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EVERYTHING IN ELECTRONICS
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Pay Just $5.00 Down

$49.95 Cash

WRL'S PRINTED CIRCUIT
Screen

Modulator Kit
Designed specifically for
use with the WRL Globe
Chief, this unit may be
used with any other
Xmttr such as Heath
AT -1, Johnson Adventurer,
Knight 50 watt, etc.

Per- Omats radio -telephone oper-
anion of CW Xmttr. at
minimum cost. Self con-
tained in 5,4 x 278 x 2,8
chassis. All connections from modulator to Xmttr.
are included. Printed circuit board and complete
instruction manual make assembly of this kit a
dream.

1395

WRL'S EXCITING NEW

,91062 Clu'vg Xit
A completely bandswitching Xmttr., 160-10M, for 90 watts. (15
watt dial indication for novice use.) Has built-in, well -filtered
power supply, and provisions for VFO input and operation Pi Net-
work matches most antennas 52-600 ohms. Modified Grid -Block
keying for maximum safety. Kit is extremely easy to assemble.
Contains complete, simplified manual, pre -punched chassis, and all
parts with wires pre -punched and pre -tinned. Meter and cabinet
are fully shielded for TVI-reduction.

Completely Wired: Only $64.95 . . . or
$5.17 per mo. - 56.50 Down

HERE'S THE PRIZE-WINNING

fcitliét 9IoI, Scout 65e
A low-cost, high quality Xmttr., completely
bandswitching, 160-10M. Complete new cabi-
net restyling, popular high level modulation,
with full modulation of Final. Pi -network
antenna tuner matches most antennas from
52-600 ohms. Built-in power supply. New
fool -proof stand-by switch. TVI-screened Cabi-
net. 65 watts for CW operation, 50 watts
on tone. Compact, 8x1408.

WRL'S PRINTED CIRCUIT
Transistor Code Oscillator Kit

O i" y $395
NET

i

Utilizes printed circuit for ease
in assembly. Pleasant audio tone.
Screw terminal input for key.
Output jacks receive standard
phone tips. Complete with two
peon cell batteries and detailed
assembly instructions. Grey
hammertone cabinet, 15ex25ax4.
Shp. wt. 1 lb.

Q tf
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Pay 100v Down
or $99.95 Cash

Kit Form: $89.95 Cash - or $9.00 Down, $7.16 per mo.

OK q $795
per MO.

Write for the Complete Information on these

TOP-QUALITY WRL PRODUCTS
GLOBE KING XMTTR. - GLOBE CHAMPION XMTTR.

GLOBE SPANNER BEAMS - WRL'S ROTO BRAKE
VFO - STANDING WAVE RATION BRIDGE - CONELRAD KIT

6 METER CONVERTER - 10% DOWN, E -Z PAY PLAN.

Please rush me:  your latest catalog, and complete in-
formation on items listed below!

NAME:

'ADDRESS:

CITY & STATE:

WORLD 5 MOST PERSONALIZED ELECTRONIC SUPPLY MOUSE

U07Q/fadúr
LABORATORIES

PH 2 0277

3415 W. BROADWAY COUNCIL BLUFFS. IOWA

SAVE UP TO
on reconditioned
equipment with a50% factory -new warranty

Write for late list!



i We'lle also give you a free copy of on
interesting booklet, "Electronics and YOU."

'One of North America's Foremost Electronics

LET DEVRY TECH PREPARE YOU IN
SPARE TIME AT HOME AS AN

ELECTRONICS
TECHNICIAN

NO PREVIOUS TECHNICAL EXPERIENCE

OR ADVANCED EDUCATION NEEDED!
Laborers and bookkeepers, store clerks, shop men, farm-

ers, salesmen - men of nearly every calling - have taken the
DeVry Tech program and today have good jobs or service
shops of their own in Electronics. You don't have to quit your
present job. If you are 17 to 55, see how you may get your-
self ready for a future in the fast-growing Electronics field.

Whether you prepare at home or in our well-equipped
Chicago or Toronto Laboratories, you get sound, basic training
in both principles and practice. At home, you use educational
movies. You build actual circuits and test equipment. You read
simple directions, follow clear illustrations. When you finish,
you are prepared to step into a good job in an excitingly
different field. You may even start a service shop of your own.
Mail coupon for free facts today.

Live -Wire Employment Service

Puts you in touch with job
opportunities-or helps you
toward a better position in
the plant where you are
now employed.

Draft Age?
We have valuable information
for every man of draft age; so
if you are subject to military
service, be sure to
check the coupon.

A SAMPLE LESSON

FREE
See for yourself how DeVry Tech train
you for real opportunities in Electronics

Training Centers
Accredited Member

of Notional
Home Study Council

DEVRY TECHNICAL INSTITUTE
CHICAGO 41, ILLINOIS

FORAIERIY

DEFOREST'S TRAINING, INC.

AN INDEX
to a

SETTER JOB,
A BRIGHTER

FUTURE

Electronics

Guided
Missiles

Television

Micro -Waves

Communications

Radio

Industrial
Electronics

Computers

Automation
Electronics

Remote Control
Systems

Broadcasting

Your Own
Service Shop

MAIL TODAY FOR FREE FACTS
DeVry Technical Insititute
4141 Belmont Ave., Chicago 41, III., Dept. EH -N
Please give me a FREE Sample Lesson and your booklet,
"Electronics and YOU."

NAME AGE
Please punt

STREET APT

CITY ZONE _ STATE
Check here if subject to military training.

#1090 DeVry Tech's Canadian Training Center is located at
626 Roselawn Avenue, Toronto 12, Ontario
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Pilid
THE FIRST

LOW-PRICED

TRANSMITTER

RECEIVER

VaCAZt11TE
Series JRC

RADIO TRANSCEIVERS
YOUR PERSONAL RADIO TRANSCEIVER OPERATES ON
THE CITIZENS RADIO BAND, REQUIRES NO OPER-
ATOR'S LICENSE, NO SPECIAL SKILL OR KNOWLEDGE.

Another Triumph of modern electronic engineering! After
years of research, Vocaline technicians were able to
simplify and refine known principles of famous high -
cost walkie-talkie type two-way radio equipment and per-
fect the now highly successful Series JRC Vocaline Radio
Transceivers. These new radio transceivers operate on
the Citizens Radio Band 465 megacycles. No operator's
license is required. The FCC readily grants station li-
censes for this equipment to any U.S. Citizen over 18
years of age. Available in two models as shown.

MODEL JRC-400
FCC -Type Approval No. CR423*

69.75 Unit $1 39.50
PAIR

MODEL JRC-425
FCC -Type Approval No. CR -427*

99.75 Unit 119930
R

*All Vocaline Transceivers are available for operation on
either 115 V. AC and 6 V. DC or 115 V. AC and 12 V.
DC (Specify when ordering)

ACCESSORIES
MODEL LCX-1 MODEL AEA -12
Leatherette Carrying Case Aluminum Extension Aerial

each $19.95 each $24.95
STANDARD INTERIOR TO EXTERIOR ANTENNAS

(Ground Plane Type)
GP4.10 (10' of RG58U lead-in wire) EACH $ 7.95
GP4-20 (20' of RG58U lead-in wire) EACH 9.45
GP5-50 (50' of RG8U lead-in wire) EACH 24.95

All GP antennas are supplied with brackets
and "U" bolts for fastening to pole or mast.

MODEL EB-6 Miniature battery charger for
Portable 6 -volt Battery above $12.95
Direct from factory only - Special line cord LC -1 for

each $15.95 adaptation to automobile
cigarette lighter

each $2.95

VOCALINE CO. of AMERICA, INC.
OLD SAYBROOK, CONN.
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Train in Great Shops of COYNE for better jobs in

vY(3 L

TWO TOP OPPORTUNITY FIELDS
Whether 17 or Li? to 45 years of age, train the Coyne
way for a better job and a real future in ELECTRIC-
ITY -ELECTRONICS or TELEVISION -RADIO,
fields that offer a world of opportunities. Train on real,
full-size equipment at COYNE where thousands of
successful men have trained for nearly 60 years-
largest, oldest, best equipped school of Its klnd-
established 189E. No advanced education or previous
experience needed. Employment service to graduates.
START NOW-PAY LATER --Liberal Finance Plans and
Easy Payment Plans. Also part-time employment
help for students. Training in Refrigeration and
Electric Appliances can be included.

FOUNDED 1899

A Teehnical Trade Institute Operated Not For Profit
500 E. Paulina Street, Chicago, Dept. 27-57H

ELECTRICITY RADIO  TELEVISION  REFRIGERATION  ELECTRONICS

MAIL COUPON
FOR FREE BOOK
Send coupon for 48 -page illus-
trated book "Guide to Careers
in Electricity -Electronics and
Television -Radio." No ccst; no
obligation; no salesman will call.
Vets and Non -Vets get vital
facts now!

B. W. COOKE Jr., ?resident
COYNE ELECTRICAL SCHOOL
S00 S. Pauline St., Chicago 12, III., Dept. 27-67H

Send BIG FREE, book and details of your training
offer. This does not obligate me and no salesman
will call. I am it terested in:
( ) Electricity -Electronics ( ) Televls on -Radio

Name
Address

City State

The future is YOURS in TELEVISION!
A fabulous field-good pay-fascinating work-a
prosperous future in a good job, or independence in
your own business!

Coyne brings you MODERN -QUALITY Television Home Train-
ing; training designed to meet Coyne standards at truly lowest cost
-you pay for training only-no costly "put together kits." Not an
old Radio Course with Television "tacked on." Here is MODERN
TELEVISION TRAINING including Radio, UHF and Color TV.
No Radio background or previous experience needed. Personal
guidance by Coyne Staff. Practical Job Guides to show you how to
do actual servicing jobs-make money early in course. Free Life-
time Employment Service to Graduates.

B. W. COOKE,Jr.,
President

A TECHNICAL TRADE INSTITUTE OPERATED
NOT FOR PROFIT

500S. Pauline Street. Chicago 12. Dept. 27-HT6
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BUY THE WORLD'S MOST

COMPLETE HI-FI GUIDE

Compiled by the Editors
of Popular Electronics

164 PAGES!
Nine Big Chapters on:

 WHY AND HOW HI-FI

 TUNERS

 TAPE AND TAPE RECORDERS

 RECORD PLAYERS AND CHANGERS

 TONE ARMS, CARTRIDGES AND NEEDLES

 PREAMPLIFIERS AND AMPLIFIERS

 LOUDSPEAKERS

 SPEAKER ENCLOSURES

 SAVING MONEY IN HI-FI

1957 EDITION

HI-FI
GUIDE AND YEARBOOK

Price : 75c

Also included in this new Hi -Fi Guide is a helpful YEARBOOK SECTION covering
all the latest trends in high fidelity. This "book within a book" lists the nation's out-
standing Hi -Fi records and artists, all FM stations, and contains a complete calendar of
1957 Hi -Fi Shows, plus a directory of Hi -Fi literature available free!

BE SURE TO BUY YOUR COPY!

NOW ON SALE AT ALL NEWSSTANDS AND RADIO PARTS DEALERS!
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ELECTRONIC
EXPERIMENTER'S
HANDBOOK

Introduction

IF

YOU like to build things that are useful and if
you want to learn some electronics in the proc-

ess, this book is for you. Most of the devices de-
scribed here are easy to build and require little or
no electronics knowhow. Some of the projects,
however, are quite advanced, making this book of
interest to the seasoned electronics experimenter
as well as the neophyte.

More than 46 projects are described in the nine
chapters of this book. A rain alarm, fire alarm,
baby sitter, and similar devices for the home are
described in the first chapter. The second chapter
describes novel and educational toys for children.
Outdoormen, hi-fi fans, radio amateurs, photog-
raphers, musical gadgeteers, and radio control
fans will each find a chapter devoted to their in-
terests. The last chapter contains some projects
of general interest and unusual novelty.

The devices in this book are, in a way, pretested,
having previously been described in POPULAR
ELECTRONICS magazine. The widely popular
and original pictorial diagrams used in that mag-
azine are retained here, as is the direct, clear
style. We're sure that you will get much enjoy-
ment and use from these projects. C.T.
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QUALITY INSTRUMENTS by EMC
A COMPLETE "ECONOMY LINE"
WITH HIGH-PRICED FEATURES...

Save More! Service Better!
Advanced production techniques and ex-
tensive quality controls assure you of a
high quality, reliable instrument at the
lowest possible price . . compare and
you'll agree, it's smart to buy EMC.

VOLOMETER

Model 102
I 800 micro amperes

ter,
inch

me-
ter, 342 inch Dlastic
meter. accurate to
within 2%. Three AC
current ranges.

Wired and Tested $14.90
Kit Form $12.50

VOLOMETER
Model 104

Features a 41/2
inch, 50 microam-
pere meter, AC
current ranges and
three resistance
ranges to 20 meg-
ohms.

Wired and Tested $26.95
Kit Form $19.25

MUTUAL CONDUCTANCE
TUBE TESTER

Model 206P
Checks tubes for
m icrohmo value
and gas content.
Completely flexi-
ble. lowest priced
mutual conduct
ance tube tester
on market.
(Hand Rubbed Carrying Case) $83.50

TUBE TESTER
and REJUVENATOR

Model 209
Miniaturized. Emis-
Sion type. Accu-
rate. 342" plastic
meter. $38.50 In
hand rubbed carry-
ing case.

(Hammertone Metal Case) .. $35.90
Kit Form .... _.. $25.90

VACUUM TUBE VOLTMETER

Model 106
Uses 1% precision
resistors for volt
age multipliers.
Full scale deflec
tion of 142 volts
for both ACDC
volts.
Wired and
Tested .. $35.00
Kit Form _. $23.90

VOLT -OHM CAPACITY METER
Model 107

Measures capacity,
resistance and peak
to peak voltage. Me-
ter cannot burn out.
Measures 50 mmfd
to 5000 mfd. 1%
multipliers for volt-
age capacity and
resistance measure
ments.

Wired and Tested $48.90 Klt Form $34.50

New! BATTERY ELIMINATOR i CHARGER
Model 905

Continuously vari-
able voltage out-
put. Automatic
overload relay self -
resetting. Either
6 or 12 volt opera.
tion. Separate volt.
meter and am
meter.
Wired $37.50 Kit Form ...._.$28.90

RF.AF CRYSTAL MAKER TV BarGenerator

Model 700
From 18 cycles to
108 megacycles on
fundamentals.
Wien Bridge audio
generator. Can be
used as bar, or
square wave gen.
erator.

Wired and Tested $55.90

WIDE BAND OSCILLISCOPE FOR COLOR i
%....--. MONOCHROME TV

Model 601
Full 5 me band-
width for color TV.
Push-pull vertical
amplifier, .02 volt
per inch sensitiv-
ity, 5 UPI -5" scope
tube. Multivibrator
sweep from 15
cycles to over 75kc.

Wired and Tested $117.90

New! BATTERY ELIMINATOR and
VIBRATOR CHECKER

Model 905.6A 1 "'VFeatures identical Ito wv +
('Model 905 & 906.

Housed in single ,_
sloping metal case
Wired ... $61.90
Kit Form $4430

r.)
I

New! TRANSISTOR CHECKER

Model 210

Checks all PNP and NPN
transistors. Measures
gain in 3 ranges. Mea
sures leakage on 2 color
"Poor -Good" scale.
Housed in molded bake.
lite case. Checks diodes.

Wired $10.95 Kit Form $1.95

EMC
ELECTRONIC

MEASUREMENTS CORPa
625 Broadway, New York 12, N. Y.
Export Dept. 370 Broadway, N.Y. 13

Checks 6 and 12 volt
vibrators. Reads vi
brator condition on
"BadGood" scale
Checks interrupter * .'

and self -rectifier
type for proper au
starting point and a§
quality of operation.
Used with any bat-
tery Eliminator, such Wired
as Model 905. Kit Form

New! VIBRATOR CHECKER

Model 906

$31.80
511.05

Yes, send me a complete catalog of all EMC INSTRUMENTS.

NAME

OCCUPATION

COMPANY

STREET

CITY STATE.
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DOES the lady of the house have to keep
an eye open for clouds whenever she

hangs out the laundry? When there's a
heavy storm, is it necessary to keep check-
ing the basement for possible water leaks?
Has anyone ever turned on the sprinkler to
water the lawn, lain down for a short nap,
then awakened to find that a storm had
come up and water was being wasted on
a lawn already soaking from a torrential
downpour? Has anyone ever left the top
down on a convertible in the evening, had
showers during the night, and had to drive
to work in a wet car?

If the answer to any of these questions
is "yes," or if rain, moisture condensation
or water leaks are likely to introduce
problems in a personal or business life,
then here's a handy little gadget that will
help reduce future worries-a novel "rain
alarm" so sensitive that the slight mois-
ture condensing from one's breath on its
sensor plate is enough to operate it.

Yet with all its amazing sensitivity, the
rain alarm uses a very simple circuit re-
quiring but a single vacuum tube. It is
quite easy to assemble and a cinch to use.
An experimenter or home builder of aver-
age skill should have no difficulty assem-
bling and wiring his own unit in one or
two evenings or on a weekend.

Assembling the Rain Alarm
Because of the simple circuit employed,

relatively few inexpensive, readily avail-
able components are required, and these
are all specified in the parts list. Chances
are all of the parts will not be found at
a radio parts distributor, however. It may
be necessary to pick up the buzzer, lamp

By EUGENE RICHARDSON

socket and bulb, and one or two other
items at a local hardware store.

The complete rain alarm consists of
two independent units-the "Control Box,"
which includes the electronic circuits as
well as the alarm signaling devices, and
the "Sensor Plate" which detects the pres-
ence of moisture. A of con-
ductor lamp cord is used to connect the
two units.

The Control Box: The complete elec-
tronic circuit shown in the schematic dia-
gram is assembled in the control box.
Wiring and layout are not critical and lead
dress is not too important. However, a few
construction hints should be of help in
avoiding errors and in making sure that the
unit.works the first time it is turned on.

A single piece of sheet metal measuring
approximately 31/2" x 5144" is bent to form

10 ELECTRONIC EXPERIMENTER'S HANDBOOK



the chassis. Either steel or aluminum may
be used, but aluminum is easier to machine
and. to bend. If steel is used, it will be
necessary to give it a protective coating of
some sort to prevent rust. Enamel, plas-
tic, or a plating (such as cadmium or cop-
per plating) may be employed.

The model shown is housed in a commer-
cially available aluminum box, finished
with an attractive gray hammer -tone

pig. 1. Schematic diagram - d parts list of control

CONTROL UNIT
RI -22 megohms. 1,2 w. carbon res.
R2-- 10 megohms, t;_ w. carbon res.
R3 3000 ohm wirewound pot.
R9--6600 ohm, 1 w. carbon res.
Cl- -20 µ1d.. 150 v. tubular elec. capacitor
BPI, BP2- Binding post terminals
RLl S.p.d.t. plate relay. 5000 ohm coil (Potter

and Brumfield Type LB5 or LM5)
PLl- Polarized line plug (see text)
SI -S.p.s.t. toggle switch
SOl-- -Standard lamp socket, with switch
VI 117L7,M7GT tube
BUZZER- -6 v. o.c.-d.c. buzzer (Edwards No. 725

"Dixie" Buzzer)
LAMP -Standard 115 v.. 100 w. lamp
I Metal cabinet, 3" x 4" x 5" (Bud "Minlbox"(305)

Over-all view of the control unit
with +he sensor plate attached.

enamel. Of course, the case may be re-
painted to suit a particular color scheme
if desired. Over-all dimensions are only
3" x 4" x 5". Rubber grommets, mounted in
half -inch holes in the bottom of the case,
serve as inexpensive rubber -feet.

If preferable, a home-made ease can be
bent from sheet metal stock, or a wooden
or plastic case may be used in place of a
metal housing. However, regardless of the
case employed, be sure to allow a reason-
able amount of working space, make cer-
tain the vacuum tube is not too close to
material likely to be damaged by heat, and
provide adequate ventilation. In the model,
ventilation is provided by a series of Ys"
holes drilled in the back cover, together
with a pattern of Y4" holes in the top.
These two sets of vent holes act together
to provide a sort of "chimney" effect which
gives efficient cooling.

unit and sensor plate.

1-- Sheet of aluminum, approx. 3y"x5t
for chassis

1 -Octal socket
I --Line cord
1--2-lug terminal strip
6-- I.,2" rubber grommets
Misc.--Screws, nuts, wire, solder

SENSOR PLATE
2 -Metal pet combs (Obtain from pet shop or

hardware store --see text)
4---4.36 x -s" flat -head machine screws
1 --piece o1 Bakelite, fiberboard. or plastic, 31".

x 214" x t/5"
Misc.-Short Tenth of lamp cord, solder, electrical

tape

Total cost of parts. approx- 517 50

1957 Edition II



sol

BUZZER

SI

R3

RL I

Rear view of control unit with cover
removed. Note the subchassis on which
the tube and relay are mounted. Holes
in back and top are for ventilation.

The lamp socket, 501, and the buzzer
are mounted on the top of the case. Be
sure to obtain a lamp socket with a built-
in switch so that the alarm can be turned
"off" when desired.

Wire as much of the chassis as possible
before mounting it in the case. The par-
tially wired chassis is shown on page 13
and major components are identified.

NOTE ON GROUND CONNECTION:
One side of the power line connects to
circuit "ground." This ground connection
may be to the chassis and case, provided
a polarized line plug is used, so that the
chassis is always at ground potential. As
one side of the power line is connected to
earth ground in all installations following
standard UL code, all standard outlets are
"polarized" to receive a special plug in
only one way, but they will receive regular
plugs in two ways. Where one side of the
power line is connected to the chassis of a
piece of equipment, and a regular plug is
used, it is possible to make the chassis
"hot" with full line voltage (with respect
to earth ground) if the plug is inserted in
a certain way in the wall receptacle. This
might result in a severe shock. In a po-
larized plug, one of which is used in this
model, one prong is wider than the other,
with the widest prong connected to the
"ground" side of the line. It can be in-
serted in a wall socket in only one way.

If a polarized plug is not available, and
cannot be obtained, one can be made out
of a standard plug by soldering a small
piece of wire around the outer edge of one
12

prong to increase its width. A paper clip
will furnish a preformed wire for this pur-
pose. Remember that the widest prong is
the ground connection. Under no circum-
stances make a power line connection di-
rectly to the chassis of the rain alarm (or
any other piece of electronic equipment)
unless a properly connected polarized line
plug is employed. To do otherwise is to
invite disaster.

When the wiring is completed and dou-
ble checked for errors, the tube and the
100 w. lamp bulb can be installed. Turn the
lamp switch "off," the power switch "off,"
and the sensitivity control R8 to its max-
imum resistance position. Plug the unit
into a wall outlet, then throw the power
switch "on" and allow a minute or two
for warm-up. Listen for the relay to pull
in (there'll be a distinct "click"). If the
relay doesn't pull in after a reasonable
warm-up period, gradually turn R3 to a
lower resistance position. The relay should
pull in before the half -way point of con-
tról rotation. The point at which the relay
pulls in is the "normal" setting for the
sensitivity control. Greater or less sensi-
tivity may be obtained by adjusting to
either side of this point.

After setting the sensitivity control,
Check the operation of the control box
by connecting a 1 megohm resistor (any
wattage value) across its "control" termi-
nals (binding posts BP1 and BP2, Fig. 1).
With the resistor jn place, the relay should
drop out; when the resistor is removed,
the relay should pull in again. If the relay
drops out, but doesn't pull in again when
the resistor is removed, readjust R3 to a
lower resistance setting.

Finally, with the test resistor removed,
and R3 adjusted so that the relay has
pulled in, close the switch on the lamp
socket (501). The lamp should remain
dark and the buzzer silent. If the lamp
lights and the buzzer sounds; connection
has been made to the "NO" terminals in-
stead of the "NC" terminals (Fig. 1).
Next, check over-all operation by recon-
necting the test resistor across the con-
trol terminals ... immediately, the lamp
should light and the buzzer should sound.

The Sensor Plate: Two equally good
methods may be used for making the
sensor plate. The model shown in the
photograph was assembled from two pet
combs and a small piece of plastic mate-
rial. In assembling a similar unit, obtain
two all -metal pet combs and remove the
handles and shafts. Drill and tap two
small holes in the back of each comb, then
mount the two combs on a piece of Bake-
lite, fiber, lucite, or similar plastic. The
teeth of the two combs should be inter -

ELECTRONIC EXPERIMENTER'S HANDBOOK



leaved, but not touching. Each comb serves
as a separate electrode and is connected
to one of the "control" binding posts on
the control box. Ordinary twin conductor
line cord is satisfactory for connecting the
two units together.

A lower cost sensor plate may be made
by cementing a piece of aluminum foil to
a piece of plastic, then cutting a narrow
strip out in such a way that the foil is
divided into two electrodes, each of which
has a maximum area exposed in close
proximity to the other, but without actual
contact made at any point.

OPERATION

The 117L7 tube used in the rain alarm
is a multi -purpose tube and is equivalent

Sensor plate assembly. Two metal combs
were used to make the unit illustrated, but
other techniques are described in the text.

( Left) Subchassis viewed
from underneath with the
majority of components in
place. (Below) Plug with
wire soldered to one prong,
forming a polarized plug.

to two separate vacuum tubes in a single
envelope. One section is a beam power
amplifier, the other section a half -wave
rectifier. In the rain alarm, the beam
power amplifier section is triode -connected
(screen grid connected to plate) and is
used as a control tube. The rectifier sec-
tion supplies a d.c. operating voltage for
the control section. Cl serves as a filter
capacitor; no filter choke or filter resistor
is needed.

In operation, cathode resistor R3 to-
gether with bleeder resistor R4 develop a
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high bias voltage that would normally pre-
vent the control tube from drawing suffi-
cient plate current to close the relay RL1.
This high bias is just balanced out by a
positive voltage applied to the grid of the
tube by voltage divider network R1 -R2,
however, and sufficient plate current flows
to close the relay.

But the voltage divider network is made
up of very high resistances, and any ex-
ternal resistance connected across grid re-
sistance R2 will drop the positive grid volt-
age sufficiently to allow the cathode bias
to reassert its effect, reducing plate cur-
rent and allowing the relay to drop out.
Since the sensor plate is connected direct-
ly across R2, any moisture on the plate
which reduces the resistance between the
two electrodes acts effectively like an ex-
ternal resistor shunted across R2.

The setting of cathode resistor RS de-
termines the initial bias and hence the
relative sensitivity of the circuit. Sensi-
tivity is such that a resistance of 10
megohms or less connected across its con-
trol terminals will initiate operation of the
device.

When the relay drops out, voltage is ap-
plied to a series circuit consisting of a 100
w. lamp bulb and a six volt buzzer. Both
the lamp and buzzer operate. The lamp
actually takes the place of a large wattage
resistor and acts to drop the line voltage

TERMINAL
STRIP

to the proper value for buzzer operation
while, at the same time, providing an
"alarm" signal of its own.

Using the Rain Alarm: The control box
is generally placed in the home at some
location where its buzzer may be heard
easily or where its light may be seen. The
sensor plate is then placed outside where
the first drop of rain is likely to strike it.
Ordinary line cord is used for connecting
the two units. The length to be used will
be determined by the quality of the insu-
lation on the line cord. Since this varies
so much with different types of cord, it is
best to determine maximum length experi-
mentally.

Circuit Modifications: The basic circuit,
as described and shown, is designed both
to sound an audible alarm and to light a
visual alarm whenever a drop of moisture
accumulates on the sensor plate. Some ex-
perimenters may wish to make modifica-
tions in the basic circuit tó meet their own
specialized needs. One modification would
be to use the relay contacts to supply
power to a motor, closing windows instead
of sounding an alarm. Another application
might be 'to replace the sensor plate with
a pair of prongs mounted in a tank, using
the rain alarm as a "floatless" level con-
trol. There is virtually no limit to the
possible applications of the basic circuit.

Pictorial diagram of the control unit of the rain alarm.

PI

POLARIZED LINE PLUG

BUZZER

GROUNDED
TO. CHASSIS
THROUGH
METAL WASHER

,,,/qqq

RESISTORS .  '.!
Q OCTAL

SOCKET
I17L7/M7...... TUBE VI

t

LAMP
SOCKET

WITH
SWITCH
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By HARVEY POLLACK

With a Thermistor Fire Alarm
Fire may strike your home next! Build and install this
effective system to warn of fire in its earliest stages

A SENSITIVE, quick -acting fire alarm
can effectively protect the home -owner

against the dangers of unchecked fires that
often start around central heating plants,
in basements, and in attics. Such an alarm,
which can also be used as a high -tempera-
ture safeguard in countless other applica-
tions, will be described in this article.

By making minor circuit modifications,
the alarm may be changed to an aquarium
or incubator thermostat, a freezer cutoff
alarm, or a control for individual room
heaters. Because of its circuit character-
istics, it is ideal for remote control in-

stallations where the building to be pro-
tected against rampaging fire is situated at
a relatively great distance from the main
house at which the alarm bell is to be
located.

Performance
The circuit utilizes a modern heat -sens-

ing element, the thermistor. A thermistor
is a resistor whose ohmic resistance drops
sharply with rising temperature, i.e., it
has a high negative temperature coefficient.
These interesting units are readily avail-
able in many sizes and values ranging from

. 1. Assembled fire alarm. Binding posts at right go fo a buzzer or pi o amp.
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l
Fig. 2. Under -chassis view of unit shows location of the major components.

about one ohm to hundreds of thousands
of ohms. Correctly used, they enable the
builder to meet the following performance
specifications:

(1) Low initial cost-the relative sim-
plicity of the circuit brings the over-all
initial cost down to about $11.50.

(2) Low operating cost-the choice of a
high -resistance thermistor coupled with a
low -current sensitive relay permits the cir-
cuit to idle continuously with a current
drain of something under .002 amPere. At
present power rates, this makes the yearly
operating ,cost less than 24 cents.

(3) Reliability-alarms of this type
should be inspected and checked periodical-
ly to insure reliability of operation in time
of need. Since all circuit components op-
erate at less than half -maximum rating,

and because the relay and rectifier are en-
closed in a metal case which is as close to
being dust -proof as one could desire, de-
pendability is assured even though the test -
checks are few and far between.

(4) Remote control-to make the device
universally applicable, components and de-
sign factors were selected to permit the
builder to use very long leads-literally
thousands of feet, if desired-between the
thermistor and the control box. Even the
alarm bell may be placed, hundreds of feet
from the control section should this sep-
aration be desirable.

(5) Adjustable sensitivity-to satisfy in-
dividual requirements, the circuit is ar-
ranged so that it can be made to react
swiftly to almost any above -normal tem-
perature between 120 and 500° F or higher.

Fig. 3. Schematic diagram and parts list for the thermistor fire alarm.
Cl-8-µfd., 450 -volt electrolytic capacitor
R1 -10,000 -ohm, 1 -watt resistor

rating 1 to 2 ma. (Advance SO -IC -10,000D,
Sigma 2F, or equivalent)

R2 -100,000 -ohm potentiometer, linear taper SRI -65 -ma. selenium rectifier (see text)
(1RC Q-11-128 or equivalent) TI-Filament transformer, 6.3 volt (l 1.2 amp.

RLI-Sensitive relay, 10,000 -ohm coil, pull -in (Stancor P-6134 or equivalent)
TH1-Thermistor, VECO Type 51R2 (Victory

RI 10K

R2

Engineering Corporation, Springfield Rd.,
Union, N. J.-a kit of thermistors and varis.
tors, available from the company for 510.00
by mail, contains this thermistor)SRI 6V + CI IOOK

BELL 1-Line cord and plug
Byfd. 1-Standard doorbell or buzzer

d

r II41EN TH I

1-Case, aluminum, gray hammertone finish,
S1' x 3V2" x 2t/8"

4=Insulated binding posts
1 -2 -lug tie point
I-Potentiometer knob, any type

TI

RLI
Misc. grommets, machine screws, wire, solder,

etc.
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Fig. 4. Pictorial diagram of the alarm.

(6) Latch -in feature-once the fire alarm
is triggered, the alarm bell continues to
ring even though the heat around the ther-
mistor sensing element temporarily sub-
sides. This action is accomplished auto-
matically by adjusting the relay properly,
as will be described later.

(7) No BX cable or conduit required-
low-voltage wires may be run between the
bell and central control.

Construction
Whether the reader duplicates the alarm

system exactly or makes modifications to
suit his tastes, just a few preliminary con-
structional precautions are desirable. The
rectifier (SR1, Fig. 3) should be rated at
35 ma. at the least, even though the total
current drain is less than 2 ma.; this makes
for cool operation over extended periods of
time. Filter capacitor Cl, an 8-µfd. unit,
should have a working voltage rating of
450 volts although the total anticipated po-
tential across it never exceeds 150 volts;
long capacitor life may be expected under
these conditions. The transformer Ti may
be mounted either inside or outside.

Terminals for the thermistor are isolated
from the line by the 10,000 -ohm resistance
of the relay and by a protective 10,000 -ohm
resistor Rl. An even better arrangement
would be to use an isolating transformer,
such as the Triad R54X. This unit has a
115 -volt secondary for operating the ther-
mistor and relay circuit, thus completely
isolating it from the line. Also included is
a 6.3 -volt winding for operating the alarm
bell. With such an arrangement, the relay
contacts would be connected in series with
1957 Edition

METER
O-5 MA

OR
0-10 MA.

75K 1/zw.
RESISTOR

11111

THERMISTOR
BINDING
POSTS

_.
Fig. 5. Hookup for initial adjustments.

the 6.3 -volt winding and the alarm bell.
The binding posts are insulated from the

case by means of shoulder or extruded fiber
washers. Holes drilled to take these wash-
ers must be large enough to allow the ex-
trusion to "sit" inside the rim of the open-
ing, thus preventing the metal screw of the
post from touching the case. Live rubber
grommets are necessary for the feed -
through leads to protect the latter against
fraying over the years.

Testing and Adjustment
All wiring should be completed before

proceeding with adjustment and testing.
A.c. power should not be applied until it
is determined, by means of an ohmmeter,
that no bare wires are in contact with the
case and that there are no short circuits
which might injure the selenium rectifier,
the thermistor, or the relay. An ohmmeter
is mentioned because it is usually a part
of a multitest meter which is needed for
current measurements.

Fo"r the following test, do not connect
the thermistor into the circuit at all. In-
stead, connect the multitester as a low -
range milliammeter (0-10 ma. range is just
about right) in series with a 75,000 -ohm
resistor across the thermistor binding posts
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as shown in Fig. 5. To avoid raucous
buzzing or  bell -ringing during the test, a
6 -volt pilot lamp may be substituted for
the alarm signal device as an indicator.

First rotate the knob of the sensitivity
control R2 so that it presents maximum
resistance to the series circuit (fully clock-
wise in this model), then insert the a.c.
plug into a 117 -volt a.c. outlet. The milli -
ammeter should show a reading of a small
fraction of a milliampere. Gradually ro-
tate the potentiometer while watching the
meter and the pilot indicator, noting the
current at which the pilot lamp first
lights up. This is the "pull -in" current of
the relay. Adjust the relay according to
the manufacturer's instructions (these ac-
company the relay when purchased) so
that it pulls in at 2 ma. and drops out at
an appreciably lower figure, such as .8 ma.
to 1 ma. Once this adjustment has been
made, it is advisable to seal the adjusting
screws with flexible polystyrene coil dope.

Again rotate R2 to maximum resistance
and replace the 75,000 -ohm resistor with
the thermistor, leaving the meter connect-

ed. Repeat the "creep -up" procedure given
above, adjusting the potentiometer in small
steps. This is necessary because, as the
current is allowed to rise in the thermistor
and it begins to warm up, its resistance
diminishes, permitting more current to
flow. The increased flow of current, in
turn, warms it some more, again reducing
resistance. This cycle continues until the
thermistor radiates its heat away as fast
as it is generated, stability being reached
in about ten seconds. From the above pro-
cedure, determine the position of the con-
trol knob for a setting which is just short
of pull -in. Leave the control in this posi-
tion, remove the meter, and connect the
thermistor alone across the binding posts.
The alarm is now set for a heat test.

Pass a lighted match quickly under the
thermistor body; the pilot lamp should
come on instantly, simulating ringing of
the alarm bell. Once the correct setting of
R2 has been obtained, the response should
bé instantaneous when the ambient tem-
perature around the sensing element ex-
ceeds 120-150° F. -{{-

Electronic Baby Sitter

By BYRON G. WELLS

Listen to the baby from another room-or
another house-with this sound amplifier

HIS versatile unit is easy to build and
low in cost, and the results obtained

from it are most gratifying. It is con-
tained in two boxes, one housing a mi-
crophone and an amplifier, the other the
loudspeaker. The two boxes are connected
by means of television twin -lead, which can
be of any length up to 150 feet. You can
place the unit with the microphone in any
convenient place in the baby's room and
the loudspeaker box in another toom of
the house where the parents are likely to
be-the bedroom, living room, etc. It has
been used even between adjacent houses
18

or apartments with good results, permit-
ting neighbors to baby-sit for each other
without having to leave their own homes
or apartments.

The schematic shows that the circuit is
equivalent to the final two stages and
rectifier of a small a.c.-d.c. broadcast re-
ceiver, with a resistor in the filament cir-
cuit to produce a voltage drop equal to
that of the filaments of the two additional
tubes which normally appear in such a
receiver.

The placement of parts is not at all
critical. The microphone and volume con -
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Schematic diagram
of the Electronic Baby
Sitter. Follow this
and the pictorial wir-
ing diagram below
in wiring your unit.
Notice that chassis

ground is not con-
nected to either side
of the power line.

---
12BA6 % ° 5085

VI / V2

- I

RI 3+I +'4
VOLUME
CONTROLxTALI

MIC. R2 R3 R4 RS

35W4
V3

R6

3 4

TIC2
rN

J ~AM~

RI-I megohm audio taper pot. with switch, SI

("Volume Control")
R2-1000 ohm, 1/2 w. res.
R3-50,000 ohm, 1/2 w. res.
R4-250,000 ohm, 1/2 w. res.
R5-150 ohm, 1 w. res.
R6-150 ohm, 10 w. wirewound res.
R7-10,000 ohm, 1 w. res.
CI-.01 µfd., 400 v. capacitor
C2-.02 µfd., 400 v. capacitor
C3-.1 mid., 400 v. capacitor
C4-05-20/20 µ1d., 150 v. two -section elec. capacitor

C3

C4

R7

+ C5

S1-S.p.s.t. "Power" switch (on RI)
TI-Audio output trans. to match 10,000 ohms to

speaker voice coil (A universal output trans.
such as the Stancor A-3856 may be used.)

Vl-12BA6 tube
V2 -50B5 tube
V3 -35W4 tube .

Xtal Mic.-High output or hearing -aid type crystal
microphone

Loudspeaker-Small PM loudspeaker
Cabinet; chassis; terminal strip; line cord and

plug; knob for volume control; screws, etc.

rol are mounted on the front of the cabi-
net and the other parts on a metal chassis.
Before finally mounting the parts, posi-
tion them tentatively on the chassis. Work
out an arrangement in which as many as
possible of the wires between parts are
short and direct, but space the components
far enough apart so that you will not be
cramped when doing the actual wiring.

In doing the wiring, follow the schematic
and pictorial wiring diagrams carefully,
solder all wires properly, and make sure
that no short circuits are caused by bare
wire or excess solder. If this is done, the
unit should perform at the very first try.

SOLDER
70 CHASSIS

S.P.S.T. POWER
SWITCH ISO ON

VOLUME CONTROL
RI

t

LINE
PLUG

With the unit plugged -in in the baby's
room and the loudspeaker box in another
room, the volume can be regulated to a
comfortable level. The sensitivity is so
great that, with the microphone fifteen
feet from the baby's crib, you can hear
every breath the baby takes. While this
is novel and makes a good demonstration
of the unit, it also can be annoying, as
background noise, such as window shades
and venetian blinds rattling, also is am-
plified. It is best to adjust the volume so
that no noise comes through until a higher
level of sound is reached, such as the baby
crying. -

5085
TUBE

V2
idAw4,441)

TER.

STRIP

35W4
TUBE

V3

1957 Edition
19



Inserting one of the probes for the
watering control into place on lawn.

The moisturemeter is shown here
being used to check the condition of
the soil in a potted plant. It can
also be used to check moisture in a
lawn or garden soil, after calibration.

Elewtroinie G cadsets
for the Ga rdeiner

Give electronics the task of
controlling your sprinkler
and indicating when your
house plants need watering
DID YOU EVER DREAM that the sci-

ence of electronics might be of helpto you in your gardening activities? Prob-ably not-it seems like a rather far-
fetched, imaginative, futuristic dream even
to consider such a possibility.

But it is not far-fetched-in fact, youcan build electronic equipment right nowwhich will aid you tremendously in both
inside and outside gardening activities. Thefirst devit2 to be described will actuallytake over the problem of watering thelawn or garden and perform such water-
ing automatically-keeping the moisture
level of the soil at the desired point.

And the second device will permit you
to determine; quickly and easily, whetherwatering is necessary-either outdoors orin your "window garden." This device uses
an ordinary meter, a single transistor, anda small battery.

Before going into the actual construc-tion details on these two devices, we should
20

perhaps dwell a little on the basic princi-
ples by means of which both devices op-erate.

Dry earth is a very poor conductor of
electricity. In fact, it might be called afairly good insulator. However, when earth
is moistened, the story is different. Its con-
ductivity increases greatly until, with cer-
tain types of soil and extremely moist con-
ditions, it can be called a good conductor.
In between these extremes, the resistancevaries over wide limits.

If we could contrive some method ofmeasuring the soil resistance when we
know moisture conditions are optimum,
we would have a characteristic which wecould use to control external equipment,such as a sprinkling system, or which
would give an indication of moisture con-ditions on a meter. A method for doing
each of these is covered in this article.
Neither device is complicated, and a de-
tailed knowledge of electronics is not nec-essary to understand the operation ofeither. And a lot of construction experi-ence is not required.

So, head for your workbench, get out
the soldering iron (a low-wattage one for
transistor circuits, please), and build your-
self either or both of these gadgets.
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WATERING CONTROL
By Walter B. Ford

If you are tired of the drudgery
of watering your lawn or garden,
relax and let this gadget take over.
It is highly reliable, constantly on
the alert, and will keep the mois-
ture content "just right."

As mentioned previously, this de-
vice operates on the principle that
the resistivity of the soil changes
with varying moisture conditions.
We insert two electrodes in the
ground at opposite ends of the gar-
den and impress a small d.c.volt-
age across them, in series with a
relay. When there is plenty of
moisture present, enough current
will flow to keep the relay closed
and thus prevent the sprinkler sys-
tem from operating. Once the
ground has dried out, though, the
current will drop, the relay will
open, and the sprinkler system will
start. When sufficient moisture has
been soaked up by the ground, the
sprinkler will shut itself off.

Basically the system consists of
a 24 -volt d.c. supply in series with
the coil of a sensitive relay, a
milliammeter and an adjusting
potentiometer. The 24 -volt supply
is produced by a door -chime trans-
former and selenium rectifier.
When sufficient current flows, the
relay is closed and the switching
circuit is such hat a motor drives
the water valve to the "off" posi-
tion. When the current drops, due
to the soil drying out, the relay
falls open. This starts the motor,
and it continues to run until the
water valve is in the "on" position.

Construction of this device is
fairly evident from the photo-
graphs and pictorial diagram. All
components except the motor and
valve are mounted inside a suit-
able box, either aluminum or steel.
Exact size is not important-just
be sure that it is big enough to
hold all the components.

The roller -type microswitch is actuated
by a fiber cam mounted on the gear driving
the water valve. This cam is shaped so that
the switch alternates between two1 positions
for each 1/4 -revolution, since 74 -revolution
of the valve is required to turn from "off"
to on" and vice versa. The gear ratio be-
tween the motor and valve is not critical-
use whatever you can obtain. But be sure
that the motor and valve are secure.

Make each prod out of a piece of brass
1957 Edition

Top, front view of control unit showing the potentiometer
being adjusted. Neon indicating lamp is at upper left, "on -
off" switch is just below meter. At the extreme left can be
seen the large gear with the fiber cam in place. Bottom,

inferior view shows placement of parts inside cabinet and
indicates how motor, gears, and valve are mounted. The pipe
and valve are supported on wood blocks of the proper thick-
ness, and are securely held by pipe clamps. The edge of the
fiber cam may be seen immediately above the large gear,
and the Microswitch and roller just to the left. Mount the
fiber cam securely to the large gear with screws, as shown.

rod about 8" long and 3/16" dia., with a half -
inch wood dowel on one end for a handle.
Sharpen the other end so it will push into
the ground easily and solder on a piece of
flexible wire for a lead. Two of these prods
are necessary.

Adjustment is made by, means of the po-
tentiometer once the unit has been assem-
bled. Select a time when the area to be
monitored needs watering, and insert the
two prods in the soil at opposite ends of the
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DC
MILLIAMMETER

TDnVAC.

TSFIRiP L

NEON
INDICATING

LIGHT

1-Small induction motor, such as Holtzer-Cabot,
Model RWC-2505, 2 rpm synchronous, available
from National Pneumatic Co., Holtzer-Cabot Div.,
125 Amory St., Boston 19, Mass.

I-Sensitive s.p.d.t. relay, 5000 -ohm coil (any value
between 4000 and 10,000 ohms should work)

1-Door chime transformer, 24 v. sec.
1-Selenium rectifier, 65 ma.
1-Milli ammeter, 0-35 ma. (see text)
1 -20,000 -ohm wire -wound potentiometer

20ít WIRE WOUND
POTENTIOMETER

I0 ,Id. 150V
ELEC CAP

1-10-µfd., 150 v. elec. capacitor
1-Microswitch, roller arm type, s.p.d.t., available

at Herbach o- Rademan or Allied Radio Corp.I-I/4 watt neon bulb, socket, and bezel
1 -125,000 -ohm, 1 -watt resistor
1-Set of gears (see text)
1-"Service cock" water valve with head turnedto fit large gear
I-Fiber cam mounted on large gear (see text)
1-Metal cabinet (see text)
Misc. wire, solder, etc.

Pictorial diagram and parts list for the automatic sprinkler control system.

garden. Insert them to the desired water-
ing depth probably 3" to 5". With the water
valve in the "off" position, rotate the gear
wheel with the fiber cam attached so that
the cam just releases the microswitch arm;
then secure the gear wheel to the valve
head and turn the control unit on. The mo-
tor should turn the valve to the "on" posi-
tion where the motor will stop. When the
area being monitored has received sufficient
moisture, adjust the potentiometer so that
22

the relay closes. No further adjustments
should be necessary. You may omit the me-
ter if you wish-it is merely a convenience
in making adjustments.

The author has operated this system suc-
cessfully with the electrodes spaced as far
as 100 feet apart. Pull -in current was 4 ma.
and drop -out current 11/2 ma. for the par-
ticular relay used. These values may be
varied somewhat by adjusting the tension
on the armature spring.
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TRANSISTORIZED MOISTUREMETER
By Joseph Chernof

If you just want an indication of the
amount of moisture present in the soil,
and are not concerned with any control
functions, this gadget will serve nicely. It
will also give you experience in working
with transistors in non -critical circuits.

Essentially, this device measures the
current flowing between two electrodes-
or probes-inserted in the soil, and thus

Rear view of mois-
turemeter with cover
removed. Construction
is extremely simple
and should only take
a short time. Be sure
that you have +he
battery polarity cor-
rect and that the
transistor is connected
in circuit properly.

gives an indication of soil resistance. With
a Iittle experience, you can tell very closely
the condition of any type of soil, whether
in the garden or in a flower pot in the
house. If the indication is that the soil is
too dry, it's time to water!

A 15 -volt battery impresses a voltage
across the probes in series with a reiistor
and the base -emitter circuit of the. tran-
sistor. This 15 -volt potential causes a cur-
rent to flow through the soil, the exact
value of which depends on moisture condi-
tions. The current, which in general will
be rather small, is amplified in the tran-
sistor and is read on the meter in the col-
lector circuit.

Construction of the probe can be deter-
mined from the photograph on page 20.

Two 10" lengths of 1/4" brass welding rod
are mounted 1" apart on a piece of Plexi-
glas. This spacing is not at all critical, but
is a convenient value to use. Mounting is
accomplished by soldering each rod to a
standard terminal lug, and then bolting to
the Plexiglas. File the opposite end of
each rod to a sharp point to facilitate pen-
etration in the soil. The lead-in wires from
the probe can be any convenient length,
and terminate in standard phone tips
which mate with the tip jacks on the front
panel.

Mount all components except the meter
and transistor socket inside the metal cab -

1957 Edition

inet. Bend an L-shaped bracket, as shown
in the photo, to mount the meter above
the cabinet. This type of mounting is em-
ployed to permit changing transistors easily
for experimental purposes, and to allow
the meter to be used for other purposes.

The parts placement is not at all critical,
and the author's layout does not need to
be followed exactly. No heat is generated
within the enclosure, so ventilation is no
problem.

Resistor R1 should be selected experi-
mentally, but the value will probably be
somewhere in the neighborhood of the
value specified. Short-circuit the probes
and note if a full-scale reading (2 ma.) is
obtained. If not, adjust RI accordingly. R1
will probably have to be changed if a dif-
ferent transistor is employed. Any high -
gain transistor may be used, but if you try
á p -n -p type, be sure to reverse battery
connections before turning the switch on!

Exact calibration instructions are diffi-
cult, since basic soil resistivity varies wide-
ly with the type of soil. As a guide, how-
ever, the author found that in his locality
a reading of 1 ma. indicated adequate soil

2N35
TRI

RI
47OK

TO
TEST

PROBE

0-2 MA.
81

i!+ o##S°1
15V

BI -15 -volt miniature battery (Eveready
#911 or equivalent)

)1, 12-Miniature nylon tip Jacks
M1-0-2 ma. meter (Sterling #835 or equiv.)
R1-970,000 ohm, 1/1-w. resistor (see text)
SI-S.p.s.t. toggle switch
TR1-Type 2N35 n -p -n transistor (see text)
1-Battery holder (Austincratt #911 or

equivalet, or homemade holder)
1-Transistor socket
1-Chassis, 2'x13/4'x13/4" (LMB No. MOO or

equivalent)
Misc. wire, solder, etc.

Schematic and parts list of moisturemeter.

moisture, while a lower value meant that
liberal sprinkling or watering was in order.
You will have to experiment with the soil
in your locality and be guided by indica-
tions of moisture content such as feeling
and appearance. Once you have played
around with this gadget for a while, though,
you can give an immediate answer-"to
sprinkle or not to sprinkle." - --
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By LOUIS E. GARNER, JR.

Add this transistorized photocell

relay to your TV set to allow

switching the sound on and off at

will with the aid of a flashlight

IN THE EARLY DAYS of television, when
it was still pretty much of a novelty,

viewers would watch every bit of each pro-
gram with avid interest. But today viewers
are more discriminating-they pick and
choose. One thing most viewers like to dis-
criminate against is the numerous spon-
sors' messages or "commercials."

Some TV commercials are just as inter-
esting as the program material. But, un-
fortunately, not all sponsors make a real
effort to present a truly interesting sales
pitch. It's easy enough to avoid looking at
a boring commercial, but the sound is diffi-
cult to eliminate without leaving one's easy
chair.

Add the simple gadget shown in the pho-
tographs to any TV receiver and, without
leaving the easy chair, the viewer can
"shoot" a beam of light at the set and ef-
fectively "kill" a pitchman's spiel before it
starts. The "Commercial Killer" is also
useful for silencing the receiver while talk-
ing on the telephone, answering the door,
or doing any of a dozen other tasks that
can be done better in silence. And once
the commercial is over, sound can be re-
stored by casually "shooting" another beam
24

of light at the set. Operation is fully auto-
matic, once triggered by the light beam-
there's no need to hold the light beam on
continuously either to kill or restore the
sound.

The "Commercial Killer" is a self-con-
tained instrument and, in most cases, may
be installed by simply attaching two leads
between it and the TV receiver. Since the
unit has its own built-in power supply (a
single long -life battery), it can be placed
anywhere in the room; it need not be lo-
cated near a wall outlet, and there's no
extra line cord to add clutter to the room.

Operation
This unit consists of two self -generating

selenium photocells, SP1 and SP2 (see
Fig. 1), followed by a two -stage transistor
d.c. amplifier which, in turn, operates a
relay (RL1). Power is supplied by a single
6 -volt battery. The simple design of the
instrument is based on the similar-but op-
posite-characteristics of p -n -p and n -p-n
junction transistors. Corresponding elec-
trode currents flow in opposite directions in
the two types of transistors, permitting di-
rect coupling between stages.

In operation, a small base bias current
flows through the 2N34 p -n-p transistor.
This current is established by the adjust-
ment of sensitivity control R1 and fixed
series resistor R2.  The fixed resistor is in-
cluded simply to limit the maximum bias
current that can flow, and thus to protect
the transistors from accidental overload.
The collector current of the 2N34 transis-
tor is several times larger than 'the base
current, due to the amplification of the
stage; and this current is also the base cur -
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rent for the 2N35 n -p -n transistor. Addi-
tional amplification is obtained in the sec-
ond stage, with the result that the collec-
tor current of the 2N35 transistor may be
100 times greater than the initial base bias
current. The highly amplified current flows
through the relay and controls its opera-
tion.

Under normal operating conditions, and
with RI properly adjusted, sufficient col-
lector current flows through the relay to
hold it closed, but not to close it (more cur-
rent is required to close a relay than to
hold it closed).

When light is applied to selenium photo-
cell SPI, a small voltage is developed
which, applied to the base -emitter circuit
of the 2N34 transistor, increases the bias
current slightly. This increase in bias cur-
rent, amplified by two stages of direct -
coupled amplification, is sufficient to close
the relay. The maximum relay current is
slightly over 1.0 milliampere. The relay,
once closed by the small increase in cur-
rent through its coil, stays closed due to
the steady current established by the ini-
tial bias, even though the light is removed
from photocell SPI.

If light is applied to photocell SP2, the
resulting voltage is such as to oppose the
steady bias current. Note that the SP2
photocell is connected with opposite polar-
ity to the 2N34 transistor. This causes a
drop in the output collector current which
is sufficient to allow the relay to drop out
or open. Once opened, the relay stays open
even though the light is removed from
photocell SP2.

Thus, by using a fixed bias and by con-
necting two self -generating photocells with
opposite polarity to the input of a direct -

coupled transistor amplifier, it is possible
to obtain a "self -latching" relay action. The
relay will stay either open or closed, de-
pending on which photocell is excited last.
This action is dependent on the adjustment
of sensitivity control Rl. If too little re-
sistance is used, the initial bias current
may be sufficient to close the relay and to
hold it closed at all times. If too great a
resistance is used, the bias current may not
be sufficient to hold the relay closed.

The complete schematic wiring diagram
for the "Commercial Killer" is given in
Fig. 1. The control box circuit should be
mounted using the chassis layout shown in
Fig. 2. The subchassis may be of aluminum,
steel, brass, or plastic, as preferred by the
individual builder.

Two 5 -pin subminiature "in -line" tube
sockets are mounted on the subchassis, but
the use of these sockets is optional-the
transistors may be permanently wired into
position if preferred. If the tube sockets
are used, however, mount them by cutting
small rectangular holes in the subchassis
which are slightly smaller than the tube
socket bodies. The tube sockets are then
forced into place with a few drops of gen-
eral purpose cement (such as Duco or Gen-
eral Cement No. 45-2 cement) added for
additional security.

Assembling Photocell Arm
In operation, a light beam striking one

photocell turns the sound off; when the
beam strikes the other photocell, the sound
is turned back on. Since most inexpensive
flashlights do not furnish a really sharp
focused beam, the two photocells are
mounted at opposite ends of a control arm.
Thus, it is possible to aim the light beam at

SELENIUM
PHOTOCELL
nCCR

SP2
SELENIUM
PHOTOCELL

81 -6 -volt battery (Burgess Type Z4)
RI-5-megohm carbon potentiometer (sensitiv-

ity)
R2-1 megohm, 1/2 -watt carbon resistor
RLl-Sensitive relay, s.p.d.t. contacts, 5500 -ohm

coil (Advance No. SV/IC)
SI-S.p.s.t. slide switch
SPI, SP2-Selenium photocell (International

RectiLer No. 5215)

r---1 Fig. 1. Schematic diagram
and parts lis+ for control

In unit. Light shining on SPI

z
closes relay 121.1: light shin-
ing on SP2 opens relay.

V1 -2N34 Sylvania p -n -p junction transistor
V2 -2N35 Sylvania n -p -n junction transistor
1 -3 -position screw -type terminal strip
1-Cabinet, 3" x 21/e" x 51/4" aluminum box

(ICA No. 29441)
I-Chassis, aluminum, brass or steel sheet,

approx. 21/2' x 23/2"
4-Rubber feet
2-1" aluminum caps
2 -5 -pin subminiature tube sockets
1-101/2' length, 1" O.D. Reynolds aluminum

tubing
1-81/4' x Ye" diameter wooden dowel
I-Small knob
1-Small, sharply focused flashlight (accessory)

.Misc. machine screws, nuts, wire, solder, etc.

1957 Edition
25



RL I

OUTPUT

SI

Fig. 2. Inferior view of main chassis shows location of parts.

the desired photocell without affecting the
opposite cell. Construction details for half
of the control arm are given in Fig. 3-the
other side of the arm is identical.

The seleniúm photocells (SP1 and SP2)
are mounted with small wood screws at
opposite ends of an 8V/4" -long wooden dowel.
A plastic rod may be substituted for the
wooden dowel if desired, but a metal sup-
port should not be used since the photo-
cells are connected internally to their
mounting brackets. Mounting both on a

support will short them and prevent
proper operation.

A groove is chiseled or whittled in the
wooden dowel and the photocell lead wires
run through it. "Scotch" electrical tape is
used to hold the lead wires in position.

The completed assembly is covered by
lengths of aluminum tubing, with holes cut
out at each end to permit light to strike the
photocells. Plastic, cardboard, or fiber tub-
ing may be substituted for the aluminum

VI

RI

V2
R2

BI

if desired, for its only purpose is to protect
the cells and to provide a "finished" ap-
pearance.

Use of a two -stage direct -coupled tran-
sistor amplifier provides considerable sensi-
tivity and eliminates the need for a lens
to focus light on the photocells. If a lens
were used, the sensitivity could be in-
creased still further, but only at the ex-
pense of a limited range of operation. With
a lens, the light would have to come from
almost directly in front of the unit to ob-
tain proper operation. Without a lens, sat-
isfactory operation can be obtained with
light coming from a wide angle.

With the control box and control arm
assembled, the two units may be mounted
and connected together. A single long ma-
chine screw and nut may be used for
mounting the control arm on the control
box.

Lead dress is not at all critical, but a
few general precautions should be followed

Fig. 3. Construction details for one-half of the control arm.

4 3/4"

I"O.D.
ALUMINUM

TUBING

MOUNTING
BOLT

I
SPI

(SP2 ONO 'Leo"LC

"SCOTCH" ELECTRICAL TAPE

CUT GROOVE IN DOWEL FOR SPI LEAD WIRES
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Fronf view (left) and rear view (right) of complete assembly.

to avoid damaging the components. Pay
particular attention to the transistor con-
nections-note that two different types of
transistors are used in the circuit. Inter-
changing the transistors or connections can
lead to serious damage. Identify the tran-
sistor sockets in some way. Mark the 2N35
(n -p -n transistor) socket with a dab of red
fingernail polish.

When the wiring is completed and dou-
ble-checked for errors, install the transis-
tors in their proper sockets and turn the
power switch (Si) on. Adjust sensitivity
control R1. With the control turned to
maximum resistance, the relay should be
open; with it turned to minimum resist-
ance, the relay should be closed. The point
of proper operation is where the relay is
just ready to close. If it is impossible to
open and close the relay by turning R1 to
its limits of rotation, a defective part or
an error in wiring is indicated-turn off
the power immediately and double-check
for errors!

5-PIN
SUBMINIATURE

TUBE
SOCKETS

CEMENT IN
POSITION

MATERIAL: 22 GA. ALUMINUM

Fig. 4. Two
speaker to the
at right shows

TO OUTPUT
TRANS. IN
TV SET

methods for connecting the
"Commercial Killer." Photo
leads connected to speaker.

LOUDSPEAKER
VOICE COIL

(A)

WJ

a1
.0I

21uL--J

TO OUTPUT
TRANS. IN
TV SET

LOUDSPEAKER
VOICE COIL

(B)

Defaihs cf subchassis construction.
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SENSITIVITY

Pictorial diagram showing how the various components are interconnected.

Installation and Adjustment
With the wiring completed and the

"Commercial Killer's" operation checked
out, the top cover may be installed and the
unit connected to the TV receiver. Con-
nections are made to the loudspeaker's
voice coil, using a short length of ordi-
nary lamp cord. Two different connection
methods may be used, and both are illus-
trated in Fig. 4.

The connection method shown in Fig.
4(A) is the simplest and is satisfactory for
the majority of installations. Leads from
the unit are merely connected in parallel
with the voice coil terminals. When the re-
lay closes, the voice coil is simply shorted
out. This will usually "kill" the sound;.
but if the connection lead is long, its im-
pedance may approach the low impedance
of the loudspeaker voice coil, with the re-
sult that an imperfect "short" occurs and
the sound is simply reduced in volume-
without being "killed" completely.

A somewhat better installation method
is shown in Fig. 4(B), but it requires one
additional component (a small wire -wound
resistor), three leads, and a little more
work. One of the leads from the loud-

28

speaker's voice coil to the output trans-
former is opened, then connected to the re-
lay terminals of the "Commercial Killer."
With this connection method, the audio
output signal is fed either to a resistive
load or to the loudspeaker.

Once the speaker connections have been
made, the unit may be adjusted for proper
operation. Place the unit either on top of
the television receiver or on the floor be-
neath it.

With both the TV receiver and the
"Commercial Killer" turned on and a TV
program tuned in, use a flashlight to strike
each photocell, in turn, with a beam of
light. Illuminating one photocell should
"kill" the sound; illuminating the other
should restore sound. If the relay does not
hold either on or off when the light beam
is removed, readjust the sensitivity control
until the desired operation is obtained
Once set, the sensitivity control usually
can be left fixed in position unless the
light level changes considerably, or until
the battery weakens.

The design of the "Commercial Killer"
is such that, once adjusted, it is more or
less "self -balancing" with changes in room
lighting conditions. -}-
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An Automatic

Light Switch
for the Home

It will switch lights on

at night, and off in the

morning-it can be used

for other purposes also.

By LOUIS E. GARNER JR.

OU won't have to worry about coming
home to a dark house at night if you

build an automatic light switch like the
one described here. When a table or floor
lamp is plugged into its receptacle, it will
automatically turn the lamp on at night
and off during the day.

The light switch is useful for discour-
aging prowlers and housebreakers, too. If
you plan to be away from home on a vaca-
tion for a few days, you can plug a lamp
into the light switch. Every night the light
will go on and every day it will go off .. .
just as if someone were in the house.

Compact, inexpensive, and easy to build,
the light switch is an ideal "rainy day"
project for the electronics hobbyist. Only
two tubes are used, a type 921 phototube
and a type 117L7 amplifier -rectifier.

The components you'll need to build your
own light switch are given in the parts list.
All the parts are standard and should be
available at your nearest radio parts dis-
tributor. However, if you are unable to
locate the parts locally, you can order them
from one of the large mail order supply
houses, such as the Allied Radio Corpora-

tion, 100 N. Western Avenue, Chicago 80,
Illinois, or the Radio Shack Corporation,
167 Washington Street, Boston 8, Massa-
chusetts.

Construction
A small commercial aluminum chassis

(Bud type CB -1617) measuring 4" x
x 1" may be cut down and drilled and
punched as shown. If you prefer, you can
make up a chassis "from scratch" using
sheet stock. Except for the phototube, the
parts layout and hole locations are not
critical. Simply place the relay and tube
sockets on the small chassis to locate the
mounting holes, arranging the phototube
socket so the phototube will be close to
the front of the case.

If you want to duplicate the model ex-
actly, you can use a standard Bud "Mini -
box" measuring 3" x 4" x 5" for housing
your unit. Locate the 3/4" x 11/1" rectangu-
lar hole directly in front of the phototube.
Other hole locations are not critical.

Although finished in an attractive gray
hammerloid enamel, the "Minibox" may be
repainted to suit the color scheme in your

1957 Edition 29



Subchassis for the Photoelectric Light Switch.

home. Mount small rubber feet on the bot-
tom of the case to prevent scratches on
your tables.

On the other hand, if you don't want a
metal case, you can assemble your own
light switch in some other type of housing.
Either a wooden cabinet or a plastic case
is satisfactory. An ingenious builder might
combine a table lamp and the automatic
light switch in a single attractive unit.

However, regardless of the type of hous-
ing you use, be sure to provide adequate
ventilation for the 117L7 tube and make
sure that outside light can strike the pho-
totube. In the model, ventilation is pro-
vided by a rectangular "pattern" of eight-
een 14" diameter holes drilled in the back
and by a 1" "vent plug" in the top of the
case.

Cose front. See text for "window" position.

Except for the connection to the line
receptacle (mounted on the top of the
case), all components and wiring are on
the small chassis. Do all the chassis wir-
ing first, following the schematic and pic-
torial wiring diagrams. Small machine
screws and hex nuts are used for mount-
ing the tube sockets and the relay. Use
only rosin core solder when wiring the unit.

Lead "dress" is not critical. However,
you should protect any bare leads with spa-
ghetti tubing to avoid accidental shorts. Use
rubber grommets for protection wherever
leads pass through holes in the chassis or
case.

Use temporary "lap" joints when instal-
ling R3. The final value of this resistor
will have to be determined experimentally
after the unit is wired.

921
TUBE

SO CKET
I
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Rear of case for Photoelectric Light Switch.

When you've completed the chassis wir-
ing and double-checked for errors, tape the
leads to the line receptacle (making sure
they don't accidentally short together).
Plug the unit into a wall socket and allow
several minutes warm-up. CAUTION: If
a blue glow develops in the phototube when
you plug the light switch in for the first
time, pull the plug out immediately. The
phototube has been installed backwards.
Reverse the connections to the phototube.

Check the operation of the light switch
by placing it where normal daylight (not
direct sunlight) falls on the phototube. The
relay should close. Darken the phototube

The subchassis, with parts mounted and wired.

by placing a cardboard box over the unit;
the relay should open.

If this action is not obtained, there is
either an error in wiring, a defective com-
ponent, or the value of R3 needs to be
changed. Assuming the wiring to be right
and all parts to be in good condition, you
can determine the proper value for R3
very quickly.

Connect either a resistance substitution
box or a 5000 -ohm rheostat in place of R3.
Checking the unit for operation by alter-
nately lighting and darkening the photo -
tube, adjust the resistance until proper
operation is obtained. The correct value
for R3 will generally fall between 2700 and
4700 ohms. Once the proper value has been
determined, install a fixed resistor.

If you prefer a control on sensitivity, you

In wiring the swi+ch, use the schematic with
the pictorial wiring diagram. Note that none
of the components are connected to chassis.

R1-10 megohm, t/z w. carbon res.
R,-10,000 ohm, 2 w. carbon res.
R,-3900 ohm, 2 w. carbon res. (See text)
C1-20 µtd., 150 v. tubular elec. capacitor
RLI-2500 ohm coil plate relay, s.p.d.t. contacts

(Potter 6 Brumfield type LB -5)
VI-921-phototube
Va-117L7/M7GT tube

Misc.-one octal socket; one phototube socket (Am -
phenol type 146-121); one º.c. line plug recep-
tacle (Amphenol type 61-MIP-61F); line cord and
plug; 1" vent plug; four rubber feet and mount-
ing screws; small aluminum chassis (Bud #CB -
1617); 3" x 4" x 5" metal box (Bud #CU -2105);
one pkg. assorted rubber grommets; one pkg.
assorted sheet metal screws; one pkg. assorted
machine screws and nuts; wire, solder, spa-
ghetti tubing, etc.
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Automatic Light switch after wiring, but before front and rear sections of cabinet are assembled.

can install a 5000 -ohm rheostat in place of
R3 as a permanent part of the circuit.

After the final value of R3 has been de-
termined and this resistor permanently in-
stalled, the light switch chassis may be
mounted in its case. Use either self -tap-
ping or sheet metal screws for mounting
the chassis. Lockwashers are not generally
necessary.

Applications
Once you've completed the assembly of

your automatic light switch, you'll find
many applications for it in addition to con-
trolling a lamp in the home. Here are a
few possibilities:

Photo Darkroom: Plug the safelight into
the light switch. When the normal lights
are turned out, the safelight comes on
automatically.

Store Windows: Connected to control dis-
play lights, the unit will turn them on
automatically at night or on cloudy days.

"Morning Alarm": Connected to a buzzer
or bell and placed so the morning sun
strikes the phototube, the light switch will
wake you at "the crack of dawn." Of
course, it may not sound the alarm till
late on cloudy days, but most people like
to sleep late on such days, anyhow.

The Light Switch
in use. The lamp is
controlled by light
passing through the
window in the box.
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By WALTER H. BUCHSBAUM

OF THE various types of signals that can
interfere with TV reception, perhaps

the most prevalent are from strong trans-
mitters located nearby. Such installations
as police radio, amateur transmitters, in-
dustrial r.f. heating and diathermy ma-
chines may radiate signals which are am-
plified by the TV set and interfere with the
picture. When interference is present on
all TV channels, or at least on channels 2
to 6, it is most likely from one of these
sources. The best place to eliminate these
interfering signals is right at the antenna
terminals of the TV receiver, and to do
this, use a filter.

The television frequencies extend from
54 mc., channel 2, all the way to 890 mc.,
channel 83, while the intermediate frequen-
cies used in practically all modern TV re-
ceivers are either from 21 to 26 mc., or
from 41 to 46 mc. Therefore, any signal
below 54 mc. can, in some form or other,
cause interference.

Two types of filters are described here.
One type is called "high-pass" and passes
only signals above the 54 mc. limit of chan-
nel 2. This filter is designed for the 300 -
ohm balanced twin -lead commonly used as
TV transmission line. All the parts are
standard items available from any radio
distributor. The shield can of an old broad-
cast i.f. transformer can be used as a con-
tainer with a terminal strip.

All coils are wound on 1 -watt carbon
resistors. The resistance value is not crit-
ical, as long as it is higher than at least
220,000 ohms, since the main purpose of the

This high-pass filter can be mounted on
a terminal strip and inserted in an i.f. can.

OA C C

TO CHASSIS

OF TV SET
(SEE TEAT)

Co 001122 CERAMIC C  100p1ic. CERAMIC

R = 470,000 OHMS I WATT L 12 TURNS No22 ENAM ELEDWIRE,
CLOSELY WOUND ON RESISTOR.
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7.5 TO 8O ppfd
DUAL TRIMMER

L  IS TURNS OF No. 18 ENAMELED WIRE,
CLOSELY WOUND ON RESISTOR.

Band rejection filter is shown above.

resistors is to serve as simple, inexpensive
coil forms. Any style of capacitor can be
used, except the paper tubular type. This
type has some inductance at the higher
TV channel frequencies.

This type of filter is recommended where
the interference is quite severe and its ra-
dio frequency is not known. Often in such
cases the a.c. power line is also a source of
interference and a commercially available
power line interference filter may have to
be used in addition to the filter used in the
antenna line.

Shown above is a single frequency, bal-
anced filter, often called a "band rejection"
filter. Using two 2 -watt carbon resistors as
coil forms and a dual trimmer capacitor
from an old i.f. transformer assembly, the
filter comprises two series resonant cir-
cuits. At the frequency to which the filter
is tuned, these series circuits present a
short circuit bypassing it 'from the anten-
na terminals. Connect this filter between
the transmission line and the TV receiver
terminals. When the interference is pres-
ent, tune each trimmer capacitor in turn
for minimum interference on the screen.
Be sure to use a non-metallic screwdriver
to avoid hand capacity effects.

Both filter diagrams show a dotted line
connection to the TV receiver chassis which
in some instances will ' help in the 4nter-
ference elimination. -}-

33



he comp e y wired tree. The base,
not shown, can be decorated to suit.
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Twit) k in9

By

E. D. MORGAN

HE Christmas season usually stirs an
I urge in most of us to attempt something
different in the way of holiday decorations.
Our favorite way of expressing this seems
to be either in our Christmas trees or in
exterior house lighting. In any case, most
people must limit themselves to commer-
cially available items which they simply
purchase and install. A worker or hobbyist
in any of the electrical fields is not so re-
stricted. He is familiar with the materials
and tools required and has the know-how
to handle many unusual and novel lighting
effects.

The Christmas tree described in this
article certainly qualifies as novel. It is a
clear, plastic tree about 12 inches high and
is decorated with many tiny flickering
lights. It makes a fine table centerpiece,
mantle decoration, window display, or tele-
vision lamp. It is portable and there is no
need to worry about line cords or the lo-
cation of the nearest power outlet.
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The NE -2 neon glow lamps used are the
appropriate size to trim a tree this small
and they have a soft red glow when lighted.
Unlike an incandescent lamp, they have no
filament and can be flashed very rapidly.
Fifteen of these lights were used because
that was the number of major branches on
the tree. Fourteen of them blink on and
off (about once or twice per second) while
the top light remains steady. The power
required for these lamps is quite low arid
a dry cell supply is entirely satisfactory.

It is almost impossible to make the wir-
ing inconspicuous and so an attempt was
made to keep it attractive. The wire chosen
was AWG No. 22, stranded, with red and
green plastic insulation. There is a lot of
wiring involved and the smallest wire you
can get will be the most desirable. Dark
green spaghetti tubing was used to cover
bare wires, such as resistor leads. Soldered
points were covered with electrical tape,
for safety purposes, but the entire area was

then covered with gaily colored gummed
tape in a Christmas motif. The battery
and capacitors, which are used to cause the
lights to flash, were built into a square
base. This was, in turn, covered with a
bright cloth.

The plastic tree is sold as the "Party
Tree" and widely distributed through va-
riety and department stores as well as gift
and novelty shops. The same type of tree
is probably manufactured and distributed
under different names. When purchased,
the tree is in two pieces and comes equipped
with a base as shown in the accompanying
photograph. The two parts are each slotted
halfway through the trunk so that they
dovetail together and fit into the plastic
base. By doing most of the wiring before
assembling the two halves, a much neater
effect can be obtained, as well as simplify-
ing the construction.

The schematic wiring diagram and parts
list is shown in Fig. 1. The neon lights

Some of the parts
needed to build the
tree. The base is used
to supply the plastic
material needed to se-
cure lamps to branch-
es. ANE-2 neon lamp is
also shown along with
resistor and capacitor.
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FOUR
MORE
PAIRS

OF
FLASHING

IGHIS/

R-2.2 megohm, V2 W. res. (15 required)
C-.1 µtd., 150 or 200 v. capacitor (7 required)
NE-NE-2 neon glow lamp (15 required)
Si-S.p.s.t. toggle switch
B1-90 volt battery
1-17' clear plastic Christmas tree
3-Three or more terminal strips to provide at

least 16 tie points

Fig. 1. Schematic diagram and parts list
covering the flashing circuit for the free.

are connected in pairs using the "flashing"
circuit indicated, which is an outgrowth of
the relaxation oscillator. There are seven
flashing pairs while the top light remains
steady. Each pair flashes at a slightly dif-
ferent rate and the lights seem to dance
from branch to branch.

The neon lamps have no sockets but
must be soldered directly into the circuit.
There is nothing critical about any of the
parts, except that the capacitors and bat-
tery should be as small as possible, other-
wise, the base size must be increased out
of proportion to the size of the tree.

Mounting and Wiring the Lights
The first step in construction is the

mounting of the neon lights on the individ-
ual branches. After trying several methods
of doing this, the simplest way seems to be
that shown in Fig. 2A. The tree and base
are made of a thermoplastic material,
which means that if heated it becomes pli-
able and when cooled returns to a solid
state and the process can be repeated over
and over.

Bottom view of the tree stand which
contains the circuitry. The battery (left)
has been removed so components are visi-
ble. Use of other parts may change layout.

As the base serves no purpose in the
final mounting, it can be used to help in
the securing of the lamps to the tree. Sim-
ply break off pieces of the base, place the
lights in the desired position and, using a
soldering iron to supply heat, literally
"weld" the light in place. A small strip of
the plastic can be used much as wire solder
is manipulated. You can then feed in the
plastic and form a smooth covering over
the two wires on the lamp base. Be sure
to keep the base wires separated so that
the plastic, upon cooling, acts as an insu-
lator between them. In this fashion you
can proceed to mount all the lights on the
two halves of the tree.

The next step is to make the connections
to the lamps before assembling the two
halves. One side of the lamp connects to
both a resistor and capacitor, while the
other side returns to the "B-" or common
side of the battery. As both the battery
and the capacitors are to be mounted in
the base, the wiring for them must be car-
ried down the trunk of the tree. Fig. 2B
shows the method followed in making these
connections. The wire fastened to the re-
sistor side of the lamp must be left long
enough to allow it to reach into the base,
while the other wire must be long enough
to reach the trunk of the tree and connect
to a common bus wire there. The resistor
leads can be cut so that they, too, reach
the trunk of the tree and connect to a
"B+" bus running toward the base.

As we have already mentioned that the
material is easy to melt with the applica-
tion of heat, you must take pains that the
soldering operation does not undo what
you have already accomplished in mount-
ing the lights. The easiest way to insure
this is to grasp the wires between the
lamp and the soldering iron with pliers
and the heat will then tend to flow into
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the pliers, instead of up the wire to the
plastic. Put spaghetti tubing over the re-
sistor leads before soldering. The lamp on
the tree top, which will not flash, does not
need the extra lead to run down into the
base. Connect a resistor to one lead of this
lamp and a wire to the other to reach the
"B-" bus wire.

Then fold the resistor and the common
lead back along opposite sides of the tree
branch and tape all exposed wiring as in-
dicated in Fig. 2C. Fold the wires so that
the resistors are all on one side of the tree
and the common leads on the other.

The wiring is greatly simplified if this is
done. The electrical tape should be cut into
small widths before taping the exposed
joints. In this way you can do a smoother
and less bulky taping operation. The neater
it is done, the better the finished product
will appear. The electrical tape is then cov-
ered with Christmas wrapping tape to im-
prove its appearance.

It would be wise to study the wiring dia-
gram of Fig. 3 carefully before proceeding.
It will be necessary to put the two halves
of the tree together after they are wired
and so care must be taken to insure that
this is possible. The solid lines represent
the "B-1-" bus and the dotted line the com-
mon, or "B-" bas. You can either scrape
the insulation back at intervals on these
bus wires, or use bare wire and put spa-
ghetti tubing between connections. It is
also wise to use different colors for the
positive and negative bus wires so they can
be easily identified after you later thread
them into the base. Note carefully that the
wiring is arranged so that the center sec-
tion of the tree trunk is never crossed by
any wire. This is absolutely necessary if
the two halves are to fit together when you
are finished. Again, tape all exposed wiring.
Be careful to keep the wires and the iron
away from the plastic to avoid melting or
warping it.

Base Construction and Wiring
You must now build a base and wire the

bottom section before you can proceed with
the tree proper. Many of the construction
details for the basé can be seen in the
photograph. The battery has been re-
moved so the wiring and assembly will be
apparent. Other types of bases could be
designed and your choice depends upon the
materials and tools you have to work with,
and on the size of the components. Fig. 4
shows many of the construction details of
the base used for this particular tree. It
consists mainly of a 6" square piece of
%" board with a %" hole in its center.
Mounted on the upper side of this is a
small 2" square piece of the same material
with a %" hole to hold the tree in place.
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"WELD LIGHT
TO TREE WITH PLASTIC
AS DESCRIBED IN TExT

(A)

GRASP HERE WITH PLIERS
WHEN SOLDERING

SPAGHETTI
TUBING

RESISTOR

RESISTOR LEAD
LEFT LONG ENOUGH
TO REACH B+ BUS
ON TRUNK OF TREE

FOLD RES. AND B- LEADS
ON OPPOSITE SIDES
OF THE BRANCH/

WIRE CUT LONG ENOUGH
TO REACH B- BUS ON
TRUNK OF TREE

WIRE CUT LONG ENOUGH
TO REACH DOWN BRANCH
AND TRUNK INTO BASE

WRAP THIS SECTION WITH
-I TAPE AS DESCRIBED
I W TEXT

Fig. 2. Method of mounting and wiring neon
lamps on individual branches. (A) Using plas-
tic to "weld" light to branch. (B) Fastening re-
sistors and leads to base of lamp. (C) Placement
and taping of the wiring used in construction.

Fig. 3. Method of wiring trunk of the tree.
Each half is wired in the same manner before
they are put together. The assembled tree will

have four "B+" and four "B-" leads into the
base.

SOLID LINES REPRESENT
CONNECTIONS BETWEEN
RESISTORS ANO SW BUS

B+ ANO B- BUS WIRES
ARE ON OPPOSITE
SIDES OF THE TREE

DOTTED LINES REPRESENT
TRES TO A- BUS

SLOT TO ENABLE TWO
HALES TO FIT TOGETHER

NOTE THAT CENTER
PORTION OF TRUNK
IS KEPT FREE
OF WIRES
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The wiring goes through these two holes
into the base.

On the under side of this board are
mounted the terminal strips to support the
capacitors and provide tie points for the
wires coming from each of the fourteen
flashing lights. Another terminal strip
acts as a tie point for the positive and
negative bus leads. Small pieces of wood
act as stand-offs for the battery so that
the wires have room to run to the various
terminals.

A switch is mounted in one corner of
the unit on a small L-shaped bracket of
thin metal. Two other side braces serve
to support the entire unit as well as to
secure the battery in place. These pieces
are cut long enough to reach the level of
the battery when it is inserted against the
stand-off strips. A piece of Masonite across
the tops of these blocks holds the battery
firmly. Furniture glides serve as mounting
legs and fasten this piece of Masonite to
the blocks.

With this type of construction the sides
do riot support any weight and so they
were cut from a piece of Bainbridge board.

Fig. 4. Suggested layout for building the base
of tree. Dimensions must be altered if any of
the parts chosen by builder is changed in size.

+j 5/8" lot -

5/16"
PLUS

THICK-
NESS
OF

BATTERY

I

.II/2"It-

ALL PIECES CUT FROM
3/4" STOCK AND
ASSEMBLED WITH
WOOD SCREWS

 U---- -,
1 i BATTERY

tii --_-..-------J
MASONITE

IA) SIDE VIEW

MOUNT I

SWITCH
BRACKE r
IN THIS

_ARGA J
BATTERY OUTLINE

2M2"

. ... .. a\ASS\ "SS's, Ss, ov
MOUNT TERMINAL STRIPS IN SHADED AREAS

(B) BOTTOM VIEW
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This is a high grade cardboard often used
for sign painting. It merely closes in the
base as the cloth completely covers this
portion of the tree.

Final Assembly
After building the base and mounting the

capacitors and switch, the tree may be
assembled and inserted in the %" mounting
hole. The fourteen leads from the lights
should be carried straight back along each
branch and fed along the trunk into the
base. At intervals along the trunk of the
tree, tie the wires in place so they will
retain their position. Green darning thread
is ideal for this purpose. Your neatness will
again affect the final appearance.

The leads should be connected to the
capacitors in a random fashion, one wire
to each end of the seven capacitors. It is
not necessary to pair the lights in any par-
ticular fashion and only if two lamps side
by side appear obviously coupled together
when you are through, will there be any
reason for further change. The "B+" and
"B-" leads should be fastened to their re-
spective terminal strips. The battery can
then be connected through a six- or eight -
inch pair of wires to the "B-" terminal
and through the switch to the "B+" ter-
minal. The battery should have a long life
with this small power drain and so you
can solder the wires directly to its ter-
minals unless you happen to have the
proper connector. Check the entire unit for
proper operation and then insert the bat-
tery in place, fasten the retaining pieces,
and cover the base.

The covering operation is best delegated
to the female branch of the family. Moth-
ers, wives, and sisters have a much better
knack for this sort of thing than the men
of the household and they can cover it as
they see fit. The author's unit was covered
with a cloth sold at Christmas time for
such purposes and often called "glitter
cloth" because it is covered with highly
reflective colored pieces to catch and reflect
the light.

This particular phase of the construction
is a good chance for the ladies to display
their ingenuity. The family's name can
be spelled out in sequins, a model village
can nestle in the "snow," or greens can
be draped artistically around the "box" to
hide its construction.

With that the tree is completed and in
a dimly lighted room will soon become the
center of conversation. It is certainly un-
usual and you can be sure that you will be
asked many times where you got it. Be
prepared with a ready defense, however, or
you will find yourself spending the entire
holiday season building them for your
friends and relatives.
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UNLESS YOU LIVE in a very unusual
household, you must have had more

than one exasperating session with an irate
wife or mother on the subject of time wast-
ed in the workshop building useless gadg-
ets. Here's a warranted method of putting
an end to those dispiriting gripe sessions.
Build something for her exclusive use.

As a protective device and step -saver, an
instant -heating (no warm-up time) inter-
com between the kitchen and the front
door will permit her to find out who is
ringing the bell without approaching the
door itself; undesirable callers can be sent
on their way through the medium of a
two-way conversation right from the kitch-
en sink!

Ordinary office intercoms are not satis-
factory for home use. Generally, they use
tubes that have a 15 to 30 second warm-up
time. To avoid this waiting period, such
units are usually left running all day long
-an unnecessary extravagance for the av-
erage apartment -dweller or home -owner.
The intercom described in this article elim-
inates the need for warm-up interval by

Plastic cabinet
comes without
holes for controls
drilled in front
panel; it can serve
either as master
unit or remote
speaker housing.
Trimming the cab-
inet with decals
will make intercom
look like expensive
commercial unit.
A waterproof
housing may be
used for the remote
out- of -doors unit.

using battery -type tubes arranged for 117 -

volt a.c. operation.
Construction

The plastic cabinet is supplied without
holes for the controls in the front panel so
that it may be used as either the master
unit or the remote speaker housing. Three
%" holes should be drilled in the desired
locations before doing anything else; they
can be used as templates for locating the
control openings in the front apron of the
little chassis.

Mount the major parts on the top of the
chassis (see the photo on page 41). Se-
cure the gain control (RI), the canopy -type
switch (S1), and the TALK -LISTEN se-
lector switch (S2) to the front apron.

Plan your layout so that input trans-
former T1 is physically close to R1 and
pantode amplifier V1. Since connections
between these parts are high impedance
paths, they are quite subject to hum pick-
up and feedback unless made as short and
direct as possible. Except for this grid
circuit, the remainder of the wiring is not
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LOCAL
SPEAKER

TO
REMOTE

SPEAKER

Hook up the components of the "Tirade Terminator" as shown in this pictorial diagram.

particularly critical. However, delicate fila-
ments combined with high -gain amplifiers
are subject to 60 -cycle hum unless care-
fully handled. If the hum is excessive, it
usually means one of three things: poor
grounds, defective filament filtering capac-
itor (C2c), or extra long IA5 grid leads.

All wiring should be completed before
40

the pentode Couplate (PC -90) is installed.
This is a printed electronic circuit which
replaces three capacitors and resistors.

Testing and Installation
Preliminary tests are always performed

with the a.c. plug disconnected from the
power line. These tests do not guarantee
that the circuit wiring is correct in all de-
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Wiring diagram for
instant -heating inter -
com. The "Tirade Ter-
minator" eliminates
need for a warm-up
interval by using bat-
tery -type tubes ar-
ranged for 117 -volt
a.c. operation - mak-
ing if particularly suit-
able for home use.
Only the wiring for the
grid circuit is critical.
The pentode Couplate
(PC -90) should be in-

stalled after all other
wiring is completed.

PARTS LIST

REMOTE
SPEAKER

LISIEN

C{ .Olpfd. g

SRI

¡TALI,

STEN

PC -90
Pr

CWENPLAT

S 8 7 2

R3 4-

+

R5

rp 2KM I.
_a

o_,.y
C2.710pfd. C2o 3Opfd.

SI 
SPST.

C1-0.01-µfd., 400 -volt paper tubular capacitor
C2a/C2b/C2c-Filter block capacitor, 50-30-100

µtd., 150-150-25 volt, Twist-lok type in can
(Sprague TVL-3427)

RI-1.0-meg. volume control potentiometer,
audio taper (Mallory U-53, Midgetrol)

R2-10-megohm, 1/2 -watt resistor
R3 -22 -ohm, 1/2 -watt resistor
R4 -2500 -ohm, 10 -watt resistor (Sprague Kool-

ohm Type 10KT)
R5 -8000 -ohm, 1 -watt resistor
SI-S.p.s.t. switch, rotary canopy type with

long shaft
S2-D.p.d.t. TALK -LISTEN switch, spring return

(Centrolab Type 1464)
SR1-65-ma. selenium rectifier (Sarkes-Tarzian

Model 65)
TI-Intercom input transformer, primary 4

ohms to secondary 25,000 ohms (Stancor Type
A-4744)

T2-Output transformer, 25,000 -ohm load to
4 -ohm voice coil (Stancor Type A-3327)

2)5K

LoC!I
SPEAKER

72

1C2c i00ptd.

Vl-1S5 tube
V2 -1A5 tube
PC-90-Pentode-type Couplate (Centrolab)
SPEAKERS -4" -diameter, 4 -ohm voice coil PM

speakers (Lafayette SK -25)
1-Miniature 7 -pin socket, top mounting with

shield saddle
1-Octal socket, 1" mounting hole, bottom

mounting
1-Shield for 1S5 tube
1-3" x 61/2" x 11/4' chassis (ICA 29080)
1-Intercom cabinet, brown plastic (Available

from Lafayette Radio, 100 Sixth Ave., New
York, N. Y.)

1-Cabinet for remote speaker (outdoor use-
ICA 3988; indoor use-Lafayette unit above)

I-Insulated terminal board, two terminals, for
remote speaker leads

1-Line cord and plug for 117 -volt a.c. line,
Elmenco fuse plug, with two 1 -amp. fuses

Misc. rubber grommets, solder lugs, hardware,
hookup wire, line cord for remote speaker

Parts are mounted as
shown in photo at right
(under -chassis view).
If you fit a small piece
of plywood tightly into
slots near bottom of
cabinet, the chassis can
rest on +his base. A small
plywood lip glued to the
back of the wood will pre-
vent chassis from sliding,
thus holding it securely
in place without use of
metal screws anywhere.
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HOW IT WORKS
A permanent magnet dynamic speaker maybe used

as either a microphone or an audio reproducer. On
the TALK position of the switch, the local speaker
is connected to the input transformer (TI) and serves
as a microphone. Varying acoustic pressure applied
to the speaker cone by sound waves induces a tiny
audio voltage in the voice coil. This voltage is
stepped up by the high secondary -to -primary turns
ratio of Tl, further amplified by pentode VI, and
the signal fed to the grid of the output tube where
it is converted to audio power. The remote speaker
is activated by the output tube via the selector switch.
In the LISTEN position, the speaker functions are
reversed, the local speaker now doing the reproduc-
ing and the remote speaker acting as a microphone.

Use of battery -type tubes is made possible by rec-
tifying the a.c. from the 117 -volt power lines and
then by filtering it in C2a, C2b, and R5. R4 is the
filament dropping resistor which insures that a max-
imum of only 0.05 ampere will flow through the
series filaments. The remainder of the circuit is
straightforward. To save considerable space, a printed
circuit Couplate is used between VI and V2.

tails; they are intended merely as protec-
tive measures to avoid damaging tubes or
other components when power is first ap-
plied.

To test the filament circuit connect an
ohmmeter between the plus side of the
selenium rectifier and the chassis. You
should read 2500 ohms. The ohmmeter
should read 3300 ohms when connected be-
tween pin 4 of V2 and chassis; this tests
the plate and screen circuits. With the
TALK -LISTEN switch on LISTEN, the
ohmmeter should read 10 ohms between an
ungrounded remote speaker terminal screw
on output terminal board and the un-
grounded voice coil lug on local speaker.
The ohmmeter should give the same read-
ing with the switch on TALK. With 21 off,
the ohmmeter should read infinite between
both prongs of the a.c. line cord plug.

When the requirements of the tests have
been satisfied, power may be applied with
both speakers connected. It must be remem-
bered that the chassis is at the potential
of one of the legs of the a.c. line. The
following precautions must be observed to
avoid possible electrical shock and blown
fuses.

Connect a 117 -volt incandescent lamp
(any wattage will do) from the chassis to
a ground pipe or other ground point. Turn
the intercom on and then insert its line
cord plug into the wall receptacle.

If the lamp lights, the a.c. plug is in the
wrong way and must be reversed; reversal
should cause the lamp to go out, indicating
that the chassis is now at house -ground
potential. If the lamp does not light, re-
verse the plug to make sure it does light
when the plug is in the wrong way. This
is the only means of establishing that the
ground point you are using is really at
house -ground potential. --
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How to Get
aid

Electronics .. 
Television .

Guided Missiles.

WE GUARANTEE
To Train You Until You Receive

YOUR FCC LICENSE
If you fail to pass your Commercial License
exam after completing our course, we guarantee
to continue your training, without additional
cost of any kind, until you successfully obtain
your Commercial License,

Cleveland Institute training results in suc-
cess with commercial FCC examinations
. .. easily . . . and quickly.

Every Month Our Trainees
Get Jobs Like These:

"I recently secured a position as
Test Engineer with Melpar, Inc. A
substantial salary increase was in-
volved. My Cleveland Institute train-
ing played a major roll in qualifying
me for this position."

Boyd Daugherty
105 Goodwin Ct., Apt. C
Falls Church, Va.

TOP GRADE EMPLOYERS LIKE

BENDIX RADIO: "We shall look forward to re-
ceiving completed Applications from your
students."

PHILCO:"We have employed a great number of
well qualified electronics personnel who
were graduates of Cleveland Institute.'

WESTINGHOUSE: "We would appreciate your
listing our current openings in your monthly
Job Opportunities."



Your FCC License
make more money in ...
Communications...
Radar ...

here's proof
Name and Address License Time

Walter Eggers, Pacific Grove, Calif. 1st 12 weeks

Paul Reichert, West Salem, Ohio 2nd 10 weeks

Harold Phipps, La Porte, Indiana 1st 28 weeks

John H. Johnson, Boise City, Okla. 2nd 12 weeks

James Faint, Johnstown, Pa. 1st 26 weeks

"You cover topics that were not
presented by the Navy at the E. T.
School.... Your course has helped
greatly to get my 2nd class FCC
ticket. I am now a radio and TV
engineer at WTVS and WDTR in
Detroit, Michigan.

Irving L. Laing
15887 Robson
Detroit 27, Michigan

In a year and a half, he received
his first class FCC License. He is
continuing his training with Cleve-
land Institute. His goal is much
higher than his present position
with Eastern Airlines, so he is
adding technical "know-how" to
his practical experience.

Bob Thompson
2935 Ironwood Drive
Nashville 14, Tennessee

Get all

FREE

M ncv Makin;

FCC License

Inlnrmation

CLEVELAND
INSTITUTE
OF RADIO ELECTRONICS

sample\

lesson
MASTER COURSE

HOW To
Pass

License
Exams

Accredited by National Home Study Council

Cleveland Institute of Radio Electronics
Desk PE -22, 4900 Euclid Ave., Cleveland 3, Ohio

f Please send Free Booklets prepared to help me
Iget ahead in Electronics. I have had training or
experience in Electronics as indicated below:

I  Military  Broadcasting

THESE LOOK TO CLEVELAND INSTITUTE I
Radio -TV Servicing  Home Experimenting

 Manufacturing
 Amateur Radio

Aerojet-General
American Airlines
American Telephone &

Telegraph Co.
Bendix Radio
Braniff Airways
Burroughs Corp.
Capital Airlines
Continental Air Lines, Inc.
Convair
General Electric
Glenn L. Martin Co.
Goodyear Atomic Corp.
IBM

International Telephone &
Telegraph Co.

Mohawk Airlines
Motorola
North American Aviation, Inc.
Northwest Airlines
Philco
RCA
Ryan Aeronautical Co.
TWA
Union Switch & Signal Co.
United Airlines
Western Electric Co.
Westinghouse Electric Co.

*Plus many others

Telephone Company
 Other

In what kind of work
are you now engaged?

In what branch of Elec-
tronics are you inter-
ested?

Name Age_
Address

City Zone State
Special Tuition Rates to Members of Armed Forces
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BUILD 1READIO6
CIRCUITS AT HOM °°'y

with the New Improved 1957 $1995
PROGRESSIVE RADIO "EDU-KIT"

A Practical Home Radio Course
Now Includes

TESTER, SOLDERING IRON, HIGH
FIDELITY, SIGNAL TRACER, CODE
OSCILLATOR, PRINTED CIRCUIT

SIGNAL INJECTOR

 No Knowledge of Radio Necessary
 No Additional Parts or Tools Needed
 Excellent Background for TV

WHAT THE 'rEDU-KIT" OFFERS YOU
The "Edu-Kit" offers you an outstanding PRACTICAL HOME RADIO COURSE at a rock -

bottom
the most modern

Kit
methodss ofn home training. You will

Electronics
r Goh onstructiion

practice and ºery icing, g'
theory, c

You will learn show to build radios, using regular schematics; how to wire and solder in
a professional manner; how to sºº radios. You will work with the standard typo of
punched metal chassis aswell as the latest development of Printed Circuit chassis.

You will learn the basic principles of radio. You will construct, study and work with
RF and AF amplifiers and oscillators, detectors, rectifiers, test equipment. You will learn
and practice code, using the Progressive Code Oscillator. You will learn and practice
trouble -shooting, using the Progressive Signal Tracer, Progressive Signal Injector, Progres-
sine Dynamic Radio i Electronics Tester A the accompanying instructional

You will receive training for the Novice, Technician and General Classes of
material.

F.C.C. Radio
Amateur Licenses. You will build 16 Receiver, Transmitter, Code Oscillator, Signal
Tracer and Signal Injector circuits, and learn how to operate them. You will receive an
excellent background for Television.

Absolutely no previous knowledge of radio or
e

is required. The "Edu-Kit" is theproduct of many years of teaching and ngi veering experience. The "Edu-Nit" will pro-
vide you with a basic education in Electronics and Radio, worth many times the complete
price of $19.95. The Signal Tracer alone is worth more than the price of the entire Kit.

THE KIT FOR EVERYONE
You do not need the slignsest bacngroui.0

in radio or science. Whether you are incur -
noted in Radio A Electronics because you

ant an interesting hobby, a well paying
businessness or a job with a future, you will find
the "EduKit" a worth -while investment.

Here is an excerpt from a letter that we
received from Loren DePriest, 1495 4th
St., Mansfield, Ohio: "I have spent many
pleasant hours nstructing the radios
from the schematics in your book, and have
learned a great deal from them. Being as
I am interested in Radio, I consider the
money spent for your course as a wise
investment. I have learned more from your
course by actually doing than I did from
en expensive course."

Many thousands of individuals of all
ages and backgrounds have successfully
used the "Edu-Kit" in more than 79 coun
tries of the world. The Edu-Nit" has been

y cep by step, so that
cannot,ot  aka a -Ede,The "Ed

Kit" allows you to teach yourself at your
own ate. No Instructor is ec sary.

The "Edu-Kit" is also used for courses
of study, extra -curricular activities, indus-
trial personnel training and rehabilitation.
The "Ede. -Kit" is used by Jr. High Schools,
High Schools, Technical Schools, Jr. Col-
leges, Colleges, Universities, Industrial
firms, Rehabilitation Hospitals, Boardº of
Education, U. 5, Govt. agencies, United Na-
tions Educational, Scientific and Cultural
Organizations (UNESCO), Veterans Admin-
istration, and numerous adult, radio and
young peoples' groups and clubs. The "[du.
Kit" is also popular with servicemen
throughout this country and abroad.

Designed for uni I use, the "Edo -
Kit" operates on your regular house elec-
tric current, whether AC or DC.

PROGRESSIVE TEACHING METHOD
The Progressive Radio "kdu-Kit" is me foremost education

and isuniversally accepted as the standard i, the field of elect
Kit" uses the modern educational principle of "Learn by Doing.
learn schematics, study theory, practice trouble-shooting-all ingram designed to provide aneasily-learned, thorough and intern

You begin by examining the various radio parts of the "[du
function, theory and wiring of these parts. Then you build a siset you will enjoy listening to regular broadcast stations, lea
and trouble -shooting. Then you build a more advanced radio, I

and techniques. Gradually, in a progressive manner,and atfind yourself constructing more advanced multi-tu dio circu
professional Radio Technician.

al radio kit in the i id,

n
s training. The 'Edu-

Therefore you construct,
a closely integrated pro-

ofing background in radio.-Kit." You then learn the
mple radio. Withrn theory,thispractice testing
earn more advanced theory
your own rate, you willits, and doing work like a

THE "EDU-KIT" IS COMPLETE
You will receive all parts and instruc-

tions necessary to build 16 different
and electronics circuits, each guaranteedto operate. Our Kits contain tubes, tube
sockets, variable, electrolytic and paper
dielectric condensers, resistors, tie strips,
coils, hardware, tubing, punched metal
chassis, Instruction Manuals, etc.

In addition, you receive Printed Circuit
materials, including Printed Circuit chassis,
special tube sockets, hardware and instruc-
tions. You also receive useful set of

toois, a pi otess,onaielectric soldering iron.
and a self -powered Dynamic Radio & Elec-
tronicsTester. The "Edu-Kit" also includes
Code Instructions and the Progressive Co.
Oscillator, in addition to F.C.C.-type Ques-
tions and Answers for Radio Amateur
License training. You will also receive
lessons for servicing with the Progressive
Signal Tracer and the Progressive Signal
Injector, a High Fidelity Guide and a
Quiz Book- You receive all parts, tools, in -

FREE
Hi -Fi, Radio & TV
Servicing Manuals

on request
(see coupon below)

SERVICING LESSONS
You will learn trouble -shooting and

s r1
on

icing in a progressive manner. Youpractice repairsthe sets that
you construct. You will learn symptoms
and causes of troubleº in home, portable
and car radios. You will learn how to
use the professional Signal Tracer, the
unique Signal Injector and the dynamic
Radio ,S Electronics Tester. While you
are learning in this practical way, youwill be able to do many a repair job for
your friends and neighbors, and charge
fees which will far exceed the price of
the "Edu-Kit." Our Consultation Service
will help you with any technical problems
you may have.

J. Stataitis, of 25 Poplar Pl., Water-
bury, Conn., writes: "I have repaired
several sets for my friends, and made
money. The "Edu-Kit" paid for itself.
I was ready to spend $240 for a Course.
but I found your ad and sent for your
Kit."

FROM OUR MAIL BA
Ben Valerio, P. 0. Boo 11, Magna,Utah: "The Edu-Kits are wonderful. Here

I am sending you the questions and also
the answers for them. I have been in
Radio for the last seven years, but liketo work with Radio Kits, and like to
build Radio Testing Equipment. I en-joyed every minute I worked with the
different kits; the Signal Tracer works
fine. Also like to let You know that I
feel proud of becoming a'member of your
Radio -TV Club."

Robert L. Shoff, 1534 Monroe Ave.,
Huntington, W. Va.: "Thought I woulddrop you a few lines to say that I re-
ceived my Edu-Kit, and was reallyally amazed
that such a bargain can be had at such
a low price. I have already started re-
pairing radios and phonographs. Myfriends were really surprised to see me
get into the swing of it so quickly. The
Troubleshooting Tester that c with

isthe Kitreally swell, and ofinds thetrouble if there is any to be found."

I CONSULTATION SERVICE
One of the most important aspects of

the "Edu-Kit" is the Free Consultation
Service which we provide. Our staff of
experts carries on an extensive corre-
spondence with studentº in all parts of
the world, concerning all phases of elºc-
tronia. We welcome and encourage stu-
dents to send us their problems, whether
related to any of the material covered in
the ''EduKit'' course, or encountered in
oherstructions,etc. Everything is yours to keep, tton

csexpºriences
in

the field o/ clew

FREE EXTRAS
 SET OF TOOLS  RADIO & ELEC-

{TRONICS TESTER  ELECTRIC SOL-
DERING IRON  TESTER INSTRUC-
TION MANUAL  HIGH FIDELITY
GUIDE  QUIZZES  TELEVISION
BOOK  RADIO TROUBLE -SHOOT-
ING BOOK MEMBERSHIP IN
RADIO -TV CLUB: CONSULTATION
SERVICE  FCC AMATEUR LICENSE
TRAINING  PRINTED CIRCUITRY

MONEY -BACK GUARANTEE ---
ORDER DIRECT FROM AD

RECEIVE FREE BONUS RESISTOR KIT WORTH $5
 Send "Edu-I(it" Postpaid. I enclose full payment of $19.95.
 Send "Edu-Kit" C.U.D. I will pay S19.95 plus postage.
 Send me FREE additional information describing "Edu-Kit." Include FREE

value HIFI, Radii) and TV Servicing Literature.

Name

Addreu

PROGRESSIVE 'rEDU-KITS" INC.
497 Union Ave., Dept. 501RR, Brooklyn 11, N. Y.
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By HARVEY POLLACK

Entertain your friends with these intriguing puzzles, which
can be assembled in one evening from a few inexpensive parts

ONCE UPON A TIME a farmer ap-
proached a stream on his way to mar-

ket. With him were a hen, a bushel of
corn, and a pet wildcat. On the shore was
a boat which could carry the farmer-the
only one who could row, of course-and
one of his possessions at a time. The hen's
consuming desire was to eat the corn
while-at the same time-the wildcat had
exactly the same ideas about the hen. On
the other hand, the wildcat, being strictly
carnivorous, looked with disdain upon the
corn. Only the presence of the farmer
prevented the massacre of his possessions,
so he had to be careful which of them he
left alone with the others. After some
meditation, he discovered a way to trans-
port all of them across the river without
having any of them consumed. How did
he do it ?

Solving puzzles like this is fun in itself,
but planning and constructing electrical
puzzle circuits (or "pircuits" as they are
sometimes called) is even more exciting.
Then, after they are built, they can pro-
vide many evenings of entertainment for
friends and visitors.

Essentially, a puzzle circuit is an elec-
trical arrangement of switches, battery,
and buzzer which maintains complete
silence as long as the human player ex-
ecutes each move without error, but which
buzzes raucously when the wrong move is
made. The player gets the sensation of
44

being inexorably monitored by a machine
of deadly accuracy, and he quickly learns
that every action must be thought out
carefully if he is to avoid being caught by
the electronic "brain."

"Farmer" Circuit
For those who would like to try their

hands at this amusing electrical work, it is
suggested that they start with a relatively
simple setup like that of the farmer and
his stock, building up the circuit (Fig. 1)
on a cigar box or similar enclosure.

When the farmer problem is considered
for a while, it becomes apparent that only
the wildcat and the bushel of corn can be
left unguarded. Thus, the farmer first car-
ries the hen across the stream, leaves her
there alone, and returns to pick up the
bushel of corn. He takes the corn to the
other side but brings the hen back with
him on the return trip. Depositing the hen
on the shore, he then rows the wildcat
across and leaves the wildcat with the
bushel of corn while he goes back once
more for the hen. When the switches are
moved in this sequence, the circuit to the
buzzer is never completed, so it remains
silent; but should the switches that simu-
late the hen and the corn, or the hen and
the wildcat ever make contact while the
farmer switch is in the opposite position,
the machine instantly sounds off.

The prospective builder should trace out
ELECTRONIC EXPERIMENTER'S HANDBOOK



the schematic diagram of this circuit for
each possibility so that he may see the
logic behind the switching arrangement.
Readers should note that this puzzle can
be constructed using three single -pole, dou-
ble -throw switches and one double -pole,
double -throw switch instead of the ar-
rangement shown. A schematic diagram of
this simpler version is shown in Fig. 2.

"Three Jealous Husbands"
The more adult puzzle illustrated in

Figs. 3, 4 and 5 goes something like this.
Three insanely jealous husbands-the pro-
verbial threesome: Tom, Dick, and Harry
-and their beautiful brides must cross a
stream on their way to a honeymoon re-
sort. All six people are accomplished
rowers. The only available boat can carry
a maximum of two people. None of the
husbands will permit his bride to be on
the same side of the stream with another
man unless he, the rightful husband, is al-
so there. For example, if Tom has crossed
to the north shore leaving Tina on the
south shore with either Dick or Harry or
both, the situation is intolerable even
though Dora or Helen may still be with
their own husbands. One, two, or all three
wives may be on the side opposite their
husbands only if no other men are there.

NCtE.ltN "ORE

7oN

SOUTH SHORE

Fig. 4. Interior view of
"jealous husbands" puzzle,
showing a portion of the
wiring. Some of the wir-
ing is hidden underneath
the switches (see text).

INC.(

FARMER CORN HEN WILDCAT

BUZZER

Fig. 1. Original "farmer" puzzle schematic.

Fig. 2. Revised circuit for "farmer" puzzle.

Starting from either of the two shores,
switches may be moved singly or in pairs
to conform with these conditions until the
crossing is accomplished peacefully. If the
buzzer sounds-indicating an illegal com-

MQ

Fig. 3. Top view of the
author's version of the
"jealous husbands" puzzle.
A specially made wooden
box was employed, but
any suitable enclosure of
metal or wood may be used.

--A
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TOM TINA DICK

6 BUZZER

6-D.p.d.t. knife switches (ICA 1219 or equivalent)
1-Doorbell buzzer
1 -41/2 -volt battery (Eveready No. 736, Burgess No.

F3, RCA Type VS 067)
1-Enclosure, metal or wood (Figs. 3 and 4)
Misc. wire, solder, etc.
Catalog price of parts, approx. $7.50

Fig. 5. Schematic diagram and parts
list for the "jealous husbands" puzzle.

DORA HARRY HELEN

bination on either shore-the player must
start from the beginning again. It is help-
ful to emphasize that the boat must go
back and forth with passengers at all
times since it has no volition of its own.

Switches representing the husbands are
painted red (jealousy is the red -eyed mon-
ster) and those which simulate the brides
are bright yellow (the color of sun -kissed

Fig. 6. Solution to the puzzle of Fig. 5.
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blonde hair). The wiring is quite sym-
metrical and requires no more than a few
hours of work after the parts are mounted
on the panel. In this model, the jumpers
which join the movable knives on each of
the "wife" switches were wired in under
the respective switches before mounting
them on the panel, so that they are not
visible in the underside view. The battery,
which provides 41/2 volts for the buzzer, is
held to the side of the case by means of
two aluminum "U" brackets bent from thin
sheet stock. Wires leading from the panel
to the battery and buzzer are wound
around a pencil and then slipped off, to
provide a bit of spring action that prevents
flopping leads yet permits the panel to be
lifted without stretching the wires taut.

The solution to the husband -and -wife
problem can be shown mathematically to
require a minimum of 11 moves. To get
some idea of the difficulty of the problem,
use six squares of paper correctly labeled
and simulate the river crossings with these,
being careful not to permit forbidden com-
binations to occur. If it works out-fine!
It not, follow the 11 boat trips shown in
Fig. 6, noting each time how the required
conditions are met.

It's worlds of fun designing new "cir-
cuits" around problems involving sequen-
tial moves based upon a set of rigid rules.
Also, many refinements and trimmings can
be added to make the puzzles more inter-
esting. Relays may be used to show the
position of the boat after each crossing,
"location" lights being employed for the
purpose. A thermal time -delay relay of
perhaps three or four seconds may be in-
cluded to keep the player in suspense after
each move. To provide light as well as
aural signals of errors, a trouble lamp can
be used in conjunction with the buzzer. An
electronic time -delay circuit of 15 to 25
seconds may also be utilized to force the
plays to be made quickly.

In any case, whether simple or compli-
cated, puzzle circuits can be exciting and
amusing. Try one and see! -{
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These four projects are ideal

for long winter evenings-these are toys

your children (and you) will not tire of too quickly.

ELECTRONIC toys have tremendous ap-
peal for youngsters of all ages; they

combine the newness and "mystery" of
science with real play value. Most elec-
tronic toys fall into a few simple categories
... code practice oscillators and blinkers
for the novice ham, simple receivers, record
players, and electronic oscillator "musical"
instruments. But here are four electronic
toys which are off the beaten track. They
1957 Edition

By E. G. LOUIS

are both fun to assemble and fun to use,
and will bring many hours of pleasure to
the user ... even if he doesn't know an
electron from a resistor!

Each toy is described as a separate
project, with each designed to have maxi-
mum appeal for a particular age group
... ranging from the very young to ma-
ture adults. All four toys are inexpensive
and share the common characteristics of
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simple design, reliability, and ease of con-
struction.

The "Winking Clown" (Proj. 1) appeals
to the very young-those from one to five
years of age-but also hás some appeal for
older children. For the budding young
rocket engineer or nuclear scientist, the

Fig. 1 (above). Rear view of "Winking
Clown" with protective cover removed
and the various components identified.

Fig. 2 (fop, rt.). Rear view of clown
with the protective metal cover in place.

Fig. 3 (cfr., rt.). Schematic diagram
and parts list for the complete project.

"Gadget Box" (Proj. 2) will attract much
interest; fun for children in the four to
eight age group, it is a good project if a
well -stocked junk box is available. With
the appeal of an electronic instrument, but
the simplicity of an inexpensive toy, the
"Electronic Piano" (Proj. 3) is designed to
be of maximum interest to the seven to
twelve year group, and is also attractive to
both younger and older children. Finally,
the "Electronic Maze" (Proj. 4) should ap-
peal to everyone from eight to eighty;
depending on the individual maze board
used, the game may be made simple enough
for a young child or difficult enough to
serve as á test of skill for the personnel
department of an industrial concern.
50

RI

20MA.
SRI

loon

R2

+ CI + C2

10 pfd. - IOVfO.

R3
1.8

MEG

R4
I.8

MEG

NEON
BULBS

PL2

A.C.-D.C.

CI, C2-10-pfd., '150-volt electrolytic capacitor
C3 -0.5 -µtd., 200 -volt paper capacitor
PL1, PL2-Type NE -2 neon bulb
RI -100 -ohm, 1/2 -watt resistor
R2-I8,000-ohm, 1/2 -watt resistor
R3, R4-1.8 megohm, 1/2 -watt resistor
SI-S.p.s.t. slide switch
SRI -20 -ma. selenium rectifier
1-Line cord and plug
1-Small metal box for back cover (see text)
2-Cable clamps for 1/4' cable
1 -2 -terminal tie point
I-10" x 10" piece of 1/é' Masonite or 1/á' ply-

wood
Misc. solder, wire, screws, brackets, scrap

wood, paint, etc.
Catalog price of parts, approx. $4.50

Project 1-"Winking Clown"

In operation, the "Winking Clown" (Proj.
1) alternately winks his orange glowing
eyes as long as power is supplied. Since
power consumption is negligible, the soft
glow of his eyes may well serve as a good
night light for the children's room. The
Clown makes a good double -purpose proj-
ect; although the completed toy has maxi-
mum appeal for the very young, assem-
bling the project could furnish considerable
entertainment to an eleven or twelve -
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year -old, who could build the project for
a younger brother or sister.

Construction Hints: The circuit for the
Clown is given in Fig. 3. Only inexpensive,
readily available parts are used. Wiring is

straightforward and non -critical. The
Clown's face is cut from plywood or hard-
board (Masonite) using a jig saw, scroll
saw, or similar tool. An original design
may be preferred to the one shown for a
timely toy, a Santa Claus "face" may be
used for Christmas, a rabbit's head for
Easter, a cut-out of Uncle Sam for the
fourth of July, or a witch's head, pumpkin,
or skull for Halloween. Two narrow slots,
approximately %s' x 1/2", are cut out for
the neon bulbs, PL1 and PL2, which are
held in place by small cable clamps and
screws. Slots may be either horizontal or
vertical ... or round holes may be used if
preferred. The face is painted with ordi-
nary paint or enamel ... the model was
painted with fingernail polish!

After the parts are installed according
to the diagram (observe proper polarity
when wiring the selenium rectifier, SR1,
and the electrolytic capacitors, Cl and C2),
a protective back cover should be added
to keep curious fingers out of the wiring.
If a battery -operated version is preferred,
the line cord, selenium rectifier (SR1),
power supply resistors and capacitors, RI,
R2, Cl and C2, may be left out. Simply
install a 90 -volt B battery, with switch,
connecting the positive lead at point "A"
and the negative lead at point "B" in the
circuit (Fig. 3). A Burgess type N60 is a
suitable battery.

How the Clown Works: Referring to Fig.
3, resistors R1 and R2, capacitors Cl and
C2, and the selenium rectifier SR1 all form
a simple d.c. power supply. RI protects the
selenium rectifier from burning out during
the initial charging of Cl. Rectifier SR1
converts the applied a.c. power to pulsat-
ing d.c. by half -wave rectification, and re-
sistor R2, together with capacitors Cl and
C2, form a simple filter to smooth the pul-
sating d.c., removing all tipple. All of these
components may be replaced by a battery,
if desired. The "heart" of the circuit is an
interlocked relaxation oscillator consisting
of R3, R4, C3, and the two neon bulbs.

In operation, when power is applied to
the relaxation oscillator circuit, one of the
two neon bulbs will "fire" first. Let's say
it's the right-hand bulb. Once the bulb
fires, it acts almost like a short circuit, and
C3 is charged through R3 and the bulb.
While CS is charging, there is insufficient
voltage available across the left-hand bulb
to fire it. Once CS is charged, however, the
left-hand bulb will fire, virtually shorting
the right-hand bulb and extinguishing it,
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then discharging C3 and charging it
through R4 with a charge of opposite polar-
ity. Once C3 is charged again (but with
opposite polarity), the right-hand bulb will
fire, extinguishing the left-hand bulb. This
action continues as long as sufficient volt-
age is applied to fire the bulbs.

The rate of charge and discharge, and
hence the rapidity of "winking," depends
on the applied voltage and on the values
of RS, R4, and CS. As these components
are made larger, the Clown "winks" more
slowly. As they are made smaller, the
Clown "winks" more rapidly. As long as
R3 equals R4, each "eye" stays "open"
about the same length of time; but if
these two resistors are made unequal, one
"eye" will remain "open" longer.

Project 2-"Gadget Box"
With a "Gadget Box" similar to the

one shown in Fig. 4 in his hands, plus his
innate imagination, a child can pilot a sub-
marine in the dark depths of the sea, can
control a powerful nuclear power plant,
or can fly a rocket ship through the far
reaches of outer space. As he manipulates

Fig. 4. Using "Gadget
Box"-a trip to the moon,
perhaps? There's no limit
to the imagination of young-
sters playing with Project 2.
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Buzzer -6-8 volt buzzer (Edwards No. 725 orequivalent)
PL1, PL2, PL3-6-8 volt pilot lamp (No. 40 orequivalent)
SI-S.p.s.t. push-button switch, normally open
S2-S.p. 6 -pos. wafer switch (Mallory 321121 or

equivalent, only 6 positions used)
53-4-p. 3 -pos. single -gang switch (Mallory

32431 or equivalent)
TI-Filament transformer, 6.3 volts 1 amp.
3-Miniature screw base pilot light sockets
1-5" x 91/2" x 21/2" aluminum chassis and bot-tom plate
1-Line cord and plug
2-Knobs
1 -3 -point terminal strip
Misc. wire, solder, hardware, etc.
Catalog price of parts, approx. $4.50
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Fig. 5 (top). Pictorial diagram of the
author's version of the "Gadget Box."

Fig. 6 (left). Suggested schematic and
parts list. Many versions can be built,
depending on the components available.

the switches and controls, vari-colored
lights flash on and off, buzzers sound, andall sorts of interesting and mystifying ac-
tions can take place.

Construction Hints: The circuit used in
the author's model is given in Fig. 6, but
it should be used only as a general guide.
Ransack the junk box for rotary switches,
push-button and toggle switches, buzzers,.
bells and pilot lamp bulbs. Mount the com-
ponents on an old chassis or in an empty
cigar box, and connect the switches, buzz-
ers and pilot lamps together so that vary-
ing units are switched on and off as the
controls are manipulated. A small filament
or bell -ringing transformer serves as the
power source. The completed model should
be sealed against unauthorized tampering.
Use a bottom plate on a chassis ... or, if
a cigar box is employed as a "cabinet," usethe bottom as the front panel, then seal
the cover closed after the wiring is com-
pleted and checked for operation.
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Fig. 7. Below
chassis view of the
author's "Gadget
Box" after the wir-
ing has been com-
pleted. It is essen-
tial that a durable
protective cover
be installed on the
bottom to prevent
wandering fingers
from coming in
contact with parts
connected direct-
ly to power line.

For maximum effect, the pilot lamp
bulbs (PL1, PL2, etc.) should be in several
colors . . . use fingernail polish or a com-
mercial dial light coloring kit. The bulbs
are mounted in rubber grommets on the
front panel ... save pilot light jewels and
brackets for other projects! If sockets are
available, use them, but connections to the
pilot lamp bulbs can also be made by sol-
dering leads directly to the metal shell and
center terminal.

Project 3-"Electronic Piano"
Electronic "musical instruments" are al-

ways popular, not only with children, but
with adults as well. The majority of elec-
tronic musical toys consist of a variable -
frequency audio oscillator coupled to an
audio amplifier and loudspeaker. Often only
a single note can be sounded at a time.
But the "Electronic Piano" shown in Fig.
8 uses a somewhat different approach. An
efficient vibration pickup serves to couple
the output of a toy piano to the input of
a compact audio amplifier which, in turn,
drives a remote loudspeaker. Thus, the de-
sirable features of both "standard" and
"electronic" musical instruments are com-
bined in one unit. The operator has full
control over volume and tone, as in an all -

Fig. 8. Interior view of the toy
piano, with an enlarged view of
the phonograph pickup used to
pick up the vibrations of the
sounding pins. The pickup can be
located approximately in +he posi-
tion indicated by the arrow, but
exact position should be deter-
mined experimentally so that op-
timum volume and tonal quality
are obtained from the instrument.
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electronic instrument, but-at the same
time-the versatility and simplicity of a
mechanical instrument are achieved.

Constru:::ticu Hints: A toy piano serves
as the "heart of the instrument. This may
be either a new unit, picked up at a local
toy store, or a discarded and broken toy
which, nonetheless, can be rehabilitated
with a coat or two of paint and a nail or
two installed at appropriate places. In order
to keep the assembly and wiring simple, a
commercially available printed -circuit au-
dio amplifier is used. To this are attached
the line cord, output transformer (T1) and
speaker, and the special vibration pickup.
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IQ{

SHIELDED
wIRE

CRYSTAL PHONO
CARTRIDGE
(SEE TEXT)

r

RI
I MEG
VOL.
OHT.

(

L

12ÁT6
VI

PHOTOCIRCUITS MODEL 2610

350n

Cl' -0.005 -µtd. disc ceramic capacitor
C2, C3'-0.02-1fd. disc ceramic capacitor
C4, C5'-Dual electrolytic capacitor, 40/20 Add.,

150/150 volts
11 -4 -prong jack
PLI-Matching plug for 1I
R1'-1-megohm potentiometer (volume control),

audio taper, with switch SI
R2'-10-megohm, 1/2 -watt resistor
R3, R4' -470,000 -ohm, 1/2 -watt resistor
R5' -150 -ohm, 1/2 -watt resistor
R6'-S0,000-ohm carbon potentiometer, tonecontrol
R7' -22 -ohm, 1/2 -watt resistor
R8'-2200ohm, 1/2 -watt resistor
R9' -350 -ohm, 10 -watt wire -wound resistor
SP-S.p.s.t. switch (on volume control Rl)
SR1'-65-ma. selenium rectifier
TI-Output transformer, 2000 ohms to voice coil
VI'-Type 12AT6 tube
V2'-Type SOBS tube
1-Line cord and plug
1-B" PM loudspeaker and wall baffle
I-Toy piano (see text)
1-Crystal phonograph cartridge
1-Kitchen cabinet handle
1-Small wooden box (approx. 43/4' x 43/" x

31/2")
2' -7 -pin miniature tube sockets
Misc. solder, wire, hardware, etc.
Catalog price of parts, approx. $18.50

'Components marked with asterisk are included
In Photocircuits Model 2610 printed circuit audio
amplifier. If kit is not available locally, con-
tact Photocircuits Corp., Glen Cove, N. Y.

Fig. 9. Schematic diagram and parts
list for the "Electronic Piano." The dotted
box encloses the printed circuit amplifier.

J 6" phi
SPEAKER

The complete wiring diagram is given in
Fig. 9 (including the schematic of the am-
plifier).

If a second-hand toy piano is to be used,
make sure the "tone bars" are not bent
or broken before progressing too far with
the assembly job. Also inspect the hinges
of the small "hammers" attached to each
playing key. If any of these hinges are
broken, repair with cloth tape.

The amplifier board, output transformer
(Ti) and output jack (JI) are mounted
54

in a small wooden box. Essential dimen-
sions for the box are given in Fig. 10, while
the completed assembly, after attachment
to the piano body, is shown on page 49.
Mounting holes for the amplifier board, as
well as holes for the volume and tone con-
trol shafts, may be located by holding
the amplifier board against the box. Vent
holes are provided near the top of the
box, rubber feet on the bottom. The small
box may be made from scrap wood if de-
sired ... the one shown in the model was
cut down from an El Producto "Queens"
wooden cigar box, then given a coat of
dark stain.

Mount the amplifier board on small
spacers, as shown in Fig. 11. Take care
that no "hot" terminals may be touched
anywhere outside the box. Cover the bot-
tom of the box with protective screening
or perforated hardboard when all wiring
(including connections to the vibration
pickup) is completed and checked. Ventila-
tion is necessary, but the wiring should be
protected from inquisitive fingers to avoid
possible shock. The large series heater re-
sistor (R9) should be bent away from the
electrolytic capacitor C4-05 before the am-
plifier is used as electrolytics are sensi-
tive to excessive heat and may dry out
rapidly.

The vibration pickup consists of a small
crystal phonograph cartridge mounted in-
side the body of the piano. Experiment
with the location of this pickup. Some-
times best results are obtained when the
pickup is mounted on the top board (where
the "tone bars" are located), sometimes
when mounted on the bottom board of the
piano. The efficiency of the vibration pick-
up is increased appreciably by adding a
small weight. To make the weight, select a
small common nail with a diameter small
enough to fit in the needle chuck of the
phonograph cartridge. Wrap No. 14 gauge
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Fig. 10 (right). Layout for
the wooden box which is used
to house the audio amplifier.

Fig. 11 (below). Bottom
view of amplifier box showing
amplifier board and output
transformer in place. If com-
mercial printed circuit ampli-
fier is not used, the layout
may vary considerably from
this one.

DRILL 1/4" DIA. VENT
HOLES AROUND TOP OF BOX

RUBBER FEET ON CORNERS

copper busbar along about half an inch of
the nail, then flow solder over the wire
and nail to form a solid piece. Bend the
free end of the nail so that the weighted
portion lies parallel to the phono cartridge
when the nail is inserted in the needle
chuck. A shielded single conductor lead
connects the phono cartridge to the input
of the amplifier. The cartridge itself is
held in place with two small screws
through its regular mounting holes.

A separate loudspeaker is used. This is
mounted in a small cabinet or box and con-
nected to the amplifier proper by means of
a piece of ordinary lamp cord and a small
plug. A wall speaker baffle makes an ad-
mirable cabinet when equipped with a
kitchen cabinet handle (for carrying) and
rubber feet. However, any small box may
be used for a speaker baffle.

How the Piano Works: The only thing
really unusual about the Electronic Piano
1957 Edition

4 3/4"

31/2"

4 MOUNTING HOLES FOR
PRINTED CIRCUIT AMPLIFIER

is the operation of the vibration pickup.
But before discussing this, let's review,
briefly, the operation of the audio ampli-
fier circuit.

A portion of the audio signal appearing
across volume control RI is coupled
through capacitor C/ to the grid of the
first amplifier stage V1. Resistor R2 serves
as the grid resistor for this stage and the
large value (10-megohm) used here sets
up contact bias for the tube. An ampli-
fied audio signal appears across plate load
resistor R3 and is coupled through capac-
itor C2 to the grid of the power output
stage. R4 serves as the grid return resistor
for this stage, with unbypassed cathode
resistor R5 furnishing operating bias. The
power output stage, V2, is matched to the
low -impedance loudspeaker voice coil by
means of output transformer T1. Capaci-
tor C3, together with tone control resistor
R6, forms a losser type of tone control. As
the value of R6 is reduced, C3 becomes
more and more effective in bypassing high -
frequency signals.

D.C. operating voltages are furnished by
a conventional half -wave rectifier power
supply circuit using a selenium rectifier
(SRI, Fig. 9) and an RC filter consisting
of electrolytic capacitors C4 and C5 and
resistor R8. Resistor R7 is not essential to
the filtering action but is provided to pro-
tect the selenium rectifier against a heavy
current surge as C4 is charged when the
unit is first turned on. A series heater con-
nection is used, with R9 serving to limit
heater current.

Referring back to the vibration pickup,
the vibrations of the piano (as a note is
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struck) are transferred to the outer case
of the crystal cartridge. The cartridge case
tends to vibrate around the interior crystal
cell, which resists this vibration by means
of its own inertia, plus the inertia of the
added weight. A twisting or bending ac-
tion is thus set up, which results in the
generation of a small audio voltage, much
in the same way that an audio voltage is
generated when the crystal cell is vibrated
by a needle riding in the groove of a pho-
nograph record. It is this audio voltage
that is applied to the amplifier, permitting
electronic amplification of the sounds pro-
duced by the toy piano.

CI-209td., 150 -volt -electrolytic capacitor
PLI-25-watt,117-volt red bulb
R1-10-megohm, 1/4 -watt resistor
52 -1500 -ohm, 1 -watt resistor
53 -3000 -ohm wire -wound potentiometer (sen-

sitivity)
R4, R5-10-megohm, 1/2 -watt resistor (a single

22-megohm, 1/2 -watt resistor may be used if
it is available)

56 -6800 -ohm, 1 -watt resistor
RLI-S.p.d.t. 5000 -ohm plate circuit relay (Potter

and Brumfield Type LB5 or LM5 or equivalent)
SOl-Standard lamp socket (switch optional)
SI-S.p.s.t. push-button switch, normally open

(reset)
52-S.p.s.t. toggle switch (power)
V1-117L7/M7 tube
I-Pair of insulated binding posts
1-Scribe (sharpened nail cemented in short

piece of tubing with flexible lead attached)
1-Maze board (see text); in the model, a

KEPCO printed -circuit kit was used (Keil
Engineering Products, 4356 Duncan Ave.,
St. Louis 10, Mo.)

1-Line cord and polarised plug
1-Metal utility cabinet, 3"x 4"x 5"
I-Aluminum subchassis, 31/2" x 51/4'
I-Octal socket
1-Small knob (sensitivity)
2 -2 -lug terminal strips
6-Rubber grommets
Misc. solder, flexible wire, screws, etc.
Catalog price of parts, approx. $12.50

Fig. 12. Schematic diagram and parts
list for Project 4-the "Electronic Maze."

FLEXIBLE
LEAD

Project 4-"Electronic Maze"
More of a game than a toy, the "Elec-

tronic Maze" (see page 49) offers a chal-
lenge to adult and child alike. By simply
changing the playing board, the game may
be made simple enough for an eight-year -
old or so difficult that even a highly skilled
technician would have difficulty completing
a play with a "perfect" score. In more con-
ventional "maze" games, the player has but
a single task ... to find his way through
the maze successfully. To make things a
little more exciting, a time limit may be
imposed. But with the Electronic Maze,
the player's path is beset with "danger,"
for not only must he find his way through
the maze, but he must stick to the straight
and narrow. If he touches either "wall" of
the maze in trying to find his path, he's im-
mediately caught by an electronic sentry.

Construction Hints: The complete game
is made up of three independent pieces:
(1) the electronic sentry box, with its tell-
tale red warning light, (2) the maze board
on which the game is played, and (3) the
scribe which the player uses for tracing
his path. The complete circuit diagram,
showing how the three pieces are connect-
ed, is given in Fig. 12.

Assembling the Sentry Box: The sentry
box is an adaptation of a sensitive elec-
tronic relay circuit described in a previous
article in this book (see "Keep Dry With
This Rain Alarm," on pages 10 to 14). The
original circuit has been modified to pro-
vide a "self -latching" action to prevent
cheating.

Only standard, readily available parts
are used. Construction is simple and
straightforward, and the wiring and layout
are both non -critical. The average worker
should have no difficulty assembling a du-
plicate unit in one or two evenings or on a
weekend. The tube socket, relay, and ter-
minal strips are mounted on a small alu-

CORD B POLARIZED PLUG

LARGE PIN
TO CHASSIS
GROUND
(SEE TEXT)
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Fig. 13 (left) is a rear view of the completed sentry box
for the "Electronic Maze" with the cover removed, showing
arrangement of parts. Fig. 14 (below) is a below -chassis
view of the wired subchassis assembly for the sentry box.

w...,....41111}......,

minum subchassis, with most of the circuit
wiring completed before the subchassis is
mounted in the cabinet. Above- and below -
chassis views of the wired subchassis are
given in Figs. 13 and 14 respectively.

A commercially available metal cabinet
was used to house the model, but a cabinet
of metal or wood can easily be made. In
either case, be sure to provide good ventila-
tion for the 117L7/M7 vacuum tube, which
gets quite hot in operation. In the model,
adequate ventilation is provided by holes
in the back and top of the cabinet which,
together, give a sort of "chimney" cooling
effect. Since the completed game will prob-
ably be played on a table, be sure to install
soft rubber feet on the sentry box. Thick
rubber grommets, mounted in appropriate -
sized holes, are good substitutes if conven-
tional rubber feet are not available.

In order to keep the circuit simple and
inexpensive, a "transformerless" power
supply has been used. With such an ar-
rangement, one side of the power line is
connected to circuit ground. Many com-
mercial a.c.-d.c. radio receivers and inex-
pensive record players use a similar circuit
arrangement. Unfortunately, where a con-
ventional line plug is used, it is possible to
insert the plug in a wall socket in such a
way that the chassis becomes "hot" with
1957 Edition

respect to earth ground. Therefore, a polar-
ized plug should be used on the line cord,
with the thicker pin connected to circuit
ground. If a polarized plug is not available,
one can be made by soldering a small piece
of wire around the edge of one of the pins
of a standard plug. On the other hand, a
preferable arrangement is to use a 1:1
"isolation" transformer which can be in-
stalled between the line connection and
the power input to the sentry box to pre-
vent possible shock. A 25 -watt isolation
transformer should be satisfactory.

With the subchassis wiring completed
and double-checked for errors, the sub -
chassis and controls may be installed in
the cabinet. The lamp socket (SOl) and
reset push-button switch (Si) are mounted
on the top of the cabinet. The two binding
posts, the sensitivity control (R3), and the
power switch (S2) are mounted on the
front panel.

The Maze Board: The "maze" itself is a
non -conducting (insulated) path through a
solid sheet of conducting material. It may
be made up in any one of several ways and
using an almost infinite variety of designs.
The maze board used with the model is
shown in Fig. 16 and was etched from a
copper -clad phenolic sheet using "printed
circuit" techniques. A Kepro printed circuit
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kit furnished the component materials.
Two other techniques might be used. One
method is to cement a sheet of aluminum
or copper foil to a sheet of plastic, then to
cut out the desired path using a razor
blade or sharp knife. Still another tech-
nique is to "paint" the desired pattern on
a phenolic or plastic board using a silver
conducting paint (such as General Cement
No. 21-1 Silver Print).

Regardless of the method used to make
up the maze board, several general "rules"
should be followed. First, the basic design
must be chosen for the players' abilities.
For children, leave a fairly broad path and
keep the maze simple; for adults, a rela-
tively narrow path may be used, together
with a fairly complicated maze. The game
may be made even more interesting if the
width of the path varies over different
parts of the board. Secondly, remember
that all parts of the conducting wall must
be connected together electrically. As a
maze is designed, sections of the conducting
surface may be isolated. These may be con-
nected together later by means of jumpers
across the back of the board, passing
through holes to the different conductors.
With care, it is possible to design a maze

with only two isolated conducting surfaces,
which may be tied together with a single
jumper. The design shown in Fig. 16 rep-
resents such a maze.

The Scribe: The scribe used with the
model was made up by cementing a sharp-
ened nail in a short piece of plastic tubing.
A flexible lead was soldered to the nail be-
fore it was cemented in place. As in the
case of the maze board, any one of several
methods may be used for making up the
scribe. Basically, the scribe is a sharpened
conductor with an insulating plastic shell,
and with a flexible lead to connect it to
the sentry box. An old ball-point pen, if it
has a plastic outer shell, could be made
into a satisfactory scribe.

How the Electronic Maze Works: It's
not necessary to know how the circuit op-
erates in order to enjoy playing with the
Electronic Maze. However, for those of our
readers who are as much interested in
"How It Works" as they are in "How to
Build It," here goes... .

In playing the game, the player uses a
metallic scribe to trace a path through a
maze with conducting "walls." He is not
allowed to touch a wall. If he does so, he
closes an electrical circuit, causing a relay

R3

LARGE PIN TO
CHASSIS GROUND

LINERND CORD

POLARIZED
PLUG

SI

R6

S01

BPI

S2

Fig. 15. Pictorial diagram of "Electronic Maze," showing interconnection of parts.
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Fig. 16. Maze board
used with the author's
model. Over-all dimen-
sions are approximate-
ly 3" x 41/2". This is
intended merely as a
guide-a large variety
of other designs may
be easily worked out.

to operate and lighting a "tell -tale lamp."
To prevent cheating, the relay locks on
until reset by a push-button switch. In
order to obtain the locking action and to
insure positive operation even if the walls
are touched quite lightly, a sensitive elec-
tronic relay is used as a sentry.

Referring to Fig. 12, the 117L7/M7 tube
is a multi -purpose vacuum tube, containing
a beam power amplifier and a diode recti-
fier within a single envelope. The screen
grid and plate of the amplifier section are
tied together to provide triode operation.
The diode section is used as a half -wave
rectifier to supply a d.c. operating voltage
for the amplifier, with electrolytic capaci-
tor C1 serving as a filter.

In operation, cathode resistors R2 and
R3, together with bleeder resistor R6, de-
velop sufficient bias to limit plate current
below the value needed to operate the re-
lay (RL1). The bias is balanced by a posi-
tive voltage applied to the grid of the tube
through a high -resistance voltage divider
consisting of R1, R4, and R5. This positive
bias permits sufficient plate current to flow
to hold the relay closed, but not enough
to close it.

Since more current is required to close
a relay than to hold it closed, the relay
will stay either "locked" open or "locked"
closed until the bias is upset. To close the
relay initially, push-button switch S1 (re-
set) is pressed, shorting cathode resistor
R2, and dropping the cathode bias enough
to permit the relay to close. The relay then
remains closed as long as the binding posts
connected to grid and to ground, respec-
tively, remain open. A momentary short
here, as occurs when the scribe touches a
"wall" of the maze, reduces the positive
bias on the grid of the tube, and allows the
1957 Edition

cathode bias to take over, reducing plate
current and opening the relay. On opening,
the relay applies voltage to the red bulb
("tell -tale lamp") installed in socket SO/.
The relay remains open even after the
short between the binding posts is removed,
until the reset switch 21 is depressed.

Playing the Game: With the wiring com-
pleted and double-checked for errors, in-
stall the 117L7/M7 tube in its socket, a 25-
watt red lamp bulb in its socket, and close
the case. Connect the maze board to BP2,
using a flexible wire. The scribe is con-
nected to BP1. With the unit plugged in
to a wall receptacle and the power turned
"on," allow a few minutes warm-up. Adjust
the sensitivity control (R3) until the bulb
lights (making sure that the socket switch
is closed). Now, depressing the reset switch
(21), turn the sensitivity control back until
the relay pulls in and the light goes out.
Proper adjustment is reached when the re-
lay holds in on release of the reset but-
ton. The game is now ready to be played.

The task confronting the player is to
trace through the maze board, using the
scribe, without touching any walls. To
heighten interest, a time limit may be im-
posed. To provide a competitive game for
several players, points may be scored for
each second under the allotted time which
the player does not require, and deducted
for each second past the allotted time
needed to complete the maze. Additional
points are deducted each time the red light
flashes . . . or, to make the game really
"tough," the player is required to start
over whenever he's "caught" by the elec-
tronic sentry.

Familiarity with the Electronic Maze
will make it easy to devise many varia-
tions of the basic game. -I--
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The simple "Voice -+rol" for operating a model train. The
device can be operated by a child and is 100 per -cent safe.

o d e
Contra

By
KARL GREIF

IF JUNIOR is starting to lose interest in
that terrific electric train layout that

Santa brought him, here's just the thing
to revive his enthusiasm. Dad and Junior
will battle for turns at the mike and will
have no end of fun mystifying the neighbor
kids with this electronic ear!

Designed to operate with either American
Flyer or Lionel standard remote -control
trains, the terminals of the "Voice-trol" are
simply connected in series with one of the
track feeders. That is, one of the leads from
the train transformer connects to one of the
binding posts on the "Voice-trol" unit. A
lead from the other binding post then runs
to the track. Plug the unit into any 117
volt a.c. line (house current), speak into the
mike, and the regular stepping relay in the
locomotive does the rest.

The entire unit is built into a 5" x 6" x 4"
utility cabinet which comes with an at-
tached chassis. Either a surplus T-17 car-
bon mike, or a chest set as shown, can be
used. The chest set is preferable if you
want both hands free. If you do use a T-17
microphone, remove the push-button . coil

Talk your model train into

performing an interesting
series of switching tricks.

spring and lubricate the side of the button,
otherwise the noise of pressing the button
will trip the relay.

Operation is quite simple, although a little
careful practice will make for better results
and a much more impressive display for
your friends. Speak close to the mike. Speak
in a sharp, clear commanding tone, making
each word distinct, otherwise the signals
may run together and give an incorrect
message to the locomotive. If the train is
moving forward, you know it would require
one press of the remote -control button to
stop it. Likewise, if you say "Stop!", the
"Voice-trol" sees this as a signal sound and
stops the train. Another single interruption
would cause the train to move backward, so
you can say "Back!" If you had wanted
the train to move forward, you could have

Mans1011111101"
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SELENIUM
RECTIFIER

E SRi IER

10,000 TO 2500 OHM
(DRIVER TRANSFORMER)

tº

ELECTROLYTIC
CAPACITOR

C3

OCTAL
SOCKET

I17L7GT
TUBE

VI

BINDING POSTS
INSULATED FROM
CHASSIS

4111!i 41Í
BPI 8P2

2500 
DC RELAY

RLI

PLATE TOMOUNTING PLATE 708EE BAKELITE
TO INSULATE CAPACITOR FROM CHASSIS

ELECTR
CAPACITORSC

CIBC2 ifr
LUG NOT USED

CT

LEADS CONNECT TO LUGS ON
OPPOSITE SIDE OF TRANSFORME

PLUG

TOGGLE
SWITCH
SPST

SI

MIKE
TRANSFORMER

MIKE
JACK

JI

said "Now go forward!," the three words
making the three interruptions required
for this operation. When moving forward,
say "Back up!" and the train will reverse
immediately. The word "Stop!" will halt it.

When moving backward, the command
"Now forward!" will send it forward again.
It is only necessary to realize the normal
sequence of operations of the locomotive
stepping relay: forward, stop, reverse, stop,
forward, stop, etc. With this in mind, you
visualize how many words or syllables are
necessary for the desired action. After the
train has been stopped for a period of time
and the next direction in which it will move
is forgotten, just stay "Start!" and begin
controlling after the train is in motion.

Now to building the unit! The circuit is
built around a 117L7GT tube. Power for the
carbon microphone is obtained from the
cathode circuit of the tetrode half of this
tube. (Power is automatically applied to
the mike when the mike plug is inserted in
the mike jack, J1. Note that a three -cir-
cuit jack is specified. The shank, which is
grounded to the cabinet, is not used. It is
necessary, therefore, to use a three -circuit
plug with this jack. This method is speci-
fied to eliminate the necessity for connect-
ing the shank of the jack to the 117 volt
power line which eliminates the possibility
of getting a shock from the cabinet or from
the phone plug.) A standard single -button
mike transformer is used to drive the grid
of the tube. The amplified signal is fed to
1957 Edition

the output of transformer T2 where it is
rectified and filtered. The value of filter
capacitor, CS, has been chosen so that it
smooths out only the individual cycles of a

RI

117L7GT
VI

WSW

IN SERIES WITH TRACK

SEE TEXT
SRI 8P2

o

81
1V.RC

R,-150 ohm, 1 w. res.
R2-15 ohm, 1/2 w. res.
R3--470,000 ohm 1/2 w. res.
C1, C2-100/40 pfd., 25/150 v. elec. capacitor (both

units housed in same container)
C3-4 Aid., 250 v. elec. capacitor
RI,-S.p.d.t. 2500 ohm d.c. relay (Potter 6 Bruin.

field LM5 used by author. Since second contact
was not used, a s.p.s.t. relay could be used
instead)

SR1-75 ma., 117 v. selenium rectifier (Federal
Model 1003)

Si-S.p.s.t. toggle switch (power "on -off")
BPs, BP,-Binding post (Eby)
11-Three-circuit microphone jack (see text)
Ts-Mike-to-grid trans. 500/333/200/125/50 ohms

(Stancor A-4352 was used. Connections Ps and PR
on the primary and the center tap on the secon-
dary were not used)

T_ ---Output trans. 10,000 ohms to 2500 ohms (Stan-
cor A-4713 or equiv.) The bottom half of the split
secondary was not used)

Vs-117L7GT tube
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Clase -up view of the complete "Voice -trot"

sound and does not tend to "hold up" the
d.c. level between syllables or words.

The plate voltage is provided from the
diode half of the tube. The relay should
have an armature with as little mass as
possible so as to be capable of very snappy
operation. The relay mechanism should be
adjusted to pick up with from 8 to 10 mil-
liamperes of current. The rectifier, SRZ in
the circuit diagram, is mounted under the
relay and held in place by the relay mount-
ing screw.

Only half of the split secondary of T2 is
utilized, the green lead located at the pri-
mary end labeled "B" being the correct
one to use along with the black center -tap.
If you have any doubts about this connec-
tion you can find the correct lead as follows.

Top chassis view. Layout is extremely compact.

system, including chest -model microphone.

Whistle loudly and steadily into the mike
and try each green lead. The one causing
the highest voltage across the relay is cor-
rect. The circuit functions only during the
period when the tube conducts heavily, or
on the negative -going swings at the plate.
Because of this the transformer and recti-
fier polarities are important.

Since the click of the relay in the "Voice-
trol" is audible, it is best to just plug in
the unit alone, without the train connected
and practice the basic commands until you
have the technique well in hand, with the
relay tripping nicely for each word or syl-
lable. Then, with the train connected, you
will be ready to sit back and control your
locomotive easily and surely-much to the
amazement of your friends!

Under chassis mounts rectifier and electrolytic.
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By Louis E. Garner, Jr.

Music as you ride ---,,P
this simple "por+ab

BUILD THIS SIMPLE

Bike Rio
HOW about a little music while you ride?

Or perhaps you have given up bicycle
riding but would like to build a bike radio
for your son or daughter or other small
friend. Such a radio could be put between
the handlebars of the bike and is no hazard
to safe riding. Or have you often thought
it would be nice to have a good-looking
portable receiver for those camping trips,
days at the beach, or just as an "extra"
set around the house? Such a portable
radio is easy to build and will only take a
few spare evenings to put together. Here
is how it is done!

First assemble all of the parts specified

in the parts list. You will note that a
commercially -available cabinet and chassis
are used which eliminates the problem of
bending and finishing. These are drilled and
punched as shown in Fig. 10. The large
opening for the loudspeaker is made by
punching a 1" round hole in each corner
and sawing between them with a keyhole
hacksaw. Final smoothing is done with a
small, fiat file. If you clamp the cabinet
in a vise during drilling, use a few layers
of cloth between the vise jaws to keep from
marring the finish.

Dimensions for the loudspeaker mount-
ing holes will vary with the brand of

1957 Edition
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F
ig. 2.

C
om

plete schem
atic and parts list for the four -tube "bike" radio receiver.
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speaker you use. Determine the correct
location by holding your speaker against
the back of the front panel, then mark the
correct spots.

After you have finished all drilling and
filing operations on the front panel you can
apply decals to identify the "Tuning" and
"Volume" controls. Follow the manufac-
turer's instructions for applying these.
When the decals are dry, spray the front
panel with about three coats of transparent
plastic spray for protection.

The square mounting holes for the i.f.
transformers can best be made by first cut-
ting or punching a 1/2" x 1/2" square hole, as
shown in Fig. 9 (top), then filing until the
transformer just slips into place. Use a
square Greenlee or Pioneer punch or a cold
chisel for making the initial hole.

The tube sockets and other parts are
mounted on the chassis as shown in Fig. 6.
Use 1/2" 4-40 machine screws and small hex

Fig. 3. Details of antenna mounting. One
feedthrough and one standoff are needed.

Fig. 4. The completed
receiver is a handsome
and compact portable any-
one will be proud to claim.

Fig. 5. Mounting the com-
pleted receiver on a bike.
Case is affixed to handle
bars with "U" bolts, then
chassis is mounted in case.

nuts for the tube sockets and terminal
strip and 1/2" 6-32 screws for the tuning
capacitor. Mount the i.f. transformers by
bending the mounting lugs flat against the
chassis.

The tuning dial, volume control, and loud-
speaker are mounted on the front panel.
Use flocked screening to protect the
speaker. You may wish to reinforce the
screening with cardboard over the speaker
opening but if you do, cut a 1" x 3" hole in
it as an air passage (see Fig. 7) otherwise
the sound will be muffled when the radio
is mounted in its cabinet.

Details for mounting the antenna are
shown in Fig. 3. A feedthrough insulator
is used for the bottom mounting and a
simple standoff insulator used for the top
mounting. The upper mounting ring was
made by soldering a flat washer to a ma-
chine screw. The antenna itself was sal-
vaged from a discarded TV "rabbit ears"
antenna. A small auto antenna may be used
instead, if desired.

The batteries are mounted to the back
of the case by a single bracket and a 3's"
8-32 screw and nut, as shown in Fig. 5.
Simply bend a strip of 1/2" wide sheet
metal to fit over the two batteries, as
shown.

A kitchen -cabinet door handle is mounted
on the top of the case with two machine
screws to make the receiver "portable."

The pictorial Wiring diagram and the
complete schematic are given in Figs. 1
and 2 respectively. The author found it
easier to wire the chassis as a separate unit
before attaching it to the front panel. Final
connections to the antenna, volume control,
loudspeaker, and batteries may be made
after mounting.

A commercially -available printed circuit
is used for coupling the 1U5 and 3V4 stages.
If you prefer, however, you may use indi-
vidual parts in place of the printed circuit.
Parts values for these components are
given on the diagram of Fig. 2.

The oscillator coil, L2, is mounted simply
by soldering it to the two -terminal "tie -
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Fig. 7. Interior view of 
the completed receiver. Because
of the roomy layout, the builder
should experience no construction
difficulty. Mount all parts rigidly.

point" strip, as shown in Fig. 1. Flow suffi-
cient solder over the connections to insure
a strong joint.

Once the wiring is completed and double
checked for errors, the receiver may be
aligned. You'll need an r.f. signal generator
and a small alignment tool for this opera-
tion. Place all tubes in their proper sockets
and connect the batteries.

Turn on the signal generator and allow
it to warm up for a few minutes. It isn't
necessary to let the receiver warm up.
Couple the signal generator loosely to the
antenna by wrapping two turns of insulated
wire around the antenna and connecting the
"hot" lead of the signal generator:to them.
The "ground" lead should be connected to
the receiver chassis.

With the signal generator set to deliver
a 455 kc. modulated signal, turn on the re-
ceiver and turn up the volume control to
full volume. Connect a wire between the
stator plates of the oscil-
lator section of the tun-
ing capacitor and ground.
Close the tuning capacitor
plates.

Adjust the i.f. trans-
formers for maximum out-
put as determined by the
tone heard in the loud-
speaker. Use the mini-

 ` mum signal from the sig-
nal generator needed to
permit a tone to be heard

Fig. 8. Under chassis
view of the complete-
ly wired radio.
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f' Fig. 6. Above -chassis view of
the receiver showing the major parts
mounted. Section of tuning capacitor with
small rotor plates is the "oscillator" unit.

with the maximum setting of the "Volume"
control.

If oscillation occurs during this part of
the alignment procedure, use the best i.f.
peaking you can obtain before oscillation
takes place-you can touch up the i.f. trans-
formers later.

Once the i.f. transformers are peaked,
remove the wire from the tuning capaci-
tor's oscillator section and set the tuning
capacitor to minimum capacity. Set the sig-
nal generator to 1600 kc. and adjust the
local oscillator and antenna trimmer ca-
pacitors for maximum output (C2 and C6,
Fig. 2, mounted on the tuning capacitor).

Set the signal generator to 1400 kc. and
adjust the tuning dial until the signal is
heard in the loudspeaker. Then adjust the
antenna coil, Ll, for maximum output.

Next set the signal generator to 550 kc.
and adjust the tuning dial until the ca-
pacitor plates are fully closed. "Rock" the
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capacitor plates slowly back and forth and
adjust the oscillator coil, L2, for maximum
output.

Repeat the adjustments at 1600, 1400,
and 550 kc. at least three times, as one
adjustment will affect the others. Try to
obtain the best possible compromise during
the operation.

If the thought of trying to align your re-
ceiver gives you a weak -in -the -knees feeling
or you can't locate a signal generator with
which to perform this operation, your local
radio technician or a friendly radio ama-
teur with a small lab will probably be
glad to do the job for you-so don't hesi-
tate to build this handy portable on that
account.

You may mount the completed receiver
on the bicycle handle bars by using small
"U" bolts, as shown in Fig. 5. Use card-
board or small wood blocks between the
receiver case and the handle bars to pro-
tect the finish on both the case and the
bicycle. For the same reason, slip short
pieces of rubber tubing over the "U" bolts.

Just a word of caution when using this
portable receiver as a bike radio. Don't
become so engrossed in the radio programs
while riding that you fail to watch the
traffic. It only takes a moment's inattention
to cause an accident!

If the idea hasn't already occurred to
you, I would like to suggest that the
cabinet can be dressed up and "personal-
ized" by the addition of some snappy decals
in color or the cabinet itself may be
sprayed with enamel to match or contrast
with the bike's paint job. Since the re-
ceiver isn't hard to build, clubs could con-
struct a number of these portables on an
"assembly line" basis so that members
could have matching portables when the
group goes on bike jaunts together. We
are willing to bet that once you start the
f ad, other groups will be following suit in
short order.

If you don't want to mount the bike
radio permanently, you can carry it in your
bicycle basket. You will find that the com-
pleted receiver makes a compact and hand-
some portable you will be proud to use
anywhere!

For trouble -free performance the author
suggests that the novice builder duplicate
the instructions and dimensions given in
the mechanical diagrams exactly. Those
with a little more experience in building
electronic gear can take some liberties
wth chassis layout and cabinet size and `-
shape. - 3(

Fig. 9. (Top) Mechanical details of
the chassis layout. A standard chassis base
is used. (Bottom) Front panel layout. Take
care not to mar the finish while drilling.
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Build A Child's

Record Player

ASMALL, lightweight phonograph, like
the one shown in the photo, can give a

good deal of pleasure to your children.
You shouldn't have much difficulty in build-
ing a similar unit in a few evenings' time.

Use a child's or doll's "overnight" bag
for the basic case. Be sure to choose
one large enough. The one shown
measures approximate-
ly 10" x 12" x 5" inside.
In each corner of the
case glue a small tri-
angular wooden block.
The height should be
chosen so the plywood
board will fit flush when
the case is open.

Cut a piece of 1/4" or %" ply-
wood to fit the case. The cut-outs
needed in the board will depend on the
phono motor, loudspeaker, and carrying
case you use. Locate the mounting hole
for the crystal pickup . by using the tem-
plate furnished by the manufacturer.

The output transformer is mounted on
the loudspeaker and the entire assembly is
then mounted on the board. Use flocked
screening over the speaker opening for
protection. Mount the motor on the board.

The chassis is made up from a piece of
.050 aluminum or 20 ga. steel. A single
right-angle bend is required, as shown.

Fasten the chassis to the board with the
nut that holds the crystal pickup in place.
The 6 -position terminal strip is held in
place with '/4" #8 sheet metal screws.
These go right through the chassis and
bite into the board, also helping to secure
the chassis.

The tube socket is mounted with V4" 4-
40 machine screws and small hex nuts. A
long bolt is used to mount the selenium
rectifier.

Separate power switch and volume con-
trol are used and mounted, respectively,
on the board next to the chassis and the
side of the carrying case. You may prefer
to combine these two parts and mount
them where the power switch is shown.

This circuit features "instant -heating"
operation-no warm-up time is required.
Because of this, it is practical to have a
single power switch for both the motor
and the electronic circuit.

Simple one -
or three -speed rec-

ord player for children.

Cl and C2 are not critical. Values from
40 to 80 pfd. at 150 v. (or higher) may be
used here. Any value from 20 to 40 pfd.
may be used for C3. Values from .01 µfd.
to .05 pfd. are satisfactory for C4 and C5.

Once you've completed all wiring, double
check for possible errors. Place the tube
in its socket and plug the unit in. Turn
the power switch on and the volume con-
trol to full output. Touch your finger to
the phono needle-you should hear a
scratching sound in the loudspeaker.

After testing, mount the wired board in
its carrying case and the phonograph is
ready for use. --

Bottom view of record player motor
and amplifier shows wiring and mounting.
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II7 VA C.

ALL SMALL
HOLES ARE

1/8" DIA.

- --e--
m--2 I/8"

-I
-17/16

5/8"D.

R,-27 ohm, 2 w. res.
R2-250 ohm, 10 w. wirewound res.
R8-800 ohm, 20 w. wirewound res.
R4-75 ohm, 1 w. res. (two 150 ohm, 1/2 w. res.

in parallel)
R5-2 megohm audio taper pot
R6-1 megohm, 1/2 w. res.
Ci, C2-50/50 µfd., 150 v. dual elec. capacitor
C3-20 µfd., 150 v. elec. capacitor
Cs, C.,-.02 Add., 200 v. capacitor
T,-Small output trans. to match 8000 ohms to

speaker voice coil
Si--S.p.s.t. rotary switch
SR1-150 ma. selenium rectifier
V, -3A4 tube
PM Spkr.-4" to 6" PM loudspeaker
Motor-Phono turntable and motor, General

Industries Models LC or LX, Alliance Model
MP8 (for single -speed 78 rpm) or General In-
dustries Models DSS, SS, or TR or Alliance
Model JPT8 (for three -speed)

1-High-output phono pickup, Astatic P-12,
Shure 96A, or American Jl (for 78 rpm), or
Astatic P-29 or Shure 92-U (for three -speed)

Misc.-7-pin miniature tube socket, 6 -terminal
strip, line cord and plug, knob (volume con-
trol), small suitcase (see text), 4" x 6" pc.
aluminum, 1/4" or 3/8" plywood to fit case,
6" sq. pc. flocked screening, wire, solder,
screws, etc.

Shown here are the schematic diagram
and parts list (above), the chassis draw-
ing (right), and the pictorial wiring
diagram (below). These, together with
+he text and +he photographs on page
69, give you all the information you
need to build this compact record player.

TO bHONO
PICKUP

TERMINAL
STRIP

C5

LINE
PLUG

C3

I :

3/4"

2 /8"

T

35/8"

3/4
BEND
UP

SRI

5/8"

2 3/8" I rt 11/4'=
5 3/4"

MATERIAL
IS .050

ALUMINUM

21/4"

3/4"

3/[1

1/2"D.

15/8"

PM
SPEAKER

TO
P HONO
MOTOR
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EARN ALLURE

ELECTRON ICS-RADI
learn ALL 8 PHASES in ONE MODERN HOME -STUDY COURSE

At Home - In Spare Time

YOU GET ALL THIS NEWEST
PRACTICAL EQUIPMENT

Parts to build a modern TV set, including
all tubes plus a large screen Picture Tube

 Parts to build a powerful Superhet Receiver,
standard broadcast and short wave

Parts to conduct many experiments and build
Continuity Checker, RF Ocillator, TV Circuits,
Audio Oscillator, TRF Receiver, Signal Generator

A Valuable Professional Multitester

19 BIG KITS
YOURS TO KEEP

YOUR NATIONAL SCHOOLS TELERAMA
1. TELEVISION, INCLUDING COLOR TV
2 RADIO, FM AND AM
3. INDUSTRIAL ELECTRONICS
4. SOUND RECORDING AND HI FIDELITY

COURSE COVERS ALL 8 PHASES
5. PREPARATION FOR FCC LICENSE
6. AUTOMATION
7. RADAR AND MICRO WAVES
8. COMMUNICATIONS

YOU ARE NEEDED IN THE TELEVISION -ELECTRONICS -RADIO INDUSTRY!
You can build a secure future for sourself if you get into Elec-
tronics NO\V! Today's shortage of trained technicians creates
tremendous opportunities. National Schools Shop -Method trained
technicians are in constant and growing demand for high -pay jobs
in Broadcasting and Communications, Electronic Research, Serv-
icing and Repair, and many other branches.

Let National Schools, a Resident
Technical School for over 50 years
train you for today's unlimited op-
portunities in electronics! Our Shop
Method trains you to be a MASTER -
TECHNICIAN. Completely up to
date, developed by experienced in-
structors and engineers, your Tele.
rama Course will teach you all phases
of the industry quickly, clearly and
correctly. You can master the most 
modern projects, such as Color TV,
printed circuits - even prepare for
FCC License without taking a special

course. You can handle sales, servic
ing, manufacturing, or make good
money in your own business. SEND
FOR FACTS TODAY!
EARN AS YOU LEARN. Many of our
students earn their entire tuition and
more in Spare Time jobs we show
them how to do while learning.
YOU GET EVERYTHING YOU NEED -
Clear, profusely illustrated lessons,
shop -tested manuals, modern circuit
diagrams, practical job projects - all
the valuable equipment shown above

MEMBER

Fully illustrated "Career" Book in

FREE! TV RadioElectronics. PLUS actual sample
lesson yours at no cost, no obligation.

CLIP COUPON NOW .. MAIL IT TODAY,

APPROVED FOR G.1. TRAINING

NATIONAL SCHOOLS
4000 S. FIGUEROA ST., LOS ANGELES 37, CALIF.

187 N. LA SALLE ST., CHICAGO 1, ILL.

IN CANADA: 811 W. HASTINGS ST., VANCOUVER, R. C.

II

- many other materials and services
-consultation privilege with our
qualified staff, and Graduate Em
ployment Service. EVERYTHING
YOU NEED for outstanding success
in Electronics.

If you wish
to take your

training in

our ResidenTVchoolcapital, start
Los kNOV4 in

the world's Labs and

our big, modern
Shops, work with

lRadio TV
Studios. Here

you work
prof -ss

latest Electronic
equipment -

most com-
pletely

installed-tered by school.

Plate facilities,

anyersonal

attention. nding
home near

Service.
Helnil

part time lob while you

school -and on for lull

learn. Check
box i-n-eouP-moll

information. IIIryl,

lrnt II_II,IIIL1lIIl

NATIONAL SCHOOLS
TECHNICAL TRADE TRAINING SINCE 1905

LOS ANGELES 37, CALIFORNIA

!GET FAST SERVICE-MAIL NOW TO OFFICE NEAREST YOU:
NATIONAL SCHOOLS, 01IT. RSA -27

1 1,000 S. FIGUEROA ST. 187 N LA SALLE SI. ILOS ANGELES 37, CALIF,
OR CHICAGO 1, Ill.

Rush free TV -Radio -Opportunity" Book and sample I
I lesson. No salesman will call.

! NAME AGE

ADDRESS I

19
CITY ZONE 1111,7E

o C[[4111ntNNNA 9M11 In [nHAM icll[N trNoln[ of US An[eNS.
t TEI. . G A of 0 1,,o /
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We Have
II OVER 1000

USED TV SETS
At All Times in Our Huge Warehouse.
Buy one or more of these WORKING
TV's to sell or use as your own second
set! All seta in GOOD WORKING con-
dition! Your Choice-Console or Table
Model.

10^ $23.00 19" $58 00
12^ $26.00 20" $64.00
14^ $33.00 21" $72.00
16" $40.00 24" $99.00
17" $46.00

When ordering TV's, state
whether table model or console
is desired. Aleo preference on
make of set. All TV's sent rail-

way express F.O.H.
Newark. On any
quantity WIRE or

`AIL today!

FREE RCA

"CHEATER"
CORD GIVEN WITH

ANY TUBE ORDER OF
$1,00 OR MORE!

SEND for our FREE
complete TUBE &

PARTS LIST and
order blank. I

FOR
ANY

we will not

BE UNDERSOLD!
$3 DON'T PAY MOREFOR SET TESTED LONG

LIFE DEPENDABLE RADIO & TV TUBES  BUY
VIDEO  INDIVIDUALLY BOXED-ALL GUAR -

PER
HUNDRED

ANTEED FOR ONE YEAR OR YOUR MONEY
BACK WITHIN 5 DAYS -37.00 Per Hundred

Some Standard Brand-Others With Famous VIDEO Brand
042 3BC5 6AQ7GT 6H6GT
0A3 3CB6 6455 6J4
044 3Q4 6AS7G 6J5GT
0B2 3QSGT 6AT6 6J6
0C3 354 6AU4GT 6K6GT
OZ4 3V4 6AU5GT 6L6
1A7GT 4627 6ÁU6 6N 7GT
1B3GT 4697 6BVSGT 654
1C7G 5AM8 6AV6 657G
1F4 SANS 6AX4GT 6SA7
1H4 5AQ5 6BÁ6 65677
1H5GT SATE 6AX5GT 65C7
1J6GT 5A W4 6BC5 65F5
1L4 5AZ4 6BC7 6SF7
1L6 5J6 6BE6 65G7
1LÁ6 5T4 6BF5 65H7
1 LC5 5T8 6BG6G 65J7GT
1L H4 5U4G 6BH6 65K7GT
1L N5 5U8 6616 6SL7GT
1N5GT 5V4G 6BK5 6SN7GT
1S4 5V6GT 6BK7 6SQ7
155 5Y3 6BN6 6557
1T4 5Y4G 6BL7GT 65V7
1U4 6AB4 6BQ6GT 6T8
1U5 6AC7 613Q7 6U4GT
1V2 6AG5 6BY5G 6U7G
1X2 6AF4 6BZ7 6U82A7 6AH4GT 6C4 6V3
2D21 6AK5 6CB6 6V6GT
2X2 6ALS 6CD6G 6W4GT344 6AM8 6CF6 6W6GT
345 6AN4 6C56 6X4
3AL5 6N8 6CU6GT 6XSGT
3AU6 6ÁQ5 6E5 6X8

6Y6G
7A5
7A7
7B5
7B7
7C5
7C6
7C7
7F7
7F8
7N7
7Q7
7Y4
7Z4
12A6
12AH7GT
12AT6
12AT7
12AU6
12AU7
12 AV 6
12AV7
12AX4GT
124X7
12AZ7
1264
12BA6
1213E6
12BH7
12677
12CU6
12547
12SG7
125H7

PROMPT SHIPMENT OF ALL ORDERS!

12SJ 7GT
12SK7
12SN 7GT
12 SQ 7
12V6GT
12X4
1447
1466
14Q7
19BG6G
19T8
24A
254 VSGT
2SBQ6GT
25CD6G
25CU6
25L6GT
25W4GT
25Z6GT
35 L6GT
35W4
35Y4
35Z3
35ZSGT
5045
SOBS
5005
50L6GT
80
117N7GT
117P7GT
117Z3

FREE POSTAGE in U.S.A. and Territories on orders over $5.00, 250 handling
charge on orders under $5.00. 25% deposit required on C.O.D.'e. Please send
approximate postage or freight on Canadian and foreign orders. Subject to

prior sale.

ELECTRIC
COMPANY

Phone

HUmboldt 4-9848
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YOU CAN ENJOY prospecting for ura-
nium if your equipment isn't so heavy

that it bogs you down, and if you don't have
to carry a set of spare batteries around
with you because of the high current drawn
by the equipment. Also, you'll probably be
able to have more fun with your equip-
ment if you haven't spent a fortune to
build it. And if it is simple to construct
and maintain, so much the better.

The first instrument to be described here
was designed for your enjoyment-it takes
full advantage of the small size, light
weight and low operating cost of a tran-
sistor amplifier combined with a relatively
cheap Geiger counter tube.

An ideal enclosure for this instrument is
a 3" x 4" x 5" utility box. Total weight,
including batteries, is less than 21/2 lbs. The
physical layout, shown in the photos, lends
itself to easy assembly and is such that
batteries can be easily replaced.

Exact layout is not critical, but the 300 -
volt battery takes up a large portion of the
74

SIMPLE

What are you looking for
in a Geiger counter?

These two units feature

light weight, small size,
economy and simplicity

-take your choice!

UNIT ONE
By James E. Pugh Jr.

available space; so it is well to plan care-
fully in advance to make sure that every-
thing fits.

Proper mechanical balance is obtained
by locating the handle off center. This tech-
nique also allows more room for the con-
trols on top of the case. The battery strap
is mounted on one side of the bottom sec-
tion of -the case, and consists of a single
strip of metal clamped to the battery by
two long screws.

A simple mount for the counter tube can
be fashioned from a sheet of 1/$" polystyrene
11/2" x 4" and a 3" piece of 1/2" i.d. poly-
styrene tubing. Cement the tubing length-
wise on top of the sheet about 3/16" from
one end. Drill a hole at the other end of
the sheet and mount a 2 -terminal tie point
at this same location, with a flat -head screw
recessed flush on the bottom. Wrap a 3"
x 1/e" rubber band around the 1B86 as
in Fig. 2 (page 76), slip the assembly inside
the plastic tube, and carefully solder the
1B86 leads to the tie point. Center the
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Transistorized Geiger Counters
Geiger tube assembly in the bottom of the
case after the 300 -volt battery has been
installed, and cement in place with Poly -
weld "912" or a similar cement.

For the 11/2 -volt battery holder, modify
a type HPC fuse holder as shown ün Fig. 3.
First, clamp the lug in a vise, pull the fuse
holder outward to compress the internal
spring, and cut off the shaft as close as
possible. Disassemble the holder, and drill
and tap the shaft as shown. Replace the
original spring with a two -turn volute-
or spiral-spring clipped from a medium-
sized spring in a General Cement assort-

ment. Check Fig. 3 carefully for assembly
details. When completed, a Burgess No. 7
penlite cell will fit nicely inside.

Mount a 4 -lug tie point on one end of the
case, as shown in the photograph above.
Complete the wiring, including the 300 -volt
battery plugs, and solder all joints care-
fully. Excessive heat can permanently dam -

1957 Edition

Weighing less than 21/2 pounds, the first unit is

housed in a 3" x 4" x 5" utility box. Fuse holder
is modified to take the I1/2 -volt penlite cell as

shown in Fig. 3 on page 76. Placing +he handle
off -center makes for proper mechanical balance.

HOW IT WORKS
Two basic circuits for the first unit are shown in

Fig. 1, one for an n -p -n transistor and the other for a
p -n -p transistor. Aside from polarities, the circuits
are identical and should provide equal performance,
assuming that the transistors are equivalent. At the
present, most p -n -p transistors are a little cheaper.

When a beta or gamma ray passes through VI, the
gas in the tube ionizes and a small pulse of current
flows through RI. This pulse is amplified by the
transistor and appears as a click in the headphones.

A potential of 300 volts is required for operation
of the Geiger tube. This is provided by a special
300 -volt battery. Although fairly expensive, the cur-
rent drain is very low, and battery life approximates
shelf life. The transistor itself operates on 1% volts
and gives a gain of about 20 db. Here again, the
current drain is very low-about 50 microamperes-
which gives very long battery life.

High -impedance headphones will give good per-
formance, but they must be of the magnetic type to
provide a d.c. path for the collector circuit of TRI.
The standard 2000 -ohm units are satisfactory, but
the Trimm 24,000 -ohm style will give somewhat
better volume.

Inferior view (at left) shows location of impor-
tant components and wiring details. As the 300 -
volt battery fills up much of the available space,
care must be taken to make sure that everything
fits - although the exact layout is not critical.

age the transistor-grip the leads with
long -nose pliers between the transistor and
the point being heated, and don't remove
the pliers until the joint has cooled.

Insert the battery in the fuse holder.
Polarity will depend on the transistor used:
for an n -p -n unit, insert the positive end
first; reverse for a p -n -p unit. Plug in the
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Fig. 1. Basic circuit for (A) n -p -n transistor and
(B) p -n -p transistor. Parts list applies to both.

B1 -300 -volt battery (Eveready 493 or equiva-
lent)

B2 -11/2 -volt penlite cell (Burgess No. 7 or
equivalent)

11-Open-circuit phone jack (miniature)
PI-Phone plug to fit jack
R1-2.2-megohm resistor
SI-D.p.s.t. toggle switch
TRI-Type 2N35 or CK722 transistor (see text)
VI-Type 1886 Geiger tube (Victoreen)
1-Pair of headphones (Trimm 24,000 -ohm

Featherweight)-see "How It Works"
1-Panel-mounted fuse holder (Buss HPC)
1-3" x 4" x 5" aluminum case (ICA Fleximount)
1-Handle (U. S. Eng. Co. No. 1010 or equiv.)
1 -2 -terminal tie point
1 -5 -terminal tie point
1-Set of battery plugs (Amphenol 71-1L and

71 -IM)
1-Sheet of 1/e" polystyrene, 4" x 11/2"
1-1/2' i.d. polystyrene tubing, 3" long
1-Coil spring (see text)
1-On-off switch plate
1-3" x 1/8" rubber band
Misc. wire, solder, machine screws, etc.

3"%I/8"RUBBER BAND

CATHODE1Q0C'
CATNODE

IB06

Fig. 2. How rubber band is wound around tube.

TWO TURN VOLUTE
SPRING COIL

FUSE HOLDER

*4
SOLDER

LUG

-"'-END OF
TERMINAL

LUG CUT OFF

4-40 X 1/4"
R.N. SCREW

TAP 4-40 THREAD

Fig. 3. The modification of the fuse holder.

IA/

P -N -P
CH 722

TRI

181

HEAD-
PHONES

sigh -voltage battery connectors, turn on
the switch, and listen for clicks. With no
uranium in the vicinity, you should get a
background count of about 30 clicks per
minute.

UNIT TWO
By Wayne Milburn

For extreme simplicity and economy of
initial cost and maintenance, this Geiger
counter is hard to beat. The two 11/2 -volt
flashlight cells give excellent life as the
current drain is about 100 microamperes
and few parts are needed.

A novel technique is employed to produce
the high voltage (800-900 volts) for the
Geiger tube. D.c. from the battery is passed

(MEG.

CKI722

Schematic diagram and parts for second Geiger
counter. A p -n -p junction transistor is used here.

BI-Two 11/2 -volt flashlight cells
C1 -0.5 -pfd., 1000 -volt plastic sealed capacitor

(author used 600 -volt rating, but higher rat-
ing is desirable)

R1-1-megohm, 1/2 -watt resistor
SI-S.p.s.t. Microswitch or any snap -action

spring -return switch
S2-S.p.s.t. toggle switch
TI-Small audio output transformer, such as

4000 ohms to 4 -ohm voice coil (not critical-
almost any output transformer should operate
satisfactorily)

Gap-Altered 3-30 µµfd. trimmer capacitor (see
text)

TR1-CK722 p -n -p junction transistor
V1-Geiger counter tube (Victoreen 1B85 or

Raytheon CK1026)
1-3" x 4" x 5" aluminum cabinet
1-Kitchen cabinet handle
Misc. wire, solder, terminal strips, phone jack,

etc.
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through the voice -coil winding of an output
transformer, and then quickly interrupted
by the switch S/-inducing a high -voltage
surge in the high -impedance winding. This
surge will have two polarities-one when
the primary current starts flowing, and one
when it ceases. The larger of the surges
will break down the special spark gap, and
will charge up capacitor CZ. This high volt-
age is then used to operate the Geiger tube.

Heart of the device is the special spark
gap, made from a small 3-30 µµEd. trimmer
capacitor. Unscrew the adjusting screw, re-
move the mica insulation, and replace the
screw. Adjust the screw to the point where
it rectifies the transformed voltage but will
not arc back.

It is essential that Cl be charged to the
proper polarity, as indicated in the sche-
matic. Use a high -impedance voltmeter to
determine polarity. If it is incorrect, re-
verse the voice coil leads in the trans-
former.

This arrangement should give 800-900
volts after 20 or 30 pulsings of Si, de-
pending on the turns ratio of the trans-
former. Use a high -quality capacitor for Cl,
and make certain that it is well insulated
from ground. A single charging should oper-
ate the Geiger tube for several minutes. An
occasional push on the switch will then keep
the counter in operation.

To provide comfortable headphone vol-
ume for the clicks, a transistor amplifier

This unit, also housed
ploys spark gap made

in a 3" x 4" x 5" box, em -
from a trimmer capacitor.

is included in the unit. It is direct -coupled
to the counter tube, that is, the pulses of
current from the counter tube also pass
through the base -emitter circuit of TR1. RI
serves to protect the transistor in case of an
avalanche discharge through V2. Magnetic
headphones must be employed to provide a
d.c. path for the collector circuit of TR1.

Although inexpensive and simple to build,
this counter will give reliable indications of
the presence of radioactive material. Try it
out on your luminous dial watch to check
its operation. --

(7,,d SI

Pictorial diagram shows how the parts of the second unit are connected.

el
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Single Transistor

Megaphone

ATHLETIC COACHES, lifeguards, po-
licemen, firemen, plant guards, con-

struction foremen, CD workers, and carni-
val spielers are but a few of the people
who need to use their voices to issue com-
mands, make requests, outline directions or
to instruct and influence the public. If you
or any of your friends have ever handled
one of these jobs, you'll know how easy it
is to strain your lungs and vocal chords in
the attempt to outshout background din
or to project your voice over a moderate
distance. And you'll know how valuable a
simple megaphone can be in directing your
voice.

The conventional megaphone is a conical
tube used to concentrate and to direct
one's voice. .It is named from the two
Greek words meaning "great or mighty"
(mega) and "sound or voice" (-phone).
While such an instrument does concentrate
and direct the voice, the user still has to
shout to obtain any real volume. Even if
the only time you have to raise your voice
is to call the children home from play, you
won't have to strain your lungs to give
your voice the authority of power when
you use the electronic megaphone de-
scribed here. Lightweight, compact, port-
able and comparatively inexpensive, this
instrument can be assembled and wired in
one or two evenings, even by a hobbyist

By
LOUIS E. GARNER, JR.

Save your voice .. .
let the electronic megaphone

do all your shouting for you

who is still fairly new to the electronics
"game."

Construction Hints
In the author's model, the amplifier cir-

cuit is housed in a standard ICA "Channel -
lock" aluminum utility box. The University
speaker trumpet, battery boxes, terminal
strip, and transistor were attached to this
housing. The microphone is mounted by
cutting a slightly undersized hole in the
"back" cover of the amplifier housing, then
using a force fit to mount the microphone
cartridge and its rubber mounting ring in
place. If you wish, you can apply a thin

Most transistor projects feature the use of
low -power transistors. "High -power" units (1
to 5 watt ratings) have, in the past, been rela-
tively expensive and difficult to obtain. The
device described in this article uses a com-
mercially available power transistor. Although
the transistor used is more costly than lower
power units, the total cost of the components
needed is comparable with other transistor
projects-for only a single transistor is used
and other expensive components, such as
matching and interstage transformers, have
been eliminated. Thus, this project is suitable
both for the more advanced worker desiring to
gain experience with power transistor circuits
and the experimenter looking for a simple-
yet useful-project.

THE EDITORS
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coating of rubber -to -metal cement around
the rubber mounting ring prior to installa-
tion.

In the interior view of the completed
model, the parts arrangement used by the
author is clearly shown. However, since
neither circuit layout nor lead dress are
critical, you can either follow the model or
design your own amplifier "cabinet" and
layout, as you choose. Resistor RS is made
up of three (3) 10 -ohm, 1 -watt carbon re-
sistors, installed so that all three may be
connected in parallel, two may be used in
parallel, or one may be used alone. The
final arrangement is determined after all
wiring is completed and the unit is ready
for test. Connect the microphone's return
lead temporarily to the center of the power
pack, so that only three (rather than six)
volts are applied to this circuit.

The 2N68 power transistor may be sup-
plied with either of two types of lead con-
nections. These are shown at (A) and (B)
in Fig. 1. If your unit is provided with the
lead arrangement shown at (B), you can
use a subminiature "in -line" tube socket for
the transistor. If your unit has the lead
arrangement shown at (A), you'll have to
make soldered connections to the transistor
terminals. Leave the transistor leads at
least one inch long and protect with insu-
lating spaghetti tubing. While soldering
each connection, hold the lead with a pair
of long -nosed pliers at a point between the
body of the transistor and the place where
the soldering iron is applied. The pliers act
as a "heat sink" to absorb excess heat and
to prevent accidental damage to the tran-
sistor.

Note that no "ground" connection is
shown in the schematic diagram. The col-
lector electrode of the transistor is con-
nected-internally-to its outer shell, and
this is automatically "grounded" to the
amplifier housing when the transistor is in-
stalled. Do not connect any other compo-

nent of this circuit to "chassis ground."
Quite a number of parts substitutions are

possible if needed to meet the requirements
of the individual builder. The transistor
specified in the parts list and used in the
model is a Sylvania Type 2N68 p -n -p junc-
tion power transistor. A Sylvania Type
2N101 may be substituted directly for the

HOW IT WORKS
The megaphone is basically a single -stage com-

mon -emitter transistor amplifier. It differs from
conventional audio amplifiers in several respects.
First, the use of a transistor permits a single low -
voltage (6 -volt) power source to be employed. Sec-
ondly, the low input impedance of the transistor
permits direct coupling between the carbon micro-
phone and the base -emitter circuit, eliminating the
need for the usual input matching transformer. In
a similar fashion, the low output impedance of the
power transistor permits direct coupling to the
small paging "trumpet" used as a loudspeaker,
eliminating the need for an output transformer.
Finally, since the instrument is designed for "close -
talking," its output level may be varied simply by
varying the level of the voice. Hence, no volume
control is needed or provided.

In operation, sound waves vary the mike resist-
ance which, in turn, results in a similar variation
of the transistor's base bias current. Since the base
bias current determines collector current, the audio
signal appears in the collector -emitter circuit, but it
is of much greater amplitude due to the gain of
the transistor. Small variations in base current re-
sult in much larger variations in collector current.

Emitter resistor RI provides a degree of d.c. sta-
bilization by setting up a bias voltage which tends
to oppose major changes in the transistor's d.c. op-
erating currents. If the collector current tries to
increase appreciably, the bias across R1 tends to
reduce base current, restoring collector current to
normal. This resistor, by providing some degenera-
tion, helps keep distortion to acceptable figures and,
at the same time, increases the input impedance of
the transistor to insure a more efficient transfer of
the signal from the microphone to the transistor.

The remaining electrical components in the circuit
are capacitors CI and C2, switch Si, and the power
source. Capacitor Cl is used simply to absorb tran-
sient peaks as the circuit is turned "on" and "off"
and thus to prevent current surges from shortening
the life of the transistor. Capacitor C2 is a simple
bypass unit to reduce microphone "hiss" and is fur-
nished by the manufacturer of the microphone as a
part of the "mike" assembly.

Fig. 1. Schematic wiring diagram of transistor-
ized electronic megaphone. See parts list at right.

u
MIC.

E

2N68
TRI

RI
3-IOn

+ CI

25 pfd.

(SEE TEXT)
BI 6V.

+x,1,1,1 -

SPKR.

(A)

e

(B)

BI-Four 6 -volt Size "C" flashlight batteries in
series (Burgess No. 1)

C1 -25 -µtd., 6 -volt capacitor (Barco P6-25)
C2-Paper bypass capacitor (part of MIC.)
RI-Three 10 -ohm resistors (see text)
Sl-S.p.s.t. push-button switch
TRI-P-n-p power transistor (Sylvania 2N68)
MIC.-Carbon microphone cartridge (Shure

R -I0)
SPKR-45-ohm low -power "paging" speaker

(University No. MIL -45)
1-Cabinet, 51/2' x 3" x 21/8' "Channel -lock"

box (ICA No. 29410)
2-"Battery-boxes" holding two Size "C" cells

each (Austincraft)
I-Microphone adapter (Atlas AD-I1)-optional
1-Terminal strip, with 3 insulated terminals
1-Transistor socket (if needed-optional)
I-3/8' rubber grommet
Misc. machine screws, nuts, lock washers, wire

and solder
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Inferior view of
the amplifier "cabi-
net" at right shows
major parts which
are used. Below is

the cover, with
"mike" in position.
To obtain maximum
battery life, the unit
should be turned
"on" only while in
actual use. For p.a.
applications, switch
SI may be replaced
by a slide or tog-
gle switch if desired.

TO CARBON
MICROPHONE

POWER SWITCH (SI), RI AND
CI ALL ARE BEHIND TRAN-
SISTOR

BATTERY
HOLDERS

TRANSISTOR
SOCKET

TRANSISTOR (2N68)

2N68. If desired, n -p -n junction type 2N102
may be used in place of the 2N68, provided
the battery polarity is reversed as well as
the leads to capacitor Cl.

Although Burgess No. 1 (size "C") flash-
light cells are employed in the model, other
size cells may be used instead. A size "D"
cell will provide slightly longer battery life.
And if the individual builder's layout and
housing permit, four large mercury cells
(such as Mallory Type RM12R) will pro-
vide the maximum in battery life.

Capacitor Cl is non -critical, and either a
larger or smaller unit may be employed
here. It is best to use at least 10 pfd., if
possible, but values as large as 200 pfd.
may be used if desired. Regardless of the
capacity, make sure that the working volt-
age at least equals 6 volts.

Adjustment and Test
With the wiring completed, double-check

all connections before installing the bat-
teries. Make sure that Cl is installed with
the proper polarity, that S1 is "open," and
80

that there are no shorts in the wiring. Make
sure, too, that the "return" lead of the
microphone connects to the "3 -volt" posi-
tion on the power supply (two cells on
either side).

When you are sure there are no errors in
wiring, push the switch "on" and speak in
a normal or slightly loud voice into the
mike. Have a friend listen to note volume
and quality of the amplified voice. Now,
connect two of the 10 -ohm resistors in par-
allel to change Rl from 10 to 5 ohms. Try
the unit again. You'll probably notice an
increase in volume. Finally, connect all
three resistors in parallel, dropping the
total resistance to a little over 3 ohms.
Again try the unit. For a final connection,
use the maximum resistance you can which
gives the best compromise between volume
and distortion. The larger RI, the better.

Once you've selected the best value for
RI, try transferring the "return" micro-
phone lead to the 1.5 -volt (one -cell), 4.5-
volt (three -cell) and 6 -volt (four -cell) po-
sitions, trying the unit after each change.
Make the final connection to the terminal
which gives the best over-all results. The
3 -volt (two -cell) tap was used here. --
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METAL LOCATOR

COMBINING fun and profit is something
one hears about, but seldom enjoys.

The metal locator described in this article,
carried in the trunk of the car, can be as-
sembled in minutes and will provide end-
less hours of fun and excitement with the
constant possibility of a rich find. It re-
sponds with equal facility to non-ferrous
and ferrous metals or ores. It will find un-
derground wires and pipes, metals buried
in sand, and electrical conduit lines in
brick, plaster, or mortar walls and ceilings.
Best of all, it is inexpensive and easy to
construct.

The complete outfit consists of two ma-
jor components : the search coil and its
fittings, and the electronic detector. The
former is a four -turn coil, 18 inches in
diameter, wound in and protected by a
plywood "sandwich" 20 inches across. It is
carried at the end of a 5 -foot length of one -
inch round stock when in use. The elec-
tronic equipment comprises two distinct
battery -operated oscillators. Except for one
component, both oscillators are contained
within the metal cabinet shown in the
illustrations. The exception is the search
coil; this forms the tank circuit of one of
the oscillators and alters electrical condi-
tions to provide an audible indication when
metal is approached.

Construction of the Search Coil

Any sensitive electronic metal locator
demands absolute rigidity of construction

The metal locator in operation.
Any kind of wooden handle
may be employed to sup-
port the search coil.

By Harvey Pollack

to avoid wobble and spurious response; in
addition, the shielding must be well-nigh
perfect if one is to avoid masking of the
desired signal by ground capacitance
changes. The construction of the search
coil should be started first because the
work on the electronic portion may be be-
gun while the glued coil frame is drying.
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Construct the plywood frame as shown in
the drawings, then glue entire assembly
together (no nails or screws are used any-
where in the construction of the search
coil) using a good resin or casein cement
such as Weldwood or Pliobond; for ob-
vious reasons, water soluble glues should
not be used.

When the coil frame has set, the search
coil may be wound in the groove of the
"sandwich." Double cotton covered wire,
#22 or larger, should be used. Starting
near one of the one -inch round projections,
wind two full turns and bring'out a twisted
center -tap. Then wind the remaining two
turns, terminating near the same projec-

Schematic diagram, parts list,
DETECTOR UNIT

RI, R3-100,000 ohms, 1/2 w. res.
R2, R6-3.3 megohms, 1/2 w. res.
R4, R5-15,000 ohms, V2 w. res.
Cl, C5-100 µµid. mica capacitors
C2-50 µµtd. mica capacitor
C3-100 µµid. variable capacitor, screwdriver ad-

justment, capable of being insulated from chassis
(National Type W-100 or equivalent)

C4-.001 µfd. paper capacitor
C6-100 µµtd. ceramicon capacitor
C7-15 µµtd. variable capacitor, I/2" shaft, chassis

mounting, double -bearing (Bud Type MC -1850 or
equivalent)

C8-.Ol µfd. paper capacitor
C9-.005 µfd. paper capacitor
B1 -671/2 -volt "B" battery, Burgess Type XX45
B2 -11/2 -volt "A" battery, Eveready Type 720 or

RCA Type VSO -69
II-Open circuit headphone jack
LI-Shielded oscillator coil, Meissner Type 14-4243
RFCl-Radio frequency choke, ceramic cone stand-

off,10 mhy., (National Type R -100U or equivalent)
Sl-D.p.s.t. toggle switch
VI -1T4 tube
V2 -1R5 tube
V3 -1U4 tube
1-Aluminum utility case, Premier Metal Products

Type PAC 596
1-Aluminum chassis base, 4" x 41/a' x 1", ICA

Type 29083
3 -7 -pin miniature shielded sockets
1-4 ft. strap (An adjustable surplus Army web-

bing strap was used in this model. The finishing
ends were bent from thin sheet tin and pressed
flat in a vise. One 8/32 machine screw and nut
holds each end of strap to detector case. Do not
use sheet metal screws for this purpose.)

C2

SOppld

1T4
VI

CI
loo
ppfd

RI

1006

SHIELD
OPEN END

SEARCH
COIL \

ASSEMBLY

5

R2J
3 3 MEG i

T

and pictorial (see opposite page).
1-Pair magnetic headphones, high impedance
l-4" dial, Bud D-1734 or equivalent
1 -4 -lug terminal strip
2 -2 -lug terminal strips
1-Connector strip with leads, for "B" battery
1 -2 -prong plug to fit "A" battery
S01-Three-contact chassis receptacle, shielded

microphone type, Amphenol Type 91-PC3F or
equivalent

Machine screws and nuts as required (Screws for
mounting tube sockets are 4/40, 3/4"; others are
6/32, 3/6.)

Hookup wire and solder

SEARCH COIL AND CABLE ASSEMBLY

1-1/4 plywood panel, 3 -ply, approximately 20" x
40", to be cut in half

1-6 ft. length of I" round stock, light -weight wood
1-1 ft. length, 3/4' dowel
1-3 ft. length of 3/9' x 2" lumber for cross -bar on

search coil assembly
19 ft. of #22 or larger double cotton -covered cop-

per wire for search coil
150 ft. of #22 bare (not enameled) copper wire
75 ft. of l" wide paper masking tape (If 2" cloth or

plastic tape is used, reduce by half.)
1 pt. of good quality white shellac (Varnish may be

used, but drying time is greater.)
5 ft. of Twinax (double conductor shielded cable)

RG-22/U or equivalent having no more than 17
µµtd. per foot. Federal Type K-111 shielded
twinlead can be used as second choice.

1-Small can of Weldwood, Pliobond, or similar
water-resistant glue

1-Jones strip, three terminals
I-Three-prong plug, shielded microphone type,

Amphenol Type 91-MC3M or equivalent
Total cost of parts, approximately $25.00
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tion. Bring the two ends of the coil and
the center -tap out through three fine holes
near the inner circumference of the upper
ring. Draw fine radial lines on the rim of
the frame to aid in layout of the Faraday
shield to be wound later. Now give the
whole assembly one or two coats of clear
shellac or varnish and let it dry thoroughly.

R2

7

GND
LUG R3

alla(1(c
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82
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TERMINAL
STRIP

TERMINAL
STRIP

Construction of the Faraday Shield

The search coil responds to metal by in-
ducing eddy currents in the metal masses
by virtue of its magnetic field. Unless pro-
tected by adequate and proper shielding, it
will also react capacitively to both mag-
netic and non-magnetic metals. Since this

CONNECT
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FOUR
TURN
COIL

n

PIECES OF 1/4" CURVED PLYWOOD STRIPS
FROM CENTRAL DISCS TO HELP PRESERVE
SANDWICH SPACING (2 STRIPS)

TIGHT FR
IN I"

I" DIAMETER DOWELS 21/2" LONG, HOLES
GLUED TO HOLD RINGS I/A" APART7-----An

I AI

SIDE VIEW

I/8" BETWEEN
TOROID

TURNS

GROUND BUS SOLDERED
TO ALL INSIDE TURNS

OPEN SHIELD HERE

GROUND WIRE i1

/11111IIIIII111CUT WIRES'-
HERE AND FOLD
INTO SANDWICH,

HOLDS WIRES IN PLACE
OUTER RIM

is highly undesirable, a shield must be
built which permits the movement of mag-
netic lines of force without permitting ca-
pacitive coupling. Such a shield is called
a Faraday shield; it must have no closed
loops or current paths in which eddy cur-
rents can flow. Neither metal foil nor
copper screening is satisfactory because
these are full of closed loops which cause
serious magnetic field losses, reducing the
penetration of the field so that the device
becomes insensitive.

To construct the Faraday shield, #22
bare copper wire (not enameled) is wound
around and around the rim of the sand-
wich in toroid fashion, with about 4á -inch
spacing between turns. The radial lines
mentioned earlier assist the builder in
keeping the winding neat and uniform.
The toroid winding starts from one side of
the one -inch round stock projection where
the search coil wires emerge and continues
around, finishing on the other side of the
same projection. This leaves a one -inch
gap in the large circumference of the
toroid, avoiding a closed loop.

A piece of #22 bare wire is now sol-
dered all around the inside rim to each
turn of the shield; good contact must be
established between the shorting bus and
each turn. Again, the bus leaves a one-
inch gap near the same projection. A
four- or five -inch length of the same bus
wire should be brought up through the
center small hole which already carries
the center -tap of the search coil.

The entire assembly should now be
given at least three coats of shellac or var-
nish. This coating must prevent water
absorption and also hold the turns of the
Faraday shield in place when the individ-
ual turns are cut open in the next step.
Allow the coating to dry thoroughly.

Since there are still closed loops formed
by individual toroid turns, a sharp pair of
shears or cutters is now used to open each
individual turn around the outer rim. As
each turn is cut, its ends are pressed in-
side the sandwich groove to prevent con-
tact between them after the frame is
taped. Taping may be accomplished with
paper masking tape, which requires a coat
of shellac after finishing, or with water-
proof cloth or plastic tape, which do not
require shellac protection.

Construction details of the loop. Top
drawings show top and side views of wood-
en frame. Center drawing indicates how
windings are placed on the frame, and
bottom sketches give detailed information
on the construction of the Faraday shield.
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Completing the Search Coil Frame
The frame is given added rigidity and a

socket for the holding pole by means of
the %" x 2" x 20" crossbar. The crossbar is
pegged in place by wood doweling, %" in
diameter, by drilling %" holes downward
in the vertical projections to a depth of
about one inch and gluing the crossbar in
place. A one -inch hole is cut in the center
of the crossbar to receive the end of the
holding pole. The latter is also pegged in
place by means of a s/e" wood key, which
is removable to permit disassembly of the
unit for transportation. A three -terminal
Jones strip is then screwed to the cross-
bar; the coil terminals and center -tap are
then secured to the Jones strip. The Far-
aday shield connection goes to the same
Jones screw as the center -tap of the
search coil.

Construction of the Electronic Detector
The two oscillators are built as shown in

the photos, the schematic diagram, and the
pictorial wiring diagram. Although the
layout illustrated is good, the builder may
make any alterations he pleases, as long
as he observes these precautions:

(1) The shielding between oscillators
must be excellent. Note that all tubes and
the fixed oscillator coil are completely
shielded and that the tuning capacitor and
oscillator coil of the 1R5 oscillator are
above the chassis while the tuning capaci-
tor for the search oscillator is below the
chassis. The oscillator coil for the search
section is completely outside the box, of
course!

(2) All parts must be mounted super -
rigidly with short leads used throughout to
prevent vibration while the cabinet is being
carried. Even the r.f. choke is supported
instead of being secured only by its pig-
tails. Resistors and capacitors belonging to
one oscillator should be kept as far as pos-
sible from components of the other oscil-
lator, with their major axes at right angles.
The battery leads are not critical but the
batteries must be held firmly in place to
prevent their motion during transportation.
In the author's model, a simple aluminum
bracket, bent to fit, is pressed against the
batteries on one side and the side -wall of
the cabinet on the other. This is shown
in the photo with the back cover removed.

(3) Connection between the search coil
and the detector cabinet must be made
with low -capacity shielded twin -lead or
shielded Twinax. Unless well-grounded
shielded twin -conductor cable is used, body
capacitance and stray capacitance acting
on the connecting cable will produce in-
stability. Connection between the cable
and the detector cabinet is made through
1957 Edition

Completely assembled loop, ready for op-
eration. Note terminal strip for connect-
ing the shielded "Twinax" cable, the other
end of which connects to a 3 -prong plug.

a shielded, three -terminal microphone con-
nector.

A U. S. Army surplus web strap was cut
to size and end -finished by means of thin
sheet metal bent around the cut end and
peened in place. The strap frees both
hands for handling the carrying pole, yet
keeps the tuning dial within convenient
reach of the operator for the occasional
readjustments that may be required.

Testing the Complete Metal Locator
Before connecting the batteries, check

the connecting wires for short circuits with
an ohmmeter; even a short circuit of brief
duration is enough to ruin the batteries-
so be careful!

Connect the batteries; set the main tun-
ing capacitor at a little less than full
capacitance; turn the switch on and slowly
rotate the screwdriver -tuned variable ca-
pacitor from full capacitance outward un-
til a loud whistle is heard. While doing
this, many whistles of varying intensity
will be heard due to various combinations
of harmonics of the two oscillators. These
are to be disregarded; the beat note be-
tween the fundamental frequencies of the
two oscillators is three or four times as
loud as the others. Leave the semi -vari-
able capacitor at that setting and readjust
the main tuning dial for a loud whistle of
low frequency. As this adjustment brings
the heterodyne closer to zero -beat, the
oscillators will lock in with each other and
the whistle will disappear. Now bring a
relatively large mass of any kind of metal
into the 'vicinity of the search coil; the
beat note should immediately reappear, be-
coming shriller as the ihetal approaches
closer. When the locator follows this pat-
tern, it is ready to be installed permanent-
ly in its cabinet.
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If beat notes are not heard, the trouble
must first be localized to one of the two
oscillators or to the audio amplifier. Com-
mon trouble spots are weak batteries, in-
correct connections, poorly soldered joints,
defective components, or components of
wrong value. These possibilities should be
investigated first.

Oscillators in good working order gen-
erate a bias voltage that is easily measur-
able. Using a vacuum -tube voltmeter or a
regular voltmeter having a sensitivity of at
least 20,000 ohms per volt, measure the
voltage on the grid pins of the 1T4 and the
1R5 with respect to chassis. (Pin #6 on
the 1T4, pin #4 on the 1R5.) A negative
potential of 3 volts or more indicates prop-
er operation. If the measurement does
disclose an inoperative oscillator, check
each part and its connection until the trou-
ble is located.

With both oscillators performing as they
should, the only other source of possible
malfunction is the audio amplifier stage
and its associated components. Touching
the tip of a screwdriver to the control grid
pin of the 1U4 (pin #6) should produce a
click or thump in the headphones. If it
does not, look for trouble between the
plate of the 1R5 and the remainder of the
audio circuit up to and including the head-
phones, using voltage and resistance meas-
urements. Remember that the headphone
jack must be insulated from the panel,
otherwise the "B" battery will be short-
circuited. The B+ to B- check suggested
in the first paragraph under "Testing the
Complete Metal Locator" would have re-
vealed such a short circuit-if it exists-
provided that the circuit has been connect-
ed as shown in the pictorial diagram and
schematic. The author assured good in-
sulation here by drilling a 3/4" hole for the
headphone jack sleeve and using large
shoulder washers on each side of the hole.
86

Top (left) and bottom (above) views of
chassis, showing location of components.

Adjusting and Using Metal Locator

There are two alternative methods of
using the locator; one is more sensitive
than the other, but is less convenient and
requires more careful adjustment.

1. High Sensitivity Method-Strap the
locator cabinet to your shoulder and con-
nect the headphones and search assembly.
The main tuning dial should be within easy
reach of your left hand. Hold the search
coil a few inches from the ground and ad-
just the tuning until you hear a low-
pitched fundamental (loud) beat note,
about 30 cycles per second or so. Move for-
ward slowly as you sweep the search coil
from side to side parallel to the ground.
An approach to metal will be indicated by
a sharp rise in pitch of the tone. The dis-
advantage is that the sound is audible at
all times and may become annoying.

2. Medium Sensitivity Method-Adjust
the tuning very carefully, starting with
maximum capacitance of the main variable
capacitor, until the oscillators just barely
lock in. This will be shown by a complete
cessation of the beat note. The note will
reappear abruptly when metal is ap-
proached, so that one may operate in com-
plete silence Until the metal mass an-
nounces itself.

Sensitivity is somewhat lower for this
method than for method 1, because there
must be a larger change in inductance of
the search coil to produce an audible indi-
cation. This is because the two oscillators
are "locked" together, and tend to remain
locked until an appreciable change in in-
ductance takes place. In method 1, the os-
cillators are not locked, and any minute
change in inductance of the search coil will
result in a change in pitch of the audible
beat note. The ear is quite sensitive to
small changes in pitch, so method 1 results
in a detector of high sensitivity.
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Penetration
The depth to which the locator pene-

trates depends upon three factors: (1) the
mass of the metal, (2) the kind of metal-
purity, conductivity, etc., and (3) the con-
dition of the soil. To provide the reader
with some idea of what might be expected
of the instrument, the author performed
the following experiments:

(a) Dry soil, galvanized iron trash can
cover, buried approximately 31/2 feet un-
derground, was easily detected.

(b) Dry soil, same location, an aluminum
snow shovel measuring about 15" x 18" was
detected at a depth of about 3 feet.

(c) An 8" roll of copper wire, weight
about 11/2 lb., was located without diffi-
culty at a depth of 3 feet.

(d) Wet soil reduces penetration by
about 10% for objects above.

(e) Steel reinforcing rods were easily
located in a 12" concrete retaining wall
and exact spacing accurately determined.

(f) BX cables in plaster and plaster
board walls were located precisely.

(g) A 275 -gallon steel oil tank was "lo-
cated" at a distance of 6 feet through the
foundation wall of a building.

(h) A buried sewer "cleanout" cover

Over-all view of the complete unit with
shoulder carrying strap (below) and rear
view with cover removed (right), indi-
cating how batteries are held in place.

was found at once although it was covered
by a thick layer of concrete topped by
about 5 inches of wet soil.

Operating Principles
The two oscillators operate at frequen-

cies around 2 mc. When their frequencies
are within 10,000 cycles of each other, a
high pitched beat note is heard as a result
of the mixing in the 1R5 converter tube;
the 1U4 audio amplifier intensifies the beat
note so that it is sufficiently loud to be
heard even in noisy locations. Assuming
that the oscillators are adjusted to pro-
duce a beat frequency of 300 to 500 cycles
per second, an approach to metal with the
search coil causes the induction of eddy
currents in the metal mass. According to
a well-known electrical law (Lenz's Law),
the magnetic field generated by these eddy
currents in the metal opposes the field of
the search coil. This is reflected back to
the search coil as an effect which reduces
its inductance. Since the search coil is the
tank inductance of one of the oscillators,
any change in its inductance causes a pro-
portional change in the frequency of oscil-
lation; this, in turn, changes the pitch of
the beat note sharply. -
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Your speaker enclosure is not just a
box. It's an important component of
your Hi -Fi system. A "build -it -your-
self" enclosure should be as good as
the finest factory -assembled enclos-
ure. When you "build your own"
don't end up with a cheesebox .. .
make sure that the kit you buy has
all these features:

1, Heavy Hardwood Cabinet Ply-
wood used throughout. Select Grade White Birch used for all fin-
ishing surfaces.

2. All wood pre -shaped. Almost all assembly done with a screw-
driver. Complete with

3. Flexible, speaker mounting board permits countless P.S.E. and
multi -speaker combinations.

4. "Decor-Coustic" design. A perfect union of the most advanced
principles of acoustic baffling and interior decoration. A true corner -
less -corner enclosure.

Only University "KwiKits" have all these important features. Don't
forget, the difference between mediocre kits and the finest is only a
matter of a few dollars. Don't jeopardize the quality of your whole
system by a false economy.

Model EN-CSUnfinished-Utility Enclosure
A true folded self-contained exponential
horn, operates with highest quality wher-
ever placed independently of walls or floors.
Complete in itself with all acoustically cor-
rect elements always in place. EN -CB is
identical in design to the enclosure used in
the famous "Classic" "Decor-Coustic" sys-
tem. Ideal for the do-it-yourself home deco-
rator finishing is limited only by the
imagination. Can be used horizontally or vertically. Fully assembled, con-
structed throughout of 44" Birch plywood with locked and mitre joints
and braced with heavy glue blocks. Supplied unfinished, less base and
frame, but with necessary hardware for mounting speaker. Recommended
components are: Model CI5W Dual Impedance Woofer, Model HF-206
Super -Tweeter, Model Cobreflex-2 Mid -range Horn with T-30 Driver,
Model N-3 Network. 40" x 30" x 24". Shpg. Wt. 150 lbs. $120.00 Net.

SPEAKER ENCLOSURE KIT

Model KEN 15 - Same'
as Model EN -15 enclosure
used in the "MASTER"
Speaker System except for
simplified frame. Baffle
board is pre-cut for 15"
speakers and supplied
with adapter for 12"
speakers. Adapters also
supplied for most of the
popular 2 or 3 way P.S.E.
Speaker Systems. Com-
pleted enclosure measures
37" H x 28" W x 1914" D.
KEN -15-$49.75 Net.
Model KEN -12- Similar
to Model KEN -15 except
that mounting board is
pre-cut for all 12" speak-
ers. Adapters also sup-
plied for most of the pop.
ular 2 or 3 way P.S.E.
combinations.Di mensions:
30" E x 21114" W x 154" D.
KEN -12-$39.75 Net.

LISTEN L41'vP/irG sousecis

THE P.S.E. STORY
PSE-Progressive Speaker Ex-
pansion plan (a concept first in-
troduced by University) is the
most revolutionary development in
loudspeaker history.
University speaker components, en-
closures and networks have been so
uniquely designed that it Is pos-
sible to start an excellent basic
system at low coat and
add to it later-while
enjoying immediate
listening satisfaction.
P-SE makes possible
building up to any fine
system In successive,
Inexpensive steps
using KwiKlts and
EN -CB enclosure. For'
the fascinating story of P-SE please
send for FREE Illustrated brochure.

UNIVERSITY LOUDSPEAKERS, INC , 80 SOUTH KENSICO AVENUE, WHITE PLAINS, N. Y.
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TO THOSE accustomed to the type of
music obtainable with low-cost table -

model radio receivers, listening to a high -
quality audio system connected to a high-
fidelity tuner will reveal a tonal quality
never thought possible. Take a good -qual-
ity phonograph amplifier with matched
speaker system, add the simple hi-fi tuner
shown in the photographs, connect an an-
tenna and ground ... and prepare for
real listening enjoyment.

Hi-fi fans (frequently called "audio-
philes"). will be familiar with the expres-
sion "tuner." For the uninitiated, a tuner
is a basic radio receiver, but without an
audio power amplifier or loudspeaker. It
is designed to be used with a separate
audio system to form a complete receiver.
Tuners may be used with both commercial
and home -built audio amplifiers, including
public address systems, but they give best
results when used with a high-fidelity in-
stallation.

Although this simple hi-fi tuner will
meet the requirements of a discriminating

preferred-the circuit is simpler, requires
fewer parts, wiring is easier, and no power
source is necessary.

Components needed for both versions of
the tuner are specified in the parts list.
Those parts used only in the powered ver-
sion are identified. All parts are standard
and should be available at local radio
parts distributors. If there is no distribu-
tor near at hand, the items needed can be
purchased through one of the large mail
order supply houses.

Construction Hints: A commercially
available prepunched metal chassis base
was used in the model. With this chassis,
no chassis machine work will be required
to assemble the non -powered version. To
assemble the powered version of the tuner,
it will be necessary to drill and punch a
few additional holes.

To bend the chassis base from sheet
metal, use the layout shown in the photo-
graphs as a general guide. Except for the
mounting holes, exact dimensions are not
critical. Locate mounting holes exactly

Build an AM
Mt -Ft TUMEI

audiophile, the circuit used is not at all
complicated. Even a beginner should have
little or no trouble assembling the tuner in
two or three evenings or on a week-end.

Assembling the Tuner
Either one of two versions of the tuner

may be assembled, depending on the re-
quirements of the individual builder. The
schematic wiring diagram for a powered
version is given in Fig. 1, while the circuit
changes necessary for a non -powered ver-
sion are shown in Fig. 2. The photographs
show the powered version.

Operation of both versions is similar, ex-
cept that the powered version requires a
source of line voltage (117 volts, a.c.) and
has somewhat greater sensitivity, permit-
ting its use with most audio amplifiers
without a preamplifier. On the other
hand, if an audio system has a good pre-
amplifier, the non -powered version may be
90

by holding the part to be mounted on the
chassis and marking hole locations with a
scribe.

With the chassis machine work com-
pleted, mount the major components, us-
ing small machine screws, nuts and lock
washers. The photographs of the model
will serve as a guide in determining parts
location. Above chassis parts are identi-
fied in Fig. 4, below chassis parts in Fig. 3.

Wiring is comparatively easy and
straightforward. There is plenty of room
below the chassis, so don't worry about
working in tight corners. Coil lug con-
nections are identified in Fig. 1. Only a
few general precautions should be ob-
served in wiring the unit.

In assembling the powered version, take
care when soldering leads to the selenium
rectifier, SR1. Complete this soldering as
quickly as practicable to avoid overheat-
ing the terminals. Be sure to observe cor-

ELECTRONIC EXPERIMENTER'S HANDBOOK



Over-all view of powered tuner without cabinet, showing pilot lights
and dial (top), and the unit installed in a metal cabinet (bottom).

By LOUIS E. GARNER, Jr.

Here is an AM tuner which will reprodice the full range of

audio frequencies transmitted by local broadcast stations
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ANT
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ONO.

TUNING r...C2

C3
Mod
zoo,

(SEE TEXT)

aO

C4
10001rv14.

Li -L2 L3
L COIL LUG CONNECTIONS J

Cl', C2' -2 -gang tuning capacitor, approx. 365
Md. per gang

C3'-0.015 µid., 200 v. tubular capacitor
C4, C5"-1000 µµtd. disc. ceramic capacitor
C6"-0.005 µµtd. disc ceramic capacitor
C7"-0.02 µfd., 200 v. tubular capacitor
C8", C9"-20/40 µfd., 150 v. dual elec. capacitor
C10-0.00025 /dd., 200 v. tubular capacitor (see text

and Fig. 2)
Cll-0.05 µfd., 200 v. tubular capacitor (see text

and Fig. 2)
Jl'-Phono jack
LP, L2'-T.r.f. antenna coils (Miller No. 242-A,
including Cc)
L3'-Mutual coupling coil (Miller No. EL -S5)
PLl ", PL2"-6.3 v. pilot lamp bulb and socket
RI "-10,000 ohm, 1/2 w. resistor
R2-500,000 ohm carbon potentiometer, audio taper
R3"-10 megohm, 1/2 w. resistor
R4"-240.000 ohm, 1/2 w. resistor
R5'-22,000 ohm, 1/2 w. resistor

CT
.02 WA. 200V

40PIG.
IlOV

OUTPUT

SAI
208,8

RED

REo

SI
S PST

SLAG

GREEN -

l J BLACK

VI O 15)48T,"=0
O

INOT,"=

PREOwEEN-

/°_,/
GREEN

R6"-47 ohm. 1/2 w. resistor
R7-100,000 ohm, 1/2 w. resistor (see text and Fig. 2)
SI '-S.p.s.t. switch (on R2)
SRI" -20 ma. selenium rectifier
TI "-Power transformer, 150 v. @ 25 ml r., 6.3 v.

@ .5 amp.
1 -7 -pin miniature tube socket"
1-Line cord and plug"
1-1N34 crystal diode (see text and Fig. 2)
I-Chassis,' approx. 7" x 5" x 11/2" (Miller No.

585.1)
1-Slide rule dial' (Miller No. 152-H)
I-Cabinet (optional, Bud C-1789)
1 -2 -position screw -type terminal strip'
1 -2 -lug terminal strip
1 -3 -lug terminal strip
Misc. wire, solder, etc.

117 VAC.

 These items are included in the basic Miller kit,
No. 585. If unavailable elsewhere, contact I. W.
Miller Company, 5917 S. Main St., Los Angeles 3,
Calif.

These components are not required for the non-
powered version (Fig. 2).

Total cost of parts, approx. $21.50

Fig. 1. Schematic diagram and parts list forthe powered version of the AM tuner.

CIo

.00025

2 200V.
.y (SEE TEXT)

Fig. 2. Partial schematic of non -powered unit.

rect lead polarity when connecting the
electrolytic filter capacitor (C8, C9). Shield
any long leads carrying audio signals to
avoid hum pickup.

Parts C/O, C11, R7 and the 1N34 crys-
tal diode are used only in the non -powered
version of the tuner. In building this ver-
sion, wire the r.f. circuit as shown in Fig. 1
up to points "X" and "Y." From these two
points, follow the circuit in Fig. 2. When
installing the 1N34 diode, take special
92

pains to avoid heat damage. Use reason-
ably long leads and hold each lead with a
pair of long -nosed pliers while soldering
the diode in place. The pliers, tend to ab-
sorb heat, keeping it away from the sensi-
tive part of the diode.

When the wiring is completed, double
check for possible errors. Install the 6AT6
vacuum tube (if the powered version has
been assembled) and mount the control
knobs. Prepare a length of shielded single -
conductor cable for connecting the tuner
to an audio amplifier. At one end, use a
connector to fit the output jack, Ji, of the
tuner. At the other end, use a connector
to match input jack of audio amplifier.

Alignment: Alignment of the completed
tuner is quite simple and requires no ex-
pensive test equipment. All that is neces-
sary is a standard insulated alignment tool
for adjusting the small mica trimmer ca-
pacitors. One is mounted on each section
of the main tuning capacitor and is con-
nected in parallel with it.
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Pictorial diagram indicates how the various components are connected into the circuit.
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Connect a good antenna and ground to
the proper terminals of the tuner. Using
the shielded connecting cable, connect the
tuner to the audio amplifier and turn both
units on. Turn up the gain or volume con-
trols on both the tuner and the audio
amplifier.

Adjust the tuning dial so that the pointer
is at the extreme low frequency end of the
dial when the tuning capacitor (C1, C2)
plates are fully meshed. Next, tune in a
strong local broadcast station whose oper-
ating frequency is near the higher fre-
quency end of the dial (from 1200 to 1600
kc.). Check to see if the dial reading cor-
responds to the station's operating %fre-
quency. If it does, no further adjustment
is necessary.

If the dial reading does not correspond
to station frequency, use the insulated
alignment tool to adjust the small trimmer
capacitors mounted on the sides of Ci and
C2, shifting the point at which the station
is picked up in the proper direction . . .

i.e., towards the correct station frequency.
Continue to adjust the trimmers, retuning
the dial each time, until the dial reading
corresponds exactly to station frequency
when best reception is obtained. Be sure
to adjust both trimmers each time. When

dial and station frequency correspond, the
alignment is complete.

Operation
In operation, r.f. signals picked up by the

antenna -ground system are coupled into
the primary of r.f. transformer L1 in the
powered version (Fig. 1). L1, L2, L3, and
C3, together with tuning capacitors Ci
and C2 and coupling capacitors Cc form a
band-pass tuner circuit which selects the
desired station frequency as the values of
Ci and C2 are changed. This double -tuned
circuit has a bandwidth of 25 kc. at the
2-db points, yet-because of the high Q of
the coils used-is able to separate local
stations without difficulty.

The selected r.f. signal, appearing at
points "X" and "Y," is applied to the diode
section of the 6AT6 dual-purpose tube,
where detection occurs. R1, together with
volume control R2, acts as the diode load
resistor, and the detected audio signal ap-
pears across these components. Since the
resistance of R2 is large compared to that
of R1, most of the audio signal appears
across the volume control. However, R1,
acting with capacitors C4 and C5, serves
as an r.f. filter network to remove any
r.f. signal that might remain.

Fig. 3. Under -chassis view of powered version of the AM tuner, showing location
of selenium rectifier, electrolytic capacitor, and socket for audio amplifier tube VI.

' 94 ELECTRONIC EXPERIMENTER'S HANDBOOK



Fig. 4. Rear view of
powered version. The
power transformer TI is

located above the chassis,
while the remainder of
the power supply compo-
nents are mounted below
the chassis. See Fig. 3.

TI

LI

A portion of the available audio signal
is fed through coupling capacitor C6 to the
grid of the triode section of the 6AT6 tube.
The amount of signal applied to the grid
of the tube depends on the setting of R2.
Grid return resistor RS has a high value
and serves to establish contact bias for the
triode tube. An amplified audio signal ap-
pears across the tube's plate load resistor
R4, and is coupled through d.c. blocking
capacitor C7 to the output jack J1, where
it can be picked up and fed to an audio
amplifier.

D.c. operating voltages for the amplifier
are obtained from a conventional half -
wave rectifier circuit employing the seleni-
um rectifier SRI. R5, together with elec-
trolytic filter capacitors C8 and C9, forms
a standard RC "brute force" filter circuit
to remove ripple. A small resistor, R6, pre-
vents the current surge into C9 (when the
unit is first turned on) from damaging the
rectifier.

A.c. voltages for the rectifier circuit, as
well as filament voltages for the vacuum
tube and pilot lamps, are obtained from
transformer T1. A s.p.s.t. switch, S1, serves
as a power switch and is mounted on the
rear of the volume control, R2, as shown
in the pictorial diagram.

In the non -powered version of the tuner,
the pickup and selection of the r.f. signal
is the same as in the powered version.
However, the diode tube section is re -

1957 Edition

placed by a crystal diode detector (1N34
diode), and no amplification of the audio
signal is obtained. Thus, when the non -
powered version is assembled, it should be
used with an amplifier having a good pre-
amplifier section.

Installation and Use
The completed hi-fi tuner may either be

used "as is" or it may be mounted in a
cabinet. It fits well into a commercial
metal cabinet (specified in the parts list
and shown in the lead photograph), but
may also be mounted in a home -built or
wooden cabinet.

In order to keep the circuit simple, a
straight t.r.f. (tuned radio frequency) cir-
cuit has been 'used, with no r.f. amplifica-
tion. Therefore, the tuner requires a good
antenna and ground for proper operation
and is designed to be used primarily with
local AM broadcast stations. In rural areas
having only a few local stations, the sensi-
tivity of the tuner may be greatly in-
creased at a slight loss in selectivity (abil-
ity to separate stations) by adding two 15-
µµfd. fixed ceramic capacitors across ter-
minals 1 and 3 of coils L1 and L2. These
capacitors are in addition to capacitors Cc
already mounted in the coils. -{]30--
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Fig. 1. Home -built amplifier measuring 5" x 7" x 2".

Small

By

Paul Popenoe, Jr.
W61WM

An economical approach to good quality

THE
amplifier shown in Fig. 1 should

provide an answer to those who require
a high -quality power amplifier of small
physical dimensions. This unit is con-
structed on a 5" x 7" x 2" steel chassis base
and has an over-all height of 6 inches. It
may be operated from most tuners and
preamplifiers to give adequate output for
ordinary home requirements. The total
cost of parts is under $35.

To many people, this unit, with its 4 -
watt rated output, may seem underpow-
ered. There is no need to recount the
usual arguments as to desirable power
levels. Many of our ideas about power re-
quirements are handed down from the
days of high -distortion amplifiers, and low -
efficiency speakers. With modern speakers,
an average listening level of 250 milli -
watts is a very loud level indeed-louder
than most people can comfortably enjoy
in the average living -room. Those who
wish to verify this statement may do so
by actually measuring the output of an
amplifier while listening to it. Many will
be surprised at the small amount of audio
required to provide comfortable listening.

If 250 .milhiwatts is considered as maxi-
mum average listening level, allowing 10
db for peaks, the peak power requirements
for comfortable living is 2.5 watts.
96

The amplifier has low transient distor-
tion due to a good damping facto. The
damping factor is 8, which is equivalent
to a 2 -ohm generator across the 16 -ohm
speaker tape. This allows the speaker to
deliver good, clean bass, an important re-
quirement for hi-fi amplifiers.

A listening test was made operating the
amplifier into a Jim Lansing rear -horn -
loaded speaker system, model D-34001. The
unit described compared favorably with
much larger and more expensive ampli-
fiers.

Other characteristics of this amplifier
are frequency response flat within 1 db
from 20 to  100,000 cycles measured at
1 -watt output, response flat 20 to 30,000
cycles measured at 4 -watts output, and an
input requirement of 1.5 volts r.m.s. for
4 -watts output. , Approximately 8.5 db of
feedback is provided around a loop which
includes the output transformer and the
input stage. The hum and noise are so low
as to be inaudible with the ear placed next
to the speaker.

Examination of the circuit diagram,
Fig. 3, will show that the circuit is very
simple, requiring only two tubes plus a
rectifier tube. The first tube, V1, is a
12AX7 which operates as a voltage am-
plifier and phase splitter. Feedback is ap-
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plied to the unbypassed cathode of the
voltage amplifier. The output of this stage
is resistance -capacitance coupled to the
other half of the 12AX7, the phase split -
ter. There is nothing critical in this cir-
cuit, and ordinary tolerance components
may be used.

The phase splitter provides a push-pull
signal to the grids of the output tube by
means of equal 47,000 ohm load resistors
in the cathode and plate. These two re-
sistors, Ry and R7, should be matched in
value as closely as possible. Matching
within one per -cent is desirable. It should
be possible to accomplish this with an or-
dinary ohmmeter. It is also desirable to
match the grid resistors, R8 and R9, of the
output stage, but these are not as critical
as the plate resistors.

The output stage makes use of a 6BX7GT
dual triode, V2, as a push-pull power am-
plifier. Although this tube was developed
for use in television receivers, it makes
an ideal audio tube. It has high transcon-
ductance, indirectly heated cathodes, and
a 12 -watt combined plate dissipation. A
100 -ohm potentiometer, R11, is provided in
the cathode circuit to balance the plate
currents. The tube requires an 8000 ohm
plate -to -plate load which is provided by a
Peerless type S -510-F output transformer
coupling into an 8- or 16 -ohm voice coil.

The output taps are brought out to tip
jacks at the rear of the amplifier chassis.

Feedback is taken off the 16 -ohm tap of
the output transformer and applied to the
cathode of the first stage through the
27,000 ohm resistor, R13. This provides 8.5
db of feedback which is adequate to give
excellent characteristics to the amplifier
without requiring too high an input volt-
age. Those who wish to experiment with
greater amounts of feedback may do so by
decreasing the size of R13.

The power supply is conventional. It
uses a 500 volt center -tapped transformer
to supply about 270 volts to the 6BX7GT.
A filter consisting of two 40.µfd. capacitors
and a 12 henry check gives hum -free oper-
ation. An additional 10 µfd. of filter is used
on the 12AX7. A higher voltage power
transformer is not desirable since it may
cause the 6BX7GT to exceed its plate dis-
sipation rating. No switch is used in the
primary circuit since it is asumed that all
a.c. switching will be done in the pream-
plifier.

Construction details may be seen from
the photographs, Figs. 1 and 2. The power
transformer, output transformer, electro-
lytic capacitors, and the tubes are all
mounted above the chassis. The input jack
and balancing potentiometer are on the
front of the chassis. The filter choke is

Fig. 2. Under chassis view of the amplifier showing how components are mounted.
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12AX7
VI

JI

TI

I17VAC

R1, Re, Re, Re -220,000 ohm,
1/2 w. res.

R2-3300 ohm, 1/2 w. res.
Re -1800 ohm, 1/2 w. res.
Re, R7--47,000 ohm, 1/2 w.

res. ± 1%
Rs -470,000 ohm, 1/2 w. res.
Rio -500 ohm, 10 w. wirewound res.
Ru-100 ohm wirewound pot (slotted stub -shaft

type)
R12-2200 ohm, 1/2 w. res.
Rie-27,000 ohm, 1/2 w. res.
R24-50,000 ohm, 10 w. wirewound res.
C1-.05 /dd., 600 v. capacitor
Cs, Ce-.1 µfd., 600 v. capacitor
C4, Cs -50/50 µfd., 150 v. two -section elec. capaci-

tor (use insulated mounting plate)

5Y3GT
V3

4 5 7

vi v2

a

Co. C7, Ce -10/40/40 ¡dd., 450 v. three -section elec.
capacitor

CHI -12 hy., 75 ma., 400 ohm filter choke (Triad
C -5X)

Ti-Power trans. 250-0-250 v. c.t. @ 75 ma.; 5 v.
@ 2 amps; 6.3 v. c.t. @ 2.5 amp!. (Triad R -8A)

Ti-Output trans. 8000 ohms c.t. to 8 or 16 ohm
10 watts (Peerless S -510-F)

J,hielded phono pin jack (insulated from chas-
sis)

Ja, Ja, 14-Insulated tip jack
Vi-12AX7 tube
V2-6BX7GT tube
Va-5Y3GT tube
2-Octal sockets
1-Noval socket (Vector)

Fig. 3. Complete schematic of the 4 -watt amplifier. It may be operated from most
tuners and preamplifiers and provides adequate output for ordinary home listening.

mounted on the end of the chassis directly
under the power transformer. Note that a
Vector -type turret is used for V1.

The output transformer has two sets of
primary taps. Only the 8000 ohm leads
and the center tap should be brought out
to the bottom of the chassis. The 10,000
ohm leads may be taped to the underside
of the transformer.

All grounds should be made to one point
on the chassis. The lugs of the filter capac-
itor make a convenient ground point. The
dual cathode capacitor (04, C5) of V2, the
6BX7GT, should be mounted on a plastic
plate to prevent grounding at that point.

For ease of construction, wire all capaci-
tors and resistors related to the 12AX7
to the socket before mounting it on the
chassis.
1957 Edition

Before operation, the wiring should be
double-checked to see that it is correct.
Particular attention should be paid to the
output transformer leads to see that they
correspond to the color code shown on the
diagram of Fig. 3. If the plate leads are
reversed, positive feedback will cause os-
cillation.

After applying power, the output stage
should be balanced. This may be done by
measuring the voltage drop across the two
sides of the output transformer primary
and adjusting the balancing potentiometer,
R11. When the voltage drops are equal,
equal plate currents will be indicated. Each
section of the 6BX7GT draws about 20
milliamperes.

The set is now ready for the "listening"
test. We are sure the builder will find the
results pleasing. -

99



Arnp #R-
R-t t.e 4;,; -7` Jt-l:.lA A

WHILE EXPERIMENTING with an old
crystal phono cartridge, the author

connected a pair of high -impedance mag-
netic earphones across the terminal lugs on
the cartridge and was pleased to find that
the recorded material could be heard with
surprising volume and clarity.

There are a number of instances where
it might be desirable to dispense with an
audip amplifier and speaker. Many public
libraries, for instance, are equipped with
record players using amplifiers for record-
auditioning in their record -loaning depart-
ments. Every librarian would welcome a
simple record player having improved fidel-
ity, no hum, no tubes to wear out, and con-
sisting of only a turntable with pickup, and
a pair of phones. In record shops, the usual
row of poorly ventilated booths could be
replaced with a row of turntables with
pickups, and earphones.

Measuring 10" x 12" x 3", the author's rec-
ord-player cabinet was constructed of wood
and covered over with Contact adhesive
plastic -coated material. You can build a
cabinet, buy a ready-made one, or use any
suitable record-player cabinet you have on

CRYSTAL
OR CERAMIC
PHONO PICKUP

(B)

Simple hookup (A) for the amplifierless
record player. If greater output voltage is
used, volume control in (B) may be desirable.

HIGH-IMPEDANCE
EARPHONES

100

By ART TRAUFFER

hand. The model utilizes a 331/3 -rpm phono
motor, but you may want to use a modern
3 -speed motor.

The crystal phono pickup is a Ronette
FF2 low -resonance 12" arm containing a
Ronette 284-P high-fidelity crystal car-
tridge. Although the voltage output of the
284-P is relatively low (between .15 and
.38 volt) as compared with many crystal
cartridges, the earphone volume seems to
be entirely satisfactory. Those with below
normal hearing, however, will need to use
a crystal or ceramic cartridge having a
high voltage output. Other high-fidelity
crystal or ceramic phono cartridges which
may be used are the Sonotone "3" series,
the Electro -Voice "80" series, the Shure
"Music Lovers Cartridge," etc. Magnetic
and dynamic phono cartridges are not suit-
able for amplifierless earphone listening,
due to their very low outputs.

Use high -impedance earphones to match
the high impedance of the crystal or ce-
ramic cartridge. A crystal headset is the
logical choice. Those who do not wish to
invest in a pair of top-quality crystal ear-
phones will find that the little crystal ear-
piece available from Lafayette Radio, 100
Sixth Ave., New York, N. Y. (Catalog No.
MS -111, $1.49 net), is as sensitive as a pair
of phones. The frequency response is not
nearly as smooth, though, and you'll have
to push the earpiece firmly into your ear
to get good bass response. Nevertheless,
this little earpiece does a fine job for themoney.-{j-
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Printed circuit techniques as

utilized in this unit result

in a preamp which is light in

weight and very easy to build

ADDING a preamplifier to a hi-fi or ra-
dio amplifier is often complicated by

lack of mounting space for the preamp. A
neat way out of this difficulty is to use an
etched circuit board mounted under the
amplifier chassis.

An etched preamp can be made for the
same cost as a standard chassis type and
mounted practically anywhere. The circuit
shown here is that of the well-known G -E
preamp, which may be modified for any
pickup or microphone by changing the
value of the input shunt resistor Rl.

Of course, a handmade board will not
look as "pretty" as a commercial product
since no photographic process is used, but
it is just as functional. Once the steps to
be described here have been completed, any
other circuit can be laid out and etched
with ease.

The circuit is etched onto a piece of
phenolic laminated with .0028" copper foil
on one side. There are a number of brands
of laminate available, such as those manu-
factured by the Synthane Corporation and
the Continental -Diamond Fibre Company.
1957 Edition

Etching is done in a small glass
or plastic dish which should be
placed in a silk. Flusi all ex ess
etching sdutirn down the d-ain
with plenty of water when the eFch-
ing process has been completed.

By H. J. CARTER

Consult the "plastics" section of the classi-
fied telephone directory for local dislrib-
utors.

Order the laminate cut to the required
size, 4Y4" x 2%" x 1/16", and . . . if possible

. . have the supplier cut the 34" socket
hole shown on the guide line diagram. If
preferable, the socket hole can be cut by
clamping the board to a smooth piece of
wood for backing and using a hole saw or
flycutter; a hole punch would crack the
phenolic. Be sure to start cutting from the
copper foil side. All other holes are drilled
after etching the board.

Etching
The first step in making the etched board

is to wash the copper surface to eliminate
grease films. Use a kitchen cleanser and
rinse in warm water. After the board is
dry, cover the entire copper surface with
strips of "Scotch" brand flat -back tape No.
225. Overlap the strips about /", and rub
with a spoon bowl to insure good adhesion
and removal of air bubbles.

Next, trace the guide line diagram onto
translucent paper. Cut a piece of carbon
paper the same size as the board, and lay
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the tracing over the carbon paper with the
carbon surface next to the tape. Use some
cellophane tape to hold the tracing and
carbon paper in place.

Now go over the tracing with a sharp
pencil to transfer the guide lines onto the
tape. Remove the tracing and carbon paper
and ink in the lines with India ink, using
a "Speedball" pen No. B-3. The pen will

CI, C2-0.05 µId., 200 v. tubular capacitor
C3-0.01 µtd., 200 v. tubular capacitor
C4-0.02 µfd., 200 v. tubular capacitor
C5, C6-20 µfd., 150 v. elec. capacitor
R1-6800 ohm, 1/2 w. resistor (see text)
R2, R11-3 megohm, 1/2 w. resistor
R3, R4, R7-68,000 ohm, 1/2 w. resistor
R5, R6-33,000 ohm, 1/2 w. resistor
R8-200,000 ohm, V2 w. resistor
R9-27,000 ohm, 1/2 w. resistor
R10-180,000 ohm, 1/2 w. resistor
V1-12AY7 tube
1-43/4' x 21/2" x 1/16" piece of copper -clad

laminate
3 oz.-Ferric chloride crystals or powder
1 -9 -pin socket (Cinch -Jones, 9EB)
1-Roll Sotch tape (No. 255) 1" wide

Catalog price of parts, approx. $8.00

Fig. 1. Schematic diagram and parts list.

make heavy lines of correct width but the
lines should be widened at each of the
small circles, as shown in Fig. 2.

Next, cut the tape on the sides of the
inked lines with a sharp knife such as an
"X -acto" No. 16. Bear down to be sure of
cutting through the tape. Remove the tape
between ink lines, leaving the tape on those
portions where the copper is to remain
after etching. Trim and press down the
edges of the tape remaining on the card.
Before etching, check the card against Fig.
2 to be sure the pattern is correct.

The etching is done with ferric chloride,
obtainable at any drug store. Three ounces
dissolved in six ounces of water will be suf-
ficient if a small glass or plastic dish deep
enough to cover the board is used. Cau-
tion: do the etching in a sink. Handle the
solution with the same precautions that
would be taken with photographic chem-
icals or household ammonia.

Immerse the board tape -side -up in the
etching solution. Wait a few minutes after
bubbles cease to appear, and then slowly
flood the dish with tap water to wash the
solution away. When the wash water is
clear, pick up the board and remove the
tape resist. Rinse under running water
and dry.

Construction
Place the board on a hard surface and

put a small center punch mark at each
wide section of conductor, following the
pattern in the guide line diagram. Drill a
No. 54 drill hole at each punch mark, and
drill the four corner mounting holes with
a No. 25 drill. Compare with Fig. 2 before
mounting the parts.

Prepare the parts for mounting by grasp-
ing them next to the body with small -nose
pliers and bending their leads at right
angles, keeping them in the same plane.
Remove the mounting flange from the
socket, insert the socket into the V/4" hole
and bend the lugs until they are close to
the conductors, as shown in the pictorial

Fig. 2. The etched board,
drilled and cleaned, and
ready for mounting socket
and component parts.
Mounting holes for the elec-
trolytic capacitors may have
to be enlarged somewhat.
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drawing. Rotate the socket to the correct
position and solder into place. Solder a
small bare wire strap across the socket to
connect pins 3 and 8 if both external ground
terminals are not grounded at the same
place on the chassis.

Install all the resistors and capacitors
except C5 and C6, bending their leads be-
hind the board to hold them in place. After
soldering the leads to the conductors with
rosin -core solder and a small pencil iron,
clip the protruding leads flush with the
card back. Finish the assembly by solder-
ing C5 and C6 into place.

Resistor RI is shown as 6800 ohms, the
correct value for the G -E pickup. This re -

Fig. 3. View of complete amplifier
with all component parts mounted.

sistor can be easily changed to the value
recommended for any other pickup. Power
requirements for the preamp are very
modest. The B+ voltage should be in the
neighborhood of 100 volts, and the current
drain is less than 1 ma. For the 12AY7
heater, 6.3 volts at 0.3 amp. or 12.6 volts
at 0.15 amp. is necessary. Socket is shown
wired for a 6.3 -volt supply. Power can
usually be obtained from the main ampli-
fier without danger of overload.

Mount the board on insulating standoffs
with 6-32 screws, and connect the power
terminals to the amplifier power supply.
The pickup shield should be grounded a't
the input ground conductor terminal. -12:1 -

Fig. 4. This pictorial diagram shows the exact size of the mounting board,
and may be used as a guide line diagram. Components are not drawn to scale.

1957 Edition 103



RECORDER and AMPLIFIER

MIXER

By

LOUIS E. GARNER, JR.

This handy gadget can be built in a few hours and should

be of special interest to the tape recording enthusiast.

MOST home amplifiers and recorders uti-
lize single "mike" input jacks. Two

"mike" inputs, however, are often desirable
.... either for use of an "off-stage voice"
in amateur theatricals, for providing sound

,effects, for balanced recording of a solo
voice and instrument,or simply to permit a

.large group of voices and/or instruments to
use the equipment at one time.

The "Audio Mixer" shown in Fig. 1 can
.double the number of mike inputs of any
..piece of audio equipment which now has a
single high -impedance mike jack. What's
more, it allows individual control over each
mike input, permitting "fading." It is ideal

for sound effects and for announcing
musical selections.

The mixer requires no circuit changes
in present equipment, so don't worry about
voiding a factory guarantee by opening the
"works" of a new recorder. The unit sim-
ply plugs into the mike jack of the recorder
or amplifier, and may be removed just as
easily.

Parts cost is low and the unit is easy to
assemble and wire. At current prices, all
new parts should cost well under $5.00.

'Í04

Assembly time, for the average experi-
menter, should not run over two or three
hours.

Material needed for assembling the
mixer is specified in the parts list. How-
ever, before purchasing the plug or jacks,
check on the connectors used on the audio
equipment and microphones. The model
shown uses a phone plug and jacks to
match the equipment with which it is used.
Other audio equipment may be equipped
with a different type of connector-a Jones
plug, a coaxial microphone connector, or
some other type of connector.

Although a standard aluminum Bud
"Minibox" houses the model, any small
case is suitable. A plastic, or even a
wooden, case may be used if the interior
wiring is well shielded.

The underchassis view on page 106 should
serve only as a guide, for exact dimensions
are not critical, and considerable latitude
in choosing parts location may be exer-
cised by the individual builder. Either a
larger or a smaller case size may be em-
ployed, provided there is room for mount-
ing and wiring the components.

ELECTRONIC EXPERIMENTER'S HANDBOOK



Y\
Examples of the many plugs and jacks used with tape recorders. The constructor
must alter his mechanical arrangement to employ the proper jack with the mixer.

For a "professional" appearance, label
the controls and inputs of the mixer. Use
either metal name plates and dials or com-
mercially available decals for this job.
Decals were used to label the model. If
decals are used, don't apply them until
after machine work has been completed.
After application, protect them with two
or three coats of clear plastic spray or lac-
quer.

Some type of protection should be pro-
vided on the bottom of the case to prevent
scratches to tables or cabinets on which
the mixer may be placed. Rubber feet
might be used, if available. Or, for an in-
expensive substitute, use rubber grommets.

Wiring is straightforward and simple, re-
quiring no special precautions. In the
model, a piece of #I2 tinned bus bar was
run the length of the case, and all ground
connections were made to it.

Operation
Referring to the schematic wiring dia-

gram, mikes may be plugged into jacks Ji
and J2. Audio signals from the microphones
are fed through resistors R1 and R2 to the
center arms of "fader" controls R3 and

R4. Audio level obtained from each micro-
phone now depends upon the settings of
R3 and R4. Either of the two inputs may
be emphasized, both may be turned "off,"
or both may be turned to full volume, de-
pending on how the controls are set. The
combined signals are led into the "mike
input" jack of the recorder or amplifier.

In operation, resistors RI and R2 serve
two functions. First, they act in conjunc-
tion with their respective controls, R3 and
R4, to vary the output signal level. These
series resistors also act as voltage dividers.
As the center arm is moved up to increase
volume, the resistance between the center
arm and ground increases, and a greater
portion of the available signal appears
across the control. As the center arm is
turned down to reduce volume, the resist-
ance between the center arm and ground
decreases, and less signal appears at the
output. With the control arm turned all
the way back, the signal from the mike
is essentially grounded and the series re-
sistors act as a load on the respective
microphones. The second function of series
resistors R1 and R2 is to serve as isolation
resistors between the mikes, preventing

RI

120K
I/2 W.

R2

120K
I/2W.

500K

FADER I

SHIELDED CARLE Fl

OUTPUT

500K
R4
FADER 2

Rl, R2 -120K, 1/2 w. carbon resistors
R3, R4 -500K carbon potentiometers, audio taper
II, 12-Open circuit phone jacks (see text)
PI-Phone plug (see text)
9-1/2" rubber grommets
1-3/8" rubber grommet
2-Pointer knobs
1-Single-conductor shielded cable (12")
Misc.-Case-51/4' x 3" x 21/8' (Bud Minibox #CU -

2106; decals; wire; solder; screws, nuts, etc.

Fig. 1. Wiring schematic and parts
list of the mixer. The author indicates that
the total cost should be less than $5.00.
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R2 ?.1 R3 RI

Pictorial wiring diagram of the mixer.

Underchassis view of mixer (above, left). Exact position of +he two potentiometers is
not critical. The author's potentiometers are equally spaced along one side with the
input jacks a+ the ends. The cable to the recorder passes through a grommet in the side of
the box. Use the proper plug for the tape recorder or amplifier at the end of this cable.

crosstalk even when both controls are
turned up full.

Using the Audio Mixer
To use the mixer, connect the micro-

phones to the input jacks and connect the
output plug to the "microphone input" of
the audio amplifier. Use the mixer's fader
controls to vary the level of each mike,
and the gain control on the amplifier as
a master fader.

Instead of using the mixer to couple two
microphones to an amplifier, it may be

used to couple a mike and a record player
-or mike and radio tuner. Thus, the user
can announce musical selections or "break
in" on radio programs. Obviously, there
are many other possible applications for
the mixer, and the constructor should have
no trouble finding new ones for this un-
usual gadget. Such applications might in-
clude mixing two microphones for a public
address system. Experimenters could also
use this idea for mixing two inputs to an
intercom where provision has only been
made for one microphone. 30

Drill four holes in
the bottom of the
metal box and insert
rubber grommets +o
prevent scarring or
scratching of furni-
ture.
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By DAVID B. WEEMS

HEREWITH is a sweet-sounding and
low-priced hi-fi enclosure for 12 -inch

speakers. It's designed for corner place-
ment and is ideal as a temporary or extra
installation.

Assembling this sonic wonder is simple,
the six functional parts can be cut and
fitted together in about an hour. There is
no cabinet finishing involved, the design is
not critical, and the material allows for
tolerances in measurement. The completed
enclosure (or more properly speaking, baf-
fle) costs only $3.00.

This baffle has been based upon the de-
sign principle of the acoustic labyrinth
type enclosure. Other enclosure designs
were rejected as requiring too much space,
being too critical to construct, or necessi-
tating the use of expensive lumber. Celo-
tex was chosen because it is non -resonant,
inexpensive, and furnishes the required
rigidity.

Making the Mark II
To build the Mark II, you'll need the

greater part of a 4' x 8' sheet of Celotex.
This will cost about $2.50. Refer to Fig. 1
as you go over the following instructions.
First, nail the back piece ("E") to the
sides ("C" and "D") . Next, nail the front
("A") to the sides. Remember to place the
rough surfaces of the Celotex on the in-
side, toward the speaker.

Now, nail the bottom into place. The top
panel must wait until last, because the
speaker is inserted from the top. If glue
is to be used in the joints (which is a good
1957 Edition

idea), don't use it for the top panel-this
would make it practically impossible to
change speakers, since you can reach them
only by removing the top panel.

To prevent unwanted peaks in the mid -
and high -frequency audio ranges, line the
walls of the labyrinth baffle with a sound -
absorbent material. The Celotex itself does
some good in this respect, but the open
tube in the rear of the baffle adds to the
number of hard surfaces that serve as the
walls of the labyrinth. Ozite rug padding,
fiberglass insulation, or anything similar
may be used. Cut the material to size and
tape it to the walls of the room.

Mark II Sounds Off
The new baffle does a fine job on bass

notes. Good results are possible with many
types of 12" speakers. A coaxial speaker
will, of course, provide more highs-and
some listeners may find this necessary for
better balance of sound. Others will want
to start with a general-purpose, single -cone
speaker, and add a separate tweeter later.
The Mark II's design allows for such addi-
tion without any further changes.

An inexpensive cone -type tweeter may
be attached to the back panel so that the
highs are squirted up into the corner and
then reflected back over the room. Spread-
ing highs in this way avoids the harshness
of "focused" treble. Care should be taken
to see that the tweeter does not feed the
highs into the padding, which would ab-
sorb them.
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The only trouble you may encounter in
using an inexpensive tweeter is that its
lack of efficiency can leave an unbalance
in favor of the woofer. For best results,
the tweeter and woofer should be perfect-
ly matched with regard to efficiency. This
isn't always feasible, however, and often a
combination must be used whether it is a
well -matched one or not.

In such a situation, you can balance the
woofer and tweeter by using an "L" pad in
the circuit of the woofer (assuming it is
the more efficient of the two). Use of an
"L" pad is demonstrated in Fig. 2. Typical
values for the resistors would be 4 ohms
for RI and 8 ohms for R2. As R1 is raised
in value and R2 is made smaller, the great-
er the action of the pad will be in order to
reduce the output from the woofer. In the
case of an overpowering tweeter, a simple
tweeter control may be added as in Fig. 3.

Small Speaker as Tweeter
If a tweeter is not available, any small

speaker may be used. Even if its high
range is no greater than that of the large
speaker, there may be an improvement in
over-all sound because of the better dis-

Back view of the $3
baffle, +he Mark II.
The opening for the
speaker cannot be
seen in +his view be-
cause it is on the
front panel, which
faces away to the
left. Access to the
speaker mounted in
the baffle is obtained
by removing the top
panel. For +his rea-
son, the top panel
should no+ be glued
in place, but simply
screwed on.

tribution of highs. With an ordinary small
speaker, a simple high-pass filter will serve
as a crossover. Such a filter would require
a larger value of capacitance than the 2
µfd. shown in Figs. 2 and 3. As paper
capacitors of high values are expensive, a

TOP

o

27"

21/2'1
{r--12 I/2"-.1

M

SIDE

+-A

34"

L

C AND D

k -s 3/4'-

9 V2'

Id- 9 I/4" -I
1

27" L6

Fig 1. Complete layout and construction plans for building the Mark II out of a
single piece of 4' x 8' Celotex. The only other materials needed are nails and glue.
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cheap and effective substitute can be made
by using two electrolytics of equal value.
Simply tie their negative leads together
and use the positive leads for the circuit
connection shown in Fig. 4.

A can -type electrolytic may be used, too
-its various elements usually have a com-
mon negative in the can itself, and con-
nections "A" and "B" can be made directly
to two positive terminals of equal capaci-
tance. Typical values for each section may
vary from 8 to 20 Add. If the filter value
that is chosen is of the higher figures, the
phasing of the small speaker will become
more important. Listen carefully as the

2 -WAY SPEAKER SYSTEMS
Using the Mark II

2 pfd. PAPER

TO
AMPLIFIER

TWEETER

Fig. 2. A typical two-way system for use in the
Mark II. Capacitor serves as crossover network.
L -pad matches woofer with less efficient tweeter.

2 pfd. 50,1
PAPER

TO
AMPLIFIER WOOFER

Fig. 3. If tweeter tends to overpower woofer,
use potentiometer of values shown to serve as
a simple control to regulate output of highs.

A

+1 \ (SEE TEXT)
)

+ B

TWEETER

TO
AMPLIFIER

4

T\

WOOFER

Fig. 4. When a paper capacitor is not avail-
able, use two electrolytics, with terminals
connected as shown. See text for full details.
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HOW IT WORKS

The Mark II is a labyrinth type of enclosure. Air
passages created by the maze help load and damp the
speaker cone. Loading enables an efficient transfer
of acoustic energy (sound) from vibrations in the
speaker cone to air mass in the listening room.
Damping reduces bass boom by restricting excessive
cone excursions at resonant frequency.

A speaker whose resonant frequency is 70 cycles
requires an optimum labyrinth length of 4 feet. The
labyrinth's cross-sectional area must be at least as
great as the radiating area of the speaker cone.

Made for an 8" speaker, the original enclosure
used only two open-ended tubes. A third tube was
added to the rear of this baffle to utilize space more
efficiently. Path length of the added tube is longer
than that of the other tubes, tending to broaden
the frequency range over which damping is effective.
With a wider damping range, the enclosure can
accommodate a greater variety of speakers. The tri-
angular openings at the front and the inverted V
passage from the main tube to the rear also help in
this respect.

In fact, the range of damping in the Mark II is
effective from below 50 cycles to about 75 cycles,
which means that any worthy 12" speaker may be
used. If a speaker's resonance is below 50 cycles,
o will probably not be very noticeable, and damping
is not so important. On the other hand, a 12" speaker

ne
would be of little

resonance much
in anh tgher

than 75 cycles
ordinary enclosure.

Some enclosures resonate at about 60 cycles and add
to the annoyance of 60 -cycle hum from other com-
ponents. This situation is happily avoided in the
Mark II.

leads are switched, and you should be able
to choose the correct arrangement.

When this enclosure is fitted with a good
coaxial speaker, or a balanced woofer, and
tweeter, it can offer some exciting listen-
ing. It has enough presence to please any-
one who possesses a critical ear as well as a
desire to get the most for his money. --
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a simple

FM Yagi Antenna
IF YOU are situated 30 to 40 miles from
1 a large city and want to take advantage
of high -quality FM broadcasts, you will
probably find that a directive antenna must
be attached to your FM tuner or receiver.
The antenna described in this article can
be constructed on a Saturday morning
from a few short lengths of solid aluminum
clothesline, some scrap lumber and enough

w0000 SSTUEíJ
BEYOND

ELEMENT}
A AND 0.

SSW" PK[r Of 300
300 OHM LINE

.V
M,

" sé`i
TO RECEIVER %[u, IT
vwT LENGTH ELEMENTS

MADE FROM
ALUMINUM

CLOTHESLINE

ANTENNA
LENGTH

Construction details of the antenna. Note
that antenna elements are stapled fo I"xl" frame.

300 -ohm twin lead for the lead-in and
radiator. If all parts are purchased new,
total cost should not exceed $1.50.

Dimensions of the antenna are shown
in the drawing. Its frame is constructed
with scrap 1" x 1" lumber and extends one
inch beyond the end of the elements. Just
staple or tack the 300 -ohm line and the
aluminum wire rods to the crossbar. Tape
the connection between the lead-in and
antenna to prevent weather damage to
the connection. When completed, the an-
tenna should be elevated as high as pos-
sible and the lead-in connected to the
receiver.

A directive Yagi antenna (named after
the designer) acts to receive stations best
when "aimed" by pointing it at the FM
transmitter. Aluminum length "A" is a
reflector, while lengths "B," "C," and "D"
are directors. Properly erected, the anten-
na has the effect of providing the tuner
with a signal that appears to be five or
six times as strong as that obtained with
a simple dipole. -Donald L. Stoner

Tone Compensator for Your Tape Recorder
ALTHOUGH most rape recorders

properly compensated, many of
would like to have some control over
amount of bass or
treble that goes on
the tape. When re-
cording, the frequen-
cy response is fixed,
and varying the tone
controls has no effect.
In dubbing records
that are a little
scratchy, it is handy
to be able to cut the
highs off. When dub-
bing records that are
not scratchy but lack
the highs, the tone
compensator will
bring out the highs.
For those who like
lots of bass, this unit

are
us

the

RI 500K

1
INPUT

+10DB

treble switches, as shown in the schematic
diagram. All components and the two s.p.
4-t. switches can be mounted in an alumi-

num box of conven-
ient size. It could be
incorporated on the

w
amplifier chassis if

000 desired-the circuit
H0 is in no way critical.

a ó áW The source of audioº I -C1 is connected to the
C3

Dui input connector and
ool Ntd. the compensated au-

dio is connected to
the tape recorder

JI

CI250uyfd.

LL.li
+7D8 C2

500ió NNfd.3 --0 +soe

F -y FLA
BASS SWITCH

1

V

FLAT

pfd.
+TDB

CS

+sDe

IC6

.01 pfd. 1.105yfd.

will boost the bass
notes about 10 db-a level greater than
this might possibly overload the tape re-
corder amplifier.

The compensator has separate bass and
110

R3
I MEG.

through a length of
shielded cable. It is
advisable to keep
this cable short to
eliminate loss of the
highs. After the unit
is connected, adjust
the switches until the

most pleasing sound is obtained. As a
check, a recording should be made and
then played back and compared to the orig-
inal sound. -Donald L. Stoner
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.U'PHIIIF.Il
SURVIVE

SHOP

RADIO -TV and
ELECTRONICS iRpINING

....AT A PRICE
YOU CAN AFFORD!

*21 INCH
Receiver Kit included

Get your free book on the

FAMOUS RTS BUSINESS PLAN
find out how you can open

A REPAIR SHOP OF YOUR OWN

We supply and finance your equipment

When you are ready and qualified to operate
one of our RTS-Approved TV Repair Shops
WE WILL SUPPLY AND FINANCE EVERY
BIT OF EQUIPMENT YOU NEED TO GET
STARTED plus an inventory of parts and
supplies. In other words we will stake you

AN OFFER NEVER MADE BEFORE BY
ANY TRAINING ORGANIZATION. Under
the RTS Business Plan you receive:
1. An electric sign for

the shop front.
2. Complete laboratory

of test equipment.
3. Letterheads, calling

cards, repair tickets,
etc.

4. Basic inventory of
tubes, parts,
supplies.

S. Complete advertising
and promotional
material.

RTS' Membership in The
Association of Home Study
Schools is your assurance of
Reliability, Integrity, and
Quality of Training.

6. Plans for shop
arrangement.

7. Instructions on how
to go into business.

S. Continuous consul.
tation and help.

9. The right to use
RTS Seal of

and ,d the
RTS Credo.

10. The right to use
the Famous
Trade Mark.

Yes, this great course costs far less than any training of its kind
given by other major schools! Radio -Television Training School
will train you for a good ¡ob in Television or Industrial Elec-

tronics - AT HOME IN YOUR SPARE TIME.
Think of it - a complete training program including over

120 lessons, Eleven Big Radio -Television Kits, Complete
Color -TV Instruction, Unlimited Consultation Service ...
ALL at a really big saving to you. How can we do
this? Write to us today ... and find out!

And what's more - you can (if you wish)
OPEN YOUR OWN RTS-APPROVED AND

FINANCED RADIO -TV SERVICE SHOP

We Want 100 More Shops for 1957
This 35 year old training organization -
called RTS, that's Radio -Television
Training School - wants to establish a
string of Radio -TV Repair Shops in
principal cities throughout the U. S.

So far, 36 such shops are NOW IN
BUSINESS AND PROSPERING. We
are signing contracts with ambi-
tious men to become future own-
ers and operators of these shops
in all areas.

COMPLETE

INSTRUCTION
INCLUDED

you build
all these units

A

*tubes *

excluded

RADIO -TELEVISION
TRAINING SCHOOL
5100 S. VERMONT AVENUE
LOS ANGELES 37, CALIFORNIA

Est. 1922

Ooop JOBS
- RA0,0-TV
E 4E_T,tMprt

FOR UNSKILLED
INEXPERIENCED MEN ONLY -

WE TRAIN YOU OUR WAY!

We must insist that the men
we sign up be trained in
Radio -TV Repair, Merchan-
dising and Sales by our
training methods-because
WE KNOW the require-
ments of the industry.
Therefore, we will TRAIN
YOU . . . we will show
you how to earn EXTRA
CASH, during the first
month or two of your
training period. YOU
KEEP YOUR PRESENT
JOB. TRAINING TAKES
PLACE IN YOUR OWN
HOME, IN YOUR
SPARE TIME!

lí` pCt
BessL

RADIO -TELEVISION TRAINING SCHOOL
5100 S. Vermont Avenue, Dept. 6-2EH7
Los Angeles 37. California

SEND ME FREE - all of these big opportunity books -
"Good Jobs in TV -Electronics," "A Repair Shop of Your Own"
and "Sample Lesson." I am interested in:

O Radio -Television Industrial Electronics
(Automation)

Name

Address

Age

City & State
300
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FOR REPAIRING RADIO AND TV
Superior's New Model 670-A Superior's New Streamlined Model TD -SS

TUBE TESTERSUPER -METER
A COMBINATION

VOLT -OHM MILLIAMMETER

PLUS Capacity, Reactance,

Inductance and Decibel

Measurements.

ADDED FEATURE:

Built in ISOLATION TRANS-
FORMER reduces possibility of
burning out meter through mis-
use.

SPECIFICATIONS:
D.C. VOLTS: 0 to 7.5./15/75/150/750/1,500/7,500 Volts.
A.C. VOLTS: 0 to 15/30/150/300/1,500/3,000 Volts
OUTPUT VOLTS: 0 to 15/30/150/300/1,500/3,000 Volts
D.C. CURRENT: 0 to 1.5/15/150 Ma. 0 to 1.5/15 Amperes
RESISTANCE: 0 to 1,000/100,000 Ohms 0 to 10 Megohms
CAPACITY: .001 to 1 Mfd. 1 to 50 Mfd. (Good -Bad scale for

checking quality of electrolytic condensers.)
REACTANCE: 50 to 2,500 Ohms 2,500 Ohms to 2.5 Megohms
INDUCTANCE: .15 to 7 Henries 7 to 7,000 Henries
DECIBELS: -6 to +18 +14 to +38 +34 to +58

The Model 670.A comes housed, in a rugged crackle-28140finished steel cabinet complete with test leads and `T
operating instructions.

QUICKLY AND EFFICIENTLY TESTS RADIO
AND TV TUBES INCLUDING: SEVEN PIN
MINIATURES; EIGHT PIN SUBMINARS,
OCTALS AND LOCTALS; NINE PIN NOVALS

YOU CAN'T INSERT A TUBE
IN THE WRONG SOCKET.
It is impossible to insert the
tube in the wrong socket when
using the new Model TD -55
Separate sockets are used, one
for each type of tube base. If
the tube fits in the socket it cae
be tested.
"FREE -POINT" ELEMENT
SWITCHING SYSTEM.
The Model TD -55 incorporates a
newly designed element selector`--- switch system which reduces the- possibility of obsolescence to an

absolute minimum. Any pin may be used as a filament pin and
the voltage applied between that pin and any other pin, or even
the "top-cap."
CHECKS FOR SHORTS AND LEAKAGES BETWEEN ALL ELEMENTS.
The Model TD -55 provides a super sensitive method of checking
for shorts and leakages up to 5 Megohms between any and oil of
the terminals.
ELEMENTAL SWITCHES ARE NUMBERED IN STRICT ACCORD.
ANCE WITH R.M.A. SPECIFICATION.
One of the most important improvements, we believe, is the face
that the 4 position fast -action snap switches are all numbered
in exact accordance with the standard R.M.A. numbering system.
Thus, if the element terminating in pin No.7 of a tube is under
test, button No. 7 is used for that test.
The Modelse TDSS comes completehe

bench-use
h-useting irsield

95born and thorn. Use it on the henchra it for Feld Y
rolls. A streamlined carrying case, included at ne
extra charge, accommodates the tester and book of
instructions.

FOR REPAIRING ALL ELECTRICAL APPLIANCES
MOTORS AND AUTOMOBILES

Superior's New Model 70 UTILITY TESTER

As an electrical trouble shooter
the Model -70:

Measures A.C. and D.C. Voltages, A.C. and D.C.
Current, Resistances, Leakage, etc.
Will measure current consumption while the appli-
ance under test is in operation.
Incorporates a sensitive direct -reading resistance
range which will measure all resistances commonly
used in electrical appliances, motors, etc.
Leakage detecting circuit will indicate continuity
from zero ohms to 5 megohms (5,000,000 ohms). Will test Toasters, Irons, Broilers, Heating

Pads, Clocks, Fans, Vacuum Cleaners, Refrig-
erators, Lamps, Fluorescents, Fans, Switches.
Thermostats, etc.

As an Automotive Tester
the Model 70 will test:

 Both 6 Volt and 12 Volt Storage Bat-
teries  Generators  Starters  Dis-
tributors  Ignition Coils  Regulators
 Relays  Circuit Breakers  Cigarette
Lighters  Stop Lights  Condensers 
Directional Signal Systems  All tamps
and Bulbs  Fuses  Heating Systems 
Horns  Also will locate poor grounds,
breaks in wiring, poor connections, etc.

Handsome raundcornered molded bekelite case, 3/,"aSm/s"s7:/'. Complete with all test 85
leads. Also included is a 64 page book giving detailed instructions for testing oil eles-
'sisal appliances, automotive equipment, etc. Only . . . . . . . . .

SHIPPED ON APPROVAL
NO MONEY WITH ORDER -HO G O. D.
77y any of the above In-
struments for 10 days be-
fore you buy. If complete-
ly satisfied then send down
payment and pay balance
as indicated on coupon.
No Interest or Finance

Address

Charges Added! If not become immediately due and payable. All
completely satisfied return
unit to us, no explanation
necessary.

!MOSS ELECTRONIC DISTRIBUTING CO., INC.
Dept. D-314, 3849 Tenth Ave., New York 34, N. Y. Name
Please send me the Units checked. I agree to pay
down payment within 10 days and to pay the
monthly balance as shown. It Is understood there
will be no finance or Interest charges added. It Is
further understood that should I fall to make city Zone.. Statepayments when due, the full unpaid balance shall,

prices net, F.O.B., N.Y.C.
Model 70 ...Total $15.85 Model 870-A. Total $28.40 Model TC-56. Total $28.95$3.85 within 10 days. Bal-  $7.40 within 10 days. Bal-  $6.95 within 10 days. Bal-
ance $4.00 monthly for 3 once $3.60 monthly for 6 once $6.00 monthly for g
months. months. months.
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ITH the new FCC regulations allow-
ing Technician class licensees to oper-

ate on the 6 -meter band, a comparatively
unused amateur band has come to life. This
band offers many of the good features of
the 2 -meter band as well as an opportunity
to work some DX.

Anyone with a limited amount of tech-
nical ability and a receiver that will tune
to 4000 kc. is only eight hours away from
receiving signals on six meters. While the
tuner to be described is simple, it is by
no means a toy. The approximate cost of
parts is $15.00, less the amount of any
parts found in the junk box.

The 6 -meter band does not present some
of the construction problems of the higher
frequencies. Chassis layout and lead length
are important but not critical. Most of the
miniature tubes still operate satisfactorily
on this band. Obtaining gain is not diffi-
cult. It's a band where the average tech-
nician can build his own equipment, expect

output transformer, C7 the oscillator grid
capacitor, and R4 the grid leak. L4 is a
tapped oscillator coil. Negative coefficient
trimmer capacitor C6 compensates for drift.
C5 is the main tuning capacitor. Coupling
capacitor C4 feeds injection voltage from
the oscillator into the grid of the mixer.

Chokes RFC1 and RFC2 are heater
chokes and CII and 012 are heater by-
pass capacitors. Standard -type cbil LS re-
quires no modification. L1, L2 and L4 were
made by modifying J. W. Miller Type 1474
coils. It is not necessary to use these coils,
but they do have high -frequency cores and
lugs on the coil forms which make winding
coils a simple process. The only actual re-
quirement is to wind coils that will tune
to the proper frequency without too much
reduction in Q.

The modification of these coils is as fol-
lows. Remove wire from a Miller Type 1474
coil form. Wind 14 turns of No. 24 enam-
eled wire, close -wound on the top end of the

Tech -Band Converter
Two -tube converter for the 50-mc. band requires

few parts for sensitive and efficient operation

good results, and conduct vital experiments.
No short cuts were taken to reduce the
cost of this tuner at the expense of qual-
ity. It's simplicity dictated low parts cost.
The tuner consists of six resistors, twelve
capacitors, six coils and two tubes. All
parts are commercially available. The coils
require modification which is not difficult.

Operation
Operation of the tuner is as follows. L1

is the antenna coil. The only capacity
across this coil is the input capacity of the
tube. Cathode resistor R1 is shunted by ca-
pacitor C1. C2 is the screen bypass capaci-
tor which serves as the B+ capacitor for
L2 as well. Decoupling resistor R2 is also
used to reduced the plate voltage to 100
volts.

Capacitor CS couples the plate of V1 to
the grid of V2A. RS is a grid resistor, and
010 is the plate capacitor for LS. C9 is a
B+ bypass capacitor, while R6 serves as
a decoupling resistor as well as the plate
voltage dropping resistor to reduce the volt-
age to 100 volts. C8 is a bypass capacitor
for the screen and the plate of the oscilla-
tor. R5 is a decoupling resistor, LS the i.f.
114

coil form. Attach wires to the top and
bottom lugs on the coil form. Then, place
a layer of Scotch tape over the winding.
Wind three more turns over the ground
end of the coil. Attach the ends of the coil
to the coil form lugs, and paint the wind-
ings with polystyrene cement.

Wind coil L2 the same way as L1, using
nine turns, but omit Scotch tape and sec-
ond winding. Apply cement to winding.

Coil L4 is slightly different since a tap is
used. Start winding the coil from the bot-
tom of the coil form. At three turns, at-
tach the wire to one of the lugs; bring
the wire back up the coil form and com-
plete the next five turns. Apply cement to
the winding.

Chokes RFC1 and RFC2 are made by
close -winding 20 turns of No. 24 enameled
wire around a 14" rod. After removing
winding from the rod, dip coils in poly-
styrene cement and let dry. These coils
are light and are wired point to point.

Construction Notes
First wire V1 socket. Attach a ground

lug close to this socket. Use No. 22 solid
tinned wire and connect pin 3, pin 7, center

ELECTRONIC EXPERIMENTER'S HANDBOOK



post of tube socket, and the ground end of
L1 to the ground lead. Keep these leads
as short as possible. Connect RI and Cl
from pin 2 to ground lug. CS is wired from
pin 6 to ground lug. Keep this lead short.
RS goes from pin 6 -to insulated tie point
mounted at rear of chassis. Pin 5 connects
to the top lug of L2 and the bottom lug
connects to pin 6. Pin 1 is wired to the top
lug of L1. RFC1 connécts from pin 4 to the
tie point, and CII goes from pin 4 to pin 3.
This completes the wiring of the r.f. stage.

Wire the mixer stage circuit next. Locate
a ground lug between the mixer socket and

1957 Edition

variable capacitor. With No. 22 solid tinned
wire, connect pin 5, pin 7 and center post
of socket to ground lug. C12 connects to
pin 4 and pin 5. RFC2 is wired from pin 4
to heater tie point.

C8 connects from ground lug to pins 1

and 3. R5 extends from pin 1 to B+ tie
point. C3 connects from top lug of LS to
pin number 2, and R3 goes from pin 2 to
ground lug. C4 connects from pin 2 to top
lug of L4.

C/O is wired from pin 6 to ground lug.
Pin 6 also connects to L3. Note that this
connection should be to the end of the
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coil winding which is away from the pick-
up winding. The end of the coil nearest the
pickup coil is always connected to B+, thus
reducing capacity coupling in this coil.

Capacitor C9 connects from the B+ endof LS to the ground lug. R6 goes from this
same point to the insulated tie point locatedon the variable capacitor: From this tie
point, a piece of heavy busbar No. 16 is
used to make connection to the tie point
at the rear of the chassis. This additional
tie point was added, since the lead length
of R6 was not sufficiently long to reach

Cl, C2, C8, Cll, C12-.001-µfd. ceramic capacitorC3 -470 -µµtd. ceramic capacitor
C4 -0.68 -µµtd. ceramic capacitor
CS-Three-plate variable capacitor made from a

BUD Type MC -900 by removing all but one of therotor plates
C6-2.6-µµfd. trimmer similar to Centralab 820-A
C7-20-µµfd. zero coefficient ceramic capacitorC9-.01 -µ1d. capacitor
CI0-30-µµfd. capacitor
Ll-9/32 outside -diameter coil form with 14 turns

of No. 24 enamel wire on secondary and 3 turns
No. 24 enamel on primary

L2-9/32 outside -diameter coil form with 9 turns
of No. 24 enamel wire on primary

L3-Similar to I W. Miller B -5495-R
L4-9/32 outsidediameter coil form with 8 turns

of No. 24 enamel tapped at 3 turns (both LI, L2and L4 were made from Miller I474 coils)
R1 -220 -ohm, 1/2 -watt resistor
R2, RS, R6 -10,000 -ohm, 1 -watt resistor
R3 -470,000 -ohm, 1/2 -watt resistor
R4 -43,000 -ohm, 1/2 -watt resistor
RFCI, RFC2-20 turns close -wound of No. 24enamel wire on 1/8" inside -diameter formVI -6B16 tube
V2 -6U8 tube
Chassis -2" x 31/2" x 6"

Wiring schematic and parts list.

LI

j  bp
Za bQZ

VI V2

3 CII 4 5 C12 4

.001 .001
pfd. pit.

RFCI  RFC2

L2

O

R2
10K

from the top of LS to the B+ tie point.
Wiring of the oscillator section comes

next. Ground the ground lug on the end
of the variable capacitor to the common
ground lug with busbar. The bottom end
of L4 and the ground side of C6 connect to
the ground lug. C6 is a ceramic trimmer
and the ground contact is the lug connected
to the movable part of the capacitor. The
stators of both C5 and C6 extend to the
top of L4. C7 connects from the top of L4
to pin 9, and pin 8 is wired to the tap on
L4. C4 goes from the top of L4 to pin 2.

Connecting the Antenna
The antenna lead should be coaxial cable.

A proper match is made when the coil is
tuned by adjusting the iron core of LI to
the desired frequency. The cable should be
wired directly to lugs on the coil form.

Output connections should be made with
coaxial cable connecting directly to the
lugs on the coil form of LS. This will re-
duce stray pickup in the output leads.

Power connections are made at the tie
point located at the rear of the chassis.
Power requirements : 6.3 volts, a.c. or d.c.,
0.5 ampere. B+ voltage is 150 volts at
20 ma.

A grid dip oscillator is required to make
the initial adjustments. The adjustmentswill only take about five minutes. Those
builders who do not own such a piece of
equipment should be able to borrow onefor the short time required.

Rotate the main tuning capacitor C5 for
maximum capacity. Rotate trimmer C6 for
minimum capacity. Tune L1 to 52 mega-
cycles. Tune L2 to 50 mc., L4 to 45 mc.,

C3i470ppfd. CIOi30ppfd.

C4

C5 L4

(SEE
TEXT)

6eppfd.

Arta.

R3 7
470K

1/2 6U8
V24

3

pp C6
'O 2-6

puto.

T

17)

20 ppid.

R4
43K

9

e

i
C6 .001

pfd

lie 6U8
V29

let

R5
IOK

6.3 V. A.C.

1

R6
IOK

BI -

150V.
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The pictorial diagram shown above emphasizes the use of a busbar ground connection.

and L3 to 4000 kc. Apply voltage to the
tuner and check with the grid dip oscil-
lator to see that the oscillator circuit is
oscillating at 45 mc. Final tuning can be
completed on received signals.

' Connect the output winding of L3 by
means of coaxial cable to the antenna and
ground terminals of a receiver that will
tune to 4000 kc. Filament and BA- voltage
can be supplied from the receiver. The
current drain of the tuner is low, so that
the power supply should not be overloaded
in the receiver.

Minimum Frequency Drift
Reducing frequency drift to a satisfac-

tory amount is an adjustment that requires
no test equipment. If the drift is notice-
able, increase the capacity of trimmer C6
slightly and adjust the iron core of L4 to
return the dial calibration to normal. A
majority of the drift will take place in the
first 20 minutes. It may be necessary to
make this adjustment several times. Final
calibration should not be made until the
drift adjustment is finalized. The center of
the dial calibration should be 52 mc. To
set the calibration, adjust the iron core of
oscillator coil L4.

With a received signal, adjust iron core
of LI for maximum gain. This adjustment
should take place when the received signal
is near the center of the band. the adjust -
1957 Edition

ment of L2 is the same but there will be
calibration change when L2 is adjusted. It
will be necessary to retune the dial for
maximum signal while adjusting L2. When
maximum gain is obtained, readjust L4 for
correct dial calibration.

This pulling effect between the oscilla-
tor circuit and the mixer circuit tends to
cause tracking over the band. The tuner
is essentially a fixed -tuned, broadband 4-
mc. bandpass converter.

With the iron core adjustment, the
Miller B -5495-A coil used for L3 will tune
from 4 to 6 mc. If it is desirable to use
6000 kc. as an intermediate frequency, sim-
ply adjust the iron core of L3 to this fre-
quency. The oscillator should then tune
from 48 to 44 mc. L4's iron core will allow
this much adjustment.

The tuner can be operated from bat-
teries. In this case, reduce the value of RS,
R5 and R6 to 1000 ohms, watt, and use
a 90 -volt battery. If small B batteries are
used, it is not necessary to make any con-
nections other than an antenna connection
to a car receiver. The filament voltage can
be supplied by the car battery. --

Editor's Note: As specified in the parts list,
the tuning capacitor, CS, is constructed from
a BUD Type MC -900 variable capacitor. The
number of rotor plates is reduced until only
one is left in place anywhere on the rotor.
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By H. B. SMITH,
W8VVD

Amateur transmitters can be inexpensive and simple
enough for a novice to build. Here is an example.

OPERATING a novice ham station is not
only interesting, but one of the few

hobbies where the participants can enjoy
every minute of it with an outlay of only
a few dollars. Catalogue prices of radio
transmitters are disheartening when the
pocketbook is thin, but putting a trans-
mitter together for the novice ham bands
is not an expensive proposition. This article
describes a complete, easily -constructed
transmitter that costs about $20.00-if all
the parts are purchased new. Or the nov-
ice may purchase it in kit -form to save
himself the trouble of punching holes in a
suitable chassis. The photographs show
the appearance of the completed trans-
mitter.

Assembling the Parts
The first step to be taken after deciding

to build this transmitter is to make a list
of the parts required and to take it to the
nearest ham radio jobber or distributor.
Ask for someone interested in ham radio
-they generally have at least one ham on
the staff-and get the salesclerk to take
the parts out of stock, or to make suitable
recommendations, if substitutions are re-
quired. Don't worry about substituting
other manufacturers' parts for the ones
shown in our list. Radio parts of the speci-
fications can be used regardless of the
manufacturer. In the case of the power
118

transformer T1 we strongly recommend
the one specified, because of the physical
size and shape. A larger transformer will
require a larger chassis and a smaller one
might not do the necessary work without
overheating.

Wiring and Construction
This transmitter has been made very

compact and the wiring procedure must
be followed step-by-step. If it is not, the
builder may find himself with the problem
of squeezing one part into the space al-
ready occupied by another component pre-
viously soldered in place.

Punch out the chassis holes for the four
tube sockets with a Greenlee Punch, or
comparable tool. Mount all of the sockets
as shown in Fig. 1 with their keyways ex-
actly in the positions in this drawing (this
is very important). Now mount the two
rotary switches, Si and S2. The power
transformer, Ti, is put in place with the
color coded leads facing the directions
shown in Fig. 1. Put a small soldering lug
under the mounting nut in the lower left
hand corner. Then bolt down the "termi-
nal strip" with another soldering lug-this
time under the right hand nut.

Begin the wiring by twisting the two
yellow leads together and then cutting and
soldering them, one to pin 2, and the other
to pin 8 of the 5Y3GT tube socket. Take
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Fig. 1. This bottom view
of the chassis shows the
placement and orientation
of the most important
parts of the transmitter.

the red/yellow lead and the green/yellow
lead of T1 and solder them to the solder-
ing lug in the corner. Now run one red
lead from Ti to pin 4 of the 5Y3GT socket
and the other red lead to pin 6. Twist the
two green wires together and cut and solder
them, respectively, to pins 2 and 7 of the
6W6GT socket. The last step in the trans-
former wiring is to cut one of the black
wires so that it will connect to pin 1 of the
5Y3GT socket and the other black wire to
connect to pin 3. These pins are unused
by this tube so it is safe to use them in
place of soldering lugs.

Cut and solder one of the leads from Si
to pin 3 of the 5Y3GT socket. The other

Fig. 2. Rear view of chassis,
with 3.7 mc. band coil in place,
showing antenna trimmer, C4,
in series with transmission line.

Si lead is connected to pin 5 of the 5Y3GT
socket. The line cord runs through a
grommet at the rear of chassis and is
soldered to pins 1 and 5 of the 5Y3GT
socket.

To put the filter capacitor C5 into the
circuit, solder the red positive lead to pin
8 of the 5Y3GT. The black, or negative
lead is soldered to the lug near Ti. Leave
about 11/2 inches of wire on the positive
lead before cutting and soldering. Now take
the two resistors, R4 and R5, and twist
their leads together so that they are paral-
lel to one another. Then solder one of
these twisted leads to pin 8 of the 5Y3GT
and the other to the soldering lug under
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one mounting screw for the terminal strip.
With some hookup wire run a lead from

pin 8 of the 5Y3GT to pin 2 of the Li coil
socket. Another lead should run from pin
2 of Li to pin 4 of the 6W6GT socket. Now
cut one lead of C3 so that it is 1/z inch long
and also solder it to pin 4 of the 6W6GT.
Leave the other lead temporarily discon-
nected. Run a lead from pin 5 of the
6W6GT to pin 4 of the crystal socket. Con-
nect together pins 1, 4, 5, and 8 of the
crystal socket with a single piece of bare
wire. Do the same to pins 2, 3, 6, and 7.
Then solder a wire about 1% inch long to
pin 3 of the crystal socket. Leave the other
end temporarily disconnected.

Shorten one lead of R2 (33,000 ohms)
until it is 1/z inch long and solder to pin 7
of the crystal socket. Fasten one lead of
RFC1 to pin 5 of the same socket. Shorten,
twist and solder the leads from R2 and
RFC1 together.

Put a rubber grommet in the upper
center hole on the front of the chassis.
Press PL1 into it until approximately 1/4
inch of the glass bulb protrudes beyond
the grommet (see photograph). Carefully
solder to the tip of PL1 one of the leads
from switch S2 and a short lead running to
the terminal strip. The other lead of S2
is soldered to the threaded portion of PL1.
Also a the threaded base of
PL1 to pin 4 of the L1 socket. Then solder
a wire between pin 1 of the L1 socket and

the last free tab on the terminal strip.
Mount C1 with a long soldering lug un-

der the left hand screw as shown in Fig. 1.
To make sure that the rotor plates of Ci
are grounded, solder a short lead from the
wiping contact to the soldering lug. Then
solder in the free wire running from pin 3
of the crystal socket to this lug. One end
of C3 is still hanging free and this should
also be soldered to the lug under CI.

Trim the leads of C2 until it will just fit
between pin 8 of the 6W6GT socket and
the grounding lug under Cl. Short pieces
of spaghetti tubing should be fitted over
these bare leads before they are soldered
into place. Resistor R3 now has its leads
trimmed until it will fit between pin 3 of
the 6W6GT socket and pin 3 of the coil L1
socket. A short wire is then soldered be-
tween the fixed plates (stator) of C1 and
pin 3 of the coil socket. The connection
to CI is made at the ends of one of the
support arms.

The last few wiring steps include mount-
ing Ji and soldering a lead from unused
pin 7 of the 5Y3GT socket and the springy
contact of J1. Then trim the leads of RI
and put on short lengths of spaghetti
tubing. Solder R1 between pins 8 of the
6W6GT socket and 7 of the 5Y3GT.

Tuning Up the Transmitter
We have now completed wiring the trans-

mitter and it may be tested (provided of

6W6
VI

C4

72 OHM
TWIN -LEAD
TO ANTENNA

Fig. 3. The schematic diagram of
the Har+-25 shows that its circuit is rel-
atively simple. JI is the jack for the
telegraph key. Note that the terminals
of the octal crystal socket are connected
so that the crystal will operate no mat-
ter how it is inserted in +he socket.

120 ELECTRONIC EXPERIMENTER'S HANDBOOK



SOLDER

LINE
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GND
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LI
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SOLDER
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SOCKET
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--5Y3

`VZJIt')
Fig. 4. The pictorial wiring diagram of the transmitter shows how the parts are
connected; relative positions of the parts are not the same as on the actual chassis.

R1-250 ohm, 5 w. wirewound res.
R2-33,000 ohm, 1/2 w. res.
R3-27 ohm. 1 w. res.
R4, R5-330,000 ohm, 1 w. res.
C1-140 µµid. variable capacitor (Hammarlund

APC140 with short length of 1/4" shaft added)
C2, C3-.01 µld. disc ceramic capacitor
C4-25-280 wild. mica padder capacitor
C5-20 µfd., 500 v., electrolytic capacitor
11-Open circuit phone jack
L1-3.7 mc. band: Plate coil 31 turns, #20 enamel

closewound; Antenna coil 18 turns, #20 enamel
closewound; ICA type 2158 coil form

C4

ONO

LUG

TO ANT.

CI

L1-7 mc. band; Plate coil 16 turns, #20 enamel
spaced diameter of wire; Antenna coil 13 turns,
#20 enamel closewound; ICA type 2158 form

RFCI-2.5 mhy. r.f. choke
SI, S2-S.p.s.t rotary switches (H and H type 41047)
TI-Power transformer, sec 650 v.c.t. Cd 40 ma., 5 v.

t 2 a., 6.3 v. a, 2.0 a. (Stancor type PM -8406)
TERMINAL STRIP -2 screw terminal strip
VI-6W6GT tube
V2-5Y3GT tube
PLI-#46 pilot bulb
XTAL-3.7 mc. or 7 mc. transmitting crystal
Misc.-Screws, nuts, wire, solder
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Fig. 5. Bottom view of the Hart -25 chassis.
'Most of the major components are visible, ex-
cept the socket for VI, the 6W6GT, which is
hidden by the variable tuning capacitor, Cl.

course, that the builder has a novice or
ham ticket). Best results will always be
obtained if a resonant antenna is used with
this type of transmitter. Many antennas
have been described in the various hand-
books for amateurs. Make sure that the
length of the antenna fits the operating
frequency. Connect the lead from the an-

tenna to the "terminal strip" with capaci-
tor C4 in series with one lead.

Plug in the tubes, coil, crystal, and tele-
graph key. Turn on 21 after the a.c. line
cord is connected. Hold the key down and
rotate Cl until PL1 glows. If the bulb does
not glow it may be that S2 is shorting it
out. Throw S2 and then attempt to make
PL1 glow. After it has started to glow, ro-
tate C4 and Cl to get maximum brilliance.
When it is glowing the brightest, the trans-
mitter is drawing between 22 and 26 watts
and is putting out around 9 watts of c.w.

When the transmitter is tuned, throw S2
to short out PL1 again. It may be used
occasionally to check the tuning, but when
left continuously in the circuit it will burn
up valuable antenna power.

Warning: The transmitter is safe ac-
cording to modern electrical standards.
However, do not work on it while the a.c.
line cord is connected. Electric shocks can
be fatal.

A kit containing all of the parts and
components used in the construction of
this transmitter is available from Hart
Industries, 467 Park Ave., Birmingham,
Mich. Additional information may be ob-
tained by writing to the above ad-
dress.

A Code Practice Set
By ARTHUR TRAUFFER

ANEIGHBOR lad wanted a code prac-
tice outfit and since his funds were

limited, I made the following for him.
I plugged an old 2.5 volt filament trans-

former into the 117 -volt line and taped the
three secondary leads to prevent shorting.
I connected an old half -pound spool of
#24 silk -covered magnet wire, a key, and
a pair of 2000 -ohm phones in series and
set the spool of wire on top of the trans-
former.

The spool of wire picks up a.c. hum
122

117V.A.C.

PRIMARY

SECONDARY
(NOT USED)

FILAMENT TRANSFORMER
OR BELL RINGING TRANS-
FORMER

KEY

OPTIONAL -.05 FIXED
CAPACITOR ELIMIN-
ATES KEY CLICKS

The simple code prac-
tice oscillator which
can be built from sur-
plus or junk box parts.

The spool of wire set
on a transformer picks
up a.c. hum by induc-
tion. When the key is
pressed, tone is heard.

from the transformer by induction and
when the key is pressed, a pleasant low-
frequency hum is heard in the phones.
The volume of the hum depends on the
location of the spool of wire in relation to
the transformer. If the hum is too loud
for comfort with the spool placed on top
of the transformer, place the spool, some-
where else but close to the transformer.

If the key clicks are bothersome, con-
nect a .5 or .1 Add. fixed capacitor across
the phone terminals.
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Chassis consists of a small plastic
sandwich box, found in most five -
and -ten -cent or hardware stores. The
coil is wound on a plastic pill carton.

By ELTON V. STOLBERG, W7OUV

HIS inexpensive little transmitter con -
1 sists of a one -tube crystal oscillator
using a 6AQ5. It is a very active oscillator
having plenty of output even with the most
stubborn crystals. Incidentally, this circuit
can be made to double and even quadruple
the crystal frequency with good output.

The transmitter was built on a plastic
sandwich box turned upside down. Such
boxes can be purchased in most five -and -
ten -cent stores or hardware stores. Ex-
treme care must be exercised when drilling
the slightly fragile plastic.

In this particular rig, a piece of No. 14
wire, scraped clean of insulating enamel,
was run from the crystal socket to the
ground terminal on the back edge of the
chassis to serve as a grounding bar. By-
pass capacitors and the grid resistor are
then grounded to this common bus. Using
an insulated chassis has its advantages too,
as you can mount the tuning capacitor
(C3) and coil (L1) directly on the chassis.

1957 Edition

Beginners and old-timers alike

will want to build this handy

little crystal -controlled rig
that uses a single 6AQ5 tube

The coil socket consists of two pin -type
jacks mounted on the chassis alongside the
tuning capacitor. The coil was made from
a plastic pill box obtained from the corner
drugstore. One inch in diameter and hav-
ing a plastic cap, it was wound with 17
turns of No. 26 enamel wire, close -wound,
and doped with coil cement. If desired, the
coil form could be shortened and the cap
replaced.

The coil prongs are two finishing nails,
cut approximately in half, which fit snugly
in the pin -type jacks. They are soldered to
the heads of two 6-32 bolts which are then
bolted to the coil form in the proper places.
Coil wires are fastened to these bolts be-
fore they are tightened. The lower or
pointed half of each nail was used, the
upper half discarded.

Coil pins were deliberately spaced farther
apart than necessary in order to give
plenty of room for an 80 -meter coil and
also to allow room for the antenna link to
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Wiring diagram of the transmit-
ter, parts list, end pictorial diagram.

6A05
TUBE

VI

7MC.
CRYSTAL

C3

TO
ANT

CI -250 -µµtd. ceramic capacitor
C2-.01-4fd. ceramic capacitor
C3-50-Md. variable capacitor
C4-.01-µfd., 400 -volt tubular capacitor
Ll-Primary, 17 turns of No. 26 enamel wire close -

wound on 1" -diameter form; secondary, 2 or 3
turns of hookup wire (see text)

PL1-Pilot light, 6.3 volt, with mounting assembly
(for indicating r.f. current-not shown in photos)

RI -100,000 -ohm, 1/2 -watt resistor
112 -5000 -ohm, 2 -watt resistor
RFCI-2.5-mhy. r.f. choke
VI-6AQS tube
Xtal-7-mc. crystal
1-Plastic sandwich box
I-Plastic pill box
1 -7 -pin miniature tube socket
Misc, machine screws, wire, solder, etc.

NOT5
HEAVY LINES

INDICATE
BUS BARS

B+
200-300 V D.0

be placed around the coil form. In the pho-
tographs, the coil is shown without the
antenna link in place.

A simplified method of mounting the
crystal socket was used in that it is com-
pletely suspended underneath the chassis
with a small bolt. Holes were drilled in
the chassis where the crystal holder pins
pass through.

As can be seen in the photographs, the
power and key terminals are simply four
6-32 bolts along the back edge of the
chassis. Use three nuts on each bolt, two
to secure it to the chassis and the third for
securing the power supply wires. Do not
attempt to solder any wires to the bolts, as
the heat will melt the plastic chassis. The
leads are twisted around the bolts before
being tightened.

A separate power supply which gives 6.3
volts a.c. for the heater and about 200 to
300 volts d.c. for the plate supply should
124

be built if one is not readily available. The
antenna pickup loop is merely two or three
turns of hookup wire wound around the
coil form and slid along for best output.

Check operation of the oscillator without
the crystal but with the key closed and
B+ applied. There should be no oscilla-
tions regardless of the tuning capacitor
(C3) setting. Also, have a friend of yours
check for harmonic and spurious radiation
after you get the rig on the air. With such
low power, TVI will probably not be a
problem even though the rig is not
shielded.

Using this little transmitter and a sur-
plus receiver Operating from a 6 -volt bat-
tery and vibrapack, I made 53 contacts in
seven states and the Hawaiian Islands dur-
ing a recent national field day test spon-
sored by the ARRL. Transmitter input was
11 watts and the antenna a simple 40 -
meter dipole. -[
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The SWL's Friend-
An Antenna "Peaker"

By FRANK H. TOOKER

THE MAJORITY of radio amateurs
wouldn't think of putting a transmitter

into operation without first tuning the an-
tenna and "matching" it to the power am-
plifier. Yet few amateurs and even fewer
SWL's ever think of taking similar care
with their receivers.

Now, the author has no particular quar-
rel with a random length of receiving an-
tenna. Properly installed and properly used,
it works surprisingly well. First of all,
though, we must realize that such an an-
tenna nearly always presents a poor match
to the receiver. The result is a loss in sig-
nal at the very spot in the receiving setup
where it hurts the most.

You can prevent this loss by tuning your
receiving antenna just as they do in the
biggest transmitting stations-in a much
smaller fashion, of course. Using the
"Peaker," you can probably produce a free
signal gain of one to three S-units-which
is equal to the transmitting station increas-
ing its power 15 to 20 times!

The sketches shown in Fig. 1 are the two
antenna terminations possible with the
"Peaker." Figure 1(A) shows the antenna
connected to terminal 2, no connection to
terminal 1, and the ground to terminal 3.
This is termed a series connection, because
the coil, the variable capacitor, and the an-
tenna -to -ground capacity are in series in
the circuit. A series circuit is most useful
when the antenna impedance is low.

Figure 1(B) shows the parallel connec-
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HOW IT WORKS
Under average conditions, the impedance of a ran-

dom length antenna is either too low or too high to
match the receiver input. The extent of the mismatch
depends on the length of the antenna and lead-in, the
frequency to which tht receiver is being tuned, and
the actual input impedance of the receiver at that
frequency. For instance, if the length of the antenna
plus its lead-in is equal to or near a quarter -wave-
length or any odd multiple of a quarter -wavelength
at the frequency being received, its impedance will be
quite low.

The average commercially made receiver has a
nominal input impedance of about 400 ohms. In prac-
tice, and with different makes of receivers, actual
impedance will vary widely from this nominal value.
The input impedance of home -built receivers is nearly
always unknown. It can vary from a few hundred
ohms for receivers using an antenna coupling coil to
many thousands of ohms for receivers using a small
capacitor from antenna terminal to the grid circuit of
the first tube in the receiver. The latter type of input
circuit cannot be used with this particular antenna
tuner.

This simple device is a resonant circuit with switch-
ing facilities to permit its use in a series or in a
parallel arrangement. By adjusting the coil tap and
varying the capacitor, it can be made to cancel the
reactance presented to it by a random length of an-
tenna.

tion. The antenna is connected to terminal
1, and a jumper wire is connected from ter -

Top and boffom views of the "Peaker" show locations of an-
tenna terminals. See wiring diagram on page 126 for details.
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a

TO
RCVR

A

IA) (8)

Fig. 1. Two possible antenna terminations:
(A) series and (B) the parallel connection.

minal 2 to terminal 3. 'The coil, variable
capacitor, and antenna -to -ground capacity
are now in parallel. This connection is most
frequently used when antenna impedance
is high. Antennas that are very short will
probably require such a parallel connection.

Try both the series and the parallel con-
nection, and choose the one which performs
best. It is reasonable to expect that a series
connection will give the best performance
at some frequencies and a parallel connec-
tion at others, even when the same antenna
and receiver are used. In fact, the series
connection and the parallel connection nor-
mally tend to follow each other alternately
as one tunes continuously from one end of
the short-wáve spectrum to the other.

The antenna tuner and matcher has been
designed for use with an average length
antenna and an average receiver. It covers
a frequency range of approximately 1.5 to
20 mc. Construction is simple, and the lay-

out of parts and length of the leads are
not especially critical.

The coil is 2" in diameter and cónsists of
32 turns of No. 20 solid tinned copper wire
spaced to occupy two inches, i.e., 16 turns
per inch. Spacing need not be exact. The
link coil, L2, has 4 turns/ similarly spaced.
It is located about " away from the
grounded end of the tapped coil. Any coil
form of similar dimensions may be used in-
stead of the one pictured. The tap switch
should have ceramic insulation. The coil is
tapped at 4, 8, 12, 16, 20, 24, 28 and 32 turns
from the grounded end. To make the dia-
gram easier to read, only a few of the taps
are shown in the wiring schematic.
 If your receiver has an r.f. amplifier stage

preceding the mixer, connect the "Peaker"
output terminals to the antenna and ground
terminals of the receiver. Connect your an-
tenna to the "Peaker" in either the series
or parallel connection as shown in Figs.
1(A) and 1(B). Vary the tap switch, Si,
and the variable capacitor, Cl, until maxi-
mum output is obtained from the receiver.
The "Peaker" will work best around the
20-mc. end of its range with all but four
turns shorted out, and CI set with its plates
almost full out. At the lower frequencies,
say around 1.5 to 3.0 mc., none or few of
the turns will be shorted out.

If your receiver doesn't have an r.f. stage,
the "Peaker" should be connected and used
as described in the preceding paragraph-
with one exception. Coupling is more criti-
cal in a receiver having no r.f. stage. When
the tuner has an undesirable effect on the
receiver's oscillator, this effect is called
"pulling." Pulling is indicated when you
can receive no stations with the "Peaker"
connected. Sometimes the receiver may
break into instability and howl. If you use
fewer turns on the link coil, L2, 'or move
L2 further away from L1, you can reduce
the coupling and the pulling effect.

CI

3651,I,1a

SI
LI :.- (SEE TEXT)

L2
TO

RECEIVER

C1 -365 -µµtd. broadcast -type variable capacitor
LI-32 turns No. 20 solid tinned copper wire

spaced to occupy 2" on 2" -diameter form,
tapped at 4, 8, 12, 16, 20, 24, 28 and 32 turns
from ground end.

L2-4 turns, average, No. 20 solid tinned cop-
per wire spaced to occupy 1/y" and separated
1/4" from 1,1 (see text)

SI -1 -pole, 8 -pos. rotary switch with ceramic
insulation (Centralab Type PA -2001 or equal)

1-Chassis, 5"x7"x3"
2 -2 -terminal binding post terminal strips
1-Ground binding post
1-Coil form
2-Knobs
Misc. hardware, wire, solder, terminal lugs,
etc.

Wiring diagram and +he parts list for the "Peaker."
Layout of parts and length of leads are not critical.
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60% to '75% of all TV failures are
caused by faulty tubes. This amazing
new giant -sized "Detect -O -Scope'
tells you, at a glance, exactly how to
spot bad tubes in any TV set. Saves
time, money - makes you an "ex-
pert" TV trouble-shooter! Gives

Amazing New TV"DETECT-O-SCOPE"

Spots Bad TV Tubes

in a jiffy!
identification numbers of tubes that
may be causing trouble; shows you
how to locate, check and replace
them safely. 16 x 21 inches ; copy-
righted. Sells for $1.00 but yours
absolutely FREE on this offer!

YOURS FREE WITH THE FAMOUS MANUAL DESCRIBED BELOW

DETECT-0-SCOPE 17

FIX TV RIGHT AWAY

,,.,x,, -

-even if you never fixed a lamp or doorbell before!

McGraw-Hill's Amazing New

Low -Cost Instruction Manual Skips

Hard -to -Understand "Theories

and Formulas -Tells HOW -TO -DO -IT in PLAIN ENGLISH

AT
LAST-a well-known
EXPERT tells you in

PLAIN ENGLISH how to
fix TV or radio sets! Right
from the very first chap-
ters you can start doing
simple repairs ... and be-
fore you're HALF way
through the manual, you
can fix HALF the television
and radio sets that you en-
counter. In just a few weeks
you can start fixing your
own and friends' sets ...
even start your own money-
making business at home.

NO complicated formulas!
NOT a study book ! Deals
only with parts that go
wrong in sets-tells HOW
to find the trouble - and
the EASY way to FIX IT!

Why It's So EASY
John Markus, Associate Editor of

Electronics Magazine, spent FOUR
years making this one -volume manual
practical and easy -to -follow - even

. Also Yours for
10 DAYS' FREE TRIAL:

HIGH FIDELITY:
A PRACTICAL GUIDE

by Charles Fowler
Basic principles of HI -Fi in plain

talk. How to set up new assembly or
i.e.work present equipment how to
test, assemble and control components;
how to eliminate noises. Covers am-plifiers, control units, preamplifiers,tuners, phonograph pickups, re c dchangers, turntables. 302 pages, 100illustrations. Check proper box in cou-pon for FIihF

Save Money on
Your Own Set

Save $50 to $100 a
year installing and
servicing your own set.
Book tells what to do
if picture Is blurred-
split-d is torted-t i lt-
ed-wiggles-too pale
or black - jitters -
'snow'-drifts-etc.

for the most "unhandy" be-
ginner. A -B -C directions
and 700 clear photos, dia-
grams, and drawings show
exactly WHAT and HOW
to fix, step-by-step. Includes
everything you need to
know: where and how to
buy tubes and parts ; where
and how to get an official
circuit diagram of any set ;
how to choose and use basic
tools ; how to test tubes
WITHOUT a tube tester;
how to use 58
common TV con-
trols ; simple
"cures" for com-
mon TV and ra-
dio troubles ;how
to fix loudspeak-
ers, phono pick-

ups, install and check an-
tennas-and much more.

SEND NO MONEY
Mail coupon below-

without money! When
book arrives try it out on
your own or neighbors'
sets. See how simple and
easy it makes nearly every
repair job. Make it pay
for itself in 10 days or
don't keep it. Mail coupon
NOW to: McGraw-Hill
Book Co., Dept. PEL-57,
327 West 41st St., New
York 36, N. Y.

IT

L LG IV ISIV

AND RADIO

FPAIRING:
TRY IT

O
FOR 10 DAYS

PARTIAL CONTENTS
How to Remove and Replace Tubes Testing Tubes
without a Tester Using s Table Tester Power
Supply Troubles  How to Test and Replace Resistors,
Controls, Switches, Condensers, Coils, Transformers
Speakers  i'hnno Pickups  Antennas and MUCH MORE.

McGraw-Hill Book Co., Depf. PEL-57
327 West 41st St., New York 36, N. Y. I
ri Send TV "DETECT -O -SCOPE" FREE with Markus' Tele-
ision and Radio Repairing for 10 DAYS' TRIAL. If not

delighted I may return book, pay nothing. Otherwise, 1
will send only $1.95 plus few cents shipping; then 3
monthly payments of $2. ("Detect -O -Scope' is FREE in
any case.;
 Send High Fidelity: A Practical Guide for lO DAYS'
TRIAL. If I keep it, I will send only $2.95 plus few
rents shipping; then batanen of $2.00 one month later.

Name

Address Pt.L-57

City Zone.... State..
SAVE MONEY. Check here If enclosing payment WITH

coupon ($7.95 for TV and Radio Repairing; $4.95 for High I
Fidelity Guide. Then WE pay all .shipping costs. Sense
10 -day return privilege. (offer good ill U.S.A. oily.) J
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KEEP ABREAST OF

THE FIELD
BY SUBSCRIBING TO

Here's an easy, enjoyable way to keep up-to-date with the entire field
of electronic experimentation ... Hi -Fi ... every phase of the wonderful
world of electronics.

Subscribe to POPULAR ELECTRONICS, the world's first and only magazine spe-
cifically designed for the electronics experimenter and hobbyist. Month after month,
POPULAR ELECTRONICS will show you how to build, how to buy, how to use
electronic components and devices for more comfort, more leisure, more fun.

In addition to an array of construction articles, each issue of POP-
ULAR ELECTRONICS brings you accurate and helpful information
on everything new in the industry-electronic inventions and
developments that are constantly changing our way of life . . .

affecting our future jobs and hobbies.

There's no better way to keep posted on electronics than by subscribing
to POPULAR ELECTRONICS. Each issue offers you practical, down-to-
earth information . . . is clearly written and lavishly illustrated with
diagrams and schematics.

Small wonder that POPULAR ELECTRONICS has met with such sensational suc-
cess-has in but two short years become a working tool for more than a half -million
enthusiastic readers.

And now you can join them-at truly big savings! If you act right
now you can take advantage of this special introductory offer:

18 MONTHS afulln
(a

,)

FOR ONLY 3.85
This is really a good buyl Regularly, 12 months of POPULAR ELEC-
TRONICS would cost you $4.00. But by acting right away, you'll receive
I8 big issues for less than the regular price of I2-actually get 6 extra
issues at no extra cost!

So don't miss out on this money -saving introductory offer. Use the
handy, postage -paid envelope facing this page to enter your order
for POPULAR ELECTRONICS-today!
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Home Built

De Luxe

Photographic

Timer

Fig. 1. The timer, shown here control-
ling an enlarger, can be used to time
"on" or "off" intervals of other equip-
ment drawing as much as five amperes.

YOU don't need a darkroom to find uses
for the electronic timer shown in Fig. 1.

Although originally designed for use with
an enlarger, it may be used wherever it is
desired to turn electrical equipment either
"on" or "off" for predetermined intervals.

Although the unit measures only 3" x 4"
x 5", it is completely self-centained and
provides two separate outlets, one for "on"
timing and one for "off" timing. Pilot lights
indicate which outlet is energized. In addi-
tion, a special "Release" button is pro-
vided, permitting the timing interval to be
cut short at any time.

You should be able to assemble your own
timer in two or three evenings or on a
weekend. The basic parts needed are given
in the parts list. Standard, commercially
available parts are used throughout.

Construction Hints: The 3" x 4" x 5" met-
al box used for a cabinet is available either
with a gray hammerloid or an etched alu-
minum finish. Either style may be used.

The general layout used for drilling and
punching the front panel is shown in Figs.
2 and 7. Dimensions are not given because
130

the hole locations are not critical; the in-
dividual builder may easily modify the lay-
out to suit his own requirements.

Black decals may be used to label the
controls and switches on the unit. How-
ever, these should not be applied until
after all shop work on the panel is com-
pleted. After application, the decals should
be protected with two or three coats of
clear plastic.

The chassis may be bent from a small
piece of sheet aluminum or steel. Or, if
you prefer, you can cut a standard chassis
down to fit within the box (an ICA #29082
chassis base was used in the model, as
shown in Fig. 3).

Drill or punch a number of small holes
in the back and in one side of the outer
case to provide ventilation when the com-
pleted unit is assembled. The ventilation
holes should be located near the 117L7
tube. See Fig. 6.

Mounting the Parts: The two recepta-
cles, the two pilot light assemblies, and
the "Time Delay" control and "Power"
switch are mounted on the front panel. The
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Fig. 2. All possible wiring is done before the subchassis and cabinet are assembled.

relay, octal tube socket, and other parts
are mounted on the chassis.

The two push-button switches (the "Re-
set" and "Release" controls) are used to
mount the chassis to the front panel.

Wiring Suggestions: Refer to the sche-
matic diagram, given in Fig. 4, and to the
pictorial wiring diagram, shown in Fig. 5,
when wiring your unit. Parts location is
not critical, and minor changes may be
made without difficulty as long as the
proper wiring is followed.

Mount an insulated "tie -point" or termi-
nal strip below the chassis and make all
common "ground" connections to it. For
safety's sake, do not "ground" any part of
the electrical circuit to the chassis or case
at any point. A "floating" ground of this
type keeps the chassis from being "hot"
even though a transformerless circuit is
used.

If you use the timer in a damp location,
you can connect an earth ground to the
outer case for added protection.

Do as much of the chassis and front
panel wiring as you can before final as-
sembly, allowing the leads from the chassis
to the front panel to hang "free." Fig. 2
shows the partially wired timer before the
final front panel connections were made.

After you've completed the wiring, re-
check each soldered joint and every lead
for possible wiring errors. Make sure, too,
that there are no accidental shorts between
terminals or leads. And check the opera-
tion of the relay by moving the armature
1957 Edition

with your fingers; make sure that no lead
gets in the way of relay operation.

The completely wired model, With the
back case removed, is shown in Fig. 6,
while the assembled unit is shown in Fig. 7.
The completed unit presents a real "com-
mercial" appearance, even though built in
a home workshop.

Circuit Modifications: If you use the

Fig. 3. Subchassis after the control relay,
tube socket, and grommets have been mounted.

131



RI -27,000 ohm, 1 w. carbon res.
R2-10 megohm carbon pot with switch ("Time

Delay")
R3-100 ohm, 1/2 w. carbon res.
R4, R5-220,000 ohm, 1/2 w. carbon res.
Cl -2 µId., 200 v. metallized paper capacitor
C2-10 µId., 250 v. tubular elec. capacitor
SI-S.p.s.t. volume control switch, on R2 ("Power

Switch")
S2, S3-S.p.s.t. push button switch, normally open

("Reset" and "Release" switches)
SO1, S02-Line receptacles (Amphenol Type 61-

MIP-61 F)
RLl-S.p.d.t. plate relay, 5000 -ohm coil (Potter &

Brumfield Type LM5)
V1-117L7/M7 tube
NEI, NE2-NE-51 neon bulbs
Other parts: octal tube socket; line cord and plug;

Bud #CU -2105 3" x 4" x 5" Minibox; ICA No.
29082 4" x 31/8" x 1" chassis; rubber grommets;
knob; two pilot light jewels and brackets; one

TIME
DELAY

R2

ISI 

Q14i7 V.A.C.

52RESET

FLOATING
GROUND

R5

NE2

two -terminal soldering lug strip; wire, solder,
machine screws, and other small hardware

Fig. 4. Here are the schematic diagram and parts list for the home -built timer.

parts values given, the timing range will
be from a minimum of slightly less than
one second to about 25 seconds. The exact
range covered will depend on the toler-
ances of the parts used, and as much as
25% variation from these values may be
expected.

R4

S01

This range is more than ample for many
types of enlarging work, especially where
a "fast" enlarging paper such as Kodabro-
snide is used.

Should you need a different timing range,
you need only change the value of Cl.
Using a larger capacitor here will increase

Fig. 5. This pictorial wiring diagram will help you in connecting the parts.

OCTAL
SOCKET \'

117L7/ M7GT
TUBE

VI

CONNECT TO
LUG FOR LOWER
CONTACTS RLI

TERMINAL
STRIP

S. PST. POWER
SWITCH 1511 ON
TIME DELAY
CONTROL (R2)

LINE
PLUG
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Fig. 6. The timer is shown here
with the wiring and assembly
completed, but before the two
parts of the cabinet are assem-
bled. Note the position of +he
sub -chassis and parts layout. The
layout is not critical but it is best
to keep it neat and compact.

the time delay; a smaller capacitor will
reduce the timing interval.

A narrower range may be covered by re-
placing R2 with a 5 megohm or a 2 meg-
ohm potentiometer.

Neon bulbs NE1 and NE2 indicate which
of the sockets, S01 and 202, has power
applied. They can be distinguished by fit-
ting them with different colored jewels.

Calibration and Use: With the 117L7
tube in place, plug the timer into a stand-
ard power line outlet and turn it "on."
When the unit has warmed up properly,
the relay will pull in with a distinct
"click."

Set the "Time Delay" control about half
way towards maximum. Press the "Reset"
button and release it. The relay will drop
out immediately and after an appropriate
time interval, will pull in again.

If you wish to stop the timing interval
at any time, simply press the "Release"
button. The relay will pull in immediately.

You may calibrate the completed timer
by checking the delay intervals with a
stopwatch or standard "clock type" timer.
You can then either make up a calibra-
tion chart for the timer or, if you prefer,
prepare a hand -drawn scale for the front
panel.

If you don't care what makes the timer
work, as long as it does, you can skip the
remaining paragraphs. The following ex-
planation is for readers who do like to know
what goes on in equipment they build.

When S1 is closed, the a.c. line voltage is
applied through the contacts of RL1 either
to socket SO/ or socket S02, depending on
whether relay RL1 is energized or not. The
line voltage is applied also to the heater of
V1 and to the plate -cathode circuit of the
amplifier section of the tube and the coil of
relay RL1, in series. Although a.c. voltage
is applied, plate current flows only one way
through the tube, and thus current flows
1957 Edition

only one way through the relay coil. The
relay coil is energized and power is trans-
ferred from SO2 to 201.

S2 and S3 are momentary contact
switches, normally open. When "Reset"
switch S2 is depressed, the rectified output
of the diode section of V1 charges Cl and
applies a large negative bias to the grid of
the amplifier section of the tube, cutting
off plate current flow. The relay is de -
energized and power is transferred from
SO1 to 502.

As soon as the "Reset" switch is released,
Cl begins to discharge through R1 and R2,
decreasing the bias on the amplifier section
of the tube. When the bias drops to a low
enough value, plate current flows again,
the relay is energized, and power is trans-
ferred from SO2 to 501. The length of
time RL1 remains deenergized after the
"Reset" button is released can be varied by
means of R2, the "Time Delay" control.

If it is necessary to end the interval be-
fore the preset time is up, depressing "Re-
lease" switch S3 will allow capacitor CI to
discharge rapidly through R3. --

Fig. 7. Finished timer in its 3" x 4" x 5" case.
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A Light Meter
ALIGHT meter is invaluable for meas -

uring illumination levels in the home,
office, or factory-and outdoors as well as
indoors. It can be used, with proper cali-
bration, as a photographic exposure meter
and also in conjunction with enlargers and
printing boxes in the darkroom.

The basic light meter circuit consists of
a self -generating photocell connected in se-
ries with a d.c. microammeter. When the
photocell is exposed to light, it generates
a small direct current which deflects the
meter in proportion to the amount of light
received. No batteries or tubes are needed.

Most professional light meters are both
delicate and expensive because of the sensi-
tive microammeters employed. The instru-
ment shown here is able to use an inex-
pensive 0-1 d.c. milliammeter by employ-
ing a high -output photocell. The cell is an
International Rectifier Corp. Type DP -5,
which is designed to supply relatively high
d.c. output to a low -resistance load such as
a 1 -ma. meter. With this photocell, about
150 footcandles will deflect a 55 -ohm, 1 -ma.
meter to full scale. The cell is 2 inches
square.

The light meter is light in weight and
can easily be held in the hand when neces-
sary. A smaller -sized instrument can be
made by using a 1- or 2 -inch meter.

The unit is built in an aluminum radio
chassis box, 6" long, 4" wide, and 3" deep.

A s.p.d.t. wafer -type switch (S) is pro-
vided for two sensitivity ranges. In the
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You Can Build...
high position of this switch, the photocell
is connected directly to the milliammeter
(M). Very little light then is required for
full-scale deflection. In its low position,
the 1000 -ohm radio volume -control -type
rheostat (R) is switched in series with the
cell and meter, so that higher illumination
levels can be accommodated by the same
meter.

The rheostat shaft is slotted for screw-
driver adjustment and provided with a
shaft -locking nut to prevent accidental
movement, once it has been adjusted.

After the light meter has been wired,
set switch S to its high position and point
the cell toward a source of light. This can
be a lamp or a window opening toward
daylight. Adjust the amount of light
reaching the cell by moving the instru-
ment toward or away from the source of
illumination until the meter reads exactly
1 ma. Now, without disturbing the posi-
tion of either the instrument or the light

-
Ow 1000n

HIGH OUTPUT
SELF -GENERATING

PHUTOCEI I

CALJBRATIC.,
CONTROL

O-IO.C.MA. S`
INTERNAL

RESISTANCE
ITRIPLETT MODE I.

321-T1

TO NEGATIVE
TERMINAL

OF M7.TER

source, throw switch S to its low position
and adjust rheostat R for half -scale (0.5
ma.) deflection of the meter. Tighten the
rheostat shaft lock. This completes the ad-
justment.

The meter scale may be calibrated di-
rectly in footcandles for each range of the
switch, by comparison with another light
meter or photographic exposure meter
(such as General Electric Mod. 8DW58Y4)
having a similar calibration. The two in-
struments must be placed close together
and pointed toward the same light source.

As shown in the diagrams and photo-
graphs, this device is simple, compact, and
easy -to -build. If the constructor lays out
his cabinet carefully and proceeds slowly,
there is no reason why "professional" look-
ing equipment which gives "professional"
performance shouldn't result.

The diagram on the opposite page clearly
indicates how the various components are
to be hooked up. Note that the polarity
(+ and -) is marked on some of the ter-
minals. These indications must be observed
in order for the device to operate properly.
There is the added danger that the me-
ter might be burned out if the circuit is
hooked up "backwards."

The time and effort involved in building
a light meter are returned a hundredfold.
You can have many hours of enjoyment
from this simple device and the added sat-
isfaction of knowing you have built a
valuable instrument. -O-
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A Sim pie r CLINTON _
LB-C Flash Gunk

THIS SIMPLE B -C flash gun is designed
for flexibility beyond the limits of most

commercially available models. Because of
the method of connecting it to the camera,
several different picture -taking techniques
may be used. The reflector may be held in
the hand, attached by a clamp to furni-
ture, or affixed to the camera itself. Many
other ideas will undoubtedly come to mind
after the unit has been constructed.

The B -C flash principle is quite simple.
Instead of directly "firing" the flash bulb
from the battery, a circuit is devised which
permits the battery to charge a capacitor,
and the surge from this capacitor ignites
the bulb. This system is sure to work, and
after its use has been mastered, the hobby-
ist will produce fewer weak or overexposed
flash pictures.

Build the B -C flash unit in an aluminum
box similar to the ICA "Flexi-Mount" Type
29439. Mount the components on a piece
of Masonite cut to fit into the aluminum
box. Holes are drilled through the Mason-
ite and the side of the box for bolts to se-
cure the mounting board in place. A %"
hole is drilled through the side of the box
under the Masonite to permit wires to be
connected to the TV lead-in connecting
socket (similar to Mosley Type 311). This

socket is mounted on the aluminum box
with a small strip of scrap metal.

The simple circuit for this B -C unit is
shown in (A) at the bottom of this page.
The 100-µfd. capacitor (Sprague TVA -
1207) is charged by the 221/2 -volt hearing -
aid battery through the resistor and flash
bulb. The circuit is arranged to fire the
bulb by shorting the capacitor across the
line between the battery, resistor, and flash
lamp. This quick surge of power is far in
excess of the amount given by common
flashlight batteries. Concern over battery
deterioration can be eliminated since the
life of the battery will be equal to its shelf -
life with normal usage.

Connecting the camera will depend upon
the type of camera used by the constructor.
Connection to the B -C unit is through a
Mosley Type 301 plug. The reflector used
by the author consisted of a 6" satin -finish
metal mixing bowl. A hole was cut in the
bottom for a snug fit to the screw base of
one of. the large -size flash bulbs. This then
provided a seat for the adapter plug shown
in (B) in the diagram, below left. A brack-
et for attaching the B -C unit to the camera
was salvaged from a short length of alumi-
num bar stock. If desired, an accessory clip
may be used for convenience. -

Very simple circuit at left may be mounted on a piece of Masonite as shown a+ right.

PLASTIC
HANDLE

PLATE MOUNTED
RECEPTACLE

TV LINE
CONNECTOR

I+ IOO of& 25V.

ELECTROLYTIC

NO.5- ETC.
RECEPTACLE BAYONET

PLUG _ BASE HERE

PLATE
MOUNTED
RECEPTACLE

113)

ADAPTER
FOR BAYONET
BASE BULBS

SCREW BASE -
PRESS 40 -
N0.22 HERE
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Slave Photoflash Trigger

DESIGNED to avoid entangling camera
extensions and flash failures due to

overloaded flash -gun batteries, the "slave"
photoflash trigger unit described here will
fire up to four other lamps distributed
around a room from the light energy of
the camera gun. No connection is needed
between the camera and the "slave" unit;
through the use of a high-speed electronic
circuit, reliable triggering of the auxiliary
flash lamps is realized even when pictures
are taken by synchronized flash at rapid
shutter speeds.

When photographs of large groups of
people are to be taken, or when the room
size requires additional coverage, the pho-
tographer usually places flash -lamp reflec-
tors in strategic positions to improve the
uniformity of illumination. Since prac-
tically all such pictures are taken by syn-
chronized flash at relatively high shutter
speeds, it is essential that all the lamps
reach their peak at almost the same in-
stant in time. Without a slave unit, a long
and unmanageable extension cord from the
primary flash gun is required; further-
more, unless the flash batteries are really
1957 Edition

By HARVEY POLLACK

Many photographers will

welcome this valuable aid

when taking flash pictures

in top shape, the overload of too many
flash lamps demanding high current at the
same time may prevent any of them from
firing! A small SM or SF type requires a
peak surge current of 3 amperes for de-
pendable operation.

In the circuit described in this article,
an 868 gas -filled phototube catches the
light from the primary flash even before
it reaches peak, instantly igniting a 2050
thyratron. It is the surge current through
the thyratron which fires the slave lamps,
the action being so fast that the peaks are
reached within less than 1/500 of a second
of each other!

137



The photographs and illustrations pro-
vide most of the information needed to
proceed with the construction of the unit.
With regard to the metal work, the follow-
ing steps are strongly recommended be-
cause of the small-but important-differ-
ences which exist between listed parts and
the equivalent components that the reader
may procure.

1. Drill the holes for the two switches
on the front apron first. These should be
placed as far apart as possible to minimize
the danger of accidental operation of the
wrong switch. Mount the switches so that
the Si toggle is up for the "on" condition
and the 22 toggle is down for "on."

2. Punch the tube holes next, placing
the 868 phototube as far forward as it will
go without interfering with or touching the
solder lugs of S2. If a somewhat larger

Circuit diagram and parts list.

Cl, C2, C3-8-µfd., 450-w.v. electrolytic capaci-
tor

PL1-6- or 7 -watt, 117 -volt pilot lamp and
candelabra base assembly

PL2-SM or SF flash lamp (see text)
RI, R3, R4 -25,000 -ohm, 1/2 -watt resistor
R2 -25,000 -ohm carbon potentiometer, linear

taper
R5-3.3-megohm, 1/2 -watt resistor
SOI-117-volt a.c. receptacle, or other socket

to fit flash -lamp assembly text)
SI, S2-S.p.s.t. toggle switch
SRI, SR2-65-ma. selenium rectifier, 130 -volt

r.m.s.
11-Filament transformer, 6.3 -volt (4) 0.6 -amp.

secondary
VI-Type 868 phototube
V2-Type 2050 thyratron
1-Line cord and plug
1 -4 -prong socket
1-Octal socket
4 -3/8" -diameter rubber grommets
2 -2 -lug terminal strips
1-Pointer knob
1-Aluminum open-end chassis, 33/4" x 41/8" x 1"
1-Aluminum utility cabinet, 6" x 5" x 4"
Misc. wire, solder, screws, etc.
Catalog price of parts, approx. $16.00

chassis and cabinet' are used, this presents
no problem; but in the case of the com-
pact unit shown, great care in planning
and layout were necessary. The sockets
recommended in the parts list require a
11/4" hole for the four -prong socket (868)
and a 1" hole for the octal socket (2050).
These holes are punched one behind the
other, allowing ample room between them
for the bulge in the thyratron envelope.

3. Place the filament transformer atop
the chassis roughly in the position shown
in the photographs, mark its mounting cen-
ters, and drill No. 27 holes (for 6-32 mount-
ing screws). Next, drill the lead -down holes
( %" in diameter) below the point where
the leads emerge from the filament trans-
former; %" rubber grommets are inserted
in the lead -down holes. Also, drill a áiá"
hole in the center of the rear apron for a
third grommet through which the 117 -volt
line cord goes, a No. 27 drill hole for the
long machine screw which supports the
stacked selenium rectifiers off to one side
of the rear apron, and another hole of the
same size near 21 to secure one of the two -
lug terminal strips. The other terminal
strip is secured by the screw that holds the
far end of the 868 socket in place.

4. Once all the foregoing components are
in place, the wiring should be started. One
two -lug the cord, and the
other provides a pair of ground points. The
chassis is not grounded, so bare wires must
not be permitted to touch it. It is sug-
gested that all subchassis wiring be com-
pleted at this point, bringing up the leads
which go to the bull's eye indicator lamp,
the output socket, and the "compensation"
control through the grommets, tagging
them for proper identification. Make the
wires longer than necessary, so that they
may subsequently be trimmed to size.
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5. As the chassis is secured to the cabi-
net by means of the switches alone, these
cabinet holes must be drilled precisely to
match those on the chassis. The phototube
window must be located directly in front
of the sensitive element. Other holes may
be located to suit convenience and esthetic
sense. Since the writer uses flash reflectors
having standard line cords and plugs, the
output socket at the top of the cabinet is
a receptacle of this type. Any type of con-
nector, single or multiple, may be installed
with equal facility.

6. If capacitors C2 and C3 are made 40
µfd. rather than 8 µfd., up to 16 or more
flash lamps may be fired simultaneously.

Adjustment and Use
Set the trigger cabinet on floor, chair,

or table where there is an unobstructed
"light line" between the phototube window
and the primary flash gun. Both switches
should be down and the compensation con-
trol fully counterclockwise. With both tog-
gles down, Si cuts off a.c. power from the
unit and S2 short-circuits the output socket
so that the auxiliary flash cannot be fired
inadvertently. This is the reason for mount-
ing S2 in the inverted position. To most
users, a down -toggle means "off" or "safe-
ty"; in this case, although the down -toggle
closes the contacts of S2, it keeps the flash
lamps safe by short-circuiting them.

1. Insert one or more flash lamps in the
output socket or sockets. SM, SF, No. 5,
or No. 11 types may be used, although the
first two are recommended because of their
long peaks.
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Under -chassis view. The two
selenium rectifiers are at the
upper left, and the two tog-
gle switches at the bottom.

Above -chassis view. The 868
phototube is in front with the
2050 thyratron behind. Fila-
ment transformer is at right.

2. Close Si and allow about 30 seconds
for warm-up time.

3. Rotate the compensation control knob
(R2) clockwise until the bull's-eye indi-
cator lamp flashes on. This indicates that
normal room light is triggering the thyra-
tron.

4. Back off the compensation control un-
til the indicator lamp just goes out and re-
mains extinguished. The room lights have
now been compensated for, any additional
illumination will again trigger the thyra-
tron. This may be tested by lighting a
match a few inches from the window; the
indicator should fire briefly, then go out.

5. When ready to take pictures, flip S2
up. This removes the short circuit from

139



Pictorial diagram showing how the various components are interconnected.

the output socket; the primary flash will
now fire the slave lamps instantaneously.
Once a photo is taken, flip S2 to the down
position at once before inserting flash bulbs
for the next round.

Circuit Operation
Selenium rectifier SR2 provides negative

bias which prevents the 2050 from ionizing,
the tube behaving like a switch in its "off"
position. The compensation control gov-
erns just how much bias is applied to keep
the thyratron from firing with normal room
lights, yet remain quiescent in a highly
sensitive condition. When light from the
primary flash lamp reaches the phototube,
a small current flows through R5-causing
a voltage drop which cancels some of the
"holding" bias and allows the thyratron to
fire instantaneously. (The firing time lag is
a little more than one microsecond!) Ca-
pacitor Cl filters the bias voltage, while
resistor RI forms a voltage divider with
the compensation control to limit the range
of bias adjustment and provide a more
sensitive control.

SRI applies d.c. plate potential to the
thyratron and the phototube. A fraction of
a second after power is applied, C2 charges
140

to about 135 volts and hold its charge until
firing time. At the instant the thyratron
ionizes, C2 releases its charge through the
flash lamp circuit, sending a very heavy
surge of current through the lamp, the
thyratron, and C3. The fuse element of the
flash lamp burns out as the lamp produces
its brilliant flash of light. C3 has two func-
tions. First, it is a surge bypass capacitor;
without it the surge path through the lamp
filament has too high a resistance. In addi-
tion, it serves to extinguish the thyratron
when negative bias is restored. R3 and R4
forms a voltage divider which reduces the
potential applied to the anode of the gas
phototube to a safe value. This tube has a
peak plate voltage rating of 100 volts.

A few wards of caution might be in order
regarding the last sentence in step 5 un-
der "Adjustment and Use," i.e., returning
S2 to the down position after firing one or
more lamps. This is important! With both
switches up, jiggling a new flash lamp in
its socket in attempting to insert it sets
up transient voltages which may trip the
thyratron even though its bias voltage is
below cutoff. Always flip S2 downward
after each flash, insert the new lamps, then
flip it up again. -J-
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Coyne's new set gives you all the answers to servic-
ing problems-quickly! For basic "know-how"
that's easy to understand, you'll find everything
you want in volumes 1 to 5, which contain over
5,000 practical facts and data. Cover every step
from principles to installing, servicing, trouble-
shooting and aligning all types of radio and TV
sets. Includes latest data on COLOR TV and
TRANSISTORS. Volume 6, our NEW TECHNICAL
DICTIONARY, helps you quickly understand terms,
symbols, abbreviations. For speedy on -the -Job use,
you get Volume 7-Coyne TELEVISION CYCLO-
PEDIA-covering today's TV problems in A -B -C
order, cross indexed. Use 7 -volume TV -RADIO
LIBRARY free for 7 days. Get Picture Pattern -
Diagram Book FREE!

ACT NOW .. . SEND NO MONEY!
Just mail coupon for 7 -book set on 7 days free trial.
Book of 150 TV -Radio Patterns & Diagrams will be in-
cluded. If you keep the set, pay $2 in 7 days and $2 per
month until $24.50 plus postage is paid. (Cash price
$22.95). Or return Library at our expense in 7 days and
owe nothing. Either way, Radio -TV Diagrams Book is
yours to keep, FREE! Offer limited. Act NOW!

FREE BOOK  FREE TRIAL COUPON

Mr. Ray Snyder, General Manager
Educational Book Publishing Division
COYNE ELECTRICAL SCHOOL500 5. Paulina St., Dept. 37 -PE, Chicago 12, III.
O.K. Mr. Snyder! Send new 7 -book set "Applied Practical Radio -
TV" for 7 days FREE TRIAL per your offer. Include TV -RADIO
Patterns & Diagrams Book FREE!

Name

Address

City Zone State

Where Employed
Check here If you want Library sent C.O.D. You DaY pos[-
man g22.05 plus C.O.D. postage on delivery. 7day money
back guarantee.

Age
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(RAYTHEON

EXPERIMENTERS, HOBBYISTS, ENGINEERS!

You should hive VOLUME a of the
TRANSISTOR
APPLICATIONS BOOK

only

501

RAYtHEoN

transistor
applications

tuna?. i ,pl"ng

HOW -TO -00
WITH COMPLETE

íY IMS

vot.V ME II

The new Raytheon Transistor Applications
Book, Vol. II, is not just a collection of circuits,
it contains complete construction information
including wiring diagrams, illustrations and
parts lists on a wide variety of new applications
never before published.

What's more, there's a section of installation
and wiring hints on transistors, printed cir-
cuitry and a full section on basic transistor
theory and circuit design.

If you experiment with transistors you can't
afford to be without this great new book. Get it
from your Raytheon Tube Supplier or fill in the
coupon and send in with 50¢ for each book you
want.

I.r

Gentlemen:

Name...

Address

Raytheon Mfg. Co.
Receiving & Cathode Ray Tube Operations
55 Chapel Street
Newton 58, Mass.

Enclosed is for copies of the new Raytheon
Transistor Applications Book, Volume II... Please
send to

City and State..
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WHETHER you're an experienced ex-
perimenter or a beginner, you'll enjoy

building this guitar amplifier. If you're an
"old hand," you'll appreciate the straight-
forward simplicity of the circuit design and
the lack of frills that make a circuit diffi-
cult to wire and to trouble -shoot. If you're
a beginner who has "cut his eyeteeth" on
a crystal receiver or a simple one -tube
project, you'll find this three -tube amplifier
advanced enough to challenge your inter-
est, yet, at the same time, simple enough
to insure success.

Although originally designed for use as a
simple guitar amplifier, the unit can be
used as a low-cost phonograph amplifier,
with a microphone as an inexpensive p.a.
system, or as a general-purpose test ampli-
fier in the lab.

Components required are specified in
the parts list. All parts are standard and
should be readily available at a radio parts
distributor or from one of the large mail
144

Simple

Simplicity of circuit design

and all standard components

make this handy three -tube

amplifier unit easy to build

By LUIS VICENS

order supply houses advertising in this
book.

The chassis layout (Figs. 2 and 3) serves
as a guide. Over-all dimensions and exact
layout are not critical and modifications
can be made to suit individual require-
ments. Don't crowd the rectifier and power
output tubes too close to the electrolytic
filter capacitor; excessive heat may dam-
age this component. Locate the input jack
J1, gain control RI and amplifier tubes in
such a way that short, direct leads are used
in all circuits. And, finally, make sure that
the over-all dimensions are not too large
for the cabinet.

Construction Details
The chassis used in the model was bent

from a flat sheet of aluminum, but a stand-
ard commercial chassis will serve as well.
When the chassis is completed, mount all
chassis parts except the filter capacitor,
using small machine screws and hex nuts.
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Guitar Amplifier
To mount the filter capacitor, first mount
either the metal or the fiber mounting
plate on the chassis, using machine screws,
lock washers and nuts. Both types of mount-
ing plates are furnished with the capacitor.
Choose the metal plate if the chassis is to
serve as "ground," the fiber plate if a
"floating ground" is to be used. With the
mounting plate in place, hold the capacitor
against the plate so that the small mount-
ing lugs project through the proper holes;
give each lug a 45° twist, using a pair of
pliers. The mounting lugs also serve as the
B- connection to the capacitor.

A wall speaker baffle serves as a cabinet.
It is modified by adding four rubber feet to
its broader base and mounting a kitchen
cabinet drawer pull on top to serve as a
handle. Drawer pulls may be obtained at
a hardware store. The loudspeaker and out-
put transformer are mounted in this cabi-
net. Use ornamental head machine screws
when mounting the speaker.

A piece of perforated Reynolds "do-it-
yourself" aluminum serves as a ventilated
back cover. This aluminum alloy is avail-
able at most hardware stores and the sheet
stock, from which the back cover of the
model was made, is soft enough to be cut
with ordinary household shears. Special
sheet metal shears are not needed. Several
perforated designs are available.

C1 -25 -µtd., 25 -volt tubular electrolytic capac-
itor

C2-.005-µfd. disc ceramic capacitor
C3, C4, CS-Triple-unit elec. capacitor; 20, 80,

40 µtd. @ 150 volts (Sangamo PLT-7385)
CHI-Filter choke, 7 hy. @ 50 ma. (Stancor

C-1707)
11-Closed circuit phone jack
PC1-Printed circuit plate (Erie 1408-02)
R1 -500,000 -ohm carbon potentiometer, audio

taper volume control
R2 -470,000 -ohm, 1/2 -watt carbon resistor
R3 -10,000 -ohm, 1/2 -watt carbon resistor
R4 -150 -ohm, 1 -watt carbon resistor
R5 -22,000 -ohm, 1/2 -watt carbon resistor
R6-I50-ohm, 10 -watt wire -wound resistor
SI-S.p.s.t toggle switch (power)
TI-Audio output transformer, 2000 ohms to 4-

4 -ohm voice coil (Stancor A-3876)
1-6" to 10" PM loudspeaker, 3.2 -ohm voice coil
V1-12AT7 tube
V2-5OBS tube
V3 -35W4 tube
I-Small aluminum chassis (about 6"x4"x11/2")
1-Polarized plug for line cord
I-Wall speaker baffle
1-Knob
2 -7 -pin miniature tube sockets
1 -9 -pin miniature tube socket
1-Line cord
4-Rubber grommets
4-Rubber feet with screws
1-Kitchen cabinet handle
1-Sheet of perforated metal (about 8" sq.)
1-Contact microphone with cable and plug
Misc. wire, solder, machine screws, nuts, hard-

ware, terminal strips, etc.

Fig. 1. Schematic diagram and parts list.
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Only a few general precautions need be
observed when wiring the amplifier. Care-
fully follow both the schematic and pic-
torial wiring diagrams, checking one dia-
gram against the other as the wiring pro-
ceeds. Keep all signal leads as short and
direct as possible. Insulate bare leads with
spaghetti tubing. Don't bend the leads of
the printed circuit plate too sharply as
they may break off close to the plate.

Referring to the schematic diagram, note
that one side of the power line serves asthe B- lead and connects to circuit
"ground." This ground connection may be
made to the chassis, provided a polarized
line plug is used, and the grounded side of
the line connects to the wider prong.

If it is impossible to obtain a commercial
polarized line plug, make one by soldering
a small piece of wire around the edge of
one prong of a standard plug. A small
paper clip will furnish a preformed wire
for this purpose. See Fig. 4.
146

Fig. 2. Above -chassis
view of amplifier (at
left). Some parts are
mounted but not wired.

Fig. 3. Below -chassis
view of the wired unit.
Parts are identified.

To use a standard line plug without mod-
ification, wire the circuit for a "floating
ground" and avoid accidental shocks. To in-
stall a "floating ground," use the fiber
plate when mounting the electrolytic filter
capacitor (to insulate its shell from the
chassis), and insulating washers when
mounting the input jack J1, making all
"ground" connections to an insulated ter-
minal. Connect this terminal to the chassis
proper through a 1-megohm carbon re-
sistor, bypassed by a .01-µfd., 400 -volt
paper capacitor.

It should be noted that the microphone
cable shield will be connected directly to
one side of the line in this arrangement,
which can present a severe shock hazard.
Therefore, use of a standard line plug is
not recommended.

Several modifications in the basic circuit
are possible to meet the needs of the indi-
vidual builder. For example, the printed
circuit plate may be replaced by individual
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components. The heater dropping resistor
may be replaced by a line cord resistor or
a ballast tube having the proper resistance.

The toggle switch used as a power switch
may be replaced by a volume control type
switch mounted on the gain control if care
is taken to keep the a.c. leads away from
the signal circuits. And the gain control
itself may be replaced by a different unit.
Although a 500,000 -ohm control was used
in the model, any value from 100,000 ohms
to as high as 2 megohms may be used.

If desired, the PM loudspeaker may be
replaced by an electromagnetib speaker,
with the field coil connected as a filter
choke in place of CH1. Coil resistance
should be in the neighborhood of 500 ohms.

How It Works
The guitar amplifier consists of a two -

stage triode voltage amplifier (12AT7)
driving a beam power audio output stage
(50B5), with d.c. operating power supplied
from a conventional « half -wave rectifier
(35W4).

In operation, signals supplied by a mi-
crophone through input jack J1 are applied
across gain control RI, with the setting of
this control determining what portion of
the total available signal is applied to the
grid of the first amplifier stage, half of a
12AT7 dual -triode tube. Bias for the first
stage is supplied by cathode resistor R3,
bypassed by capacitor Cl.

The amplified audio signal appearing
across plate load resistor R2 is coupled
through a .005-µfd. capacitor to the grid of
1957 Edition

Shown of left is the amplifier before
it is mounted in its case. Perforated
"do-it-yourself" aluminum serves as a
ventilated back cover. Below is a

rear view of the completed amplifier..'r,
1.,0 Ax /
i i r 0 Pi :4%101

151-'10140

Fig. 4. How to make a polarized plug
out of a conventional plug. See text.

the second amplifier stage, the last half of
the 12AT7 tube. The small capacitor is part
of a printed circuit plate (PC1) which also
includes the grid resistor for the second
stage (6.8 meg.), the plate resistor for the
second stage (470,000 ohms), the coupling
capacitor to the output stage (.005 µfd.),
and the grid resistor of the output stage
(470,000 ohms). Three additional capaci-
tors are included on the commercial print-
ed circuit plate and are shown in the sche-
matic diagram, but are not essential to the
operation of the circuit. Contact bias,
supplied by the large (6.8-meg.) grid resis-
tor, is used on the second stage.

The amplified audio signal appearing
across the plate load resistor of the second
stage is coupled through a .005-µfd. capaci-
tor to grid of power output stage V2.

Capacitor C2 acts to bypass high-fre-
quency signals and thus to reduce the ef-
fects of whatever harmonic distortion may
be present in the power amplifier. Trans-
former T1 serves to match the high plate
impedance to the low voice coil impedance
of the PM loudspeaker.

Power to operate the amplifier is sup-
plied by a half -wave rectifier (35W4) and
a conventional "brute-force" pi -type filter
network consisting of filter choke CH1 and
electrolytic filter capacitors C4 and 05. Ad-
ditional filtering for the voltage amplifier
stages is provided by an RC filter consist -

147



Pictorial diagram of the guitar amplifier shows how components are connected together.

ing of R5 and C3, another electrolytic ca-
pacitor.

The heaters are connected in series,
with resistor R6 added to permit operation
on full line voltage. Switch S1 serves as
the power switch, with a polarized plug in-
suring that proper power line connection
is always made.

Using the Amplifier
The amplifier is complete in itself. Just

plug it into a wall receptacle, turn it on,
and allow a few minutes warm-up. Only
one accessory is required . . . a standard
148

"contact" microphoné. This is mounted on
the guitar (or other musical instrument)
and plugged into jack J1 of the amplifier.
Gain control R1 may be set at the desired
level by adjusting the control while playing
a few bars on the instrument.

Don't try to set the gain control at too
high a level or there may be a squealing
or whistling sound after each note. In
most cases, the amplifier should be set
slightly in front of and to one side of the
musician, but the exact location for best
results will depend on individual room or
auditorium acoustics. 30
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Electronic Music

with the

Theremin

FRAMED by a spotlight, the musician
stepped to the center of the stage and

stood before his instrument. The expectant
audience was hushed. Smiling, he lifted
his arms. Eerie sounds came forth . . .

wailings and howls, the call of a banshee,
the rise and fall of a siren, moans and
screechings. He dropped his arms and
there was silence. Then he raised his arms
again, and sound flooded the room. But no
eerie howls or weird moans this time: in-
stead, music, a lilting popular tune, with
each note distinct and pure... .

Mystifying? Yes.
Fascinating? Definitely.
Unusual? Perhaps.
Impossible? No!!
Almost any one with practice can dupli-

cate the feats described if he uses a There -
min, one of the most interesting of elec-
tronic musical instruments. For with it, it
is possible to bring forth the eerie howls
and moans used in suspense movies and
television shows or play the pure notes of
a popular tune. And all by only waving
one's arms!

The Theremin shown in the photographs
is a "natural" for the home builder and
electronics hobbyist. Although it provides
many of the features found in complicated
1957 Edition

By LOUIS E. GARNER, JR.

The musical instrument which is
played without being touched-
an advanced hobbyist can build it.

units and expensive commercial instru-
ments, it is inexpensive and fairly easy to
assemble. It's not a project for the begin-
ner; for those who've "cut their teeth" on
a few simple projects, this is their meat.

And, once the unit has been completely
assembled, there will be lots of uses for it.
Friends will applaud and enemies will ad-
mire the handiwork, for the Theremin is
so mysterious to the average layman that
it has an almost supernatural aura about
it. And it can be used not only to play
tunes, but to provide background sound
effects for amateur theatricals. A com-
plete show can be produced by combining
its abilities to emit both music and sound
effects.

After seeing it demonstrated, one of the
first questions people ask is, "How does it
work?" Let's dispose of that question right
off, before discussing the construction of
the instrument.

Refer to the block diagram. The opera-
tion of the Theremin depends on three basic
things: (1) that the frequency of an oscil-
lator may be changed by varying its stray
capacities to ground; (2) that the output
of an oscillator may be varied by changing
its capacities to ground; and (3) that two
signals, when combined in an electronic
mixer, produce an output signal whose
frequency is the difference frequency of
the two original signals. Thus, if we com-
bine signals of 200 kc. and 203 kc., we can
obtain an output signal of 3 kc. (203-
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200 = 3). The sum frequency (403 kc. in
the example) is also produced by mixing
action, but the sum frequencies are not
used in the Theremin.

In operation, the signals from a variable
frequency r.f. oscillator (the 6C4 stage)
are combined with the signals from a fixed
frequency r.f. oscillator in a mixer stage
(6BE6). The difference frequency output,
an audio frequency, is fed through a filter
circuit to remove any r.f. signals that

Functional block diagram of Theremin. This
diagram, with a block for each vacuum tube
stage and other important circuits, shows
main steps in sound production and control.

CONTROL
ANTENNA

VARIABLE
FREOUENC

TONE
CONTROL
OSC 6C4

FIXED FREO
BEAT

OSCILLATOR
AND MIXER

68E6
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VARIABLE
OUTPUT
VOLUME
CONTROL
OSC 64T6

R F FILTER

NETWORIT

CB, RR C9

-VOLUME-
CONTROL
ANTENNA
1'

ll ll

IN1

VOLUME OR
GAIN

CONTROL
R9

POWER SUPPLY
ITO ALL STAGES)

5r3

u7v.AC.

VARIABLE
GAIN

OUTPUT
AMPLIFIER

6AU6

OUTPUT -R TO
AUDIO
AMP.

The completed Theremin in a
standard amplifier foundation cab-
inet. If desired, a housing of wood or
other material can be used instead.

might remain and then to a variable gain
amplifier (6AU6). The amount of ampli-
fication given by the 6AU6 stage depends
on its grid bias and this, in turn, depends
on the output of a third high frequency
oscillator (6AT6). One antenna permits
the operator to vary the frequency of the
6C4 oscillator ("T" or tone control anten-
na), and hence the pitch of the note pro-
duced. Another antenna permits the op-
erator to vary the output of the 6AT6
oscillator ("V" or volume control antenna),
and hence the loudness of the note. By
moving his hands closer to and away from
the two antennas, the musician, changes
capacities to ground in the two oscillators
and can play any note desired in a con-
tinuously variable scale.

But enough of theory-here's how to
build the Theremin :

Construction Hints: The Theremin shown
in the photographs was assembled on a
commercially available "amplifier founda-
tion" to give the completed instrument
a professional, factory -built appearance.
Those who are handy with tools might pre-
fer to design and build their own cabinets.
Holes are drilled and punched in the chas-
sis for mounting tube sockets, controls,
terminal strips and other components. Lay-
out is not too critical, but the photographs
and drawings should be followed fairly
closely. The locations of the power trans-
former (T1) and filter choke (CH1) are es -
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The Theremin chas-
sis base, showing
holes which must be
cut or drilled, except
holes for "V" insula-
tor at left and parts
at rear of chassis.

Bottom view of the
chassis after all of
the components ex-
cept the filter choke
have been mounted,
but before any of the
wiring is complete.

Bottom view of the
chassis completely
wired. See the fol-
lowing pages for
detail photographs
and schematic and
pictorial diagrams.
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TONE
'CONTROL
ANTENNA

R1, R6, R7-47,000 ohm, 1/2 w. carbon res.
R2, R3, R5, R12, R16-100,000 ohm, t/2 w. carbon

res.
R4-1500 ohm, 1 w. carbon res.
R8-18,000 ohm, t/2 w. carbon res.
R9-500,000 ohm, carbon pot., audio taper
R10-1500 ohm, 1/2 w. carbon res.
RI1, R14-220,000 ohm, t/2 w. carbon res.
RI3-1 megohm, 1/2 w. carbon res.
R15-150,000 ohm, t/2 w. carbon res.
CI -15-30 µµid. (max.) tuning capacitor (Bud LC -

2077, National PSE-25, Cardwell PL -6002, etc.)
C2, C6-340 µµtd. padder capacitors (Arco 303)
C3, C5-100 µµid. tubular ceramic capacitors
C4, C24-0.01 µtd. disc ceramic capacitor
C7-0.05 Aid., 600 v. paper tubular capacitor
C8, C9-270 µµtd. tubular ceramic capacitors

LVLUN[
CN CONTROL

ANTENNA

C/O, Cll, C/3, C17, C18-0.01 µtd., 600 v. paper
tubular capacitors.

C12, CI4-0.1 µfd., 400 v. paper tubular capacitors
C15-500 mid., tubular ceramic capacitor
C16-Trimmer (part of LI and L4 coil assembly)
C19-40 µtd., 450 v. tubular electrolytic capacitor
C20, C21, C22, C23-10/10/10/10 mid., 450 v. quad-

ruple section upright electrolytic capacitor (Mal-
lory FP 434)

CHI -8.5 hy., 50 ma., 400 ohm filter choke (Merit
C-2981)

II-Open circuit phone jack
LI, L4, C16-R. t. choke, oscillator coil, and trim-

mer assembly (Miller 695)
L2, L3-Oscillator coils (Miller 5481-K)
SI-S.p.s.t. toggle switch (Power)
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8+
C21

CONNECT TO

XMin
CONNECT TO
PIN 4 OF V2

RI2
111

6ÁU6
TUBE

V4

CONNECT TO

C)4)
CIO

CONNECT TO

C23

R9
GAIN

CNI

OCTAL
SOCKET

5T3
TUBE VS

CONNECT
TO GND
LUG ON V4

Tl-Power transformer (240-0-240 v. @ 50 ma., 5 v.
@ 2 a., 6.3 v. @ 2.6 a. Merit P-2958)

VI -6C4 tube
V2-6BE6 tube
V3-6AT6 tube
V4-6AU6 tube
V5--SY3GT tube
Misc.-Small amplifier foundation (Bud CA -1750 or

ICA 3980)
Bottom plate to fit amplifier foundation
Extractor fuse post and 2 ampere fuse to fit
Pilot lamp jewel, bracket, and 6.3 volt pilot lamp

bulb
Two small feed -through insulators
Four 7 -pin miniature tube sockets
One octal socket

FI

ONO 6AT6
LUG TUBE

V3

OUTPUT
UI (TO AUDIO

AMPLIFIER)

C18

PLI

R16

LINE
PLUG

TO
'VOLUME CONTROL

ANTENNA

Two S -terminal tie -point strips
One 2 -terminal tie point strip
Two small knobs
Two kitchen cabinet handles (unless handles are

supplied with the amplifier foundation)
One Sheet Reynolds "do-it-yourself" aluminum
One length Reynolds "do-it-yourself" U -channel

aluminum
Line cord and plug
Rubber grommet, rivets, screws, nuts, wire,

solder, ground lugs, decals, other hardware
Microphone stand and adapter (Atlas CS -33 and

AD -I1)
Shielded cable with connectors to fit phone jack
and amplifier

Total cost, less amplifier and speaker: under $40.
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pecially important. The completed instru-
ment is designed to mount on a standard
microphone stand and, for maximum sta-
bility, it is essential that the heaviest
weight be more or less centered on the
chassis.

The sizes of some of the mounting holes
will depend on the particular components
obtained. This is especially true of the
tuning capacitors (C1, C2, C6), the pilot
light bracket, and the feed -through insula-
tors. So don't complete the machine work
until all critical parts are on hand. Once
the machine work on the chassis is com-
pleted, however, the controls can be labeled
with standard decals. These should be pro-
tected with at least two coats of clear plas-
tic, sprayed on after application and after
the decals have had a chance to dry thor-
oughly.

Mount the carrying handle on the top of
the cover. Some commercial amplifier
foundations are supplied with handles, but
these generally mount on the ends of the
chassis where they would interfere with
the control antennas. If no handle is sup-
plied, use a kitchen cabinet handle. These
can be obtained at the nearest hardware
store.

Parts are mounted with small machine
screws and hex nuts. If the finished in-
strument is to be carried around quite a
bit, use lockwashers. The filter choke
(CHi) mounts on the back apron of the
chassis, but for ease in wiring, this part
should not be installed until the wiring is
nearly completed. Do not draw up the nuts
on the feed -through insulators too tightly;
154

Close-up view showing wir-
ing of "tone control" and fixed
oscillators and mixer stage.

it is possible to crack the insulation and
damage these components. Use the metal
mounting plate furnished with the electro-
lytic capacitor (C20, C21, C22, C23) for
mounting this part.

Wiring Suggestions: Follow the dia-
grams and photographs closely when wir-
ing the unit. Use rosin core solder only.
Lead dress is not too critical, but reason-
ably short and direct connections should
be employed. Commercially available coils
are used throughout, so don't worry about
winding your own. The r.f. choke (L4),
"volume control" oscillator coil (L1), and
adjustment capacitor (C16) are all part of
one commercially available assembly.

It is easiest to wire the Theremin by
stages, whether all the work is done at one
sitting, or spréad over several evenings.
Complete the filament, power switch and
fuse, and power supply wiring first. Then
wire the rest of the unit a stage at a
time.

Final Steps: With the wiring completed
and double-checked for accuracy, the con-
trol knobs, tubes, pilot lamp bulb, and fuse
can be installed. Then set the unit aside
temporarily-there are a few jobs remain-
ing before final tests and adjustments are
made.

Mount the Atlas AD -11 adapter in the
center of the bottom plate, using short 6-32
machine screws and hex nuts. Drill or
punch a %/z" hole in the plate, located so
that it falls just below C16 when the bot-
tom plate is installed. This hole may be
covered with a standard "snap hole plug."
The control antennas are made up by cut-
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ting large letters ("T" and "V") out of
thin sheet aluminum and mounting these
letters on brackets made from small
U -channel aluminum. Either rivets or sheet
metal screws may be used for attaching
the letters to their brackets. Exact dimen-
sions are not critical, but in the model, the
brackets are about 12" long and the letters
measure approximately 10" high by 10"
wide overall.

In order to keep the circuit simple and
the cost low, no audio amplifier has been
incorporated into the instrument, and it is
necessary that a small audio amplifier be
provided as an accessory. For small get-
togethers, use the amplifier described in
"Small fi" on pages 96 to 99. For home use,
you may use the audio amplifier in a home
radio; connect the output of the Theremin
to the radio's phono jack. For large audito-
riums, you'll want a more powerful unit.
But regardless of the audio amplifier used,
a shielded cable will be needed to connect
the Theremin and amplifier together. Use
standard microphone cable and keep the
length reasonably short (under 10 feet if
possible). Terminate one end in a stand-
ard 'phone plug to fit the Theremin (J1)
and the other end in a connector to fit the
mike input to the amplifier or the phono
jack of the radio.

Adjusting the Theremin: With the bot-
tom plate in place, install the Theremin on
its mike stand. Install the control antennas,
using standard wing nuts (these permit
the antennas to be removed easily when-
ever desired). Remove the top cover. Ad-
just the TUNING control, Cl, to about half
capacity. Adjust the other variable capac-
itors, C2, C6, and 016, to full capacity by
tightening the screws. Don't exert too
much pressure; snugly tight is good

Close-up view showing
wiring of "volume control"
oscillator and part of the
power supply.

enough. Use an insulated alignment tool
when adjusting these capacitors. Connect
the Theremin and the audio amplifier to-
gether with the shielded cable. Turn the
GAIN controls of both units all the way
up. Turn both on and allow several min-
utes warm-up. Later, as the preliminary
adjustments are completed, the GAIN con-
trols can be readjusted for a comfortable
listening level.

Using an insulated alignment tool, back
off the screw of the "fixed" oscillator tun-
ing capacitor, C6, about 1/2 to 2 full turns.
This reduces the capacity somewhat. The
exact setting is not too critical, but don't
use more than 2 turns.

Next, with one hand on the "V" for vol-
ume control) antenna, and keeping back
from the "T" antenna, gradually adjust C2
with the alignment tool. As this capacitor
is adjusted, listen for the following condi-
tion : a high pitched signal, gradually drop-
ping in pitch to a low frequency, with the
sound finally dropping out entirely (zero
beat) ; and as further adjustment is made,
the low frequency signal being heard again,
gradually increasing in pitch to a very high
frequency and finally dropping out entirely.
This may occur at several points. However,
proper adjustment of C2 is where maximum
volume is obtained on either side of zero
beat. Final adjustment to zero beat is made
with the top cover in place, using the
TUNING control, Cl.

To adjust 016, set the TUNING control
slightly off its "zero" beat position so that
a steady tone is heard when the "V" an-
tenna is touched. Next, adjust 016, again
using an insulated alignment tool, for the
desired operation of the volume control
antenna. The volume control circuit has
been designed to have less sensitivity than
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The "volume control" and "tone control"
antennas: they can be fastened to the U -chan-
nels by either sheet metal screws or rivets.

the tone control circuit, permitting a be-
ginner to master the instrument with a
minimum of practice. When C16 is properly
adjusted, maximum volume should be ob-
tained just as the antenna is firmly
touched with the hand. With the hand re-
moved, and away from the antenna, the
sound level should be very low, almost in-
audible, if not gone entirely.

Using the Theremin
Skill in using the Theremin is acquired

only through practice and familiarity with
the instrument, but there are a few funda-
mentals which should be mastered first in
order to produce a successful playing tech-
nique:

A detail view of mounting
of one control antenna to
its feed -through insulator.

Chassis bottom plate with
adapter for mike stand and
hole to reach the volume
control adjustment, C16.

1. Always make sure the instrument is
properly set to "zero beat" before starting
a show or playing a piece. Generally, this
is done by adjusting the TUNING control,
Cl, but if the instrument has been jostled
a bit or hasn't been used for some time,
readjustment of C2 and C6 may be neces-
sary.

2. To change volume, bring the hand up
to the "V" (volume control) antenna,
touching it if necessary. A wavering sound
can be obtained by moving the hand back
and forth over the top or in front of the
"V" antenna.

3. To change pitch, move the hand closer
to or further away from the "T" (tone
control) antenna. It will be noted that it
is more sensitive than the "V" antenna.
The other hand must be near the "V" an-
tenna, of course, whenever a sound is to
be produced.

4. To sound individual notes, keep the
hand away from the "V" antenna until the
other hand is in position at the proper dis-
tance from the "T" antenna to sound the
note desired; proper position is learned by
experiment. Then bring the hand up to
the "V" antenna, without moving the other
hand (near the "T" antenna) long enough
to sound the note desired. Finally, move
the "V" control hand away quickly before
shifting the position of the "T" control
hand.

5. Practice! Practice! Practice! And more
practice!

A lot of fun can be had experimenting
with the Theremin, even if you never take
the time to become an accomplished mu-
sician with the instrument! --
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Electronic
Build and play this novel

instrument resembling a

banjo in shape but having

a distinctive tone quality.

Right, electronic banjo being played.
Below, close-up view shows tone lever.

I3-./anjo
ELECTRONIC musical instruments that

are easy to build and simple to play
delight the experimenter. The instrument
described here meets both qualifications,
and in addition is inexpensive. Although it
is shaped somewhat like a banjo, its tone
quality is distinctive, resembling neither a
banjo nor any other conventional musical
instrument.

There were several reasons for choosing
the "banjo" shape. The mechanical con-
struction is fairly easy, costs are kept
down, loudspeaker mounting is simplified,
and all component parts can be mounted
within the enclosure-leading to a com-
pletely self-contained instrument.

Tones are generated by a transistorized
blocking oscillator using but a single tran-
sistor powered by a 221/2 -volt battery. Ade-
1957 Edition

By LOUIS E. GARNER, JR.

quate power output is obtained to produce
medium volume in a normal room from a
4" loudspeaker. Pitch is controlled by a
carbon potentiometer manipulated by the
player by means of a special lever -type
knob. A push-button switch in the instru-
ment's handle serves as the on -off switch,
a tone being produced when the switch is
depressed.

Basic Construction
Reference to the photographs and dia-

grams will show the basic construction of
the electronic "banjo." The body is an alu-
minum cake pan, the arm an 18" length of
1" -diameter aluminum tubing. These two
parts must be solidly mounted together.
This can be accomplished by punching a
1" hole in the side of the cake pan close to
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its base, inserting the aluminum tubing
and holding it in place with a standard pipe
clariw, mounted with two 6-32 machine
screws and nuts. In the model shown, for
additional security, a sheet metal screw
was run through the pipe clamp into the
aluminum tubing.

The push-button control switch (Si) is
mounted about 21/2" to 31/2" from the end
of the arm, with its leads run inside the
tubing to the body of the instrument. The
open end of the arm should be closed,
either with a standard metal cap or with
a shaped wooden plug.

Drill holes for mounting the "pitch" con-
trol (RI), the transformer (T1), the ter-
minal strip, the battery clip, and the loud-
speaker. With a little ingenuity, one
mounting hole may be made to serve for
two or more parts. If a satisfactory bat-
tery clip cannot be obtained locally, mount
the battery in place with a simple "Z".
clamp and make connections by soldering
directly to its terminals. Parts location is
not at all critical-follow the photographs
as a guide or make up an original layout,
as desired.

The loudspeaker opening may be made
in one of two ways. In the model, a series
of 1/2"- and %"-diameter holes was punched
to form a regular pattern. If preferred, one
large opening may be cut for the speaker.
However, if this is done, some provision
should be made to protect the speaker cone
... either by means of a piece of screen-
ing or a grill of perforated sheet metal over
the opening.

For a really "de luxe" appearance, the
instrument may be painted and decorated.
This part of the job should be done after
158

Interior view of banjo
with various compo-
nents identified and
their relative positions
indicated. The chassis
is an aluminum cake
pan, which contains
the on -off switch SI,

all machine work is completed but before
parts are mounted and wiring is started.
The model shown was covered with two
coats of enamel, applied with a "spray" can
then decorated with commercially avail-
able decals (Tekni-Labels Set No. 116).
But individual designs can be easily made
up and applied.

Mounting and Wiring
In the model, the back is closed with a

piece of Masonite hardboard, mounted on
the rear of the loudspeaker. If a speaker
different from the one specified in the
parts list is used, it may be necessary to
design a special mounting for the back
cover ... either brackets or clips of some
sort. In any case, be sure that the back
does not completely cover the top of the
cake pan. Either cut the back cover
slightly smaller than the pan opening,
leaving a gap around the outer edge, or
drill a few "vent" holes in it. Otherwise,
the speaker may be muffled by the closed
space.

The "tone" or pitch control lever arm in
the model was assembled from a standard
bar knob, a long machine screw, and a
piece of plastic tubing, colored with finger-
nail polish. Lever knobs are commercially
available, however.

Remember that the CK722 transistor is
a relatively expensive part and is easily
damaged by excessive heat. Therefore,
don't cut its leads too short ... leave
them at least 11/2" long, protected with in-
sulated tubing. Use a hot, clean, well -
tinned soldering iron, and complete the
installation of this part as quickly as pos-
sible. For maximum protection, use a heat

ELECTRONIC EXPERIMENTER'S HANDBOOK



"sink," i.e., hold the lead being soldered
with a pair of long -nosed pliers between
the point where the soldering iron is ap-
plied and the body of the transistor. The
pliers tend to absorb heat from the lead
and prevent it from reaching the transistor
proper.

In vacuum -tube circuits, an improperly
installed battery generally results in little
more than failure of the circuit to operate.
But incorrect battery connections may ruin
a transistor. Therefore, don't make final
battery connections until lead polarity is
assured.

Proper connections from the speaker
voice coil terminals to the transformer's
tapped secondary winding may be deter-
mined experimentally after the circuit is
wired. Use the pair of terminals that gives
the best results.

Once the wiring has been completed and
operation checked, circuit modifications
may be made to "tailor" the performance

of the banjo to meet individual require-
ments. With the parts values listed, cover-
age is between two and three octaves, al-
though exact range will depend on parts
tolerance.

To reduce the range, replace the poten-
tiometer (R1) with a unit having a lower
value of resistance. To increase the range,
use a higher value of resistance here. Do
not reduce the value of R2, however. The
upper limit of the tone range may be
changed by varying the size of Cl.

How It Works
The single transistor in a blocking oscil-

lator circuit results in efficient operation
and long battery life. Transformer T1 acts
both as an output transformer to match
the high collector impedance to the low
impedance of the loudspeaker voice coil
and as an oscillator transformer, with the
push-pull primary winding supplying the
necessary feedback between collector and

B1 -221/2 -volt hearing -aid battery (Burgess U-15,
Eveready 412 or equivalent)

C1 -0.25 -µtd., 200 -volt paper capacitor
R1 -50,000 -ohm carbon potentiometer, linear taper
R2 -6800 -ohm, 1/2 -watt resistor

CKr22
VI

Schematic diagram
and parts list (top)
and pictorial dia-
gram (right) of the
complete instrument.

SI-S.p.s.t., normally open push-button switch
T1-Universal output transformer, 4 watts (Merit

A-2900 or equivalent)
V1-CK722 transistor
1-Battery clip
1-8" x 11/2" aluminum cake pan
1-18" length of 1" Reynolds "Do -It -Yourself" alu-

minum tubing
I-I" pipe clamp
1-1" tubing end cap
1 -8" -diameter, 1/4" -thick piece of Masonite
1-Set of decals (Tekni-Labels Set No. 116)
1 -4 -terminal tie strip
1-4" loudspeaker, 3.2 -ohm voice coil
1-Bar knob or lever knob
Misc. wire, solder, machine screws, etc.

Catalog price of parts, approximately $10.00
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base circuits to start and sustain oscilla-
tion. The "common emitter" circuit is em-
ployed and is roughly analogous to a
vacuum -tube circuit in which the emitter
(p) acts as cathode, the base (B) as grid
and the collector (C) as plate.

Frequency of operation is determined by
the time constant of the Cl -R2 -R1 combi-
nation. Thus, varying either of these com-
ponents will change the frequency (tone).
In practice, RI is made variable and serves
as the tone or pitch control.

Since the transistor is operated in short
pulses (as individual notes are played)
rather than continuously, it is safe to op-
erate it close to or slightly exceeding its
maximum ratings, permitting moderate
loudspeaker volume even though the tran-

sistor utilized here is a low -power device.
The push-button switch S1 is in series

with the battery (B1) used as a power sup-
ply. Hence, the circuit operates only when
the switch is depressed, and no "standby"
current is required.

The electronic banjo is held just like
a conventional instrument. One hand is
placed on the arm, with one finger just
above the push-button switch. The other
hand holds the tone lever lightly. To play
an individual note, move the lever to the
proper position and depress the push but-
ton. Hold the button down long enough
to sound the length note desired ...,
% or a full note. Release the button and
move the lever to position for the next
note.. -[3-

Neon Tube
Metronome

and
Seconds Timer
THE dependable electronic metronome

pictured and described here was con-
structed for about half the cost of a simi-
lar commercial unit. The speed of its beat
is governed by the setting of a single knob
on the front panel, each click being accom-
panied by a short flash of the neon lamp
just under the timing knob. Although tra-
ditional metronome design calls for a range
from 40 to 208 beats -per -minute, this model
was provided with a somewhat greater
range to permit other applications requir-
ing higher click frequencies.

The rectifier section of a 117P7GT vac-
uum tube provides a source of d.c. which
is filtered by C1, R1, and C2. R2, the cali-
bration control, governs the voltage ap-
plied to the capacitor, C3, through R3 and
R4. R3, the main timing control, R4, and
C3 form a timing circuit, in which C3
charges slowly or rapidly depending upon
the setting of R3. As the voltage across C3
builds up, the neon tube suddenly "fires"
and discharges C3, after which the charge -
discharge cycle begins once more. The
change in voltage across C3 is transmitted
to the beam -power section of the 117P7GT
and is heard as a click in the loudspeaker.
R5, the volume control, permits the sound

By HARVEY POLLACK

Front view
showing Timing
dial and neon lamp.

to be varied in volume or eliminated en-
tirely if desired, leaving only the flashing
of the neon lamp. T1 is a standard type of
output transformer to match the speaker
used to the 117P7GT.

The metronome is housed in a 6" x 5"
x 4" aluminum utility case. Most of the
components are mounted on a. small Ma-
sonite shelf secured to the case by small
right-angle brackets. The speaker, output
transformer, calibration potentiometer,
and volume control are fastened to the rear
of the case itself, while the neon tube is
visible through a hole in the front panel.

The first step in construction is to drill
160 ELECTRONIC EXPERIMENTER'S HANDBOOK



117 V.A.C.

7 I/2
% 117P7GT

I' vA
'
11

B
R2

R1-300 ohm, 10 w. wirewound res.
R2-20,000 ohm linear taper pot
R3-5 megohm pot
R4-470,000 ohm, 1/2 w. res.
R5-500,000 ohm audio taper pot
R6-390 ohm, 1 w. res.
R7-47,000 ohm, 1 w. res.
CI, C2, C5-20/80/40 pfd., 150 v. elec.

(Sprague TVA -3455 in a single can)
C3-.25 Aid., 600 v. capacitor

TI OUTPUT
TRANSFORMER

PRIMARY

Schematic and picto-
rial diagrams and parts
list for the metronome.

R3

R7

C3

ig 1/2
ii7P7GT
VIE,

CS

C4-.001 µ d., 600 v. capacitor
N1-Neon amp, Type NE -2 with pigtails
Tl-Outpu trans. 4000 ohms to 3.5 ohm voice coil

(Stancor A-3328)
Speaker -3.2 ohm, 31/2" loudspeaker
V1-117P7GT tube
1-6" x 5" x 4" aluminum cabinet

capacitor 1-pc. Masonite 43/4" x 33/4" x 1/2"
1-Small knob (Vol. Control)
1-Medium knob with pointer

TO VOICE COIL WINDING
OF TRANSFORMER

w

4

1-Octal socket with
two grounding lugs

1 -2 -lug terminal
strip

3-Small right-angle
brackets

2-3/8" o.d., 1/4" i.d.
rubber grommets

1-6 /t. line cord
and plug

NEON BULB
NI

AN INSULATED MOUNT-
ING PLATE SHOULD BE
USED ONLY IF A METAL
CHASSIS IS USED

PLUG
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Can you think faster
than this Machine?

GENIAC set up to do a problem in check valve r rch
Be careful before you answer. GENIAC the first electrical braincon-
struction kit 1a equipped to play tic-tac-toe, cipher and encipher codes,
convert from binary to decimal, reason (in aylloginms) as well as
add subtract, multiply and divide. Specific problem. In a variety
of fields --actuarial, policy claim settlement, physics. etc.-can be set
up and solved with the components. Connections are solderless and
are completely explained with templates in the manual. This covers
33 circuits and shows how new ones can be designed.
You will find building end using GENIACS a wonderful experience;
one kit user wrote us: "this kit has opened up a new world of think-
ing to me." You actually see how computing, problem solving, and
game play (Tic-tac-toe, aim, etc.) can be analyzed with Boolean
Algebra end the algebraic solutions transformed directly into circuit
diagrams. You create from over 400 specially designed and manu-
factured components a machine that solves problems faster than

. you can express them.

MAIL THIS COUPON
SCIENCE KITS, Dºpt. EH -7, Oliver Garfield Company,
sae Lexington Avenue, New York 16, N. Y.
Please send me:

1 GENIAC Electric Brain Construction Kit and Manual.
$19.95 (East of Mississippi)
520.95 (Elsewhere in United State.)
$21.95 (Outside the United State.)

Returnable in seven days for full refund if not satisfied.
I enclose $ in full payment.

My

college graduates
get ahead faster!

You see it in your own city. They have higher incomes . ad-
vance more rapidly. Grasp your chance for a better life. Indus-
trial growth . . . automation . . . technical advances create
career opportunities for engineers, accountants, management ex-
perts. Share rewards awaiting college -trained men. Important
firma visit campus regularly to employ Tri-State College gradu-
ates. Start any quarter in this world -famed college. Approved
for veterans.

Bach. of Science degree in 27 months
ID Mechanical, Civil, Electrical, Chemical, Aeronautical, Radio
(TV -Electronics) Engineering. In 36 months a B.B. in Business
Administration (General Business, Accounting, Motor Transport
Management majors). Superior students may accelerate. 36 -
weeks course in Drafting. Intensive program: technical funda-
mentals stressed: comprehensive courses with more professional
clase hours. Small Classes: personalized instruction. Enrollment
limited to 1550. Preparatory courses. Beautiful campus. Well-
equipped, new and modernized buildings and laboratories. Enter
March, June, Sept., Jan. Earnest, capable students (whose time

and budget require accelerated courses and mod-
est costa) are invited to send coupon to Jean Mc-
Carthy, Director of Admissions, for catalog and
book "Your Career in Engineering and Commerce."

Tl-

TRI-STATE COLLEGE
t i, ' 1, , 4727 'College Avenue, Angola, Indiana

Please send me your catalog with full information on Radio (TV -
Electronics) Engineering and other courses. I am especially in-
terested In courses checked:
 Radio (TV -Electronics)  Mechanical
 Civil  Electrical  Chemical
 General Business  Accounting
 Motor Transport Management

Name

 Aeronautical

Street Add

L'''
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View of lower rear section of cabinet show-
ing calibration control, R2, and volume con-
trol, R5. One mounting bracket for the Ma-
sonite shelf is hidden by resistor, RI, at left.

the holes needed to mount the speaker,
transformer, and two potentiometers on
the back of the case. At the same time,
drill five %" holes for sound passage and
one for the line cord grommet. Next, lay
out and drill the Masonite shelf for the
octal socket, the filter unit, the angle
bracket which supports the timing control,
and the terminal strip on which the timing
capacitor and neon lamp are mounted. These
are shown' in photo above.

Once the various components are in po-
sition, hold the shelf in position inside the
case and mark it for angle brackets. Doing
it this way will help avoid overcrowding
and will assist in locating the timing con-
trol shaft so that the knob will occupy the
position which is shown in the front -view
photograph.

When the wiring is complete, test the
unit for correct operation as follows : 1.
Rotate the calibration control fully clock-
wise. 2. Set the timing knob at about half -
scale (pointer straight up). 3. Rotate the
volume control fully clockwise. 4. Plug
the unit into an a.c. outlet and allow about
one minute for warm-up. The neon tube
should start to flash at medium speed and
clicks should be heard in the speaker. 5.
Rotating the timing control clockwisg
should now cause the flash and click rate
to increase, and vice versa.

The front panel may now be marked
and drilled with %" holes for the timing
control shaft and the neon tube grommet.
Assemble the case and fasten the timing
knob to the shaft so that the pointer will
move the same amount in either direction
from a straight -up position. --
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BUILD ALLIED'S OWN knight -kits!
LOWEST COST: Our giant buying power
passes biggest savings on to you...you
do the easy assembly and your finished
instrument is equal in performance and
appearance to equipment selling for sev-
eral times the KNIGHT -KIT cost...

knight -kit 10 CIRCUIT
TRANSISTOR LAB KIT

Model Y.299 Sensational-work
with the marvel ofonly transistors! Assemble$154; the basic parts once,
then complete project
after project (10 in all),

just by plugging leads into proper
jacks on printed -circuit board-no
tools needed. Make the following: AM
radio; amplifier; wireless broadcaster;
code practice oscillator; electronic
timer, switch, flasher- voice -operated,
capacity -operated and photoelectronic
relays. Includes all parts, 2 transistors,
battery, headphone and instructions
for each project. A fascinating and in-
structive kit. Shpg. wt., 3 lbs.
Model Y-299. Net only $15.45

EASIEST TO ASSEMBLE: KNIGHT -KIT "Step-
and-Chek" instruction manuals are mar-
vels of clarity-it's just like having a
good instructor at your side. Proved pro-
fessional design and premium quality
parts help insure your building success...

MONEY -BACK GUARANTEE: When properly assembled, KNIGHT -KITS
fully meet publkhed specifications or we refund your money.

knight -kit "SPACE -SPANNER"
BANDSWITCHING RECEIVER KIT

All -new 2 -band re-
ceiver, easy to build-
a great value. Band -
switch selects thrilling
short wave, including
foreign, amateur, air-

craft, police and marine radio (6 to
18 mc), and full regular broadcast.
Highly sensitive regenerative circuit.
Has 4' PM speaker and beam -power
output for strong volume. Kit includes
calibrated panel, punched chassis, all
parts and tubes (less cabinet). Easy
to build-and you'll be proud of its
performance. 7 x 10M x 6"; for AC
or DC. Shpg. wt., 5 Iba.
Model Y-243. Net only $15.95
Y-247. Matching cabinet $2.90

Model Y-243
only

$15"

knight -kit 20 -WATT HI-FI AMPLIFIER KIT

Model Y-750 Build it yourself and enjoy authentic Hi -Fi
reproduction at a tremendous saving! Wide,

only clean response is F 1 db, 20-20,000 cps at

$357
20 watts-distortion is an insignificant 1%.
Inputs: Magnetic phono; mike; recorder; and
tuner. Controls: Bass, Treble -Volume; Selector

with compensation positions for microgroove and standard
discs. Outputs: 4, 8, 16, 500 ohms. Styled in gleaming chrome.
7 x 13 x 8 W. You get everything-tubes, all parts, easy instruc-
tions. Shpg. wt., 20 lbs.
Model Y-750. 20 -Watt Amplifier Kit. Net only $35.75
Y-752. Chrome control panel for cabinet installation ....$1.40
Y-758. Black metal enclosure for amplifier. 3 lbs $4.15

Basic FM HI -Ft Tuner Kit. Ideal for use with above. Deluxe
custom styling; AFC; flywheel tuning; printed circuit.
Sensitivity 10 my for 20 db quieting across entire band.
Model Y-751. Basic FM Tuner Kit. 12 lbs. Net .... $37.75

ORDER YOUR knight-kit TODAY

SAVSi

knight -kit TWO-WAY
INTERCOM SYSTEM KIT

Model Y-295

$145
It's easy and inexpen-
sive to build your own
2-stationintercom! Use
it in home or office.
Consists of Master
and Remote unit, each

with press -to -talk switch. Remote can
be left "open" for distant answering
or baby-sitting. In "closed" position,
Remote remains private, but can be
called and can originate calla. Extra
high -gain 2 stage amplifier-delivers
full output from only a whisper. In-
cludes quality 4" PM speakers. With
tubes, all parts, antique -white cases
and 50 -ft. cable (up to 200 ft. may be
added). For AC or DC. 8 lbs.
Y-295. Net only t $14.75

SEND FOR CATALOG
Write for special supplement
featuring dozens of other great
KNIGHT -KITS, including fine Test
Instruments, Amateur Kits and
the newest in Experimenters
and Hobbyist Kits. Send for
KNIGHT -KIT literature today.

ALLIED RADIO CORP., Dept. 94-B-7
100 N. Western Ave., Chicago 80, 111.

Send the following knight -kits:

 Y-299. Y-243. 0 Y-750.  Y-758.
 Y-295. E] Y-247.  Y-752.  Y-751.
$ enclosed. (All prices net F.O.B. Chicago)

o Send FREE Supplement describing all KNIGHT -KITS

Name

Address

City lone State
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FOR THE "DO-IT-YOURSELF" MAN!

Parts supplied as illustrated. In addition, re-
quires batteries, any convenient carrying
case, and simple whip antenna.

Kit Form (Includes tube and crystal
Unit less batteries) $9.95

Wired and Tested (includes tube and
crystal but less batteries) $13.95

HOW TO ORDER: For fastest possible serv-
ice, RC -100 Transmitter Unit (or kit) are sold
direct. When cash accompanies order, Inter-

national prepays postage. Otherwise, ship-

ment made C.O.D.

TRANSMITTER UNIT

Wog
MODEL RC -100 (BATTERY OPERATED)

Measuring 31/8" x 4", the Model RC -l00 Transmitter

Unit is designed for coupling maximum power into the

antenna to obtain LONGER RANGE of model control.

With Snap-On connections, the Unit has printed cir-

cuit; uses 3A5 tube in oscillator -multiplier circuit.

 THE MOST ECONOMICAL QUALITY
TRANSMITTER ON THE MARKET!

Crystal controlled on 27.255 M.C. Available in low
price kit form; easily assembled, with complete step-by-
step instructions in each Unit.

International
CRYSTAL MFG. CO. Inc.

18 N. LEE PHONE FO 5-1165 OKLAHOMA CITY, OKLA

DO-IT-YOURSELF
H/8N f/DEL/TY

CRYSTAL D/ODE
AM TUNER AIT

N O. 565

The Miller No. 565 Tuner Kit ís the result of
masterful engineering arid careful planning. Pre-
viously sold only as a factory assembled unit the
tuner has received overwhelming acceptance by the
most critical audophiles, and is far superior to all
other such tuner kits. Only recently have materials
become available which make possible the con-
struction of extremely high "Q" coils. Coils used
in our tuner have a "Q" in the order of 600.
Assembly and wiring of this tuner is not difficult.
Step by step instructions with exploded views,
pictures and circuit diagrams are supplied with
each kit,

NO POWER REQUIREMENTS 
SELECTIVITY (20 KC)  LOW
COST  NO NOISE  LIFETIME
TROUBLE FREE OPERATION 
SENSITIVITY  GAIN CONTROL
SMALL SIZE 4"x7"x31/2" DEEP
VERNIER DIAL  NOTHING TO
CAUSE DISTORTION  FREQ.
540 KC -1700 KC
The No. 565 tuner kit is fully guaranteed.
Buy with confidence front your Radio and
TV Parts Distributor. It is one of the
lowest priced quality tuner kits on the
market.

Net Price $14.70
J. W. MILLER COMPANY
5917 S. MAIN ST., LOS ANGELES 3, CALIF.

Completely Wired No. 595 Tuner also available. Price $19.50 plus Excise Tax
ELECTRONIC EXPERIMENTER'S HANDBOOK
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The LO/Mz "S/Xy0 OAE"
By E. J. LORENZ

An RI C receiver for model boats, airplanes, etc.

IF YOU'VE wanted to control a model air-
plane, boat, or racing car by radio and

want a receiver that is simple but highly
efficient and reliable, here's the one for you.
When used with the transmitter on page
169, this receiver will enable you to perform
remote functions over a ground distance of
1/z mile. This equipment operates on the li-
cense -free band of 27.255 mc.

The receiver is a completely new circuit
designed around the Sigma 8000 -ohm CDS
26F relay. This is a very stable superre-
generative gas -tube circuit, simple to con-
struct and operate. The RK61 gas tube has
a relatively short life when used in regular
circuits, as compared to a high -vacuum
tube. However, it is easier to work with
and is more sensitive than the average sin-
gle vacuum -tube receiver. Due to the char-
acteristics of the Sigma 26F relay, it is pos-
sible to operate the RK61 tube at a reduced
plate current setting, thus adding measura-
bly to its life.

And now to begin construction. It is im-
portant to use the exact components speci-
fied, if the originator's operating charac-
teristics are to be obtained. The chassis is
cut from a piece of ;6" Micarta, or similar
material, and drilled as shown in Fig. 4.
Next, wind coil L2, as shown in the inset
drawing of Fig. 1 and according to the spec-
ifications in the parts list.

The tube socket and eyelets are pressed
into place, as shown in Fig. 4. Following the
schematic diagram in Fig. 1 and the top
view in Fig. 3, solder capacitors Cl, C2 and

Fig. 1. Schematic and parts

LI
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C3 in place. A short piece of small -size in-
sulated wire is jumpered from the coil end
of the 15-µµfd. capacitor, Cl, to the outside
terminal of the tube socket. This outside
terminal should be indicated by a small dot
of red nail polish or paint to indicate the
plate connection for the tube and provide
proper positioning of the tube. The 10-µhy.
r.f. choke is next soldered in place between
the plate terminal of the socket and the
eyelet shown in Fig. 2. The .03-µfd. (C4)
plate bypass capacitor is also soldered in
place.

The 2-megohm resistor, Ri, is soldered in
place between the third terminal connec-
tion on the socket (from the red dot side)
and the ground connection eyelet. Incident-
ally, the tube connections as taken from
the red dot on the tube base, are: plate,
filament, grid, and filament.

A short piece of insulated wire is soldered
between the ground eyelet and the second
terminal connection from the red dot on
the socket. Be sure the center connections
between the 15-µµfd. and 47-µµfd. capacitors
are soldered to the eyelet near the coil, and
a short insulated lead run from the eyelet
to the second socket terminal which has
been grounded by a jumper to the ground
eyelet.

Before mounting the relay and the power
wires or cable, check your connections
again, using the schematic and Figs. 2 and
3. Mount the relay as shown in the photo-
graphs. Note that this receiver will func-
tion with peak performance only with the

list for the radio control receiver.
Rl-2 megohm, 1/2 w. res.
R2-25,000 ohm subminiature pot
CI -15 µµfd. tubular ceramic capacitor
C2-47 µµ1d. tubular ceramic capacitor
C3-100 µµtd. tubular ceramic capacitor
C4-.03 µId., 200 v. tubular paper capacitor
RFC1-10 ¡thy. r.f. choke (National)
RL1-8000 ohm relay (Sigma CDS 26F)
L1-4 t. lightweight plastic covered wire (see text)
L2-15 t. No. 26 en. copper wire wound on Cam-

bridge Thermionic /" dia. coil form with red
dot slug (see text) Powdered iron slug to have
no brass slug attached

M1-0-2 or 0-3 d.c. milliammeter
Vl-RK61 tube (Raytheon)
Misc. Parts:
1 -6 -prong subminiature socket (Cinch)
1 -4 -prong miniature plug and socket (Cinch or

Amphenol)
1-1/16" x 13/4"x 21/2" Micarta chassis (see text)
5-3/32" dia. eyelets

ELECTRONIC EXPERIMENTER'S HANDBOOK
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Sigma 26F relay. A slightly larger Sigma
relay, the 10,000 -ohm 5F, will also work
fine, but due to its larger size and weight, a
new chassis layout would have to be made.

The power cable is inserted from the top
side of the chassis. It is desirable to use
color -coded wire for this work. The cable
we used contained red, black, blue, and yel-
low wires, and we'll follow this color code
in making the hook-up. The red wire, which
is "B+" and goes to 45 volts positive, is
connected to one side of the relay coils. (Of
the three in -line terminals on the relay, the
two outside ones are coil connections and
the center one is the common for the relay
points.) The other outside coil connection
is connected by a short piece of insulated
wire to the junction of the r.f. choke and
the .03-µfd. capacitor. The black wire,
which is "A+" "B-" and the minus side of
the relay points, goes to the ground connec-
tion eyelet and the center of the three in -
line terminals on the relay. The yellow wire
goes to the normally -closed relay point. The
blue wire, which is "A-," goes to the 4th
tube socket terminal. (Note that only 4 of
the 5 tube socket terminals are used; the
fifth is left blank.) Now attach a four -
prong plug to the other end of the cable,
making sure you identify each pin with the
proper wire before applying voltage.

The antenna coil, L1, is made from light-
weight plastic -covered wire and wound near
the grid end of coil L2. Wind in the same
direction as L2, and solder one end to the
eyelet next to the coil which has been
grounded. The other end is soldered to the
antenna eyelet. The antenna coil may be
held hi place by several small dabs of nail
polish. The leads of the RK61 tube should
be cut off to a length of about 1/2" and then
1957 Edition

RFC I
i0yfiy

RI
2 MEG

C4
.03 Nta.

Fig. 2. Bottom view of
the radio control receiver,
showing the tuning adjust-
ment and some of the parts.

Fig. 3. Top view of the
chassis showing locations
of the Sigma 26F relay,
RK6I tube, and tuning coil.

SIGMA 800051
COS -26F RELAY

I-L2
K Ct9lL

i5N,td 02.
47yufd. G5

7GiJpytd

TORE

bent at a 90 -degree angle. Be sure to keep
the red dot on the tube towards the outside
terminal of the tube socket, since the red
dot on the tube indicates the plate lead.
This completes the receiver.

The 11 volts for the filament may be
obtained from a medium -size flashlight cell,
or larger. The plate voltage of 45 volts may
be obtained from two 221/2 -volt hearing -aid
cells connected in series, or a 45 -volt porta-
ble radio battery. An "on -off" switch (not
shown) should be placed in the black lead.
A 25,000 -ohm potentiometer is placed in se-
ries with the red lead. For tuning purposes,
a 0-2 or 0-3 d.c. milliammeter is also placed
in series with the potentiometer in the red
lead, and R2 set for maximum resistance
before the 45 volts are applied.

After turning the "on -off" switch "on,"
check to see if the filament is glowing in the
tube; if not, check the wiring again (black
and blue wires and the tube socket). Upon
applying the 45 volts to the receiver, the
plate current reading should be about .4 to
.6 . milliampere. Touching the antenna
should raise the current slightly. The relay
will close when the current gets up to about
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PRESS FIT FOR 5 PRONG
SUB -MIN. SOCKET

-s

3/32"

1/4'
15/6"

4 2 1/16"

4

2 5/16"

E 1/2°

.7 to .9 ma. A small flashlight bulb and bat-
tery connected between the yellow and
black wire will go on when the relay is not
picked up, and will go out the plate

3/16"

5%16"

GROUND
EYELET

Fig. 4. The chassis
for the receiver is a

rectangular piece of
M i ca rta drilled and
cut for the various
components as shown.

current increases to .7 to .9 milliamperes.
Your receiver is now in working order and

needs only to be tuned to a 27 mc. signal
to actuate it. 30

R/C Battery Rejuvenator
By PAUL F. RUNGE

IN PRACTICE, as a dry cell is used, the
carbon electrode gathers hydrogen. If the

drain is fairly high, hydrogen gathers faster
than the battery can dissipate it during the
"off" periods. Consequently, when it is used
again, only a little of the hydrogen has been
removed. Continued operation adds more
hydrogen, with the result that the battery
becomes useless long before the chemical
agents in it have been fully used.

Ideal operation of dry cells calls for in-
termittent use spaced out over a period of
time. In this way, the zinc container will
be well used up when the battery shows
signs of wearing out. In radio control, bat-
teries are employed fairly frequently and
the drain is high, so that the zinc is barely
touched and the chemicals only slightly
used. However, the hydrogen keeps the
battery from functioning the way it should.

To rejuvenate a battery, the carbon elec-
trode should be depolarized. This depolar-
ization assists the battery chemicals in re-
moving the hydrogen after each use.

Because R/C batteries are generally
small in size, the design of the rejuvenator

can be considerably simplified. The charger
shown below uses the battery itself as a
capacitor, and thus will automatically ad-
just its voltage and current to the size of
the battery being charged.

As each battery is charged, it should be
touched occasionally for warmth. If the
battery is a great deal warmer than body
temperature, the rejuvenator should be
turned off for a short period. Charging
should be resumed if the voltage is still be-
low normal for the battery. --

Schematic diagram and parts list.
SR

65MA

117V.A.C. I D.P.S.T. 2KÓMMMP
1-Bud CU2101 "Minibox"
1-6' a.c. line cord with plug
I-18" length of #20 red flexible hookup wire
1-18" length of #20 black flexible hookup wire
2-Alligator clips (one red, and one black)
1-65 milliampere Federal selenium rectifier
1-2000 ohm, 10 watt wirewound resistor
1-D.p.s.t. toggle switch
I-Toggle "on -off" switch plate
2-3/8" mounting hole grommets

To
DRY

CELLS
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BEND DOWN

4"

1/4"
DIA

I/4"
DIA.

1

1 040" V2HARD ALUMINUM OR
EQUIVAL=NT STOCK

2 3/4"

2 I t4' 

k----13/8"

_'/BbIA.

SEE TEXT

Fig. 1. Dimensional diagram of the subchassis
on which the 3A4 tube and crystal are mounted.

The Lorenz

Transmitter
By

E. J. LORENZ

THIS transmitter, which is operated on
the license -free frequency of 27.255

megacycles, enables the operator to send
out a signal which remotely controls model
planes, boats, cars, or other mechanical
units. It is designed to be used with the
Lorenz "Sixty -One" receiver described on
p. 166. The only FCC regulation on oper-
ating this, or any other crystal -controlled
transmitter in the Citizens band, is that an
FCC form 505 be filled out and sent to the
nearest FCC office. First of all, the chassis
should be cut, drilled, and bent from .040 -
inch, 1/2 hard aluminum, or equivalent, as
in Fig. 1. Next, the case, which is a 31/2"
x 6" x 8" "Minibox," has its cover drilled
according to Fig. 2. The chassis holes on
the bottom flange, shown in Fig. 1, should
be drilled after the front cover holes are
drilled. Hold the chassis against the cover
and mark holes on the flange as per front

9/16"

21/8 25/8"

Fig. 2. Cover of the "Minibox" used for the
transmitter showing the position of the holes.

19,

519
27/r31''''

5

HOLE SIZES
A -1/2"
B -3/8"
C -5/16"
0-1/8"

8.
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R1-33,000 ohm, 1/2 w. res. ± 10%
C1-35 'LAM. variable capacitor
C2-.005 Aid. disc capacitor
LI-30 t., #20 en. on 3/e" form (see text)
L2-11 t., #I6 en. on 5/B" form (see text)
L3-See text
L4-See text
SI-S.p.s.t. "on -off" toggle switch
VI -3A4 tube
1I-Meter jack
Xtal-27.255 mc. (Peterson Z-9)
1-Crystal socket (Johnson #126-105)
1 -7 -pin miniature socket
1-Keying switch
1-11/2 v. battery plug
4-15" lengths of hookup wire (4 colors)
25"-#16 copper enameled wire
25"-#18 solid copper plastic -coated wire
36"-#20 copper enameled wire
4-671/2 v. battery clips
3-4-40 3/8" machine screws and nuts
1-Antenna feedthrough (Johnson $k135-44)
1-Case (ICA 29444 or Bud CU -3009)
1-Set of batteries

All of the above parts may be obtained in kit form
from Electronic Specialties, 58 Walker St., N.Y.C.;
Control Research, Box 9, Hampton, Va.; Ace
Radio Control, Higginsville, Mo.; and Gyro Elec-
tronics Co., 325 Canal St., N.Y.C.

ANT. PICKUP-LOADINC
COIL DETAIL

3A4
VI

Fig. 3. Schematic diagram and parts list for the complete R/C transmitter. The pic-
torial diagram below shows the way the antenna pickup and loading coils are positioned.

3A4
TUBE r

VI

PIET

BATTERIES

ANT
STANDOFF

14

"A" Battery
RCA-VS004 1.5 volts

"B" Battery
Burgess-XX45 671/2 volts

(2 required)
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cover holes. Mount the tube and crystal
socket on the chassis before b/olting the

7&chassis to the cover with 4-40 " machine
screws.

Mount the antenna feedthrough, the 35-
µµfd. variable capacitor, the "on -off" switch,
meter jack, and keying switch.

Wind coil LI (see Fig. 3) accordingt to
72the parts list, leaving leads about " long.

Be sure the winding is tight and the turns
fit tightly against each other. After remov-
ing the coil from the form, give it a coat
of clear nail polish. Wind the tank coil, L2,
as specified in the parts list, leaving the
leads about %" long. Space the turns even-
ly after winding, until the length of the
coil is 1".

The antenna and loading coils, LS and
L4, are made from a 24" length of #18
solid plastic -coated wire. Leave 1% to 11/2
inches between the two windings. LS con-
sists of 3 turns wound on a 5/8" diameter
form; Ly is 10 turns closewound on a 3/s"
diameter form.

For final assembly, follow the schematic
in Fig. 4. It is desirable to have four color -
coded wires for hookup. The colors used
are: black for "B- " red for "B+," green
for "A-," and orange for "A-}-." About
15" of each are used.

Solder the "A+" filament wire to pin 5
of the socket. (Remember that all socket
connections refer to the underside of the
socket.) The "A-" wire is soldered to pins
1 and 7 and also to the center eyelet of
the socket. Twist the "A+" and "A-"
wires together for about 3 inches, cut the
"A-" lead and solder it to one side of the
single -pole, single -throw switch. The other

piece of "A-" lead is soldered to the other
side of the switch. Now twist the "A-"
and "A+" leads together again for about
6 to 7 inches, then cut, and solder to the
"A" battery plug. The large pin on the
plug goes to "A+." Place the tube in the
socket and check to see that the filaments
light when the switch is turned on.

Solder coil Li between the ground point
at pins 1 and 7 and the outside crystal -
socket terminal. Resistor RI is soldered
between pins 1 and 7 on the tube socket
and the inside crystal terminal. Extend the
resistor lead from the crystal socket to
pin 4 of the tube socket and solder. The
.005-µfd. plate bypass capacitor, C2, is sol-
dered between the ground point and the
rotor (movable plates) terminal of the 35 -
ofd. variable capacitor, Cl.

Solder the tank coil, L2, between the
rotor and stator (fixed plates) terminals
of the 35-µµfd. variable capacitor. Solder a
short piece of wire between the stator end
of the coil and pins 2 and 3 of the tube
socket.

This completes the basic oscillator. Be-
fore starting the final hookup, be sure the
meter jack is insulated, by means of in-
sulated washers, from the case cover. Use
a short piece of black wire to connect one
of the sleeve terminals of the jack to one
side of the keying switch. Connect the two
jack sleeve terminals together. Another
short length of black wire is soldered be-
tween the other jack terminal and the
"on" side of the "on -off" switch. The "B-"
black lead is soldered to the remaining
terminal of the keying switch.

A 6- to 8 -inch length of red wire is sol -

Back view of the
R/C transmitter
showing the position
of the batteries, the
subchassis bolted in
place, and the posi-
tion of the antenna
loading coil, L4
above the tank coil.
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ANT
STANDOFF

Back view of the transmitter without the bat-
teries, showing location of the various parts.

dered to the junction of the tank coil, L2,
and the .005 Add. capacitor. Twist the black
and red leads together, cut, and
tery clips.

Now insert the tube and crystal in their
respective sockets and attach a 0-25 or
0-50 milliampere d.c. meter to a meter -jack
plug and insert in the meter jack. Be sure
the polarity is correct-the plus terminal
of the meter going to the side of the jack
connected to the "on -off" switch.

To tune the transmitter, turn the switch
on and set the variable capacitor to mini-
mum, or until the plates are unmeshed. De-
pressing the key will give a current read-
ing of 25 milliamperes or more. Rotate the
variable capacitor until the current drops
sharply to about 5 to 6 milliamperes. This

indicates that the oscillator is functioning
properly. Failure to obtain a current drop
indicates an incomplete connection or a
short to ground through the meter jack.

Next, install the antenna coil by insert-
ing the three turns of L3 between the turns
of L2 near the plate end of the coil. Insert
L3 only about two-thirds of the way into
the tank coil. The free end of L3 is sol-
dered to the ground connection of the tube
socket, and the free end of L4 is soldered
to the antenna post lug. Upon depressing
the key, the variable capacitor will have
to be readjusted to give a minimum read-
ing, which will be about 2 milliamperes
more than that obtained with the coils not
in place. After the minimum reading is ob-
tained, set the variable capacitor to obtain
a current rise of about 1 to 2 milliamperes.
For bench testing, your transmitter will
now operate the receiver on p. 166.

Note the two wood blocks screwed onto
the bottom portion of the "Minibox" as
seen in the photo on page 171. These blocks
serve to hold the "A" and "B" batteries in
place. The center strip is about five inches
long and one inch wide. It is so placed as
to press down on the batteries and hold
them in place. The other block is also
about five inches long but is 21/4 inches
wide. This screws onto the side of the case
and hits up against the batteries.

The antenna is made from /telescoping
brass tubing, using the", %2", l's" and V32"
diameters with a short piece ,of S%e" to re-
inforce the base. Tap the lase section
(%2" diameter) for a 6-32 screw and lightly
crimp the ends of the sections to obtain a
good press fit. Attaching the antenna, the
current reading should be about 12 milli-
amperes. Increasing the coupling between
L2 and L3 and/or adding length to the an-
tenna'will increase the current and, hence,
the output. Properly adjusted, this trans-
mitter will give a ground range of about
1/2 mile, and is fairly insensitive to hand
capacity. -

Technical Instruction in
RADAR

TV
MICROWAVES

RADIO BROADCASTING
School -owned, Student -operated Station WPWT-I M

School Catalogue "PH" sent on request.

PHILADELPHIA WIRELESS TECHNICAL INSTITUTE
1533 PINE STREET PHILADELPHIA 2, PENNA.A Non-profit Corporation Founded 1908
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3 TRANSISTOR HI-FI
PREAMPLIFIER KIT

New Lafayette Hi -FI Pream Kit using
new GE 2NI90 quality audio transistors.
Separate Volume, Base and Treble con-
trols. Frequency response 20.20,000 cps.
Three phono and microphone. Provides
low-noice, stable preamplification with-

out hum and microphonics. Complete with all parts transistors,
pre -punched chassis, battery and detailed step-by-step instructions.
Size 4b¢" x 3%i" x 1%". Shpg- wt., 2 lbs.
KT-117-Complete Kit Net 18.45

5 TRANSISTOR
PUSH PULL AMPLIFIER KIT

ra WATT, CLASS B.
PUSHPULL OUTPUT

 CRYSTAL AND MAG-
NETIC INPUT

 .SEPARATE BASS AND
TREBLE CONTROLS

New 5 transistor audio amplifier
for phonon-microphones-tuners-
etc. Excellent for the experimen-
ter-student-or any one desiring
a good transistorized amplifier.

Uses new G.E. 2N189 and 2N186Á transistor, Inverse feed back
for reduction of distortion. Transformer coupled driver and output
stages. Complete With punched chassis, knobs, transistors, all
parts and detailed instructions and diagrams.
KT -104-3.2 ohm output Net 22.95
KT -105-8 ohm output Net 22.95

TRANSISTOR CODE PRACTICE
OSCILLATOR KIT

For those Interested In mastering the Inter-
national code, an audio lone oscillator is
essential. The circuit of this transistorized
feedback oscillator has the almplitity of the
neon glow, the signal strength of the vac-
uum tube, and requires only two penlite
cella for weeks of service. It may be used
for solo practice, or two may send and re-
ceive with the same unit. Kit comes com-
plete with Transistor, Telegraph Key, Re.
eistors, Condensers. Masonfte Board, etc..
and Schematic Diagram.
KT -72 Net 2.99
Cannon RCI-Single Headset Net 1.1

ELECTRONIC CATALOG
PACKED WITH MONEY SAYERS

Pocked with the -ingest selection of Electronic, Radio and
T.V. Ports, and equipment, PA. Hi -Fi systems. tubes, an-
tennas, Transistor Kits, parts and components, Test Equip-
ment, new build your own kits, toots, beaks, Microscope,
drafting equipment,' Binoculars, Telescopes, All Rodio, TV
and Hans supplies - ALL AT GREAT SAVINGS For the
economy minded servicemen, dealer. engineer and tech-
nician. CHUCK FULL. OF BUYS! SEND FOR YOUR FREE
COPY TO -DAY.

3 TRANSISTOR SUPERHET POCKET RADIO KIT
 A TRUE POCKET SUPERHET RECEIXER-NO EXTERNAL

ANTENNA!  N7 EXTERNAL GROUND'.

A remarkable sensitive, super -selective
pocket superhet receiver with astonish-

!' C Ing performance over the complete broad-
cast band. Uses 2 high -frequency and

_
- one audio transistor plus efficient diode

detector and features 2 specially matched
®.. IF transformers for maximum power

transfer. The components are housed in
a professional looking beige plastic case.

The receiver's appearance enhanced by attractive maroon and silver
station dial. Sensitive built-in ferrite antenna eliminates need for
external antenna. A designer's dream in a true pocket superhet
receiver! Complete with all parts, transistors battery, case, dial
and easy to follow atop -by -step instructions. 4t/a"x2%"x1-1/16".
Shpg. wt., 1 lb.
KT -416 -Complete Kit, less earphone Net 16,95
MS-260-Super Power Dynamic Earphone Net 3.95

1 AND 2 TRANSISTOR POCKET
RADIO KITS

ONE TRANSISTOR POCKET RADIO KIT-KT-97
 IDEAL FOR STUDENTS, HOBBY

ISTS AND EXPERIMENTERS
 PRE -PUNCHED CHASSIS FOR AD-

VANCEMENT TO 2 TRANSISTOR KIT
Ideal, low-cost transistor pocket radio kit.
Super -selective ferrite loop antenna permits
good reception up to 50 mile radius with
approx. 50 ft. antenna and good ground.
Provisions for advancement to 2 transistor
receiver. Complete Kit with simple de-
tailed instructions. 3%" a 2%" a 1". Shpg.
wt., 1 lb,
KT-97-Complete, less earphones Net 4.50

TWO TRANSISTOR POCKET RADIO KIT-KT-98
Contains all KT -97 components plus additional R -C coupled tran-
sistor stage for increased sensitivity and output. Complete with
Instructims. Shpg. wt., 1 lb.
KT -98 -Complete 2 Transistor Kit, less earphone Net 5.95
MS -I II-Crystal earphone for KT -97 and KT -98 Net 1.49
MS-260-Super power dynamic earphone Net 3.95

2 TRANSISTOR POCKET RADIO KIT
Packed Into a 21/s"x31/s"x144" plastic case
This Two Transistor' plus crystal diode radio
kit offers many surprises. utilizing a regener-
ative detector circuit with transformer coupled
audio stage, gives you high gain and excel-lent selectivity. Pulls in distant stations wits
ease with more than ample earphone volume.
Kit comes complete with two transistors,
crystal diode. loopstick. Argonne transistor
audio transformer, resistors. condensers, plas-
tic case, etc. including schematic and In -
[ructions.

KT66A Complete Kit less earphones. 10.95Net
M5260 New Super Power Dynamic

Earphone, Ideal for Translator
Circuit Imp, 8000 ohm, D.C
2000 ohm 2.95

NEW POCKET AC -DC VOM MUITITESTER
2,000 ohm per Volt on AC & DC
 Completely wired - Not a kit

Accurate VOM with a sensitivity of 2000
ohms per volt on both AC and DC. Single se-
lector switch. 3" 160 amp. meter- Scales:
DC Volts: 0-10-60-500-1000; AC Volta:
0-10-50-500-1000; Ohms: 0-10K, 0-1 Meg;
DC Current: 500 ua and 500 ma; Decibel:
-20 to +22, +20 to 36; Capacity: 250 mail
to .2 mid and 006 to 1 mfd. Heavy plastic
panel, metal bottom. 41/4" x 31/2" a 1%".
With batteries and test leads. Shpg. wt. 4.Jbs.
RW-27A 8:95

NEW Mail Order Center
k AND

TODAY!
MAIL

( I

I_

20,000 OHM PER VOLT MULTITESTER SEMI KIT
A new kind of kit-the difficult work is already
done-you wire in only a few multipliers and
mount the battery holder to complete the unit.
A fine high sensitivity (20,000 ohms per volt DC
-5000 ohms per volt AC) instrument employing
a 3" 40 microamp movement. Has 4 DC voltage.
4 AC voltage, 2 DC current, 3 resistance and 2
db ranges. Complete with test leads and de -

ta led instructions. Size 3%" x 4%" a 1%". Shpg. wt., 3 lbs.
KT-20-Kit Net 11,95

D

iijeife 165-08 Liberty Ave.
REPT.EH-B < JAMAICA 33; N. Y.

NAME -_-

ADDRESS

CITY _----------
ZONE -STATE- - - -

CUT OUT

SEND FREE
CATALOG
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Radios
Made From

Hearing Aids

RADIOS that can be put in a pocket, worn
on the wrist, or carried in a purse are

extremely pdpular these days. You can go
out and buy one of these pocket-or purse -
size units, but you'll find it rather expen-
sive. Besides, who wants to buy something
that you can make?

Here are two versions of a midget radio
built around a hearing aid. Perhaps you
can pick up a used model for a reasonable
price at your local hearing -aid dealer.

In both cases, the hearing aid is used as
an audio amplifier and is preceded by a
simple tuned circuit to select various broad-
cast stations. Range will depend on the
power of nearby stations, and on the length
of antenna employed.

In each of the units described, the major
work is mechanical rather than electrical,
so you have plenty of leeway to use your
own ingenuity. Different hearing aids will
present different problems-the basic sug-
176

This Acousticon hearing aid was modified by
adding a loopstick and a midget tuning capacitor.

With minor alterations and

additions, you can make a

radio from a hearing aid

gestions included here should enable you to
convert practically any of the hearing aids
now on the market to a suitable receiver.

UNIT ONE
By Gary Edson

The first unit involves the conversion of
an Acousticon hearing aid. The tuned cir-
cuit consists of a Vari-loopstick with
midget tuning capacitor such as the La-
fayette part No. MS -215 connected in par-
allel with it. This capacitor is mounted in
the space usually occupied by the micro-
phone grille, which is removed; to fill in
the extra space between the edges of the
capacitor and the edges of the hole in the
case, solder in a piece of sheet metal pre-
viously cut to shape. For other models, you
can easily design a suitable mounting sys-
tem. Cut off the threaded sleeve on the
capacitor unless it is used for mounting
purposes, and shorten the shaft so the
tuning knob will not stick out too much.

Mount the loopstick by means of an L-
shaped bracket bolted to the side of the
hearing -aid case. Mount a binding post for
an antenna, or merely solder a wire in
place after you have determined the proper
length.

Connect the parallel coil and capacitor
combination to the microphone terminals
as shown in the schematic. You will prob-
ably note that no detector is employed-
detection of the radio signal takes place in
the grid circuit of the first audio stage.
Volume and tone controls on the hearing
aid are undisturbed; they can be used to
control sound coming from the earphone.
Adjust the coil slug for best performance
over the whole band.

A more compact receiver may be devised
by using a coil from a 456-kc. i.f. trans-
former. The coil can be mounted inside the
hearing -aid enclosure (without the i.f. can,
of course) but performance will be inferior
to that provided by the loopstick. An ex-
ternal antenna is a "must" with this
scheme.
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UNIT TWO

By F. E. Bassett

The second conversion is somewhat more
involved mechanically, but has the advan-
tage that you can unplug the tuned circuit
and use the hearing aid for what it was
originally intended-a hearing aid. Proper
switching for this purpose is accomplished
in the plug and jack arrangement, as
shown in the schematic diagram.

A glance at the photos and diagrams will
give you a general idea of the jack and
plug assembly. The tuned circuit com-
ponents, Li and Ci, and the rectifier CR1
are all mounted inside a plastic tube about
3" long, having an inside diameter of 1/2".
Suitable plugs and washers for the assem-
bly are cut from '/a" -thick Lucite.

To reduce the size of the coil, remove
the solder lugs. Then carefully slit and
remove the cardboard tube supporting the
lugs. Pry open the adjusting screw mount-
ing slightly so that the screw turns freely.
This screw, with a suitable tuning knob
made from the cap on a can of lighter
fluid or other suitable device, is used for
tuning the receiver.

Mount and solder the tuner components
as shown in the pictorial diagram, being
careful not to overheat the rectifier. Cut
washers for the plug end and for the snap -
in end of the coil, slip the whole assembly
inside the plastic tube, and glue the wash-
ers firmly in place with plastic cement or
acetate liquid. Be sure to bring the an-
tenna lead outside the case before final
assembly. Mount a pen clip as shown below.

Now wire up the jack as shown in the
cross-sectional view, cut suitable washers
from the Lucite sheet, and assemble inside
a %" length of plastic tubing-gluing the
washers firmly in place. It is a good idea

HEARING
AID

MICROPHONE
TERMINALS

CI -10.365 wild. midget tuning capacitor (La-
fayette MS -215)

LI-Vari-loopstick with mounting bracket
(Graybourne or equivalent) or the coil from
a 456-kc. i.f. can (see text)

Schematic and parts list for the first unit.

The converted mnit mounted in a shirt pocket,
and being tuned by adjusting the loopstick screw.

Complete assembly. including loopstick tuning
unit and antenna with clip, the hearing aid with
jack added for radio operation, and the earphone.
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TELEPHONES, TELEPHONE PARTS
and

WIRE & CONSTRUCTION SUPPLIES
MAGNETO TELEPHONES
for Rural telephone lines,
construction jobs, factories,

farms, camps or sum-
mer homes, etc.
BATTERY OPERATED
TELEPHONES for
Inter -House, House to
Barn or Office to Ship-
ping Room telephone
service. Handset style
or Desk Stand style.
MOTEL TELEPHONE
SYSTEM -Simple eco-
nomical telephone
service between office
and each cabin. Suit-
able for roadside Driv-
In food service, etc.
ANTIQUE TELE-

PHONE CABINETS-com-
plete with all parts except genera-

tor. Ideal for Home Hobby Shops. Make beautiful Ra-
(`.ios, Spice Cabinets, Liquor Chests and Flower Boxes.
TELEPHONE LAMPS. Make your own. Beautiful.
Different. We furnish the parts or a complete Lamp,
:of you prefer.
WORM HARVESTER-Dan Mac Magneto-gathers
fishworms by electricity.

WRITE FOR ILLUSTRATED BULLETIN "AA -8"
which gives full facts on all of the above.

TELEPHONE REPAIR & SUPPLY CO.
Dept. AA -3 1760 Lunt Ave. Chicago 26, III."America's Largest Independent Telephone Repair Shop"

RADIO CONTROL Headquarters
For model airplanes, boats, cars, etc. FREE CATALOG "P."
No operator's license required. FREE-SEND FOR FCC FORM 505
Garage Door Radio Control Transmitters i Receivers Kit Available.

R/C TRANSMITTER & RECEIVER KIT
271/4 Mc. S Watt 2 -Tube Simple Transmitter 11Super-
*ens. 2 Tube Simple Receiver-Parts Incl. Drilled
Rues. Wound Coil. Res., Cond., SIGMA Relay, Instruc.

The Most Powerful HAND HELD 27.255 Mc.
R/C TRANSMITTER-The NEW GYRO COMMANDER

 GREATEST POWER, up to 5 watts input  GREAT-EST DISTANCE, rang up to 3 sq. mi.  Gyro MAGICTUNING INDICATORe very sensitive tuning system EXCLUSIVE BATTERY MISER save. money, doublesbttry. life  VERSATILE, operates from 90-180 V. "B.".
Complete i Guaranteed w. Antenna, Ready

$16,95to Operate (lass bttry.) d r
Flashing STROBOSCOPE "Motion Stopper", 1Stops' or "Slows Down" motion of any
machine. Sylvania 51.14 Stroboscope tube emits1"s intense light, flasher adj. 900 to 14,000 per

I min. alumin. clue. Complete for $29.85
no V AC operation s

Guardian 12.24 V DC, 2 make, 1 break... - .......... 1.45Sigma 10K ohm 2 Ma DC or 110 V AC SPDT 954; SPST .85Sigma 4F 8K ohm $3.85; 6 -Reed Relay $14.95Tiny Relay: 11/2 V SPOT $2.50; DPDT 4.95
STORAGE BATTERIES: Largest Selection in the Country2V Sub -mini 1x*/ax1/2" 85*; 2V 3 A/hr 21/40./403" $3.45 2V

27A/hr 304x51/2" 52.75; BV mini NT6 21/2x11/4031/:". )2.45Nickel Cadmium 11/4V sub mini half dollar size....... 1.46
New SILVER CELL: 11/2V miracle mini rechargeable power-
house: 1/4 A/hr 2/4 oz., 1/2x11/ax11/2" $4.95; 2 A/hr $5.75;6 A/hr 9.45SURPLUS SILVER CELLS: 71/2V 4 A/hr, 21/4x21/2x2" 1.95

METERS: Sub Mini 1" 0-1 Ma 5.952":150 ua $5.85; 500 ua $3.95; 1 ma $3.65; 3 ma .$2 95
5 ma $3.75; 50 ma $1.65; Thermocouple 1/2A RF 2.95
New Tiny R/C RECEIVER

Only 221/2 V -B" Required, Saves Money. li
SMALLEST & LIGHTEST install. of any set. '-\'vOnly 2 oz. incl. Relay. Idles at 1/2 Ma. Rise.
to 3 Ma. on signal. Supersensitive long -life
non -critical circuit. Uses 2 low-cost radiostubes. Rugged plastic case 11/4021/4x12/4".Factory wired Tested i guaranteed ' net. Installation Kit. GYROMODEL 22X (less relay) $18.85 with built-in Relay add $5.45.
Rotary Magn. Disc Motor: 3V DC @ 30 ma, w. gear box..51.952-13V Battery Charger Kit $4.95; wired 8.95RIC BOOKS: Model Control $1; Radio Control $1; Handbook 2.25
CRYSTALS: 27,255 Me. Petersen Z9A..$3.98; HOLDER .15
RELAY CONTROL UNIT incl, Sensitive 1.1,000 ohm Rig -ma Relay (11/2 Ma) Thermal 1 -metal Strip, Heating Element, Hi Z Audio Choke, Mini AI -o V Magnet, Neon Lamp, Resistors, Capacitors.... only .99TUBES: XFG1, R661, 3A4, 3A5, 1A04, BK4-Transistors .99

GYRO ELECTRONICS 325-XCANALSTREET
NEW YORK 13, N. Y.

';::,:';,"::?' :' .: r

Pictorial diagram of +he tuning unit (above).
This assembly mounts inside of a plastic tube.

Cross section of jack assembly (below) shows
various connections. Lead colors are optional.

MIKE INPUT
RED

BROWN

MIKE
WHITE

GROUND

SPAGHETTI
WASHER PLUGS

JACK
CASE JACK

to use color -coded leads to make certain
that you wire the plug to the hearing aid
correctly.

Remove the hearing aid assembly from
its case. Unsolder the microphone input
lead, and connect the three leads from the
plug as shown in the cross section and in
the schematic. Protect these three leads
with spaghetti tubing. Re -install assembly
in case.

With the tuner unplugged, the hearing
aid should operate normally. Plug in the
tuner, and clip the antenna lead to a metal
lamp shade, phone finger stop, or outside
antenna. Then turn up the volume, and
hunt for stations by turning the coil ad-
justing screw. You should receive several
stations with good volume. -

Schematic and parts list for 2nd conversion.

MIKE
INPUT

CASE
GROUND

C1 -330-4µ1d. subminiature ceramic capacitor
CR1-Crystal diode rectifier (CK707, 1N34, etc.)
J1-Miniature closed-circuit phone jack (Telex

or Switchcraft)
Ll-Slug-tuned loop antenna with threaded

shaft (Walsco or equivalent)
PLI-Miniature phone plug (Telex or Switch -

craft)
1-Alligator clip
1-Tuning knob
1-Pen clip
1-Plastic tube, approx. I/2" i.d. x 4" long
I-Piece of Lucite, 2" square (for washers)
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Transistor Portable
with a Punch

HOW IT WORKS

By RUFUS P. TURNER

HERE IS something a little out of the
ordinary in a transistorized radio re-

ceiver. Although it avoids the complica-
tions of a superhet design, it still has good
selectivity and does not require an exter-
nal antenna for quality performance. And
it provides loudspeaker operation.

Heart of the receiver is a long, high -Q,
ferrite -cored coil which serves as an excel-
lent antenna without any external anten-
na wire. Tuning is accomplished by a 365-
µµfd. capacitor in parallel with the whole
of the antenna coil, and selectivity is main -

CI3654Vfd.

CRI

ANTENNA 1Ct

Most crystal receivers are lacking in selectivity
because the crystal detector loads down the tuned
circuit, reducing its Q. In the antenna arrangement
used here, a long core is employed to intercept a
maximum of r.f. energy from broadcast stations,
and the coil is tapped down to match the low imped-
ancé of the detector. Thus, a high Q is maintained,
and good selectivity results. The coil is wound with
litz Wire, which is made up of a number of strands
of fine insulated wire twisted together. This type of
construction reduces the r.f. resistance of the coil,
and helps in maintaining a high Q.

Capacitor C2 bypasses the r.f. from the detected
signal, and the audio passes through the base -emitter
circuit of transistor TR1. Amplification takes place
in this stage, and the signal is coupled to the next
stage by transformer Tl. This transformer matches
the output impedance of TR1 to the input impedance
of TR2, resulting in maximum power transfer.

The desired portion of the audio signal is selected
by volume control RI and is passed to TR2 through
C3. A high value of capacity is required here be-
cause of the low impedance of the base -emitter cir-
cuit of TR2. Further amplification is provided by
TR2, which is biased by means of resistor R2.
Transformer T2 again matches the output of TR2
to the input of the push-pull output stage TR3-TR4.
Base bias for Class B operation of the output stage is
provided by the voltage divider R3 -R4. T3 matches
the output of the push-pull stage to the voice coil of
the loudspeaker.

Transistors TR1 and TR2 may be replaced by the
cheaper CK722's, with somewhat decreased gain.
Other transistors could also be substituted, with pos-
sibly some change in performance. If such substi-
tutions are made, R2 should be selected for optimum
performance of TR2, and R3 -R-4 for optimum per-
formance of the output stage TR3-TR4.

Schematic diagram of the portable radio receiver.
The pictorial diagram for the set appears on page
182, the complete parts list is on page 183.

1957 Edition
179



T3 TR3 TR4 T2 TR2 R2
Inferior view of complete receiver, sho

tained by connecting the crystal detector
to a low -impedance tap on this coil. All
of the amplification takes place at audio
frequencies, so you don't have to worry

81

RI
TRI TI SI

wing location of the major components.

about poor transistor performance in the
r.f. or i.f. region.

Transformer coupling is used in the
audio amplifier to provide maximum gain.

 Model Airplane remote control
and remote control circuits of all types

 Printed Circuit work
You asked for a GEM
that's adjustable. We
worked on the engineer-
ing and here it is! High
sensitivity-low contact
resistance - fine silver
points. With this mi-
crometel' adjustment, the
close tolerance as on the
Gem Standard can be easily main-
tained. Additional tie -point ter- d 95
minals provide mounting for con-
densers

i
and resistors.

COMPLETE
The same "old reliable"
RELAY . . volume
sales and satisfaction
made a new low price
possible . with no
drop in quality ... in
fact the new high sensi-
tivity GEM
Standard is $425
better than
ever. COMPLETE

ACTUAL SIZE

BOTH RELAYS
Weigh less than I/z oz. Mounting: one screw. Size: 3/4
H, 17/32 W, 1-1/16 L. Coil: 5000 ohms. Also available
tot added cost) 7,500 and 10,000 ohm coils. Also-
Relays in lower voltages (11/2 to 6) for servos or minia-
ture power relays. Available at all hobby dealers.

ONLY
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The push-pull Class B output stage will
provide about 110 milliwatts of audio,
which is adequate for the average room.

Construction

You can't use a metal cabinet with this
receiver, as metal would shield the antenna
coil and greatly reduce signal pickup. Use
a plastic box about 101/2" long, 7" high and
3" deep, or build a wooden box about this
size and finish it as desired. (One experi-
menter built the receiver in a cigar box!)
Size is not all critical, except that the
length must be at least 10" so that the
horizontally mounted antenna will fit in it.

Mount the amplifier section on a strip
of plastic 114/6" thick, 7" long and 2" wide.
Components are held in place by passing
their leads through small holes drilled in
the strip, and bending the leads over on
the other side. Fasten the transformers in
place with a loop of wire passed around
the core, and through holes in the strip.
Twist the ends of the wire together under
the strip for good anchoring. Then, pass
the transformer leads through separate
small holes in the plastic strip. Make all
connections under the strip by soldering
appropriate pigtails and leads together.

Check and double-check the transistor
connections, because wrong wiring can ruin
them. Hold the transistor pigtails tightly
between the jaws of long -nose pliers when
soldering, to avoid damage due to heat. Ob-
serve the color coding on the transformer
leads; incorrect connections could cause
the amplifier to oscillate.

After assembly, mount the amplifier on
the floor of the enclosure.

Now mount the loopstick antenna
lengthwise in the top of the case. Use the
fiber mounting strips provided for this pur-
pose. Don't use metal brackets of any kind.
Install the tuning capacitor Cl immediate-
ly below the antenna, and mount the diode
detector and capacitor C2 on the frame of
Cl. For the tuning dial, fasten a white
plastic disc to a skirted Bakelite knob and
inscribe it with the broadcast frequencies.
Or use a commercial dial.

Cut a hole of the appropriate size for the
loudspeaker which you are using, and cover
inside with suitable grille cloth. Mount the
speaker with 6-32 screws.

You can use your ingenuity in mounting
the batteries. The author wired them in
series, and then secured them in place with
a metal strip fastened to the case at each
end with a 6-32 machine screw. Install the
volume control (with switch attached) in
the approximate location shown in the pho-
to. Wire up the various components ac-
cording to the schematic and pictorial.
1957 Edition

KITS! KITS!
HERSHEL'S KITS ACCLAIMED BEST!

ALL KITS CONTAIN THE FINEST
ASSORTMENTS. OVER 10,000 SOLD!

30 TUBE SOCKETS

2t/2-Ibs of HARDWARE

15 ROTARY SWITCHES

10 Electrolytic Condensers

40 Radio d TV KNOBS

40 BY-PASS Condensers

60 CARBON RESISTORS

60 MICA CONDENSERS

100 SET SCREWS

8 1N22 XTAL DIODES

50 Ceramic Condensers

15 Variable Condensers
(Air and Mica)

50 RF CHOKES

20 POWER RESISTORS

1 Phono Motor 115 Vac.

50 TERMINAL STRIPS

200 ft. HOOK-UP WIRE

1 TRANS. 6.3V-110 Vac.

5 Meissner Plug -In COILS

5 PILOT PANEL LITES

50 FUSES 3AG UP

Rectifier O.IMA.
1 IGN. COIL 3V-15,000

VSEC.

25.Ft. Phono.Mike Cable

3 SELENIUM RECTIFIERS
(65 MA. 110V.)

I PHOTO Electric CELL

10 STRAIN INSULATORS
1 TELEGRAPH KEY
S MICRO SWITCHES
75 -Ft. 300 OHM TV LEAD.

IN
25 TV STAND OFFS
24 SHOCK MOUNTS
1 PHONO XTAL with

NEEDLE
I PIX TUBE BRIGHTENER
3 CONDENSERS (500 MMFD

20,000 Volt)
100 Ft. of SPAGHETTI
1 RCA Flyback Trans.
10 BATHTUB CONDENSERS
10 GRAIN WHEAT LAMPS
5 RADIO-PHONO CHASSIS
4 LOOP ANTENNAS

(RADIO)
I PHANTOM ANTENNA

A-62
100 SPRINGS (RADIO.

PHONO)
S RADIO NOISE FILTERS
25.Fí. RG-58 /U COAXIAL

CABLE with PLUGS
2 Powerful ALNICO S

Magnets

TERMS: Cosh with order or 2I% DOWN-BALANCE C.O.O.
ALL PRICES NET F.O.B. DETROIT MINIMUM ORDER $2.00

ERsNE
TY- Ie400

5249 GRAND RIVER Detroit 8, Michigan
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Pictorial diagram (on opposite page) and parts
list (below) for the complete transistorized receiver.

Operation
Calibrate the tuning dial by tuning in

various local stations and marking their
frequencies on the dial. Or, if you have
an amplitude -modulated signal generator
available, calibration can be easily carried
out by laying the "hot" output lead of the
generator across the middle of the anten-
na. Then set the generator successively to
different broadcast -band frequencies, set
the receiver tuning dial for peak output at
each of these frequencies, and mark the
dial accordingly. Adjust the generator out-
put and receiver volume for best audible
signal without overloading, as this sharp-
ens receiver response and increases accu-
racy of the dial calibration.

Actual battery drain in this receiver
varies with the sound output, since the
final stage operates Class B, but drain will
be much less than with a tube set. The
specified batteries should give very long
life-approaching shelf life if the receiver
isn't used more than a few hours each day.

Volume of this little set is adequate to
make it useful for the home, in a car, or on
the beach. The antenna is slightly direc-
tional, so try rotating the receiver for best
reception. You'll get many hours of enjoy-
ment as a reward for the few evenings it
will take you to build the set.

PARTS LIST
El -6 -volt battery (four Size -D flashlight cells

connected in series)
CI -365 -µµtd. variable capacitor
C2 -0.002 -µid. mica capacitor
C3 -1.0 -µtd., 200 -volt, miniature, metalized tu-

bular capacitor (Aerovox P-822)
CR1-Germanium diode (Raytheon CK705 or

IN34)
LI-Ferrite-type transistor loop antenna (Miller

Type 2000)
R1 -10,000 -ohm potentiometer
R2-0.27-megohm, 1/2 -watt carbon resistor
R3 -100 -ohm, 1/2 -watt carbon resistor
R4-.51,000 -ohm, 1/2 -watt carbon resistor
SI-S.p.s.t. switch installed on potentiometer RI
TI-Transistor driver transformer: primary,

15,000 ohms; secondary, 200 ohms (Argonne
AR -107)

T2-Transistor Class B driver transformer: pri-
mary, 10,000 ohms; secondary, 2000 ohms,
c.t. (Argonne AR -109`)

T3-Transistor Class B output transformer:
primary, 500 ohms, center -tapped; secondary,
3.2 ohms (Argonne AR -119')

TR1, TR2--CK72I transistors (Raytheon)
TR3, TR4-CK722-transistors (Raytheon)
I-Plastic cabinet, 101/2" x 7" x 3" (see text)
I -Plastic strip, 1/16" x 7" x 2"
Misc. machine screws, wire, solder, etc.
'Argonne transistor transformers are obtain-
able from stock at Lafayette Radio, 100 Sixth
Ave., New York 13, N. Y.

Do you WISH you were
EMPLOYED in ELECTRONICS?

We can train you and place you in an electronics
technician job in the short time of only 12 weeks!

F.C.C. License-the Key to Better Jobs
An FCC commercial (not amateur)

license is your ticket to higher pay and
more interesting employment. This li-
cense is Federal Government evidence
of your qualifications in electronics.
Employers are eager to hire licensed
technicians.

Grantham Training is Best
Grantham School of Electronics spe-

cializes in preparing students to pass
FCC examinations. We train you quick-
ly and well. All courses begin with
basic fundamentals-NO previous train-
ing required. Beginners get 2nd class
license in 8 weeks, 1st class in 4 addi-
tional weeks.
Here's y
Proof 

A few of our recent graduates, the
class of license they got, and how
long it took them:

Class of
License Weeks

D. Seller, 218 Dowling, Walterboro, S. C. 1st 10

Tim Marek, P. 0. Box 9167, Suitland, Md 1st 13

W. Reynolds, 3281 Wash. Bl., Venice, Calif 1st 12

L. Swanson. 920 St. Charles, New Orleans 1st 12
Richard Jones, Station KGHF, Pueblo, Colo 1st 13

Joe C. Davis, Waynesboro, Miss 1st 11

W. D. Mains, 6332 8. Paramount, Rivera, Calif 1st 12

Learn by Mail or in Residence
You can train either by correspond-

ence or in residence at either division of
Grantham School of Electronics-Holly-
wood, Calif., or Washington, D.C. Our
free booklet, "Opportunities in Electron-
ics," gives details of both types of
courses. Send for your free copy today.

OUR GUARANTEE
If you should fail the FCC
exam after finishing our course,
we guarantee to give you addi-
tional training at NO ADDI-
TIONAL COST. Read details
in our free booklet.

FCC -TYPE EXAMS
FCC -type tests are used
throughout the Grantham
course. Constant practice with
these FCC -type tests helps
you prepare for the actual
FCC examination.

MAIL TO SCHOOL NEAREST YOU

(mail in envelope or paste on postal card)

GRANTHAM SCHOOLS, Desk R
821 -19th Street N. W. AD 1505 N. Western Ave.

Washington 6, D. C. un Hollywood 27, Calif.

Please send me your free booklet telling how I can get
my commercial FCC license quickly. I understand there
is no obligation and no salesman will call.

Name

Address

City State

I am interested in:  Home Study,  Resident Classes
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Fig. 1. A general pur-
pose tester (rear) and
power line +ester (fore-
ground). (A) Schematic
for both units. (B) Con-
struction details on
power line tester. (C)
Details on the general
purpose tester. Parts val-
ues shown on diagram.

ICI

WITH NEON BULBS

NEON bulb circuits have been popular
with experimenters for years. Home

builders, particularly, have liked them be-
cause of their simplicity and versatility.
Beginners find that such circuits are easy
to wire and quite inexpensive, since so few
parts are needed for the average circuit,
and the cost of the individual items is gen-
erally low.

Five interesting neon bulb gadgets are
shown in the photographs and sketches.
They are neither complicated nor expen-
sive to build, and the average experi-
menter should have no difficulty in wiring
several of the items shown in a single eve-
ning. The circuits shown are not all new.
Several have been favorites with experi-
menters for years and have proven their
reliability through the "test of time."

Three different types of neon bulbs are
used in the circuits shown, the NE -2, the
NE -51 and the NE -48. Of these three, the
NE -2 and the NE -51 are interchangeable
in the circuits where they are used. The
chief difference between these two bulbs is
in the basing. The NE -2 has no base, only
wire leads, while the NE -51 has a minia-
ture bayonet base.
184

A general purpose tester (background)
and a combination night light and power
line tester (foreground) are shown, along
with circuits and construction data, in Fig.
1. Note that both devices are electrically
the same, with the schematic diagram given
in Fig. 1A applying to both.

Construction details for the night light
and power line tester are given in Fig. 1B.
The only parts needed are an NE -51 bulb, a
220,000 ohm, 1/2 watt carbon resistor, and a
small piece of insulated wire, together with
a standard rubber plug. Assemble the unit
as shown, cementing the neon bulb in the
neck of the plug with Duco cement (or any
equivalent household cement). Be sure that
the brass shell is below the neck of the
plug ... no part of the shell should be ex-
posed.

To use as a night light, simply plug the
unit into any standard wall receptacle. The
bulb will give off a soft glow with virtually
no heat, and may be safely left on all night.
Power consumption is almost insignificant.

To use as a power line tester, plug the
unit into the suspected receptacle. If the
bulb glows, power is available. If not,
either the receptacle or wiring is defective,

ELECTRONIC EXPERIMENTER'S HANDBOOK



or the line fuse is blown. Lamp fixtures
may be checked by using a standard screw -
type adapter.

The general purpose tester operates in
much the same manner, with the only dif-
ference being in the method of construc-
tion. Full details are given in Fig. 1C. If
preferred, connections may be soldered
directly to the base of the neon bulb and
the socket omitted. Once the wiring is com-
pleted, cover the connections with finger-
nail polish or lacquer to prevent accidental
shorts.

Either a.c. or d.c. voltages from around
90 to 250 volts may be checked with this
device. To use the tester, connect the test
leads to the points where voltage is to be
checked. If both electrodes glow, the
voltage is a.c. If only one electrode glows,
the voltage is d.c. (the negative electrode
is the one that glows). In both cases, the
higher the voltage, the brighter the glow
obtained.

The "hot" side of a power line (110-220
volts) may be identified by connecting one
lead of the tester to a good ground and
then touching first one, then the other wire
of the power line with the free lead. A
glow will be obtained when the "hot" power
line wire is touched.

Hams will find the r.f. tester shown in
Fig. 2 . useful. The schematic diagram is
given in Fig. 3A, while construction details
are given in Fig. 3B.

To check for the presence of r.f. energy
in low and medium power oscillators and
amplifiers, hold the tester as shown in the
photograph of Fig. 2 and touch the metal
tip to a "hot" terminal. If r.f. energy is
present, the neon bulb will glow. Where a
moderate to large amount of r.f. power

Fig. 2. Photo of the r.f. fester for radio
amateurs. Use it to check for the presence
of r.f. energy in oscillators and amplifiers.

the
one and only
magazine
devoted 100%
to hi-fi
"do-it-yourselfers"!

At last-a complete monthly magozine for those who build and maintain
their own hi-fi sound reproduction systems.
Not a music publication ... not a record review ... not a general elec-
tronics guide-AUDIOCRAFT offers practical information to make hi-fi
more fun at less cost. In a typical issue:

 How to build your own amplifier
 How to place and orient your speaker
 Improve the performance of your recorder
 Using soldering materials
 Electrostatic speakers
Plus regular features on sound servicing .. . new
equipment ... hi-fi trends . .. kit reports ... tips
for the woodcrafter ... tape news ... basic elec-
tronics ... and morel

4 MONTHS ONLY $1
See for yourself how much fun and information is packed into AUDIOCRAFT.
Use the coupon below to get the next four monthly issues for only $1.00-
la $1.40 single copy valuel.

ORDER FORM
Please enter my AUDIOCRAFT subscription for 4 months at only $1.
My dollar is enclosed. (Offer good only in U. S. and Canada.)

Name

Address

City

Zone State

AUDIOCRAFT  Publishing House  Great Barrington, Mass.
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may be present, do not touch any terminals
with the metal point, instead, simply bring
the bulb end of the tester in close proximity
to the hot terminal. If sufficient energy is
present, the bulb will glow without actual
contact.

Radio service technicians will be able to
use the 60 -cycle stroboscope shown in Fig. 4
when testing and adjusting phonograph mo-
tors. The audiophile, too, will find the
gadget useful for checking the speed of his
favorite record player.

The schematic diagram of the unit is
given in Fig. 4A, while construction details
are shown in Fig. 4B. An ordinary plastic
pill box or vial is used for housing the de-
vice. The NE -48 neon bulb is simply forced
through a hole in the flexible plastic cap
of the pill box. Take care that the brass
shell is not exposed outside the box, how-
ever. If necessary, a little cement might
be used when assembling the unit.

The completed stroboscope is used with a
standard "stroboscope disk" (available at
most radio supply houses) when checking
the speed of a phonograph turntable. The
proper technique is shown in the photo-
graph of Fig. 4. When the turntable is
rotating at proper speed, one of the circles
will appear stationary when viewed in the
light of the stroboscope. One circle is for
331/3 rpm, while the other is for 78 rpm
turntables.

Learning the radiotelegraph code may be
a little easier for the beginner if the code
practice oscillator shown in Fig. 5 is used.
The neon bulb "blinks" each dot and dash
at the same time that the tone is heard in
the earphone. The schematic diagram for
the unit is given in Fig. 6A, while the pic-
torial wiring diagram is given in Fig. 6B.

Construction is simple and straightfor-

Fig. 3. Schematic and pictorial diagrams for
the r.f. tester for hams. A discarded ball point
pen may be used for this tester, as shown in (B)
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ward and no difficulty should be encoun-
tered if the wiring diagrams are followed
carefully. The hand -key may be connected
in series with either the positive or nega-
tive lead of the battery, and on either side
of the 470,000 ohm, 1/2 watt resistor. In
the model shown in the photograph, it is
connected between the 470,000 ohm re-
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Fig. 4. Proper way to use the 60 -cycle stro-
boscope diagrammed above. Technicians and
audiophiles will find this handy for checking
the speed of their phonograph turntables.

sistor and neon bulb. The tone may be
changed by varying the value of the series
resistor. A lower value resistor will give
a higher pitch, a higher value resistor a
lower pitch.

All of the devices described and pictured
in this article are easy to build, offer a
practical solution to some specific problem,

Abraham Marcus, co-author of famous best-seller
"Elements of Radio" makes amazi» q offer!

TRY MY Raoló COURSE FREE'
REPAIR FOR 1 MONTH

"If you haven't earned at least $100 in spare
time during that period you pay not a cent."

Here it Is! The most amazing guarantee ever offered on any
radio -TV course anywhere! We'll send you Abraham Marcus'
course to use FREE for one full month! If In that time you
haven't actually made $100 fixing radios and TV sets, Just
return the books to us and pay not a penny:
Why do we make this sensational offer? First, because these
books are so easy to use. They are written in the same clear,
easy -to -understand language that made the author's "Ele-
ments of Radio" a 1,000,000 -copy best-seller. Second, be-
cause these books get right to the point-tell you what to
do in 1-2-3 fashion. For example, once you master the first
few chapters of the TV book you are ready for business-
ready to do service jobs in the field-jobs that account for
over 80%n of all service calls.
DON'T WAIT! You risk nothing when you send the coupon
at right. You don't have to keep the books and pay for them
unless you actually make extra money fixing radios and TV
sets. Even when you decide to keep them, you pay on easy
terms. Mail the coupon now.
WHAT YOU GET IN THESE 3 GIANT VOLUMES
ELEMENTS OF TELEVISION SERVICING. Analyzes and illus-
trates more TV defects than any other book, and provides
complete, step-by-step procedure for correcting each. You
can actually SEE what to do by looking at the pictures.
Reveals for the first time all details, theory and servicing
procedures for the RCA 28 -tube color television receiver,
the CBS -Columbia Model 205 color set, and the Motorola
19 -inch color receiver.
RADIO PROJECTS. Build your own receivers! Gives you 10
easy -to -follow projects, including crystal detector receiver-
diode detector receiver-regenerative receiver-audio-fre-
quency amplifier-tuned-radio-frequency tuner-AC-DC su-
perheterodyne receiver-etc.
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RADIO SERVICING Theory and Practice.
Here is everything you need to know about
radio repair, replacement, and readjust-
ment. Easyto-understand, stepby-step self -
training handbook shows you how to locate
and remedy defects quickly. Covers TRF re-
ceivers; superheterodyne receivers; short-
wave, portable, automobile receivers, etc.
Explains how to use testing instruments
such as meter, vacuum -tube voltmeters.
tube checkers, etc., etc.
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TACHOMETER
A new and accurate electronic tachometer. Con-
tains no relays or vacuum tubes. Maintains cali-
bration indefinitely. Entirely self-contained in case
which extends 21/, inches behind large 31/._, inch
meter. Extremely easy to install. For all battery
operated ignition systems. Complete instructions
included with each item.
PE -I METER AND BRACKET ONLY. 1ma. move-
ment 31/ inch size. Exactly as shown in photo.

S10.50"
PE -2 COMPLETE TACHOMETER KIT. Special
core, diode, resistors, capacitor, wire, cover,
bracket, etc. $19.50'
PE -3 TACHOMETER-READY TO INSTALL. State
6 or 12 volt, pos. or neg. ground, and number of
cylinders. $29.50 
*Add 40C pdatage and handling charge. and 4% tax in Calif.

CALIFORNIA CONTROLS
7134 E. Peabody St. Long Beach 8, Calif.

Check Selenium Rectifiers

UNDER WORKING CONDITIONS

CAPACITEST II
Quickly, Accurately Checks:
 Paper, Mica,  Selenium

Ceramic Rectifiers
Capacitors  AC/DC

 Electrolytics Voltages
y  Flashbulbs

 Continuity  NOT A KIT

CAPACITEST II, with thousands already in use is

a new and improved compact checker that does a giant
job to save you time and money. It tests Selenium Rec-
tifiers! It checks condensers at 150 volts, the approxi-
mate working voltage in radio or TV sets. Meters will
not give this type of check since the applied voltage is
20 volts or less. Avoid call -hacks . . . use CAPACI-
TEST II. Accurately, quickly, it shows open, shorted
or intermittent capacitors and leaky electrolytics.

Compact 4" x 4" x 2"-Lightweight, for
B ench or Tool Kit.

Complete, Ready to Operate, Postpaid, $995
Net. 1O -Day Money Back Guarantee.

FREE LimSet iteofd T Lrimeads l with

Order Direct from Manu-
facturer. Include S3
Deposit with C.O.D.t.
Save PP & C.O.D. fees,
send 59.95 & we'll pay

Each CAPACITEST for

143 West 40 Street
New York 18, New York

Fig. 5. A simple code practice oscillator.
Neon bulb in box blinks each dot and dash at
the same time that +one is heard in earphones.

and present a "professional" appearance.
Pick and then have the
fun of building it!

Fig. 6. Schematic and pictorial diagrams
of code practice oscillator. Follow these exact-
ly for best results. Parts values are included.
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Build Your Own

¿le Detectar
INTERESTED in a gadget to take to a

party? How about something for the
classroom? Studying experimental psychol-
ogy? Want to see what else can be done
with electronics? Then here is an interest-
ing answer. A simple circuit consisting of
one tube, three batteries, four resistors,
and one potentiometer that will convert a
v.t.v.m. into a lie detector.

How It Works
Practically every experimenter possess-

ing a v.t.v.m. has measured his own skin
resistance. Unknown to many is the sim-
ple fact that this resistance is an important
part of the usual lie detector.

Skin resistance is the measurement in
ohms of the actual resistance from one
part of the body to another. Usually the
measurement is made from hand to hand.
Major changes may be easily noted simply
by holding the probes in the two hands. If
the ohmmeter were sensitive enough, the
operator could detect small changes that
are related to emotional stresses and which
can be used as a so-called lie detector.

BARGAINS BARGAINS BARGAINS
VTVM KIT

Meter Miniature 0-1ma/2% acct'
Knob Chrome 15/g"/#1007/Millen

$40,
394,

2 for $7
3 for $1

Meter SOOma DC/31/z"Rd/2% acey $30, 2/SS
Meter 0-30 volts/AN-type/2% cosy $2.50 @, 2/54
Relay 4PDT/12 to 28VDC Min Size $2 @, 3/$5
Battery Charger Kit 6 & 12 Volt et 8 Amps $12
0-132V/1.25 amp/PA-1/ADJUSTAVOLT $13.23
Ten Watt Hi -Fi Amplifier Kit Special $21

NEW "TABTRON" SELENIUM RECTIFIERS
FULL WAVE BRIDGE YEAR GTD.

I8VAC/14VDC-1 Amp. $1.40; 2A $2.00; :IA $2.90;
4A $3.50; BA $3.95; 10A $5.85; 12A $7.20.
36VAC/28VDC-1 Amp. $2.80; 2A $3.40; 3.4 $4.10;
4A $6.40; 6.9. $7.70; 10A $11.35; 12A $14.25.

18 VOLT @ 8 AMP. DC PARTS PACKAGE, CONTAINS BRIDGE
RECTIFIER & 18 to 24V/BA (5 lb) TRANS. 115 VAC INPUT,
$20 Value. Delivers 14 to 20 VDC, Ideal R.R.....SPECIAL $11

NEW "TABLITE" ELECTRONIC FLASH
AC 6 Battery Operation Inbuilt

All in One Camera Case
MODEL 400B, 60 Watt Seed, color 75+; B&W
225+. Recycles 2 seed.. "TAB" @ $25
MODEL 600B, 120 Watt Sec'd; color 100+;
RAW 300+. Recycle 5 see'd..."TAB" @ $34
Two (2) 240 VOLT BATTERIES @ $10
Special New Gtd 525 mfd/450VDC. PHOTO
FLASH CAPACITORS. Reg. $29 @ 5.......

TAB" SPECIAL $6 each

TUBES
OA2
0Z4
183
114
154
1T4
1U4
1U5
IX2A
3A4
3A5
3Q4
3V4
5U4G
5736
6AC7
6AQ5
6AH4

.70

.42

.60
.40
.64
.49
.45
.40
.60
.48
.75
.45
.55
.42
.65
.64
.45
.75

5BP1 1.25
SANO
6AK5
6AL5

6AQ5
SASS
6AT6
6AU4
6AU6
6AX4
6BA6
613E6
6BG6
6BL7
6BQ6
6BQ7
6C4

"TAB"
TESTED
OUR 12th YEAR IN BUSINESS

.45

.75

.35

.75

.40

.60

.45
.45

1.12
.80
.90
.85
.35

12021 .751

6CB6
6CD6
686
6J5
OJ6

.BS 666

.52 6K7

.38 6L6

.48
1.12
.45
.38
.45
.39
35
.65

654
65117
6587
65J7
6SK7
651.7
65N7
6507
6T4

Guaranteed
.50
.45
.40
.45
.45
.55
.S5
.39

1.00

1 IN21 .251

678
6U8
6V6
6X4
7C5
7F7
7Q7
I2AT6
12AT7
12AU7
12AV6
12AV7

.75

.75
.45
.30
.55
.55
.75
.40
.65
.50
.35
.75

12AX4 .70
12AX7 .55
12BH7 .65

1CK1026 3.251
12BY7
125A7
12567
12567
125Q7
14A7
191366
25BQ6
25Z6
35C5
35L6
3525

.70

.65

.43

.55

.45

.55
1.25
.90
.45
.50
.50
.45

50A5 .45
50115 .55
5005 .45
50L6 .40
117L7/N7

1.75

WRITE FOR NEW BONUS CATALOG
1000's of Un -Advertised Specials

Headquarters for All "Experimenters Handbook"
KITS & Parts at Bargain Prices.

KITS! KITS! KITS!
Each "TAB" Kit Contains the Finest Selection of Top
Qualify Components in the Most Popular Values & Sizes

EXTRA. Fr Kit
Kit tOth rdereach 3

25 Precision Resistors
10 Switches
25 Knobs
75 Carbon Resistors
36 Panel Lamps
10 Electrolytic Cond's
15 Volume Controls
25 Tube Sockets
50 Tubular Condensers

500 Lugs & Eyelets
10 Bathtub Oil Cond's
5 lbs. Surprise Package

10 Transmit Mica Cond's
40 Insulators

25 Power Resistors
65 Mica Condensers

5 Crystal Diodes
250 ft. Hook Up Wire. Asst'd
100 Fuses

35 Ceramic Condenser*
10 Rotary Switches
6 Crystals

60 Inductora & Coils
5 Microswitehes

10 Wheat Lamps
 In Plastic Box

1,000's OF SATISFIED EACH
CUSTOMERS KIT ONLY 99c

Every Kit Sold on "TAB ' Money Back Guarantee
INFRARED SNOOPERSCOPE

SEE IN DARK TUBE
Selected, GTD & Tested for resolution, lot class Im-
age viewing tube. Hi -sensitivity simplified
i lesiim 2" die. Wiliemite screen -Hl -Resolution. Tube
& Data @ $4.75; 2/59

SNOOPERSCOPE POWER SUPPLY
Model PS2001-4500VDC Supply using dual doubler
ckt. Housed in metal cabinet.. .$21.95
Kit. Same as above, parts only, less eabinet.513.95

"TAB
111E Liberty St.

TERMS: Money Back Gtd. (cost of
mdse. only), $5 min. order F.O.B.
N.Y.C. Add sops, charges or for
C.O.D. 25% Dep. Tubes Gtd. via
R-Exp. only. Prices shown are sub-
ject to change. OUR 12th YEAR.

N. Y. 6H, N. Y. Rector 2-6245
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WE GIVE YOU
BUYING SCOPE

Our New 1957 Parts and Equipment
1546 page MASTER Catalog

for for for
BUYING SELLING SPECIFYING

wisely rapidly Intelligently
Increase your BUYING SCOPE with our M I

Find exactly what you need by comparing specifications before
you buy.

You need only this one book . . . no more bulky files or hunt
ing misplaced literature.

You'll find it faster in the M -latest facts about new
products-new models -changes in specs.

SPECIAL THIS ISSUE: Fidelitape Recording Tape, 7 inch $lag
1200 ft. Reel. Postpaid Any Quantity r7

At your fingertips, all the latest information-SPECIFICATIONS
. . . ILLUSTRATIONS . DESCRIPTIONS DIAGRAMS

PRICES-on the thousand. of products vital to your daily
operations. The only Official Buying Guide of the parts industry

ngle In--gives you the opportunity to make selections from a single
dustrywide source book. Saves you the time of writing to hun
dreds of manufacturers for catalog information-We all between
the covers of this permanent catalog file.
 1548 pages Publisher' price i
 Over 125,000 item. $95 610.00. we advertise on
 Over 11,230111uetratiens the cover and pass the sav-
 Fully indexed Inps on to you. Your 62.95

will be refunded on per-
weighs o1/2 Ibs, chases of 625.00 or more.

SPERA ELECTRONIC SUPPLY
37-10 33rd St. Long Island City, New York

SPERA ELECTRONIC SUPPLY
37-10 33rd St., Long Island City, New York
Here's 52.95

two.
over the coat of your 1957 M(15TER Catalog. 1 Iunderstand it ll be refunded with purchase of $23.00 o more,

 Enclosed is anorder for $25.00 or more. Send me r  free Icopy of your 1957 MASTER Catalog.
Name

Add,...
City Zone StateL_ _ J

GET ON OUR MAILING LIST TODAY FOR

FREE FLYERS
FROM AMERICA'S ELECTRONICS HOBBY H9!
HUNDREDS OF BARGAINS, BONUS AND GIFT ITEMS!
 KITS  TOOLS NI -FI  SUBMINIATURE 

including
FAMOUS (kit king crown) DOLLARBUYS!
y

ng
Kit EXCLUSIVE WITH LEKTRONKi"

EXCLUSIVE!
TRANSISTOR

RADIO KITS
KIT #1, "SOLAR/CELL." Dual -powered, pocket size! Sen-
sitive, ample volume. Sun battery for daylight or electric
light. Mercury cell for night-outlasts regular batteries
6 times!
MINUTES TO COMPLETE-ALL PARTS MOUNTED! Pre -drilled styrene cabinet, step-by-step instructions, hi -gain
transistor, diode, latest loopstick permeability tuner,@ Gpostps,
jacks, wire, hardware. Wt. 3 oz. $5.88O .630
KIT #2. "SOLAR." Sun Battery powered. (Kit s 1 less

98
mercury cell.)
8.631 'P U

KIT #3. "CELL." Mercury Cell powered. (Kit r 1 lessSun Battery.) @.epB-632 ........ tD s9 v
H I -IMPEDANCE PHONES for SOLDERING IRON with vol.
above sets. e I AA der included.
N-111 only7 s.7 .7

oraeN 112 rock nuñlyHOW TO ODER: 'x-531, 64.º4." send eheek'érmoney order, including sufficient postage; excess returned.SATISFACTION GUARANTEED.

LEKTRON
SPECIALTIES

135 Everett Avenue Chelsea 50, Mass.
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Front panel view of +he lie detector. Any one of
the readily available v.t.v.m. units may be used.
The common 1000 or 20,000 ohms -per -volt meter
will not permit efficient operation of the detector.

To observe these small changes in the
skin resistance a,n amplifier circuit is re-
quired. Because this circuit must be sensi-
tive, a v.t.v.m. must be used as the indi-
cating device.

The basic circuit of the lie detector am-
plifier is shown in Fig. 1(a). Note that the
four resistors, R1, RS, RS, and RX form a
diamond shape, or the properly called
Wheatstone Bridge. This circuit is bal-
anced when RX is to R2 as RI is to RS.
These are ratios and not necessarily abso-
lute resistance values. The tube wired into
the center of the circuit is used as a de-
tector to find any unbalanced condition of
the bridge.

If RX is made the skin resistance of the
body and the variable resistor, RS, is care-
fully adjusted-then there will be no cur-
rent flow through the tube and no reading
across Ry by the v.t.v.m. Should the skin
resistance decrease, the point shown as "d"
will become positive with respect to point
"b" and current will flow through the tube
and be read on the v.t.v.m. as a voltage
drop across R.. As the skin resistance
increases, or returns to a normal value, the
reverse situation occurs and the voltage
reading across R¢ drops.

Actually the operation of the circuit is
slightly more complex since we have ne-
glected the factor of grid bias. This is con-
sidered in the final wiring schematic of the
lie detector which is shown in Fig. 1(b).

Batteries are used in the lie detector
in order to insure freedom frdm voltage
changes that might upset the balance of the
bridge. Battery, B1, is a 671/2 -volt unit that
supplies the bridge and plate voltages. Re-
sistors, RI and RS, are adjusted so that
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they draw about 1.0 milliampere when
switch, 21A, is closed. Battery, B2, consists
of four penlite cells in series. These are
used to "buck" the voltage drop across R4
so that the v.t.v.m. may be set upon a
sensitive "plus d.c. volts" scale.

The operating voltages of the bridge may
be checked by the v.t.v.m. before the unit
is fully enclosed in its case. They should
measure: plate -to -cathode 23 volts, screen -
to -cathode 30 volts, and grid -to -cathode
-6 volts.

Construction
The mechanical layout of the parts and

components used in the final wiring dia-
gram Fig. 1(b) and the pictorial schematic
Fig. 2 is relatively unimportant. In other
words, they can be placed at the discretion
of the builder. Some may want to "bread-
board" the bridge -style lie detector, while
others may want to follow our suggested
layout in a Bud utility cabinet with the
self-contained chassis deck. The two be-
hind -the -chassis photographs show how the
parts were laid out. The only exceptional
piece of material is the mounting bracket
for the 67% -volt battery. The bracket is

Top: Above -chassis view, showing location of
the batteries. Here, instrument is on its side.
Below: Under -chassis view, with callouts indicat-
ing some important components. Switch between
the phone tip jacks may be either slide or toggle.

NEW THIS YEAR!
in the 1957

PHOTOGRAPHY
DIRECTORY

& Buying Guide
Special 16 -page section on HOW TO
SELL YOUR PICTURES FOR CASH!

You'll profit from this money -making
guide to the photo market-included as an
extra bonus in this year's PHOTOGRAPHY
DIRECTORY. This special section lists
the names of newspapers, calendar and
greeting card firms, trade journals and mag-
azines interested in buying your photo-
graphs.

It's typical of the extra features that
make the 1957 PHOTOGRAPHY DIREC-
TORY & Buying Guide bigger, better,
more complete than ever.

Buy your copy today-only $1.00.
On sale now at your favorite newsstand or

photo dealer.

If you're interested
in true high fidelity

OU NEED THIS!
. The authoritative, easy -to -

understand story of how a hi-fi
loudspeaker works. Tells you how
to judge a good loudspeaker .. .
what to look for, listen for. 32
fascinating pages, including doz-
ens of diagrams and delightful
cartoons. Only book like it! A
wonderful guide for everyone
who has a hi-fi system. A must
for everyone who plans to pur-
chase one!
Yours FREE-just send a dime to cover cost of mailing.
UNIVERSITY LOUDSPEAKERS, INC., WHITE PLAINS. N.Y.

u' UNIVERSITY LOUDSPEAKERS, INC. Desk DO -I
80 South Kensico Ave., White Plains, N. Y,

Gentlemen:I Please send me
my copy of

ti "Speaking about
Loudspeakers."

Enclosed is Dime Address
to cover the

11 cost of mailing. City State

MMr.MsMtaal.MN IN I

Name

1957 Edition



ASSEMBLE YOUR OWN

WALKIE-TALKIE
RADIOPHONE

far as mas. s

$6.98
pies ecaaswrles

Specifications: I to 5 mile range with l8 -inch antenna and much
more with directional beam antenna. Tunes from 144 to 148 mcs.
High level amplitude modulation. Silver plated tank circuit and
many other exclusive features assure maximum efficiency and long
battery life. Fully portable-no external connections ever needed.
Meets FCC requirements for general class amateur license. No
minimum age requirement.

The following components are all you need to assemble a com-
plete walkie-talkie as illustrated. Factory wired and tested trans-
ceiver chassis complete with special dual tube $6.98
High output carbon mike $1.49
Miniature mike transformer $ .98
Powerful alnico magnet headphone $1.25
Strong 16 gauge aluminum case (8"x5"s2") with all holes
punched, battery compartment, battery switch plus all hard-
ware and fittings including 18" antenna $3.98

Uses standard batteries available at your local radio store
All components except tubes guaranteed for one year.
Include 5% for postage. COD's require $2.00 deposit

SPECIAL: Limited quantity, brand new Western Electric tele-
phone handsets $6.98
Receiver impedance matching transformer for using handset
with walkie-talkie _ .$ .98

All orders immediately acknowledged

SPRINGFIELD ENTERPRISES
Springfield Garde.* 13. N. Y.in 54.8

NEW! HIGH FIDELITY AM
CRYSTAL DIODE TUNER KIT

Nothing to Cause Distortion
Output .01 volt to .1 volt
Frequency response 50-15,000-
The Precision Tuner Kit is the result of advanced
engineering design of a high "Q" ferrite coil

and a unique circuit which results in a sensi-
tivity increase at the lower frequencies and a
selectivity increase at the higher frequencies

where it is needed. There is therefore no sacri-
fice of sensitivity for selectivity as in other tuners.
This tuner has received overwhelming acceptance
by the most critical audophiles and is far superior
to all other such tuners. Assembly and wiring
of this tuner is not difficult since there is no

soldering required.

PRECISION ELECTRONICS, MT. KISCO, N. Y.

(G)
a

-
9

R2

354
VI

SI

1------ J
(B)

Above. Fig. 1. Schematic diagram and parts
list of home -built lie detector. (A) is a simplified
diagram of (B) indicating the resistance bridge.

Below. Fig. 2. Pictorial diagram showing how
various parts of the lie detector are connected.
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R1-39,000 ohm, 1/2 w. res.
R2-1.0 megohm pot, Centralab C -I taper
R3-47,000 ohm, 1/2 w. res.
R4-10 megohm, 1/z w. res.
R5-100,000 ohm, 1/2 w. res.
BI -671/2 -volt battery, Eveready #467, or equiv.
B2-Four penlite cells wired in series, Eveready

AA #915
B3-Flashlight cell, 11/2 volts
Sla, b-D.p.s.t. slide switch, Birnbach #6247
V1 -3S4 tube
1-Battery plug for B1, Cinch -Jones #5MFA
2-Capacitor mounting clips, Mallory TH-25, see

text
1-Utility cabinet, Bud #C-1797
I-Seven pin miniature tube socket
4-Insulated phone tip jacks, two in red, two in

black, ICA #1889 and #1890.
2-Insulated phone tips, ICA #868 and #869.

Hookup wire, grommets, tie -points, etc.
Total cost of parts should be about $9.50.

shown in Fig. 3. It may be cut from cop-
per, brass, or aluminum.

Batteries, B2 and B3, are soldered into
the circuit. Both of these batteries are held
to the chassis by Mallory capacitor mount-
ing brackets type TH-25.

The electrodes that attach the lie de-
tector to the "subject" are wired using in-
sulated flexible wire similar to ICA #307.
At one end of each piece attach an insu-
lated phone tip, ICA #868 and #869. At
the other end of each length of wire attach
a small copper disc about %" in diameter.
Solder all of these connections and make
sure that the underside of the copper elec-
trode contact is bright and shiny.

Operation
Carefully tape the electrodes to the two

index fingers of the "subject." The elec-
trodes must be held firmly in position while
the lie detector is in use. If the "subject"
attempts to jar the electrodes, or move
about, the skin resistance will change vio-
lently. Normally with this instrument the
skin resistance will be about 250,000 ohms
at 70° and 100,000 ohms at 90°. The oper-
ator may find it interesting to experiment
with the position of the electrodes once he
has become familiar with the operation of
the lie detector.

After the electrodes have been fully
secured to the "subject," turn on the lie
detector and at the same time set the
v.t.v.m. on the 0 to 5 volt scale. With the
"subject" breathing easily, adjust the "bal-
ance" control on the lie detector until the
meter needle rests in the lower third of the
scale. If the room is warm, or if the "sub-
ject" is perspiring, it may be necessary to
use the v.t.v.m. scale of 0 to 15 volts or
higher. The "subject" may be aware of a
very slight tingle under the electrodes. This
1957 Edition

HOMEMADE JOBS MADE PROFESSIONAL

with laIMIIS 3
HOUSINGS for HOBBYISTS

Blank Chassis

Utility Cases "

Experiment to your heart's

content with Premier hous-

ings. Used by the largest

electronics manufacturers.

Ruggedly constructed,
handsomely finished,
economically priced.

Write for name of nearest

distributor or SEND FOR
Aluminum COMPLETE CATALOG P

Miniature Cases

Open End Chassis

PREMIER
METAL PRODUCTS CO.

IT'S THE BIGGEST AND BEST EVER

BA CATAL  G
A COMPLEIF GUYING

GUIDE

SEND
FOR IT
TODAY

OR FVERYTMING IN

EVERYTHINe
IN RADIO
TV AND

ELECTRONICS

100'S OF
NEW ITEMS

LISTED HERE
FOR ISY TIME

OOFF
PAGES

BARGAINS
NOT IN ANY
OTHER CATALOG

BURSTEIN-APPLEBEE CO.
Dept. EH, 1012 McGee St., Kansas City 6, Mo.
p Send Free BA Catalog No. 571

Name

Address

City State-. 1

---r~~.11.~~1.l.
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SAY

YOU SAW IT

IN

EXPERIMENTER'S

HANDBOOK

jiwadiP
MODEL CR

MODEL DN

Wall Mount or Flush Mount Types Deep Drawn
Steel Case-Baked Enamel Finish-Full 4" Speaker
Unit -2 Watt Control -15 Ft. Extension Wire In-
cluded. Full Instructions.

EXTENSION

SPEAKERS
To Have 3 -Dimensional
Sound for Television-Ra-
dio-Record Players-
Sound Projectors.

To Extend Your Present
Sound to Basement-Play
Room-Home Bar-Ga-
rage - Workshop - Back
Yard-Sick Room.

EITHER MODEL
CR-DN

Please Specify

To Add Stations to Your
Intercom.

$695 POSTPAID
SEND CHECK

or MONEY ORDER

MAR -KO 441 T.
TOLEDO,MOHIT IO

DRILL MOUNTING
HOLE AND
BOLT TO
CHASSIS Ijllljl;iljjlllllll,llllljl!Illlj

Fig. 3. Bracket for holding the B battery. This part
may be made from copper, brass or aluminum.

is not harmful and in most cases will not
be felt.

Carry on a normal conversation with the
"subject" and note the minor variations of
the meter needle. It is often best not to let
the "subject" see the meter readings as
these may have some influence on the skin
resistance.

Ask the "subject" to take ten or twelve
very deep breaths. These should cause the
meter needle to swing gradually upwards
across the scale. This action will be slow
and the operator must be ready to re -bal-
ance the lie detector after each upward
swing. This simple test will assure the
operator that the equipment is in opera-
tion and that the electrodes are properly
attached.

If the operator is aware of some ques-
tion which might confuse or embarrass the
"subject" without being insulting, he might
try springing it suddenly on the "subject."
If the "subject" has strong emotional feel-
ings, the meter needle will again swing
upward after only a moment's hesitation.
The strength of the response can be judged
by the extent of the swing and how rapidly
it occurs. The operator must be ready
again to re -balance the lie detector as the
skin resistance will not return immediately
to its normal value.

Acknowledgement
The original plans for the lie detector

were suggested by Joseph A. Fiederer. Ad-
ditional construction and photographs by
Edwin T. Kephart. -}-
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Mail Postage -Free Card for

SAMPLE LESSON FREE
Shows you how easy, practical it is to

Train at Home for Good
Radio -Television Jobs

Oldest and Largest Home Study Radio -
Television Training School. N.R.I. has
Trained Thousands for Good Pay Jobs
Since 1914. . . for more than 40 years - N.R.I. has been training
ambitious men at home in spore time for Radio -TV. Let us send you
a sample lesson to help prove you can keep your job and TRAIN
AT HOME in your spare time for better pay and a brighter future.
We will also send N.R.I.'s 64 -page catalog to show you that Radio -
Television is today's field of OPPORTUNITY for properly trained men.

Television Making Good Jobs, Prosperity
The technical man is looked up to. He should be. He
does important work, is respected for what he knows,
gets good pay for it. There ore splendid opportunities
for the man well trained in Radio -Television Servicing
or Broadcasting. Government, Aviation, Police, Ship,
Micro -Wave Relay, Two -Way Communications for buses,
taxis, trucks are growing Radio -TV fields, making more
good iobs.

N.R.I. is the Tested Way to Better Pay
N.R.I. Training is practical, thorough. You get the
benefit of N.R.I.'s 40 years' experience. Many success.
ful N.R.I. men start without any knowledge of Radio,
many without a high school education. Find out what
Radio -Television training can mean to you. Make the
first move today toward becoming one of that select
group - a Radio -TV Technician. Send postage -free
card for Actual Lesson and 64 -page Catalog, both FREE.
NATIONAL RADIO INSTITUTE, Dept. 7BE2, Washington
9, D. C.

N.R.I. Sends Equipment r
for Practical Experience

f
Nothing takes the place of practi-
cal experience. That's why N.R.I.

training is based on LEARNING -BY
DOING. N.R.I. training includes kits
of parts which you use to build
equipment and get practical exper-
ience on circuits common to both
Radio and Television. Shown at

left is low
power Broad.
casting Trans
mitter you
build as part
of N. R. I.
Communica-
tions Course.
FREE Catalog
shows other
equipment you
get, things
you learn.

WHAT N.R.I.

Has Own Radio -TV
Business
"We have an appllanrr
store with Radio -TV
servicing. During Arms
service. Nit! training
helped -me get top rated
p)b." - W. M. WEn)
Nhal. Fairfax, S. D.

Chief Engineer
with KGCU
"I am Chief Engineer
with station and also
have my own spare time
servicing liminess."

- R. DARNETT.
Bismarck, N. D.

410,
Paid for Instruments
from Earnings
"I am doing very well
In spare time. Some-
times have three TY
lobs walling, also 114

ear Radius." - C. N.
SEAMAN. N.Y.. N.Y.

See Other Side jaP
FIRST CLASS

Permit No. 20-R
(Sec. 34.9. 9.l. & 111

Washington, D.C.

BUSINESS REPLY CARD
No Postage Stamp Necessary If Mailed In The United States

POSTAGE WILL BE PAID BY

NATIONAL RADIO INSTITUTE

16th and U Sts., N.W.

Washington 9, D. C.



Learn Radio -Television
Servicing or Communications

by Practicing at Home
in Spare Time
N.R.I. SENDS KITS with which you
practice building circuits common
to Radio and Television. You
LEARN -BY -DOING. As part of
N.R.I. Servicing Course, you build
Vacuum Tube Voltmeter and AC -
DC Receiver shown here.

2 BOOKS FREE
Mail Postage -Free

Card for Sample Lesson

and 64 Page CatalogIs

Fast Growing Field Offers You
Good Pay, Success, Bright Future

J. E. SMITE,

Founder, N.R.I.

Bigger than ever and still growing. That's why
Radio -Television Many Good Jobs in Radio-TV Servicinghas special appeal to ambitious men not satisfied with their futureprospects. More than 4,000 Radio and TV Stations use trainedtechnicians. 150 million home and auto Radios and 40 millionTV sets must be kept in service. Color TV promises added oppor-tunities. There are good jobs, bright futures in Radio -TV Servicing

or Communications. Training PLUS Opportunity is the ideal combi-nation for success. Plan now to get into Radio -TV. The technicalman is looked up to, does important work, gets good pay. Keep yourjob while training. With N.R.I. you learn at home in spare timeN.R.I. is the OLDEST and LARGEST home study Radio -TV school.Its methods hove proved stir for more than 40 years. JI See Other Side
CUT OUT AND MAIL THIS CARD NOW

Sample Lesson & 64 -Page Catalog

Both FREE
NO STAMP NEEDED-WE PAY POSTAGE

NATIONAL RADIO INSTITUTE
Dept. 78E2, Washington 9, D. C
Mail me Sample Lesson and 0.1 -page Catalog. 1K"
salesman will call. Please write plainly.)

AGF

Al/DRESS

l'ITY 71)\E' ST 1TF

ACCREDITED MEMBER, NATIONAL HOME STUDY COUNCIL

and Communications for Trained Men

Start Soon to Make $10-$15 a

Week Extra in Your Spare Time
Soon after enrolling, many N.R I. students start
to earn $10, $15 a week in spore time fixing
sets for frierds and neighbors. Some make
enough to start their own full lime Radio -TV
shops. Easy-tounderstond lessons teach you
boric principles. You LEARN -BY -DOING on
N.R.I. equipment which "brings to life" things
you study.

Find out what N.R.I. offers. Steady fort or slow-as you like. Diploma when you graduate.
Mail postage -free postcard now. ACTUAL LES-
SON FREE. Also 64 -page coot log that shows
opportunities, equipment you get. Cost of N.R.I.
courses low. Eosy terms. NATIONAL RADIO
INSTITUTE, Dept. 7BE2, Washington 9, D. C.


