32 otidg, t variable capacitor 1E.F.

Johnson In0-130 or similar/
C4-- 511.-pF siker mica capacitor
11 l'hono connector. female
12 Coax connector, /emote
LI, L2-See text
I?1 473n0 -ohm. resistor
SI- D.p.s.t. slide switch
I'!, 1'2 3S4 tube
3 --Coil forms 'J. Millen 43004

,('rystal sock,1 1.Vatimsal C'.1-6)
I ('oil sock, I .1mph, ihd 4OILSS41
Misr. 1, -volt battery. 43 -volt battery /21, tube

socket, o.31, ;ire, solder, IMIC, bolts. etc.

two 354's into their sockets. Plug a crys-
tal into the crystal socket and a coil into
the coil socket (they must be for the
same band). Now, using a field strength
meter, or a receiver S -meter. turn the
transmitter on, press the key, and slowly
rotate variable capacitor C3 until you
get an indication that the QRP Midget is
oscillating.

Tune C3 to the peak reading. If you
peak it too much, the keying may be
erratic. Adjust C3 for the best output
consistent with good keying.

Keep in mind that you must have a
good antenna when you use the QRP
Midget. A makeshift antenna simply will
not do the job with such low power. Put
some time and energy into the antenna.
and it will pay dividends. Also, the au-
thor has found that a few of the crystals
for 20 meters are a little sluggish and do
not oscillate very well; you might have
to try several before you get a good one.

If you want to measure the input to
the QRP Midget, just put a milliammeter
in series with the B -plus lead. The input
should be about 2'2 watts.

ELECTRONIC EXPERIMENTER'S HANDBOOK



BUILD

THE INCREDIBLE VFO
. . . A SIMPLE, PRACTICAL, INEXPENSIVE

VFO THAT REALLY WORKS

By R. L. WINKLEPLECK, V/ASIGU

IF YOU ARE A HAM, you know that the
only substitute for an unlimited sup-

ply of transmitter crystals is a stable
variable -frequency oscillator ( VFO ). But
you also know that VFO's are sometimes
unstable, and minute changes of coil di-
mensions due to heat produced from
nearby vacuum tubes and resistors, or
changes in the electrode voltages of the
vacuum tube oscillator, can and do cause
the drift.

You can build a relatively stable pas -
sire VFO using a couple of capacitors
and an inductor-a VFO in which there
are no tubes or resistors to heat up, and
no power supply or transistors to con-
tend with. You don't have to lay a finger
on your transmitter circuitry, either.
You simply put a few parts together in a
metal box, remove the transmitter crys-
tal, and plug the VFO right into the crys-
tal socket.
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PLUG-IN
CRYSTAL

Why isn't everybody using this incred-
ible VFO? The reasons are simple. Hams
tend to distrust passive circuits that ap-
pear to offer something for nothing and.
furthermore, external passive VFO's
don't work with all transmitters. The
transmitter's oscillator must be capable
of sustaining oscillation by itself. A pas-
sive VFO merely determines the frequen-
cy of oscillation and is not an oscillator
circuit in itself.

When It Can Be Used. If your trans-
mitter employs any variation of the basic
grid -plate oscillator shown in Fig. 1,
you're in! Observe that there's an r f.
choke in the cathode of the oscillator
tube, and that the crystal is connected
between grid and ground. Note also that
a feedback path is provided from cathode
to grid via a capacitance divider.

Other circuit variations. such as a re-
sistor across the crystal socket or in the
cathode lead, or a coupling capacitor in

PLUG-IN
VFO

OSCILLATOR

6+

Fig. 1. To convert this crystal -controlled oscil-
lator to a series -tuned Colpitts VFO, simply re-
place the crystal with the L -C combination shown.

the grid circuit, are acceptable. For, once
you remove the crystal and connect the
"Incredible VFO" in its place, you will
have a series -tuned Colpitts oscillator
that will work like a charm in any fre-
quency range permitted by the series L -C
combination.

Pro's And Con's. Before deciding on a
passive VFO, consider all of it's features
-good and bad. Obviously, it's cheap,

simple, and easy to build. And as stated
previously, it requires no tubes or tran-
sistors, and no power supply. If well
built, and if the oscillator voltage is sta-
ble, it will exhibit very little drift. Dif-
ferences in plate voltage will usually
swing the frequency a bit, however. Use
of the "Incredible VFO" does not require
that you modify your rig, and it can be
replaced with your original crystal at a
moment's notice.

If your construction is sloppy, the

INSULATOR *Orr El

Fig. 2. The tuning capacitors are premounted on a
heavy aluminum subpanel which is then secured to
the base of the enclosure. The insulator floats
the ungrounded cable lead from coil to xtal plug.

unit's performance will be sloppy. To a
degree, this VFO is susceptible to body
capacitance, and you must not touch the
connecting cable or plug while on the air
or your frequency will shift. And if you
place the VFO too close to the transmit-
ter. temperature changes could produce
a significant frequency drift.

Construction. You can build a passive
VFO for any transmitter frequency yott
want. Appropriate inductance and capac-
itance values for frequencies in the ama-
teur bands, from 1.75 to 220 MHz. are
given in Chapter 2 of the Radio Ama-
teur's Handbook.

If, for instance, you work on six meters
and want to replace your 8 -MHz crystal
with a passive VFO, you will need a 2"
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length of B&W Miniductor coil =3007 for
Li. Unwind about half a turn from each
end of the coil to serve as connecting
leads. The coil length given does not in-
clude the leads.

Two capacitors in parallel cover the
entire 2 -MHz frequency band. The larg-
er capacitor, C2, is variable to 100 pF
and determines the tuning range of the
band. It is screwdriver -adjusted through
a hole in the front panel. The smaller ca-
pacitor, Cl, is variable to 15 pF and

MEGACYCLESIl i //5:,
6 7 8 9

50.0 C2
TUNING
SLOT

Alignment of the VFO is a simple matter, and re
quires no special test equipment. All you need
is a receiver to monitor the VFO signal while you
adjust capacitor C2 until the signal is heard.

tunes in the desired frequencies. It is
equipped with a vernier dial for ease of
calibration and tuning. The capacitors
and the coil are connected as shown in
Pig. 2.

Both capacitors should be of high qual-
ity and of rugged construction to insure
frequency stability. They are both
mounted on a heavy aluminum subpanel,
and the entire assembly is housed in a
4" x 4" x 4" aluminum box.

Use heavy pieces of wire- No. 12 or
larger ---to join the capacitors together.
Connect the coil between the high side
of the capacitors and the top of a 1" por-
celain insulator. Affix solder lugs at both
extremes of the insulator before mount-
ing.

Strip one end of a short piece of RG-

58/U cable and solder the center conduc-
tor to the lug on the high side of the in-
sulator along with the coil terminal. The
shield strands of the cable go to the
ground lug under the insulator, together
with the common ( ground) lead from
the capacitors. Be sure there is a good
ground to the chassis.

The coax cable is run through a grom-
meted hole in one side of the case, and
the free end is terminated with a suit-
able crystal holder that will mate with
your particular crystal socket. Be sure to
mark the pin with the ground shield, as
well as the grounded side of the crystal
socket on your transmitter. Always con-
nect ground to ground.

Alignment. The alignment of the VFO
can be a little tricky, but if you proceed
slowly and carefully. you should have no
trouble at all. Plug the VFO into the
crystal socket of your transmitter; then
fire up the transmitter and allow it to
warm up with plate voltage applied to
the oscillator only.

Set the VFO's main tuning dial (Cl)
near its center of rotation. Turn on your
receiver and set it to a frequency in the
middle of the VFO's expected operating
range. Through the access hole, tune C2
-very slowly until the receiver picks
up the VFO signal. Alternately tune C/
and C2 for the strongest signal.

Put a dummy load across your trans-
mitter's antenna output and set the
transmitter to "transmit." If the trans-
mitter loads properly, fine. If it does not.
you are probably working on a frequency
outside of the transmitter tuning range,
and you must retune C2 to operate in the
correct frequency range.

After you rind the point where the
transmitter loads properly, and you can
pick up the signal. mark the receiver -
indicated frequency on the VFO dial as
your first calibration point. Continue tun-
ing the band, resetting Cl to a different
spot as you go along, and calibrating the
VFO dial with the new frequency. Do not
disturb the setting of C2 after its initial
adjustment.

If your transmitter exhibits an undue
amount of drift, it is probably due to
poor power supply regulation. You can
correct this condition by adding the nec-
essary circuitry to regulate your power
supply.
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L'IL RICHIE

SIMPLE, STABLE,
HARMONIC -RICH

CRYSTAL OSCILLATOR
IS BUILT AROUND

A LOW-COST
INTEGRATED CIRCUIT

By DON LANCASTER

L'il Richie is a small one-
it's shown here alongside a
conventional "C" cell-but the
crystal is a 100 -kHz bar and
is larger than most crystals.

TAKE ONE low-cost integrated circuit,
two resistors, one capacitor, and one

crystal combine properly --turn on the
power. and you can generate crystal -
controlled sine or square waves at any
frequency between 100 kHz and 3 MHz.
and, with slight modification, the 3- to
10 -MHz range. Uses of the "L'il Richie"
are as varied as the user's imagination.

Amateur radio operators will find the
harmonic -rich output useful as 100 -kHz
or 1 -MHz crystal calibrators. As a bonus,

Irt,:rfey.Pr",01

the addition of an output tank circuit
creates a flea -power transmitter for field
days, antenna testing, and hidden -trans-
mitter hunts.

For AM servicing, just insert a 455 -kHz
crystal. and you have an i.f. alignment
generator. Switch to 500-, 1000-, or 1500 -
kHz crystals, and you have a handy sig-
nal generator for dial calibration, track-
ing adjustments, or antenna and r.f.
stage tuning.

For TV or FM work, plug in the need -
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ed crystal -3.58, 4.5. or 10.7 MHz-and
you have a marker or signal generator
all set to go. And, finally, the advanced
experimenter can use the "L'il Richie"
as a stable, crystal -controlled reference
clock for electronic counting circuits.

How it Works. The two independent
gates in ICI ( Fig. 1) are biased in their
class A region using resistors RI and
R2. These two gates are cascaded with
Cl to form a two -stage, RC -coupled r.f.
amplifier. Feedback from output to in-
put via XTAL produces the desired os-
cillation, in the form of a square wave
very nearly equal to the crystal's series -
resonant frequency.

PARTS LIST
Cr woo -pi: di . :pacitor-- see text
IC I- 0,014 rpi.ry »liclologie dual gale Fair-

child i
RI. R2 10,000 -ohm, !z -watt carbon resistor
.\ 1.I L- Series cesonant, first -overtone crystal,

l(u) kHz lo with CI as listed; to Iti.7
MIL will: scle,ted for Cl

/ " Pm" single -sided PC hoard.'
sock,1 to fit XT. -IL with mounting screw,
solder terminals I 3 ),,older

1)ata sheet and distributor list are available
from Fairchild Semiconductor, 313 Fairchild
Drive. Mountain View, Calif.
'Complete kit, includimr printed circuit board.
but less crystal and socket, is available from
Southwest Technical Products Corp.. Iltix 16297,
San Antonio, Texas 78216, for $1.75. postpaid
in the U.S.A.

XTAL

OK

CI
(1000pF

(SEE TEXT)

TOP VIEW
ICI

*L914

(0+
+1.5 TO +4.5

°-
COMMON

R2
ION

OUTPUT

Fig. 1. The IC contains the bulk
of the oscillation circuit. The
only externa components are bias
resistors R.1 and R2, feedback
capacitor Cl, and the frequency
controlling element, XTAL. Out-
put is a square wave at the crys-
tal frequency. The d.c. level re-
quired for operation is not criti-
cal-betweer. 1.5 and 4.5 volts.
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DRILL 3/16

1-' '81-1
1_ 11:2 I

CUT TO FIT
TAL SOCKET

#65 DRILL
1141

DRILL 1/ICs SET
TERMINALS(!)

SIDE

Fig. 2. Make the printed board as shown
here. It is best to use a PC for this
oscillator as stray capacitance found
in most point-to-point assembly might
cause spurious oscillation at frequen-
cies other than that of the crystal.

The entire circuit requires only five
low-cost parts and can be powered by -
any convenient supply from a single pen-
light cell (1.5 volts) up to 4.5 volts d.c.

Construction. Any neat construction
technique can be used for this circuit,
but long leads or sloppy construction can
produce a device whose frequency may
not entirely depend upon the crystal
used. A complete kit, including the print-
ed circuit board, is available from the
source indicated in the Parts List, but if

SOCKET FOR xTAL

R2

H RI f-

OUTPUT +1.5 TO COMMON
+4.5V

Fig. 3. Component assembly on the printed
board. Note that the IC has one flat side
and that pin 8 on this flat side is con-
nected to the positive battery terminal.

you want to do your own PC layout work,
just follow Figs. 2 and 3.

Note that /C/ is mounted with the
positive power lead centered on the flat
of its epoxy case ( pin 8). And be sure
that the crystal holder pins and the crys-
tal socket match, as some older crystal
holders have different pin diameters and
spacings.

After assembly and inspection, insert
a crystal of below 3 MHz, and perform
an initial checkout using 3 volts from
two flashlight cells. If you're planning
on using crystals from 3 to 10 MHz,
you'll have to experiment to get the value
of Cl just right to suit your particular
crystal's drive requirements. Higher fre-
quency generators will require values of
from 20 to 100 pF.

Some capacitor tinkering is required
at these higher frequencies and a gen-
erator tailored in this manner will most
likely work best with one particular crys-
tal, and over a more limited power sup-
ply range. You might like to try a trim-
mer, or padder, for Cl if you're planning
high -frequency operation with multiple
crystals. A 0.01-14' power supply bypass
capacitor might also be required. A trim-
mer will let you "pull" the crystal slight-
ly to bring it into exact calibration with
Station WWV on 5 or 10 MHz.

Occasionally, older surplus crystals or
one with an unusual cut may take off on
the second or third harmonic instead of
the fundamental. Usually, a bit of ca -
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FREE!

World's Largest
Electronic Kit Catalog

New ... Now With Over
300 Kits For Every Interest
... At Up To 50% Savings

 Deluxe Color TV .. . 180 and 295
sq. in. rectangular models with ex-
clusive built-in servicing facilities
so you can converge and maintain
the best color picture ... choice of
3 -way installation . . . build in 25
hours. Also a solid-state 12" B & W
TV portable.
 Transistor Organs ... deluxe 19 -
voice "Coronado" and low cost
10 -voice Thomas models, both
with instant -play Color-Glo . . .

save up to $500!
 Electric Guitars & Amplifiers
- . . famous American -made Har-
mony guitars. plus 3 new Heathkit
amplifiers with all the features
guitarists want most.
 Table And Portable Radios &
Phonographs ... choose AM, FM,
FM stereo and shortwave radios
. . . mono or stereo phonographs.
Build in an evening.
 Stereo Components . . .

transistor stereo receivers, am-
plifiers, tuners, tape recorders,
speakers, turntables. cartridges.
furniture.
 Amateur Radio Gear ... world's
most complete line . . . SSB re-
ceivers. transmitters, transceivers
and accessories.
 Citizen's Band Radio ... walkie-
talkies.- 5 -watt fixed & mobile
transceivers, crystals, antennas.
 Test & Lab Instruments . - a
complete newly designed and
styled line for home workshop,
shop, industrial and educational
use.
 Educational ... Berkeley Physics
lab, Malmstadt-Enke instrumenta-
tion, IMPScope. plus kits for home
and classroom study.
 Marine Electronics for your boat
. . . radiophones, depth sounder,
RDF, fuel vapor detector, and ac-
cessories.
 Photographic Aids . . . Heath/
Mitchell Fotoval darkroom com-
puter and electronic photo /timer.

HEATHKIT 1968
CA ALOG 6,0,00

OVER )00

FLECTI.ONIC KITS_
WORLD i LARGEST SELECTION

MAIL COUPON NOW!
 Biggest Selection ... Over 300 Kits
 Up To 50% Savings
 Unique Creative Satisfaction
 Pride Of Self- Accomplishment
 Easiest To Build
 Best Performance
 Highest Quality Components
 Free Technical Consultation
 Easy Credit Terms

 Heath Coripany, Dept. 110
Benton Harbor, Michigan 4.022
Please senc FREE Heathkit Catalog.

Name

Address

(PIER., NIRO

City State Zip

L CL -298

CIRCLE NO. 7 ON READER SERVICE CARD
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5 G-+4.5V

I
(A)

(B)

5TOI000pF
°OUT

ADJUST FOR
DESIRED SItiNAL
LEVEL

J -K FLIP FLOPS OR DIVIDER CHAIN
-20,000 FOR .ISEC GATE, ETC

(C)

ON -OFF
OR MOMENTARY

SWITCHr AUDIO
I.5V INPUT

I

01..6
1000

L-

oMODuL AT E D
RF OUT

50011.
AUDIO
xFINR

(D)

C TUNES L TO
FUNDAMENTAL

FREOUENCY IK

LOAD

(E)

OUTP-,

Fig. 4. Some typical application circuits for
L'il Richie: (A) test oscillator or crystal
calibrator; (B) oscillator with variable level
output; (C) digital counter driver; (D) modu-
lator; and (E) tank circuit to convert L'il
Richie into a very low power transmitter.

pacitance shunting resistor R2 will settle
things down. Values will be in the 50- to
200-pF range.

Operating Hints. Figure 4 shows some
circuits you might like to try. In the test
oscillator or crystal calibrator in Fig.
4(A), an output capacitor (C) is selected
to get the desired signal level. If you
want a continuous output level adjust-
ment range, use the circuit shown in Fig.
4(B). The digital clock and divider con-
nection is shown in Fig. 4(C) ; a coupling
capacitor is not required here.

On -off switching, keying, or audio
modulation are added with the circuit in
Fig. 4 (D). Or, if you want a sinusodial
output instead of a square wave, just
add a series -resonant tank circuit to the
output, tuned to the crystal frequency,
as shown in Fig. 4(E).

The generator's output voltage will be
slightly less than the supply voltage.
Expect around 1.2 volts peak -to -peak
with penlight cell operation, and perhaps
4 volts for a 4.5 -volt supply. Total circuit
drain is less than 6 mA with the higher
supply voltage.
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Getting The Most From Your CB Rig

EVERY CB USER is entitled to get the
maximum legally permitted power

output from his transceiver. As long as
the average input power is 5 watts or
under, or the average output power is
4 watts or less, the FCC has no com-
plaints. The most common methods of
achieving optimum CB results, such as
proper antenna matching, microphone
techniques. etc., are well covered in the
instruction manuals and have been de-
tailed in many magazine articles. How-
ever, there is one subject on which much
misinformation abounds yet is a vital
point if you want to get maximum CB
operating results within the legal limits.
This is the matter of transmitter align-
ment.

Transmitter Alignment. Practically all
of the instruction manuals supplied with
CB equipment describe the transmitter
final amplifier adjustments required in
order to obtain maximum r.f. output.
Usually these manuals recommend the
use of a 52 -ohm dummy load and ad-
justment of the final tank circuit for
maximum meter reading ( built-in meter-
ing, or power output metering). This
method assumes that maximum r.f. out-
put is the principal criterion in achiev-
ing best CB coverage. This might be true
if the CB rig were being used for code

AN IMPORTANT NOTE
ON TUNING YOUR TRANSMITTER

By DANIEL MEYER. -r

OUTPUT

Fig. 1. This simple single -tore audio oscillator can
be jury-rigged to provide a signal to modulate
your CB rig. Tap the output to the hot side of the
mike input. The transformer is a miniature com-
ponent used for transistor interstage coupling.

transmissions, but it is completely wrong
with voice modulated transmitters.

Maximum CB coverage results when
the received signal is demodulated at a
distant point. Primarily, we are inter -

TRANSCEIVERS METHOD OF ALIGNMENT

Tuned for
Maximum OE

RF Output (W) Det. Audio (V)

Tuned for
Maximum Modulation

RE Output (WI Det. Audio (V)

(1) Tube CB 3.75 3.5 3.5 4.0

(2) Transistor CB 3.5 3.25 3.25 3.8

(3) Tube CB 2.0 3.0 4.0

(4) Transistor CB 3.25 3.0 3.0 3.5

(5) Tube CB
_

2.5 2.75 2.25 3.25

Illegally modified.

Table 1. Here are the results of tuning up five different CB rigs for maximum detected modulation
rather than maximum r.f. output. All five transceivers got out better after the "modulation" tuneup.
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POPULAR ELECTRONICS lab -tested the author's
method with results that proved "modulation" tune-
up was best. This is a Veroboard (wiring side up)
hookup assembled in 10 minutes. Coax input is to
the left, leads to the scope or VTVM to the right.

ested in getting the maximum amount
of demodulated audio power at the re-
ceiver. Obviously, to obtain this maxi-
mum demodulated audio, we should tune
the transmitter for maximum modula-
tion rather than maximum r.f. output.

The received signal level depends on
the amount of audio detected and not on
the amount of carrier present. Actually,
the less r.f. power needed to accomplish
the job, the better the received signal.'
Manufacturers do not suggest transmit-
ter alignment for maximum modulation
because this requires test equipment and
is not as simple as aligning for maxi-
mum r.f. output.

How It Is Done. To align your CB rig
for maximum modulation, you need an
audio oscillator. If you cannot borrow
one, you can construct a very simple
transistorized oscillator as shown in Fig.
1. The audio frequency is not critical
and any frequency between 400-2000
hertz will do.

You will also need a dummy load -de-
tector circuit similar to the one shown
in Fig. 2. This circuit can be put into a
small metal box or simply soldered to-
gether at the end of a short piece of
coax cable. The output of your dummy
load -detector circuit can be connected to
an oscilloscope, a VTVM, or even a good
multimeter.

The audio oscillator is connected to
your microphone input. It is not neces-
sary to disconnect the microphone; sim-
ply clip the output of the audio oscillator
to the mike connector-or even to an in-
put grid circuit under the chassis, which-
ever is handier.

*See "Mule Box." POPULAR ELECTRONICS,
March 1967. page 45.

To align the transmitter, key the trans-
mitter and adjust the output of the
oscillator for a clean sine wave as dis-
played on your oscilloscope. Do not in-
crease the output of the oscillator past
the point where the waveform is clipped,
flattened or distorted. If you're using a
multimeter or VTVM, the distortion
point can be determined as that point
where no further increase in output is
obtained as the oscillator level is in-
creased. The output signal ( with the cir-
cuit shown ) will generally be on the
order of 2-6 volts r.m.s. The exact volt-
age depends upon the diode and the
meter loading but is not important in
aligning the transmitter.

Watch the scope, or meter, and adjust
the final amplifier tuning and loading for
maximum output. Adjust the controls in
much the same way as you adjust those
designed to tune up for maximum r.f.
output. However, you will find that in

52COAX-OHM

1N34
TO

SCOPE
OR

VTVM

47OpF

Fig. 2. To demodulate your CB output, you will
need this circuit. Use a scope or VTVM to measure
the output voltage-a VOM loads down the circuit.

tuning for maximum modulation the ad-
justments are much sharper and more
critical. The two adjustments (in a usual
pi -network) will interact.

It is recommended that you align your
CB rig using an oscilloscope. The scope
will also show if your rig produces dis-
tortion, which would result in reduced
intelligibility and waste power output in
audio harmonics.

Results. How much you can expect to
gain by this method of alignment will
depend on the particular CB rig you are
using. Several examples of CB rigs
aligned by the author are included in
Table 1. In some cases, the alignment
made for maximum r.f. output happened
to result in something near the correct
setting for maximum modulation. In oth-

(Continued on page 150)
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CHAPTER
5

LAB & TEST

EQUIPMENT

PROJECTS

We are particularly pleased with the "mix" of projects de-

scribed in this chapter of the Spring 1968 ELECTRONIC EX-

PERIMENTER'S HANDBOOK. The number and variety of test

equipment projects is in keeping with the trend toward more

home workshop design and construction of "individualized"

testing gear. Readers should particularly note the two projects

by James Randall embodying field-effect transistors in useful

applications.

The audio waveform generator ideas (pages 110 and 118)

are both useful and somewhat unusual, while the frequency

meter (127) is an audio lab project that has been -equested

by HANDBOOK readers. And a topnotch home workshop in

which a lot of solid-state experimentation is done should find

Charles Rakes' transistor and diode tester of cor siderable

interest.

110 MULTI -WAVEFORM GENERATOR Melvin Chan

113 MULTIPURPOSE FET SIGNAL TRACER James Randall

118 SIGNAL -POWERED SIGNAL SQUARER Leslie Solomon

119 BREAKDOWN REVERSE VOLTAGE

TRANSISTOR AND DIODE TESTER Charles D. Rakes

123 THE "R.F. SNIFFER" J. C. Gillespie

125 VOM FET = TVM James Randall

127 ELECTRONIC FREQUENCY METER Walt Henry
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BUILD

MULTI -WAVEFORM

GENERATOR

SIMPLIFY YOUR
HI-FI TESTING THROUGH

THE USE OF
THIS CONTINUOUS -COVERAGE

LOW-COST GENERATOR

By MELVIN CHAN

SERIOUS AUDIOPHILES with a good
`" working knowledge of electronics are
aware of the many types of test signal
waveforms that can be used to check out
audio amplifiers. Some signals, unlike
sine waves, can perform a number of
tests at one time. One of these signals
is the square wave. This waveform will
check out amplifier frequency response
while simultaneously indicating any high -
or low -frequency inadequacies, phase
shift, and any ringing present in the sys-
tem.

Some audio engineers prefer to use a
sawtooth signal, instead of a square
wave, to perform these tests, while others
feel that a "spike" waveform is best. The
use of these waveforms has been dis-
cussed in technical journals serving the
hi-fi field. The simple, low-cost (under
$10) multiple waveform generator de-
scribed in this article can deliver a
square, sawtooth or spike waveform test
signal, at any fundamental frequency be-
tween about 20 and 20,000 Hz.

How It Works. The circuit for the test
set is shown in Fig. 1. Transistor Q1 is
a unijunction unit operating as a relaxa-
tion oscillator. The frequency of oscil-
lation is determined by front panel po-
tentiometer R2, in conjunction with a

charging capacitor (C1, C2, or C3) se-
lected by switch Si. During oscillation,
a sawtooth waveform will appear at the
emitter of 91, and a negative -going spike
will appear at B2 of Ql. The sawtooth
and spike waveforms are directly fed to
waveform selector switch S2, and on to
emitter follower Q3.

The sawtooth signal is also fed,
through R4, to the base of transistor Q2.

PARTS LIST
B1 -9 -volt battery
C1- -0.02-0 capacitor
C2-0.2-0 capacitor
C3-2.2-0 electrolytic capacitor
C4, C5-30-aF, 6 -volt electrolytic capacitor
C6-0.47-0 capacitor
il---Phono jack
Q1 -2N2646 unijunction transistor
Q2, Q3 --2X2712 transistor
R1 -1500 -ohm, !',watt resistor
R2---25,000-ohm linear potentiometer
R3- --2000-ohm.,/,-watt resistor
114, R5- -10,000-ohm, 5/2 -watt resistor
R6 -50,000 -ohm miniature potentiometer (La-

fayette 99 R 6145 or similar)
Ri. RS -100,000 -ohm. V2 -watt resistor
R9,---5000-ohm potentiometer (with S3)
51, S2 -2 -pole, 5 -position switch
S3-S.p.s.t. switch I part of R9)
Misc.-Small box ( Premier 1001 or Bud CU -

3001,4), printed circuit board, knobs, hard-
ware, etc.
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The pulse (left), sawtooth (center) and square wave (right) waveforms as seen oe an oscilloscope. The
little step on the leading edge of the square wave will vary dependent on the transistor used for Q2.

This transistor is biased by R6 so that it
conducts only during a small portion of
the sawtooth waveform. This produces a
square wave at the collector of Q2. Tran-
sistor Q3 is an emitter follower which
accepts the signal selected by S2 and sup-
plies it, at relatively low impedance,
through capacitor C6. to output jack J1.

Construction. Layout of the printed
board is shown in Figs. 2 and 3. while
Fig. 4 illustrates the method of mount-
ing used by the author. The printed board
is secured to the bottom of the case
with three 2-56, '2" -long bolts, using nuts

RI

CI
.02)AF

to space the board far enough away from
the case to preclude any possibility of
shorting components. Figure 4 also illus-
trates one method of mounting the bat-
tery.

After mounting frequency control po-
tentiometer R2. multiplier switch St.
waveform selector switch 82. and out-
put jack J1. the printed board can be
wired to these components as shown in
Fig. 3. Looking at the rear of control
R2 (as mounted ), the left-hand terminal
goes to the PC board ( near R.1), and
the center and right-hand terminal are
connected together. One lead from this

C5
300

R7
1006

03
2N27 2

R9
100K

C

56

91
9V

93

C6
.47pF

JI

Fig. 1. As transistor Q1 oscillates. a pulse is generated at base -2 and a sawtooth waveform appears at
the emitter. The sawtooth signal also produces a square wave via Q2. Signal choice is made by S2
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CUT-OUT FOR
5/8 -HOLE PHONE JACK CLEARANCE-r-

i-3/8"

13/4" -

Fig. 2. Actual -size printed board. Potentiometer R9
(with S3 attached) is a printed circuit type (Lafay-
ette 99 R 6019) and solders directly into board.

Fig. 3. Transistors Q2 and Q3 have in -line leads,
although the PC board shows a triangular arrange.
ment, so that other transistor types may be used.
Drawing is oversize to show parts layout clearly.

pair goes to the PC board (near C5) and
the other goes directly to the positive
terminal of battery Bl. The power switch
(S3) is located in the negative lead of
the battery.

Calibration. Connect an oscilloscope to
the output jack, place S2 in the pulse
setting, turn the generator on, and you
should see a pulse -type signal on the
scope. Switch S2 to the sawtooth posi-
tion, and there should be a sawtooth
waveform on the scope. Frequency of the

waveforms is dependent on the setting of
R2 and Si.

When these waveforms are present,
switch S2 to the square -wave position,
and adjust R6 until a symmetrical square
wave is obtained. Since this unit was not
designed to rival precision instruments,
there will probably be some discrepancy

Fig. 4. In the author's unit, the battery is mounted
on the rear cover so that, when the two sections are
joined. it will not mechanically interfere with R2,
Si, S2, or components mounted on printed board.

in the calibration scale for each range.
However, as shown in the photo on page
110, exact scale markings are broad.

To calibrate the unit, a reasonably ac-
curate audio generator as well as an os-
cilloscope is required. Start with the x10
range. Set S1 to x10 and S2 to square -
wave output. Connect the external audio
generator to the scope and set it for 20
Hz. Adjust the scope sync control until
it locks and displays only one 20 -Hz wave-
form. Now, without touching the scope,

(Continued on page 140 )
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BUILD

MULTIPURPOSE
FET

SIGNAL
TRACER
IT'S SO SENSITIVE
YOU CAN TRACE

A SIGNAL
ALL THE WAY UP TO

THE RECEIVER INPU-

By JAMES RANDALL

HERE'S a honey of a signal tracer you
can build for less than the cost of

an ordinary commercial unit, and yet is
so versatile you can use it as a millivolt -
meter, output meter, microphone pre-
amplifier, auxiliary audio amplifier for
tests and experiments, tape recorder
monitor and, of course. as a sensitive
and accurate signal tracer for testing
and trouble -shooting audio- and radio -
frequency circuits.

The advanced circuitry, featuring a
field-effect transistor (FET) to achieve
high input impedance and prevent circuit
loading, includes a high -gain transistor
preamplifier and a packaged imported
audio amplifier that provide so much
gain you can trace a signal right up to
the very input of a receiver with a de-
modulator probe. Test resu:ts can be
monitored visually on a panel voltmeter,
externally on a scope, or aurally on a
built-in speaker or optional headphones.
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FRONT

2-I/8"

3/8",

5/1650/2"

, 3/8"
H/8' DiA

BOTTOM

/8"

Fig. 2. If you use the
recommended -size utility
cabinet, you can
follow these dimensions
when you lay out the
cabinet. Compare your speaker
and meter sizes with the
respective cutouts
before punching any holes.
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3/8"

J.
1/2" 3/16"

DIA

3/8"

3/8"

3/8" 4-

SPECIFICATIONS

Input Impedance
Voltage Range

Preamplifier
Voltage Gain

Audio Amplifier
Output Power
Power Requirements

2 megohms
100 pV to 10 volts

200

100 milliwatts
9 -volt battery

PARTS LIST
rl -9 volt transistor battery
1;1'1, B1'2, 111'3. 1;1'4 5 -way binding post
(: 1. C2 -0.1 -AF, 100 -volt capacitor
C3- - 100-µF, 6-11.11.1)(', miniature electrolytic

iapacitor
C4 --4-µF, 12 -IIT DC. miniature electrolytic ca-

pacitor
C5, ('6, C7-30-oF, 12-11TDC, miniature elec-

trolytic capacitor
('s'. C9, C10 ---50-µF, 6-111. DC, »tiniature elec-

trolytic capacitor
DI, 1)2- 1.V60 germa )) i ))))) diode
m meter, 0-50 , Lafayette 99 C 5042

.similar)or
(11--_'.\'3X20 field Clued transistor

23.33q1 transistor
-2.V5as transistor

(14- 2.V2925 transistor
RI- 1..1 mr,a/nn.:,±5'.
R2 -Is11,000 ohms. ± 5';
R., I.\.000 ohms, ±
R4 ISetti ohms, -±
R5 200 ohms, ±5'i
Re, - 560,000 ohms all
R7 -4.7 nirvanas residors

47.en00 ohms Vz-watt
R9- -220 ohms,
Rio. R11 1000 ohms. ± 5'
R12- 4300 ohms
R13- I mcgohnt
R:4 43 ohm,
R1.5 50,00i) -0//w pore/thou/der (with switch

N2 )

R s20,000 ohms
R ;7 1360 ohms

!s 62 ohms
R tie_--50.000-ohm pot, ntiometer
R20 47.000 oho text

NI -2-pole, 6 -position miniature switch
S2 S.p.s.t. switch 'on R 15 t
S3- S.p.d.t. slide switch

-106-ntli. 4-iransistor, imported audio ampli-
fier n Layayette C 01)42 or similar)

I- -6" .v 5" .v 4" utility cabinet
.11/se. Rubber feel n 4 ! 4".10114: 4:6 .0 'Meer,

2). handle, Grille chilli. pointer knob ior SI,
circuit board, :.'ire, solder. battery Hip. h".

.11e. ssnn. s IIell10.cop. demodulator prober );
rr,e illo,r-ripe direct probe
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USING THE SIGNAL TRACER
To signal -trace the r.f. and i.f. stages of a
receiver, use a demodulator probe at the in-
put binding posts. Set the dial of the receiver
under test to a local station, or apply a signal
at the receiver input using a signal generator.
Then turn the receiver on.

For aural signaltracing turn on the signal
tracer, set its sensitivity control to 1 my, and
advance the volume control as necessary for
comfortable listening. Starting at the receiver
antenna coil, touch the probe tip in turn to the
input and output of each stage in the receiver
through the audio section. When you lose the
signal, the difficulty lies in the stage just pre-
ceding the last test point. You can get an indi
cation of the gain of each stage by the amount
the sensitivity and gain controls must be re-
duced to maintain equal volume.

For visual monitoring, the audio amplifier can
be turned off and the signal voltage read on
the panel millivoltmeter. or on a scope con-
nected at the output binding posts. You can
also monitor the incoming signal at these
binding posts with a pair of headphones.

To use the signal tracer as an audio amplifier
for a microphone, tape recorder, phonograph.
etc., connect the source to the input terminals
with a shielded cable or direct probe, and use
either the internal speaker or external remote
speaker for listening.

Circuit Description. The signal tracer
(Fig. 1) consists of a step attenuator
(RI through R5), a three -stage pream-
plifier (Q1 through Q3). a meter ampli-
fier ( Q4) and bridge, and a packaged
audio amplifier and speaker.

An input signal is attenuated as neces-
sary by the setting of S / before it is ap-
plied, through C2, to the gate of FET
QI, biased by R7. The amplified output
at Q1's drain is direct -coupled to the
base of Q2. biased by the drop across
R9. The output at the collector is fed
through C5 to the base of Q3, biased by
RI3, and to the audio amplifier module
through C4 and gain control R/5.

A signal at Q3's collector can be moni-
tored at OUTPUT binding posts BP3 and
BP4, across coupling capacitor C7, and
is also fed through C6 to the base of
Q4, biased by R16. The amplified output
at the collector is applied through C/O
to the bridge rectifier and the meter
(M1) circuit for measurement.

The entire unit is powered by a 9 -volt
transistor battery, controlled by S/ and
S2. Switch S3 serves to disconnect Ml
from the circuit when the meter is not in
use. Potentiometer R19, in series with
limiting resistor R20, permits easy cali-
bration of the meter.

Fig. 3. After you have
laid out the cabinet,
and drilled or punched out
the necessary mounting
holes, secure the carrying
handle and then install
the speaker, meter,
and other components shown.

St

Since a 50-pA meter must be used for
MI, its scale has to be replaced with
that of a 1-mA meter, or recalibrated for
1 -mV full scale. The dial can be calibrat-
ed simultaneously with the unit after as-
sembly.

Construction. Lay out and drill the
holes in the metal cabinet according to
the dimensions given in Fig. 2. If you
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plan to use a larger cabinet or a dif-
ferent voltmeter, be sure to make the
necessary changes in the dimensions be-
fore proceeding with the construction.

After drilling and cutting the holes,
deburr them using a fine file, and then
spray on a coat or two of light gray

ttir.i , ..  g 000000
- 1; - - , V

1111411.11111111r:f
o4  

I /NW

Fig. 4. Layout is not critical
but do not dress the input
and output leads near each other,
to prevent feedback. You can
rearrange the parts as you wish
for improved appearance.
Resistors RI through R5 are
mounted directly on Si.

paint and allow it to dry thoroughly.
Label all controls and binding posts with
decal lettering, then seal the lettering
with a few coats of clear plastic spray
or clear lacquer.

Refer to Fig. 3 and install the handle,
speaker and grille, rubber feet, battery
clip, voltmeter, binding posts and switches
as shown. Before you install switch S/,
it must be prewired and assembled with

1968 Spring Edition

the attenuator resistors (R1 through
R5) in accordance with Fig. 1. Observe,
also, that S2 is mounted on potentiom-
eter R15.

Mount the audio amplifier module on
one side of a x 3" perforated cir-
cuit board (see Fig. 4), isolating the am-
plifier with '2" -long standoff spacers.
Assemble the circuit board following any
convenient layout. The one shown can be
used as a guide. Keep all leads as short
as possible, and avoid crossing input and
output circuits to insure against oscilla-
tion.

Potentiometer C19 and capacitors C4
and C7 are mounted on the underside of
the circuit board. The easiest way to
handle this mounting problem is to con-
nect one end of each capacitor to the
board before it is mounted, and connect
the other end after the circuit board is in
place. Be sure to observe all capacitor
and diode polarities.

Using the terminal screws that come
with the meter. secure the circuit board
to the back of the meter housing with
' i" spacers between the two surfaces to
isolate the board from the meter. Com-
plete the rest of the point-to-point wir-
ing, following the schematic (Fig. 1).
Now install the battery.

Check the unit for overall operation
by applying a signal at the input and
observing the meter deflection, or try
monitoring the signal at the loudspeak-
er with all controls on.

Calibration. To calibrate the signal
tracer, flip meter switch S3 to its on po-
sition, turn off the audio switch on the
GAIN control, and set the SENSITIVITY
switch to 1 mV.

Apply a 1 -kHz, 1 -mV signal to the
INPUT jacks, and adjust potentiometer
R19 for full-scale deflection. If the meter
pegs, or if full-scale deflection is ob-
tained with R19 set to maximum resis-
tance, increase the value of R20 as neces-
sary to obtain 1 -mV full-scale deflection
with R19 at mid -range. If, on the other
hand, full-scale deflection cannot be
achieved with R19 at mid -range, reduce
the value of R20 as necessary. Lock or
seal the calibration pot (R19) without
disturbing its setting.

If precision resistors were used for
R1 through R5, the calibration for the

(Continued cm page 152)
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THIS INEXPENSIVE ADDITION TO A SINE -WAVE GENERATOR
PRODUCES FAST RISE -TIME

SQUARE WAVES OF THE SAME FREQUENCY

By LESLIE SOLOMON, i,,chnicol Editor

MOST EXPERIMENTERS either have,
or have access to, conventional au-

dio frequency sine -wave generators.
However, there may come a time when
you are finishing some project and the
instructions call for the use of a square -
wave signal-but you don't have a
square -wave generator! After being hit
this way a couple of times, the author
decided to either buy a composite sine/
square wave generator, or cook up some
circuit that could be used with an exist-
ing sine -wave source. The result is shown
in the diagram below.

The circuit is a conventional two -tran-
sistor Schmitt trigger having a built-in

IN

0
ICOE

(-`0E

',"N4,_ 4

100YR 47K

..4 4

.110K

25ur

OUT

0

GROUND LEAD

The incoming sine waves play a dual role: they
trigger the Schmitt circuit and supply d.c. power.

power supply with both signal and a.c.
power derived from the output signal of
the audio generator. Operation of the
Schmitt trigger is such that the frequen-
cy of the output square wave is the
same as the frequency of the incoming
sine wave. Unlike a bistable multivi-
brator, commonly used in squaring cir-
cuits, the Schmitt circuit does not divide
the frequency by two. Also, rise time is
excellent.

Input signal requirements are rather
broad. The circuit will accept almost any
source of a.c. between 50 and 15,000 Hz,
with a voltage level between 0.5 and 10
volts r.m.s. Output signal level is a func-
tion of input signal level.

Component values are not critical and
may vary broadly from those shown in
the schematic. If npn transistors are
used, reverse the polarity of the rectifier
diodes and the electrolytic capacitors.
In fact, a little experimentation with
various values of resistors and capacitors
will teach you a lot about Schmitt trig-
ger operation. The rectifier diodes can be
any type, of almost any voltage or cur-
rent ratings, that you happen to have
on hand.

Mounting is up to the builder. Sev-
eral units have been made, ranging from
small PC boards that can be directly
plugged into the output jacks of the sine-
wave generator to perforated board
projects that are mounted within the
generator and provided with separate
output terminals.
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PNP4, NPN

MAX. CURRENT ADV

OFF ON

POWER

BREAKDOWN REVERSE VOLTAGE
TRANSISTOR AND DIODE TESTER
FOR EACH different transistor param-

eter, there is a test procedure that can
be set up and followed in order to predict
a transistor's ability to live up to its
specifications. While there are many dif-
ferent specifications for a transistor, not
all of them must be up to par in any one
application. For most applications, it is
usually sufficient to know that a transis-
tor will work in a given circuit, without
being too concerned about the transis-
tor's capabilities in excess of the circuit's
requirements. Quite often you can take
advantage of the commercially accepted
tolerance of ratings by going through a
batch of less expensive transistors and
selecting those that will work in your
circuit.

For example, if a transistor is rated to
withstand a reverse voltage across the
collector and base elements of, say, 100
volts, you wouldn't care whether or not
the transistor breaks down at 75 volts
when the most voltage it will see in a

NONDESTRUCTIVE
"ONE-SHOT '
SCOPE TECHNIQUE
USED TO
REVEAL SEVERAL
CHARACTERISTICS
AT ONCE

By CHARLES D. RAKES
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SWITCHES
UP - PNP
DOWN-NPN

Fig. 1. Reverse voltage is applied altenately across the emitter -base junction and the collector -base
junction of the transistor under test by the combined action of diodes Dl and D2 on the a.c. voltage
from the transformer. Transistor Q1 acts as a current limiter. Potentiometer R4 can be adjusted to limit
maximum current flow to a predetermined value. Zener diodes and other diodes as well as neon lamps
can be checked out with this adapter. Output voltages are fed to an oscilloscope for interpretation.

given circuit does not exceed 9 volts.
But you wouldn't want to put this tran-
sistor into a 90 -volt circuit. By the same
token, if the transistor checked out at
120 volts, there's no reason why you
couldn't insert this component into a
110 -volt circuit.

Many fine, inexpensive transistor test-
ers are available that can predict gain
and leakage, but none of them can tell
you anything about the figure for reverse
breakdown voltage. One way to check
reverse breakdown voltage is to gradual-
ly apply an increasing amount of voltage
until the transistor breaks down. Once
you do that, you will know what the
breakdown voltage is, and you will also
have to junk the transistor. It's like test-
ing a fuse to find out how much current
it will take to make it pop. There is no
trick to a destructive -type test and there
is a point of no return that most of us
would object to. The way to avoid de-
struction of solid-state components even
in the presence of potentials in excess of
the breakdown voltage is to limit the
amount of current to prevent thermal
runaway.

If you have an oscilloscope, you can
take a page out of a transistor manufac-
turer's notebook ; and if you build the
simple, low-cost circuit presented here,
120

EMITTER -TO -BASE COLLECTOR TO BASE
VOLTAGE VOLTAGE

-100 -50 0 -50-4----1 -100

, SQUARES

0

loopA

BVEBO BVEBO

LIMITED TEST CURRENT -

Fig. 2. Trace obtained when testing a good transis-
tor can be analyzed as follows: left portion of
curve shows what happens when reverse voltage is
applied across emitter -base junction; right side
indicates collector -base junction characteristics.
Trace also shows cutoff and reverse current.

you can perform a non-destructive test
to check both emitter -to -base reverse
breakdown voltage, and collector -to -base
reverse breakdown voltage. With this
circuit, you will also be able to deter-
mine emitter cutoff current and collector
cutoff current. All four of these parame-
ters can be ascertained from a single
scope trace, in a "one-shot" type of test.
The procedure is rapid and lends itself to
mass production techniques.

As a sort of bonus feature, this same
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PARTS LIST
B1 1.4 -colt mercury battery
1)1, 112-- 1.V.347 diode
1,11- 2.V398.I transistor
Iil-1700-ohon. 2 -watt resistor
R2 110,000 -ohm, 4 -wall resistor-sec text
k3 3300 -ohm, !,;-watt resistor

50,000 -ohm potentiometer
R5 -10,000 -ohm, 1/2 -watt resistor
1M -90,000 -ohm, !.--,-watt resistor
R7 -10,000 -ohm. !A -wall resistor
Sl-S.p.s.t. switch
52. 53, 54-D.P.d.l. switch
TI-Power transformer: primary. 117 volts; sec-

ondary, 250 volts with center lap I Stancor
P.S8416, or similar)

Misc.-- Terminal strips, binding posts, chassis,
hardware, etc.

test procedure will let you determine the
zener voltage of zener diodes, the reverse
breakdown voltage for low -peak -inverse -
voltage diodes, and both the firing and
holding voltages of neon lamps.

How It Works. With this test circuit,
units under test are subjected to a maxi-
mum reverse voltage of about 100 volts.
The "maximum -current" range is adjust-
able from approximately 20 IA to 5001'A.
The amount of maximum current that

Fig. 3. Layout of components
is not critical. Two
resistors are shown connected
in parallel to obtain
proper value for R2. A 3 -gang
d.p.d.t. sw tch can be used
instead of separate switches for
S2, S3, and S4. Observe
polarity of 131, DI and D2.

can be safely passed through the transis-
tor under test depends upon the power
that can be safely dissipated in the
tested unit. If a large number of units
are to be checked, the voltage and cur-
rent limits can be grease -penciled on the
oscilloscope screen for a quick go -no-go
selection.

As shown in Fig. 1. switches S2, S3,
and 54 are in the PNP position, and the
anodes of diodes D1 and D2 are con-
nected to the emitter and collector test
jacks respectively. The base test jack is
returned to ground through current sam-
pling resistor R5.

The voltage developed across R5 is fed
to the vertical input of the scope through
test jacks marked V and G. The scope's
horizontal sweep is controlled by the
voltage that appears across the 10 to 1
voltage divider resistors R6 and R7 and
which is fed out through the terminals
marked H and G.

Emitter -To -Base Reverse Voltage. When
the top of T1 goes negative with respect
to ground, D1 conducts, and sends the
emitter voltage ( with respect to base )
of the transistor under test in the nega-
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-100V -50V -50V -100V
0

1000k

ZENER POINT

LIMITED TEST CURRENT

Fig. 4. Typical scope trace of good zener diode is
shown here. Right half reveals same information as
left half, and is actually redundant. Single -sided
patterns can be just as easily obtained See text.

tive direction and causes a downward de-
flection of the scope's trace when this
voltage breaks through the emitter base
junction. Keep in mind that this poten-
tial across the emitter and base is re-
verse voltage. Also, the voltage at the
top end of R6 and R7 at this time is
negative with respect to ground. As the
voltage swings in the negative direction,
the scope's spot travels from the center
of the screen towards the left to display
a horizontal trace.

The action of the scope's trace can be
understood by an examination of Fig. 2.
Note that as the negative horizontal
voltage increases the reverse voltage
across the emitter and base is also in-
creasing, and at about 75 volts the curve
drops sharply-this is the point of volt-
age breakdown.

During the time that the emitter -to -
base -junction is subjected to this reverse
voltage, D2 blocks the collector current

REVERSE VOLTAGE AND CURRENT
CUTOFF PARAMETERS

BV,: Collector -to -base d.c. breakdown re-
verse voltage with the emitter circuit open.
Collector current (I,.) should be specified.

Emitter -to -base d.c. breakdown reverse
voltage with the collector circuit open. Emitter
current (I,) should be specified.

len": Collector d.c. current cutoff when the
collector junction is reverse -biased with the
emitter circuit open. Collector base voltage
(V,) should be specified.

Emitter d.c. current cutoff when the emit-
ter junction is reverse -biased with the collector
circuit open. Emitter base voltage (V,,) should
be specified.

of the transistor under test and leaves
the collector in an essentially open -cir-
cuited condition. This open -circuit condi-
tion satisfies one of the requirements for
determining the specification for reverse
voltage breakdown.

During the time that the applied volt-
age is in excess of the breakdown volt-
age, current is limited to prevent de-
struction of the component under test
by the action of circuit Ql, R3, R4, and
El. Potentiometer R4 can be adjusted to
increase or decrease the maximum cur-
rent.

As the voltage across the secondary of
T1 swings back to zero, the spot on the
screen retraces its path, and returns to
its central point on the zero reference
line.

Collector -To -Base Reverse Voltage. When
the polarity of the a.c. voltage across T1
reverses, a positive voltage appears
across R6 and R7 and pulls the spot
horizontally from the center of the
screen to the right. The positive voltage
on the cathode of D1 also blocks the
emitter current of the transistor under
test, effectively opening the emitter cir-
cuit. The negative voltage on the anode
of D2 now completes the collector -to-
base circuit through Ql. The trace on the
right side of the scope indicates the col-
lector -to -base reverse voltage breakdown.
Here again the requirement for the third
element in a transistor to be open -cir-
cuited when checking for reverse voltage
breakdown is satisfied.

The same action takes place for an npn
type of transistor except that the polar-
ity of the reverse voltage is reversed and
the deflection of the trace will be up-
ward. Of course, switches S2, SS, and S4
are simultaneously flipped to the NPN
position.

While the vertical deflection of the
scope's beam is a function of the voltage
drop across R5. the extent of this voltage
drop depends upon the current through
R5, the collector -to -base of Q1 and the
transistor under test. If the vertical in-
put of the scope is calibrated for 1 volt
per inch, a 1 -inch high trace represents
100 14 of current (100 14 X 10,000 c
= 1 volt).

The tilt on the left side of the trace
(Fig. 2) shows emitter -to -base reverse

(Continued on page 140)
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M NO HAM OR CB'ER should be with-
out" some type of r.f. signal indi-

cator for trouble -shooting and operating
transmitters, r.f. amplifiers, and oscil-
lators. A simple r.f. field strength meter
fits the bill nicely. This device is almost
as versatile in r.f. circuits as a multi -
meter is in d.c. and low -frequency a.c.
circuits. Furthermore, it is easier to use
and it is more compact than most multi -
meters.

For versatility, few field strength
meters that cost up to $15 have an ad-
vantage over the inexpensive unit de-
scribed here. The tiny "Sniffer" can
"tell" you when your transmitter is on -
the -air simply by "sniffing" (sampling)
your transmitted carrier. Off -the -air tun-
ing of low power transmitters is simpli-
fied when the "Sniffer" is used as a dum-
my load antenna. Also, this versatile
little test instrument can "sense" when
an oscillator is working correctly, and it
can respond to electromagnetic radiation
coming from r.f. circuits within its pick-
up field.

The Circuit. The "R.F. Sniffer" circuit
shown in Fig. 1 is a voltage doubler type
of detector, formed by capacitors Cl and
C2 and diodes D1 and D2. This type of
circuit provides almost twice as much
sensitivity as would be obtained from a
single -diode detector.

BUILD A HELD STRENGTH
ME -ER FOR LESS THAN $6

By J. C. GILLESPIE

Resistors R1 and R2 and capacitor C3
form a filter network which tends to
smooth the rectified voltage to the meter
to provide a steady pointer deflection.
Unless the meter circuit is calibrated
to yield a specific reading at a set dis-
tance from a circuit of known power,
the reading obtained will be only of a
relative nature. However, this circuit
is typical of the type used with commer-
cially available tes: equipment, such
as voltmeters, oscilloscopes, and field
strength meters.

Construction. Almost any type of chas-
sis construction can be employed, but
keep component leads as short as pos-
sible. If you prefer a printed circuit
board layout, you can make your own
by using Fig. 2 as a guide. Parts place-
ment, however, is not critical.

Be careful to observe the proper polar-
ity when connecting Dl, D2, and the
meter into the circuit Since the "Sniffer"
is to be used at r.f. frequencies, select
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'.69'-')

INPUT)
.1:R3

irmi.)
C2

...04H1 100pF
R2

MOIL

Fig. 1. Values shown for Cl. C2 and C3 are for
frequencies up to about 3 MHz. For higher fre-
quencies, smaller value capacitors are required.

PARTS LIST
Cl, C2 di,t (apt. it.
C3 -0.1101-µF disc capacitor
1)1. 1)2- I.Vo3 point -contact diode

u.1 Int ter
RI. R2 Jun-ohoi, 1A -watt resistor
R3-52- or 75-ohnt, 1 -watt carbon con:position

recistor--.s, r text
Misc.- Printed circuit or perforated phenolic

board. five -way hindini: posts or Meld -pacers,
2 ) snLh r, hardzeare, etc.

point -contact type diodes for D1 and
D2. In applications where the frequency
is higher than about 3 MHz, the values
for C1, C2 and C3 should be considerably
smaller than shown in Fig. 1.

Fasten five -way binding posts, or a
pair of 1" -long threaded metal spacers
as shown in Fig. 3, to the "Sniffer" to
serve as input terminals.

Applications. A 6" length of hookup
wire, when connected to either of the
input terminals, acts as an antenna
which should produce a good r.f. voltage
indication on the meter. Simply set the
"Sniffer" near an r.f. amplifier or a trans -

2
DI D2

R2 RI

Fig. 2. Component side of actual -size printed cir
cuit board with "see-through" view of foil side
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mitter antenna to obtain a reading. In
order to prevent loading and other inter-
actions, do not place the "Sniffer" closer
to the test circuit than is necessary to
obtain useful meter readings.

If you want the "Sniffer" to indicate
the presence of electromagnetic radia-
tion, bend a 6" length of wire to form a
loop, and connect the ends to the inputs
of the "Sniffer." This setup is used in
much the same manner as you would
dip a grid dip meter into a test circuit.
In the case of miniaturized circuits
where dipping can be difficult, make a
smaller loop, but use twisted -pair wire.

For dummy load antenna operation,
solder a 52- or 75 -ohm carbon composi-

Fig. 3. Mount foil side of printed circuit board
facing meter. Photo shows how coaxial cable and R3
are connected for dummy load antenna operation.

tion resistor (R3) across the "Sniffer's"
input terminals as shown in Fig. 3. (The
characteristic impedance of the transmis-
sion line will determine the value of the
resistor needed.) Then connect the cen-
ter conductor to the input terminal ad-
jacent to Cl and the shield of the trans-
mission line to the other input terminal.
For use with transmitters capable of
more than 1 watt of output power, con-
nect two resistors in series, but wire
the transmission line across only one of
the resistors: the modification will safe-
ly withstand two watts of power.

If you are a ham, CB operator, hobby-
ist, or technician, you'll soon find the
"R.F. Sniffer" indispensible for quick
checks of r.f. equipment. Its light weight
and small size make it convenient for
mobile use.
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VOM FET = TVM

W OULD YOU USE an ordinary low -
input impedance VOM ( volt-ohm-

milliammeter ) to make essential voltage
measurements in high -impedance cir-
cuits while your VTVM 1 vacuum -tube
voltmeter) was sitting idly on your
workbench? Of course not. But what do
you do if you don't have a VTVM? You
can step up the input impedance of your
VOM by interposing a suitable device
between the circuit under test and the
VOM. Such a device a FET VOM-to-
TVM converter-can be built for about
$10.00.

So long as your present VOM has a
0-50 to 0-100 fiA d.c. full-scale range, it
can be made to exhibit an input imped-
ance on the order of 10 megohms even
on low d.c. voltage ranges with the aid
of this converter. If you want to mea-
sure a.c., you can achieve an input re-
sistance of about 1 megohm by simply
using a rectifier probe with the con-
verter.

Battery operation of the converter and
the VOM make the combination into a
portable "VTVM" independent of a 117 -
volt power line- -an advantage most
VTVM's do not have.

BUILD SIMPLE ADAPTER
TO MAKE YOUR VOM
ACT LIKE A
$200 TRANSISTORIZED
VOLTMETER

By JAMES RANDALL

How It Works. Figure 1 shows the cir-
cuit diagram for the converter. Resistors
R1 through R4 comprise a 10-megohm
voltage divider used for range selection.
The N -channel field-effect transistor

FET ). QI, in a source -follower config-
uration isolated by R.5, acts like a high -
impedance to low -impedance matching
device, and also forms one leg of a
bridge circuit.

The other legs of the bridge are made
up of source resistor R6. potentiometer
R9, and resistors and RIO. Potenti-
ometer R9 zero -sets the meter ( balances
the bridge ) to comoensate for the cur-
rent through R6 and Q1 when no volt-
age is applied to the test probes.
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PROBE

DC
INPUT

GND

S

01

DC)

RI
9 MEG
J2

- R2
900K

R3 R4
90K OK

01 Rii
FET 6.4V 390n

MPF105

5N

Re
2K

J3 J4

.v.m.v000T PUT R9
R7

25K MI

EXTERNAL
VOM

IK BI

RIO
L1K

Fig. 1. High -impedance characteristic of field effect transistor permits 10-megohm voltage divider to
come between the circuit under test and a VOM. Divider sets up 4 voltage ranges from 0.5 volt to 500 volts.

Operating power is supplied by Bl,
and stabilized by zener diode D1, to main-
tain calibration accuracy for a longer
period during the life of the battery.
Battery end voltage in this instance is
about 6 volts.

To measure a.c. voltages with any
d.c. instrument, it is first necessary to
convert the a.c. into d.c., which is then
measured by the instrument. A suitable
circuit for making this conversion is
shown in Fig. 2.

PARTS LIST
-9-volt battery

C I- -0.05-AF, 6011 -volt ea pacit or
6.2-vod, 1.1 -watt _,n,, diode

1)2--1X-1044.5 diode, or similar
J1, 12, 13, 14 --Input and output jacks or binding

posts
(II Motorola .111'1'1(45 firld-e fire' transistorill 9 megolims.
1/2 900.000 ohms, ±5';
113 90,000 ohms, zt5r;
114 I0,000 ohms, -1-3,,;
R3 I megohm, ±-21).,;
Rn 15,01I ohms, ±5';
1/7 25,000 -ohm miniature potentiometer
RS 20(44) ohms. ;

1000-ohin miniature potentiometer
R 11(411 ohms, -.±5'.4
R I i 104) Ohms. ±10';
R12 270.000 ohms, ±
R13- -680,000 ohms, ±
,SI Single -pole. 5 -position, non-shorlinz rotary

'2
switch

S.p.s.1. slide switch
N.1 D.p.d.l. slide switeh optional
I 3" x 4" x 5" utility cabinet s,, le .V1
I 2 ' x 21,- perjorated circuit bo.ird -see

.v1

Mise. Rubber fvf I ( 4 1, cabincl handl, , bailers
(lip, knobs, wire, solder, "1."-bearkets 121

resistors

The r.m.s. values of a.c. voltages from
power line frequencies to r.f. can be
measured by using this circuit ahead of
the voltage divider in the FET convert-
er. The limit of the maximum voltage
which can be measured is determined
primarily by D2, which is used as the
rectifier. Input coupling capacitor Cl
can have a 400 -volt rating or higher, as
desired. Resistors R12 and R13 should
be precision 1',; types, or selected from
5',; resistors to obtain accurate values.

Construction. You have a number of
choices in constructing the FET VOM-
to-TVM converter. The unit can be built
in the form of a probe, or built as a plug-
in unit, or as a bench -type accessory
and housed in a small utility cabinet.
The choice is a matter of convenience,
and depends essentially on the availabil-
ity of the necessary miniature compo-
nents as well as on the particular VOM
with which it will be used. For example,
if you can get a miniature selector
switch not over one-half inch in di-
ameter for Si, as well as miniature po-

(Continued on page 148)

CI

.050F
AC 600V
INPUT

DC
OUTPUT

Fig. 2. This simple rectifier probe can be assembled
to measure a.c. voltages. The probe's impedance
(about 1 megohm) varies inversely with frequency.
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BUILD THE
ELECTRONIC FREQUENCY METER

. . . AN DEAL INSTRUMENT
FOR THE ACCURATE MEASUREMENET

OF AUDIO AND ULTRASONIC FREQUENCIES

By WALT HENRY

HERE'S AN ACCURATE, low-cost elec-
tronic frequency meter that's sure

to delight the hearts of engineers, tech-
nicians, and experimenters alike. Direct
reading, the instrument measures the
frequency of audio and ultrasonic volt-
ages from 100 hertz to 100 kHz, over
wide ranges of input signal levels, and
displays the frequency count on a front
panel meter.

To measure an unknown frequency,
you simply connect the signal source to
the instrument's binding posts, rotate
the frequency switch to the desired
range, and presto! You read off the fre-
quency from an expanded scale meter.
Nothing could be simpler.

Fully transistorized and battery -oper-
ated, the audio frequency meter counts
sine waves, square waves, or pulses. You
can build it for less than $30!

How It Works. The circuit (Fig. 1)
consists essentially of a two -stage, high -
gain squaring amplifier (Q1 and Q2), a
regenerative switch (Q3 and Q1). a
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single -stage meter amplifier/driver (Q5),
and a milliammeter (MI).

An input signal at binding posts BPI
and BP2 is limited by diodes Dl and D
before it is applied to the base of QI ,
the first squaring amplifier. The limiter
operates at signal levels between 0.5 volt
peak -to -peak (0.17 volt. r.m.s.) and 85
volts peak -to -peak (30 volts. r.m.s.).
thereby protecting the amplifier in the
presence of large input signals, eliminat-
ing any need for an input level control.

Transistor Q1 is biased by R5 bypassed
by C3. and its high -gain characteristics
alternately drive Q2 into saturation and
cutoff, even with relatively low input sig-
nals. Thus, the waveform at the collec-
tor of Q2 is essentially a square wave.

The square wave is then differentiated
by the combination of resistor R13 and
capacitor C4, C5, C6, or C7, depending on
the frequency range selected. The dif-
ferentiator output is a series of alter-
nately positive and negative spiked pulses
that are applied across D3 to trigger the
multivibrator (Q3 and Q4). The purpose
of diode D3 is to remove the negative
portion of the pulses, so that only the
positive spikes appear at Q3's base.

In the absence of a trigger pulse, tran-
sistors Q3 and Q4 are in the saturated
on state, and their output current biases
Q5 to off. When a trigger pulse arrives,
however, Q3 and Q4 are turned off, the
reverse bias on Q5 is removed, and cur-
rent flows from Q5's collector through
the meter. Once off, @3 and Q4 remain off
until the timing capacitor (CS, C9, C10,
or C11) charges through its timing re-
sistor ( R9, R10, RI1 or R12) to turn on
Q4 again.

As Q4 turns on, its collector current
flows through the base of Q3 and is am-
plified by this transistor. Amplification
of Q4's base current results in a further
increase in collector current. Thus, a
very fast regenerative switching action
takes place as Q3 and Q4 turn on to dis-
charge the timing capacitor and ready
the circuit for the arrival of the next
trigger pulse.

The current to the meter consists of a
series of pulses at the collector of Q5.
Pulse width will be constant on each
range, but the higher the input frequen-
cy, the more pulses appear in a given
time, and the average current is in-
creased. The inertia of the meter move-
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DRILL TO SUIT ME TER --11. Fig. 2. If you use the suggested 8" x 6"
x 31/2" aluminum box, lay out and drill
the holes following dimensions given.
The diameter of the meter opening and
location of the mounting holes are de-
termined by size of instrument selected.

PARTS LIST
Bi- 9 -soil ball) re
111'1, 131'2-.5 -way binding post
('l, C2-20-uF, 30 -volt non -polarized electrolyt-

ic capacitor (('ornell-Dublier BRNP 20-30, or
similar)

C3-100-aF, electrolytic capacitor
44-220-pl, mica capacitor
C.5-0.001-srF, 11)0 -roll disc ceramic capacitor
r6-0.01-uF, 100 -volt disc ceramic capacitor
C7-0.1-aF, 100 -volt disc ceramic capacitor
C8-330-pF, 100 -roll mica capacitor
C9 -0.0047 -AF, 100 -roll mica capacitor
CIO- 0.047 -AF, 100 -volt lobular capacitor
(.11- 0.47-uF, 100 -volt tubular capacitor
C12 47-oF (or 50-uF), 10 -volt electrolytic ca-

pacitor
13-0.02-pF, 100 -roil disc ceramic capacitor

1)1, 1)2. 1)3, 04- -1N270 diode
/)3 -Leiser diode, 5.6 volts 11.752.1 or IN3513

or equivalent I

( All
IR4-56 ohms resistors

R6-39,000 ohms-sec text
R7- -2200 ohms

1/2watt,
- 10%

RU, R10, R11, R12-8200 ohms-see text
R13. RIX-- -10,000 ohms
R14-- -5600 ohms
R19-330 ohms
R20 -5000 -ohm potentiometer (Bourns 3067-S,

or similar)
SI -5-position, 3 -pole rotary switch (Mallory

13251- or .similar)
1- 3" x 6" x 3!.," aluminum box
Misc.- 4 -pin terminal strips ( 3 I. -0.1" x 2.Y"

perforated phenolic board. Ilea clips, battery
holder. wire, colder, etc.

.I// //r.1 urillidunuetcr
01,02.03,05-2N-104 transistor
(14 2.\ 333 transistor
RI, R5, RS, R15, Rio, R17-1000 ohms
R2-470 ohms
R3--15,000 ohms
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ment and the filtering action of C12 cause
the meter pointer to move smoothly
rather than oscillate with the pulses. Po-
tentiometer R20 sets the basic calibra-
tion of the instrument.

Zener diode D5 regulates the supply
voltage so that an aging battery, for ex-
ample, will not cause any abrupt change
in the calibration of the instrument.

Construction. The ideal size enclosure
for the radio frequency meter is an 8" x
6" x 31:i" aluminum box. The meter,
range switch, and input binding posts
are mounted on the front panel, which
can be laid out and drilled as shown in
Fig. 2. The layout for the bottom plate
shows mounting holes for four rubber
feet, the battery holder, two terminal
strips, and the phenolic circuit board
which mounts the small parts.

A three -lug terminal strip, mounted on
the range switch ( see Fig. 3) , serves as

Fig. 3. The frequency -determining
components can be assembled on the
back of the switch, and the entire
assembly mounted on the front panel.

connecting terminals for the timing re-
sistors (R9, R10, R11, and R12) and ca-
pacitors (C8, C9, C10, and C11) as well
as for the differentiator network capaci-
tors (C5, C6, and C7), all of which are
mounted on the back of the switch. How-
ever, the timing resistors should not be
permanently connected to the switch un-
til their final value has been determined
during calibration.

A convenient, though more expensive,
alternative is to replace the timing re-
sistors with miniature -type 15,000 -ohm
130

potentiometers to achieve greater flexi-
bility of adjustment during calibration.
If you do use potentiometers, mount
them on the circuit board instead of on
the switch. Incidentally, the switch has
five positions, although only four of these
are used for range selection. The first
position is your power on -off control.

Capacitor C12 is mounted directly
across the meter terminals; be sure to
observe polarity. Except for input capac-
itor Cl. coupling capacitor C2, resistors
R1 and R2, and diodes D1 and D2-which
are mounted on terminal strips-all oth-
er parts are assembled on a 4-3%" x 2-3"
perforated phenolic circuit board. Do not
solder R6 permanently in place at this
time, since its value may have to be
changed during calibration. Note that
sockets are not required for mounting
the transistors, although they were used
in the author's model of the unit. Also.
other high -gain, fast -switching transis-

R12
CIO

C9
CI I

C5

tors can be substituted for the types
indicated.

After assembly, the board is mounted
vertically on the chassis as shown in
Fig. 4. But be sure to keep it at least a
half -inch away from the back panel or
other metal surfaces in order to minimize
stray capacitance.

While, in general, the circuit layout is
not critical, it is important that you iso-
late the leads to the amplifier input from
those going to the meter, to prevent
cross -coupling. Also, run ground leads
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from the various points in the circuit to
a single ground lug on the chassis. The
lug can be secured under one of the
screws.

Checkout And Calibration. After you
have carefully checked all your wiring,
insert the battery in its holder and turn
the range switch to the 100 -kHz posi-
tion. The meter pointer should suddenly
deflect up -scale and then settle down
back to zero. With the positive lead of

01

GND
LUG

0i
04

your voltmeter at ground (chassis),
measure the voltages at the emitter and
collector of transistor Q2. Ideally, the
voltage at the collector should be twice
the voltage at the emitter, although in
practice this ratio is difficult to achieve.

If this voltage ratio cannot be achieved.
within reasonable limits, alternately low-
er and raise the value of R6 as necessary.
Once the final resistance value has been
determined, solder this resistor in place
permanently.

Now set the range switch to the 100 -
Hz position and connect a 60 -Hz signal
across the input binding posts. An ac-
curately calibrated audio signal genera-
tor can be used as the signal source, but
the signal amplitude should be at least
1 volt peak -to -peak (0.4 volt r.m.s.). A
6- or 12 -volt filament transformer con-
nected to the a.c. power line can also

be employed as a 60 -Hz signal source.
The meter should give a reading when

the test signal is applied to the binding
posts. Adjust R20 for a reading of exact-
ly 0.6 on the dial. Thus, the range set-
ting (100 Hz) times the meter reading
( 0.6) gives 60 Hz, the input frequency.

To calibrate the 1 -kHz, 10 -kHz, and
100 -kHz ranges, you'll need an audio os-
cillator. However, to obtain an accurate
calibration on each range, it will be nec-
essary for you to adjust the value of the

Fig. 4. Wien mounting the circuit
board, pos tion it at least 1/2" above
bottom plate and away from back
panel, to minimize stray capacitance.

timing resistor for each range. Thus, R9
is adjusted for the 100 -kHz range cali-
bration, R10 for the 10 -kHz range, and
R11 for the 1 -kHz range. If potentiomet-
ers are used in place of resistors, cali-
bration will be quite simple.

Operation. To operate the audio fre-
quency meter, simply connect the signal
whose frequency is to be measured to
the input binding posts. Caution: Since
the input capacitor. C/, is rated at 30
volts, do not apply higher level signals to
the instrument.

Turn the range switch clockwise from
off until you get a meter reading be-
tween 0.1 and 1.0. The exact signal fre-
quency is determined by multiplying the
reading indicated by the setting of the
range switch. After use, turn off the in-
strument to save the battery.
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METHODS 1

THE BEST OF TIPS & TECHNIQUES
(GADGETS}

MAKE YOUR OWN WIRE PIGTAILS
TO SIMPLIFY COMPONENT REPLACEMENT

If you don't have a supply of the commercial-
ly available pigtails ("Kwikette") made by
Sprague, you can whip up a few of your own.
minus the solder (the commercial units are
coated with solder). A pigtail serves as a
small coupler between the lead of an original
component being replaced and the replace-
ment component lead. To make one, you

simply wind a
short length of
22-AWG hare
wire around a
sewing needle
or another stiff
piece of wire
of appropriatediameter.
Make it loose
enough to fit
over the com-
ponent leads
easily. When
replacing a

component on a printed circuit hoard, leave
as much of the original component's leads
as possible on the board. Solder the pigtail
in place, but do not allow the old leads to
shift their position if they become momen-
tarily desoldered. If possible, heat -sink the
old component leads with a pair of pliers
when applying heat. - -Louis H. Phelps

FIBER OPTICS CAN PUT LIGHT WHERE
YOU WANT IT-EVEN AROUND CORNERS

Use a soldering gun on a component you can-
not see, and more harm than good can come
of your work, especially if the component is
a transistor which is easily (1:1 nwranged by he:I t
There are plastic fi-
ber optic light guides
available that will
light your way with a
pencil -thin beam of
light so that you can
work in the tightest
and most poorly lit
areas of a chassis.
When light is focused
on one end of a light
guide, it is transmit-
ted to the other end with very little loss in
intensity, even if the guide is bent in a circle.
A small penlight flashlight can be used as a
light source, and an alligator clip can he
taped to the light guide so that you don't
have to hold the guide while you're working.
One source of fiber optic light guides is Ed-
mund Scientific Co., Barrington, N.J.; they
cost about 65 cents a foot. -E. S. Connor:,
132

EYE SCREWS SUPPORT

BREADBOARD COMPONENTS

When breadboarding. use an assortment of
ordinary eye screws of the type available in
5 & 10 and hardware stores to mount your
potentiometers, switches, phone jacks, bind-
ing posts, etc.,
as shown in the
accompanying
photo. Deter-
mine, by trial,
the right size
eye screw for
the component
being mounted.
If necessary,
open up the
screw eye a bit with a pair of pliers. Then.
after planning your layout, insert the screw
far enough into the breadboard to support
the component that is being mounted.

Trait [fur

PLIERS MAKE SHORT-ORDER WORK OF
STRIPPING INSULATION FROM WIRE IN A PINCH

Trying to wiggle a pair of diagonal cutters
into a tight area to strip the insulation from
a wire while at the same time trying to avoid
damaging nearby components can he a frus-
trating experience. Here's a tried-and-true
method for stripping plastic or shellacked -
cotton insulations from solid wires (it seems
to be a flop on stranded wires). You simply
crush the insulation in the jaws of a pair of
pliers. Then you can easily snip away the
split insulation from the undamaged wire.
Incidentally, this technique is one way of
dealing with stubborn "space age" Teflon in-
sulation. -Winston Thorp

TIN CAN OVEN
KEEPS TUBE TESTER HONEST

You can improve the reliability of your tube
tester with a tin can oven that simulates theliving and
working condi-
tions of a vac-
uum tube. Line
the inside of
the can-beer,
frozen juice,
etc.-with as-
bestos and, aft-
er inserting the
tube in the
tester, place
the can over
the tube. Allow a few minutes for the tube to
warm up before testing. -H. R. Rosenblatt
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OW...TH
A COMP CTION I , YE BO S, DIREC

AND HANDBOOKS from the world's largest publisher of special interest magazines.

Take a moment to review the
titles and issues currently

available. You're sure to find
many of your favorites to help

complete your library.

L.- POPULAR PHOTOGRAPHY'S WOMAN
An exciting insight into the world of beautiful
women by the great photographers of our time'
This 118 page collection of superb photographs
includes complete technical data and technique
used for each photo
1968

PHOTOGRAPHY ANNUAL

=62

The world roost distinguished photographic
annual and largest selling publication of its
kind A brilliant collection of the year's most
stimulating photos -212 pages -24 in full color
1968 =61
1967 =38
1966

PHOTOGRAPHY
Lists over 5 000 photographic items with coin
plete information on manufacturers model num-
bers. special characteristics and prices CornCo -

piled by the editors of Popular Photography

1968 =60

INVITATION TO PHOTOGRAPHY
A unique guide to better picture taking by the
editors of Popular Photography Basic down to
earth advice that helps you eliminate costly
trial and error. time consuming guess work 20
complete, fact and photo packed articles in all
1967 =52
1966 =35

BOATING Jan. 1968 Ann. Dir. Issue
Annual Directory of Boating including over

6.000 listings of boats, engines and equip
ment, prices and specifications for comparison:
plus special articles and features.
1968 =65

SKIING YEARBOOK
Provides you with the most authoritative and
detailed compendium of facts. figures and faces
that made skiing news in the past 12 months.
Over 164 pages.
1968 =55
1967 =

FLYING ANNUAL
Mos complete mast valuable .Via ion year.
boo/ ever compiled Over 164 pages of timely
!eater. vivid facts and figures sPecificellY
designed to upgrade your pilot prcficiency-
and the equipment you buy
1963 =57
196' =44

FLYING TRAVELGUIDE
Only complete useful fly in directory assembled
exclusively for pilots Includes data on airport
face ties, lodgings, prices. testaments, re
sorts, sightseeing, recreation. sport, activities
and children's fun
1962 =54
1963 =34

CAR AND DRIVER RACING ANNUAL
An almanac of competition informs run cov.r
mg the entire racing year. Feature stories of
indiridual races. personality wrap up on top
driven, box scores on every major merit through-
out the world plus many dramatic Argos
1967 TT63

CAR AND DRIVER YEARBOOK
The most exciting, most compreheisive auto
rno we fact book readable. A complete buyers
guile for domestic and imported nude's-road
tes s, accessories. and performance equipment
buying guide
1968 =51
1967 =40

CYCLE RACING ANNUAL
Ac ion photos-Race Results-Fad, on equip-
ment to use, clothes to wear-preyews of next
year's racing scene-in fact, everything you
need to keep track of today's fast -breaking
racing happenings
1918 =64

TAPE RECORDER ANNUAL
Tie only beers guide of its kind available to
tee brands and models on the market Over

132 pages of full information on over 250
node's phi, articles covering every aspect of

t ipe recordni.
1968 =59
1967 =42

SlEREO/HI-F1 DIRECTORY
( lent 180 page buyers guide to virtually every new
audio component on the market-amplifiers
dungers and turn tables receivers
tuners t Ise machines speakers. etc

P368 =56
2967 =45

EVEC TRON IC EXPERIMENTER'S
HANDBOOK

lie most fascinating and challenging construc
t on projects for the electronics hobbyist Over

48 cages_
968 Vlintc Edition =so
967 Spring Edition =49
966 Fall drtion =39
966 Sprint Edition
965 Fall dition

ELECTRONICS INSTALLATION &
SERVICING HANDBOOK

-he only complete guide for servicemen and
mbbyists b every melon phase of consumer
lectronics servicing Over 132 pages of the
atest elk onion information.

968 =58
967 =43
966 =37

C)MMUNICATIONS HANDBOOK
World's east complete guide to communica
ions 148 tact pecked pages of features by
minas in "ach category
1968 =53
1967 =47

TO PLACE YOUR ORDER, circle
the numbers of the annuals you
wish to receive on the coupon,
clearly print your name and ad-
dress and enclose your remit-
tance. Please be sure to enclose
an additional 15f shipping and
handling for each copy ordered.
Add 500 per copy for orders
outside U.S.A.

Zia -Davis Service Division-Department W 195 Broadway, New York, N. Y. 10012

I z fn enclosing $ for the annuals cycled behw. My remittance includes an
additional 156 per copy for sh opmg and handling (506 to orders outside U.S.A.). I under-
stand quantities are limited end orders will be filled on a first come -first served basis

31.25
6 CCH

1 9 32 34 35 36 39 42 43 4E 47 48 49
50 52 53 54 55 56 58 59 60 6: 63 64 65

PR NT NAME

1.50 38 40 44
51 57 61

ADDRESS

CITY STATE ZIP

PAYMENT MUST OE ENCLOSED WI -11 ORDER
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SECRET SWITCH

SAFEGUARDS YOUR EQUIPMENT

When you're not around, a hidden switch can
stop inquisitive people from playing with
your radio, TV, etc. Drill a hole in the front
panel of the unit you want safeguarded.
Mount a push -type switch on a U -bracket.
and screw the bracket to the rear of the
panel so that the switch is in line with the
hole. Then connect the switch to one side of
the power cord (leave the regular on -off
switch in the circuit). When you want to dis-

LEVITON*579
OR EOUIV.

connect the powe insert a metal or plastic
rod in the hole and press. To restore the
power, press again. The rod is the key to
your lock, so bend one end of it into a closed
loop and carry it around on your key chain.

-Carl Dunant

MAGNET CURES
"LINE CORDITIS"

Like most electronics enthusiasts, you prob-
ably have your fair share of power cords that
consistently and obstinately unwrap them-

selves from around

Nk your electronic
equipment when
}ou are moving it
from one place to
another, and try to
trip you up. You
can cure this "line
corditis" with a
small but powerful
magnet. Glue the
magnet to the cord

plug as shown in the photo. If your equip-
ment cabinet is made of aluminum or other
nonmagnetic material, bolt or glue a small
sheet of steel to it. Wrap the line cord se-
curely around the unit and place the magnet
against the steel plate. -D. E. Hausman

PIPSQUEAK IN SIZE
BUT MITE-T-LITE

A combination pilot light and dial light as-
sembly for battery -powered equipment can
be made with a short length of plastic tubing
and a miniature lamp-- such as the Sylvania

ML -202A Mite-T-Lite. First coat the leads of
the lamp with lacquer to insulate them: slot
the tubing and
slip it over the
lamp. Then
drill a hole to
fit the covered
lamp in line
with the dial
position indi-
cator mark.
Use a drop of
cement to hold
the assembly in
place. Since the
lamp operates at between 1 and 2 volts, if a
1 -volt source isn't available, connect a re-
sistor that drops all but 1 volt in series with
the on/off switch and lamp (about 330 ohms
for a 6 -volt battery). The Mite-T-Lite doesn't
add appreciably to current drain (15.5 mA);
and for its size (0.176" long and 0.055" in di-
ameter), it gives off a surprisingly bright
light. -William S. Gold

WEATHER STRIPPING PROVIDES FEET
FOR PROJECTS BY THE YARD

Foam rubber weather stripping, the type
used around doors and windows to prevent
drafts, can be transformed into excellent and
inexpensive rubber feet for your projects.
The strips are usually backed with an ad-
hesive that will stick to just about any clean
surface, so there's no need to drill holes in the
cabinet. Use a sharp knife or a pair of scis-
sors to cut the strips into small rectangular
or square pieces as required. Strip away the
protective backing, and stick the pieces to
the bottom of the cabinet. (With some types
of weather stripping, it is necessary to use a
reducing solution to make the pieces stick.)

-error Iferomr

TWO -FOR -THE -PRICE -OF -ONE

BATTERY HOLDER

The next time you need two D -cell battery
holders and find that you have only one on
hand, cut the holder in half and mount the
two halves on a piece of wood, or on your

0 -CELLS

chassis, spaced just far enough apart to accept
both cells. Use a tine -tooth hacksaw blade to
cut through the center clips of the hc.Ider.

-Art Trauffer
134 CIRCLE NO. 23 ON READER SERVICE CARD-)10. F.



Now at your RCA Distributor's:

All solid-state battery
operated voltohmyseWV-500A

Eliminate warm-up time! Eliminate Zero -shift
that can occur in tube -operated voltmeters!
RCA's new WV -500A VoltOhmyst is an all
solid-sta:e battery operated, completely
portable voltmeter that is ideal for service,
industrai and lab applications. Seven
overlapping resistance ranges measure from
0.2 ohm to 1000 megohms. Eight overlapping
dc -voltage ranges measure from 0.02 volt to
1500 volts (including special 0.5 dc volt range),
ac peak -to -peak voltages of complex
wave -forms from 0.5 volts to 4200 volts, and
ac (rms) voltages from 0.1 to 1500 volts. Input
impedance of all dc ranges is 11 megohms.

All measurements are made with a sturdy,
wired -in -single -unit probe with fully shielded
input cable. The probe is quickly adapted to
either dc measurement or ac and resistance
measurement by a convenient built-in switch.
And an accessory slip-on high -voltage probe is
also available to make possible measurements
up to 50,000 dc volts.

Solid-state reliability and convenience for
only $75.00*

See it at your Authorized RCA Test Equipment
Distributor, or write RCA Commercial
Engineering Department B141 -W,
415 South Fifth Street, Farrison, N.J.



PRETTY IT UP
WITH SPRAY PAINT

How about that last project? It didn't look
so hot in that transparent plastic box, did it?

But it might have
looked a lot better
if the box had been
painted. Next time,
spray the inside of
the plastic box (be-
fore mounting the
components) with
one of those plastic
paints which come
in a spray can. Spe-
cial paints are avail-
able in a wide vari-
ety of colors that

will adhere to plastic. Painting the inside of
the box hides all those scratches you might
get on the outside, and prevents loss of color-
ation from handling the project.

- William S. Gola

Jo-whogir

CLOCK CASE
BAFFLES SMALL SPEAKER

If you have an old electric clock that won't
tell you the right time, you might give it a
second chance to work for you. Remove the
clock parts and
use the cabinet
to house an
extra speaker
for your tran-
sistor radio orto make a
handy test
speaker in your
workshop.
Drill a few
holes in the
case to allow
the sound to come through. You can paint or
decorate the case to cover the original clock
markings and to make it fit in with your room
decor. -Homer L. Davidson

KEEP YOUR CW KEY CLEAN
WITH A "DUST COVER"

Here's a handy way to prevent dust from
"bugging" your key and to reduce the danger
of shocks where high voltage is present.
Take a com-
mon plastic
food container
that measures
about 21/2" deep
by 3" in diam-
eter, and cut
openings in it
to clear the
key, the short-
ing lever-if
any-and connecting cable. Then place the
container over the key. The resulting "dust
cover" can also house a click filter, if you use
one. Plastic food containers are available
from most dime stores for about 29 cents.

-Stephen Stone WN1FSU
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UPSIDE-DOWN SOLDERING TECHNIQUE
KEEPS PLUG TIPS CLEAN

One way to prevent short circuits between
the inner conductor and the shield of an
audio cable and to keep solder from building
up in the phono plug's tip is to pre -tin the
inside of the tip, and hold the plug upside
down when you apply the heat. You can do all
this with the aid of a piece of scrap phenolic

board or thin
piece of wood.
Drill a ,m" -di-
ameter hole in
the board to
hold the plug.
Feed the solder
into the plug's
tip and apply
heat to the end
of the tip only.
Allow a little
solder to flow
into the tip,

then insert the inner conductor of the lead.
The lead should be prepared and tinned be-
forehand. Do not use any more heat than
needed to just melt the solder. Solder the
cable shield to the outer conductor in the
usual manner. -D. Peterson
CONVERT PHONO MOTOR
INTO COOLING FAN

Heat build-up is perhaps the most trouble-
some problem in electronic equipment. Solid-
state devices must operate "cool" to prevent
thermal runaway and large
heat sinks may be inadequate. Wherever heat
build-up may be a potential cause of trouble.
a fan or blower should be used. If you have
an old phonograph or tape recorder motor
you might consider using it as a "fan." The
only other thing you need is a suitable fan
blade (see page 149 of the Lafayette Radio
Electronics 1968 catalog for sizes). Slide the
blade onto the motor shaft, tighten the blade
setscrew, and mount the assembly where
needed. A single fan of this type should pro-
vide adequate cooling for almost any elec-
tronic device in your home or workshop.

-Joe Riedel
SELF -STICK FELT PROTECTORS

CUSHION DEFLOCKED TURNTABLES

A worn and rough turntable is bad news to
a record. Rather than glue on a new felt
cover, or pull out
the flocking kit,
you can pick up a
package of small,
circular felt pads
at your hardware
store and stick
them on the turn-
table as shown. Use
as many pads as
you want, in a cir-
cular arrangement.
They hold the record away from the turn-
table, act as a cushion, and reduce dust pick-
up considerably. -Carl Dunant
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Now, subscribe to the most
popular electronics publication

in the field

at
exactly

HALF-
PRICE !

BUILD IT
YOURSELF
Clear -as -crystal diagrams
guide you each step of the
way through fun -to -build
projects you can put
together in just a few
hours-for pennies!
Fascinating items such as
the IC -67 Metal Locator
...Tesla's Thermomagnetic
Motor...a Powerful Color
Organ...an Anti -Gravity
Demonstrator...and an
Ultrasonic Burglar Alarm.

C,14JN6
ill003631.11

AMATEUR, CB
& SWL
All the latest news and
developments including
candid equipment reports,
FCC regs, satellite
frequencies, DX contests,
English -language foreign
broadcast schedules.
PLUS tips on getting
tough QSL's from all over
the world...antenna
systems innovations...
and how to increase the
range of even the
simplest receiver.

POPULAR ELECTRONICS' regular sub-
scription rate is $5 a year!
But, as a reader of ELECTRONIC
EXPERIMENTER'S HANDBOOK, you get
the special HALF-PRICE rate of-

1ammonths
it Am50

for only ''' d=

Use handy order card opposite this
page or mail coupon at right-today!

HIGH FIDELITY
& STEREO
In addition to complete
coverage of every majar
hi-fi component and kit on
the market, you'll get plans
to improve your preseit
set-up...learn about every
type of speaker system,
the ins and outs of
amplifiers, and just what
hi-fi and stereo are
really Ell about.

111111111

ELECTRONICS
FEATURES
Brilliantly illustrated
feature stories keep you
on top of every vital
breakthrough. You'll follow
the latest advances in
aviation and marine
electronics, telemetry,
computers, radio
astronomy, nucleonics.
And you'll learn about the
challenging career
opportunities they create.

Please enter my subscription to
POPULAR ELECTRONICS at
the special HALF-PRICE rate of: print name
One year for just $2.50

0 Payment enclosed

0 Bill me later
Mail his coupon today to:
POPULAR ELECTRONICS,
Dept. 0269, Portland Pl.,
Boulder, Colo. 80302.

address

city

state zip code

1
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SYDMUR
The Last Word In Ignition Systems

SAVE
MONEY
on GAS! COILS!
SPARK PLUGS!

TUNE-UPS!

The most advanced solid state C.D. ignition systems
available. Take advantage of the latest technology..
Get the most out of your car's engine.

Increased Mileage
Greatly Extended Spark Plug Life
Longer Battery Life

 Fewer Tune-ups
Rugged construction and conservatively rated com-
ponents.
Every Sydmur unit is pretested and guaranteed. The
easy to install Sydmur-is fully adaptable: 5 or 12
volt systems. positive or negative ground.
Available in either kit or assembled form.
Fly -away assembled $60.00 prepaid'
Fly -away kit 44.50 prepaid
And the smaller "COMPAC" unit (12V. negative
ground only) designed for automobiles, motorcycles.
go karts. outboard motors. etc.
Compac assembled $34.75 plus 75f handling'
Compac kit 24.95 plus 750 handling'
("New York State residents add sales tax.)

Recommended by many of the world's leading automo-
tive manufacturers. Send check or money order today.

For free literature, write:

SYDMUR ELECTRONIC SPECIALTIES
1268 East 12th Street Brooklyn, N.Y. 11230

CIRCLE NO. 19 ON READER SERVICE CARD

THE "MAESTRO BOOSTER"
A RECEIVER -BOOSTER FOR CITIZEN'S BAND

AND 10 -METER HAM BAND

$64.50 (Sim 5"x5"x5")
 No Wiring into Transceiver (eliminates installation

costs)
 Antenna Switch Relay (no installation of extra relay

for electronic switching transceivers)
 Compatible with new Transistor Rigs
 Space Age Tube 7788 Rated at 10,000 hours of life

under normal use-equivalent to five years
In -Out Switch Enables You to Compare Signals

 No Tuning or Adjustments
 3 to 5 s -units of receiver boost
 For the Man Who Wants the Best
Have the Increased Range by Operating the MAESTRO

BOOSTER.

See Your Radio Equipment Dealer or Order Direct.

WAWASEE ELECTRONICS CO.
P.O. Box 36, Syracuse, Indiana 46567
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FIRING RANGE TIMER
(Continued from page 34 )

conduct readily. When Q1 conducts in
this manner, the voltage across CI ap-
pears across Dl and D2, overcomes the
forward bias on Q2 and "shuts" it off. It
takes about I second to discharge Cl
enough to allow the forward bias on Q2
to take command and turn Q2 on again,
to repeat the cycle.

During the time when Q2 is off, the
emitter of Q3 sees enough positive volt-
age to go to work and generate an au-
dible tone.

The frequency of oscillator Q3 and
thus the pitch of the emitted tone, is a
function of the values chosen for com-
ponents C2 and R8. In this application,
the output is an 800 -hertz note which is
picked up by the headphone.

Construction. The timer is built in a
4" x 2!,," x 15;4" metal box. Power and
timing switches S/ and S2, as well as the
headphone tip jacks, can be mounted on
one end of the case. The remaining parts.
except the batteries, must be wired on a
17's" x 3" x !i:;" perforated phenolic
board as shown in Fig. 2, and the sub-
assembly mounted inside the case on
four :Ii" -long stand-off spacers.

The two 9 -volt batteries are connected

PARTS LIST
131- 9-voll battery

1-- -150-uk" tantalum electrolytic capacitor
('2- --0.1-µF, 100-voll Eyler capacitor
DI, 1)2- - INn14 diode
()I. (13 -2N2646 uninincliim transistor (Gen-

eral Electric)
02- 7.135 transistor (General Electric)
R1, R2- -I50,000 ohms-set text
R3-22 ohms
R4 471) ohms
fi5-- 27,000 ohms oll
R6- -4700 ohms resistors
R7-- 1500 ohms !4 -watt
RS 15.000 ohms 5 %
RO- 100 ohms
R10-330 ohms
NI, sli 1c switch
1--4"' x S 1,38" gray hammertone aluminum

box
1-- 1 Tit " 3- x 1/16" circuit board, 0.150" hole

spacing plain
1- 1500 -ohm single headphone with leads e

iird Radio 56 1' l'Sn or similar)
40-- -Push-in terinimils for circuit board (Vector

T1S or T2S, 1(11) in package)
Misc.- -Phone lip jacks (2), battery terminals

( 2), pieces of round ! brass rod -,-1"-long
lapped for 6-32 screws ( 4)

Way. asee Elec-
tronics Co. is first
again! Present-
ing a RECEIV-
ER ROOSTER
with features no
other booster has.
ONLY the "MAE-
STRO" booster
provides you with
the performance
features listed be-
low:



S2

HEADPHONE
JACKS

SI

The two series -connected 9 -volt batteries compris-
ing B1 are tucked away under the circuit board. The
headphone jacks and switches are panel -mounted.

in series and tucked away under the cir-
cuit board. To insure optimum timing
accuracy, use a high -quality tantalum
electrolytic capacitor for Cl. Also, al-
though 180,000 -ohm resistors are speci-
fied for RI and R2, it is preferable to use
Trimpot or similar miniature potentiom-
eters initially, since the value may have
to be changed during calibration.

If you use the low-cost headphone
suggested and would like to install it in a
pair of earmuffs, drill a hole in the bot-
tom of one earmuff, and fish the phone
tips and cord through the hole. The sin-
gle headphone snaps into the earmuff
and fits snugly in place.

Calibration. For precision timing, it is
usually necessary to calibrate the timer
against a standard such as a stopwatch
or clock with a sweep -second hand. To
adjust the timing, substitute for R1 and
R2 precision printed -circuit -type poten-
tiometers having resistances of about
250,000 ohms. With switch S2 set to 20
seconds, adjust R2 for a precise 20 -sec-
ond interval. Then, with S2 set to 10
seconds, adjust R1 for this interval.

After you measure each potenti-
ometer's resistance setting, you can re-
place the potentiometers with fixed re-
sistors having the measured values.
Should you desire any other timing inter-
vals, just change the values of R1 and
R2 accordingly.

BUCK -TEN BAGS
SILICON DIODES

1 12 0 41 I ki

WWIMil12Z121121221 EMI EzraEMI ILTEEJ
PE= IIIMMWM MOEMMINNM=MIMI
IMINI INIFIBEFIlIMIIIMME0111 WTI
IrlIN
MINIIIMMINE1117111=11111171111
PONIIIIIMMIIIIIIM
600

.15

11101115111117111MMI

IFIIIMIIIIIIMIIIIMIIIIT1
ErnWI

WM

WW1=IIErgMIErt
MEIIIIIMMI

10/61.10
3/1.10

IMI
800 WM .75 1.30 NM

sheet

1000 EMIWM wirrourrzommimmin
2N670 Germ Audio. Gain over 100
FET' mostly C610 -C615 types. w/spec
200 miniature glass diodes, unchecked 200 1.10
2N424 MESA 80 watt 3 1.10
CK-722, a real value 6,1.10
VARACTORS experimental pack w/sheet 20 1.10
2N3875 20 Watt Planar 4'1.10
2N697 Hi freq 2 watt TO -5 15 1.10
2N696 Hi freq 2 watt TO -5 15 1.10
VARACTOR 40 Watt sim to MA -4060A w/cir. ea. 4.00
1N231 Silicon diode, UHF mixer 20 1.10
TO -5 Sil. power mix 2N498 -2N546 -2N549 10 1.10
TO.3 Mix, 20-50 watt, 2N155 -2N255 8 1.10
MICRO TRANSISTOR Planar Epitaxial w/ sht 25,1.10
FLY SPECK transistor, micro miniature 111; 1.10

MICRO DIODE silicon 20, 1.10

2N706 Hi freq. 400 me 7'1.10
BI -SWITCH make lamp dimmer etc. w/sheet 2 1.10
2N1417 Audio silicon NPN 15 1.10
2N570 Silicon audio 10,1.10
2N1059 NPN Germanium 4F 10 1.10
2N513 PNP Germanium AF 8,1.10
2N404 Popular type PNP switching 6 1.10
2N414 PNP IF Germanium 6, 1.10

2N990 Germ. RF factory branded 6 1.10
60 WATT silicon 2N1208 -:N1209 -2N1210 types 3 1.10
4 WATT silicon Mesa 2N498 4 1.10
ZENER - 6 volt .2 amp 4 1.10
GERMANIUM diodes Clevite EM -1 20,1.10
IN82 Hi freq. mixer diode 25 1.10
TO -18 Hi-freq. switching RF transistors 25, 1.10

TO -5 Hi freq. switching PF transistors 25 1.10
BI-DIRECTIONAL Silicon transistors 15 1.10
2N223 PNP germ AF, gocd gen. purpose 6 1.10
500 uufd Mica feed-thru b.itton 15 1.10
IBM MEMORY CORES w -'spec sheet 200 1.10
RESISTOR - MIX 100 units 1/2 watt 100 1.10

DISC CERAMIC CAPACITORS, mixed 100 1.10

2000 volt 1 amp diode ea .80

3000 volt 1 amp diode ea 1.20
REED SWITCH miniature glass 6/1.10

PHOTO -CELL resistive type 2 1.10
PHOTO -CELL, generates electricity 2 1.10

SILICON DIODES 11/2 amp mixed voltages 15 1.10

GEIGER COUNTER chassis, less tube 4.50

INFRA RED viewing tube, see in dark, w/specs 4.50

AIR FORCE throat mike w/strap .60

MICROPHONE small s t e w ex.eriment sht 3 1.10
'All above material shipped postpaid in the U.S.
Send 25c for large catalog of many many inter-
esting items.
Above transistors may be marked or unmarked.

JOHN MESHNA JR. 21 ALLERTON ST.
LYNN MASS. 01904
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Now...
the most enjoyable,
most rewarding
electronic kit project
of your life

a Schober
Electronic Organ!
HAD YOUR FILL of amplifier kits, receiver
kits, meter kits, all the conventional kits?
Then go to work on the biggest, most fascinat-
ing kit of them end up v ith a finer
musical instrument than you could buy for
twice the price. The Schober Theatre Organ
at left, for example, plus Schober's self -teach-
ing music courses, lets you participate in mu-
sic, not just listen to it. This is one electronic
project the wife and kids will encourage-
because it's for them, too! It contains the best
components available-thousands of them-
plus the kind of unmistakable, step-by-step
instructions you've dreamed of and Schober
is famous for.

The Theatre Organ (above) costs just $1550
if you use your own amplifier and speaker
system, and you can pay as you build to
spread out the cost. There are three other
Schober Organ models, too, starting at $645.
Each one includes every bit and piece you
need, including a magnificent walnut console
-unless you want to build your own wood-
work and save even more. And each model
has the kind of pipelike tonal variety you
don't often find in electronic organs. The
free Schober color catalog has lots of pictures
and data; and for 250 we'll send you 72 pages
of schematics and tech specs so you can see
just what you're buying.
FREE INFORMATION AND DEMONSTRATION RECORDING
Send today for your tree copy of Schober's 16-

page, full color booklet, plus 7" free recording.

The Schober Organ Corp., Dept. EH -4
43 West 61st Street, New York, N. Y. 10023
 Please send me Schober Organ Catalog and

free 7 -inch "sample" record.
 Enclosed please find $1.00 for 12 -inch L.P.

record of Schober Organ music.
 EnOosed is :.'5r for schematics and tech specs.

NAME
ADDRESS

CITY STATE ZIP NO
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MULTI -WAVEFORM GENERATOR

(Continued from page 1121

remove the audio generator from the ver-
tical input, and apply the output from J I
to the scope. Rotate R2 until exactly
one waveform is displayed. This position
of R2 can then be pencil -marked as the
"2" position.

Repeat the above procedure for as
many dial markings as desired. Then pro-
ceed to the other multiplier scales, and
make sure that the calibration points are
reasonably accurate for the higher fre-
quencies. In the event of serious mis-
tracking, select the multiplier range that
is most accurate, and use it as a refer-
ence. Then either select, or trim, the
capacitor values (C1, C2, or CS) until a
reasonable accuracy is obtained.

If desired, the lower end can be re-
duced down to 2 Hz if a good -quality 20-
pF capacitor is i.sed for CS. If this is
done, the value of C4 will have to be in-
creased in order to produce a good square
wave. -30}-

TRANSISTOR DIODE TESTER
(Continued front page 122 )

current while the tilt on the right side
shows collector -to -base reverse current.
In this idealized trace, reverse current
becomes evident at about -60 to -70
volts, and increases gradually until the
breakdown voltage point is reached. The
breakdown point is also commonly re-
ferred to as the zener point.

(Note that the 0 to -50 volts per inch
along the horizontal scale represents the
inverse voltage across the transistor un-
der test when the scope's horizontal in-
put sensitivity ( through the test circuit)
is calibrated at 50 volts per inch. The
voltage across the horizontal input has a
linear relationship and is in step with
the inverse voltage applied to the test
transistor.)

Construction. Parts placement and lay-
out is not critical. In Fig. 3, the test cir-
cuit is shown breadboarded on an 8'2" x
6" piece of 3i" plywood. The front panel
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is an 81..!" x 4'2" piece of 16 -gauge alu-
minum. More compact construction can
be obtained by using a 6" x 5" x 4" alu-
minum utility box. Ground only those
points shown in the schematic (Fig. 11.
Use spaghetti to insulate transistor Q1 s

leads.
A 2N398A transistor was chosen fol

Q1 because of its high collector -to -base
reverse breakdown voltage rating. The
transistor used in the project is rated at
-105 volts, but actually checked out n t
--150 volts.

Although individual switches are used
for S2, S3 and S4, you can substitute a
suitable two -position rotary switch or
stacked slide switch. The binding posts
for the test transistor's connections and
for the connections to the oscilloscope
can be of any design. You may find it
more convenient to add another ground
post. or eliminate the terminals at:ogeth-
er and connect the leads that go to the
scope directly to the circuit.

All parts used in the tester are stan-
dard. If you have any difficulty in locat-
ing a 110.000 -ohm. 4 -watt resistor for
R2, you can connect two 220,000 -ohm.
2 -watt resistors in parallel.

Zener Diode Test. The curve shown for
the zener diode ( Fig. 4) can be obtained
by connecting a jumper between the
emitter and collector terminals (E and
C) of the test circuit, and connecting
the zener diode between one of these
terminals and the base terminal (B).
The cathode lead of the diode goes to
ground, and the switches are in the PNP
position. If you reverse the diode's con-
nections, and flip the switches over to
the NPN position, the trace will go up-
ward instead of downward. The test can
be made either way.

If you do not use the jumper and con-
nect only one side of the diode either to
the emitter or the collector terminal, the
left half or the right half of the trace
will be obtained. Both halves of the trace
contain the same information.

Neon Lamp Test. If a good neon lamp is
connected between the base and collector
test points, the curve shown in Fig. 5
will be displayed. Reading this curve is
more or less self-explanatory. Here S2,
S3, and S4 were set to the PNP position.

The accuracy of the test readings de -

put a price
on your
equipment!

Then add
this one,
and stop
heat from
robbing you
of component life.
Intl Hi Fi Buxt:r tan C.c.tr return its ._.t.)st 10
times or more by increasing the life of the
average color TV or Hi Fi set. Save money
with fewer service calls, fewer replacements
and better performance.
This unit, made by the company that pro-
duces airmovers for computers, broadcast-
ing equipment, and the Minuteman missile
is now available in the new long -life Grand
Prix model at no extra cost.
Avoid plastic substitutes, get the real Grand
Prix from your nearest H; Fi r)r. write:

IMC Magnetics Corp -( )13=1
New Hampshire Division, Route 168,
Rochester, New Hampshire 03867
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HERE'S YOUR ONE -SOURCE FOR

CERAMIC CAPACITORS

SEMICONDUCTORS
Men ELECTRONIC
g=pg COMPONENT

STATION 

Ilt7
'

41.-

. . and NOW

YOU GET

$.513
OFF*

when you buy
Components from

ERIE'S

ELECTRONIC

COMPONENTS

STATION

NOW AT YOUR FAVORITE DISTRIBUTOR

YOUR COMPONENTS ARE
NEATLY PACKAGED WITH
COMPLETE DESCRIPTION

for EASY USE!

112 Popular Components .

56 CERAMIC CAPACITORS

28 SEMICONDUCTORS

18 VARIABLE CAPACITORS

10 MYLAR CAPACITORS

On purchase of only 52.50

FOR FREE S.50 Coupon and

6 -Page Components Catalog
Send to:

ERIE TECHNOLOGICAL PRODUCTS, INC.
Erie Distributor Sales
644 West 12th Street  Erie, Pl. 16501

PLEASE SEND CATALOG AND PRICE DATA...TODAY

NAME

COMPANY _

ADDRESS

CITY
L_

STATE

1

HOLDING VOLTAGE LIMITED TEST CURRENT

Fig. 5. Firing and holding voltage of a neon lamp
can be predicted. If the scope's horizontal sweep
is calibrated at 50 volts per inch, the neon lamp
depicted here ignites at about 75 volts and stays
lit until the potential drops to about 50 volts.

pends upon how accurately you calibrate
the oscilloscope. Once the oscilloscope is
correctly calibrated, no further scope ad-
justments are required.

Scope Calibration. To adjust vertical
sensitivity, apply a 1 -volt peak -to -peak
a.c. signal directly to the scope's vertical
input, and adjust the vertical gain for a
1" -high pattern. This is all there is to the
vertical calibration for a deflection of
100 microamperes per inch.

Horizontal sensitivity can be cali-
brated by applying a 5 -volt peak -to -peak
a.c. signal directly to the horizontal in-
put terminals and adjusting the hori-
zontal gain for a 1" -long trace. Because
of the 10 -to -1 voltage divider network in
the test circuit, actual horizontal sensi-
tivity will be 50 volts per inch. -Lx-

"PRINCESS CINDERELLA"
(Continued from page 72)

structure is a prime requisite for best
possible performance. Either 3/4" -thick
fir plywood or light pine shelving (sold
as 1" x 10" clear pine board) can be used
for the top, bottom, and sides, although
pine is specified in the Bill of Materials.

The port and speaker locations and
the dimensions are fairly critical. Locate
the holes for the speakers exactly as
shown in Fig. 1. The hole size for the
port will be determined by the outer di-
ameter of the hard cardboard mailing
tube you choose for the port duct. This
mailing tube should be 21,2" long and
should preferably have an inner diame-

CIRCLE NO 22 ON READER SERVICE CARD
142 ELECTRONIC EXPERIMENTER'S HANDBOOK



ter of 2". The outer diameter is only im-
portant in that it will guide you in cut-
ting out the right -size hole.

After the three holes are cut. insert
the mailing tube into the port hole and
dress it flush with the front of the speak-
er board so that some of the cardboard
duct extends inside the enclosure. Glue
the tube in place and. when dry. apply a
coat of flat black paint to the front of the
board, inside the cardboard duct, and in-
side the speaker cutouts.

Assembly. Set the speaker board '-'."
back from the front edge of the enclo-
sure's bottom board and glue and nail
these two pieces together. Do the same
for the top and both sides. Then sand
and stain or paint all exterior surfaces- -
except the speaker board. When the
paint or stain dries, mount the speakers
over their respective cutouts and wire
them according to Fig. 2.

Nail or screw "1" x "1" pine cleats 'V
in from the rear edge of the enclosure as
shown in the illustrations. Now staple or
tack a 2" -thick layer of cotton batting or
other suitable acoustic damping material
to the sides and rear wall of the enclo-
sure near the woofer. Also staple a 2" -
thick curtain of cotton batting to the
inside top of the enclosure and arrange
this curtain so that it drapes over the
woofer but is clear of the inside mouth
of the port duct.

Attach the grille cloth to the front of
the speaker board and miter -cut four

I"X i"PINE CLEATS (4)
TO CUT TO FIT AND RECESS

AMPLIFIER 5/4' FROM REAR

Fig. 2. Pine cleats hold rear board of enclosure in
place. Proper speaker phasing is obtained only when
red dots on speakers are wired common to each other.

Before you buy
a cheap eianger,
read about this

inexpensive Dual.

The
is Dual's lowest priced model, yet it
is in every respect a precision -en-
gineered automatic turntable.

Its cueing system lowers the
tonearm gent:y on your records in-
stead of just dropping it and possi-
bly damaging both stylus and
groove. This is the identical auto/
manual system as used on our most
expensive models.

The 1010S also shares their
feathertouch slide switches and
Elevator -Action cnanger mecha-
nism. Its Hi -Torque motor holds
speed constant within 0.1% even
when voltage varies _7-.10%, and its
low mass tubular tonearm tracks
flawlessly at 2 grams.

Precision fea'ures like these
make the difference between a Dual
and a cheap record changer. And
make the difference on your records.

United Audic Products, Inc.,
535 Madison Avenue, New York,
N. Y. 10022.
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NEW
HOLLOW
SHAFT

\catt,vti

nutdriver set
with lockouliScrew aOlusling !Millie

Speeds, simplifies setting of combination lock-nut/slotted
screw adjustments on rheostats and similar controls used
in a wide variety of electrical and electronic equipment.

Handle is drilled so you can run an 8" screwdriver blade
right through its center and down through the hollow nut.
driver shaft.

Ideal for all round production,
maintenance, and service work,
this new HSC-1 Set contains
eight interchangeable
hollow nutdriver shafts
in the most popular hex
opening sizes from

thru °16"

Really compact! Set is small
enough, light enough to carry

in your hip pocket. Sturdy, see
thru, plastic carrying case
doubles as a bench stand.

XCELITE. INC.  54 BANK ST., ORCHARD PARK. N. Y. 14127

Send Bulletin N867 with information on HSC1 Hollow Shaft
Nutdriver Sets.

name

address

city state & zone
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pieces of 11,c2" -quarter -round molding to
neatly frame the front of the enclosure
and to hide the ragged edges of the
grille cloth.

Finally, screw the rear board of the
enclosure in place and connect the speak-
er wires to the 4- or 8 -ohm output of your
amplifier. You'll note that this is a small
system which gives a special feeling of
"presence," particularly in the reproduc-
tion of music from small instrumental
groups. You can increase the bass out-
put from your amplifier without adverse-
ly affecting the system ( doubling). The
end result will be a sound that is much
bigger than would seem possible consid-
ering the physical size of the new
"Princess Cinderella" enclosure.

Construction Variations. In place of the
usual grille cloth, the author used an
expanded aluminum grille on the front
of the "Princess Cinderella" enclosure.
For maximum attractiveness, the grille
should be backed by a black cloth of
open weave to hide the speakers.

Various readers of the original "Cin-
derella" article have asked whether the
choice of enclosure material is of im-
portance to the performance of the sys-
tem. Apparently, what these readers had
in mind was the possibility of using one
of the new, very hard, "pressed" boards
for the enclosure walls. You can use any
material for the "Cinderella" systems,
provided that it is inflexible, and that
the enclosure can be sealed so there are
no air leaks in the corners or wrap-
around whiCh fits the front and back of
the enclosure. -91-

BATTERY CHARGER/ TESTER

(Continued from page 30)

given for R11 through R15 are for use
with a 0 to 1 mA meter. Different voltage
ranges can be set up, and different
meters accommodated just by using re-
sistors of proper values.

The values of the resistors and poten-
tiometers RI through R10 are a function
of the battery voltage, charge rate, and
source voltage. For example, if you want
to charge a 9 -volt transistor battery,
and the source is 12 volts d.c., about 3
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volts would have to be dropped by the
resistor or potentiometer in the circuit.
At 10 mA. about 300 ohms is needed.
For 1 V,volt batteries, about 101,'_ volts
have to be dropped by the resistor in
the circuit and its value would be on the
order of 1050 ohms to obtain a 10-mA
charging current. (It's Ohm's law at
work.)

If two 11% -volt cells are placed in
parallel for charging, as is possible with
Stations A and B, and each cell is to
receive 10 mA of current, 20 mA will
have to flow through the appropriate
resistor and the required value will be
about 525 ohms.

Actual values needed to obtain a speci-
fied charging current vary from battery
to battery, depending upon their internal
resistance. Nominal values for the po-
tentiometers are 1000 to 2000 ohms. The
fixed resistors for trickle -charge pur-
poses can be replaced with variable con-
trols, or eliminated completely. You can
set up any of the stations to provide
a trickle charge just by adjusting the
appropriate potentiometer. If you elimi-
nate the fixed resistors, switches S3
through S7 can be s.p.s.t. types. Resis-
tance values for trickle -charge purposes
are considerably higher. To establish a
2 mA rate instead of 10 mA, approxi-
mately 5 times more resistance is needed.

Each station, except possibly A and
B, may have a different set of values for
the trickle -charge resistors and charge
potentiometers. Of course, you have to
avoid exceeding the wattage rating of
the resistors and potentiometers. Deter-
mine the wattage to be dissipated sim-
ply by multiplying the voltage drop by
the current and multiply by a factor of
2 to give yourself a margin of safety.
About 2 to 4 watts is more than ade-
quate for most applications.

Battery Testing. Batteries should be
tested under load conditions. End life of
batteries depends upon the equipment in
use. For example, if a 9 -volt battery is
used in a transistor radio that can oper-
ate on 6 volts, the battery voltage can
drop to 6 volts and still be considered
adequate. On the other hand, the same
battery, at 6 volts, with the same load.
will be inadequate if the radio cuts out
at 7 volts.

Open -circuit voltage tests are practi-
1968 Spring Edition

When you write for our
condensed high fidelity
SPEAKER, ELECTRONICS
or MICROPHONE catalogs...

you really get a
brief progress
report on the state
of the art in sound.
Both FREE
for the asking,
of course.

gLcurrerrecz
o. (WOO.. irtyus01,5

ELECTRO-VOICE, INC., Dept. 283EH
815 Cecil Street, Buchanan, Michigan 49107
Please send me the latest word on
[7 E -V high fidelity E E -V microphones
I am particularly interested in E -V Model

Name

Address
City_ State Zip
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Deluxe POPULAR ELECTRONICS
MAGAZINE CASES
DESIGNED TO HOLD A FULL YEAR'S COPIES

These decorative cases are just what ydu've been looking for
to keep your copies of Popular Electronics Magazine In

easy -to -find order.
Constructed of reinforced fibreboard and
covered in rich leatherette, these durable
cases guard against soiling and tearing
of your magazines while lending them-
selves handsomely to the decor of any
room. The magazine cases are available
with embossed gold lettering in either

all black or attractive maroon back
with black sides.

N

I

$3.50 ea., 3 for $10, 6 for $19

FULLY GUARANTEED!

Ziff -Davis Publishing Co., Dept. SD
1 Park Are., N.Y., N.Y. 10016
Please send me Popular Electronics Magazine
Files as checked below:

 All black. gold embossed
 Maroon back. gold embossed/black sides

I NAME

I ADDRESS

CITY

STATE 7IP
Enclosed is _at $3.50 per case.

0
3 for $10. 6 for $19 (Quantity prices apply for tom- s
bination orders of more than one title). Orders outside II

4. U.S.A. "!4.50 ca.. 3 for $13. 6 for $25.
'a NM OM (Payment must accompany order) l IM #

I
I

High Gain Pre -tuned IF Strip
Model 8902-B pre -tuned 455 kHz IF strip
provides excellent gain (55 db), and can be fed
directly from a converter without having to buy
a matching transformer. No alignment is re-
quired. The 2 transistor amplifiers and diode
detector are capable of driving earphones.
Model 8901-B input IF transformer, when used
with the IF strip, provides double tuning with
increased selectivity. Both units are included
for $5.75 when ordered as kit number 8903-B.

J.W. MILLER CO e

5917 So. Main St., Los Angeles. Calif. 90003
AVAILABLE NATIONWIDE FROM

DISTRIBUTORS AND MAIL ORDER HOUSES
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tally meaningless. While some conclu-
sions can be made if the voltage is too
high or very low, significant conditions
can best be determined by actual charge
and discharge behavior. You can check
for high internal cell resistance and save
yourself the job of charging a "dud."

To do this, first apply a 10-mA load
and observe the voltage of the cell. Then
apply a 10-mA charge and observe the
cell's voltage again. With a high resis-
tance "dud," the voltage will go to zero
()r very near to it with as little as a
10-mA load and will jump to an exces-
sive value on charge. If you get these
test results, discard the battery.

Battery Charging. Battery manufactur-
ers supply Load Voltage/Current Dis-
charge curves in their manuals. A typi-
cal set of curves is shown in Fig. 3. These
can be used as a guide to get started, but
you will soon develop an intuitive ap-
proach based on your own experience. A
good safe rule of thumb is to charge at
the same rate that the cell was dis-
charged.

In general, carbon -zinc dry cells which
have been in service over six months will
not respond well to recharging. Mercury
and alkaline batteries display better re-
charging characteristics than the carbon -
zinc units, and of course, nickel -cadmium
cells are best.

Don't let a battery get into a com-
pletely discharged condition prior to
charging, and don't overcharge. All types
of cells are susceptible to destruction
from overcharging. Check the total am-
pere/hour capability of each battery.

As very little shelf life can be ex-
pected, recharged batteries should be put
into use immediately or kept on a trickle
charge. -E-

VOM + FET = TVM
(Om/blued front page 126)

tentiometers for R7 and R9, then all of
the components can be put in a probe case
no bigger than 1" x 1" x 7".

However, the simplest, and most eco-
nomical approach is to use a 3" x 4" x 5"
utility cabinet in which standard com-
ponents can be assembled with plenty of
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SEND FOR FREE LITERATURE

room to spare. Such a box will provide
room for a polarity reversing switch
(S3) enabling you to measure either
positive or negative voltages without
physically reversing the input leads. But
while this feature is handy to have, it is
not really necessary.

You can duplicate the author's model
by following the general layout which
is shown in the photographs. Then you
can mount the range switch, S/, the bal-
ance control, R9, the polarity reversing
switch ( optional), and the input and out-
put jacks on the panel.

Divider resistors R1 through R4 are
mounted directly on the range switch
(S/), which has an off position. Howev-
er, you may find it more convenient to

R5.

Fig. 3. All of the converter's parts can be fitted
into a hand-held probe, or mounted inside a small
cabinet. Parts layout and wiring are not critical.

Fig. 4. Inside top view of converter shows voltage
divider resistors mounted on the range -selector
switch. "Breadboard" type construction can be used
to hold the other components in place. A phenolic
perforated board and small clips were used here.

control the battery power with a separate
slide switch (S2).

Mount the calibration potentiometer
(R7), the zener diode, the FET (Q1),
and the remaining resistors on a 21:," -
square piece of perforated phenolic cir-
cuit board, and secure the board to the
rear of the front panel by means of two
small L-shaped brackets. The battery can
be put in a holder and clamped to the
base of the unit. Then complete the cir-
cuit wiring according to Fig. 1.

The front panel controls can be let-
tered, using dry transfers, and then sealed
in with a clear plastic spray. If your
VOM has a 0-50 ItA scale, mark the
range positions from left to right as
follows: OFF -0.5-5-50-500 volts. If

SO SOLID STATE 5 -BAND RECEIVER
MODEL R-5

 Continuous Coverage .54 to 54 mc
Variable beat frequency oscillator

E Includes 6 -meter ham band
 And the 30 to 50 mc police bands

sully transistorized - Bandspread
E Noise limiter - Ootional battery pack

WIRED AND TESTED $79.95

AMECO
DIVISION OF AEROTRON BOX 6527, RALEIGF, N. C. 27608

CIRCLE NO. 1 ON READER SERVICE CARD
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DELUXE
RECORD AND TAPE CASES

plus iihe cataloging forms
 DUST PROOF

 PADDED BACK  GOLD EMBOSSED

These decorative,decorative, yet sturdily constructed
cases are just what you've been looking for
to keep your records and tapes from getting tossed about
and damaged, disappearing when you want them most and
just generally getting the "worst of it" from constant handl-
ing. They're ideal too for those valuable old "78's' that
always seem to get thrown about with no place to go.
Constructed of reinforced fiberboard and covered in rich
leatherette in your choice of eight decorator colors, the
HIFI/STEREO REVIEW Record and Tape Cases lend them-
selves handsomely to the decor of any room, whether it be
your library, study, den, music room or pine -paneled garage.
The padded leatherette back (in your color choice) is gold
tooled is an exclusive design available only on HIFI STEREO
REVIEW Record and Tape Cases. The sides are in standard
black leatherette to keep them looking new after constant
use. Expo With each Record and Taps Cue you orderExpo

you will receive, free of charge, a specially
designed record and tape cataloging form
with pressure -sensitive backing for affixing
to the side of each case. It enables you to
list the record names and artists and will
prove an invaluable aid in helping you
locate your albums. The catalog form can
be removed from the side of the case at any
time without damaging the leatherette.

Record Cases are available in three sizes: for 7", 10" and
12" records. Each case. with a center divider that separates
your records for easy accessibility, holds an average of 20
records in their original jackets. The Recording Tape Case
holds 6 tapes in their original boxes.

 The Tape Cases and the 7" Record Cases (with catalog
forms) are only $4 each; 3 for $11; 6 for $21.

 The 10" and 12" Record Cases (with catalog forms) are
$4.25 each; 3 for $12; 6 for $22.

Add an additional 75c per order (regardless of number
of cases ordered) for shipping and handling. Outside U.S.A.
add $1 per use ordered.

IZiff -Davis Publishing Company, Dept. SD
One Park Avenue, New York, N.Y. 10016
My remittance in the amount of $____
Is enclosed for the Cases indicated below.
Quantity

Tape Case at $4 ea.. 3 for $11, 6 for $21.
7" Record Case at $4 ea., 3 for $11, 6 for $21.

__.___10" Record Case at $4.25 ea., 3 for $12, 6 for $22.

I -
_12" Record Case at $4.25 ea., 3 for $12. 6 for $22. I

Add 75c PER ORDER for SHIPPING and HANDLING

I Outside U.S.A. add $1 per case ordered. I
Check color choice for back of case (sides in black only):

I D Midnight Blue n Red 0 Saddle Tan I
ji Pine Green Li Orange (j] YellowI LI Grey E Black 0 Spice Brown I
Name

I Address

I

I

tin
I

I City State Zip

MI BM PAYMENT MUST BE ENCLOSED WITH ORDER IM

I

a 0-100 p A meter scale is used, mark the
ranges: OFF -1.0-10-100-1000 volts.

Calibration. To calibrate the instru-
ment, connect a pair of test leads from
its output jacks to the input of the
VOM, setting the VOM on its 50-1r A or
100-1rA d.c. current range. Turn switch
Si to its lowest range and adjust the
balance control (R9)for zero indication
on the VOM.

Apply an accurate calibrating voltage
( 0.5 volt for a 50-p A meter or 1.0 volt
for a 100 -/IA meter) to the converter's
input and adjust calibration potentio-
meter R7 for full-scale reading (50 or
100 IA). To check linearity, reduce the
applied voltage in small increments while
observing that the VOM tracks with the
calibrating voltage. Linearity and volt-
age divider accuracy depend upon the
accuracy of the resistors. Use preci-
sion 1.(,;-, resistors if possible. You can
also make comparison readings with a
known accurate VTVM.

GETTING MOST FROM CB RIG
(Continued from page 108)

er cases, the modulated output could be
increased considerably. Note that in ev-
ery single case the modulated input was
increased and the r.f. output somewhat
reduced.

Transceiver set number 3 is a very in-
teresting example. This was a kit -type
transceiver that had been "improved"
( ?) by the builder to get more output
(illegally). Although the r.f. output was
slightly above the legal limit, the maxi-
mum possible modulation had been re-
duced about 30f,'; . Aligning this trans-
ceiver for maximum modulation dropped
the r.f. output by more than a watt, but
simultaneously doubled the amount of
modulated output. This not only indi-
cates the gain possible with proper ad-
justment, but also points up the fact
that attempting to increase the output
of your set is sometimes not worth the
effort.

With a little practice, you should be
able to align your transceiver using the
method described to obtain optimum CB
results. - -
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FET REGEN RECEIVER
(Continued from page 941

The back view of the completed receiv-
er is shown in Fig. 8. The battery holder
is mounted on the side of the cabinet
with small wood tacks, while small brass
wood screws are used to mount the
Fahnestock clips. One clip is used for the
antenna connection and the other for the
ground connection.

Alignment and Operation. For best re-
ception, use an end -fed antenna between
50 and 75 feet long, mounted as high as
possible, and a good ground. But the re-
ceiver will operate satisfactorily on short-
er lengths of antenna because of its ex-
cellent sensitivity. For camping, picnics,
and other portable applications. a short
length of insulated wire tossed into the
nearest tree will suffice.

If you have never played with a re-
generative receiver, it will not take you
long to get the "feel" of tuning it for
best results. Control R1 will have to be
reset from one end of each band to the
other. When scanning large segments of
the band, it is best to "back off" on R1
until a station or group of stations is
found. Then advance the control to the
point just before the receiver "pops" into
regeneration. At this point, the received
signal will increase in strength and se-
lectivity.

If you duplicate the receiver exactly
as outlined here, the calibration mark-
ings shown in Fig. 9 will fall right into
place. The receiver can be calibrated pre-
cisely by adjusting the tuning slugs on
the plug-in coils and tuning in on sta-
tions of known frequency. This is easy
enough to do on the broadcast band-
if the station frequencies are unknown,
you can always use another broadcast
radio to correlate the frequencies. On the
short-wave bands, the WWV time -signal
stations can be used as "frequency stan-
dards." WWV stations will be found on
2.5, 5.0, 10, and 15 MHz.

On the short-wave bands, reception
will usually be very limited and spotty
during the day. It will begin to improve
late in the afternoon, however, and by
evening the bands will be "crawling"
with stations!
1968 Spring Edition

NEW ALLIED 1968
CATALOG & BUYING GUIDE

Here it is! The world's most
famous catalog of electronic equipment fea-
turing hundreds of new and exclusive items
and special Allied values.

518 pages-including the complete Knight -
Kit Catalog - picturing, describing, and
pricing thousands upon thousands of items.
The most complete inventory ever assembled
of Hi-Fi, Radios. Tape Recorders, CB, Elec-
tronic Equipment, Parts and Tools ...oll at
money -saving low prices.
NO MONEY DOWN-UP TO 2 YEARS TO PAY!
BIG SAVINGS ON THE BEST IN ELECTRONICS FOR EVERYONE
 Stereo Hi-Fi  Famous Knight -Kits  Tape Recorders & Tape
 CB 2 -Way Radios  Walkie-Talkies  FM -AM & AM Radios
 Shortwave Receivers  Portable TV  Phonographs  Transistors
 Inte-coms & PA  Automotive Electronics  Test Instruments
 TV Antennas & Tubes  Power Tools, Hardware
 Amateur Equipment  Tubes 'arts, Batteries, Books

ALLIED RADIO, Dept. 418
P.O. Box 4308, Chicago, III. 60680

Send me your free catalog for 1968

NAME Please Print

ADDRESS

CITY

STATE ZIP CODE
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Fill in coupon for a FREE One Tear Subscrip-
tion to OLSON ELECTRONICS' Fantastic Value
Pocked Catalog-Unheard of LOW, LOW PRICES
on Brand Name Speakers, Changers, Tubes,
Tools, Stereo Amps, Tuners, CB, and other Vol-
ues. Credit plan available.
NAME
ADDRESS

CITY STATE

GIVE ZIP CODE
If you have a friend interested in electronics send
his name and address for a FREE subscription also.

800 S. Forge Street Akron, Ohio 44308

CIRCLE NO. 15 ON READER SERVICE CARD

Because you've got to SEE it to BELIEVE
it ... we will send you a FREE sample!

0111136 4

1.9194TE SWITCH
I.

LOOK FOR

4.1144 tatc/L4i,

DATAMARK
- the easy new

way to label
your projects!

Just rub over the pre-print-
ed words or symbols with a
ballpoint pen and they
transfer to any surface -
looks like finest printing!
Label control panels, meter
dials, letter on anything!

4444 attel.n.*.s
DATAMARK SETS ... only $1.25 each

- at leading electronic distributors
DATAMARK SETS AVAILABLE FOR:

 Amateur Radio. CB
 Audio, Hi-Fi, TV
 Experimenter Home Intercom
 Industrial Test Equipment
 Switch & Dial Markings
 Alphabets & Numerals in 1/2", IA" and 1/2"

- each set has black, white, and gold
SEND FOR FREE SAMPLE

THE DATAK CORPORATION
85 HIGHLAND AVENUE  PASSAIC, N. J. 07055
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MULTIPURPOSE SIGNAL TRACER
(Continued from page 117)

1 -millivolt scale will hold for all ranges.
You can check meter linearity by suc-
cessively reducing the input signal to
800, 600, 400, and 200 microvolts and ob-
serving the meter reading. Frequency re-
sponse can be checked by maintaining
a constant 1 -mV signal while varying
the source frequency from 40 hertz to
20 kHz.

Operation. When signal -tracing in re-
ceiver r.f. and i.f. circuits, use a demodu-
lator probe at the INPUT binding posts.
For audio circuits, a direct probe or
shielded lead can be used. Suitable low-
cost demodulator probes and direct probes
are available commercially in kit form or
fully assembled. Or you can build your
own demodulator probe, if you wish, fol-
lowing one of the diagrams in Fig. 5.

When this meter is in use, the audio
amplifier can be turned off, if desired, by

500pF

RF M345INPUT

0

'8 MEG.
I/ 2W

INPUT 2.2MEG.12,,

0

10K
1/2W

YVVVsI
.002uT

O

AF
OUTPUT

O

0

AF
OUTPUT

0

Fig. 5. Either of these circuits can be put together
and used as a demodulator probe. However, you may
prefer a commercial unit, such as the EICO PSD
demodulator probe, for economy and convenience.

turning the GAIN control fully counter-
clockwise till you get a "click." If you
want to use the audio amplifier alone,
you can turn off the meter by flipping
the METER switch to off. The unit's pre-
amplifier is always on when power is ap-
plied, and can be used to monitor signals
with a crystal headphone.

To use the preamplifier, turn both the
meter and audio amplifier off. With the
SENSITIVITY control set to 1 mV, the
voltage gain will be approximately 200.
At the 10 -mV setting, the gain is about
20. --I 3F
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REMOTE COMMANDER
(Continued front page 14)

should be mounted in a separate minia-
ture metal box as shown in Fig. 7. and
then the small metal box should be
mounted in a larger box. The same pre-
cautions taken for the transmitter also
apply to the construction of the receiver:
insulator between board and box, rubber
grommets to insulate antenna from box.
etc. Then drill a small access hole in the
module case directly over Ll in the re-
ceiver.

System Alignment. Either one or both
of two methods can be used to tune the
transmitter and receiver units in the
"Remote Commander" R/C system for
maximum range and sensitivity. The first
method is the "seat -of -your -pants" tech-
nique requiring no test equipment of any
kind. Simply tune the slugs in coil Ll
in both units so that K1 in the receiver
relay pulls in as soon as S1 in the trans-
mitter is depressed. Continue tuning the
coils for the desired results several times,
each time putting a greater distance be-
tween both units.

The second alignment method requires
the use of a 0- to 50-milliamp meter
movement. Alignment is first performed
in the transmitter, then the receiver.

Connect the meter in series with the
negative side of El in the transmitter
and Si. Depress S/, and tune Ll for a
maximum meter indication; then back
off slightly. Remove the meter from the
transmitter, and reconnect the negative
side of B1 to Si.

To tune the receiver, connect the meter
movement between the positive side of
the receiver's battery and Si. Depress
the power switch on the transmitter and
tune Ll in the receiver for a maximum
indication on the meter.

Tuning of both the transmitter and
the receiver should be performed with
each unit completely enclosed in its re-
spective metal case.

The "Remote Commander" R/C sys-
tem is now ready to go to work saving
you time and energy. Simply connect it
to the devices you wish to control and
keep the transmitter handy in your shirt
or pants pocket.
1968 Spring Edition

ELECTRONICS
MARKET PLACE

FOR SALE

NEW Sensitive Treasure --Metal Detectors. New low
prices. Free catalog. Jetco Instruments. Box 2880-7.
Huntsville, Texas 77340.
TELEPHONES-Build your own system. Telephones, Box
SEE -6. Simpson, Penna. 18407.
HAMMARLUND, DRAKE, SHORTWAVE RECEIVERS. FIN-
EST MADE. $199.95 UP. BROCHURES AND SPECIAL
DEAL 10c. SLEP ELECTRONICS, DRAWER 178E, ELLEN -
TON, FLORIDA 33532.

ELECTRONIC SURPLUS EQUIPMENT

WORLD'S FINEST selection of "Best Buys" in Gov't.
Surplus electronic equipment. Thousands of outstanding
bargains included in our big :atalog. Write for your FREE
copy today. Fair Radio Sales, Dept. CH, Box 1105. Lima,
Ohio 45802.

INVENTIONS WANTED

INVENTIONS WANTED; Patented, unpatented. Global
Marketing. 2420-V 77th. Oakland, California 94605.

PLANS AND KITS

INTEGRATED CIRCUIT KITS; COMPUTER LOGIC; Parts;
Others Catalog free. KAYE ENGINEERING, Box 3932-E,
Long Beach, California 90803.

RECORDS

SPECIAL INTEREST RECORDS AVAILABLE, PRODUCED
BY THE EDITORS OF THE WORLD'S LEADING SPECIAL
INTEREST MAGAZINES. SEND FOR FREE CATALOG.
RECORD CATALOG -EH, ZIFF-DAVIS PUBLISHING COM-
PANY. ONE PARK AVENUE, NEW YORK, N.Y. 10016.

TAPE AND RECORDERS

LATEST tape releases at lowest prices. Ron's Stereo
Tape Club, 449 East 7th. Red Wing, Minn. 55066.

MAIL ORDER ADVERTISERS ...
Reach additional markets through low cost Classified Advertis-
ing in Ziff -Davis Electronics Division Annual publications. Plan
now to make certain ycu are in next year's editions of:

ELECTRONIC EXPERIMENTER'S HANDBOOK (Spring and Winter)

ELECTRONICS INSTALLATION AND SERVICING HANDBOOK

TAPE RECORDER ANN JAL

COMMUNICATIONS HANDBOON

RATE FOR EACH: 75e Word (MI -Holum $7.501.
Write for special combination Bates, samples or other informa
tion to:

Hal Cymes Classified Advertising Mgr.

ELECTRONICS ANNUALS
1 Park Avenue, New York. N. Y. 10016
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SHOPPING MART
Products available by mail. Money -back guaran-
tee. Order direct by Stock No. Send check or M.O.

HI -VOLTAGE ELECTROSTATIC GENERATOR
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Join "THE TROUBLESHOOTERS"
who get paid top salaries for keeping today's electronic world running

Behind today's microwave towers, pushbutton phones, computers,
mobile radios, television equipment, guided missiles, etc., stand THE
TROUBLESHOOTERS-the men who inspect, install, and service
these modern miracles. They enjoy their work and get well paid for it.
Here's how you can join their privileged ranks-without having to quit
your job or go to college to get the necessary training.

t ST THINK how much in demand
you would be if you could pre-

vent a TV station from going off
the air by repairing a transmitter
...keep a whole assembly line mov-
ing by fixing automated production
controls...prevent a bank, an air-
line, or your government from
making serious mistakes by servic-
ing a computer.

Today, whole industries depend
on Electronics. When breakdowns

or emergencies occur, someone has
got to move in, take over, keep
things running. That calls for a new
breed of technicians-The Trouble-
shooters.

Because they prevent expensive
mistakes or delays, they get top pay
-and a title to match. At Xerox
and Philco, they're called Techni-
cal Representatives. At IBM they're
Customer Engineers. In radio or
TV, they're the Broadcast Engi-
neers.

What do you need to break into
the ranks of The Troubleshooters?
You might think you need a col-
lege degree, but you don't. What
you need is know-how-the kind a
good TV service
only lots more.

What You Need to Know
As one of The Troubleshooters,
you'll have to be ready to tackle a
wide variety of electronic problems.
You may not be able to dismantle
what you're working on -you must
be able to take it apart "in your
head." You'll have to know enough
Electronics to understand the en-
gineering specs, read the wiring
diagrams, and calculate how the
circuits should test at any point.

Learning all this can be much
simpler than you think. In fact, you

can master it without setting foot
in a classroom or giving up your
job!

For over 30 years, the Cleveland
Institute of Electronics has special-
ized in teaching Electronics at
home. We've developed special
techniques that make learning easy,
even if you've had trouble studying
before. Our AUTO -PROGRAMMED"
lessons build your knowledge as
easily and solidly as you'd build a
brick wall-one brick at a time.
And our instruction is personal.
Your teacher not only grades your
work, he analyzes it to make sure
you are thinking correctly. And he
returns it the same day received.

Get FCC License or Money Back
CIE can teach you Electronics so
well that you can easily pass the
government exam for your FCC
(Federal Communications Com-
mission) License-widely re-
spected and sometimes legally -
required proof that you are an elec-
tronics expert. Nine out of 10 CIE
graduates who take the FCC exam
pass-while 2 out of 3 non -CIE
men fail.

This is why we can offer our
famous FCC License Warranty: if
you don't pass the FCC exam upon
completion of an FCC course, your
tuition will be refunded in full.

Mail Card for 2 Free Books
Want to know more? Mail the
bound -in postpaid card for our
40 -page catalog describing CIE
courses and special book on how to
get a Government FCC License. If
card has been removed, just send
your name and address to CIE at
the address shown below.

!v~

CIE
Cleveland Institute
of Electronics
1778 E. 17th St., Dept. EH ;
Cleveland, Ohio 44114

ENROLL UNDER NEW G.I. BILL
All CIE courses are available un-
der the new G.I. Bill. If you served
on active duty since Jan. 31, 1955,
or are in service now, check box
on card for G.I. Bill information.
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EICO Makes It Possible
Uncompromising engineering-for value does it!

You save up to 50% with Eico Kits and Wired Equipment.

IF: to IP C. 4% 4t
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Eicocraft

ortinas
Engineering excellence, 100% capability, striking

esthetics, the industry's only TOTAL PERFORMANCE STEREO
at lowest cost.
A Silicon Solid -State 70 Watt Stereo Amplifier for $99.95 kit,
$139.95 wired, including cabinet. Cortina 3070.
A Solid -State FM Stereo Tuner for $99.95 kit, $139.95 wired,
including cabinet. Cortina 3200.
A 70 -Watt Solid -State FM Stereo Receiver for $169.95 kit,
$259.95 wired, including cabinet. Cortina 3570.

The newest excitement in kits.
100% solid-state and professional.

Fun to build and use. Expendable, interconnectable. Great as "jiffy" projects
and as introductions to electronics. No technical experience needed. Finest parts,
pre -drilled etched printed circuit boards, step-by-step instructions.

RCOCIIMT4e Electronic Siren $4.95, Burglar Alarm $6.95, Fire Alarm $6.95,
Intercom $3.95, Audio Power Amplifier $4.95, Metronome $3.95,
Tremolo $8.95, Light Flasher $3.95, Electronic "Mystifier" $4.95,
Photo Cell Nite Lite $4.95, Power Supply $7.95, Code Oscillator $2.50,
FM Wireless Mike $9.95, AM Wireless Mike $9.95,
Electronic VOX $7.95, FM Radio $9.95,
AM Radio $7.95, Electronic Bongos $7.95.

Two years ahead! Model 7923
All Solid -State 23 -Channel 5W Transceiver. 4 exclusives:

dual -crystal lattice filter for razor-sharp selectivity; efficient
up -converter frequency synthesizer for advanced stability;

precision series -mode fundamental crystals;
Small: only 3"H, 8"W, 81/4"D. $189.95 wired only.

The best buy in tube -type CB-"Sentinel-Pro" 23 -channel du
conversio', 5y( Transceiver $169.95 wired

EICO Trans/Match (Model 715) is a professional test set
designed for complete checking of ham and CB equipment.

Kit $34.95; Wired $49.95.

Truvohm
Professional Portable Multimeters by EICO.

The industry's greatest V -O -M values.
Designed, made to Eico's high

standards of professionalism. Each
complete with batteries & test leads.

Backed 100% by famous EICO warranty.
Model 100A4, 100,0000/V, $34.95.

Model 30A4, 30,00021/V, $19.95.
Model 30A3, 30,0000/V, $15.95.
Model 20A3, 20,0000/V, $12.95.

Model 4A3, 40000/v, $9.95.
Model 1A1, 10000/V, $5.95.

Citizen's Band
ehhmi. Vf

Automotive
EICO 888-Car/Boat
Engine Analyzer.
For all 6V/ 12V
systems; 4, 6, 8-cyl.
engines
Now you can keep
your car or boat
engine in tip-top shape
with this solid-state, portable, self -powered universal
engine analyzer. Completely tests your total
ignition 'electrical system.
Complete with a Tune-up & Trouble -shooting Manual.
Model 888; $44.95 kit, $69.95 wired.

Test Equipment/
100 best buys to choose from.
"The Professionals"
-laboratory precision at lowest cost.
Model 460 Wideband Direct -Coupled
5" Oscilloscope. DC-4.5mc
for color and B&W TV service
and lab use. Push-pull DC vertical
amp., bal. or unbal. input. Automatic
sync limiter and amp.
$109.95 kit, $149.95 wired.

Model 232 Peak -to -Peak VTVM. A must for color or B&W TV and industrial use.
7 non -skip ranges on all 4 functions. With exclusive Oni-Probe.*
$29.95 kit, $49.95 wired.

EICOL-7

FREE 1968 CATALOG ENS
EICO Electronic Instrument Co., Inc.
283 Malta Street. Brooklyn, N.Y. 11707
(7,1Send me FREE catalog describing the full EICO
line of 200 best buys, and name of nearest dealer.

Name

A idress_
City

5'ate lip
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