.. [SCIENCEand]
|/" |MECHANICS ]

PA

2 AN

ANALYZER

FREQ STANDARD
2-TUBE LW RCVR
TUNNEL DIODE OSC
VAN de GRAAFF GEN
MUSIC-ANNUNCIATOR
WIRELESS INTERCOM
AC POWER PANEL

DRY BATTERY
TESTER-CHARGER

MINIATURE
TAPE RECORDER

TYPACODE

plans for this
WAVEFORMER, p. 43



BUSINESS/

e T L o T i : T o
éyom OW
: st e -
e S - 4 i -
A e . .
i R . | i
- e g5 = \« i
5 il T G
= RS G
e et
Z U e R
s e

Y -
\\\\\\\\\\\}\3\\_\\&3\\\\;\\\\&\%\\\&\\&

R

CHRISTY TRADES SCHOOL, Dept.A-611
3214 W. Lawrence Ave., Chicago 25, I,

Gentlemen:

Please rush me your FREE ILLUSTRATED BOOK ahout
Electrical Appliance Servicing, facts on your Electronic |
Kit and Special form for paying later from earnings

while learnine.

ame—_—_— - o TN
ADDRESS

Zone___State.

cirzy________
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LEIDEEAM Sensational LOW COST
A7 M=% SCIENCE LAB
NOW over 10 fascinating projects with

RSN T\,
SHECTRIGEY. HEAT>ELecriONIC

- 3 N N P 3
LA LSNP {0
[

COMPLETE LABORATORY COMES IN & KITS . .. ONE A MONTH
suppLies ALL vhe equiement ror ALL he roLLowine.

RADIO RECEIVER CPOWER
Three Tube Short Wave (80 Meter) and
Standord Broadcast Receiver. Sensitive
Regenerative Circuit uses regular 115
AC. Complete with Heod Set.

PHOTOELECTRIC EYE
Photoelectric Cefl, Exciter lamp —
and Electronic Relay. Everything you
need to control motors, balls, atarms,
and do other light beam experiments.

ELECTRONIC EXPERIMENTS
Explore functions of vacuum tubes
and other electronic components.
Build an Electronic Switch—Ampli-
fier, and other experimental circuits.

STROBE LIGHT
variable pulse neon famp.
reezes'” motion of rapidly vibrat-
ing or rotating objects for close
study and checking i

NO EXPERIENCE NECESSARY

® The 8 instruction manuals are expertly
written, clearly illustrated - exciting,

M 4 RADIO SERVICE EQUIPMENT TELESCOPE
interesting. . Al the parts fo build your own A mounted astronomical Telescope,

® Without previous experience -you can Radio Signal Trocer ond o Probe High quality ground lens enables
complete every project and gain a com- Light Continvity Tester. Both pieces You fo exomine details of the

are invaluoble in rodio servi

prehensive science background.
CHALLENGING - STIMULATING - REWARDING

rface and distant objects.

SLIDE _PROJECTOR
Takes 16mm and 35mm slides, sharp
: focusing, i cooled. G.E
Projection Lemp included. Also od
aptoble as o Projection

SPECTROSCOPE
Fascinating optical instrument uied
to identify ond onalyze substanc
by observing the spectrum of thei
flame. Spectrum charts ore included.

ATOMIC CLOUD CHAMBER
See iiluminoled Mracks of spaeding
nuclear particles emanating from ra-
dicactive Alpho source and myster-
ious cosmic roys from outer space.

HEAT_EXPERIMENTS
Study the Molecular Theary of heat
using 2 Thermometers, Thermostat,
3 foot Gas Thermomeler and special
Microscope arrangement that shows
the effect of Molecufor Mavement,

lowing Gases

lyzing G
?:i:hvt,he SPECTROSCOPE

AL e equipment For 4L THE ABOVE-on!
Trous sms OOWHH uvs 45 FOR EACH KIT YOU RECEIVE FREE

e Shogsin. ™
the S1Gnp; 39 with ONLY COUPON  ONLY (ONE A MONTH FOR 8 MONTHS)  SOLDERING
L TRacer IRON
with second
Kit

PHOTOMICROGRAPH of o Fly's Wins  Your Satisfaction or Your Money Back...AND

made with Microscope and Photo Lab

(Actual Size 5”7 diameter) You may cancel at any time without obligation.
These "no risk” assurances because we know you will be...,

SURPRISED!  AMAZED!  DELIGHTED!
I W AMERICAN BASIC SCIENCE CLUB S mm g

1 E. Crocket, San Antonio 6, Texas
I Start sending me A.B.S.C.’s "Home Science Lab” in eight kits, one '
each month. If not satisfied on inspection of first kit I may return
it for immediate refund. (I choose plan checked.)
() I enclose $2.00 and will pay $3.45 plus COD postage on arrival
of each kit. 1 may cancel unshipped kits at any time,
() I enclose $29.60 as full payment, Postage Paid, for all 8 kits. I
I may cancel any time and get full refund on unshipped kits.

FOR SAFETY!

Circuits are low veltage
supplied by iselotion
transformer that
comes with
first Kit.
Designing and offering this com-

”‘”"‘S "‘, plete laboratory to the public bx;t
such a low price is a notable

‘”’”0’[‘:”‘. service to our society.

I wish I could provide each of my Physics § R. M. Helm )

students with all of your enjoyable kits. Erzgﬁ‘ésml‘?g??’ﬂcse

You are doing a wonderful job. G:eemﬁ;loe,xl\ﬁ oheE

Allea T. Ayers

Physics Depr.

Jamestown High Schoo!

Jamestown, New York

I STREET.

'R“-’ These 6 Auxiliary Textbooks ;

. cry ST . - STAYE .
AN BASIC SCIENCE CLUB, Inc. San Antonio, Texas .
AMERICAN B : i ) M BN BN MAIL COUPON TODAY mx e mm il

' |
I NAME. l
I
|
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4 These men are getting practical training in NEW Shop-Labs of \‘

COYN E'
E l' E CTRO N I c s in Chicago—prepare for today’s TOP OPPOR-

ON REAL TUNITY FIELD. Train on real full-size equip- I
Motors—Generatorg ent at COYNE where thousands of successful
—Switchboards—  ™en have trained for over 60 years—largest,
Controls—Modern oldest, best equipped school of its kind. Profes-
Appliances— sional and experienced instructors show you
Automatic how, then do practical jobs yourself. No pre-

Electronic vious experience or advanced education needed. l

Control Units Employment Service to Graduates. '
START NOW—PAY LATER—Liberal Finance and Pay-

ment Plans. Part-time employment help for students. I
GET FREE BOOK—*‘Guide to Careers” which describes

all training offered in ELECTRICITY and TELE-'
VISION-RADIO ELECTRONICS—no obligation;

NO SALESMAN WILL CALL.

Coyne Electrical School, 1501 W. Congress Parkway
Chartered Not For Profit ® Chicago 7, Dept. 60-9C

RADIO ELECTRONICS MAIL COUPON

|

ON REAL . COYNE ELECTRICAL SCHOOL l
TV Receivers— Dept. 60-9C—New Coyne Building L

Black and White J 1501 W. Congress Pkwy., Chicago 7, 1II. l

and Color l Send BIG FREE book and details of all the training l

d

OR WRITE YO
ADDRESS BELOW

AM-FM and you offer. However, | am especially interested in:
Auto Radios § [J Electricity Television [ Both Fields
Transistors I
Printed Circuits
Test Equipment | Address

Name,

. City State. —
k3 ¥ F ¥ ¥F ¥ _ _¥KF K ¥ ¥ ¥ ¥ N 8 N B §F F ¥

COYNE offers

LOW cEsiEVIS R 1V

Training in
RAD Spare Time AT HOME

The future is YOURS in TELEVISION! Send Coupon or weite 1o address below
A fabulous field—good pay-fascinating work—a
prosperous future in a good job, or independence in for Free B“k
your own business! and full details,

Coyne brings you MODERN-QUALITY Television Home Train- {;‘gggf Plon.

ing; training designed to meet Coyne standards at truly lowest cost o

—you pay for training only —no costly “put together kits.” Not an ::L:::::gnacz;l"c:;
old Radio Course with Television “tacked on.” Here is MODERN .
TELEVISION TRAINING mcludmg Rad|o, UHF and Color TV. "
No Radio background or previous experience needed. Personal COYNE Te|eVl$|°l.’| .

guidance by Coyne Staff. Practical Job Guides to show you how to Home Training Division

do actual servicing jobs—make money early in course. Free Life- Dept. 60-H9, New Coyne Building
time Employment Service to Graduates. / 1501 W. Congress Pkwy., Chicago 7, Ili.

Send Free Book and details on how I can get
Coyne Quality Television Home Training at
low cost and easy terms.

[ J
ELECTRICAL SCHOOL

Name.
CHARTERED AS AN EDUCATIONAL INSTITUTION Address
NOT FOR PROFIT Cayms—thc Institution behind this train-

1501 W. Congress Parkway - Chicago 7, Dept. 60-H9 ing. . . the largest, ";a‘dk"': db;,” cquipped City. State
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TRANSISTORIZED POCKET FM
RADIO AND CONVERTOR KIT

Fun for the youngster or the veteran in the electronic field . . .
A 3-way transistorized pocket FM radio and tuner which tunes
the complete FM band from 88 to 108.6 megacycles plus air-
craft band from 109 to 145 megacyecles. This fantastic set can
be used in your car, home, or pocket, and needs no antenna or
ground wires. Completely non-directional, this compact FM
radio and tuner will play where all other radios have failed.
Set has been demonstrated under an X-ray beam and near
other electrical devices without any static or distortion. Fea-
turing a two-stage circuit, this FM radio and tuner will pro-
j duce music of top quality from stations located many miles
from the receiver. Kit comes complete with easy-to-build
instructions.

KIT, Complete with
Special Hi-Fi Earpiece with earmold, cord, and plug, $29.95 postpaid.
. (less Earpiece, $26.95)

TWO-STAGE TRANSISTOR
AMPLIFIER
OR PRE-AMP KIT

You can build a powerful two-stage amplifier or pre-amp which
can be used as a phonograph amplifier or amplifier for a crystal
set, and as a pre-amp for crystal or magnetic pick-up. Kit
comes complete with two transistors, volume control with
switch, attractive plastic case with a snap bottom, and is pow-
ered with a single penlight cell with an output of nearly 14 of a
watt, Complete with easy-to-follow instructions. $6.95 postpaid.

SPECIAL SECTION for RADIO BEGINNERS

Crystal-Set Kit $1.25 p p
Headphones (double) $2.25 p p
Ball Bearing Tuning Condenser with Metal Dial and
Knob $1.50 p p
(Free Crystal with each $10.00 order)

Beginners all Wave Kit Two Stage Circuit with Transistor, High
Frequency Tube, Drilled Chassis and all Clips and Wire—$7.95
less batteries. Many users report up to 12,500 miles on short wave
plus the Broadcast Band. Tunes from 16 meters to 160 meters.

WORLD’S SMALLEST TWO BAND RADIO

TUNE IN THE WORLD OF EXCITEMENT WITH THE WORLD’S FIRST THREE STAGE TRAN-
SISTORIZED TWO BAND RADIO KIT FOR ONLY $5.00 FULL PRICE—READ CAREFULLY

This set tunes the broadcast band and a click on the band switch lets you enjoy
exciting police calls, ship to shore, aircraft, both commercial and military,
amateur phone stations, code and foreign stations from all over the world., (It’s
the best electronic buy ever offered.) Tunes as many stations as sets costing
up to $100.00. Kit includes the following parts: Min-Tube, Min-Tube Socket, a
special detector, printed circuit plate, a band switch, a battery switch, a tuning
knob, a two band coil, an (Ekeradio) electronic wand, four condensers, two
resistors, two phone clips, antenna trimmer, four rubber mounting feet, hookup
wire, a coil mounting clip, and a sheet of easy-to-follow instructions., A 722 or
a 107 transistor can be used for the third stage (Not furnished). Any phones
will work with this set. Two small batteries furnish the power (Not furnished).
This can be mounted on your small hoard or small plastic box. Send only $5.00,
a self-addressed gummed label to facilitate shipping of this fantastic kit, and
ten cents in stamps to the address below. If the above instructions are not
followed, your order may be delayed several months, so read carefully.

EKERADIO ELECTRONIC DEVELOPMENTS

Dept. E ] 650 North Fair Oaks Avenue ° Pasadena, California
In Calif. add State Tax—No C.0.D. U. S. Orders Only

.
RADIO-TV SERVICING AID

Powerful 7=

w fying glass
mounted on 3%

o tweezers, Ex-

P cellent tool for
getting into difficult and hard-to-see
places. Ideal for radio kit builders,
model craftsmen and for the Radio-
TV service technician. Special low
price, $2.25 postpaid . . . A REAL
SERVICE AID BARGAIN!

I
i
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sl FLECTRONICS

SN Fiom RADIO * TELEVISION * RADAR
ULIN[LIINLE To GUIDED MISSILE CONTROL, etc.

300 EXPERIMENTS

Build over 300 practical projects
from many shipments of Radio- §
Electronic parts. You build and oper-
ate TV-Radio circuits . . . wireless
microphone . . . and many other
major projects—all designed to pro-
vide outstanding practical experi-
ence at home.

~N
One of
Today’'s —
BRIGHTEST
Opportunity Fields!

! Today’s great Electronics field offers you u chance of a
lifetime to prepare for highly inferesting work and o HOME MOVIES
wonderfully promising future! With so many new
developments coming up in Electronics, opportunities
for trained men were never brighter. Send coupon
for details.

Right in your own home you may now get one of
today’s most interesting . . . PRACTICAL WAYS to
prepare for a good job or your own business in Elec-
tronics. No previous technical experience or advanced
education are needed! DeVry Tech brings you a vnique
3-WAY COMBINATION of texts, home movies and real
equipment—the same type of basic equipment as found
in our well-equipped Chicago and Toronto Laboratories.

Thanks to this exclusive home train.
ing aid, many important fundamen-
tals quickly become “movie clear.”
Now you can actually see electrons
on the march and other “hidden ac-
tions’’—a wonderful advantage that
is almost like having a teacher at
your side.

BUILD YOUR OWN

EMPLOYMENT SERVICE  EARN WHILE YOU LEARN TEST EQUIPMENT

« . « helps you gef‘siurfed DeVry Tech’s practical pro- As part of your home laboratory

toward ‘o good job, of  gram helps you to earn prajects, you BUILD and KEEP o fine

dativabbn e wom  EXTRA MONEY in your quality 5-inch COLOR OSCILLOSCOPE
pany Y ti icin and a Jewel Bearing VACUUM TUBE

work for. FREE fo ofl spare nime, servicing VOLTMETER. You will find this equip-

graduates. Radio and TV sets. ¥

ment ideal for helping you earn in
your spare time while a student—
and later when working full time in

YOUI‘ Guide the field.
to PROFITABLE JOB OPPORTUNITIES

See how YOU may get ready for Jobs as:
TV-Radio Broadcast Technician

BUILD AND KEEP A
BIG 21-INCH TV SET

Color Television Specialist For ﬂ‘I’deg l?lfgc'i'-‘:‘kexl’e:'i‘?ncer you
Radar Operator ® Laboratory Technician eIV SET that provides TV re.
Airline Radio .Mun e Computer Specialist ception at its finest (DeVry Tech also
Quality Control Manager offers another home training without

Your Own Sales & Service Shop.... PLUS MANY OTHERS the TV sef).

DeVRY TECHNICAL INSTITUTE
4141 Belmont Avenue, Chicago 41, Ili., Dept. — RTE-4-Q

One of North America’s Foremost Electronics Training Centers

_ Accredited Member of

f_{ N ] Please give me your FREE booklet, “Electronics in'Space Travel,”
E National Home { and tell me how I may prepare to enter one or more branches of Elec-
Study Council troni
T l YOnICSs,
] {1 Name Age

PLEASE PRINT

Apt

~ e Stree
D VR TECHNICAL i ] .
5 City, one tate
Y e I N S T ' T U T E _ Canadian residents address: DeVry Tech of Canada, Ltd.
C H ICAGO 41 , ".LlNOIS 2046 970 Lawrence Avenue West, Toronto, Ontario
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BUILD THE BEST
ELECTRONIC EQUIPMENT

V4

KITS FOR

Instrument
Amateur

it's fun to bulld
years-ahead money-saving

lkenight-kils

A PRODUCT OF ALLIED RADIO

featured in

L ALLIED s

Big 444-Page 1961

ELECTRONICS
CATALOG

build-your-own..
it's easy..it’s fun

Nsiee] SAVE UP TO 50%

g See the exciting 1961 line of
KNIGHT-KI1TS—available only

for performance—the only kits
offered with Free Inspection
Privilege. Send today for the
1961 ALLIED Catalog—select
your KNIGHT-KITS—and...

SAVE ON EVERYTHING

RADIO-TV EXPERIMENTER

Take Your

SPECIAL
OFFER!

RADIO-TV

55] Includes

ceiver, plans
oscillator,

copy, 75¢

562 Contains

s Singl i
AN'Y4NEED from ALLIED. They’re lowest in ingle coby, 756
Hi-Fi cost, convenience-engineered for
Hobby easiest assembly, outstanding

IN ELECTRONICS

Get more for your
money in: Stereo hi-fi systems and
components « Recorders and tape
Amateur station equipment » Citi-
zen's 2-way radio ¢ TV tubes, an-
tennas, accessories & test instru-
ments ¢ Electronic parts, tubes, tran-
sistors, tools ¢ Send today for your
FREE444-page 1961 ALLIED Catalog!

sclence

i pherie

[ ] SCIENCE and MECHANICS, Dept. 352
$2 450 East Ohio St., Chicage 11, Nlinois
only dOWI‘l catal I Enclosed 1s $.......... Please
on orders up to $50 atalog § O Al FIVE of the Experimenters for $2.50.
[J The TWO RADIO-TV Experimenters circled for $1.00.
: 551 559
i .
ALLIED RADIO, Dept. 64-1 I i 0 Both SCIENCE Eszperimenters for $1.00.
100 N. Western Ave" Chicugo 80' n. WORLD'S : l [ The circled issues at single-copy prices:
O Rush FREE 1961 ALLIED Catalog. BIGGEST! : i 551 559 562 557 563
Name. : I NAME ..... Cresesesersanaessenane
iy ADDRESS ..vivusensasesonsrsosans
Addre: ]
1 I CITY ... i i iinnnasaanans cesseraae
City Zone. 1 J STATE ..ooiiiiiiiiiiii e

U |

Experimenters!

BACK-ISSUE
BARGAINS!

FIVE FOR
ONLY $2.50

These back issues of the

are still available:

test bench, decade ohm box, elec-
tronic  tic-tac-toe,
photoelectric  controls,
signal tracer, portable hi-fi record
player, single-tube organ. Single

559 Has 43 different project
plans including 15-meter ham rig,
simple signal
moisture tester, finger-clip radio,
telethermoscope, portable phono-
graph, hi-fi tone arm, strobe-flash
unit. Single copy, 75¢

projects: transistorized intercom,
Citizens Band 2-way radio, 7-tube
FM tuncr, 6-meter ham ng, sun-
celled motor, stereo music center.

@
Two for $1.00
N

Also available, these
SCIENCE EXPERIMENTERS

557 Plans for 40 projects
including Van de Graaff
generator, Tesla coil, Wims-
hurst static machine, ecloud
chambers, light ray tracer,
satellite
nace. Single copy, 50¢

563 Contains over 50

repulsion coil, satellite cam-
t era, tone generator, atmos-

i detector.

RUSH COUPON TODAY
Satisfaction guaranteed

562

Pick

EXPERIMENTER

sun-cell TRF re-
for experimenter’s

spit-powered

mixer, electronic

53 make-it-yourself

’scope, solar fur-

projects including

voltmeter, infrared
Single copy, 75¢

send me:

‘-----------------

r o e m———
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m Christy Shop-Method Home Training
makes you a more valuable and desirable

technician, assures you of more money, faster progress and
greater success. This practical step-by-step training makes
everything interesting and easy, makes learning fun.

You don't have to leave home or quit your job to learn this
simple, easy way. A few hours of your spare time each week
soon prepares you for earning while learning and later for a
big-pay job or profitable business of your own in this fabulous,
fast-growing new industry.

3 new books contain complete information. Describe the course
and many opportunities in this fantastic new field. Send for
your 3 free books today!

19 TRAINING

C.T.S.’s Complete Course!

C.T.S. training covers every phase of this fascinat-
ing new subject. You get this comprehensive train-
ing starting with your first lesson. You learn Radar,
Sonar, Television, Radio and Electronics in C.T.5."s
Complefe course. This broader knowledge and
greater understanding means more jobs and higher
pay for you. Why be satisfied with less? You learn
faster and better with Christy Shop-Method Home
Training. |t gives you all the training you need in
a clear, simple, easy-to-understand way.

Big pay, interesting work, immediate success, await
those thoroughly trained in all branches of elec-
tronics. And the C.1.S. Master Shop-Method Home
Training Course is the only complete course in
Radar, Sonar, Television, Radio and Electronics.

INSTRUMENTS
INCLUDED

fn a few months you learn what
used to take years of hard work
to master, reach your goal
sooner and are better prepared
to make maximum progress.
Send for complete information
today!

CHRISTY TRADES SCHOOL
Dept. T-311
3214 W. Lawrence Ave.
Chicago 25, Iil.

MAIL COUPON TODAY /

CHRISTY TRADES SCHOOL
Dept. T-311, 3214 W. Lawrence Ave., Chicago 25, 1L

Gentiemen:

Please send me, without cost or obligation, two FREE Lessons and
the new 24-page illustrated book telling alt about the C.T.S. Master
Shop-Method Home Training Course in Radar, Sonar, Television, Radio
and Electronics, and the many opportunities this new field offers.

NAMG o ovvvvirenvasssseorsossassssnsarssssasaossvaonses Age..........
AQAPESS . ..covrevssrrenssorsosasssoscassesvacsoonnsanssasrssssonss
(111 P X T LEE TR PRE P State.............



M ELECTRON TUBE

INTRODUCES FOR THE FIRST TIME
ANYWHERE A SELECT STOCK OF USED
TUBES AT A FABULOUS LOW PRICE.

Jan Surplus Tubes!

TS LISTED

At TUBES SENT POSTAGE PAID
Please send 25¢ handling for orders under $5¥Send 25%
dep an C.OD. orders. Send approximate postage on
Canachen and foreign orders.

SEND FOR
&

Year of ap,, tube
n efﬁciemly under

refunds are made

essarily €W, but m,

or used Nlbes_y be

each

7Q7
6BGEG 7X7/XXF;
escz Eotes il P
OUR FReg 19Auagy

OMPigY
5 3
PECIAL PURPOSE wl;z; OF TuBes

MICRO

ELECTRON TUBE CO. P.O.BOX 55 Park Station, Paterson 3, N. J.

Dept. RT-60

Runahout Plans.Only $1.00

Send us a single dollar bill and we will send you

Craftprint plans (usual price, 20¢).

Craftprint No, 32 (size 21 x 337) which gives detalled
drawings and instructions for building Buzz, an 11/
hydroplaning runabout (usual price of plans, $1.00),
PLUS our illustrated catalog of 196 do-it-yourself

Get Plans Catalog FREE!

Send your $1.00 for No. 32C to:
SCIENCE and MECHANICS, Dept. 248

450 East Ohio St., Chicago 11, Illinois

[ Here You Can Find a Solufion to Practically ANY MECHANICAL PROBLEM! |

PARTIAL CONTEN‘TS: z.

WITH
a
Asomulaters  Ganges A Booleth OVER 8000 ILLUSTRATIONS pgs_cgénnlo:s.l
Air Conditioners ea h - ai s
Alarms fenerators . a1 Devices, Contrivances and be
Amplifiers Governors nts, De ’
mpline Goromo of Mechanical Movements, » h .
nti-Friotion Grips - _ L
affles Guides . d If you work with machinery of any kind, you may be
all Jointa eating called upon to devise or improve some job or motion. To
rings midifie do this, you either have to rely on memory, experience or
ed Plates ydraulio Power ingenuity. Here in this new book—THE ENGINEERS’
lowers Indicators THESAURUS by Herbert Herkimer—you will find over
rakes nira-Red 8000 IDEAS and SUGGESTIONS for accomplishing any -
urners Keys kind of motion, force or work! It is a _compilation of the
Cams Levers contrivances, parts, details, tools, machines, devices and
Chai Epaderﬂ means—devised and developed by countless engineers, ma-
Chain Gears L‘u-dm chinists and inventors over the years—to effect any motion
:heoku 8 or task. The material has been painstakingly assembled
Chucks . Lubricators and classified, from many sources—research books, engi-
<u-m-lar Motions Magnetism neering brochures, Fate_nt drawings, catalogs, etc. It is, by
Clamps ,.,easux&mg far, the largest collection ever gathered in one book—and
Cleaners ipee Beparators the only one which shows, side by side, the many different
Clutches 4 A eat Shgx‘it}ngc means and methods for accomplishing any particular task!
Coxr:)pv::?se ir V[&rie:;ure gl;‘;etlnzg ears ih Each 1t§1(-x)160eachhqﬁncte, t(.each meccll-.od ixs illustrated——
", ere are Suc. 1llustrations——-and each carries a per-
Gonnecting Rods Motors Shoek Absorbers tinent description of its makeup and function. THE EN-
Conl\;eyo 8 o218 Motions 1 m{;s GINEERS' THESAURUS is a monumenial work. It is
Cg&e?;z A ‘ﬁ':‘, 51/2":1;81/2”. 580 pages, printed on coated paper, Price
Counters Pipes lings Clo%jac}lx)u(?né of I— e e e e o e e e+ iy
Covers ivots ounds these ‘‘ideas'’ ,ofiffin Publishing Co., Dept. RT-106 $5.95
Granes ~l;l(:g;lssmns prings is practical— |31 West 47th St., New York 36, N. Y.
Crushing Raisings team Power just one may  Send me a copy of THE ENGINEERS'
Cutting tohet tokera save you a lot | THESAURUS by Herbert Herkimer. If not
Derricks Refrigeration wivels of “headache’’ lsatisfied, can return book for refund.
Diesel Power Reciprocating triking ";‘si‘;ie'ggg‘-“{g 0 1 enclose $5.95; send book parcel post.
B pover  matblim e vou prontet |0 ST QPR P il 5000 Pus 03¢y
Electron Tubes  Rocket hermostats .
Elevators Propulsion raps Order by Mail [Name covennininii,
Engines Safety Devices  Valves e tee I
Expandors Sanitation Vaporizcrs POSILIVE BUAL | A UreSS vurennensrerreessennanns .
Fasteners Devices Vushing A copy belongs in every referenv antee of *
Feeders Scales Vinding school—every shop, plant, factory—ivith money-back-if- Loy, ,..,.,...Zone...State......
Filters Sea Wave Power  etc. ery machinist, engineer. inventor.  BOl-satistied. Jamfras s SOLR Ll Tl a0y
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HOWTO FIXTV

Radio and Record Changers

RIGHT AWAY

even if you've never looked
inside a set before!

BE YOUR
=2 OWN BOSS!

NOW! McGraw-Hill's Low-Cost Home Course Shows

TE Evision AKp

PRACTICAL
Rapig RERAIRING

SERVICIN

AT LAST! At Amazing LOW COST—

=

Q!

a Complete TV-Radio Repair
Course. TELLS and SHOWS How fo
do Every Job Quickly and
| Earsily—Make GOOD MONEY,
Full or Spare Time, in the
BOOMING Repair Business

ow would you like to be boss of
anice TV-radio-record changer
repair business — making $50 to $75
spare time, or $150 and up in your
own ghop?

Now, thanks to MeGraw-Hill’s
new 6-volume Course, you can get
started right away! This Course
brings you EVERYTHING you
need to “cash in” on the TV-Radio-
Changer boom. Over 2,350 pages of
money-making ideas and techniques
by top factory engineers and elec-
tronics experts, TWO HUGE
TROUBLESHOOTERS tell exactly
WHERE to begin, WHAT tools to
use. THREE GIANT REPAIR
MANUALS tell and show how to
FIX troubles the easy way, “polish
off”” every job like a whiz, Complete
Home Study Volume guides you
every step of the way, tells how to
build your business into a spare- or

NO previous training
needed; TV repair business
pays well in good times or
bad. NO complicated for-
mulas, PLAIN ENGLISH
pictures and directions
cover ANY jobon EVERY
SET — tubes, ecircuits,
speakers, new ac/de,
am/fm/shortwave port-
ables, Color TV, even
what to charge for every
job and how to get cus»
tomers!

Age and Education
No Barrier

Age doesn’t matter. Past
experience doesn’t matter.
Over 40 MILLION TV
sets, 130 MILLION radios
—and the shortage of re-
pairmen—mean big money
for you. Course makes it

PARTIAL CONTENTS

Television and Radio Repairing

— Testing, repairing, replac-
ing parts, 566 pages. 700 ““This-
Is-How' pictures, diagrams. By
John Markus, Feature Ed., Elec~
tronics Magazine.

g Pructical Radie Servicing -
Easy-to-follow directions,
diagrams, drawings — with job
sheet for every repair job. 599
pages. 473 illus. By William Mar-
cus, Alex Levy, Electronic Train-
ing Experts.

Profitable Radio Troubleshooting

—~WHERE to lock and WHAT
to do for every trouble. How to
avoid costly mistakes. handle
customers profitably. 330 pages.
153 “how to’ illus. By Willlam
Marcus, Alex Levy.

0 Profitable TV Troubleshooting =
Short-cuts to SPOT and FIX
every trouble—fast, for big prof-
its. By Eugene A. Anthony, Serv-
ice Consultant, General Elec. Co.

9 Repairing Record Changers —
Step-by-step pictures and
directions — how to set up serv-
ice bench, etc. 278 pages. 202
A-B-C pictures, By Eugene Eck-
lund, Eng. DuMont Lab., Inc.

e Complete Home Course Outline

Getting started in televi-
sion and radio servicing. How to

" This Amazing
Offer Saves You

$13.30
6 BIG VOLUMES

Includi

8

get the most cut of your Course.
How to get ahead FAST. By
John Markus.

ng
Home Course Outline?
Shows How to Get

full-time MONEY-MAKER! easy to cash in, start your

EARN While You Learn

Tested — and now used in repair
shops and by electronics instructors
= Course volumes are simple enough
for beginners, amaze “‘pros’” with
quick, easy methods. Start you do-
ing simple repairs —and earning
money—after 30 hours (or less) of
reading and easy study. ABC pie-
tures and directions make tougher
jobs a “‘snap.”

Ffee 4 Valuable Repair Aids: TV, RADIO, CIRCUIT
and TRANSISTOR Detect-O-Scopes (Total Value $4.00)

FREE - whether
you keep Course

own secure, profitable

Ahead Fast

business.

SEND NO MONEY

Try Course 10 days FREE, (We
pay shipping!) If you don’t agree
it can get you started in a money-
making repair business — return it, l
pay nothing. Otherwise keep it,
earn while you learn; and pay on I
easy terms. Mail coupon NOW,
MeGraw-Hill Book Co., Dept. RAD 61 |
327 W, 41st St., New York 36, N.Y. l

-
ﬁgfﬂﬂww

or not — FOUR DETECT-O-SCOPE
Charts. TV and RADIO Scopes en-
able you to spot tube troubles in a
jiffy.” CIRCUIT and TRANSISTOR
Scopes spot circuit and transistor
troubles. Make fix-it jobs easier,
faster. 16 x 21 inches each. ALL

POUR (worth $4.00) yours FREE,

[ == {THIS COUPON SAVES YOU $13.30|==

McGRAW-HILL Book Co., Dept. RAD 61
327 West 41st 51, New York 36, N. Y.

Send me ~ postpald — for 10 DAYS' FREE
TRIAL the 6-Vol. McGraw-Hill TV, Radio
and Changer Servicing Course, If okay, I'll
remit $4.95 in 10 days; then $5.00 monthly
for 5 months. (A total savings of $13.30 on
the regular price of Course and Detect-O-
Scopes.) Otherwise, I'll return Course in 10
days; pay nothing.

ALSO send FREE (to KEEP whether or not
1 keep Course) the TV, RADIO, and CIR-
CUIT DETECT-O-SCOPE CHARTS, plus up-
to-the-minute Transistor Detect-O-Scope -
total value $4.00.

Name...oarrcovesersrersine

cerasssenve

(Please Print Clearly)
AQAreSS.ceerservrsorsrssirrosissnsssrsescos
Zone No.
Cit¥.vveerineneansss. (if any)....State......

] cHECK MERE if you prefer to enclose first
payment of $4.85 with coupon, Same easy R‘aly
plan; same 10-day return privilege for 1
refund. RAD 61
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EXPLAINS ELECTRICAL

TERMS IN A JIFFY!

New Guide Gives Terms,
Definitions, Formulas,
Charts and Diagrams.. . . |

A quick easy way to put needed information
at your fingertips. Examine this New Practical
Dictionary of Electricity and Electronics FREE
for 10 days at our risk.

THE WORKING VOCABULARY YOU MUST

If You Keep It

HAVE. .Iam-m‘zc‘llmghwiltht bgtg st?ndard teleic- ]

trical terms an e latest developments in

the fleld, written clearly and simply for begin- on, y $595

ner and veteran alike. Terms essential in TV, Others Cost up
io, X-: , Radar, Automation and all to $20.00

industrial applications are covered. INCLUDES HANDBGOK

PACKED WITH DESCRIPTIVE PICTURES. Scores Partial Contents:

of photos, drawings, sketches so clear you can’t .

go wrong. Help make terms like ‘‘amplidyne,” | o Formulas

“‘kinescope,”” ‘“‘dynamotor’’ easy tograsp. Many Electrical

tables, charts, graphs, most-used symbols, IE[II%c:;?:r:g

SEND NO MONEY. JUST SEND NAME. Fill in Capacitance

goupon below and get The Practical Dictionary Bl

of Electricity and Electronies for FREE 10-day | ® TﬂM es "

trial examination. Pay nothing now. Pay noth- hy 9‘?5“’3""‘93 \

ing to postman on delivery. czl:r’chg&; s

AMERICAN TECHNICAL SOCIETY, Dept.UO7 | o Diagrams

848 E. 58th Street—Chicago 37, Illinois « Graphica! Symbols

MAIL COUPON - FREE 10 DAY TRIAL

§j AMERICAN TECHNICAL SOCIETY, Dept. U07
848 E. 58th Street, Chicago 37, Hlinois
Send me THE PRACTICAL DICTIONARY OF ELECTRICITY AND ELECTRONICS
for 10-day FREE EXAMINATION. 1f 1 keep the book | will sead you $5.95 plus
shipping within 10 days. Otherwise, | will return it and owe you nothing.

MY NAME
ADDRESS I
] ey IONE__ STATE
LVle pay shipping costs if you enclose $5.95 with this coupon. Same refund guarantee;j

FARM
TELEPHONE
CABINETS

Slightly used crank style CABINETS
(once used everywhere) for Home
Hobby Shops. Complete with trans-
mitter, receiver, bells, crank and
shelf (Less Generator), Has all of
the outside parts. Make beautiful,
unique Radio Cabinets, Liquor
Chests, Spice Cabinets, Flower
Planters, etc. Immediate deliveries
assured. $7.00, F.0.B. Chicago.

TELEPHONES

TALK
ROOM TO ROOM

to the house across the
road, ete. Enjoy your
own private telephone
system!

Reconditioned cradle
phones Guaranteed!

onl? 5'05':00 5300
Each

We can supply every-
thing you need.

WRITE FOR ILLUSTRATED BULLETIN BB-S

MICROPHONE, Dept. BB-5, *%50.%; tsot fve

SO EASY IT'S SHOCKING, IF
YOU USE ENLARGED PLANS

to build electronic projects. Enlarged size, step-by-~
step craft print plans—complete with detailed mate-
rials lists—are avallable for the following:

191. TESLA COIL. Produces 70,000 volts at 500,000 cps.
Spectacular bub SBLE. ......evvrernnsnonnnnnnnsnns, vesarenes $1.00

227. REPULSION COIL. Defies law of gravity—electromag-
netically ., $1.00

243. DEMO ELECTRIC MOTORS. Plans for both windmill
AN ENZINE LFDES. e uvruronsrrennnrerrnvnesrnasnreennrnssens $1.50
251,

SOLAR BATTERY AND MOTOR. Battery’s volt at
ma drives motor $.

258, SUN-POWERED RELAY. Light-activated control with
a variety of practical applications......................... 1.00
264. HI-FI FM RECORD PLAYER. Phono oscillator, arm and
turntable for hi-fi reproduction................. Ceeeraeas $1.00
265. ELECTRICAL COIL-WINDING MACHINE. Motor-pow-
ered with foot-controlled TACtOT..............00ssessonnss $1.00
279.

WIMSHURST STATIC MACHINE. Constant source of
static electriClty. ... ..t ieieeiiiiitiereeninnnaaanes $1.50

283. VAN . Costs $30 to build.
Produces up ?OE 25605)%0A 55t§' EN ERATOR o .s ............ $1.50

30). YAN DE GRAAFF GENERATOR. Produces up to 400,000
volts. This is the apparatus that can stand your hair on :1’“514,')

If you order two or more craft
¢ . SA VE M ON E Y-’ prints, deduct 25¢ from the
regular price of each print, Thus, for two prints, deduct 50¢:
three prints, 75¢, etc. Use handy coupon below. Satisfaction
guaranteed or money back.

B N NN BN BNN NN NN NN NN NN NN ST AN GO W N MW A W
SCIENCE and MECHANICS, Dept. 249
450 East Ohio St., Chicago 11, Hlinois

Enclosed is $ . Please send me the circled plans.

These plans are $1.00 each
m 227 258 264 265

These plans are $1.50 each
243 251 279 283 301

NAME.

ADDRESS

CITY & ZONE.

STATE

D Here’s 20¢. Please send me your Hiustrated catalog of 196
craft print plans,
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LET RCA TRAIN YOU
» IN ELECTRONICS

RCA Institutes, one of the world’s largest electronic
technical schools, offers a Home Study Course in . . .

ELECTRONICS FOR AUTOMATION

... Now you have four comprehensive courses for your
electronic training ... from basic electronic theory to the more
advanced principles of color TV and Automation.

Electronics
for
Automation

Practical work with the very first lesson. Pay-as-you-learn.
You need pay for only one study group at a time.

RCA INSTITUTES, INC. fume sty Schoa, bept, Rt

A Service of Radio Corporation of America

Send for our

-
|
|
64 page Home I 350 West Fourth Street, New York 14, N. Y.
G | Without obligation, send me the FREE catalog of Home Study Courses. No
study catalog : salesman will call.
FREE' { Name ... i Age......ooveiinins
- Address . ... ... e e i i e
RESIDENT SCHOOL offers Tech- Gy v Zone..... State..............
N ) ional
pisal fnstitute and Vocationa Veterans: Enter discharge date .....................ciiiiiiiiiieiene

School Courses in Electronics, Day
and Evening classes start 4 times
each year. Resident School Cata- ¥
log sent free on request,

CANADIANS — Take advantage of these same RCA courses ot no

dditional cost. No p ge, no no delay. Send coupon to:

RCA Victor Company, Ltd., 5581 Royalmount Ave., Montreal 9, Quebec
To save time, pasie coupon on postcard
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BECOME A

HAM™

* HOW TO BECOME A RADIO AMATEUR
% THE RADIO AMATEUR'S LICENSE MANUAL
% LEARNING THE RADIOTELEGRAPH CODE
% OPERATING AN AMATEUR RADIO STATION

Only $I.5° For All Four

Postpaid Booklets

All you need to know to get your ham license is con-
tained in these four booklets, written by amateurs,
for amateurs, and published by the amateurs’ own
organization. Easy to understand, yet thorough, these
ARRL publications are truly your GATEWAY TO
AMATEUR RADIO.

AMERICAN RADIO RELAY LEAGUE, Inc.

Waest Hartford 7. Connecticut

F—-——————————_ﬂ

l Numo....ilQ!..‘!‘.CQ"COOO.QC...l..'...."".I
l Sh’eel...........uu--........................ I

[ B ZETPEISRITRITSRIVRTSRRVINE L SPPPPPY PP |
RTE6O

L————————————-

Electrostatic
Generators

(Van de Graaff Type)
500,000 VOLTS. This model avail-

; able in kit form is over 3 feet tall and has
15”7 diameter spherical charge collector.
it includes 15” hemispheres, plastic tube,
pulleys, bearings, belt, frame, and assem-
bly directions.

$31.50 Postpaid

200,000 VOLTS. This model shown
at left) is 17” high and has a 6%” diam-
eter spheroidal charge collector. Operates
on 110 volt AC, Fully assembled, postpaid

9.50. Kit form $24.50. Other
models to 1,000,000 V.

Vacuum Equipment. Mech. pumps for pres-
sure range 1 Atmosphere down to 150 Mi-
crons $32,.50. Diffusion pumps for pres-
sure from Imm Hg. down to .01 Microns
$25.00. McLeod gauges for range 1
Micron to 1000 Microns $14.00.

High Vacuum Equipment

Until recently this field was priced out of
the average experimenter's reach. We have
pioneered the §10.00 mechanical pump,
$14.00 McLeod gauge and $16.00
diffusion high vacuum pump. It is now pos-
sible to make a high vacuum system for less
than $50.00 if you follow the direc-
tions in our booklets. ‘“Making A Vacuum
Pump From A Tsed Refrigerator Com-
pressor’’ $2.00. (Compressors available
from junk yards will make vacuum pumps
comparable to many $0Q0.00 models.)
“‘Experiments in High Vacuum” $1(.00,
describes a number of experiments that can be performed only in high
vacuum. Included are directions for making radiometers, gas dis-
charge tubes, evaporated films, and simple experiments such as es-
timating the mass of the electron. Also—low priced Stroboscope—
Telescopes—Components for all equipment mentioned above, Send
for Free Catalogue,

MORRIS & LEE, 294 Elm, Buffalo 3, N. Y.

SCIENCE and

MECHANICS

The Magazine That Shows You How

If you're a man (or woman) interested
in news of science ...

If you're a workshop or other hobby
aficionado . ..

If you're a do-it~yourselfer (by choice
or otherwise)...

+ If you're all or any of these, you'll
want to subscribe now to Science and
Mechanics. Always a leader in its field,
S&M (now a Davis Publication) is bet-
ter, and bigger than ever.

o The S&M Features section regularly contains
one or more car performance test reports, new
product information of interest to every house-
holder or hobbyist, and entertaining, authorita-
tive writeups of everything new and exciting
under the sun from space satellites to talking
golf balls, radar to rat traps, jet aircraft to
self-sealing rivets.

¢ The S&M How-to-Do-It section has—every
issue—boat-building plans, home improvement
and workshop projects, electrical and electron-
ic projects, and articles on hobby-craft, auto
maintenance, patents, and inventions. You're
told and shown how to do it the quickest, easi-
est, thriftiest way, because S&M’s how-to-do-it
articles are written by craftsmen who have
done and built the things they write about.

For your convenience, a handy coupon is at-
tached.

s-----------_------‘
K Sci and Mech , Dept. 622 1
1 450 East Ohic St., Chicagoe 11, Il ]
IPlease enter my subscription for:

I [ 12 issves, $4.00 [] 24 issues, $7.00 [ 36 issuves, $10.00 ||
I (] Cash endosed (] Please bill me

|

e !
(please print)

I ADDRESS, 1

1 i

| CITY ZONE__STATE___ 1

Outside U. S. and Canada, add $1.00 for every 12 issues
L-----------------
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Superior's New Model 70 UTILITY TESTER®

Just read the following partial list
of contents: What is electricity?
Simplified version of Ohms Low *
What is wattage? ¢ Simplified
wattage charts © How to measure
voltage, current, resistance ond

applionces and motors using a sim-
plified trouble-shooting technique.

® How fo trace trouble in the elec-
trical circuits ond parts in avto-
mobiles and trucks.

13

ING ALL ELECTRICAL APPLIANCES
and AUTOMOBILE CIRCUITS

As an electrical trouble shooter the Model 70:

o Will test Toasters, lrons, Broilers, Heating Pads, Clocks, Fans, Vacuum Cleaners,
Refrigerators, Lamps, Fluorescents, Switches, Thermostats, etc. .
Measures A.C. and D.C. Voltages, A.C. and D.C. Current, Resistances, Leakages, etc.
Will measure current consumption while the
e Incorporates a sensitive direct-reading resistance range which will measure o

resistances commonly used in electrical appliances, motors, etc.
¢ Leakage detecting circuit will indicate continuily from zero ohms to 5 megohms
(5,000,000 ohms).

As an Automotive Tester the Model 70 will test:
¢ Both 6 Volt and 12 Volt Storage Batteries ¢ Generators o Starters o Distributors
» lIgnition Coils » Regulators ¢ Relays ¢ Circuit Breakers ¢ Cigaretie Lighters * Stop
Lights ¢ Condensers ¢ Direcfional Signal Systems e All Lamps and Bulbs ¢ Fuses
o Heating Systems ¢ Horns o Also will locate poor grounds, breaks in wiring, poor
connections, efc.

appliance under test is in operation.

iNCLUDED FREE This 64-page book—practically a condensed course in electricity. Learn by doing.

Only

Model 70 comes 85
complete with
&4 page book
and test leads.

leakage ® How to test all electrical

T —— a— —e G G G W I EE U SN Gm — — — e e  ——— —

Superior's New Model 82A A truly dc-it.yourself type

* TUBE TESTER

TEST ANY TUBE IN 10 SECONDS FLAT!

Turn the filament {)nse;t it é":o a:uxin-
ered socket as desig-
@5"190‘0' switch to posi- @ nated on our chart @ ﬁry”:ua%:'.’_"" qual-
tion specified. (over 600 types in-
cluded).

THAT'S ALL! Read emission quality direct on bad-good meter scale.

e e S G = . — e —— ——

Production of this Model was delayed & full year pending
careful study by Superior's engineering staff of this new
method of testing tubes. Don’t let the low price mislead !
We claim Model 82A will outperform similar looking units
which sell for much more—and as proof, we offer to ship it
on our examine before you buy policy.

FEATURES:

e Dual Scale meter permits
testing of low current tubes.

o Emiploys new 4 meter with e 7 and 9 pin straighteners
sealed air-damping chamber mounted on panel

resulting.in accurate vibration- e All sections of multi-element Model 82A comes housed in handsome,
less readings. . tubes tested simultaneously. portable Saddle-Stitched Texon case. 50
e Use of 22 sockets permits e

e Tests over 600 tube types.
o Tests OZ4 and other gas-
filled fubes.

e Only -
e Ultra-sensitive leakage test . .

and prevents possible obso- circuit will indicate leakage up (Picture Tube Adapter available for $5.50
lescence. to 5 megohms. additional)

SHIPPED ON APPROVAL
NO MONEY WITH ORDER — NO (. 0.D.

————-——————--—-—————————————————1

fry any of the above r- MOSS ELECTRONIC, INC.

e
testing all popular tube types

:'m":m'en" 'wb'o : Dept. D-797 3849 Tenth Ave., New York 34, N. Y. Name § |
dys before you buy.

Please send me the units checked on approval. i
W complately satisfied j completely satisfied T will pay on the terms specified Address i
then send down pay- wichlno énteresftt or ﬁxlagxéce c{u;r%es a&?ed}. othenivlllsne. .
ment ond pay balance I will return after a ay trial positively cancelling Y oo Zone ........ State........
as indicated on coupon. 1 all further obligation. City 'A”‘”A.l.i'prices ot FOB., NYC. l
No Interest or Finance l ’
Charges Added! if not
— e Model 82A......... Total Price $36.50
completely satisfied | 1 Model 70 .......... Total Price $15.85 o $6.50 within 10 days. Balance s3(5.00 '
return unit to us, no $3.85 within 10 days. Balance $4.00 monthly for 5 months.

l monthly for 3 months.

explanation necessary. O Include Model 82A Picture Tube Adapter at $5.50

L-———————————-—-———————!—— ——— s weR Ee
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COMPLETE SERVICE TRAINING

« « « Writfen so you can understand it!

for the complele : E il \‘pf !
'2-volume course e i

£9%°3 MONTHS TO PAY

Fix an TV or Radio
Ever Made

EASIER - BETTER -FASTER!

No complicated theory or mathematics! These famous Ghirardi

ks get right down to brass tacks in showing you how to
handle all types of AM, FM and TV service work by approved
professional methods. Almost 1500 pages and over 800 clear
illustrations show how to handle every phase of troubleshooting
and servicing. Each book is co-authored by A. A, Ghirardi whose
manuals have helped train more servicemen than any other books
of courses of their kind!

1—Radio and Television Recejver

TROUBLESHOOTING AND REPAIR

A complete guide to profitable professional methods. For the
beginner, it is a comprehensive training course. For the experi-
enced serviceman, it is a quick way to ‘‘brush up” on specific
jobs, to develop improved techniques or to find fast answers to
puzzling service problems. Includes invaluable ‘‘step-by-step’”

' troubleshooting charts that show what to look for and where.
820 pages, 417 illustrations, price $10.00 separately,

2—Radio and Television Receiver

CIRCUITRY AND OPERATION

Thiz 669-page volume is the ideal guide for servicemen who
realize it pays to know what really makes modern radio-TV
receivers ‘‘tick’’ and why. Gives a complete understanding of
basie circuits and circuit variations; how to recognize them at a
glance; how to eliminate guesswork and useless testing in serv-
icing them. 417 illus. Price separately $9.00,

Special low price . . . you save $2.00

If broken into lessons and sent to you as a ‘‘course,’’ you’d regard
these two great books as a bargain at $100 or more!

Under this new offer, you buy both books for only $17.00 . . . you
save $2.00 and have the privilege of paying in easy installments while
Yyou use them! No lessons to wait for. You learn fast—and right!

mm==STUDY 10 DAYS FREE!~= ==

Dept. MH-90, HOLT, RINEHART & WINSTON, INC.,
Technical Div., 383 Madison Ave.,
New York 17, N. Y,

Send books below for 10-day FREE EXAMINATION. In 10
days I will either remit price indicated {plus postage) or return
books postpaid and owe you nothing.

0 Radio & TV Receiver TROUBLESHOOTING & REPAIR (Price
$10.00 separately)
A Radio & TV CIRCUITRY & OPERATION (Price $9.00)
Check here for MONEY-SAVING COMBINATION OFFER
.« + - Save $2.00. Send both of above big books at special
price of only $17.00 for the two. (Regular price $19.00 . . .
you save $2.00.) Payable at rate of $8 plus postage after 10
days if you decide to keep books and $3 a month for 3 months
until the total of $17.00 has been paid.
SAVE! Send cash with order and we pay postage. Same
return privilege with money promptly refunded.

Nams......--..-..................................
AdroBS . otvetunrcnrannoanarenrescreraneranasseess

City, Zone, State. .. ......00eeuunnn..

Qutside U.S.4.—$10.50 for TROUBLESHOOTING & REPAIR;
$9.50 for CIRCUITRY & OPERATION: $18.00 for both. Cash
only, but money refunded if you return books in 10 days.

Carts -
Powgr:y(les * Trailers . Scoor
ers

5PROJECTe

ON WHEEL ¢

Bicycles . Sidewalk Cars

BIG BONUS
BLUEPRINTS
-Midge? Race Curl
. Suitcase-Size Powerzyt £y
.18-Ft. Vacation Trailer .
«Half-Scale Stutz Bearcal
b, Each Blueprint
A 75¢ Value!

4

« Micro

NOW ON SALE

Here’s a handbock that contains the 25 most popular
wheelegi projects ever published in Science and Mechanics
Magazine—each project completely detailed as to plans,
four of them presented as fold-out blueprints! At your
newsstand, or send 75¢ for Handbook No. 568 to Science
and Mechanics, Dept. 353, 450 E. Ohio St., Chicago 11.

Buying a New or Used Car?

h Protect Yourself
with a Checklist

Make sure you know what
youwre getting—and what
you’re paying—compare
deals, break down optional
equipment costs, new and
used car charges and financ-
ing terms with the Car Buy-
er’s Checklist. A packet of
8 four-page, money-saving
Checklists for $1.00.

SCIENCE AND MECHANICS
450 East Ohlo St. Dent. 714 Chicago 11, 1.

INVENTORS

PROTECT YOUR PATENT
With NEW PATENT SALES AGREEMENT

Now you can sell your patent and be SURE you are pro-
tecting your interests 100 percent. Prepared by the
Dean of a leading law school, this S&M Patent Sales
Contract will help you protect yourself and make sure
you or your attorney overlooks no detail. Not a blank,

but a true, TESTED Sales Con-
tract that will protect your earn-
ings and interests. Send today only
—

€AR BUTER'S CHECKUST

for a copy of our Patent Sales
Agreement.

SOLD EXCLUSIVELY BY
SCIENCE & MECHANICS MAGAZINE

450 East Ohio Street, Dept. 419, Chicago 11, lllinois
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MAKE MORE MONEY
. TELEVISION

RADIO=-ELECTRONICS

Ot
tap
ya:ﬂ" 3"0““

P o

BETTER...MORE COMPLETE...LOWER COST...
WITH NATIONAL SCHOOLS SHOP-METHOD
'HOME TRAINING!

BETTER... Training that is proved and tested |

in Resident School shops and
faboratories. by a School that is
the OLDEST and LARGEST of
its kind in the world.
MORE COMPLETE...You learn ALL PHASES of
Television-Radio-Electronics.
LOWER C€OS7... Other schools make several courses
out of the material in our ONE
MASTER COURSE . .. and you
pay more for less training than
you get in our course at ONE [,

LOW TUITION!

‘e

TOP PAY... UNLIMITED OPPORTUNITIES
LIFETIME SECURITY CAN BE YOURS!

You are needed in the Television, Radio, and Electronics industry!
Trained technicians are in growing demand at excellent pay— in
ALL PHASES, including Servicing, Manufacturing, Broadcasting and
Communications, Automation, Radar,Government Missile Projects.

NATIONAL SCHOOLS SHOP-METHOD HOME
TRAINING, with newly added lessons
and equipment, trains you in your
spare time at home, for these unlim-
ited opportunities, including many
technical jobs leading to supervisory
positions.

YOU LEARN BY BUILDING EQUIPMENT WITH
KITS AND PARTS WE SEND YOU. Your
National Schools course includes
thorough Practical training—YOU
LEARN BY DOING! We send you
complete standard equipment of pro-
fessional quality for building various
experimental and test units. You ad-
vance step by step, perform more than

100 experiments, and you build a P
complete TV set fronvl the ground up, to investigate! g ECC Llcsnseand o ters
that is yours to keep! A big, new TV . 7. Radar & Micro-Waves

picture tube is included at no extra
charge.

EARN AS YOU LEARN. We'll show you
how to earn extra money right from
the start. Many of our students pay
for their course—and more— while
studying. So can you'!

RESIDENT TRAINING AT LOS ANGELES

it you wish 1o take your training in our Resident
School at Los Angeles, the werld's TV capital,
start NOW in our big, modern Shops, Labs and
Radio-TV Stodios. Here you work with latest
Electronic equipment - - professionally installed
.~ finest, most complete facilities offered by
any school. Expert, friendly instructors. Personal
attention. Graduate Employment Service. Help
in finding home near school - - and part time
job while you learn, Check box in coupon for
fult infarmation.

LESSONS AND INSTRUCTION MATERIAL ARE
UP-TO-DATE, PRACTICAL, INTERESTING.
Every National Schools Shop-Method
lesson is made easy to understand by
numerous illustrations and diagrams.
All instruction matcrial has been de-
veloped and tested in our own Resi-
dent School Shops. Laboratories and
Studios.

SEND FOR INFORMATION TODAY . . . it can
mean the difference between SUCCESS
and failure for you'! Send for your
FREE BOOK ""Your Future in
Television-Radio-Electronics’ and
FREE Sample Lesson. Do it TODAY,
while you are thinking about your
future.” It doesn’t cost you anything

GET THE BENEFITS OF OUR OVER
50 YEARS EXPERIENCE

Approved for
Gt Training

' NAME

You get all information

by mail...You make

your own decision ... at

home! NO SALESMAN
WILL CALL

YoU GET...

* 19 Big Kits—YOURS TO KEEP!

o Friendly. Instruction and Guidance

® Job Placement Service

o Unlimited Consultation

o Diploma—Recognized by Industry

o EVERYTHING YOU NEED FOR
SUCCESS!

SHOP-METHOD HOME TRAINING
COVERS ALL PHASES OF INDUSTRY

. Television, including Color TV
. Radio AM & FM
. Electronics for Guided Missiles

. Broadcasting and

MAIL NOW TO

Sound Recording and Hi-Fidelity

Communications

NATIONAL SCHOOLS, Dept RKK-100

' 4000 S. FIGUEROA ST,
Rush free TV-Radio “Opportunity” Book and sample
lesson. No salesman will call,

ADDRESS
CITY.

Los Angeles 37, Calif.

b3 r
"AT'O“AL SCHOOI.S ' [ Check if interested ONLY in Resident School tuining'zl Los Angeles. §

VETERANS: Give date of Discharge

[}
!
105 ANGELES 37, CAuF.
I
]
(
]
]

ZONE. .. STATE.

G on o o an W e Gs S G W TR G ED SR R
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POWERFUL NEW INVENTION, ONLY 2” LONG
SHOOTS THRU 100 ' gan '
PAGES-THISBOOK! o

‘B'B SH OT,MA THIS TT . . . Load

your ‘BB Shot’ and fire against this magazine. Notice that it
drives BB’s through more than 100 pages. Though only 27 How 5
long x 17 in diameter, this pocket-size device has amazing :

power and accuracy. Use it for targets, pests and hunting, o Provnt v“{“" Lok
Scientifically designed for high power, operating ease and - Replun Bngine Picks £
gty Get the ¢ t 1 1 t: t: e e Bt

e ‘BB Shot’ now—we’ll include an extra Velocity bl T
FREE! &5t and FREE Target, BB's and Automatic BB Dis- Vet Bing! You Lue
penser . . . all for only $1.98 ppd. 3 for $5.00 ppd. Money - Broublednt Sourk Plags

Back Guarantee. Not sold to N. Y. C. residents or minors.

GRAYSON PROD., INC., Dept. B-12, 210Fifth Ave., N.Y. 10, ..

MONEY.BA(K Name ..oevpnnnns Crsaseenas 5198
GUARANTEE

L Muinmin the Breke System

NOW-—3 Models—150,000 THE 1960 EDITION
250,000 and 400,000 VOLTS Everyone interested in saving money on his car’s running

Build s;g;xrdom La!;oﬁatnry Mode!k el&ctrostatic costs will want a copy of Car Repair Handbook. 1n it, 18

genera: escribe n Science echanics. t C 1 .

These generators have been scientineally easy-to-follow servicing artlcle§ show you l_ww to do it your-

gesséegogna pz%dou%eoocharlzesdup tgA 150,0(81?, self—tune up the engine, service the distributor, fix a balky
»! sy Oor 'y volts epending on e 3 e .

kit. More powerful than units many timeg choke, repair faulty brakes, etc. In addition, there are sci-

}ggg:;;i Igeizlnfor fgpo?:xs, J.;boﬁacories_.mf;ﬁ; entific test reports on the Big 3 compacts, the Italian Fiat,

C. ce projects a al experti: : . .

Purposes using static electricity. Used by the En.gllsh Hillman, and the diesel Mercedes-Benz. PLUS

many leading companies and colleges. a detailed, tear-out blueprint for a parking-lot speed cart.

Kit, complete and ready for easy assembly, 1

all parts machined and drilled. Includes base, For your copy send 75¢ for Handbook No. 566 to Science

column, sphere, motor, pulleys, beit and all and Mechanics, Dept. 348, 450 E. Okio St., Chicago 11.

:Iectrical parts and hardware. (For informa-
ion on 400,000 volt kit, write for circular.)
150,000 volt kit—$27.95 postpaid. 250,000 SEND TODAY

volt kit—$32.95 postpaid., Send U. S. Postal

Money Order or check. Please, No COD’s.
FOREST PRODUCTS, INC. FOR YOUR COPY
Dept. RT-9

131 Portland Street
Cambridge, M: ts

New Ram Jet Engine Burns Gasoline!

Powertul continual
ust for models:
boats, cars, planes.

—— - Toys and Games
No moving parts. Easy to start. Runs on gas. About 50

O, ok i oY Boh. 912, betrait 7. Wisksun
POWERFUL ELECTRIC GENERATOR You Can Make
Cost U. S. Gov't $20.001 While They Last Only $3.95

Qenerates Up To 100 Volts,
Use to generate electricity,
to ring bells, light up lights,
as a medical battery, deliver
terrific electric shock as joke,
many electrical experiments,
classroom uses, etc. Brand new Army sur-
lus. Hand crank or gear wheel drive.” Made
y leading electrical companies. Each has
powerful alnico magnets (alone worth more 3
an total cost), generating armature, wire 1
leads, gear crank, ready for use. Postpaid $3.95.

Underwater Electronic Detector

© If the high cost of giving is getting you down,
get a copy of Toys and Games You Can Make, «
book containing ‘detailed plans and building in-
structions for over 80 different toys, games and play-
things. Ideal for gifts to children—children from
two to twenty—the construction projects in this book
will save you money while you enjoy yourself
making them. Toys and Games You Can Make
(No, 556) is available in a deluxe, rugged, special
hardbound edition for your shop reference library

go‘v’thurplus. cx?tStfszogﬁooil Special $7.95, ;Brand mew. Use as from Dept. 512, SCIENCE AND MECHANICS, 450
eteclor or use parts for other devices such as mi e, pick-up, 1 3 t H
ete. Wt. 30 Ibs. F.O.B. Detroit, Only. ........ .. L $7.95 East Ohio Street, Chicago 11, Illinois. $1.95.

Joh Smith Company, Dept. 912, Detroit 7, Michigan

THE HANDIEST THING
SINCE
" ELECTRICITY

The
Handies?

Tap-A-tine —
mounted on or
behind work benches,
in the lab, on test tables,
in lamp or appliance stores —
provides multiple taps from a single

power source. Safe — concealed conductors — &
tight positive contacts — easy 1o install in any position.

L3
Y.  Thing
Sold by Electrical, Electronic and

LINE Since
Hardware Jobbers and Dealers Z:QJJ \> % .
- Tap-A-Line Mfg. Co. "‘""';TI: ls 3 EleCﬂ'ICify
P. O. Box 563 ’ MEL S padle
e %

Pompano Beach, Fla,

TAP FROM 6 INCHES
TO 10 FEET LONG
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BUILD 20 RADI

IRCUITS AT HOME v
c wi?l!j'l'hesNew Deluxe ’2695

PROGRESSIVE RADIO “EDU-KIT"

1wdio Cours

Practical Hom

Now Includes s No Knowledge of Radlo Necessary
% 12 RECEIVERS No Additional Parts or Tools Needed
% 3 TRANSMITTERS *
% SQ. WAVE GENERATOR s EXGELLENT BACKGROUND FOR TV
% SIGNAL TRACER . .
* AMPLIFIER % School Inquiries Invited FREE EXTRAS
% SIGNAL INJECTOR * Sold in 79 C tri
% CODE OSCILLATOR old in ountries
, SET OF TOOLS
]
YOU DON'T HAVE TO SPEND e SOLDERING IRON
HUNDREDS OF DOLLARS FOR A RADIO COURSE o ELECTRONICS TESTER
. -

The Eauwit’ offers you an outstanding PRACTICAL HOME RADIO COURSE at a s ALIGNMENT ToOL
rock-bottom price. Our Kit is designed to train Radio & Electronics Technicians, making « VALUABLE DISCOUNT CARD
use of the most modern methods of home training. You wiil learn radio theory, construc- o CERTIEICATE OF MERIT
tion practice and servicing. THIS 1S A COMPLETE RADIO COURSE IN EVERY DETAIL. s TESTER INSTRUCTION MANUAL
_ You will learn how to build radios, using regular schematics; how to wire and soider s HIGH FIDELITY GUIDE UIZZES
in a professional manaer; how to service radios. You will work with the standard type of e TELEVISION BOOK B 8
punched metal chassis as well as the latest development of Printed Circuit chassis. T ;OUBLE-SHOOTING. BOOK

You will learn the basic principles of radio. You wilt construct, study and work with ¢ MEMBERSHIP IN RADIO-TV cLuS:
RF and AF amplifiers and osciltators, detectors, rectifiers, test equipment. You wili learn CONSULTATION SERVICE FCC *
and practice code, using the Progressive Code Oscillator. You witl learn and practice AMATEUR LICENSE TRA|N.|NQ
trouble-shooting, ng the Progressive Signal Tracer, Progressive Signal Injector, Progres « PRINTED CIRCUITRY

sive Dynamic Radio & Electronics Tester, Square Wave Generator and the accompanying
instructional material.
ou will receive training for the Novice, Technician and General Classes of F.C.C. Radio
Amateur Licenses. You will build 20 Receiver, Transmitter, Square Wave Generator, Code
Oscillator, sSignal Tracer and Signal Injector circuits, and tearn how to operate them, You
will receive an excelient background for Television, Hi-Fi and Electronics.
Absolutely no previous knowledge of radio or science is required. The ‘‘Edu-Kit’’ is the
product of many year d engineering experience. The “Edu-Kit’' will pro-

[SERVICING LESSONS |

vide you with a basic education in Electronics and Radio, worth many times the complete You will learn trouble-shooting and
price of $26.95. The Signal Tracer alone is worth more than the price of the entire Kit. servicing in a progressive manner. You
will practice repairs on the sets that
you construct. You will learn symptoms

and causes of troubles in home, portable
and car radios. You will fearn how to
use the professional Signal Tracer, the
unique Signal Injector and the dynamic

__You do not need the slightest background and backgrounds have successfully
in radio or science. Whether you are inter- used the ‘‘Edu-Kit’’_in more than 79 coun-

ested in Radio & Electronics because you tries of the world. The «:Edu-Kit’’ has been Radio & Electronics Tester. Whiie you
want an interesting hobby, a well paying carefully designed, step by_step, so that are learning in this practical way, you
business or a job with a future, you will find you cannot make a mistake. The “Edu-Kit'’ i job for

sEdu-Kit"’ a worth-while investment. allows you to teach yourself at your own

thousands of individuals of all rate. No instructor is necessary.

PROGRESSIVE TEACHIN

The Progressive Radio ‘*Edu-Kit'’' is the foremost educational radio t in the world,
and is universally accepted as the standard in the field of electronics training. The “Edu-
Kit'' uses the modern educational principle of ‘‘Learn by Doing.’’ Therefore you construct,
learn :chem:‘tdics, stud;a theory, |:Iara:: o trouble-shooting—all in a closely integrated 5ra-
gram design to provide an easily-learn i i ackground in radio. .

You begin by e: nir the ‘‘EdurKi You then learn the bug); S‘t:::\)tn". ,w(:'(;tezs.': I"‘olpl?lrav:l 're‘gal ed
function, theory and Yy v Then you build a simple radio, With this first several sets’ for my friends, and made
set you will enjoy listening to regular broadcast stations, learn theory, practice testing money. The ‘Edu-Kit' paid for itself. |
and trouble-shooting. Then you build a more advanced radio, learn more advanced theory was ready to spend $240 for a Course,
and techniques, Gradually, in 3 progressive manner, and at_your own rate, vou will but | found your ad and sent for your
finclf yourself cczlstructitl"lg_ more advanced multi-tube radio circuits, and doing work like a it
professionai Radic Techni n. - .

el onal Radhe “Edu-Kit course are twenty Receiver, Transmitter, Code Oscillator, u,a",,e.“u}’,?geg‘,;’.;_,("ﬁsg;e B i ere
signal Tracer, Square Wave Generator and Signal Injector circuits. These are not unprofes- I am sending you the questions and also
sionat ‘‘breadboard’’ 2 but genuine radio circuits, constructed by means of the answers for them. 1 have been in
professional wiring and soldering on metal chassis, plus the new method of radio construc- Radio for the last seven years but like
tion known as ‘‘Printed Circuitry.!” These circuits operate on your regular AC or DC house to work with Radio Kits, and like to

current.
mn DU K Tll y M

- e the Signal Tracer works
- THE E l lS COMPLETE fine. Also like to let you know that 1
You will receive all parts and instructions necessary to build 20 different radio and elec- feel proud of becoming a member of your

tronics circuits, each guaranteed to operate. Our_ Kits contain tubes, ari Radio-TV Ciub.’’
able, electrolytic, i and paper dielectric condensers, resistors, tie strips, Robert L. Shuff, 1534 Monroe Ave.,
nardware, tubing, punched metal chassis, Instruction Manuals, hook-up wire, solder, Huntington, ““Thought 1 would

selenium rectifiers, volume controls and switches, etc. drop you a few lines to say that | re-
in addition, you receive Printed Circuit materials, ceived my Edu-Kit, and was really amazed
special tube sockets, hardware and instructions. You 0! that such a bargain can be had at such
professional electric soldering irof, and a self-powered i i cs a low price. I have already started re-
Tester. The *Edu-Kit'' aiso includes Code Instructions an i 1 . pairing radios and phonographs. My
in addition to F.C.C.-type Questions and An i i ini friends were really surprised to see me

i i lessons for servicing essi i 3 < - get into the swing of it so quickiy. The

Troubleshooting Tester that comes with
ation Service, Certificate o eri the Kit is really swell, and finds the
ete. Everything is yours to keep. trouble, if there is any to be found.”

[~ —"UNCONDITIONAL MONEY-BACK GUARANTEE™ ™ 1
1

| PRINTED cmcurrmr.—]

At no Increase In price, the “Edu-Kit'’
now includes Printed Circuitry. You
build a Printed Circuit Signal Injector,
a unique servilcing instrument that can
detect many Radio and TV troubles.
This r i y new i of
radio construction is now bhecoming
popular in commercial radio and TV sets.

A Printed Circuit Is a speclal knsu-
lated chassis on which has been de-
posited a conducting material which
takes the place of wiring. The various
parts are merely plugged in and soldered
to terminals.

Printed Circuitry Is the basis of mod-
ern Automation Eleetronics. A knowl-
edge of this subject is a necessity today
for anyone interested in Electronics.

ORDER DIRECT FROM AD-—RECEIVE FREE BONUS
RESISTOR AND CONDENSER KITS WORTH $7

[ Send “‘Edu-Kit” postpaid. 1 enclose full payment of $26.95.
3 Send “Edu-Kit” C.0.D. 1 will pay $26.95 plus postage.
[3 send me FREE additional information describing “Edu-Kit"™

Xy

Name ...... teewsencassesersanaassersesane

.

essvesccaseny

Address .

estessesescssnasarasansoveresroasy eevesessanarsesscerrrersereers

PROGRESSIVE "EDU-KITS" INC.

1186 Broadway, Dept. 507NN, Hewlett, N. Y.

u—————_————.—.—_.————-——-—-————
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NOW—Get this expert SELF-TRAINING in

RADIO SERVICING

by ABRAHAM MARCUS

j Co-author of famous *Elements of Radlo” which
% has sold over 800,000 coples!

Here is every detail you need to know ahout radio
repair, replacement, and readjustment. Easy-to-under-
stand, step-by-step self-training handbook shows you
how to locate and remedy defects quickly.

Covers: Transistor Radios; Hi-Fi Amplifiers and Re-
gelvers; Hybrid Automobile Receivers; A-M and F-M
Receivers; 3-Way Portable Receivers; Semi-Condue-
tors; Power Supplies operated from AC, DG, Batferies,
Motor-Generators, ete. Tells you the HOW and WHY
of: Electron Tubes (Diode, Triode, Pentode, Beam Power
Thyratron, Phototube, Cathode Ray, etc.); Rectifier Cir-
cuits (Half-wave, Full-wave, Bridge, Voltage-Doubler,
ete.). Detector Circuits (Diode, Triode, Regenerative,
Superregenerative, Infinite-impedance, ete.); Amplifier
Circuits (Audio, Radio, I-F, Video, D-C, cte).; Osciilator
Circuits (Hartley. Colpitts, Crystal, Transitron, Multi-
vibrator, Sweep-circuit ete.). ontrol Circuits (Volume,
AVC, DAVC, Tone, Noise-Suppression, AGtomatic Tun-
ing. Automatic Frequency Control, ete.),

Explains how to use testing instruments such as:
meter, vacuum-tube voltmeters, ohmmeters, bridges,
multimeters, signal generators, tube checkers,
cathode-ray oscilloscapes, ete. Over 100 pages
and 69 illustrations in this section alone!

Get this authoritative radio repair handbook
today! Coupon bejow brings you ‘‘Radio Serv-
pages icing'’ on FREE trial for 10 days. Mail it
radio NOW,

practical
instruction.

l.___..________.__.__.___.___.._...l

I PRENTICE-HALL, iInc., Dept. 5747-KI l
Englewood Cliffs, N. J. l
Send me, for 10 DAYS' FREE TRIAL, ‘“Radio Servicing,”
by Abraham Marcus, 1 will return it in ten days and pay |

' nothing—or keep it and send $1.95 down (plus postage)

I and $2 monthly for 3 months. |

IName Pttt it it ettt et s
IAddress.................‘.....................
City

........................ State.............
{ ) SAVE! Send $7.95 WITH COUPON—=we pay postage. :

|
e T

WHERE TO FIND

[ v ot

GEM_HUNTER'S GUIDE

I'scieNce and MECHANICS, Dept. 115

450 East Ohio St., Chicago 11, Illinois

Please send me—for 5 days’ FREE EXAMINATION—a copy
of the ““Gem Hunter's Guide,” your 188-page hardbound book
packed with maps, full-color photos and expert advice on how
and where to find gems. Unless completely satisfied with book
I may return it in 5 days and owe nothing. Otherwise 1 will
geeI(Jﬂ.it and send you $3.95, plus 50¢ to cover postage and
andling.

NAME .........
ADDRESS
ciTYy ...

STATE .................. e e

D SAVE Money! Enclose only $3.95 WITH this coupon.
Then we prepay delivery charges. Same 5-day refurn
privilege for full refund applies if not satisfied.

——— et e e

AR R R N S

R R I

ZONE. .

R R T T T A, cevaas

Fr————————

ensational Clearance!

o
LIMITED QUANTITY HOW-TO-DO-IT
Here’s a Clearance Sale with a capital S for savings!
While they last, the following 50¢ how-to-do-it hand-
books are being offered at just 33( each—a 33159, re-
duction. For $2.00 you can get all seven—and save
$1.50, a savings of over 40%! So ACT NOW!

526 CRAFTWORK Vol. 3

Covers woodearving, silversmithing, puppet making, pie-
ture framing, ceramics, jewelry making, plus a complete
course in leathercrafting; scores of projects.

528 PHOTO CRAFTSMAN

How to make your own bhotographic equipment—flash-
guns, boom light, enlargers, timer, strobograph, speed-
light, titler—90 projects in all.

529 SPORTS CRAFT

How to select, make, improve, use and care for sports
equipment—guns, fishing tackle, archery equipment, golf
clubs, tennis rackets, boats and motors.

533 MODEL CRAFT HANDBOOK

Over 30 model projects—famous historic firearms, circus
equipment and animals, control and free-flight airplanes,
power boats, transportation models and engines.

541 CRAFTWORK Vol, 4

Over 50 projects, with special sections on pottery and
ceramics, woodcarving, leathercrafting, wrought iron
work, how to make simple book repairs,

542 HOME ELECTRICAL HANDBOOK

Plans for a dozen practical projects; instructions for
cash-saving repairs to appliances; complete, detailed
guide to rewiring your home.

543 SPORTSMAN’S HANDBOOK

How to repair sports equipment, make new equipment.
Plans for hunting crosshow, aguaplanes, powercycle, six
action-tested boats. Includés camp craft, basic naviga-
tion course.

SAVE MONEY! Order any of the above titles at
33¢ each, all seven for $2.00. Rush Coupon Today.

SCIENCE and MECHANICS, Dept. 355
450 East Ohio St., Chicago 11, [flinois

[0 Enclosed is $. . . .. .. Please send me the how-to-do-it
books whose numbers | have circled:

526 528 529 533 541 542
01 Enclosed is $2.00. Send me all seven books.

543

NAME R R T T

ADDRESS .....

CITY . i, ZONE.....
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In
RESIDENT CLASSES

Grantham resident schools are located in four
major cities—Hollywood, Seattle, Kansas City,
and Washington, D. C. Regularly scheduled classes
in F.C.C. license preparation are offered at all
locations. New day classes begin every three
months, and new evening classes begin four times
a year. The day classes meet 5 days a week and
prepare you for a first class F.C.C. license in
12 weeks. The evening classes meet 3 nights a week
and prepare you for a first class license in 20
weeks. For more information about the Grantham
resident schools, indicate in the coupon the city
of your choice and then mail the coupon to the
School’s home office in Hollywood, Calif. Free
details will be mailed to you promptly.

Through

HOME STUDY

Grantham training is the easy way to learn more
quickly—to prepare more thoroughly —for ¥.C.C.
examinations. And your first class license is the quick,
easy way to prove to your employer that you are worth
more money.

This correspondence course is directed toward two
major objectives—(1) to teach you a great deal about
electronics, and (2) to prepare you to pass all of the
F. C. C. examinations required for a first class commer-
cial operator’s license. We teach you step by step and
have you practice with FCC-type tests which you send
to the school for grading and comment. You prepare for
your F.C. C. examinations under the watchful direction
of an instructor who is especially qualified in this field.

CTRONICS. . .

F.C.C. LICENSE

To get ahead in electronics—first, you need the proper train-
ing; then, you need “proof” of your knowledge. Your first class
commercial F.C.C. license is a “diploma” in communications
electronics, awarded by the U.S. Government when you pass
certain examinations. This diploma is recognized by employers.
Grantham School of Electronics specializes in preparing you
to earn this diploma.

Grantham training is offered in resident classes or by cor-
respondence. Our free booklet gives complete details. If you
are interested in preparing for your F.C.C. license, mail the
coupon below to the School's home office at 1505 N. Western
Ave., Hollywood 27, California— the address given in the coupon
—and our free booklet will be mailed to you promptly. No
charge —no obligation.

Get your First Class Commercial F.C.C. License by training at

GRANTHAM SCHOOL OF ELECTRONICS

HOLLYWOOD

This free booklet
gives details of
our training

and explains
what an F.C.C.
license can do for
your future.
Send for your
copy today.

KANSAS CITY | WASHINGTON |

for FREE Booklet CLIP COUPON and mail
in envelope or paste on postal car

:@ To: GRANTHAM SCHOOL OF ELECTRONICS

' 1505 N. Western Ave., Hollywood 27, Calif.

Please send me your free booklet telling how | can get
my commercial F.C.C. license quickly. | understand there
is no obligation and no salesman will call.

Name —_Age

City. State.
1 am interested in: (] Home Study, [ Kansas City classes, E-OP
i O Hollywood classes, [ Seattle classes, [ Washington classes

L----—-——---—-----—-———

1

1

[ ]

1

'

1

1

1 1
1 :
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Find a Buyer
for Your Invention

NOW! A Brand-New Guide—by the Editors of Science
and Mechanics Magazine—Tells

LISTS HUNDREDS OF

NEEDED INVENTIONS

i i is eager to
A manutactarer ir o8 lustic tova or
ggzsggvzre inventions w1:h [v;\l;lies r:g:uree.
b'Ag:;!%i:;:‘r%zn oﬁpsea.g or inventions
rle ating to paint specxalﬁtz}e&.
company paysinventors v7%
for new ideas for gndgbi
for the home, automo pay' oF EaraeD. for

e e f'iers“'lzov;’xlxl)lpmve'l‘V reception.

Ti
jacd acz;e::z just a few of the hund;‘ea?:

The?iedinventionslistedbyMOtqpt an-
gt s. Each manufacturer lists the
ufactué‘ ere.of inventions he 1s_mteresﬁte
S iag and company executive towlete
to l;uy‘irtlngr'nediate action. FOUR (t:x?;né)alu-
tc‘;-o:; -indexed lists give you thi

and WHERE to Find a Bu

NOW when you get an idea you think
may be worth thousands of dollars—
a brand-new product wanted by every-
body; away toimprovea product already
in use; a lower-cost, easier method of ser-
vicing, making, or doing something—you
can know exactly HOW and WHERE
to cashin on it and make big profits.

Big brand-new guide, How to Find a
Buyer for Your Invention,”’ reveals
hundreds and hundreds of

You Exactly HOW, WHEN, .

yer for Your Ideas or Inventions.
Tells You Everything You Need to Know to—

Turn Your Big Ideas into Big Money!

brand-new guide, published after years of
exhaustive research, helps you get the
right contact in the right firm. It lists
hundreds of inventions urgently needed
by top manufacturers. Tells you the ae-
tual name and title of the man to con-
tact in each firm to make a quick sale!

The Most Successful Sales Guide
Ever Published for Inventors

Cross Index “A';

—lists hund‘goe'g::d
ed {nventt

‘t‘;ags of products htt

wgich improvements

are wanted.

able information to guide you:

Cross Index “C” 1

~ enables you to lo-

cate the manufucmr}

ers with ;he type o.
uipment neede

;qro ucing your idea.

type of business. Lists 140
manufacturers who are eager
to buy inventions (patented
or unpatented) . . .and pay

eeded inventions in every

Manufacturers!
Are You Looking
for New Product
ldeas, Improved
Processes, New

FOUR complete cross-indexed
lists tell you what you need to
know to locate your best pros-
pects and make the most money.
You know beforehand which

Cross Index ‘D"
Zlistsfacilities torde-
veloping, Pro ucww;
and marketing you
inventions.

manufacturers have the best
facilities to make your product.
“How to Find a Buyer for
Your Invention” more than
guides you every step of the way
in making the sale. You learn
8 tested methods of selling inven-
tions; 6 sure-fire ways of gaining
the immediate interest of pros-
pective buyers. An exclusive copy-
righted Disclosure Form (alone
worth more than the low cost of
the book) enables you to include all the
vital information needed about your in-
vention to make a favorable impression.
Answers your questions about patent
brokers, free invention selling services.
Givesyou a seven-point test by which you
can tell whether your idea is salable. Out-
lines risks involved in selling ideas and
tells how to avoid them. Tells what to do
about models, plans, drawings, how to pre-~
pare a Sales Portfolio—and much more!

SEND NO MONEY

—Examine Guide FREE for 5 Days!
Just mail coupon below and we will rush
you a copy of “How to Find a Buyer for
Your Invention’’to examine FREE for five
days. If not convinced that it is worth
many times its low cost, simply return it
and owe nothing. Youdon’t risk a penny.

Inventions?

If s0, writeus for fall
information telling
how your firm can be
listed—-FREE—~in this

rand-new inven-
tor’s guide. Your

rm name will be in-
cluded in a supple-
mental list of manu-
facturers, available

top cash. Tellsyou WHO to
contact and HOW to sell—
helps you get the most cash
or royalties for your ideas
or inventions!
Why So Many
Inventors Fail
Few inventors know
how to “cash in” on
theirideas. Somespend
their entire lives literally sitting
on a gold mine without ever get-
ting to the right man in the
right firm who could turn the
trick for them, easily — quickly.
The secret of selling your
invention — and your short-
cuttosuccessasanidea man
—isinknowing WHERE your
ideas are actually needed,
and HOW to contact the man
who will say ‘‘Yes—BUY 1"*
That is exactly what the edi-
tors of Science and Mechan-
ics Magazine have now made
it easy for you to do. Their

Tells You Step-By-Step Exactly HowTo- | |

HOW to Determine if
Your Idea or Invention

”
Cross Index *'B
—gives Iist;lng c;lfu;r;%-
ials each ma! -
:fl’;'er uases in current
production.

ESS—-

current edition.

is Salable: Savesyoutime,
money, and heartbreak by
telling you BEFOREHAND
how to find out whether
your big idea is market-
able, 7 questions and an-
swers tell you whether
someone will pay good
money for your idea.
WHERE to Sell Your In-
vention: Complete, up-to-
the-minute list of 140 big
manufacturers actively
interestedinbuyinginven-
tions., Details their spe-
cific needs; facilities avaii-
able; name and address of
official to contact.

EIGHT Different Ways to
Sell an Invention. Tells
you step-by-step how to
sell your idea or invention

direct to a manufactuarer; § your patent ap lication

through a patent broker; { can be a sales * c?incher."

classified ads; puoblicity Step - by - step directions

and news releases; at ex- { for preparing a DISCLO- H
positions sponsored byen- | SURE FORMthat will win

gineering societies, ete. favorable attention. ]

HOW to Find OutifYour | PATENT Brokers, Sales |
Ideaorl ionisPat- | A = How to select a 1
entable: Values of a pat- | Patent Broker. How to be

ent, commercial search, | your own Patent Broker, i

ete. How a patent protects Advantages and Limita- |

you. How to use it to your | tions of Free Invention 1
advantage when makinga | Selling Services.

sales presentation, HOW MUCH Is Your In- |

WHEN to Sell Your In- vention Worth?: How to i Name
vention: Why the time of | get maximum royalties or -t
selling is so important. | outright fees foryouridea. 1

Pitfalls to avoid. ALSO How tosell “‘Nifty | Address
SIX Ways to Interest a | or Novel” ideas to Maga- 1
Prospective Buyer: | zines. How ‘‘Free Publi-

When and WHEN NOT to city’’ Can Sell Inventions |

use a working model. Val- | for You, Danger in Sign- |

wable hints on drawings ing Releases and Assign- t D
and deseriptions. How | ments—and MUCH more!

MAIL COUPON NOW!

SCIENCE and MECHANICS MAGAZINE, Dept. 420
450 East Ohio Street, Chicago 11, llinois

i
Please send me—for § days’ FREE EXAMINATION l
—a copy of ““How to Find a Buyer for Your Inven- I
tion.”” Unless completely satisfied with book I ma;
return it in 5 days and owe nothing. Otherwise I will l
keep it and send you only $2.95, plus 25¢ to cover post- H
age and handling.

City, Zone & State.

SAVE Money! Enclose only $2.95 WITH this cou- '
pon. Then WE will prepay ALL delivery charges.

Same 5-day return privilege for full refund applies. 1
--------------------J




HYPNOTIZE

Electric
HYPNOTISM
MACHINE

Plug in — put this effec-
tive machine to work for
you. The 10” Hypnotic
Spiral disc revolves at 59
rpm, causing tremendous eye-fixation and hypnotic motion
that seems to bring your subjects into a ‘“‘deep well of
sleep”. Treasured by Professional Hypnotists and serious
students alike, it is effective visually and creates prestige
that is so very important, Use it for Self-Hypnosis and to
hypnotize others — in groups or individually. Has an 8’
electric cord, on-off switch, carrying handle and a fine
quality 110V AC motor. Complete with disc and simple

instructions.
#CX-1.,.$13.95 ppd.

AND FREE EYE FIXATION SPOTS

WITH THESE EXCITING AIDS!

Designed for Beginners and Professionals

HYPNOTIC
RECORD

KIT WITH FASCINATING
ECHO-CHAMBER BACKGROUND

Play side one to help you hypnotize others. Record passes
hypnotic control to you! Ends like this: “‘the next voice you
hear will take complete control of your hypnotic sleep . ..”
then YOU take over!
Side Two is for Self-Hypnosis. The hypnotist weaves his
compelling suggestions around the unigue echo-chamber .
metronome beat. Gives you a suggestion for re-hypnotizing
yourself at will, then awakens you.
Study this record, get your own hypnotic technique. Learn
how a real hypnotist sounds. Imitate his words, timing and
suggestions. .
Made of unbreakable vinyl, this is a quality 78 rpm Ex-
ter&dle:ci{EPlléx);srecggding — complete with simple instructions
an ye-Fixation spots.

#0X-2...$4.95 ppd.

ELECTRONIC
METRONOME

Combines 2 trance stimulating
effects: Flashing light (framed
by a hypnotic disc) and a
Metronome beat, Completely
adjustable — speeds from 40 to
208 beats per minute. Sound
and tone from a loud click to
a low hollow tap. Completely
automatic — a precision instru-
ment 44" wide x 5V2” high.

MECHANICAL HYPNOTIST

A fascinating device that folds
up and can be carried in your
pocket, There is a design print-
ed on the front acetate window
and another on the rear ‘‘out
of focus” disc. By revolving
the disc you create a variety of
trance stimulating, ‘gye-arrest-
ing patterns. Complete with an
informative book of instruc-
tions and revealing secrets.

#CX-5 .. $1.85 ppd.

' OR‘EN“‘:\Y pNO'“sM

Written in Calcutta, India with the co-
operation of Sadhu Satish Kumar . . .
this astonishing manuscript reveals the
ecret Oriental techniques for inducing
a hypnotic trance even in the most
difficult of subjects. Crammed full
of easy to understand, easy to fol-

low methods that have proven so
successful in India — now avail-

able to you. (X4, , $1.95 ppd.

O eerich HANDBOOK
by A, W. Bacon of SELF-HYPNOSIS

hy Harry Arons
One of the few books writ-
ten about Self-Hypnosis.
This volume has clear easy
to follow instructions and
induction techniques you
can use for many varied
and specific purposes.

#CX-7...$4.00 ppd.

Here is a complete Hypno-
tism Home Study Course in
one handy volume. Has in-
dividual lessons and ques-
tions and answers, Originally
sold by a hypnotism school
for a price well over $50.00.
#XB-9... (reg. $5.00)

our price $2.95 ppd.

POCKET SIZE INVENTION HELPS

HYPNOTIZE

YOURSELF or OTHERS

‘4 IN MINUTES!
77" MUST WORK OR MONEY BACK!

Hold the RYPNO-COIN in front of the per-
son you want to hypnotize. Gently vibrate the plastic lense. This
sets a whirling hypnotic pattern into motion that is so fascinat-
ing, it captures and holds your subject’s gaze. Now give your
hypnotic suggestions! Get this amazing hypnotic aid complete
with a FREE. revealing booklet of secrets and instructions that
tell you what to say and do, how to command and re-hypnotize
with the snap of a finger, how to thrill and amaze them with
hypnotic stunts, etc. Get the COIN, Booklet and Stand for Self
Hypnosis — only $1.00 ppd. Sent in a plain wrapper. Money

back if not delighted! #CX-B . $1 00 ppd.

@ THE “HYPNO-COIN" FREE!

FREE ' IF YOUR ORDER TOTALS
$

10.00 OR MORE YOU GET
© HYPNOTIC-AIDS o Dept. XP-39,1133 Broadway, N.Y.C, 10

10 DAY MONEY BACK GUARANTEE!

All the ahove items are sold on an UNCONDITIONAL
MONEY BACK GUARANTEE! You may return any item
within 10 days for a prompt and full refund.

Send order to: HYPNOTIC-AIDS SUPPLY CO., Dept. XP-35,
1133 Broadway, N. Y. C. 10, N. Y.

Send me the following items in a plain, unmarked package.

O cX-1 @ $13,95, [JCX-2 @ $4.95, (] CX-3 @ $18.95,
[Jcx-4 @ $1.95, {1CX-5 @ $1.95, JCX-7 @ $4.00,
[1XB-9 @ $2.95, [1CX-8 @ $1.00, — [ FREE.

Iamenclosing$_ () check, ( ) cash,
( ) Money Order — You Pay Postage!

Send to:

Name

Address.
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OPHSUR: New Eye

SATELLITE

RECEIVER

Earth, its origin unknown. The space

vehicle, transmitting no signal—at least
no signal audible in the Western world—
should have remained undetected, but didn’t.
Why not? The reason is SPASUR, a new elec-
tronic device built by Bendix Radio for the
United States government.

Such an important new system should in-
volve some sweeping new discovery—but that
doesn’t happen to be the case. SPASUR
makes use of two very well known principles
of radio reception, proving again that what
man does with his discoveries is even more
important than the discoveries themselves.

First part of the SPASUR system consists
of a VHF transmitter fed into a non-direc-
tional antenna. VHF signals are not normally
reflected back to Earth unless they happen to
strike a solid object. This is precisely what
happens when the SPASUR (SPAce SUR-
veillance) transmission strikes an object in
space. Once the reflected signal is picked up
by a properly equipped receiving station, po-
sition and attitude are determined.

Each SPASUR chain consists of a transmit-
ter and two receiving locations, 250 miles
either side of the transmitter. Thus the chain
is spread out along a 500 mile strip (see
Fig. 2). There are presently a pair of chains
operating, centered on Jordan Lake, Ala-
bama, and Gila River, Arizona. A satellite
orbiting the Earth must eventually pass with-
in range of at least one of these chains.

At a receiving station, the bearing is first
taken and then the angle between signal and
Earth is measured. From the latter, it is sim-

JANUARY 1960. A dark satellite circles the

On The Universe

A
/)

250 MILES

A TYPICAL
SPASUR OPERATION

THE TRANSMITTER SENDS OUT A
CONTINUOUS WAVE OF RADIO ENERGY,
WHEN THIS ENERGY STRIKES AN
OBJECT IN SPACE T IS REFLECT~
ED AND RECEIVED BY THE
RECEIVING STATIONS

ply a matter of mathematics to calculate the
altitude. The angle of arrival is indicated by
the phase difference between two parallel
antennas. Again this method is nothing new,
it’s been used for many years in short-wave
research. However, when applied to SPASUR
it s much more accurate since signals arrive
via only one path while on short-wave multi-
path reception is common.

The received data is fed into a computer
and after three sightings both course and
speed are revealed. Working with MINI-
TRACK, another Bendix system which keeps
tabs on broadcasting satellites, SPASUR pro-
vides a complete picture of “nearby” (near
Earth) space activities—C. M. Stansury II

JORDAN LAKE, ALA,
FT STEWART, GA.
SILVER LAKE, MISS,
. GILA RIVER, ARIZ.
BROWN FIELD, CALIF,
ELEPHANT BUTTE, N.M.

PR

The approximate positions of the six stations of the
U. S. Navy Space Surveillance defection net. The
stations are divided into two complexes (eastern and
western), each consisting of a transmitting station
and two receiver stations. The stations are located
along a great circle track between Fort Stewart,
Georgia, and the Naval Air Station, Brown Field,
just south of San Diege, California.
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Accredited by the Natlonedd
Fome Study Council Cf?mmew;ag
good #raining

docsnt cosf « s il Wy Get Your FCC
t parst ———% License Quickly

Cleveland Institute Announces an EXCLUSIVE
Technician Training Program in Computers,
Servo Mechanisms, Magnetic Amplifiers and others

Other advanced fields covered inciude Basic Math, A. C. Circuit
Analysis, Pulse Circuitry, Color TV, Radar, Advanced Measuring
Technigques, Industrial Electronics, Instrumentation, Automation,
Radio Telemetry. Send for information today.

We guarantee Get

to train you until you receive

Your FCC License All 3'
—or your money back FRE E

The Master Course in Electronics will provide you with the
mental tools of the electronics technician and prepare you for
a First Class FCC License (Commercial) with a radar endorse- .
ment. When you successfully complete the Master Course, If Clevelund Instituie Of Ele(fro

ou fail to pass the FCC examination, you will receive a full .
}r'efund of allptuition payments. i 4900 Euclid Ave., Desk sM-6 Cleveland 3, Ohie
ﬂ------------------

"3 suceesstol plan for . . |
.. Electronics Training

Please send Free Booklets prepared to help me |
GET THIS HANDY POCKET : get ahead in Electronics and a free cIopg of ylc:u; I
] “Pocket Electronics Data Gulde.” have ha
ELECTRONICS DATA GUIDE l training or experience in Electronics as indi- I
cated below:
ree B 1 1 Military 1 Broadcasting i
Puts all th ) 1 [ Radio-TV Servicing [ Home Experimenting 1
uts a e common

used conversion faZ 1 0 Manufacturing O Telephone Company ]
tors, formulas, tables, | J Amateur Radio [ Other. 1
and color codes at ] | |
your fingertips. Yours 1

absolutely free if you B 1n what kind of work In what branch of
mail the coupon in 30 I are you now engaged? Electronics are you [
days. No further obli- 1 interested? i
gation! 1
TO GET THIS 1 o 1

FREE GIFT, MAIL 1 Name §E—
COUPON Within 30 Days! I aadress :

] . State__—

H . City. Zone. &

Cleveland Institute of Electronics 1 sMo

4900 Euclid Ave. Desk SM-6 Cleveland 3, Ohic  5u mw =m wm NN N B0 B9 =N NS PN BN SN BB 55 BN &5 5
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Memorandum, 1915

Subject: Radio Music Box

N 1915, David Sarnoff was Assistant Traffic
Manager of the Marconi Wireless Tele-
graph Company of America. In September

of that year he sent to the Vice President and
General Manager of the company the follow-
ing memorandum:

“I have in mind a plan of development
which would make radio a ‘household utility’
in the same sense as the piano or phonograph.
The idea is to bring music into the house by
wireless.

“While this has been tried in the past by
wires, it has been a failure because wires do
not lend themselves to this scheme. With
radio, however, it would seem to be entirely
feasible, For example—a radio telephone
transmitter having a range of, say, 25 to 50
miles can be installed at a fixed point where
instrumental or vocal music or both are pro-
duced. The problem of transmitting music
has already been solved in principle and
therefore all the receivers attuned to the
transmitting wave length should be capable
of receiving such music. The receiver can be
designed in the form of a simple ‘Radio Music
Box’ and arranged for several different wave
lengths, which should be changeable with the
throwing of a single switch or pressing of a
single button.

“The ‘Radio Music Box’ can be supplied
with amplifying tubes and a loud speaking
telephone, all of which can be neatly mounted
in one box. The box can be placed on a table
in the parlor or living room, the switch set

The serious young junior executive above is David

Sarnoff as he looked 40 years ago; today he is

RCA’s Chairmun of the Board of Directors and Chief
Executive Officer.

accordingly and the transmitted music re-
ceived. There should be no difficulty in re-
ceiving music perfectly when transmitted
within a radius of 25 to 50 miles. Within such
a radius there reside hundreds of thousands
of families . . .

“The manufacture of the ‘Radio Music Box’ -
including antenna, in large quantities, would
make possible their sale at a moderate figure
of perhaps $75.00 per outfit. The main reve-
nue to be derived will be from the sale of
‘Radio Music Boxes’ . . .”

Hindsight tells us Marconi Wireless should
have seized opportunity by the antenna. In-
stead, they ignored the memo. Five years
later, after the Radio Corporation of America
was organized, Sarnoff pulled his copy of the
memo out of his files and revived his recom-
mendation of 1915 in a report to Owen D.
Young, Chairman of the Board of the new
company.

Four weeks later, on March 3, 1920, Sarnoff
was asked for an estimate of prospective
radio business. He replied:

“The ‘Radio Music Box’ proposition . .
requires considerable experimentation and
development; but, having given the matter
much thought, I feel confident in expressing
the opinion that the problems involved can be
met. With reasonable speed in design and
development, a commercial product can be
placed on the market within a year or so.

“Should this plan materialize it would seem
reasonable to expect sales of one millian
(1,000,000) ‘Radio Music Boxes’ within a
period of three years. Roughly estimating,
the selling price at $75 per set, $75,000,000 can
be expected. This may be divided approxi-
mately as follows:

First Year

100,000 Radio Music Boxes....$ 7,500,000
Second Year

300,000 Radio Music Boxes.... 22,500,000
Third Year

600,000 Radio Music Boxes. ... 45,000,000

RCA’s actual sales of “Radio Music Boxes”
during the first three years of its activities in
this field, were:

Ist year........... 1922, ......... $11,000,000
2nd year.......... 1923....... ... 22,500,000
3rd year...... eee.n1924, 0., 50,000,000

Total................vvues. $83,500,000

Broadcasting had been born.
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Super-Special!

KiT oF 100

Bi-Pass

SONDENSERS

Gaodall -0
Semi-Molded
T Paper and MYI—AR

Made up of approx.

INSIST ON RAD-TEL FOR EVERY 16:200V, 26400V
TELEVISION AND RADIO TUBE NEED and 64.600V.

Valnes 001 to 1 mf

Up To 75% OFF on BRAND NEW TUBES

GUARANTEED ONE FULL YEAR! You Can Rely On Rad-Tel's Speedy One Day Service!

Not Used — Not Pulled Out Of Old Sets « Each Tube Individually and Attractively Boxed!?
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__6C68 . i Use This As Your Mail Order Form
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__.gggg Please Print Name and Address Clearly

FOR FREE TROUBLE SHOOTER GUIDE AND NEW TUBE & PARTS CATALOG.

55 Chambers St
Newark 5, N. J.
Dept RT-60

TERMS: 25% deposit must accompany all orders -— balance C. O. D. Not Affiliated W.“h
$1 HANDLING CHARGE FOR ORDERS UNDER $5. Subject to prior sale. Any Other Mail
Please add postage. No C.O.D.'s outside continental U.S. A. Order Tube Co.
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““All personnel . .
clear the firing area . . .
stand by for

countdown . . .

minus 10 . ..

N =

- 2
- YOU MAY HANDLE A SITUATION LIKE THIS...

If you measure up to the Aerospace Team

A man in this situation requires cool judge-
ment and an aptitude for advanced technical
training. This is the kind of man who can
measure up to the qualifications of the U. S.
Air Force. He is the kind of man who can
build a career in the Aerospace Age that will
be meaningful and rewarding.

Are you that man? As a trained and ex-
perienced Air Force technical specialist, you

will have the opportunity to work with the
intricate equipment of the Aerospace Age—the
age of air and space travel. You will enjoy
steady advancement and solid security. And
you will be superbly prepared for the future.

If you would like to learn more about the
many unique advantages that go with a
career in Air Force blue, fill in and mail this
coupon today.

U.S. AIR FORCE

There’s a place for tomorrow's leaders on the Aerospace Team

PASTE COUPON ON POSTCARD AND MAIL TO:

Airman Information, Dept. MRT09, Box 7608, Washington 4, D. C.

Please send me more information on my opportunities in the U.S. Air Force. | am between the
ages of 17-34 and reside in U.S.A. or possessions.

Address

| City Zone.

County.
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TWO-METER

Amateur Station

Compact and easy to build, this two-
meter station uses standard parts and
tubes throughout, provides hoth voice
and modulated code communication and
may be used for portable operation

You can build this transceiver
for less than half of what any
similar, presently available

commercial rig sells for.

by €. F. ROCKEY,
W9SCH/W9EDC

PEN to holders of all classes of ama-
teur license, the 144-megacycle, two-
meter amateur band offers interesting

possibilities to the experimentally inclined
ham. This little rig provides an excellent
starting setup, or a nice little extra rig.

Begin construction by drilling and punch-
ing the major holes in the front panel and
chassis (Figs. 2 and 3). Mount the panel tem-
porarily upon the chassis while drilling the
holes for the two potentiometers and the Re-
ceive-Transmit switch. With all major holes
drilled, mount the power transformer, then
the rectifier tube socket and the Jones barrier
terminal strip. Temporarily mount the re-
generation control potentiometer upon the
panel; it includes the On-Off power-line
switch, which is wired-in immediately.

Now complete the power supply wiring
(see Fig. 7) first connecting the transformer
leads to the rectifier tube socket, then wiring
in the 120-v primary leads. The electrolytic
capacitors are held in place by their mount-
ing brackets, as are the positive “hot” leads
which are supported by a two-lug, insulated
tie-point strip. Last of all, install and connect
the filter choke. Ground one side of the 6.3-v
heater winding and bring the other end out
to one of the unused rectifier socket lugs,
which will serve as a tie-point for connection
to the heater of each of the tubes (except
the rectifier, of course).

After you've wired and carefully checked
the power supply, measure the resistance be-
tween the positive high-voltage terminal and
ground. There should be more than 10,000
ohms. Less indicates a wrong connection, or
short. When the high-voltage circuit has been
checked out, connect the line cord to its
terminals on the terminal strip and insert the
rectifier tube in its socket. When the switch
is turned on, the rectifier tube filaments
should glow dull red and a dec voltage of at
least 250 v (more won’t hurt) should be
observed from the positive terminal of the
last filter capacitor to ground.

Audio Section. When the power supply is
operational, remove the rectifier tube and
line cord and fasten in the sockets for the
audio frequency section, including the 12AT7,
half of which is used for an AF amplifier.
(The other half is the crystal oscillator, which
is wired-in later.) The AF section includes
one and one-half 12ATT7’s, and the 6V6GT.
The 12AT7 sockets are mounted with 4-36 x
Yy-in. rh machine-screws and nuts. Be sure
to put a soldering-lug under one of the mount-
ing screws for each socket to provide a
ground point for that part of the circuit. Pin
No. 9 on each 12AT7 socket, and pin No. 7 on
the 6V6GT are connected to the 6.3-v heater
winding (ungrounded green lead) of the
power transformer. Ground pins 4 and 5 on
each 12AT7 socket, as well as the metal tube
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SOUND HOLES FOR SPEAKER
! DIMENSIONS

3" L
X y HOLES ON 2 7 CIRCLE FROM UNIT
TUNING EYE

HOLE

RECEIVER

REGENERATION
CONTROL
AND
RECEIVER
LINE SWITCH VOLUME

CONTROL

RECEIVE -
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in the center. On the 6V6 socket, ground pins
1and 2.

Work backwards from the output trans-
former through the 6V6 (see Fig. 6). Ground

the “common” terminal on the output trans- ~

former secondary; leave the other secondary
terminal alone for the moment. The output
transformer is mounted with 6-32 rh ma-
chine screws and nuts. When the 6V6 has
been wired, temporarily connect the loud-
speaker (between unused secondary lead and
ground), insert the 6V6 and rectifier tube,
plug in line cord and turn on power. Both
tubes should light and, when warm, a screw-
driver touched to pin No. 5 (control grid) of
the 6V6 should produce a characteristic clicky
buzz in loudspeaker.

With the audio output stage connected and
operating, unhook external connections, re-
move tubes, and wire the 12AT7 stage that
feeds the signal to the 6V6. Use 2- and 4-
point insulated tie-lugs as needed to hold
small parts firmly in place by their leads.

After you've wired and checked this next
stage, put in tubes, re-connect speaker and
plug in line. When all tubes are warm, care-
fully touch a screwdriver to the control grid
terminal (pin No. 7) of the 12AT7. A much
louder clicky buzz should be heard.

To complete further AF circuit wiring,
you'll have to temporarily install both the

POWER XFMR.

RECEIVER

{ MAJOR HOLE SPACING SUB-UNIT
DIMENSIONS ) (FIG.11)
HOLES
A
A iEHDIA
B= 3'pla
4

VERNIER DIAL
FOR RECEIVER TUNING

FRONT PANEL CONTROL LAYOUT

Receive-Transmit switch and the volume con-
trol potentiometer. Figure 8 shows connec-
tions for the non-shorting type R-T switch. -
Continue wiring by completing the 12AT7
amplifier stage that serves the receiver (see
Fig. 9). Make all ground leads short.

To test this stage, set up as previously de-
scribed, throw the R-T switch to “Receive,”
and check for the characteristic buzz at the
grid. Advance the volume control, of course.
Because of the relatively high amplification
involved here, it should be possible to hear a
faint hiss of tube noise when the volume con--
trol is fully advanced.
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Finish the AF section by wiring the 12AT7,
“speech-amplifier” stage. This circuit con-
tains the SPST toggle switch that converts it
into an oscillating multivibrator for mod-
ulated CW work. When the switch is open
the circuit acts as a multivibrator, or tone
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generator. When closed, the stage becomes
a grounded-grid amplifier for the mike.
Connect external connections, as previously
described for testing, and insert all tubes in-
volved. Connect a 220K resistor temporarily
across the Mike-Key terminals on the termi-
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SECTION SCHEMATIC
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nal strip. When the toggle switch is in the open
position, a loud, clean musical tone should
emerge from the speaker. (Note that the vol-
ume control, since it is associated with the
receiver only, does not affect the strength of
the tone.)

Throw the togggle switch into the closed
position and connect a single-button carbon
microphone (Type “F-1,” from Telephone En-
gineering Company, Simpson, Penn., or other
similar single-button carbon mike) to the mi-
crophone terminals. Now, the system should

MATERIALS LIST—2-METER STATION

No. Req’d Description
2 x 7 x 10” aluminum chassis
7 x 10”7 aluminum panel
knobs for 14" shaft
National type BM dial
tuning eye assembly for 6E5 tube (includes bracket, socket
and hezel)
PM loudspeaker, 4” size Jensen
234 x 315" aluminum sheet, for detector (see text)
octal plastic tube sockets, Amphenol
9-pin miniature sockets, high frequency plastic insulation,
Amphenol :
7-pin miniature socket, Amphenol
6-terminal Cinch-Jones barrier terminal strip
SPST togogle switch, H&H
100K linear-taper potentiometer & switch (Mallory)
500K audio-taper potentiometer (Mallory)
power transformer, Chicago-Standard Type PM-8408
filter choke, Chicago-Standard, Type C-1708
output transformer, Chicago-Standard, Type A-3823
]Monmfd. electralytic filter capacitors, 450 working volt,

allory
0.5 mfd. paper capacitors, 200 working volt, Cornell
Dubilier
Ohmite type Z-144, 2-meter RF chokes
National type XR-50 coil forms, with iron slugs
four-pole, double-throw, non-shorting wafer switch,
Centralah No. 1409
15 mmf variable tuning capacitor, Hammariund HF.15
15 mmf BUD variable tuning capacitor type MC-1850, with
one plate removed (see text)
47 ohm, one-watt carbon resistor
100K one-watt carbon resistors
‘47K, one-watt carbon resistors
22K, one-watt carbon resistors
2.2K, one-watt carbon resistors
220K, one-watt carbon resistors (includes one extra for
new operation)

0 ohm, one-watt carbon resistor
470K, one-watt carbon resistor
1K, one-watt carbon resistor
1 meg., one-watt carbon resistor
50 mmf, 600 W.V. disk-type ceramic capacitors
5000 mmf, 600 W.V. disk-type ceramic capacitors
5 mmf., 600 W.V. disk-type ceramic capacitors
1000 mmf., 600 W.V. disk-type ceramic capacitors
brass shaft coupling 44" to 14" shaft (female to female)
type 48, 2-volt, 60“ma dial lamp bulb (for tuning)
1N34 crystal diode, Sylvania
“overtone’” crystal approximately 36 megacycles, Texas
Crystal Co., River Grove, ill.
If you are a General class operator, you may select a
crystal anywhere between 36 to 36.975 megacycles. Novices
and Technicians must select one between 36.25 and 36.75
Ma. If you wish a certain frequency within the 144-mega-
cycle band, divide that frequency by four to get your crystal
frequency. Ask for the adapters to adapt the pin_diameter
to fit octal sockets pins. Texas Crystal Co. will supply
these gratis when requested in order.
line cord and plug
plastic rod 147 dia., 3" long
5U4GB vacuum tube
6VEGT vacuum tuhe
12AT7 vacuum tuhe
6AQ5 vacuum tube
12BH 7 vacuum tube
6ES vacuum tube )
microphone, carbon, type F-1 (Telephone Engineering Co.,
Simpson, Penna.)
telegraph key (optional) Johnson Model 114-100
directional antenna for 144-Mc. amateur hand, (the 5 ele-
ment “Hi-Gain,” or similar type is recommended.) With
Co-axial transmission line and rotator
wire, rosin-core solder, screws, nuts, tie-points, etc.
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behave exactly like a good, low-power public-
address amplifier. (Do not use a crystal or a
dynamic mike.) Make sure the switch is in

. “transmit” position, before making these lat-

ter tests.

The unit as so-far constructed will serve
very well as a code-practice oscillator with
the toggle switch open, or as a small PA am-
plifier, with the switch closed. If it’s too loud
for you, connect a 50,000-chm variable re-
sistor from the grid of the last 12AT7 to
ground (see Fig. 6). Varying this control will
vary volume, but it may also have some effect
upon the tone of the oscillation.

To use the audio system so-far constructed
for a code practice oscillator, connect an ordi-
nary telegraph key, in series with a 220K,
one-watt carbon resistor to the Mike-Key ter-
minals. The frame of the key should be con-
nected directly to the grounded side, the 220K
resistor in series with the other side. At full
output, the signal is strong enough to serve a
roomful of students; the volume may be re--
duced by the temporary volume control de-
scribed above. Be sure the toggle switch is in
the open position, and the R-T switch in the
Transmit position, of course.

Receiver Section. Start by connecting the
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regeneration control, 100K potentiometer and
47K voltage-dropping resistor, along with the
100K detector plate load resistor (see Fig. 9).
These parts are installed beneath the chassis
—using insulated tie-lugs where appropriate
to hold the resistors firmly in place.

With this under-chassis receiver wiring
done, drill and assemble the receiver sub-unit
(Figs. 10 and 11). Since this receiver operates
at the high frequency of 144-million cycles
per second, short and direct leads are of para-
mount importance. This applies especially to
grid, plate and bypass-capacitor leads. It is
important to return cathode leads and high-
frequency bypass capacitors in the same

speaker. This hiss indicates super-regenera-
tion, the condition for high sensitivity in a
receiver of this type. By varying this control,
it should be possible to increase the hiss level
from zero to strong. Also, a super-regenera-
tive condition should be possible over the
entire range of the tuning capacitor.

When the receiver super-regenerates prop-
erly, check the tuning range with a grid-dip
meter. My receiver covers from about 140 to
about 150 megacycles, with the 144-148 mega-
cycle amateur band falling between about
609 and 709, of maximum capacitance of the
tuning capacitor. The exact tuning range is
not critical as long as the 144-148 megacycle

stage to the same ground where possible. amateur band is conveniently included.
R l
- 1| 50| POINT
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The 15 mmf Bud receiver tuning capacitor
is modified by removing one of its rotary
plates. Grasp one of the rotary plates firmly
in the jaws of a long-nosed pliers, twist and
pull, and the plate will slip cleanly out of its
slot. This will leave one rotor and one stator
plate. The two remaining plates should not
scrape against each other. You may increase
the band-spread (number of dial-degrees oc-
cupied by the amateur band) by cautiously
bending the two plates away from each other.
Do not make this adjustment, however, until
the receiver is performing properly.

Wind coil L1 (see Fig. 13A) carefully and
complete as much of the wiring as possible,
before mounting the sub-unit upon the chas-
sis. It is fastened in place with 6-32 rh ma-
chine serews and nuts. Next, connect heater,
dc power, and signal output leads to the ap-
propriate points under the chassis. Do. not
connect the antenna coaxial lead until later.

With the receiver wiring completed, insert
tubes, connect loud speaker temporarily, and
apply power. With the R-T switch at Receive,
advance the volume control to full-on. Then
slowly advance the regeneration control po-
tentiometer. As this control is advanced, a
loud, smooth hiss should be heard from the

Squeeze the turns of the coil together or
spread them slightly for minor changes.

If you live in or near a large city, you
should now be able to hear two-meter ama-
teurs on the air within range when a good
antenna is connected between the antenna
input tie point and ground. In addition, po-
lice, taxicab dispatchers, and aircraft operat-
ing adjacent to the amateur band may be
heard in many areas. If you have not yet in-
stalled a good two-meter “antenna, a high,
clear outdoor TV antenna may serve tem-
porarily to test the receiver. (Install a knob
temporarily on the capacitor shaft to aid in
tuning. To use a TV antenna to test receiver,
connect one of the lead-in line wires to the
antenna input tie point, the other to chassis.)

Transmitter. Start wiring with the crystal
oscillator and work forward (see Fig. 11).
The crystal plugs into any two alternate pins
of the octal crystal socket; other unused pins
may be used for tie-points for other circuits
if desired. The crystal oscillator tube is the
half of the 12AT7 that was not used for the
AF amplifier circuit. The only critical part of
the circuit is the coil, and this will cause no
trouble if it is wound exactly as described in
Fig. 13B.
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After carefully checking the crystal oscilla-
tor circuit, proceed to the 6AQ5 frequency
doubler stage. Again, this stage is straight-
forward; only the coil being critical. Wind
this coil exactly as shown in Fig. 13C, being
careful to get the tap in the exact center.
Ground the cathode and the screen bypass
capacitor to the same point on the chassis, as
close to the socket as possible. The 1K re-
sistor should be fastened to a two-point in-
sulated tie lug mounted close by the coil.

When this doubler stage is complete, wire
the final amplifier stage. Although a frequen-
cy doubler, this circuit develops practically
the same efficiency as a straight-through am-
plifier while at the same time avoiding the
self-oscillation troubles which plague the lat-

ter. Its push-push feature also helps to elimi-
nate odd harmonics which could get into TV
receivers and cause interference. The ordi-
nary distortion-type frequency doubler, often
used in simple VHF transmitter arrange-
ments, provides none of this added spurious-
harmonic suppression.

Again, since the output circuit is tuned to
144 megacycles, you must keep all leads as
short and direct as possible. An extra quar-
ter-inch of wire here can spell the difference
between success and failure. Wind coil L4 ex-
actly as shown in Fig. 13A and keep the leads
short! Wire the entire final amplifier circuit
carefully, but do not connect the antenna
coax cable yet or the plus high-voltage lead.
In the final stage, return all ground connec-
tions to the same point near the tube socket.

When the wiring of the transmitter RF

stages is completed, insert tubes. Do not ap-
ply power yet, however. Instead, get your
grid-dip meter, and carefully adjust each of
the coils as closely as possible to its correct
resonant frequency; 36 megacycles for the
crystal oscillator, 72 megacycles for the
doubler, and set the final tank to resonance at
144 megacycles. Be sure the tubes are in their
proper sockets for this operation; their ca-
pacitance plays a big part in determining the
resonant frequencies. If properly wound and
installed, each of the coils should resonate at
the correct frequency, with considerable
extra slug-adjustment range available in
either direction. The final tank coil may be
adjusted by squeezing or spreading its turns.

When all coils have been pre-tuned, plug

3
= HOL
py E FOR

TUBE
SOCKET

16 GA.
ALUMINUM

3 HOLE FOR

TUNING
CAPACITOR

kN

90° BEND FOR
MOUNTING

BASE 5

MAJOR HOLES IN
RECEIVER SUB-UNIT

in the crystal, and apply power. Tune the grid
dipper to 36 megacycles and immediately ad-
just the crystal oscillator coil for maximum
oscillator output. If the crystal oscillator
doesn’t oscillate, recheck the wiring, and try
another tube. When you find oscillation,
screw the slug down until you get maximum
output, then screw the slug out about three
turns in the interest of stability and reliabil-
ity of oscillation. Then immediately adjust
the doubler coil slug for maximum output.
Take a No. 48, or No. 49 dial light bulb (pink
head) and solder a small loop of wire be-
tween its terminals. Then couple this loop
closely about the doubler coil. If the doubler
is operating properly, the lamp will light
noticeably.

Now connect the positive high-voltage lead




RADIO-TV EXPERIMENTER

33

6AQ5 5

50 128H7
"’h 2
| 3
|
A ‘ i:
7 = )
L4 l:
6 8
=] 7
~
—» TO
L, TUNING
E“': INDICATOR
0.5 MF
K PAPER
200 WV
v
TO POINT Z T0 POINT E
ON RECEIVE- TRANSMIT oN
SWITCH THROUGH COAX RECE VE-TRANSMIT SWITCH
WIRE #22 DCC
e CLOSE WOUND o\
WIND ON NATIONAL
TURNg  XR-50 IRON-SLUG RS
COIL FORM

L4
TRANS. COIL
TAPPED FOR ANTENNA CENTER

ONE TURN FROM
GROUNDED END Tap
Lt
L2 RCVR.COIL LC3
ppe NO TAP —
CRYSTAL FREQUENCY
0SC. DOUBLER
CoiL COIL

A LiavoLa 4 TURNS 1 INSIDE DIA.

SELF-SUPPORTING, # |4 TINNED COPPER WIRE

to the final amplifier, apply power, and tune
the final tank capacitor to maximum 144-
megacycle output with the grid-dip meter. If
you find plenty with the grid-dip meter,
. couple your “soup-loop” tuning lamp to the
final coil and slightly re-tune. The bulb
should glow brightly if the lamp is closely
| coupled. If you get weak, or no output, check
the wiring again, or try another 12BHT7 tube.

Now temporarily shut off power and plug-
in the audio amplifier tubes. Connect your
- carbon mike to the Mike-Key terminals. Set
_the toggle switch to the closed position. Re-
apply power and speak clearly into the mike.
The bulb around the final amplifier tank
should flicker markedly in step with your
voice, indicating proper modulation.

The Finishing Touches. Pull out all tubes
and remove all external connections. Mount
the loudspeaker, the tuning-eye assembly,
and the vernier dial upon the panel. Now
remove the potentiometer and Receive-
TPransmit switch binding nuts and install the
panel with the binding nuts and with self-
tapping metal screws. Place knobs on potenti-
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The VHF Amateur Bands

Today the VHF bands provide the greatest opportunity
and challenge to the experimentally minded ham. These
frequencies above 144 megacycles seem to be the only
ones left wherein simple, low-powered equipment still can
compete effectively against expensive, **store-bought”
gear.

Nobody knows for sure the exact distance limitations on
VHF communication. The first signal bounced off the
moon by the U. S. Army back in 1946 was in the VHF
range. On the other hand, it is the consistent, interference-

free, short-haul communication, up to 50 miles or so, that -

is the operating bread-and-butter of the VHF amateur.
Occasional long-distance spurts are to be considered as
interesting diversions, rather than daily fare. Distance
chasing, in itself, is not the whole of amateur radio. Youw'il
have a lot of fun, face some stimulating problems, and
meet some nice people on the two-meter band, believe me.

Those frequencies between 145 and 147 megacycles are
available to both novice and technician class licenses, as
well as the general-class operator. But do make sure that
you have a license before you do any transmitting. “‘Citi-
zens Band” license is mot sufficient, You must have an
Amateur license. (Write to the Federal Communications
Commission office in the large city nearest you for details.}

In addition to the license, and to the usual hand tools
owned by all radio experimenters, you should have avail-
able:

1) A good “two-meter beam,” a directional antenna for
the 144-megacycle band. Such an antenna is not expensive
or unwieldy, in fact it is smaller than the usual outdoor TV
antenna. A five-element antenna is sufficient, and can be
purchased at a reasonable price from Newark Electric Co.,
Allied Radio, or any similar Amateur jobber.

You should equip your beam antenna with a suitable
rotating-device, (one of those sold for TV antenna use will
do very well) and you should get it as high above the
ground as you can. A “quick and dirty” rule is that you
can reliably work one mile of range per foot of antenna
height (above average ground) beyond ten feet. In other
words, this is your consistent communication range, in
miles.

While you can make a number of contacts, particularly
in the New York, New England, and Chicago areas, with a
dipole in the attic, a good beam will do more for your
morale than anything else,

2) A grid-dip meter. Stray capacitance and inductance
being unpredictable in most cases, it becomes necessary to
individually trim VHF tuned circuits by trial in nearly every
case. The proper tool for establishing these resonant fre-
quencies is the grid-dipper.

3) A volt-ohm-milliammeter.




34

RADIO-TV EXPERIMENTER

TO PLATES OF N e
12BHT BES I MEG.
TUNING EYE ]
(AMPHENOL NIT) B ]
TRANSMITTER
FINAL TANK 3
{ SEE COIL INSTRUCTIONS } --
_\_
THIS LEAD MAY Al E
~ IN34 BE ANY
LENGTH
"y <
4 KEEP THIS YELLow BLACK ] 7] CABLE ON
CEAD | TUNING
SHORT _L BLUE > ™4 EVE
0 - UNIT
5000 220K POINT sreen 57 | Reb
B
ON RECEIVE -
TRANSMIT SWITCH
COAX TO
RECEIVE - = =
TRANSMIT M M
SWITCH TOP6.3;/#AC
IN %9

m TUNING METER CIRCUIT OF ANT 12AT7

ometer and R-T switch. Connect the receiver
tuning capacitor to the vernier tuning dial
with a piece of Y-in. fiber or plastic rod and
a shaft coupling. A setting of zero upon the
tuning dial should correspond to maximum
capacity, lowest frequency.

Plug the 6E5 tuning-eye tube into its
socket, and fit it into the clamp provided on
its bracket. Bring the cable from the tuning
eye socket through the chassis through a 34-
in. hole with rubber grommet. Connect the
black and blue wires of this cable to ground,
the green wire to the 6.3-v heater supply, and
the red wire to the positive high voltage.

Install the 1N34 crystal diode, the 5000
mmf, capacitor, and the 220K resistor in the
tuning meter circuit upon a two-lug insulated
tie point, being careful to observe the polarity
of the crystal diode. Install the diode-resistor
assembly close to the final amplifier tank coil.
Connect the yellow wire from the tuning eye
tube to the ungrounded end of the 220K re-
sistor as indicated in Fig. 14.

Now is the time to connect the receiver
input and the transmitter output to the R-T
switch through RG-59-U coaxial cable.
Ground the outer sheath of each piece of
cable firmly to the chassis at both ends of its
run. The coaxial cable from the transmitter
(center conductor) is tapped one turn from
the grounded end of the final tank coil, L4, as
shown in Fig. 13A. The receiver cable is run
from the R-T switch to the input tie-point on
the receiver sub-unit. Bring the cable up
through a grommeted hole in the chassis,
Next, run a piece of cable from the R-T
switch to the antenna terminals on the ter-
minal strip. Connect a short piece of wire—
not over %2 in. long—from the center condue-
tor of the coax cable (where it connects to
the transmitter tank) to the tuning diode.

Finally, run the wire from the R-T switch

to one side of the speaker, passing it thru a
de-burred s-in. hole in the chassis. Ground
the other speaker voice-coil lug.

Connect the power cord, and microphone
to the proper terminals on the terminal strip.
Then connect a No. 48 pilot lamp bulb across
the antenna terminals. Apply power and,
when the tubes are warm, throw the R-T
switch to Transmit. The bulb should glow
brightly and the tuning-eye should move to-
ward closed position. (If it opens, reverse the
connections to the IN34.) Re-tune the final
amplifier tank and buffer tank for maximum
glow from the bulb. Note also that the eye
closes most when the output is at a maxi-
mum. Speak into the mike and note the vari-
ation in bulb brilliance and eye closing as
you speak, indicating proper modulation.

Now, remove the lamp bulb, and connect a
144-megacycle antenna system, preferably a
good, high, beam antenna. Make sure the
grounded terminal of the antenna feed coax-
ial cable is connected to the grounded termi-
nal on the terminal strip. Throw the R-T
switch to Receive and adjust regeneration for
a smooth hiss. If there are any other two-
meter amateur stations operating in your
vicinity, you should hear them with no diffi-
culty. Now throw the switch to Transmit
position and adjust the final tank capacitor
to close the eye as completely as possible.
You're tuned-up and ready to go.

Novices learning the code, may wish to
operate in the modulated code, MCW mode,
which is legal in the 144-megacycle band. To
use, throw the toggle switch into the open
(MCW) position, and substitute a telegraph
key, in series with a 220K resistor, for the
“microphone. Otherwise operation is identical
to voice. The smooth, tone-modulated CW
signal radiated can be read by other ama-
teurs, regardless of the receiver employed.
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Economy Frequency Standard

Here is a versatile frequency standard that
/l2 AUTA the amatevr, SWL, or experimenter can build
' LI SLUG in one evening for about five dollars

/

RF OUT By JOE A. ROLF, K5JOK

you to calibrate your receiver and check its ac-

curacy at will. It can also be employed as a
beat frequency oscillator for receiving CW signals,
and for other applications requiring a stable 400
Kec to 1200 K¢ RF generator.

The circuit shown in Fig. 3 is a high-C Colpitts
oscillator using a parallel connected 12AUTA. Ex-
cellent frequency stability is achieved by the use
of a high-Q loopstick as tank coil and a large value
of tank capacity. Two NE-2 neon lamps regulate
the oscillator plate voltage for added stability. With
rigid construction and good shielding, the circuit
has negligible drift after initial warm-up.

For maximum compactness, the unit is con-
structed in a 1% x2% x234 in. Minibox (CU-
2100). Construction details are shown in Figs. 2
and 4. The 12AU7A is mounted outside the cab-
inet to avoid heating frequency-determining com-
ponents. The output jack, J1, and tank coil, L1, are
mounted beside the tube socket. Inductance L1l
should be securely mounted and reinforced with a
bead of Duco cement to insure against possible vi-

; THIS compact frequency standard will enable

Frequency standard is powered from an external -
source. Designed primarily for 500 Ke, it can be
tuned from 400 K¢ to 1200 Kc.

J-1 JACK
i\ L1 LOOPSTICK
B-,A- ANTENNA
TO CHASSIS

LUG

B+

A+
(SHOWN
WIRED FOR
8V A+)

\S

12AUTA

PICTORIAL

Components C3, C4, C5 and R1 are mounted to the tube socket beneath C1. Jack J1 is mounted behind L1.




36

SCHEMATIC
C3 0IMF

€5 50 MMF
14 | .

RADIO.TV EXPERIMENTER
J1 RF OUuTPUT

MATERIALS LIST—FREQUENCY STANDARD

) Desig. Description
n g% %ggg mmff sillver inica capacitor
mmf silver mica capacitor
€3 .01 mfd disc ceramic
ct c4 270 mmf mica capacitor
IS?SV%A“mch €5 50 mmf mica or disc ceramic
* - J1 small feed-through insulator, coax jack,
H 1 ; or 'phun%.tip jatl:k .
LoOPSTicK B erri-loopstick antenna coil
NE-2 NE-2 nean lamp (two required)
ANTENNA- ¥ R1 100,000 ohm, 14 watt resistor
1 ~ R2 1,500 ohm, 1/5 watt
o Pt
3000 MMF u-2100 Minihox
SILVER MICA 1 12AU7A tube
. 1 3-conductor cable, length as desired
. 1 5-lug terminal strip
b— AN e 4 % g-pinl/rq’iniatu;e tube socket
X 12” machine screws and nuts
12VOLTS 6 VOLTS ., RI 1 S5 rubber grommet
270 MMF 00,0000, tuhe shield, decals, etc.
]
< W
4 49 45 S 4
NC 9 B A o this switch can be included in the
2y ~ = Minibox.
Atei2 Atésv 225 —250v Adjustment of the slug on L1
permits the unit to be set at an
" “ y
& D TERMINAL %D frequency from about 400 Kc to
’__ - ] STRIP MTG. 2OCKET ’__Q_._, 1200 Ke. This permits a number
/ HOLE ! 16 £ licati h bui
T - of applications, the most obvious,
l & 5» of course, as a 500 Kc or 1000 K¢
8 frequency standard. When tuned
o—% to 500 Ke, useful harmonics will

L A 8

/-,@

|

<

|

' " );®—
+ T

) appear at 500 Kec. intervals up to
§0  about 15 Mc. Above 15 Mec, 500
Kec harmonics rapidly become too
weak for easy receiver calibration
and it is necessary to shift the
standard’s setting to 1000 Kc to
get harmonics of useful amplitude

[—5-;0 (L1)

1
5" caBiE HoLE 3"
o 6 8

FRONT SIDE

,

bration. Jack J1 may be a small feed-through
insulator, miniature coax jack, or phone tip
jack. Power is furnished by an external
source and brought into the cabinet by a
three-conductor cable.

It is important, from the standpoint of sta-
bility, that wiring be as rigid as possible.
Connections between socket pins 2 and 7,
and pins 1 and 6, should be made with heavy
solid copper wire. Pins 3, 8 and 9 are
grounded at the tube socket; other leads
should be kept short and rigid to avoid vibra-
tion. Keep components away from L1 as
much as possible and use quality silver mica
capacitors for C1 and C2,

The oscillator is designed to operate with
plate voltages from 225 to 250 v at about 15
ma. In most cases these voltages are avail-
able from the receiver with which this fre-
quency standard will be used. Less than 225
v can be used if R3 is replaced with a 500
ohm, 1 watt resistor. Filament connections
for either 6 or 12 v are shown in Fig. 3. The
oscillator is turned on and off by a SPST
switch in the external B-plus lead. If desired,

Top

=

above 35 Mec. The unit can be ac-
curately adjusted to either fre-
quency by zero beating WWV at
2.5 Mc, 5 Mc or 10 Mc.

As a frequency standard, the unit is small
enough to fit inside most receiver cabinets.
In most cases, a short length of insulated wire
connected to J1 and brought near the re-
ceiver input circuit will provide sufficient
coupling.

However, you may find that with some re-
ceivers or with less than 225-v plate voltage,
it may be necessary to connect the standard
directly to the receiver antenna terminal
with a 5-30 mmf mica capacitor.

Another useful application, for the SWL
or amateur, is as a BFO (beat frequency
oscillator) for 455-Ke¢ IF receivers. The
standard can be tuned to the IF frequency
and connected to the grid or plate lead of the
receiver’s last IF stage with a 2 to 5 mmf
capacitor for CW reception employing an all-
wave set or an automobile receiver.

Note that Fig. 2 is shown wired for a 6-v
filament supply, pin 9 of the 12AU7A ground-
ed, pins 4 and 5 tied together. If you are
using a 12-v filament supply, pin 9 will have
no connection, pin 5 is grounded, and pin 4
is wired to the 12 volts (see Fig. 3).
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Two-Tube Long

Wave Receiver

This compact ac-dc receiver features good sensitivity, better than average
selectivity, and simplified construction. It has an adjustable tuning range
of 85 to 550 kc¢. and is easily modified for broadcast-band reception

By JOE A. ROLF, K5JOK

Fig. 4) employs two miniature high-gain

TV tubes. The 6ANS8 is a regenerative
detector; the pentode section of the 6AUS is
an audio amplifier; The triode of the 6AUS8
serves as an ac-dc type rectifier.

The heart of the circuit is the detector, a re-
generative cathode-follower type commonly
"known as the “Regenode.” If you're not fami-
liar with this hybrid circuit, here’s how it
works: The pentode section of the 6ANS is
a conventional grid-leak detector, with the
exception of the signal grid which is sepa-
 rated from the tuned antenna circuit by, the
cathode-follower connected triode section of
the tube. This arrangement permits a degree
of selectivity not possible with the detector

. THE circuit of this economical receiver (see

grid connected directly to the antenna circuit,
since the signal-grid loads the tuned circuit
and reduces its Q, or selectivity ability. The
cathode-follower isolates the detector from its
input circuit and allows a great improvement
in selectivity. The circuit operates smoothly,
is easily adjusted, and eliminates hand-capac-
ity effects common to most regenerators.
These advantages are particularly desirable
in a LW receiver.

Since hand capacity does not affect opera-
tion, an all-wood chassis constructed with
simple hand tools can be used. Chassis details
are shown in Fig. 5. Large holes (for tube
sockets and controls) can be made with a
coping saw; fastener holes can be made with
a hot ice-pick in the absence of a drill, A
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OU’LL be pleasantly surprised at the

number of interesting signals to be heard
below the standard broadcast band, though
at first they may sound like nothing but
jumbled dots and dashes intermixed with
weird howls and squeals. Careful listening,
however, will reveal this apparent bedlam
to be important communication services
which make unusual listening and challenging
DX.

The main divisions of the 10 Kc. to 535
Kc. band are shown in Table A. It is occupied
mainly by aeronautical and marine services,
although 150-535 Ke. is part of the standard
BC band in Europe and Asia. However, with-
out discounting the possibility of logging some
of these BC stations, the marine and aero-
nautical stations are of prime interest to most
LW listeners.

metal chassis will afford more compact con-
struction, but a wooden panel and cabinet
should be used to avoid accidental grounding
of the chassis.

Construction is not critical and will pose
no difficulty if the general layout shown in
Figs. 2, 3, and 5 is followed. Keep RF and AF
leads separated and away from ac leads. This
is best accomplished by wiring the filaments
and power supply first, then the AF and
detector stages.

Ground connections are made to solder lugs
mounted to the socket and tuning capacitor
fasteners. Components R4, R6, R9 and R10
mount on a 7-lug terminal strip at the rear
underside of the chassis (see Figs. 3 and 4).
The filter capacitor, C11, can be wedged be-
tween the 6AU8 socket and chassis leg, or
secured with a mounting clip. Two sections
of this capacitor are used in the power supply

What to Listen To on LW

The long waves provide up-to-the-minute
reports on weather and flying conditions,

code practice and some good DX

The most popular are the navigational aids,
or radiobeacons, heard between 200 Kc. and
405 Kec. Some are marine beacons, others
aeronautical. Both employ very slow ampli-
tude modulated code and are easily distin-
guished from one another by their signals.

Marine beacons usually transmit their call
signs continuously in an omni-directional pat-
tern. In some cases the call, consisting of
from two to four letters or numerals, is sep-
arated by a number of dashes. Many marine
beacons can be heard constantly over a con-
siderable range, while the less powerful can
be logged at great distances under favorable
conditions,

Aeronautical range stations transmit a com-
bination A-N signal in a four-leaf pattern like
that of Fig. 1. They identify themselves
every thirty seconds and employ two pairs of
antennas to obtain the four-leaf radiation pat-
tern. The transmitter is operated continuous-
ly and is alternately switched between the
two antenna systems so that an A (dit dah)
is radiated in the directions marked A in Fig.
2, and an N (dah dit) in the directions
marked N. Midway between the A and N
patterns, the signals merge as a steady tone
which aircraft follow to or from the station.
If the pilot leaves this course, he will hear
either the A or the N.

These radiobeacons offer an wunlimited

filter, the third is used as a cathode bypass
for the audio stage.

Other components under the chassis, ex-
cept R3, C7 and C9, mount to respective tube
sockets. Capacitor C9 is connected from J2
to the grounded terminal on R5. Resistors R3
and CT connect to a machine screw and solder
lug placed between L1 and C2. One lead of
L2 connects to a solder lug on the same screw
on the chassis top.

The antenna trimmer, Cl, is secured by the
antenna terminal mounting screw as shown
in Fig. 3. This component requires only in-
frequent adjustment, but it can be mounted
on the front panel for easier access, if desired.

Inductance L1, a standard TV replacement
coil, is mounted last. Before inserting the
core, as explained in the manufacturer’s in-
struction leaflet, thread on the %¢-in. mount-
ing clip and remove % in. from the slotted
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TABLE A—LONG WAVE ALLOCATIONS

Fr (Ke.) € tions Service Sunset Skip  Night DX
10-14 Radionavigation
14-200  Fixed Public Services
and Coastal-Marine CW
none
200-283  Aeronautical Beacons 4 am
and Communications
285-325  Marine Radiobeacons to
325-405  Aeronautical Beacons 7 am
and Communications 10 pm
405-415  Radio Direction Finding|  °°
2 am
415-490  Coastal and Marine CW
500 International Calling 2-4 11 pm
and Distress Frequency hours
after to
510-535  Misc. Radioheacons sunset 7 am

Note: Frequencies between 150 Kec. and 535 Kc. also used by foremn
BC stations.

source of unusual DX. At first sight, these
stations seem to offer poor DX since most are
relatively low powered and have a daytime
range of less than 200 miles. However, their
range is greatly increased at night—best times
for night DX are given in Fig. 1. These hours
will vary somewhat with the seasons, with the
choicest DX being heard from early fall to
late spring.

Above 325 Kc. sunset skip is often heard
for a half-hour during early darkness.
Notable examples are PJG, 343 Ke. in the
Netherlands Antilles; ASN, 350 Kc. on Ascen-
sion Island; and SWA, 406 Kec. from Swan
Island.

Since beacons identify continuously or
every thirty seconds, less than a minute is re-
quired to log a station. However, in order to
determine the locations of the stations you

end of the core adjustment screw, otherwise
it will protrude below the chassis when the
coil is mounted. Clamp the section to be re-
moved in a vise and cut it off with a hacksaw,
then cut a new screwdriver slot. Take care
not to break or fracture the fragile ferrite
coil.

Inductance L2 consists of 35 turns of #26
(or smaller) enameled wire scramble-wound
over a %e in. ID tube which slides freely over
L1. If not available, this form can be made
by winding four or five layers of moist
gummed tape, sticky side out, over L1. When
dry, slip the tube off and trim to proper
length with a razor blade. With L2 in place,
secure L1 to the chassis with a bead of Duco
cement.

For maximum sensitivity, the position of
L2 on L1 should be adjusted for the individ-
ual receiver. This simple adjustment is well

TABLE B-—STATION LISTS

The Airman’s Guide Superintendent of Documents, Washington 25,
D. C. 25¢ per copy. A hi-weekly pubhcatlon
listing all U. S. aeronautical radie beacons.

Location Identifiers Superintendent of Documents, Washington 25,
D. C. $1.50 for copy.and one-year supplement
service. General fisting of all domestic beacons.

BroadcastingStations Superintendent of Documents, Washington 25,

of The World, Part D.C.. $2.00. Includes European LW broad-

11, According to casting stations.

Frequency

Department of Transport, Air Service Branch,
Ottawa, Ontario, Canada. Complete list of Cana-
dian Radio Beacons, published every two months.

Air Navigation
Radio Aids

Radio Facility Charts ACIC, USAF, 2nd & Arsenal Streets; St. Louis
—Caribbean & 18, Mo. One year subscription $3.50. Listing
South America of Caribbean & South American beacons.

Radio Navigational ~ Hydrographic Office, U. S. Navy. An annual
Aids publication listing worldwide marine beacons.

List of Coast Stations Secretary General International Telecommuni-
(4.10 Swiss francs) cations Upion, Geneva, Switzerland. Very com-
List of Ship Stations plete listings of worldwide stations.

(12.80 Swiss francs)

List of Call Signs

(21 Swiss francs)

hear, you need a reference log listing the
stations you are interested in. Such listings
can be purchased (see Table B).

Range stations also transmit verbal weather
reports_for air fields in their area 15 minutes
before and 15 minutes after the hour.

In addition to radiobeacons; many CW sta-
tions operate on long waves for maritime,
aeronautical, and public service communica-
tion. For the CW enthusiast, these are inter-
esting to copy and the slower stations, some-
times sending as slow as eight words a min-
uite, provide plenty of code practice. Many
good DX signals can be heard between 415
Ke. and 500 Kc., particularly on the 500 Kc.
international calling and distress frequency.
The frequencies below 200 Kc. are also widely
used by public service and maritime CW
stations.

worth the effort and can be made with a long
antenna, 455 Kc signal generator, or a BCB
receiver with a 455 Kc intermediate fre-
quency. If possible, use a signal generator or
BCB receiver, since this will permit adjust-
ment of L2 and the core of L1 at the same
time.

Short out L2 temporarlly by connecting a
short piece of wire from the R3-C7 solder lug
to pin No. 7 of the 6AN8 socket. Turn the
core adjustment screw full counterclockwise
and connect the antenna, signal generator, or
BCB receiver to the antenna terminal.

If a BCB set is used, tune to a strong BCB
station and turn the set/s volume down. Con-
nect a short piece of insulated wire to your
LW receiver antenna terminal and place it
near the underside of the BCB set’s IF tube
socket or IF transformer to hear the 455 Kc
IF signal of the BCB receiver.
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Topside of the recciver's Masonite chassis. The antenna coil, L1, is mounted so that its slug is adjusted from be-
low the chassis,

MATERIALS LIST—LONG WAVE RECEIVER

Description

Ccl 9 to 180 mmf trimmer capacitor
c2 10 to 365 mmf variable capacitor, standard single-gang TRF

type

c3 .01l mfd disc ceramic
c4 100 mmf mica

C5 .001 mmf disc ceramic
cé6 500 mmf mica

c7 .01 mfd disc ceramic
%] .01 mfd disc ceramic
CS .0047 mfd disc ceramic

C1l0 .01 mfd disc ceramic

Cll 40-40-40 mfd, 150 wv capacitor, 3-section electrolytic filter
capacitor (Cornell-Duhilier BBRT 44415, or equivalent)

Rl 6.8 K, /5 watt resistor

R2 1 mey, /5 watt

R3 33 K, Va watt

R4 68 K, 1 watt

RS 1 meg, a watt volume control with SPST switch (Mallory
U-53 Midgetral with US-26 switch, or equivalent)

R6 100 K, V5, watt

R7 100 K, '/ watt, volume control (Mallory U-41 Midgetrol,
or equivalent)

RS 82 ohm, 15 watt

RY 5.6 K, 1 watt

Desiy. Description

R10 2.2 K, 1 watt

J1 antenna terminal post, or Fahnestack clip
J2 standard phone jack

L1 Long Wave: Merit MWG-9 Width or Linearity coil, .3 to
12 ma., tapped (see text)
Broadcast: Ferri-loopstick BCB antenna coil (see text)
Lz Long Wave: 35 turns #26, or smaller, enameled wire
scramble wound on 94" 1D x 34" form (see text)
Broadcast: 3 turns #26, or smaller, enameled wire on ad-
justable form (see text)

RFC1 2.5 mh. RF choke (National R-100, or equivalent)

SW1  on R7

T1 filament transformer, 6.3 vct, 1.2 amp (Stancor P-6134 or
equivalent)

T2 optional—for speaker use only; 5000/3.2 ohm, 3 watt, 40
v ma, output transformer. (Merit A-3026, or equivalent)
1 AN

6AUSB
1 pc Vg x 41/ x 6” Masonite (panel)
1pc l/a X 4 x 6" Masonite (chassis tap)
2 pes  pine strip, 84 x 1V x 4 (chassis sides)
two miniature 9-pin tube sockets
one 7-lug terminal strip
hardware, power cord, dial, knobs, ete.

With the volume control at maximum and
the regeneration control set at half-scale,
place the tuning capacitor about 85% open
and turn L1’s core clockwise until the 455 Ke
signal is heard. Adjust the regeneration con-
trol for maximum volume and mark its posi-
tion, This is the detector’s most sensitive

point and will determine the position of L2.
Remove the jumper across L2 and slide the
coil up or down over L1 until regeneration
(signal distortion) oceurs just above the point
previously marked on the regeneration con-
trol. If the detector fails o regenerate, re-
verse the leads on L2,
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This receiver’s tuning range, from 85 to 550
Ke, is covered in two adjustments of the core
on L1. When set to receive 550 Kc at C2’s
minimum capacity, the receiver will tune
down to about 200 Ke. The range from 85 to
200 Kc is tuned when the slug is almost fully
inserted into L1. Overlap on both bands will

permit easy bandchanging once the operator
is familiar with the stations heard around 200
Ke. On the lower band, L2 may require slight
readjustment for best reception of weak
signals.

For BCB reception, a ferri-loopstick is used
for L1. Inductance L2 consists of three turns
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and adjustment is similar to that of LW oper-
ation. The lead from C1 should be connected
to the grid end of the loopstick.

"~ A high, long-wire antenna will give best
all-’rotnd LW reception, though a short
length of wire will give satisfactory local
reception. Capacitor C1 should be adjusted
for best reception on each band and the re-
ceiver should not be grounded.

" In some localities, interference from strong
BCB stations may be bothersome, a trouble
cginmonly encou with LW receivers
having only a single tuned circuit. Such in-

- 020092 ANT,
SHORT 5 MH
SHort _RF CHOKE
-l ~Cd), ~C2)
’ ’ 7/ /
7 / / 7
= % = =
71T
- \_\/’ GROUND
2 GANG 10-365 MMF VARIABLE
CAPACITOR TRF TYPE NOTE! DO NOT
I3 = antenna Tuner GROUND RECEIVER

terference can be minimized by reducing the
antenna coupling or, in severe cases, by the
use of the simple Pi antenna tuner (shown in
Fig. 6). The tuner can be built on a small
pine block. Adjust C1 and C2 for minimum
BCB interference.

Four or five feet of hookup wire is sufficient
antenna for BCB reception. The receiver will
give good loudspeaker volume on the BC
band and on the stronger LW stations. Due
to the low power used by most LW stations,
however, headphones are recommended for
serious LW listening. For speaker operation
plug a 5000-3.5 ohm, 3-watt, output trans-
former into J2.

Inverted Brush Cleans Gun's Tip

® To keep the tip of your soldering gun clean
of scale, woodscrew-fasten a brass-bristle
suede shoe brush to one end of your work-
bench. Wipe the soldering-gun tip across the
brush occasionally to keep it clean for effi-
cient soldering.—J.A.C.

Why Inside Gun-Tip Care?

* To receive maximum soldering efficiency
and long-tip life, be sure that cleaning and
tinning operations of your soldering gun’s tip
also include the inside surfaces of the tip. A
gun’s tip that is maintained on the outside,
but allowed to deteriorate on the inside, is
sure to give lowered soldering efficiency and
it will shorten tip life. = =
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This small grey box performs the elec-
tronic hocus-pocus that will convert sine
waves into varied waveforms.

This inexpensive instrument converts

60-cycle ac or audio generator sine

waves to sawtooth, half - sine, clipped
half - sine, and square waves

By FRANK WOODS, Jr.

his waveformer is inexpensive (cost: less
Tthan $5) and simple to construct. The

waveforms generated by it can be used to
drive sweep circuits, test amplifiers, check
amplifier response, synchronize other equip-
ment, and a host of other test and experi-
mental jobs.

A sine wave is applied to the input termi-
nals, and the switch next to the input ter-
minals is set for the desired waveform; the
level control is set for the desired output
level. The desired voltage waveform will
then be present at the output terminals on
the right of the case. It’s almost that simple.

Construction. Lay out the front half of the
metal case as shown in Fig. 2. All components
mount on this half of the case; the back is
merely a cover. Mark hole starter marks on
the case with an ice pick. Then, with the
front and back of the case fastened together,
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WAVEFORMER SCHEMATIC

drill %s-in. holes for all positions. Separate
the front and back of the case and enlarge the
specified larger holes to the required dia. with
a taper reamer. File the edges to remove
burrs.

Saw the shaft of the switch to a length of
1 in. Saw the level control shaft to a length
of 3 in. To avoid damaging switch and level
controls, grip shafts in a vise when sawing.
This prevents side pressure on bushings.
Catch the switch or control when it is cut
free from the shaft. The switch is ruggedly
constructed, but it is subject to easy damage
since its wafers are brittle.

Mount the input and output terminal bind-
ing posts. The bottom-chassis terminals are
the common terminals; they make electrical
contact to the metal case. The top-chassis ter-
minals are insulated from ground by fiber
washers between the binding post and the
front of the case and between the retaining
nut and the rear of the case, and by centering
the binding posts. Note that the holes for the
top binding posts are larger than those for
the bottom. In the original model soldering
lugs were used to permit soldering of binding
post leads. A second nut on each binding post
holds the soldering lug in place. But, the
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D2-BETWEEN;
WAFERS

MATERIALS LIST—WAVEFORMER

Desig. Description
R1. 100K, 1, W carhon resistor 109, tolerance
R2 500K potentiometer (Lafayette VC-37)
, €2, -1 mfd, 50 v ceramic capacitor (Sprague TG-P10)
S (A, B, C,D) 4-pole, 5-position switch (Centralah PA-1013)

D1, D2 1INS4A diode (RCA)

penlite cell (Burgess #7)

2-penlite cell holder (Lafayette MS-138)

peinter knob (comes with switch)

miniature knob (MS-185)

binding posts (H. H. Smith 220R-red and 220B-

black)
2)/4x2V/4x5"” metal box (Bud CU-2104)

soldering lugs are unnecessary since the con-
necting wires may be fastened between the
two nuts.

Mount the switch and the level control on
the case. Use retaining hex nuts on these
controls behind the panel. Adjust to allow
only enough of the control to protrude
through the case to enable the hex nuts to be
fastened on the front of the panel. Retaining
‘washers between the rear retaining nuts and
the rear of the panel will prevent the controls
from slipping. At this point in the construc-
tion the components which fasten to the case
are mounted—except for the battery holder.

° O oo % "~ T NEw
b & WAVEFORM
SIGNAL
GENERATOR

When wiring, make connections to the
switch so that they can readily be discon-
nected without damage. This approach will
save you grief if you make a mistake in your
wiring. Be very careful not to exert undue
pressure on the switch terminals or you may
twist them out of place or break a wafer.

WAVEFORMER

Component layout of Waveformer.

Limit the length of time that you apply heat
during soldering. The diodes in particular are
susceptible to heat damage. Use a clean
soldering iron capable of supplying a large
amount of heat. A lot of heat applied for a
short time will do a better soldering job with
less chance of damage than a reduced amount
of heat applied for a long time. Use rosin core
solder only!

Figure 3, the circuit diagram, and Figure
4, a pictorial view, are used as a guide for
wiring. Wire the switch first. Note that its
sections are designated SA, SB, SC, and SD.
Section SA is the lower half of the rear wafer;
SB is the upper half of the rear wafer; SC is
the lower half of the front (nearest the front
panel) wafer; SD is the upper half of the
front wafer. Connect the wires between ter-
minals as shown and wire in components R1,
D1, and D2.

Next, connect capacitors C1 and C2. Then
connect the wires which run from the switch
and capacitors to the terminals, level control
and battery holder.

Now mount the battery holder and make
connections to it. The battery holder is
mounted with a small hardware bracket 3-
in. wide with 1-in. and 54-in. sides. Solder-fill
the battery holder eyelets which form the
battery contacts to insure good connection
to the batteries. Insert the batteries and
fasten the knobs on the switch and level con-
trol. Fasten the back to the case. The mark-
ings for the front panel are made on a strip
of paper 3 x 5 in.

Free-hand the waveform symbols which
identify switch positions and fasten the strip
to the front of the case with a 6-in. strip of cel-
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lophane tape. You may
have to realign the
switch knob to match
the waveform mark-
ings.

Operation. To use the
waveformer connect a
source of sine wave
signals to the input
terminals as shown in
Fig. 5.

The signal generator
may be a 6.3-v fila-
ment transformer
(supplies 60 cycles
only) or an audio sig-
nal generator such as
the Heathkit AG-9
(frequency 10 cycles
upward). ‘

The Waveformer
operates through a
broad range of fre-
quencies; principal
limitations of frequen-
cy are imposed by the
signal generator for
most waveforms. A
signal input level of §
to 15 v is desirable to
achieve the best wave-
forms.

Clean saw-tooth
waveforms from about
10 cycles to about 10,000 cycles at .3 v will be
produced by a 10-v sine wave. Clean clipped
waves from 1.5 to several volts, with a fre-
quency range from 20 cycles to over 20,000
cycles, can be expected.

Science Fair Demonstration. To demonstrate
the performance of the Waveformer, a Heath-
kit AG-9 Audio Generator fed a sine wave
to the Waveformer and to a Heathkit S-3
Electronic Switch. The output of the Wave-
former was fed to the other set of Electronic
Switch input terminals. The output of the
Electronic Switch was connected to the ver-
tical input of the oscilloscope. This arrange-
ment permitted simultaneous viewing of the
Waveformer input and output waveforms.

Figure 6A shows the waveform output with
the Waveformer switch set for saw-tooth out-
put. Figure 6B shows the output with the
Waveformer switch set for square wave. In
Fig. 6C the input and output waveforms are
superimposed with gains adjusted to show
how the Waveformer clips the sine wave. The
“squareness” of the output waveform will de-
pend on the magnitude of the input sine wave
signals. With larger sine wave input signals,
the clipping action produces “squarer” waves.
Figure 6D shows the superimposed wave-
forms with the Waveformer switch set to one
of the half-clip positions.

Simultaneous viewing of input to, and output of Waveformer. Explanation is

given in text.

Principles of Operation. When the Wave-
former switch is set to the sawtooth-wave
position, the basic waveforming circuit con-
nections are those shown in Fig. TA. First
consider only D1 and Cl. Diode D1 passes
only the negative portion of the sine wave. As
the sine wave goes negative, capacitor C1
charges rapidly in the negative direction. This
produces the steep portion of the curve. As
the input signal falls from the negative peak
to the zero line, the charge on Cl prevents
further passage of current through D1 and ca-
pacitor C1 tends to discharge slowly through
any load resistance connected across it. The
use of D2 and C2 in the circuit improves the
performance by providing additional storage
and switch action.

When the switch is in the half-wave posi-
tion the waveforming circuit reduces to that
shown in Fig. 7B with diode D2 only in the
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a SET-UP FOR SQUARE WAVE AMPLIFIER TESTING

circuit. It passes only the negative half cycles.

With the switch in the square-wave posi-
tion, the basic waveforming circuit is that
shown in Fig. 8. As the input voltage builds
up from zero, current flows through R1 to
the output. But when the voltage becomes
sufficiently high (greater than 1.5 V) to cause
diode D1 to conduct, the current is shorted
and the straight top of the wave results. As
the voltage decreases toward the zero line,
diode D1 ceases to conduct when the voltage
to the anode becomes 1.5 v, and the return to
zero portion of the waveform results. Diode
D2 and bias battery B2 operate on the nega-
tive half cycle in the same way. Only R1,
D1, and B1 or R1, D2 and B2 are connected
in the circuit to produce the half-clipped sine
waves.

The level control R2 is a potentiometer
which permits the setting of a desired output
signal level. It is common to all switch posi-
tions.

The Waveformer is useful as a teaching tool
to explain the operation of diodes, capacitors
and pulse circuits, but it has more imme-
diate practical applications. The sawtooth
waveform may be used to provide sweep
voltage for an oscilloscope. Some of the older
inexpensive ’scopes employ sweep circuits
that are extremely non-linear and tend to
bunch a sine wave applied to the vertical
input. If the sawtooth wave of the Wave-
former is applied to the horizontal amplifier
input of the oscilloscope, the linearity will be
improved—if the amplifier has sufficient gain
and frequency response.

The half-wave waveform may be used to
drive a relay or any other dc device at a
specified frequency. Of course, the device to
be driven must be of sufficiently low power
to allow operation with the signal generator
used and the diode in the waveformer. The
driven device cannot be operated at frequen-
cies above those to which it can normally
respond. The half-clipped sine waves may be
used in similar fashion where an opposite
“off bias” is desired.

Square-Wave Amplifier Testing. Clipped sine
waves may be used to test audio amplifier
frequency response. The square wave is ap-
plied to the input terminals of the amplifier
and the waveform is observed on an oscillo-
scope connected across the output terminals
of the amplifier (see Fig. 9).

A square wave contains a fundamental fre-
quency sine wave and a large number of
higher sine wave components. Figure 10

ist
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shows the fundamental frequency, the third
harmonic, and the fifth harmonic, and how
they combine to produce a waveform ap-
proaching a square wave. As more odd har-
monics of proper phase and amplitude are
added, the resulting waveform more nearly
approaches a square wave.

Now, if a square wave is passed through an
amplifier, amplifier defects will distort the
waveform. Discrimination against frequency,
and phase shift dependent on frequency (poor
frequency response) will produce distinct dis-
tortions. If the response of the amplifier is
poor at the fundamental frequency, the scope
connected at the amplifier output will display
a square wave with drooping midsections as
shown in Fig, 11A. Phase shift is indicated
by a waveform such as that shown in Fig.
11B. Attenuation and phase shift at high fre-
quencies is indicated by an output waveform
like that in Fig. 11C. Overshoot and ripples
in the displayed waveform, as shown in Fig.
11D, are also indicative of high-frequency dis-
tortion. A pronounced high-frequency reso-
nance in the amplifier under test will cause
the overshoot to be further accented.

I

Mousetrap Third Hand

* Need an additional hand to hold small
wires and parts while you solder them? To
make certain an extra hand is always avail-
able when needed, mount the spring mech-
anism of a mousetrap on the top of your
spool of solder as shown. Screw-fasten the
mechanism to a tight-fitting cork inserted
into the center of the spool.—JouN A. Com-
STOCK.




A simple d ration construction project, this
oscillator employs a tunnel diode which, even in its
case (above right), is dwarfed by a vacuum tube.

HIS oscillator is one of the earliest tunnel
Tdiode construction projects designed for

experimenters. It is an effective demon-
stration device, and it will attract attention
by virtue of its simplicity and the fact that
the tunnel diode is a novelty. For the builder,
it is a painless introduction to the operation
and use of the tunnel diode.

In July 1959 the General Electric Research
Laboratory announced progress in the devel-
opment of tunnel diodes, and offered them in
limited quantities at $75 per unit for labora-
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Tunnel Diode
Broadcast
Oscillator

The tunnel diode—newest member in the
fast-growing family of semi-conductors—
is giving its first cousin, the tfransistor, an
inferiority complex. Here’s a project which

helps to explain why

tory use. Prices have been decreasing—thank
goodness!—since that time and at the time
this article goes to the printer are below $10.
Obtain one now, and get in on the ground
floor of an exciting new electronic device.
Within a year or two tunnel diode prices
should have dropped to a dollar or two a unit,
and you will have sufficient knowledge to
build the many circuits that are possible with
this device. The tunnel diode will be the sub-
ject of many science fair and engineering day
displays, and it will soon be a common com-
ponent in TV, communications, computer, and
other electronic units.

The circuit of the tunnel diode oscillator
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ELECTRON "ROLLS UP" SLOPE
TO ENTER VACANT
SITE

Unique
Circvit Simplifier

THE
TUNNEL DIODE

LA
ELECTRON " TUNNELS" ! &
THROUGH SLOPE
/ ?
<5 \ }
Here—in an exiremely simplified diagram—is how the tunnel di- = 2
ode operates. Drawing represents a structure similar fo a Chinese
checkerboard, with one side slightly raised. Holes on the left side )
(which represent an n-type semiconductor) are filled with marbles,

with a few left over and sitting on top. Right side (representing o
a p-type semiconductor) has a few holes vacant. The slope repre-
sents the potential barrier. A marble (or electron) from the left,
can—after being given a push—enter a hole on the right side by
rolling up the slope and dropping in. Or, without the push, it can
miraculously “tunnel” through the board and appear in a hole.

o] . 2 .3 4 )
VOLTS
TUNNEL DIODE
CURRENT-VOLTAGE CHARACTERISTICS

P1s (1) 70 (2) - POSITIVE RESISTANGE

The former process is used in conventional diod
The latter repr what h

HE tunnel diode was first reported by a japanese scien-

tist—Dr. Leo Esaki—in 1958. It takes its name from the
phenomenon that makes its operation possible: quantum-
mechanical tunneling.

As with transistors, it depends on the transfer of an
electrical charge across a p-n junction, the region between
a p-type semiconductor, which has an excess of positive
carrier or “holes™ (empty electron states), and an n-type,
which has an excess of free electrons.

The opposite sides of this junction take on a charge
which resists the movement of the “holes” and electrons
across it. In the transistor, a charge carrier must be
emitted into a region where its energy can be boosted by
an outside voitage. It is then collected on an output elec-
trode. The speed of this process is limited by the time it
takes the charge carrier—having left the emitter—to tra-
verse the control region and appear on the collector. This
time limits the frequency at which the device can function
and is quite long compared to, say, the time needed for a
signal to travel an equivalent distance along a copper wire.

The quantum-mechanical theory says there is another
way in which the particles can pass the barrier: an electron
has a small, but definite possibility of disappearing from
one side of the potential barrier and re-appearing simul-
taneously on the other—even though it does not have
enough energy to surmount the barrier. It is as though the
particles “‘tunnel” under the barrier, setting up almost in-
stantaneous surges of current.. Thus, in the tunnel diode,
the signal moves with the same speed as it would in a
copper wire—the speed of light.

The construction of a tunnel diode gives it some other

and tr
pp in tunnel diodes.

istors. PTS (2) 70 (a) - NEGATIVE RESISTANCE
PT (4)ON — POSITIVE RESISTANCE

interesting characteristics. Its p-n junction is made of
materials more heavily loaded—or doped—with impurities
than conventional diodes, and made so that the barrier
between p and n sections is extremely thin, less than a
millionth of an inch thick.

So long as no outside voltage is applied across the p-n
junction, there is no net current—since the electrons tunnet
back and forth easily through the barrier in both directions.
Apply a small voltage, however, and current appears. Add
still more voltage, and current decreases. Add more, and
current increases again.

In the range where an increase in voltage results in a
fall-off of current, the tunnel diode is said to have “nega-
tive” resistance—making it suited for use as an amplifier
or oscillator.

This negative resistance quality, combined with speed-
of-light operation, makes possible a very high frequency
response. Engineers confidently expect oscillation frequen-
cies of more than 10,000 megacycies.

Some other outstanding features:

* It is smaller than a transistor and, because of its
simplicity, ultimately will be just a fraction of its present
size.

» It is affected very little by environment. The tunnel
diode can operate at the near-absolute zero temperature of
liquid helium or—at the other end of the thermometer—
at temperatures up to 650° F, while conventional silicon
diodes won't operate above 400° F. '

* It has a low noise level, only parametric amplifiers and
masers competing closely with it. And of these, only the
tunnel diode can operate directly from a battery.

is shown in Fig. 2. Resistors R1 and R2 divide
the voltage from the 1.5-v battery down to
about 0.15 v, the approximate voltage for neg-
ative resistance operation of the tunnel diode.
Resistors R1 and R2 were chosen so that R2
would be a fraction (about %th in this case)
of the tunnel dicde negative resistance
(which is about 150 ohms). Inductor L. and

capacitor C form a resonant circuit that con-
trols the oscillations of the tunnel diode, TD.
(Several symbols for tunnel diodes have been
suggested and are presently used by different
manufacturers. The conventional symbol is
shown in Fig. 2).

Correct polarity of the voltage applied to
the diode is important—Be careful not to re-
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MATERIALS LIST—TUNNEL DIODE OSCILLATOR
Desig. Description
R2 27 ohm, !/, watt carhon resistor, 109,

R1 270 ohm, /> watt carben resistor, 10%

L broadcast band ferrite loop antenna (Miller 6300)

c 365 mmf. miniature tuning capacitor (Lafayette MS-445)

T tunnel diode General Electric 1N2939 (ZJ56) or 1N2940
(ZJ56A)

S miniature momentary contact switch (Grayhill 4001)

B 1.5 v. penlite cell (Burgess #7)

penlite cell holder (Lafayette MS-137)
1 x 1%, x 275" plastic case (Lafayette MS-157)

Components for this project may he obtained from Lafayette Radio,
100 6th Avenue, New York 13, N. Y.
2 BOTTOM

+| s ,03 VIEWTD
B R
—
L
R2 c 12

1d
L]
-
Q

SCHEMATIC

Rear view of oscillator with case open.

verse it. The General Electric 1N2939, 1N2940,
and 1N2941 (formerly designated as the ZJ-56
series) are housed in TO-18 cases and have
the pin connections shown in Fig. 2. Note that
leads 1 and 2 are both connected to the posi-
tive electrode.

The rear view of the tunnel diode oscillator
with case open is shown in Fig. 3. Use Figs.
2 and 3 for guidance in assembling the unit
and wiring it.

Tour holes are required in the plastic case.
Start these holes with a heated ice pick. Ca-
pacitor C and the switch 'S are on the case
centerline. The hole for the capacitor is % in.
from the top ef the case. The mounting hole
for switch S is centered on the bottom side
of the front half of the case. Locate the bat-
tery holder mounting holes by using the hold-
er, against the back half of the case, as a
guide. Enlarge the tuning -capacitor and
switch mounting holes to %s¢ in. dia. with a
taper reamer. Wash the case with soap and
water and rinse with clear water to remove
fingerprints after all of the holes have been
made.

Mount the switch S, the capacitor C and the
battery holder. Then wire the circuit. Use a
hot, clean soldering iron and rosin core solder
to make connections. Minimize the danger of
heat damage to the tunnel diode by grasping
the leads with needle nose pliers between
the tunnel diode case and the connection
point during soldering. When wir-
ing is complete, insert the battery
in the holder. '

This oscillator operates in the
broadcast band. To demonstrate
its operation, tune in a relatively
weak station on a broadcast re-
ceiver. Push the switch S on the
oscillator. A momentary contact
switch, it is “on” only when
depressed. Hold the tunnel diode
oscillator near the broadcast re-
ceiver antenna and tune C till a
whistle is heard. At this point, the
tunnel diode oscillator is tuned to
the frequency of the received sta-
tion.

The short length of wire fur-
nished on coil L was removed, but
if you have trouble picking up the
signal on your receiver, simply
connect a 6- to 8-in. length of wire
at point A (Fig. 2) and provide a
hole for it in the plastic case. This
lead will act as a short antenna
and provide better coupling of the
signal to the receiver.

The unmodulated signal from
this oscillator will not be audible
in a receiver unless the receiver
is tuned to a station. The oscillator
signal beats against the received

signal.

If you have difficulty check the battery
voltage, and check capacitor C for a possible
short. Remove the battery and the tunnel
diode when checking any portion of the cir-
cuit with an ohmmeter. A change in the
value of R2 may be required. Disconnect it
and substitute a 100-ohm variable resistor.
Adjust until unit operates, then disconnect
and find value, and permanently install a re-
sistor of this value for R2.—Frank Woobs, Jr.
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SPRING AND PIVOT

METER COIL

D’'Arsonval meter movement.

Meters and

Multimeters

By FORREST H. FRANTZ, SR.

has an electromagnetic mechanism known

as a d’Arsonval movement. From it I'll
show you how to make voltmeters and am-
meters and ohmmeters.

How Meters Work. The d’Arsonval meter
(Fig. 1) contains a permanent magnet, a coil
that is free to rotate about its pivot axis, a
needle attached to the coil and a spring that
resists displacement of the coil from zero and
tends to restore the coil to zero.

The torque that causes the coil to turn is
developed when a current passes through the
meter coil. The amount is proportional to the
current passing through the meter coil. The
coil and needle are supported by low friction
bearings so that mechanical resistance is low.
The pole pieces conduct the flux from the
magnet poles and the circular iron core over
which the coil rotates. This core and the
curved pole piece faces assure that the mag-
net’s flux is always cutting the coil windings
at right angles.

The most common basic d’Arsonval meter
movement is the 0-to-1 milliampere de meter.

Designing Your Own Meter Instruments. As.
sume for simplicity in the examples, that all
of the work is being done with a 0-1 ma.
meter. The resistance of the meter, if not

THE type of meter we are concerned with

known, can be determined by the circuit of
Fig. 2. Adjust pot R, which is connected as
a high resistance rheostat, for full scale meter
deflection. Connect shunt RS across the me-
ter terminals, and adjust it until the meter
deflection is reduced to half scale. The resist-
ance to which RS is adjusted is the resistance
of the meter movement. The resistance of RS
may be measured with an ohmmeter or
Wheatstone bridge.

Once you know the basic movement (I.)
and the resistance (R.) of the meter, you
can increase the current range with a shunt
resistance (R, in Fig. 3.). The value of the
shunt resistance for a new range is deter-
mined using these formulas:

(a) L=1-1,

() B =R.()
You can buy a 19 shunt resistor, or you can
make the shunt by winding insulated resist-
ance or magnet wire on a form, such as a
matchstick or a Bakelite bobbin. Or you can
use a rheostat, adjust it to the proper resist-
ance, and lock it with a cement seal between
the shaft and bushing. Most shunt resistance
values will be so low, though, that it’s best
to wind your own.

In designing an extended-range meter




RADIO-TV EXPERIMENTER

51

2 Circuit for ing meter resist With RS
out of the circuit adjust R for full-scale meter de- v ‘ VR /-\
flection. Then connect RS across the meter as \
shown and adjust it till the meter reads half 4 U
scale. The meter resistance is equal to the value
to which R is adjusted.
3 Extending the range of a current meter with a Rs
shunt resistance.
E
_— . g e
4 Converting a milliammeter to a voltmeter with a 17
series resistance, -
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using a basic meter movement, try to select
a range that is a convenient multiple of the
meter scale range. Multiples of 10 are best
since you can read the meter directly, and
have to supply only the decimal point. Two
and five are the next best choices for scale
number multipliers, and of course, multiples
of 10 can be used with these also. (Same ap-
plies to voltmeters.)

The circuit for converting a milliammeter
to a voltmeter is given in Figure 4. These
formulas are used:

@ ®=(L)

(b) R=R —R.
By connecting a switch (Fig. 5) you can
make a multi-range voltmeter.

These current range extensions and volt-
meter conversions are solved by applying
Ohm’s law. In the ammeter application of Fig.
3, the meter and shunt are in parallel. Thus,
the voltage across the meter equals the volt-
age across the shunt. Therefore, the current
through the meter times the meter resistance
equals current through the shunt times the
shunt resistance. And the current into the
combination equals shunt plus meter current.
The voltmeter arrangement o the second
problem (Fig. 4) was based on the idea that
the current through the shunt must equal
the current through the meter, and the sum
of the voltage drops across the meter and
the series resistor equals the voltage drop
across the combination.

What about measuring resistance with a
meter? There are several approaches. The
first (Fig. 6) utilizes an ammeter and a volt-
meter to measure the current through, and
the voltage across, an unknown resistance R..

Then R is calculated from Ohm’s law. For

example, if V is 4.5 v and I is .005 amp (5
ma.), using:

v 4
R.=—7 - Then Rx=T662—7 and R,=900 ohms.

This method is cumbersome, so let’s see if we
can get around it. If we know the voltage E
of the battery, do we need to measure V?
No, if R, is much greater than the resistance
of the meter measuring the current I. This
leads us to the circuit of Fig. 7, where a pot
P is employed to adjust the voltage V to a
value around which we’ll design our ohm-
meter. Assuming that we’ll use a 1-ma, 27-
ohm meter movement, as before, we'll want
the resistance of P to be about 500 ohms.
This choice is made on the assumption that
the current from the battery should be 10 or
more times the current through the meter,
for accurate results. The resistance across A
and B is zero, if we short these terminals.
Therefore the resistance of R and the meter
should be 5v (the design voltage) divided by
the meter current, .001 amp. Resistance R,
therefore, is 5000 ohms, minus the meter re-
sistance of 27 ohms, or 4973 ohms. Since 5000
and 4973 ohms differ by only about %%, you
can let R equal 5000 ohms without noticeable
error. The ohms scale may be calculated in
terms of the I scale on the meter by assuming
different values of R, using this formula:

1

R+ R,
Thus, R: in ohms I in ma.

0 1.000
500 0.909
1000 0.832
2000 0.715
3000 0.625
4000 0.555
3000 0.500
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8000 0.384
10,000 0.333
15,000 0.250
20,000 0.200
30,000 0.143
50,000 0.091
100,000 0.048
200,000 0.024

You can compute additional values your-
self. Note that the half-scale meter deflection
is equal to R for any meter combination
which uses this arrangement. That’s a handy
piece of information for estimates, before you
begin design. The ohm readings may be ob-
tained using a table such as that above, or
an ohms scale may be pasted on the meter
glass. The switch S is turned on only when
the ohmmeter is being used.

The potentiometer P may be made up of a
100-ohin pot in series with a 400-ohm, fixed
resistance. This arrangement makes the zero
resistance adjustment less critical. You can
double battery life by doubling the value of
P (use a 200-ohm pot and an 800-ohm re-
sistance) with a decrease in accuracy that’s
negligible.

To convert a basic de meter movement for
ac measurements, rectifiers are used. Their
difference in forward and back resistance is
so great that we generally assume a rectifier
acts as a switch. The rectifier circuit of Fig.
8A, not often used with meters, conducts
during only half the ac input cycle. The full-
wave half bridge of 8B passes current during
all of the input cycle. A 2.7K resistor for
each R works well with most germanium
diodes. The output current is about 0.72
times the input current. The full bridge of
Fig. 8C passes current during the entire input
cycle also, but presents a greater output for
a given input current. The output current is
0.9 times the input current.

The rectifiers may be germanium diodes or
copper oxide types. Germanium diodes are
more readily available and cover a broader
range of frequencies. The GE 1N64, Sylvania

5 A simple 3-range voltmeter. Resistance values
were obtained by the method of Fig. 4 and
rounded off to practical values.

6 Determining resistance by the volt-current (Ohm’s
law) method.

7 A simple ohmmeter circuit. In the example in
the text, P is 500 ohms. For less critical zero ad-
justment, substitute (for P) a 100-ohm pot in se-

ries with a 400-chm resistor.

IN34A and the Raytheon IN66 are suitable.

The shunt resistances for current meters
and the series resistances for voltmeters of
the ac variety may be determined in the same
way as they were determined for de instru-
ments, but bear in mind that the transfer
factor of the rectifier arrangement alters the
value of the ac voltage required for full scale
deflection, and that the apparent meter re-
sistance is changed, too. Use the circuit of
Fig. 2 for experimentation, considering the
rectifier input terminals as the meter termi-

nals and an ac voltage source instead of a

battery to determine the apparent meter re-
sistance. The current through the meter is
the voltage across R divided by the resistance
of R. Then, the formulas of Fig. 3 and 4 can
be applied.

Multimeters. There are many meter kits
available at low prices. They're called VOM
(volt-ohm-milliammeter) or multimeter kits
and are good for measuring ac and dc cur-
rent and voltage, and for measuring resist-
ance. Although many factors enter into the
choice of a meter kit, the primary considera-
tion is meter sensitivity: the number of chms
resistance that the meter movement and the
series resistance present between the input
terminals of the meter, divided by the cor-
responding voltage range. This is expressed
in ohms/volt. This number is a function of
meter movement current for full scale de-
flection. A 1-ma meter has a sensitivity of
1000-ohms/volt; a 200 microamp. meter has
a sensitivity of 5000 ohms/volt; and a 50
microamp. meter has a sensitivity of 20,000-
ohms/volt.

The sensitiviy is important, because when
you connect a voltmeter into a circuit to
make a measurement, you're connecting a
resistance across the circuit. If you connect
too low a resistance across the circuit, you'll
draw enough current from the circuit to get
a wrong voltage reading. Figure 9 illustrates
what can happen. When you connect the
meter across AB, its resistance is in parallel

S N M ek % e ba L TITRRTNETAE
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A.C.
INPUT
E A HALF-WAVE RECTIFIER,
with the bottom 5K resistor and the resist-
ance of the combination is lower. With a

1000-ohm/volt meter (0-1 ma movement) set
to the 5 v range the resistance between A
and B looks like 2500 ohms. This increases
total circuit current to 1.33 ma from the value
of 1 ma which flowed prior to meter connec-
tion. The voltage drop between A and B is
only 3.33 v now instead of the actual 5 v that
would exist under normal circuit conditions
—a big error. However, if a 20,000 ohm/volt
meter were used to make the measurement,
the resistance paralleling R2 would be 100,000
ohms on the 5-v range, and the resistance
between AB would be 4760 ohms. The total
current through the circuit would be 1.023
ma, and the voltage between A and B would
be 4.87 volts, very close to exact.

Using a Multimeter. My young son uses his
meter to check the resistance of a toy motor.
If it’s open, the needle reads infinite resist-
ance (no deflection). Sometimes he checks
his toy motors by using them as generators,
switching the meter to a low dc voltage or
current range and looking for a meter de-
flection as he rotates the motor shaft.

The motor used as a generator with a
meter indicating output voltage across or
current through a resistance makes a good
rpm indicator for lathes, drills, motors and
engines (including cars). The same scheme
may be used for a speedometer for bicycles
or a child’s wagon. Equipped with a propeller
or vane that is outfitted to face into the wind
or equipped with anemometer type cups, this
same electrical arrangement may be used to
measure wind speed. The hook-up of Fig. 10
may be used for any of these applications.
The size of the series rheostat must be de-
termined experimentally and may include a
series resistance in the meter if you use the
de voltage range of a VOM for the meter. A
more versatile approach is to use a de current
range.

Usually the pot adjustment can be made to
calibrate the meter so the existing meter
scale with a suitable fraction or multiple of
10 will provide the desired range of rpm or
mph. Sometimes, though, you’ll have to pro-
vide a paper and ink scale, and you'll have
to figure out the mechanical coupling.

A multitester’s ac volis range can be used

D\ D\
" \\

A.C.
INPUT

B ruLL-WAVE HALF BRIDGE

o

A.C.
INPUT

C FULL-WAVE FULL BRIDGE

Meter rectifier circuits.

with an audio amplifier to produce an audio
millivoltmeter, a sound survey meter or an
applause meter (Fig. 11A). Figure 11B shows
resistance-capacitance meter coupling, and
11C shows transformer coupling to the meter.
You can rig up a calibration template for the
amplifier volume control so you can use it as
you'd use a range switch. You can use the
meter’s decibel or voltage scales. :

The ac voltmeter ranges may be used to
measure capacitance of paper, oil or mica
dielectric capacitors. Use the circuit arrange-
ment of Fig. 12. Adjust the pot till the volt-
ages at A and B are equal. Then disconnect
the pot and measure its resistance R. For
the capacitance in microfarads, substitute the
value of R in this formula:

1,000,000
T 3TR

This circuit works best with higher ac volt?
ages, but 30 v is the top, safe limit. (The
voltages across C and R won't add up to the
applied voltage.) Get the 60-cycle ac volt-
age from a transformer—either a filament
transformer or a train transformer will do.
And, don’t use this arrangement to measure
low-voltage electrolytic capacitors, or you
may ruin them! You can use a 6.3-v trans-
former in the circuit to test electrolytic ca-
pacitors rated 100 v or more, without dam-
age.

Beginners can use a meter to get a good
understanding of electricity. Use it to find
out: What happens when you connect bat-
teries ih series and parallel; what happens
to the battery voltage when you decrease the
resistance connected to it; what happens to
the voltage and current when resistors are
connected in series or parallel; how to apply




54 RADIO.TV EXPERIMENTER

5K

L ovours <

T T A
ﬂ 5K \'

I

L ]

®

*

* GENERATOR

L ]

[ ]

. m] MILLIAMETER
. OR VOLTMETER
®

Ohm’s law; the difference in the resistance
of a light bulb before it’s turned on and after
it has been on a while. Incidentally, never
use the ohms scales to measure resistance in
a circuit under power. Always disconnect
the voltage from the circuit before you meas-
ure resistance.

The resistance ranges may be used to check
light bulbs and lamp wiring. If the ohmmeter
needle deflects at all on the low ohm range,
the bulb (or lamp wiring with a good bulb
in the lamp and the switch on) isn’t open and
if the meter needle doesn’t hit zero, the bulb
or lamp isn’t shorted. In the case of a table
or floor lamp, if you get this kind of indica-
tion, everything’s good, except that you're
not sure that the switch will work. When you
turn the switch off, the meter needle will
return to its normal rest position if the switch
is operating properly. This is the technique
for trouble-shooting radios, electrical appli-
ances and home and car electrical wiring,

Another example of the continuity check
just outlined is locating tubes with open
heaters in a radio or TV. If none of the tubes
in an ac-de (transformerless) radio light up
when the radio is on, the probable cause of
trouble is an open tube heater. An open tube
heater will also cause a TV set to be inoper-
ative, but won’t necessarily prevent all tubes
from lighting up. To check tube filaments for

I l Using an amplifier with an ac voltmeter as an
audio millivoltmeter, sound survey meter or an
applause meter (a); R-C coupling meter to am-
plifier (b); and meter-connected amplifier output

transformer (c).

9 Hlustrating how a low sensitivity voltmeter up-
sets low current circuit operation and gives false
readings (see text),
Io A toy motor used as a generator in this simple
circuit has many practical uses. Determine R
experimentally.

opens, use the ohmmeter test leads across

the heater pins (power disconnected). The

pin numbers may be obtained from tube
manuals.

An ac voltmeter is useful in checking ac
line voltages, transformers, circuit wiring,
oscillator output, model railroad and toy cir-
cuits and for numerous other applications.
The dec voltmeter is useful in checking bat-
teries (check them for voltage with the
normal load connected), checking de power
supplies, trouble-shooting in radios and car
wiring, and for numerous other applications.
You should have little difficulty in voltage
measurement.

Current measurements are not used as
commonly in routine trouble-shooting and
experimenting, but are becoming more im-
portant with the advent of the transistor. The
important thing to remember in making dc
current measurements is that the meter is
connected in series with source and load.
That is, one of the leads connects to the
source of voltage and the corresponding con-
necting point on the device that is receiving
power. You might look at it as simply cutting
one of the leads in the circuit and connecting
the current meter to the lead ends that you've
created. The microampere range on the
meter is also useful as a current detector in
Wheatstone bridge circuits.

A‘%——-IC(*
B ‘e B

SUPPLY
e

INPUT
AMPLIFIER

A-T0 TRANSISTOR COL-
11] LECTOR OR TUBE PLATE
B-TO AMPLIFIER GROUND
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®
60~ LINE
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o
Kid
By HOMER L. DAVIDSON

HEN the children are out playing,

they can never be found when
wanted. With this unit, however, sim-

ply by pushing in on a push-button switch you
can call them. And then you can hear their
reply or listen in on the outdoor happenings.
A DPDT two-position is used to switch
from Talk to Lis-
ten position. A
SPST switch of
the momentary-
hold type shuts
the unit off. By
using this type of
a switch the bat-
tery will be on
only when
pushed, and out-
side noise will
be present only
when listening.
The unit re-
sponds at once
when pushed on,
since thereareno
tubes to warm up.
Circuit Descrip-
tion. This inter-

Kallex

Kid Kaller can be in-
stalled in kitchen cabi-
net, as here, for instant
communication outdoors.

Outside speaker can be

located near back door,

on post in yard or on
garage.

com caller is built around four transistors.
The first three are 2N107—PNP low-cost
types. A 2N255 CBS power transistor is used
in the output circuit for greater volume. From
the input of the house unit a 45-ohm voice
coil permanent magnet speaker is placed in
the base circuit of the first cascade stage. This
speaker, used as a microphone, is coupled to
the base circuit through a 5 mid electrolytic
capacitor. The signal is amplified, then capaci-
tively coupled to the second transistor stage
through a small volume control that controls
the output volume. Both emitters of the first
two stages are grounded. A base resistor is
tied to each collector terminal, '
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unit (6A), except for outside speaker,

In the third audio stage the collector is tied resistor is tied to the collector circuit of
directly to the battery, while the emitter the power transistor. A 45-ohm, paging
terminal is wired directly to the base circuit type speaker is switched into the output of
of the power transistor. The base return the 2N255 collector circuit. As the output
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MATERIALS LIST—KID KALLER

Desig. Description

C1, €2, C3 5 mfd miniature elect. capacitors

Rl 12,000-ohm, l/5-watt carbon resistor
R2 120,000-0hm, 1/-watt carhon resistor
R3, R7 10,000-chm, />-watt carbon resistor
R4 10,000-ohm [.R.C. volume control

R5 220,000-0hm, l/45-watt carbon resistor
R6, R9 47,000-0hm, !5-watt carbon resistor
R 270-ohm, Y5-watt carbon resistor
TR1, TR2, TR3 2N107 GE transistors

TR4 2N255 CBS power transistor

Swl SPST hold-type push switch

SW2 Rotary DPDT two-pesition switch

Operadio 45-0hm 4”7 PM spkr. (microphone)
Mid-45 University paging-type spkr. (outside)
6-volt battery, lantern type

impedance of the power transistor is around
48 ohms, this insures a perfect match for
amplification. :

There will be no need for an output trans-
former in this type of circuit. The power or
voltage to be applied to the circuit is fur-
nished by a heavy duty lantern battery. Since
the unit is used only intermittently, the bat-
tery lasts a long time.

Construction. Construct the amplifier inside
an ICA aluminum case (see Materials List),
or make your case, as shown in Fig. 5A, from
thin-gage aluminum. Mount all 2N107 tran-
sistors directly on a three-lug terminal strip;
the power transistor, in a standard 9-pin mini-
ature socket insulated from the metal chassis
(see Fig. 6A). There is no need to construct
a heat sink for the power transistor since the
unit is not on long enough to get warm.

Cut the front panel from hard-tempered
Masonite and drill necessary holes before
painting (see Fig. 5B). I used a white enamel
spray paint so that the small unit would
match the kitchen walls. The wire lead to
the outside speaker can go directly through
the wall through a small hole. Place colored
putty around the hole so there will be no
danger of weather damage.

Fasten the amplifier unit to the front panel
with four small bolts and nuts and secure the
PM speaker to the panel also. Mount the
double wafer switch directly above the am-
plifier chassis (see Fig. 6A). A small metal
bracket was constructed from aluminum
stock to hold the lantern battery to the front
panel. The switching circuit is shown in
Fig. 4.

Operation. When the wiring has been com-
pleted and the unit installed, except for the
outside speaker (which should be wired into
circuit but not secured outside), push down
on the switch and—with volume half-way up
—feedback should occur between outside
speaker and microphone speaker.

Then turn the switch to listen position and
press the switch again. Again feedback should
occur. If it does not, check the wiring of the
double wafer switch, Now place the outside

speaker outdoors so that feedback will not
occur with someone talking into the micro-
phone speaker.

There are many uses for this small unit.
The caller can be used as a regular intercom
simply by placing a switch on the back of the
volume control. Or the outside speaker can
be placed on a post in the farm yard so the
housewife can speak to her husband outside.
Or you may be a rabid bird watcher. The
outside speaker can be placed near a bird
h}?use and you can hear them while watching
them.

Tape Cut-Off

* Rolls of plastic, rubber, and friction elec-
trician’s tape have no cutting blade to cut
strips to length. A piece of metal cut-off blade
removed from a wax paper box makes a
good cutting edge. Simply cut off a length
of blade that will fit loosely around the roll,
overlap it on the inside and solder.—Jonn
A. CoMSTOCK.

Razor Shunts lron Heat

¢ That discarded razor can serve a useful
purpose as a heat shunt when soldering radio
parts leads. Clamp the razor over the lead
and it will absorb the soldering heat that
might otherwise damage or change the value
of the radio part,
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The experimenter’s DX special for hidden DX, consisting of a Hammarlund HQ
120 X and a Granco 780. Almost any combination of short-wave and FM it.
receivers will do, but it is better if the SW set is equipped with band spread.

are pretty good you do, or could, be-

cause there are sets in the stores selling
for as little as $29.95. Second question, are
you a DXer? If you are, then you're missing
one tremendous bet on the FM band.

We're crazy? FM DX is a cross between
that found on the Broadcast Band and VHF
TV channels. However, DX listeners are
missing some very rare catches between 88
and 108 mc, loggings which compare with the

" most unusual to be found anywhere in the
radio spectrum. Hidden on the band are sig-
nals which the ordinary FM receiver will
never pick up, which even local listeners will
probably never hear. But if you have a short-
wave receiver, you can. And at a distance,
Rare enough for you?

Most of our readers will be familiar with
one class of station in this “hidden” group,
the satellites on 108 me, but unless you have
special equipment, these require a tremen-
dous amount of patience. A much more invit-
ing target are the subcarriers used for back-
ground music and storecasting. Believe it or
not, such signals you will be able to detect
(for DX purposes only), log and QSL with
only a reasonable amount of effort.

How's it done? By using AM detection in-
stead of FM. An FM detector measures the
deviation between the frequency transmitted
and the carrier frequency, subtracts them,
and the result is an audio frequency. We have
taken WSOM as an example, carrier fre-
quency 105100 kc¢ (105.1 me). If the signal
deviated to 105101 (or 105099) the result
would be a 1 ke or 1000 cps audio note. How-
ever, should the deviation exceed 15 ke, it

DO YOU own an FM receiver? Chances

The Hidden DX

Here’s something new in DX —
funing FM subcarriers

By C. M. STANBURY It

would produce a su-
personic audio note
which your audio cir-
cuits would reject, no
speaker could repro-
duce, and of course
you couldn’t hear it
anyway. Thus WSOM
may transmit back-
ground music around
105167 (the subcarrier)
and no ordinary FM
set could ever receive

But an AM receiver
(detector) responds to
variations in amplitude, and in this sense, not
to frequency deviation. The subcarrier does
produce amplitude variations. Thus if you
could tune an AM receiver to 105167 it would
pick up WSOM’s subcarrier. The sounds
would not be enjoyable listening but recog-
nizable as music, and—more important from
a DX standpoint—loggable.

But you don’t have an AM receiver that
will tune the FM band? You don’t need one,
the FM set will do it for you. Double talk?
No.

An FM set receives a signal from the an-
tenna, passes it through one stage of RF
amplification (a few have two) then feeds it
into a mixer tube where it’s converted to an
intermediate frequency, the most common of

QSL’s received—
"Dear Mr. Stanbury:

"Thank you for your report on reception of WRRA
located on Connecticut Hill, 9 miles southwest of
Ithaca, New York.

"The subcarrier you detected was our 67 k¢ multiplex
subcarrier for background music . . .
~ "You may . .. be able to detect bursts of high fre-
quency tone (19 ke to 29 ke) at station identification
time and also our 45 k¢ telemetering frequency at odd
intervals.”

Northeast Radio Corporation
* % %
"Dear Mr. Stanbury:

"This will acknowledge your letter of 7 August 1959,
relative to reception of radio signals from the Dis-
coverer Satellite.

"Time, frequency and emission would certainly in-
dicate that the signals you received were from the
Satfellite . .. "

From a Government Agency
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QSL for an FM subcarrier. The card was prepared
by the author to expedite verification.

which is 10.7 mc. So far, simple. But what
you may not know is that the mixer tube
radiates a small portion of the signal at the
IF frequency. Such radiation passes back into
the antenna circuit. If a shortwave receiver
is hooked up to the same antenna, there will
be no difficulty picking up the FM signal at
10.7 mc (or whatever the IF is). Once you
pick it up on your shortwave receiver, you
will of course be using that all-important AM
detection.

Now that we've reached the antenna, let’s
consider it a moment. Subcarriers usually
produce weak signals. Thus your antenna
must receive signals well from that direction.
Which direction? Well, that depends upon
which DX station you're after. In other
words, your antenna must function in all di-
rections. The best solution is a rotor, the kind
used for TV antennas. But if you don’t already
have one, this is also the most expensive. A
compromise would be the old fashioned long-
wire.

Which brings us to a second use for the
hidden-DX receivers: That very tough space
reception. Most American satellites use either
Al (on/off) or F1 (frequency shift, in this
case producing beep effect) modulation to
identify their carriers. Both can be received
much better on the narrow band set-up de-
scribed here than on an ordinary broad-band
FM receiver.

Now that the equipment is set, you're ready
to use it. The first step would be to listen to
one or more of your local FM stations so you
become familiar with their sound when de-
tected via AM. If you know one of them has
a subcarrier, listen to it (look for a subcarrier
when the orthodox programming is other
than music). Among other things you will
note that mixed with the background music
will be transmissions from the standard car-
rier.

Finding a Subcarrier. The process is the same
for both local and DX stations. Tune in the
stations as well as possible on your FM set,
then turn the volume down to nil (but not
off). If your shortwave receiver is equipped
with band spread, place it at the maximum

No internal adjustments are required on the rig,
only a common antenna.

setting and find the carrier frequency on the
main dial (around 10.7 mc or whatever the
FM IF is). The carrier will be at the point
of peak signal, but it can be found much more
accurately by waiting for a moment of dead
air (even while the announcer takes a
breath). It will then appear as a distinctive
hum at just one frequency. (In actual prac-
tice this extremely fine tuning is accom-
plished by a slight adjustment of the band-
spread.) Once you find the carrier, look for
the subcarrier with the bandspread. Assum-
ing the station has a strong signal, if you fail’
to find it after a couple tries, place the band-
spread at its lowest reading, retune the car-
rier via the main dial and start searching for
your quarry again. If you don’t have band-
spread, tune in the standard carrier, note the
frequency reading carefully, then tune back
and forth for the subcarrier. When you find
it, note that dial setting also.

Although these procedures sound compli-
cated, they will—with a little practice—be-
come simple routine and in the long run prove
much easier than any haphazard approach.

Except for identification, which will be ob-
tained from the normal FM transmission,
you’'ll have to garner enough information
from the subcarrier to authenticate reception
of same. First item is frequency. If the sub-
carrier appears above the carrier on your
shortwave receiver, it will actually be below
it and vice versa. However the indicated fre-
quency difference will be correct. Such read-
ings should be as accurate as possible. A
bandspread may be calculated via 31-meter
SWBC images or more easily by using a
100 kc crystal calibrator. For space reception,
pinpoint accuracy is absolutely indispensable.

Other verification data might include tim-
ing between records (to the second) and
possibly song titles, although many stations
keep no record of the latter, so don’t depend
upon it.
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Hi-Qual Pre-Amp

This preamp is inexpensive, easy to construct. It has a

gain of about 500 flat from 10 cycles to 20,000 cycles.

It may be vsed in apparatus requiring a quality pre-
amplifier circuit, or as a laboratory tool

HE electronics and scientific experimenter

frequently needs a high quality preampli-

fier. The preamp must have a low value
of internal noise, hum, and hiss. It should
have a reasonably high input impedance, high
gain, and the gain should be relatively inde-
pendent of the power supply voltage. The
frequency response should be relatively flat
over a wide range of frequencies, and distor-
tion should be low.

An amplifier that meets these specifications
may be used as a phonograph, microphone, or
tape recorder pick-up preamplifier. It may be
used with a crystal detector tuner to drive a
power amplifier for hi-fi listening. As a lab
preamp a unit meeting the outlined specs
can be used to detect small ac voltages, as a
meter amplifier for a conventional meter, as
a preamp for older, less sensitive oscillo-
scopes, and for a host of other uses.

A speaker connected to the Hi-

Qual Pre-Amp input can function

as a mike sensitive enough to
record heart beats.

The Hi-Qual Pre-Amp
meets the specifications out-
lined, and it can perform the
jobs outlined, plus numer-
ous others. In addition to
the characteristics men-
tioned below the title of this
article, it is: 1) transistor-
ized-—uses two high gain GE
2N508 transistors; 2) de op-
erated from 6 v—no line
cords to get in your way; 3)
battery economy is good—
requires less than 2 ma; 4)
stabilized for variations in
transistor characteristics and
temperature; 5) handles in-
puts from zero to 3 millivolts
with minimum distortion.
The range may be extended
by connecting a volume con-
trol in the input circuit (Fig.
4); 3 millivolts input pro-
duces a 1.5 v output; 6) input
impedance is greater than
10,000 ohms; 7) compact con-
struction—34 x 2%¢ x 333 in.
including self-contained bat-
tery (Figs. 1 and 2); 8) sim-
ple construction—can be
built in about an hour with
minimum chances of wiring
mistakes; 9) flexible—can be
built into other equipment or
as a separate lab instrument
and can be modified to meet
varying requirements.

Construction. The top and
bottom views of the com-
pleted amplifier are shown in Figs. 1 and 2;
the circuit diagram is shown in Fig. 3. Using
these as a guide, proceed as follows:

1) Drill two Ys-in. dia. holes in the per-
forated board for the battery holder. There
are four small perforations left between these
two holes, and the two holes line up on the
second row of perforations. Mount the bat-
tery holder and connect the terminals for
series connection of the batteries. This is
accomplished by turning the battery holder
lugs till they contact each other, then solder-
ing them together. Fill the inside eyelets of
the battery holders which will contact the
batteries with solder. This will minimize the
chance of poor-contact or no-contact problems
later.

2) Insert the transistor, resistor, and capac-
itor pigtails through the appropriate board
perforations. Note that one pigtail of R2 and

t
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the collector pigtail of T1 both pass through
the same perforation. The same applies to R1
and base T1; R3 and emitter T1. This also
occurs for similar elements of T2 and the
counterpart resistors. Be careful to position
the capacitors with polarities as shown in
Fig. 1.

3) The instructions which follow refer to
connections made on the bottom side of the
perforated board. Connect C1 (—) to junc-
tion Ri-base T1. Solder and clip off the extra
lead length.

4) Connect free end R1
and C2 (—) to collector T1.
Solder and clip off extra
lead length.

5) Solder R3 and T1 emit-
ter junction; clip off extra
lead length.

6) Connect free end C2
(+) to junction R4 and T2
base. Solder and clip excess.

7) Connect free end R4
and C3 (—) to junction R5
and T2 collector.

8) Solder junction R6 and
T2 emitter; clip excess lead.

9) Bend free R3 and R6
pigtails against board . and
solder. Connect a 2-in. length
of wire from this junction
to the (4) battery holder
terminal.

10) Bend free pigtails of
R2 and R5 against the board
and solder. Connect a 3-in.
length of wire to this junc-
tion. Solder a Mueller Mini-
gator clip to the other end of
this wire. The clip is the
On-Off switch for the ampli-
fier. To turn the amplifier
on, fasten the clip to the
(—) battery holder terminal.

The clip lead switch may
be replaced with a more so-
phisticated switch, but this
isn’t feasible unless the am-
plifier is housed in a case
which has mounting space.
The case may be the case
which encloses another piece
of equipment of which you
want to make the preamp a
permanent part, or the am-
plifier may be housed in its
own case. The Lafayette
MS-159 plastic case is a good
fit, and there’s room for a
switch or control with switch.

The (+) pigtails of C1
and C3 are the “high” input-
output terminals of the am-
plifier respectively. The
junction of R3 and R6 is the “low” common
terminal for input and output. A lead may be
soldered at this point for connection purposes.
Minigator clips may be attached to these in-
put-output leads, or other terminals of the
user’s choice may be provided.

A volume control or volume control with
switch may be connected at the input of the
amplifier as shown in Fig. 4. The amplifier
will begin to distort when the input level ex-
ceeds 3 millivolts. The volume control divides
higher voltage levels and can be set within
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the amplifier input limits.
The Lafayette VC-28 mini-
ature control (10K with
switch) is suitable for this
application and will fit in
the plastic case mentioned
previously. The 0.5 mfd, 200
v capacitor shown in Fig. 4
should be used if the input

CLIP

S

w

signal contains a dc com-
ponent.

However, if the dc voltage
involved is greater than 200,
a capacitor with a larger
voltage rating must be used.

The input impedance of
this high-quality pre-ampli-
fier may be increased by
connecting a 68,000-ohm re-
sistor in series with the pre-
amplifier’s high input lead

_5MF, 200V
(SEE TEXT)
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as shown in Fig. 5. This in-
creases the unit’s input im-

n ADDING VOLUME CONTROL AND SWITCH 3

INPUT
IMPEDANCE

pedance to approximately

MATERIALS LIST—HI-QUAL PRE-AMP
Desig. Description

R6 10 ohm, Y, watt, 209, carbon resistor
R3 100 ohm, b/, watt, 209, carbon resistor
R2, R5 2.7K, Y, watt, 209, carbon resistor
R1, R4 680K, {5 watt, 209, carhon resistor
Cl, 30 mfd, 15 v miniature electrolytic
c2,C3 capacitor (Sprague TE-1158)
T1, T2 2N508 transistor (General Electric)
B four 1.5 v penlite cells (RCA VS0-74)
battery holder (Lafayette MS-170)
2% X 334" miniature perforated board
(Lafayette MS-304)
Minigator clip (Mueller 30)

80,000 ohms (80K), adequate for
most high-impedance sources. Of
course, this results in a reduction
of gain to approximately Ysth of
the previous 500 value.

As happens so often as to estab-
lish itself as a general rule, con-
flicting objectives of high voltage
gain and high input impedance in
transistor amplifiers must be ac-
cepted as a fact of life.

The preamp may be used as an
amplifier for any reasonably sen-
sitive low-voltage alternating-cur-
rent meter or the low alternating-
current range of amultimeter (Fig.
6). The Heathkit MM-1 Multimeter has a low
range of 1.5 v which is ideally suited to this
amplifier.

Meters with low ranges greater than that
of Heath’s MM-1 Multimeter may be used
with the amplifier by using the scale only up
to 1.5 v. .

The preamp output may of course be used
to drive an earphone or a power amplifier.
The earphone arrangement might be used

Hi-Qual Pre-Amp can be used with ac voltmeter to measure ac
millivolts,

with the amplifier for signal tracing or it
might be used in conjunction with a crystal
radio input.

Another, but not quite so obvious applica~
tion of the preamp capitalizes on the distor-
tion created by overdriving. If a signal of 0.1
to 0.2 v is applied to the amplifier input, the
output waveform will be clipped and will ap-
proach a square wave.—FoRresT H. FranTz,
Sr.
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A Musical Annunciator

With this device h‘ooked

into your front door-bell

circuit, you substitute the
soft, tinkling tones of a
music box for the jangle
of hell, rasp of buzzer
or raucous cling-clang! of

chimes

By HARTLAND B.
SMITH, W8VVD

An electronically amplified Swiss musical movement (at left front) makes a pleasant door annunciator.,

“HE heart of this annunciator is its Swiss
musical movement. Powered by a minia-
ture 110-v, shaded-pole motor, this move-

ment will play a 20-second excerpt from one

of your favorite melodies. (The available
tunes range from Adeste Fideles to the Third

Man Theme, so you should have little diffi-

culty in finding a composition to suit your

taste.)
If this tiny music maker is to be heard .

throughout your home, however, some form B > i

Dﬂ MAIN SPKR, E [ [

of amplification must be employed—and the
amplifier must be ready to operate the instant
the front door button is pressed.

For economy’s sake, no power should be
drawn by the unit during standby periods.
Consequently, heater-type vacuum tubes can-
not be used. The choice, therefore, lies be-
tween battery tubes and transistors. Despite
continued transistor price reductions, the ca-
pacitors, transformers, etc. needed for tran-
sistor circuitry are still relatively expensive.
In contrast, the parts required for a vacuum-
tube amplifier are quite reasonable and, in
addition, many are likely to be found in the
average experimenter’s junk box. For this
reason, the ugit shown in Fig. 1 utilizes fila- ‘
ment-type tubes rather than transistors. ‘\ et o

An inexpensive high-output crystal lapel 7z T - I ceEI*
mike converts the sound produced by the mu- HI|IE I
sical movement into electrical impulses. y
These impulses are fed to the control grid of

3.2 OHM
SCHEMAT!C

CAM ON st
MUSIC BOX
SHAFT

) ; = Y., 4
vacuum tube V1 (see Fig. 2). A dynamic 252 ; 2 +;07

mike cannot be employed at this point, be-
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cause it would be sensitive to the
hum resulting from the magnetic
field that surrounds the motor. A
vibration pickup mike, as used
for electric guitars and similar
musical instruments is also im-
practical, because of its sensitivity
to the mechanical noises gener-
ated as the motor and its asso-
ciated gearing operates.

Because of this mechanically
generated noise, a relatively
shockproof bracket (see Fig. 6)
must be used to mount the mike.
This bracket makes use of a small
section of plastic sponge to deaden
vibrations which would otherwise
travel up the mount and excite
the mike.

In most respects, the four-tube
amplifier is of conventional de-
sign. Since the power capability
of a single 3Q5GT is rather lim-
ited, two of these tubes are oper-
ated in parallel. The extra 3Q5GT
provides a very useful increase in
power output. Parallel, instead of
push-pull operation was chosen
because no phase inverter tube is
needed and an inexpensive output
transformer can be employed.
Preliminary tests of the completed
amplifier showed that its overall
gain was so high that there was
a tendency toward self-oscillation
when the volume control was well
advanced, but the addition of re-
sistor R9 (see Fig. 2) provided
sufficient inverse feedback to
lower the gain and completely
eliminate the oscillation problem.
The use of inverse feedback also
improved the frequency response
and minimized distortion in the output stage.

When the annunciator is first plugged into
the line, no power can be drawn because re-
lay RL2 is open. However, as soon as the
pushbutton is pressed current from the 9-v
battery will flow through the coils of RL1,
RL2, and RL3. Relay RL2 closes and applies

110 volts to the primary of T2, to the heater
of delay relay (RL4), and to the motor of
the musical movement. Relay RL1 closes and
applies filament power to the tubes. The am-
plifier becomes operative at once and the
tones of the musical movement are heard
via loudspeakers placed in convenient spots
" throughout the home.

Relay RL3 also closes at the instant the
button is pressed. The contacts of RL3—as
long as RL4 or S1 remain closed—act as a
short across the pushbutton. Thus, current
continues to be supplied to the coils of RL1,
RL2 and RL3 via the contacts of RL3, even

Top-chassis (above) and bottom-chassis (below) views of annuncia-
tor circuitry.

after the visitor stops pressing the button.

As the unit operates, the heater in RL4
warms up. After a period of approximately
10 seconds, it becomes so hot that the bi-
metal arm in RL4 bends far enough to open
the normally closed contacts of this relay. At
the moment, this action has no effect on the
operation of the musical movement or ampli-
fier because the points of RL4 are paralleled
by those of S1, the miniature snap action
switch operated by the cam on the shaft of
the musical movement. As soon as the 20-
second tune has been completed, the cam
opens S1, breaking the current path from the
9-v battery to the coils of RL1, RL2 and RL3.
The relays open and the entire unit shuts
down until such time as it is reactivated by
the push-button.

The cam on the music box is constructed
from a short length of volume control shaft
and a 6-32 machine screw (see Fig. 5). This
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cam must be so positioned that it actuates
the lever of S1 when the tune on the barrel
has been completed.

The power transformer T2 in Fig. 3A hap-
pens to be a surplus unit designed to provide
125 v at 25 ma and 6.3 v at 1 amp. A suitable
substitute would be a Knight 62G008 which
furnishes 125 volts each side of center-tap,
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plus 6.3 v. Only half of the high-voltage sec-
ondary on the 62G008 should be employed
with the center-tap going to R12 and one end
of the high-voltage winding going to RI10.
Since the other end of the secondary and the
6.3-v leads are not required, clip them short
and insulate with electrical tape.

The two small batteries Bl and B2 are sub-
jected to so little use in this particular device
that they can be expected to have almost
shelf life. Consequently, the battery cost per
month will be insignificant.

Constructed on a 135 x 5% x 9-in. aluminum
chassis, the amplifier is easy to wire since
there is plenty of room between the compo-
nents for the tip of a soldering iron. The ar-
matures of the three small relays are directly
connected to the frames. Therefore, RL2 and
RL3 should be insulated from the chassis. Fig-
ure 3B shows how these relays are mounted
on a thin sheet of Bakelite. Any easily worked
plastic can be substituted for the Bakelite.

No knob is needed on the shaft of R4. Once
the volume has been set to the desired level,
no further adjustment is necessary. Battery
Bl is kept in place with a home-made battery
holder (or use a commercially built holder,
such as a Keystone type 175). Two L-shaped
brackets bent from small pieces of aluminum
clamp battery B2 in position. Since the No. 5

C. SHAFT EXTENSION
s N0 ON DRUM OF MUSIC
'C- MOVEMENT
’ N 1" Desig.
OF SWITCH ‘ MACHINE SCREW R2
,l R3, R7
SUPPORT BKT: % 3" enoTH OF ' RS
S ALUMINUM \ 8 7 SHAFT  R10
8 STRIP CUT FROM OLD VOLUME R11
CONTROL. . DRILLED R12
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METHOD OF MENT SHAFT. DRILL AND g% €2,C3,C4
ACTUATING SI TAP FOR 6-32 SCREW e
c7
5 A RL1, RL2, RL3
RL
XI5 X5 CUT FROM SOFT s
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B2
SR1
S1
TS1, TS2
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V1, V2
V3, vd
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BAND OF SCOTCH
ELEC. TAPE

MOUNTING HOLE

SHOCK PROOF MOUNT
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MATERIALS LIST—MUSICAL ANNUNCIATOR

Description
2.2 megohm, V5 watt (Allied 1MMO000)
1 megohm, !/, watt (Allied IMMOOO)
220,000 ohm, !/, watt (Allied IMM00O)
330,000 ohm, 1/, watt (Allied 1MMO00)
75 ohm, V5 watt (Allied 1MMOQ0)
560 ohm, i, watt (Allied 1MMO000)
330 ohm, 1, watt (Allied 1MMO00)
500,000 ohm volume control (Allied 20M773)
33,000 chm, 1 watt (Allied 1MMO020)
.01 mfd. disc ceramic capacitors (Allied 11L437)
12 mf., 150-v electrolytic capacitor (Allied 15L194)
20-20 mf., 150 v electrolytic capacitor (Allied 15L247)
100 mf., 15 v. electrolytic capacitor (Allied 16L236)
Sigma 11F-1000G-SIL SPDT Refay (Allied 75P068)
Amperite 115C10T miniature delay relay (Allied /5PP296)
Stancor A-3822 4 watt universal output transformer (Allied 64G005)
Knight power transformer 125-0-125 v, 25 ma; 6.3 v, 1 amp (Allied
62G008)
1l/5 v size D A battery (Allied 80J903)
9 v battery VS-305 (Allied 80J838)
Federal 1002A, 65 ma. rectifier (Allied 4A606)
Unimax USML SPDT Subminiature leaf switch (Allied 34B848)
2 screw terminal strip (Allied 41H505)
Crystal lapel Mike (Lafayette PA-9)
for 1 size D celi (Lafayette MS-175)
3AG 1/> amp (Allied 52B232)
1US tube
3Q5GT tube
Reuge ELR 1.18 110 v, 60 cps with extended shaft. From Novelties
of Distinction, 131 West 42nd St., New York 36, N. Y., or direct
from the manufacturer, Reuge S.A., 26, Rue des Rasses, Ste. Croix,
Switzerland.
two octal tube sockets (Allied 40H058)
one 9-prong miniature socket for RL4 (Allied 41H534)
two 7-prong tube sockets with shield (Allied 40H194)
two 134" tube shields (Allied 40H198)
open-end chassis 1!/, x 51/ x 9”7 (Allied 80P440)
fuse clip (Allied 52B292)
three terminal tie-point strip (Allied 41H501)
5" loudspeaker, 3.2-ohm voice coil (Allied 81D617)
wall baffle for 5” speaker
wire, power plug, assorted 4-36 and 6-32 screws and nuts

Components available from Allied Radio Corp., 100 N. Western Ave., Chicago &0,
IHinois, and Lafayette Radio, 165-08 Liberty Avenue, Jamaica 33, New York.
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pin on a 1U5 and the No. 1 and 6 pins of a
3Q5GT are not connected to elements within
the tubes, those terminals on the sockets can
be used as convenient tie points to support
resistors and capacitors. Grid bias for the
3Q5GT’s is obtained from the voltage drop
across R12. Capacitor C7, the bias filter ca-
pacitor, must be wired with its positive termi-
nal grounded.

Locate the amplifier where output from the
speakers cannot get back into the microphone
to produce acoustical feedback—put it in the
basement or, if you have no basement, in a
utility room. Wherever you put the amplifier,
make certain that it is out of reach of your
youngsters. With the exception of the termi-
nals on the motor of the musical movement,
which ought to be insulated with electrical
tape, all high voltages appear only on the
under side of the chassis. A fuse has been
included as a protection against overheating
which might result from a shorted compo-
nent.

Once it has been permanently installed,
plug the amplifier into the power line and
run a pair of wires from TS2 to a pushbutton
near the front door. Run a second pair of
wires from TS1 to the main speaker which
may be a 4-in. or 5-in. unit with an imped-
ance of 3.2 ohms. Mounted in a wooden baf-
fle, this speaker can be placed at a convenient
point in the most lived-in section of your

home. v

Overall volume in any one part of the
house need not be high, since additional
speakers can be placed in those areas where
the sound of the main speaker does not pene-
trate adequately. These extra speakers can be
wired in parallel with the main speaker as
shown in Fig. 2. Since the desired volume
level at remote locations will normally be
less than that of the main speaker, intercom
replacement units with 45-ohm voice coils
will work effectively in these spots. Each in-
tercom speaker will give adequate acoustical
output to cover a room or two, but because
of the relatively high impedances involved,
even when several are connected in parallel,
they will not seriously shunt the 3.2-ohm
main speaker.

The electronically amplified music box, as
a replacement for an ordinary door bell or
chime has a number of important features, in
addition to its basic one of providing pleasant
music. Unlike the ordinary bell or solenoid-
operated chime, it plays for a period of 20
seconds, whether or not the pushbutton is
held down. The sound of a doorbell is usually
of rather short duration and is often masked
by noises around the house. On the other
hand, the continued output from the musie
box tends to get through such distractions as
children’s voices, loud hi-fi’s, clacking type-
writers, pounding hammers, etc.
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Standard flashlight batteries or the new, D-size, re-
chargeable storage batteries may be used in this
instani-ready recorder. lts motor-driven fast rewind
and erase features make it possible to use the same
tape over and over. Depending on where you buy,
and what you have on hand, drive parts should cost
between $40 and $60. High precision is not required.

powered, 4-lb. midget starts recording im-

mediately. There’s no waiting for tube
warm-up and no searching for an electrical
outlet. And since playback speed is the stand-
ard 334-ips used on home recorders, you can
play your tapes with loudspeaker volume
through a radio or hi-fi unit, instead of the
combination mike-speaker; or—if more vol-
ume is required on playback—you can play
them on any standard home-type recorder
that has 334 ips speed. A built-in jack plug
input also permits you to record voice or
music directly from your radio or TV.

The switch on the mike case starts and
stops the record motor. For dictation, you
can wire in a 4-prong plug and foot switch
for the convenience of a typist. If you need
loud-speaker volume, feed the output into an
amplifier, or use the input jacks on suitable
radios, or the amplifier section of tape re-
corders.

Construction starts with the metal parts
detailed in Fig. 6. First scribe lines at the
desired points for cuts and saw and then
clamp in a vise along the line, using a square
to make sure that the metal is vertical to the
vise jaws. Next, lay out the hole locations
with scriber and center punch and, with the
part held firmly in a drill press vise, start the
holes with a ¥4s-in center drill chucked in a
drill press. Use oil and finish the holes to size
with sharp drills. File the three notches in
the forward-reverse idler lever, but leave the

FLICK the mike switch and this battery-

TAKEUP
SUPPLY

TAPE GUIDES

FELT
PRESSURE
PAD

ERASE COIL

RECORD - PLAYBACK
¢ PRESSURE ROLLER

Miniature
Tape Recorder

By JAMES E. PUGH

center notch slightly shallow, since it must
be deepened later.

Locate the holes in the plastic case with a
machinist square and scriber as in Fig. 7,
and back up the plastic with a wooden block
to prevent chipping when drilling. For the
holes for the two tape spindles, use the metal
bracket that goes inside the case as a tem-
plate to assure matching center-to-center
spacing. Countersink each hole requiring a
Nyliner bushing inside the case and enlarge
them with a tapered hand reamer just
enough to obtain a free-turning fit with the
shaft when bushing is installed. Each shaft
must spin freely in its bushing for smooth
tape motion, but it cannot be so loose that it
wobbles. Nyliner bushings are split at one
side to facilitate this kind of adjustment. In-
sert them by pressing the lower pointed end,
of the bushing inward and spiraling clock-
wise into the hole with your fingers, working
from the outside of the case, so the broad
flange will be on top.

Next, make up the tape drive parts shown
in Fig. 8. The three idler wheels must turn
freely on their shafts. Mount the forward and
rewind idler lever as in Fig. 9. Tighten the
screw on the threaded shaft until the com-
pression washer holds the shaft firmly, but
not locked in place. Then, holding the first
lock nut with a thin wrench to keep the shaft
from turning, tighten the second lock nut.
It should now be possible to slide the idler
along the length of its slot without rocking.
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Four rechargeable batieries (or four flashlight-type
D-size dry cells) are mounted on the bottom panel.

After all tape drive parts are made and
rotating parts operating smoothly, carefully
remove the Nyliner bushings and clean all
parts thoroughly. Then replace the bushings
and coat the inner and flange surfaces with
light machine oil.

Adjustment. Put the various shafts and
wheels in place (Fig. 9) and tighten the
wheel set screws allowing .001-.002 in. clear-
ance between wheel and bushing flange. Oil
the idler shafts and adjust, making sure that
no oil gets on the rubber wheels or on the
metal friction surfaces.
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MATERIALS LIST—TAPE RECORDER

Size and Description Allied. No.

Tape Drive Mechanism
2% X '5‘7/32 X 6!%4"” black plastic case with

;llane 86P287, 86P289

2" 0.D. takeup idler wheel (Walsco 1433) 43N388
2" 0.D. rewind wheel (Walsco 1433)
2" 0.D. lower drive wheel (Walsco 1483) SPECIAL
17 0.D. rewind idler wheel (Walsco 1450) SPECIAL
34" 0.D. pressure roller (Walsco 1458) SPECIAL
78" dia. x 6” brass for hubs, wheels and tape guides
16" dia. x 127 drill rod for reel, drive and idler shafts
14" dia. x 3" drill rod for pressure and function lever

shafts, function lever hub
364 X /2 x 18” precision ground flat stock for hangers

and levers
spiral tension washers
Va" dia. x 84" 6-32 threaded bushings
3" 1.D. 3LL-FF flanged Nyliners (Thomson Indus.

tries, Inc.)
¥s" 1.D. 3L2-FF flanged Nyliners (Thomson)
V4" 1.D. 4L1-FF flanged Nyliners (Thomson)
14" 1.D. 4L2-FF flanged Nyliners (Thomson)
V16" dia. x 54” tension spring (General Cement

H420-F assortment) SPECIAL
I/g" dia. x 34" tension spring (General Cement

H420-F)
V2" dia. rubber feet (General Cement HOS52-F as-

sortment) SPECIAL

Amplifier

Bl battery pack consisting of 4 Sonotone recharge-

able nickef-cadmium type S-103D batteries
Eveready Type D99 leakproof flashlight cells 804903
M1—6-volt rewind motor (Wilsen’s of Cleveland,

Model 6-100)
M2—6-volt DC record motor (Barber-Coleman BYQM

2022) 76P642
D1—3.9-volt voltage regulator Zener Diode (Texas

Instrument 1N748A) 8E808
V1, V2, V4—2N217 PNP Transistor (RCA) 5E877
V3—2N647 NPN Transistor (RCA) SES86
L1, L2—Record-PB-Erase head (Shure 815H) 65R584
Magnetic microphone, 1000 ochm (Shure MC11J) SPECIAL
S1—SPST slide switch 34B422
§2—5-pole, 3-position wafer switch (Centralah

PA-2015) 34B928

Capacitors

C1, C2, €3, C5, C6—2uf, 8-v ultra-miniature elec-

trolytic capacitors (Barco PT6-2) 101660
C4—.2uf, 75-v ceramic capacitor (Lafayette Radio

C-616)
C7, C9—100uf, 25-v ultra-miniature electrolytic ca-

pacitors 131826
C8-—150uf, 20-v ultra-miniature electrolytic capacitor 18L504

Resistors
R1l, R4, R6—3.3K, V,-watt, 109, carbon resistors 1MMOOO
R2, RS, R10—72K, !/,-watt, 109, carhon resistors IMMOOOQ

R3—4.7K, U5-watt, 109, carbon resistor 1MMO00
R7—5K miniature trimmer potentiometer (Bourns

Wirewound Trimit 271) 31MM397
R8—10K, {/5-watt, 109, carbon resistor 1MMO000
R9—3.3K, V/>-watt, 109, carbon resistor 1MMO00
R11-—150 ohm, V/>-watt, 109, carbon resistor
R12—1.8K, V/>-watt, 109, carbon resistor

Tape Cartridge
%Gx )%" 6-32 threaded hushings (Newark Electric
o.
234 x 634 x 352" thick Bakelite sheet
.020 dia. piano wire
3" reel of of long play 1 mil tape 96R237
3" empty reel
Hardware

J1, J2—phono pin jacks (RCA) 46H213
J3, J4—sub-min phone jacks (Switchcraft 42A) 41H517
battery clips for 1 type-D cell (Keystone 175) 544040
battery clip for 2 type-D cell (Keystone 176) 54J060
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TAPE MAGAZINE

MATERIALS LIST (cont’d)

34 x 134 x 234" plastic box for mike and S1
3 ft. length, 4-conductor cable (Belden 8444)
turret terminals USECO 1350C

2 X 2% x 34" Bakelite sheet

4-40 x V5" fh screws with nuts

4-40 x 34" rh screws with nuts

4-40 x 34" fh screws with nuls

6-32 x 34" fh screws with nuts

6-32 x 54" rh screw with nuts

6-32 x 114” rh screw with nuts

6-32 x Lo" rh screws with nuts

6-32 x 12" th screw with nuts

8-32 x 114" rh screws with nuts

#6 x V2" dia. washers (for cams)

carrying strap brackets

shoulder strap (camera stores)

Misc. lock washers, I/g” decals, plastic spray (Krylon), resin
core solder

Allied Radio, 160 N. Western Ave., Chicago 80, HL
pliers are:

Lafayette Radio, 165-08 Liberty Ave., Jamaica 33, N. Y.

Newark Electric Co., 223 W. Madison St., Chicago 6, l1l.

Sonotone Corp., Elmsford, New York (batteries stocked by most elec-
tronic supply houses, such as Allied, Lafayette, Newark, etc.)

Thomson Industries, Inc., Manhasset, N. Y. (Manufacturers of
Nyliner hearings. These bearings are sold through local hearing
supply houses. See yellow pages of the phone hook, or write factory
for name of dealer.)

Wilson’s of Cleveland, 6502 16th Street N.W., Fort Lauderdale,
Florida. (Motors sold in most model and hobby stores.)

General Cement Co., 400 S. Wyman St., Rockford, HI. (G-C parts
stocked by almost every active electronic supply house.)

Walsco Electronics Corp., 3602 Crenshaw BIvd., Los Angeles, Califor-
nia. (Parts stocked at Allied Radio and other electronic suppliers.)
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With all of the tape transport parts in place,
put the lower function lever in the notch
nearest the drive shaft. Press the rubber
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RECORDER. CASE | FRONTVIEW.

from the other wheels and both takeup and
rewind shafts turn freely. Cover the idler
wheels and clean this part carefully each time
it is filed to prevent filings from getting on
the wheels and inside the case.

To set the record motor tension, fasten the
lower drive wheel surface about 33-in. above
the lower bearing hanger. Adjust the motor
spring tension lever until the drive wheel can
be rotated but a noticeable drag from the
motor is felt. Too light a tension will allow
slippage between motor and tape drive shafts,
and too heavy a tension will cause pressure
marks in the rubber rim of the drive wheel.
The record motor speed is adjusted with a
small screw through a hole in the motor case,
turning clockwise for more speed. When the
upper drive wheel rotates at 120 RPM, the
tape will move at 334 ips.

After these adjustments have been made,
run the mechanism both forward and in re-
verse for several minutes. Then put the tape
reels on and check to see that the tape feeds
through the drive smoothly and is not pulled
too tightly by the takeup. If a slight loop is
left in the portion of tape between takeup reel
and drive wheel it should hold the loop
smoothly, gradually becoming smaller as

more tape is wound on the takeup reel.

Wiring. The amplifier is wired as in Figs. 10
and 11. It is best to solder in resistors first,
capacitors next, then diodes and transistors.
Some of the wire in the four-conductor mi-
crophone cable is excellent for wiring as it is
small and color coded. Also, short sections of
the insulation can be removed from this wire
for making color-coded spaghetti.

After the amplifier is completed, wire the
upper section of switch S2 (Fig. 11). Mount
it in the case and wire in the tape head, mo-
tors, and jacks cutting all wires that connect
to the amplifier to the approximate length
needed. Mount the amplifier in place and
finish the wiring. The microphone-speaker is
housed in a small plastic box (Fig. 12).

Throw the function switch (S2) to Play-
back (PB) and listen for a weak motor noise
in the earphone. Also check to see that both
motors rotate in the correct direction. (If not,
reverse the motor leads.) Then adjust the
tape pressure pad to hold tape lightly against
the tape head. Now you can make a record-
ing. Set the potentiometer R7 about two
turns above the full counterclockwise (mini-
mum) position, and the function switch, func-
tion lever, and microphone switch to Record.
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A simple three-stage common-emitter am-
plifier is used.. The first two transistors are
the PNP and the last the NPN type to allow
the mike and record coil return leads to con-
nect directly to common, on both record and
playback, without using decoupling filters.
High-frequency pre-emphasis is used on Re-
cord with flat response being used on Play-
back providing better quality with minimum
distortion.
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voltage regulator. The voltage across
the zener diode (D1) is constant at
3.9 as long as the input voltage does
not fall below this value. Because
this diode is in the base circuit, it
determines the voltage output level
at the emitter of V4. Since the base
voltage is constant, the output volt-
age will thus be constant regardless
of variations at the input (at V4 col-
lector); therefore, variations due to
motor noise will be filtered out.

Battery Notes. You can use either
rechargeable Sonotone nickel-cad-
mium, or flashlight cells.

The nickel-cadmium cells provide
nearly constant output voltage
throughout their charge, whereas the
flashlight cells drop off as they are
used. Constant voltage is an advan-
tage in maintaining motor speed;
however, the 5-volt level approaches
the lower limit for best governor
operation.

The nickel - cadmium cells are
slightly shorter than flashlight cells
and a short 4-40 rh screw is threaded
into the positive terminal of each
battery clip to compensate for the
difference (Fig. 4).
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If you use flashlight cells, select Eveready
Type D99, a leakproof type, to avoid damage
to the recorder. Jacks are provided to allow
recording an external signal; to feed the am-
plifier output to an external power amplifier;
to connect an external power source such as
a 6-volt automobile battery or an auxiliary
ac power supply; and to connect the charger
to the batteries. When the external power
supply is connected, internal batteries are
disconnected; when the charger is connected,
amplifier and motors are disconnected.

Accessories. The tape cartridge (Fig. 5), al-
lows the recorder to be carried as a portable
unit in any position. Plans for a separate
power supply appear overleaf this handbook.
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Flip the toggle switch, change the plug, and the
power supply becomes o battery charger. It will
restore the storage battery pack in the recorder
case to full strength overnight.

2, Tape Recorder Power Supply

By JAMES £. PUGH

able tape recorder, this combination

power supply will either recharge the
recorder storage batteries, or permit you to
operate the recorder without batteries on
house current.

The unit can double as an experimenter’s
power supply, and to charge miniature stor-
age batteries used in other types of equip-
ment, provided that the charging current

DESIGNED as an accessory for the port-

a-THoLe (225 ma.) and the charging voltage (5.1, or
-2 hoLEs 6.2-volt) are the same.
oty oLES While the four Sonotone rechargeable bat-
2, teries used in the portable tape recorder 5-
07 jgHOLES volt power pack will operate continuously for
E--LHoLES many hours, they must be eventually re-
HOLE LOCATIONS ¢ 23 charged. This a-c power supply unit guaran-
;’:_:"51':‘ U3MX 5% s tees that you’ll. be able_ to use the tape re-
BOX corder for continuous dictation or desk use,

even though the batteries may be exhausted.
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S-2 SWITCH
Q.\\ /L
v

Begin construction
by drilling all of the

75

holes (Fig. 2) in the 1
aluminum box. Wire 4
the switches and other
parts according to Figs.
3 and 4. Flexible #24
speaker cable is suita-
ble for the a-c power
cord and the connect-
ing cord since the watt-
age of this unit is very
low.

The power supply
regulator, transistor
V1, is mounted on top
of the aluminum box
to provide suitable
heat dissipation. Drill
the mounting holes in @
the box first, and then
scribe the outline of
the transistor case.
Scrape away all paint
within this outline to
allow better thermal
contact with the box;
sand the surface
smooth, and remove

PLUG

NEON LAMP

RECTIFIERS
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FiL.26.8V.,

L=} o
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| TRANSISTOR PLUG

N
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SWITCH
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RED /7 YEL FU’SE
{C.T. LEAD
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all burrs from the in-
sulator holes to pre-
vent puncturing the

N

(—
E
T-!
TRANSFORMER Q
<

mounting insulator.

Make a thin mica
mounting washer by
scribing the. transistor
case outline on a piece
of thin mica. Drill the
two mounting holes,
cut along the outline
with sharp scissors,
and then split the mica
into thin layers about
002, or .003-in. thick.
Coat both sides of the
washer with light oil,
and mount the transis-
tor with 6-32 machine
screws, washers, and
nuts. Use an ohmme-
ter to make sure that the insulation between
the aluminum box, and the transistor case is
good.

Clip off the ends of one of the unused mica
mounting washers, and use it as an insulator
on the underside of the box. Make the emitter
and base contactors from the contacts of a
miniature 7 pin wafer tube socket. When sol-
dering to the transistor contacts, remove the
transistor to avoid heat damage. Mark the
letters B and E near the base and emitter
pins to identify them.

Transformer T1 steps the line voltage down
to 13.4 volts a-c after which it is changed to
d-c by the full wave rectifier consisting of

“N\-BLACK (PRI.1

. BATTERY CHARGER
S|

s2
oOFF
ONgy 2

P2

—C2 5.1 0R6.2 VOLT
+T5°MF &) ZENER DIODE

IN751A OR IN753A

*ABOUT 1000 0. FOR DIODE CURRENT OF 8 TO I0 MA. OUTPUT FROM V-I EMITTER
SHOULD BE APPROXIMATELY 5.1 OR 6.2 VOLTS (SEE TEXT)
SCHEMATIC % %ABOUT 750 FOR CHARGING CURRENT OF 200 TO 225 MA.

Rect. 1, and Rect. 2. Transistor V1 and Zener
diode D1 form a voltage regulator that filters
and maintains the output voltage at the de-
sired level. The same kind of circuit was used
in the motor noise filter of the recorder am-
plifier circuit.

The power supply output voltage should
correspond closely to that of the batteries
used so as to maintain more consistent motor
speed. For example, with four 1.25-volt nick-
el cadmium cells, use a 5.1-volt Zener diode
(IN751A). On the other hand, if you use four
flashlight dry cells, 6 volts will result; there-
fore use a 6.2-volt zener diode (IN753A) for
D1.
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MATERIALS LIST
TAPE RECORDER POWER SUPPLY

No. Req'd Size and Description

1 D1—5.1 or 6.2-volt voltage requlator Zener Diode (Texas
Instrument IN751A or IN753A, see text)

1 F1—34 ampere fuse, type 3AG; fuse holder (Littelfuse
3510011)

1 Pl—a-c power plug

1 P2—sub-min phone plug (Switchcraft 750)

2 Rect. 1, Rect. 2—IN536 silicon rectifiers (RCA)

1 S1—SPDT tongle switch

1 S2—SPST toygle switch

1 T1-—26.8 v., 1A. filament transformer (Triad F-40X)

1 V1—2N301 transistor (RCA)

1 PL1—NE-51 neon lamp

Capacitors
1 €1—250uf, 50-v. electrolytic capacitor (Mallory TC.50025)
1 C2-—50uf, 12-v. ultra-miniature electrolytic capacitor

(Barco P12-50)
Resistors
R1—120 K, V5 v., 109, carbon resistor
R2—about 1K, !/, watt, 109, carbon resistor (see Fig. 4)
R3—about 75 ohm, 5 w., resistor (Sprague 27E)
Hardware
2/ x 3 x 5Y4" grey hammertone aluminum box (Bud CU-
2106A)

1
1
1
1
1 On-off toggle switch plate
7ft. length 2-conductar chrome vinyl speaker cable (Belden 8782)
1 insulated tie point
1 miniature 7-pin wafer tube socket
1 pilot light socket, miniature bayonet (Dialco 720)
1 1" pilot light jewel, white (Dialco 10006-435)
misc rubber grommets, screws, nuts, solder lugs, mica, insulated,
extruded washers, decals, plastic spray or lacquer, wire
resin core sclder .
Parts available from Allied Radie, 100 N. Western Ave.,
Chicago 80, Illinois

When charging the Sonotone batteries, re-
sistor R3 bypasses the regulator circuit to
provide a constant current. Between 200 and

225 ma. is required for proper charging.
About 16 hours are required for a full charge
at this rate, though the batteries may be left
connected on charge for much longer time
without harm.

The pilot light, indicating that the power
supply or charger is ready for use, is lit
whenever plug P1 is in the 115-volt socket,
since the on-off switch does not control this
part of the circuit.

When you connect the accessory unit (Fig.
1) to the recorder, always be sure that toggle
switch S1 in Fig. 3 is thrown to the position
corresponding to the jack to which the plug
P2 is connected. When plug P2 is connected
to the auxiliary power supply jack on the-
recorder, the internal battery pack is auto-
matically disconnected. Be sure that S2 is at
Off when connecting and removing plug P2.
Also remove the plug from the charger jack
when not charging to prevent the batteries
from draining back into the charger circuit.

Polish "Locks™ TV Adjustment

e When you've just finished making a criti-
cal adjustment on the service control of a
TV set, “lock” the screw firmly against me-
chanical shocks by coating its threads with
fingernail polish. If the control ever needs
readjustment, a drop or two of fingernail
polish remover will unlock it in a matter of
seconds.—JoHN A. COMSTOCK.
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“Lady wanted to know could we do anything with this. Hasn’t made a move for two weeks.”
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The Typacode

With the Typacode you can
send Morse code as fast as you
can type—whether you know
the code or not. Thus, even a
person who does not know Morse
code can test you on your
knowledge of it

ITH the Typacode, you press a

button indicating the letter of

your choice and this letter is
automatically translated into the cor-
rect Morse code pulses. The number of
words per minute you can send out
with Typacode depends upon the speed
of the motor you use to turn the short-
ing rotary switch, the “brain” of the
device. Assuming five letters to the
average word, a 100-rpm motor will
pbermit you to send 20 words per min-
ute; a 60-rpm motor, 12 words per minute,
and so on.

But motors aren’t usually built to run that
slowly, and a gear train is needed to reduce
their speed (and increase their torque). I
used a worm gear with an 80-tooth gear to
get an 80:1 gear ratio and reduce the 6,000
rpms of the motor I used to 75 rpm. With
my Typacode I can send about 15 words per
minute. With speed reduced 80 times, torque
is increased 80-fold, from 1.5 oz.-in. to 120
oz-in. The motor I used consumes seven
watts. The motor you use should have these
approximate specifications in order to be able
to turn the rotary switch. Most sewing ma-
chine or small fan motors are adequate, or
try such a motor as the Hurst 60 rpm (RSM-
60), Allied Radio catalog No. 76P862.

By BERNARD DICKMAN

The number of words the device is capa-
ble of sending per minute may also be
varied by the introduction of a variable volt-
age transformer to control the speed of the
motor. This will help in adjusting word out-

Standard rotary switch is shown in A; stop to be

twisted off or bent down, bearings to be removed.

In B is shown a miniature rotary switch. Its stop

must be twisted off or bent down, or plate taken

off; bearing to be removed. In C is shown an altered

(as described in text) slide switch for slide-switch
version of Typacode.

BE NG

\\85%??%6

Bottom view of Typacede, showing
tagged wiring,
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put to the sender’s typing ability
and the auditor’s understanding.

Construction. First remove the
bearings which cause the rotary
switch to click when turned (see
Fig. 3). Pry them out with a
screwdriver. Also, remove all of
the “stops” which prevent the
switch from turning continuously
in one direction.

There are two basic versions of
the device. One uses push-but-
ton, and the other uses spring-
return slide switches. The spring-
return slide switch version is
somewhat cheaper, but a bit more
difficult to operate. Choose the
version you want to build (Figs.
1 and 2 show the push-button ver-
sion), buy materials, and in either
case, wire the shorting gang
switch first (Fig. 5 for push-but-
ton unit, Fig. 6 for slide-switch
unit).

If the gang switch is to be
turned clockwise by the motor,
Fig. 5 (and Fig. 6) is shown as
one looks at the front of the
switch. If, on the other hand, the
switch shaft is to be turned coun-
terclockwise, reverse the connec-
tions. That is, assume that the dia-
gram shows the gang switch as
you would look at it from the
rear, and wire accordingly. (Re-
member that gears semetimes
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CHART FOR WIRING PUSH BUTTON VERSION

MATERIALS LIST—TYPACODE
Push-Button Version

No. Req’d

Description

18 DPST normally open push button switches for letters B, C, F, G, H, J, K, L,0,P, QU

V, W, X, Y, Z and period (Allied 34 B 997)

(S

3x7x 12" chassis (Allied 80 PX 464).

SPST normally open push button switches for letters D, I, M, N, R, S, T (Allied 34 B 994)
SPDT push-button switch for letter A (Allied 34 B 996)

four pole, 12 positions per pole, shorting rotary switch (Only ten positions are needed
for wiring; two extra needed for spacing between letters (Allied 34 B 906)

Only 7 x & is needed for push button keyhoard,

but since size of the motor will vary, the rest of the space needed is estimated with ample

allowance for variations.

1% v. flashlight battery
indicator light assembly (Allied 52 E 475)
miniature bulb (Allied 52 E 330)

(S R

motor of the type specified in article and gear assembly *

two-pale, 3 positions per pole, shorting rotary switch (Allied 34 B 303)
SPST normally open micro switch (Allied 35 B 028)

* Gears for either push-button or slide switch version are available from the Boston Gear
Works with its main ofice at 14 Hayward St., Quincy 71, Mass. and offices throughout the

country. Gear combinations are as follows:

For a 100-1 gear ratio, a 100-tooth worm pear (Boston Gear G1023; hole dia 14”) and a
worm (Boston Gear HLSH; hole dia. 3,,") are needed.
For an 80-1 gear ratio, an 80-tooth worm gear (Boston Gear G1022; hole dia La”) and a
worm (Boston Gear HLSH; hole dia. 3,¢”) ate needed.
For a 60-1 gear ratio, a 60-tooth worm gear (Boston Gear G1024; hole dia. Ya”) and a
worm (Boston Gear HLSH; hole dia. ¥,") are needed.
1 coupling between motor and switch or gear assembly
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WIRING OF PUSH-BUTTON VERS!ION
(SEE _FIG 4)

change the direction of
rotation of the switch
shaft.) For convenience,
label the wires with tabs
numbered as shown in
the diagram. Allow ap-
proximately 5 in. of wire
for connecting the rotary
switch to the push-button
or slide switches.

Now drill the holes in
the chassis. Arrangement
of the keyboard is left to
the builder, but it will be
found convenient to imi-
tate that of the standard
typewriter as closely as
possible. Centers of holes
for the Allied push-but-
ton switches are 34-in.
apart in rows; the rows
are spaced 2 in.

If you are using spring-
return slide switches, ad-
just the sliding mecha-
nism as shown in Fig. 3.

Next, install the switch-
es. There is a ground lug

EXAMPLES OF WIRING FROM GHART FIG.4 ON PUSH BUTTON VERSION o wire 5
1 : 4T WIRE b
= i oo g el
¢ Sﬂswwcri FOR"B" A TYPICALLY WIRED SWITCH =
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WIRING OF SPRING-RETURN SLIDE SWITGH
E VERSION (SEE Fig_7) i

on the Allied push-button
switches. Solder two dif-
ferent poles of each two-
pole switch, and one pole
of each one-pole switch to
these lugs. This saves on
wiring since now the
poles on each switch are
interconnected through
the metal chassis. Other-
wise (on slide switches)
interconnect the different
poles on each switch. The
interconnected poles are
referred to as “ground”
and are connected to “C”
on the terminal strip.
Now install the motor, ro-
tary switches, micro
switch (this, only in push-
button unit), bulb, and
bulb socket, and letter
the switches. For the
push-button switches the
letters were typed on a
sheet of paper, punched
out with a paper punch,
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ONE Maxe S e, then glued to tht_e surface of the buttqn.
ON SW.... TO WIRE (8] Complete the wiring, using the chart Fig,
A 413 4 for push-button switches or chart Fig. 7
- s.8.10 for slide switches. The first column in the
C o e oo, 1t charts refers to the switch, the second to
[ Y 60 the labeled wire or wires which illustrate

connections to switches.

Use. The micro switch is thrown when
you want to indicate the end of a word;
otherwise the letter “e”, a short pulse, is
automatically sent. This “e” is a simplify-
ing factor in wiring, since all letters start
with a pulse. This pulse is elongated for a
beginning dash. The automatic “e” and
micro-switch are eliminated on the spring
return slide switch unit, the micro switch
being comparable to a spacing bar.

On the terminal strip, terminals A and B
connect to the power source for the motor
(ideally a variable voltage transformer).
Terminals C and D connect to the wires
otherwise connected to the sending key of
the buzzer, code practice oscillator, etc.

Turn the two-pole, three-position switch

Tommmm e 2 to the second position. The motor is on, but
U 514 the unit is not capable of sending code.
Vommmmm e 5,55 Next turn the switch to the third position.
Wemom wr  Each time the motor makes a revolution the
e 60, Pulb will light, and shortly after a short
' pulse will be sent (only on the push-button
Yoo me e ©IL16unit). Depress the micro “spacing” switch
(ZSE"E‘FEO_) ““““ 510184 (on the push-button unit only); the bulb
PERIOD— e . aa  Will still light, but no pulse will be sent.

HOLD FOR THREE FLASHES
OF INDICATING LIGHT)

7 SPRING-RETURN

Directly after the bulb lights press the
letter “a”. A distinct “didah” will be heard.
Release “a” and press “b” when the bulb
lights again. Continue throughout the al-
phabet, checking against a standard table
showing code equivalents for letters.

CHART FOR WIRING
SLIDE SWITCH VERSION
2o 2 T VRN

HE

MATERIALS LIST—TYPACODE
Spring-Return Slide Switch Version

. Reg'd Description
SPST normally open spring return slide switch for letters E, N *
DPST normally open spring return slide switches for letters A, D, I, K, M, R, S, T, U, W
and perigd*
three-pole, single throw, normally open spring return slide switches for letters B, C, F, G,

s L0, P @, V, X Y

three-pole, double throw, spring return slide switch for letter Z #
two-pole, three positions per nole, shorting rotary switch (Allied 34 B 303)
15 v. flashlight battery
motor of the type specified in article, and gear assembly
7 x 12 x 3” chassis (Allied 80 PX 464). Only 7 x 9 in. is needed for slide switch keyhoard,
but since size of the motor will vary, the rest of the space needed is estimated with ample
allowance for the variations
four-pole, 12 positions per pole, shorting rotary switch (Only ten positions are needed for
wiring; two extra needed for spacing between letters (Alied 34 B 906)
miniature bulb (Allied 52 € 330)
indicator fight assembly (Allied 52 E 475)
wire, solder, etc.

*The only spring return slide switch available was a 3-pole, double throw switch.

(Allied
34 B 496).

1f a 3-pole push button switch is available, this device may be huilt uvsing it.

EXAMPLES OF WIRING FROM CHART FIG.7 ON SLIDE_SWITCH VERSION

# CONNECTED TO WIRE
188

TO WIRE#G

#* #
TO WIRE 8 TO WIRE 10

d !

N e e S
TOWIRE *5  TOWRE *I5

To WIRE #18A
E SWITGH FOR "Z,' THE ONLY EXCEPTION TO THE CHART

I L

AN

m SWITCH FOR "B!A TYPICALLY WIRED SWITGH
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" An Electronic Antenna Relay

For the amateur who still
throws an antenna switch,
this inexpensive electronic
relay will do the job auto-
matically on any band up to
two meters, and it will in-
crease the sensitivity of
most receivers

By JOE A. ROLF,
K5JOK

The completed electronic antenna relay, or T-R Switch, with the cabinet
lid in place (above). This unit will permit instant break-in operation with
CW transmitters of up to 100 watts input.
phone transmitters running up to 85 watts. Interior of the relay cabinet

It can also be used with

showing construction and layout (below). The 6C4 is mounted on a
small aluminum bracket (see Fig. 4) that also serves as a shield between
the input and output components. The plate lead on the tube socket is

in Fig. 1 will handle up to

100 watts CW, or 85 watts
phone. It is designed for use
with any amateur antenna hav-
ing an impedance of 25 to 300
ohms, and it permits instant
CW break-in and greatly
simplifies AM transmitter con-
trol. It also acts as a low-gain
RF amplifier to improve re-
ceiver performance.

Figure 2 shows the circuit,
Fig. 3 the connections to trans-
mitter, receiver, and antenna.
The T-R switch is inserted
across the antenna feedline, in
parallel with the transmitter.
With the transmitter inopera-
tive, the relay acts as a
grounded-grid amplifier, allowing signals
from the antenna to pass through to the re-
ceiver. When the transmitter is keyed, how-
ever, the relay’s 6C4 is blocked and effectively
isolates the receiver from the antenna.

The large biasing resistor Rl permits the
6C4 to conduct very weak RF signals to the
receiver, while the strong signal from the
transmitter creates a cut-off bias on the tube
* that prevents conduction to the receiver.
Very little power is taken from the antenna
since only a small amount of RF is required
to block the 6C4.

The entire relay is built inside a 1% x 215
x 4-in. Minibox. For compactness and sim-
plicity, the unit is powered by the station re-
ceiver or transmitter. A Cinch-Jones chassis
plug receives the power cable; a miniature

THE one-tube relay shown

brought through the bracket with a feed-through insulator.

coax antenna jack mounted beside it connects
the unit to the antenna terminals of the re-
ceiver. A standard coax jack at the other end
of the Minibox connects the unit to the an-
tenna feedline. Construction and drilling
details are shown in Fig. 4.

The author used a six-prong power plug
(Cinch-Jones P-306-AB) on his unit to match
an existing cable from his receiver. A three-
or four-prong power plug can be used if de-
sired. Also, if the builder prefers, phono jacks
can be substituted for the coax antenna jacks
—though coax jacks are recommended for
high-frequency use to avoid losses and to in-
sure adequate shielding.

The 6C4 is mounted on a small aluminum
bracket (see Fig. 4) fastened to the bottom
of the Minibox. The bracket is set at an angle
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TUBE REPLACEMENT GUIDE

EVERYONE who uses vacuum tubes NEEDS this
new 1960 Expanded Edition TUBE GUIDE,

Contains over 2700 substitutes for over 1500
tubes, including radio & TV receiving tubes,
tubes used in Hi-Fi &
Stereo, foreign tubes and
TV picture tubes.

All tubes suggested for
substitution have char-
acteristics similar to
_those they are to replace.
FIT INTO SAME SOCKET
& NEED NO WIRING
CHANGE.

Two chapters cover com-
plete listing of TV Pix
tube replacements in-
cluding newest 110°
tubes.

Substitutes given for
over 225 foreign tubes.
Last chapter lists tran-
sistor substitutes. The
only complete GUIDE {featuring all receiving
tube substitutions WITHOUT SOCKET CHANG-
ING OR REWIRING. This valuable
book will save you TIME & MONEY
and permit operation of your set even SI

£x-P-AN-D-E

EDITION

#* RADIO TV Hi-FI
# TV PIX TUBES
* FOREIGN

though original tubes are unobtain-

able.

Guarantoed Money Back in 5 Days if Not Satisfied
RUSH COUPON NOW!

--v----------------.‘

Post-
paid

I H. G. CISIN, Consulting Engincer—Dept. SM-25 l
Amagansett, N. Y.

l Enclosed find $1. Rush TUBE REPLACEMENT GUIDE. l
NAIME o s0usosvvrovsssovssversoscsroanssncsossns sone l
Address ....es.. fesaes P R
City cocevenvacsssnnrnenerss Zone. .. .. State. .. .ianen l

Fill in coupon for a FREE One Year Subscription to
OLSON RADIO'S Fantastic Bargain Packed Catalog
—"Unheard of LOW, LOW, WHOLESALE PRICES
on Brand Name Speakers, Changers, Tubes, Tools, Hi-
Fi's, Stereo Amps, Tuners and other Bargains.

NAME
ADDRESS.
CITY. ZONE___STATE

If you have a friend interested in electronics send his
name and address for a FREE subscription also.

OLSON RADIO

CORPORATION

103 S. Forge St., Akron 8, Ohio

LFEED THRU

 * INSULATOR

i HOLE
POWER PLUS HOLE

3

P
g HOLES

CONSTRUCTION DETAILS

relay as shown in Fig. 3. The receiver should
not be connected during initial tests. Apply
power to the T-R Switch and reload the trans-
mitter to the antenna. If the relay is working
properly, the transmitter should require only
slight readjustment, if any.

The neon bulb NE-2 is a safety device to in-
dicate any dangerous amount of RF across
the output terminals of the relay. If this bulb
glows when the transmitter is keyed, it is an
indication that the relay is not working
properly. Check for a bad tube or wire-up.

If the unit is carefully constructed, only
enough RF will reach the receiver to provide
comfortable monitoring. If the receiver over-
loads while transmitting, it is probable that
RF is entering the receiver through ventila-
tion louvers or an exposed antenna connec-
tion (if the receiver has a terminal strip an-
tenna post).

But a coax antenna jack and copper
window screen taped over ventilation open-
ings in the receiver cabinet will generally
cure this. In some cases, shielding the trans-
mitter cabinet will help. Another remedy for
overloading on CW, or feedback on phone, is
to reduce the receiver gain control when
transmitting.

The cost of this simple electronic antenna
relay is only slightly more than that of a
good antenna relay, but this unit has the
advantage of permitting switchless CW oper-
ation with a single antenna system. To trans-
mit, just start keying and the receiver is auto-
matically disconnected from the antenna. On
phone, only one switch is needed to put the
transmitter on the air.
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A Portable Wireless Intercom

By FORREST H. FRANTZ, Sr.

A neat, pact, two-tr istor device, this
portable intercom also functions as a broad-
cast band receiver.

This transceiver makes an excellent THERE’S no need to be stuck with

. . intercom stations at fixed locations
week-end construction project. It does in your home. This portable wire-
not require a licensel

less intercom can be carried wherever
you wish to use it. It operates in the
broadcast band under
FCC limited radiation
J //1 rules, and therefore does
s ' not require a license
(limit communication
distance to 75 ft.), and
the receiver can be used
for BCB reception. Com-
ponents will cost between -
$10 and $15. For two-way
communications, of
course, you need two
units. But with one unit
you can indulge in one-
way communication by
using a broadcast receiv-
er as the second station.
Trouble-Free Construc-
tion. The leads connecting
to the Send-Receive
1/ switch, and those in the
‘lm RF portion of the unit
=z

ce -‘—,Lim

SIGNIFIES
~

COMMON RETURN

R2

Ak

TRANSISTOR
BASE CONNECTIONS

CBE
$2 SECTIONS HAVE BEEN
DESIGNATED A, B, C, D.
R IS THE RECEIVE AND
S IS THE SEND
POSITION

should be kept short and

n SCHEMATIC WIRELESS INTERCOM CIRCUIT direct. When construc-
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tion is completed, you may
have to redress them to elimi-
nate oscillation. First, remove
antenna coil L1 from its Ma-
sonite mounting strip. Then cut
shaft of volume control R4 to
a length of ¥ in. Then turn
connection of battery holder
lugs over with pliers to form
series connections and solder
(see Fig. 3). Fill contact eye-
lets with solder.

Jumble-wind coupling coil
L2 from 25 ft. of 7/41 litz wire
on 3;-in. length of Y-in. dia.
ferrite core. Leave 1% in. con-
necting leads. Apply a coat of
Duco cement to hold the wind-
ings in place. Clean and tin the
ends of the leads.

Drilling and Cut-Outs. The cir-
Circuit board wiring. cuit board as purchased is cut
to correct size. Holes must be
. drilled in it as shown in Fig. 4.

The front panel as purchased is
52 (LETTERS SHOW cut to correct size and contains
SWITCH SECTION the four corner holes required
LOCATIONS) to fasten it in the case. The
’ other hole and switch cut-out
locations are shown in Fig. 5.
The cut-out for the Send-Re-
ceive switch is made by drill-
ing a series of adjacent holes,
finished with a keyhole saw
and a file. The hole in the case
for mounting the antenna is
% in. dia. placed 1 in. from the
front and 1 in. from the right-
hand side on the top of the
case.

Front Panel Component Mount-
ing. Mount C1 and C2. The dials
are removed by loosening the
knurled decorative head screws.
These capacitors, because of
their compact construction,
sometimes develop shorts. Con-
nect an ohmmeter across each
of them in turn and rotate the
shafts. If either of the capaci-
tors is shorted, send it back to
the supplier for replacement.
Don’t attempt a repair.

Mount the volume control
(R4), the Talk-Listen switch
(S2) and the loudspeaker
(SPKR). Place the knob on
R4 and the handle on S2.
Fasten the 1-in. machine screws
(which hold the circuit board
: in the final assembly) to the

5 . i 1 front panel.

L 2. C . Circuit Board Wiring. Mount
B ? transformers L3 and L4, and
Parts call-out in case. mount the antenna coil L1.

P T T

Pty ey

a

pal I R L o e B e B e
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Fasten the coil with insulated hook-up wire
or cord passed through the circuit board and
tied around the coil. A few drops of Duco ce-
ment will hold it in place.

Using Figs. 1, 2, and 3 for guidance, wire
the circuit board. Mount the components as
required in the progress of the wiring. Note
that most of the component pigtails pass
through the circuit board. The pigtails are
bent over and soldered together to form the
circuit wiring. This produces a neat job, per-
mits you to make short connections, and
makes the compact size of the unit possible.

The leads which are to be connected be-
tween the circuit board and the panel wiring
of the circuit board should be connected dur-
ing the wiring of the circuit board. Leave
these leads about 6 in. long and cut to length
later when the wiring board and panel as-
semblies are integrated. Use wires of differ-
ent colors and keep a record of the code to
make integration of the circuit board and
front panel easier.

Front Panel Wiring. Wire R4-S, C1, C2 and
the portion of the S-2 connections that do not
tie into the circuit board wiring. The gim-
mick C3 is simply a piece of hook-up wire
connected to S2 and twisted loosely around
the lead from S2 to C2. Wire insulation acts
as the dielectric. In making connections to
S2, be careful to avoid bending or exerting
undue pressure on the switch contacts and
lugs. Also be cautious about exerting pres-
sure on the switch wafer.

Mount the circuit board on the 1-in. ma-
chine screws provided on the front panel for
this purpose. The nuts near the ends of these
screws (Fig. 2) should be adjusted for cor-
rect spacing of the mounting board from the
panel. Be sure that there aren't any shorts
between the switch S1 and the circuit board.
The lugs of S1 may have to be bent slightly
to the side.

Make the interconnections between the
front panel and the circuit board. The second-
ary of L4 connects to SPKR and several
leads from the circuit board connect to R4-S1
and S2.

Mount the battery holder on the speaker
magnet frame by passing a loop of wire around
the holder and frame on each side of the mag-
net. Twist the ends together on the bottom
side. A drop of Duco between the speaker
and the battery holder will tend to make the
mounting more solid. Connect the battery
holder into the circuit. Insert the batteries
in the holder, observing correct polarity.
Then provide a lead from S2A to the antenna
and place the assembly in the case. But don’t
fasten the four panel holding screws yet.

Testing Operation. Turn switch S1 on and
turn R4 clockwise for maximum volume.
Tune C1 to a local broadcast station. If you
can't pick up a station, extend the antenna.
If you still can’t pick up a station (assuming
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you’re within 5 miles of a 250-watt station or
within 10 miles of a 5 KW or more powerful
station), recheck the wiring. Incorrect posi-
tioning of the S2C and S2D leads may cause
audio feedback. To cure consistent squealing
and whistling, redress these leads.

When you have broadcast reception, re-
move the set from the case and move the
position of the lead on the antenna end of L1
relative to C4 for maximum gain at the high-
frequency end of the broadcast band. Then
decrease the volume control setting to about
half of full setting. If the set squeals, de-
crease the coupling between the L1 lead and
C4 till squealing quits.

Turn a broadcast receiver on and tune to
a frequency at which you don’t receive a
broadcast station. Then, from a position near
the receiver, with the intercom on and the
antenna pushed down, push S2 to the send,
position. Adjust C2 till the intercom carrier
comes in on the broadcast receiver. The

PANEL , FRONT VIEW
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Side view of front-panel mountings.

coupling of gimmick C3 may have to be in-
creased to attain a signal or decreased to
minimize squealing and distortion at the re-
ceiver. Audio feedback due to coupling be-
tween intercom and receiver causes squeals
also—but occurs only when receiver and in-
tercom are within audible “hearing” distance.

. MATERIALS LIST—WIRELESS INTERCOM
Desig. Description
R2, R6 270 ohm, Y/, watt carbon resistor, 109,
R3 33K, I/, watt carbon resistor, 109,

R5 100K, V/» watt carbon resistor, 109,

Rl 270K, /> watt, carhon resistor, 109/,

R4-S 10K miniature volume control with switch (Lafayette
VC-28)

C3 gimmick (see text)

c4 100 mmf., 1000 v. ceramic capacitor (Sprague5 GA-T1)

€6, €8, C11 .01 mfd., 50 v. ceramic capacitor (Sprague TG-510)
€5, €7, C9 25 mfd., 6 v. miniature electrolytic capacitor
(Sprague TE-1091)

Clo, C12 100 mfd., 6 v. miniature electrolytic capacitor
(Sprague TE-1102)

Cl1, C2 365 mmf. miniature variahle capacitor (Lafayette
MS-445)

T1 2N168A transistor (General Electric)

T2 2N407 transistor (Sylvania)

D 1N66 diode (Raytheon)

S2 4P2T spring return lever action switch (Centralah

1457)

L1 ferrite antenna loop coil (Miller 2004)

L2 25’ 7/41 litz wire wound on 34” length, 14" dia. fervite
core. (Lafayette MS-331 is a 7\%” length of ferrite
core and Belden 8817 is a 100’ length of the wire)

L3 10K to 2K miniature driver transformer (Lafayette
TR-96)

L4 2K to 10 ohm miniature output transformer (Lafayette
TR-93)

SPKR 10 ohm, 215" lgudspeaker (Lafayette SK-66)

A miniature telescoping antenna (Lafayette F-343)

B four 1.5 v. penlite cells, series connected (Burgess
No. 7)

hattery holder (Lafayette MS-170)
miniature knob (Lafayette MS-185)
27/ x 334" miniature perforated circuit board
(Lafayette MS-304)
2 x 334 x 644" Bakelite case (Lafayette MS-216)
front panel for case (Lafayette MS-217)
Components for this project may he obtained from Lafayette Radio,
100 6th Avenue, New York 13, N. Y.

The antenna may be extended to increase
range, but don’t open it far enough to permit
reception beyond 75 ft. The intercom will
function best for communication when held
upright with the antenna vertical. It will
function best as a broadcast receiver when
the antenna loop is horizontal. It is extreme-
ly directional and selective in this plane.

Operating Principles. The remote wireless
intercom is an intercom that permits talk-
and-listen operation with another unit with-
out requiring connecting wires. The speaker
functions as mike and speaker. Separate talk
and listen tuning controls permit tuning to
any desired frequency with easy switching
from talk to listen without having to retune.
To receive, C1 must be set for the frequency
that C2 of a second intercom is tuned to in
order to receive it. It is best to tune the two
intercoms and then lock the capacitors. Don't
depend on dial calibration to do the job.

The wireless intercom employs only two
transistors and one diode. In the listen func-
tion T1 acts as an RF amplifier, and diode
D1 rectifies the signal to provide an audio
voltage signal. This signal is fed back through
T1 which amplifies the signal again. Then
the signal progresses to output stage T2 and
the loudspeaker. The receiving circuit
achieves considerable gain and selectivity
with minimum equipment through the use
of good components and the exercise of de-
sign innovations.

On the talk function, the coupling from the
collector of T1 to the antenna and base of
T1 is increased by C2 to produce broadcast
frequency oscillation. The input and output
connections to T2 are changed by S2 to make
the speaker function as a mike and to make
T2 function as a modulator for T1.

b UA AN s b e o .
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Dry Battery
Tester-Charger

A single unit to test and charge flash-
light, transistor radio and other small

hatteries

By W. F. GEPHART

teries can be worthwhile if you have sev-

eral flashlights, battery radios or other
battery-powered equipment. Properly used,
a charger can triple or quadruple the lift of
batteries, making the investment in a charger
worthwhile. The unit shown in Fig. 1 also
includes a tester to show when “recharging”
is desirable. (Since dry batteries are essen-
tially primary cells in which a chemical re-
action takes place, true recharging is not pos-
sible. However, rejuvenation, which will ex-
tend the life of the cells, is possible. We'll call
this recharging.)

Recharging must be done before the bat-
tery is completely exhausted. New batteries
usually read about 1.5 v per cell (without
load) on the average meter. Under normal
load (about 25 ma for a battery made up of
penlight cells, and about 150 ma for the
larger flashlight batteries) the voltage of a
fresh cell should not drop more than 10%.
Thus, a type “D” flashlight battery in top
condition ought to test at 1.5 v or better with-
out load, and not less than 1.35 v with a 150

RECHARGING or boosting small dry bat-

87

Overall view of charger. Battery clip arrangement
may be varied to meet individual needs.

ﬂ SCHEMATIC

SI {"CHARGING VOLTAGE"} S2 ("FUNCTION")
POS. | ~ LOW POS.1- 15 vou} TEST
POS. 2~ MEDIUM LOW P0S.2- 15 VOLT
POS, 3 - MEDIUM HIGH POS. 3 - 150 MA.
POS. 4~ HIGH POS. 4-15 MA. :} CHARGE

UPPER
SLOPING
SECTION

VERT. SEC,

ma load. When it drops
below these levels, it
should be recharged.
Recharging is not too
effective when the
voltage (with or with-
out load) is below two-
thirds of the new-con-
dition voltage.

Bear in mind, too,
that the battery must
be placed in service
promptly after re-
charging. The shelf life
of recharged batteries
is short (probably due
to the limited chemical
action thattakes
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Inside view of unit. All parts are mounted on back
of front panel.

place). Even so, the drop in voltage after
charging is the greatest in the first 24 hours.

No one seems quite sure what actually
happens in dry battery recharging, and some
experimenters claim the best results with ac
charging voltages, some with de¢, and some
with a combination. This unit uses unfiltered,
fluctuating dc, which seems to give the best
results in the shortest time. Filtered de (se-
cured by placing a large capacitor across rec-
tifier output) seems to give about the same
results, but requires a charging time of 12-20
hours.

Here are some results with unfiltered de
and an hour’s charging time:

Type Battery Before Immediately 2-5 Days
& Service Charge After Charge Later*
Two ‘D" Cells No Load 1.35v 1.52v 1.40v
(Flashlight) Load 1.20v 1.37v 1.35v
Three “D”” Cells No Load 1.33v 1.40 v 1.35v
(Strohbelight) Load 1.15v 1.33v 1.30v
Two “'C” Cells No Load 1.35v 1.60v 1.45v
(Flashlight) Load 115v 1.50 v 135y
9 v Transistorf No Load 7.5v 8.7v 80v
(Radio) Load 20v 7.2v 6.0v

# sheif life time; not in service
# charged at 9 ma; all others charged at 100 ma

We see that particularly in the case of the
transistor battery, recharging is not too ef-
fective when the battery nears exhaustion.
The charging rate must be fairly low, with a
range of 5-30 ma recommended for batteries
made up of penlight cells, and a range of
50-200 ma for the larger cells, such as “C”,
“D”, and “A” cells.

Schematic Fig. 2 shows that switch S; con-
trols the function of the unit. On Positions
1 and 2, used for testing, proper meter multi-
pliers are switched into the circuit for read-
ing the battery voltages, and load resistors
are cut in by pressing switch S2. When
switch S3, is on Positions 3 and 4, ac power
is on, and the dc¢ output is fed through the
meter (with proper current shunts) to the

MATERIALS LIST—BATTERY CHARGER

Description

Rx 56K, /o watt (required only if not included in PL)

R1 20 chm, 1 watt

R2 200 ohm, 4 watt potentiometer (Mallory M200PK)

R3 1500 chm 19, precision (see text)

R4 15K 19, precision (see text)

R5 10 chm, V5 watt

R6 330 ohm, 1, watt

R7 .66 ohm 19, precision (see text)

R8 7.14 ohm 19, precision (see text)

S1 two-pole, 4-position rotary switch (Mallory 3226J)

S2 SPST push hutton, normally open

s3 five-pole, 4-position rotary switch (Mallory 1335L)

T1 6.3v CT 1 amp filament transformer (Merit P-2944)

T2 6.3v /5 amp filament transformer (Merit P-2964)

bridge-connected selenium rectifier: a-c input—15 v maxi-

mum, at 200 ma (Federal 1016)

PL pilot light holder for NE-51 lamp (Dialco Series 95408X
and 942208 have built-in resistor Rx)

M 0-1 milliammeter

Steel cabinet, 615 x 74 x 9” (Bud C-1585), NE-51 lamp,

3 knobs, 2 hinding posts, hattery holders as desired, line

cord, miscellaneous hardware

battery, with terminal polarity reversed. The
proper charging voltage and current is se-
lected by switch S: and rheostat Rz. Two
filament transformers, with their secondaries
wired in series through Si, provide ac input
voltages to the rectifier of 3.15, 6.3, 9.45, and
12.6, which are sufficient for all batteries up
to 9 volts. Resistor R1 is a limiting resistor
to prevent the current from reaching exces-
sive levels.

All parts (except battery holders and ter-
minals) are mounted on the front panel of
a small sloping-front cabinet, as shown in

.TO POINTS ONL
¥ $3 (SEE FIG.6)

S3A ARM 5
—538 ARM S3C-2

g
B PICTORIAL

RX RECT.

Figs. 4 and 5. The layout for the panel is
shown in Fig. 3, except for the meter mount-
ing screw holes, which should be drilled to fit
the meter being used.

The values shown for resistors Rs, R4, Ry
and Rs are applicable only to a 0-1 ma meter
with an internal resistance of 100 ohms. This
is a standard 1000 ohms/volt movement, but
values for other meter movements can be
calculated with the formulas top of opposite
page for the ranges shown on Fig. 2:




METER (=) p —
EEENY &
| A 'i 4
% AR V)
.~ — . i - —— RECT, (=)
REAR WAFER
S28B
g BATTERY (=)

BATTERY (+)

FRONT WAFER

: \\::'iQ TERM. STRIP

A »
R 1 T
ku e PRI PRL PL

SWITCH 53 /

WIRING DETAILS

15 — (Im X Rm) 15
R3=—— - —— R4=
Im Im
Im XBm Im X Rm
R7 = R8 =
.014 150

Im is the full scale deflection of meter in
amperes, Rm is the internal resistance of
meter in ohms.

Wire the primaries of the transformers and
pilot light first. Then check polarity of the

S2A ,
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secondary leads of the transformers so that
series wiring will give 12.6 v. If the polarity

- is incorrect, the two secondaries will buck

each other, and give no output voltage when
wired in series. Complete the wiring.

The selection of the number and types of
battery holders mounted on the cabinet will
depend on individual needs. Two binding
posts, wired in parallel with the battery hold-
ers, are also provided. Several sets of leads,
using the most often needed battery plugs
can then be used with the binding posts for
those batteries that do not fit in the holders.

To use the unit, plug it in, turn Si to
“Low”, Re to full counterclockwise position,
and Sz to “15V Test.” Put the batteries in
the proper holder (or attach to leads), and
switch S3 to the appropriate scale and read
the no-load voltage. Then press Sz to read
the voltage under load. Resistor Rs provides
a 150 ma load with 1.5 v, and Re provides a
load of about 14 ma at 4.5 v, 18 ma at 6 v, and
27 ma at 9 v. Next, switch S, to the desired
charging current range, and set the charging
rate by adjusting S1 and Ra.

Generally, charging for an hour or two at
the rates mentioned above will be effective.
The rate may be increased, but under no con-
ditions should the battery be permitted to
get warm. Longer charging times can be
used, with varying effectiveness, depending
on the charging rate and battery condition,
but the unit should be watched. Sometimes
excessive charging, either in current rate or
time, seems to break the cell down, and the
current rises, increasing the damage.

Unscrewing the Inscrutable

Few terms are as frequently misused or widely
misunderstood in electronics as is the decibel.

The decibel system merely compares signal
power levels. Properly used, it makes possible
a great simplification of arithmetic.

Decibels can be used to compare any two sig-
nal power levels of the same kind, in either an
acoustical or electrical system. Or, one may
compare the power of a given signal with a pre-
viously agreed-upon standard. When the signal
being considered is compared to a similar, hypo-
thetical, one-milliwatt signal, we speak of the
"level” of the signal concerned, in DBM. Further,
e may compare, in decibels, the strength of a
iven signal to that of the noise power in the
e system—the “signal to noise ratio.”

Let’s get straight on the basic facts: First, the
cibel measures ratios, that is, how many times
eater or less-powerful is the signal concerned,
compared to the reference signal. Second,
ibels are not measured upon an ordinary
ithmetical scale, but rather upon what engi-

Those Darn Decibels!

by OF Rock

neers call a logarithmic scale. This is perhaps the
most confusing point to the uninitiated. Twice as
many decibels do not mean twice as strong a
signal, for instance. Here’s how a decibel scale
works:

Ratic of Signal Power DB Greater DB Less
Signal powers equal 0 DB 0 DB
First signal twice as strong, or one-half

as strong as the other + 3DB — 3DB
First four times as strong or weak + 6DB — 6DB
First ten times stronger or weaker +10 DB —10 DB
First 100 times greater or less +20 DB ~20 DB
First 1000 times greater or less +30 DB —30 DB
First one million times greater or less +60 DB —60 DB

Any good electrical engineering reference book
will show you how to obtain decibel values or
corresponding power ratios for the intermediate
values, such as —36 DB, +57 DB, etc.

A convenient feature of the decibel system is
that amplifier gains and circuit losses, when each
is expressed in DB, may be added and subtracted
by simple arithmetic directly, to evaluate simply
the performance of an entire communication
system.
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o
The Little Red Hot
This compact, attractive reflex receiver is

so small it fits easily into pocket or purse

By FORREST H. FRANTZ, Sr.

D
cl +—I -~
= R7 (09
v
~
? R3
c2 RI

SCHEMATIC
LITTLE RED HOT

A set that's small but one
that will scoop up rock ‘n’
roll from local broadcast-
ers, commercials and all.

in the Little Red
Hot transistor T1

(see Fig. 2) amplifies
the signal twice, once
while it is still RF and
then again when it is
AF after detection by
diode D. The audio
output of T1 is intro-
duced to the base of
transistor T2 through
the audio driver trans-
former L4. The im-
pedance match be-
tween T1 and T2
provided by L4 affords
considerably more
gain than you could
expect from resistance-
capacitance coupling.

Though not appar-
ent from the circuit,
and though not enough
to make the set oscil-
late, there is positive
feedback in the RF
stage, resulting from
the relative placement
of the components in
the case. This feed-
back feature and the
high Q of the antenna
coil (L1) make the set
quite selective in spite
of the fact that it has
only one tuned circuit.

Cost of the compo-
nents for the Little
Red Hot will be a little
over $15. Construc-
tion time will wvary
with the builder’s ex-
perience, but the com-
pact construction
makes this project a
delightful experience
in miniaturization.

Construction. The
construction of this re-
ceiver may be accom-
plished most efficiently
by pursuing the task
in these phases:

1) Adapt parts.

2) Make the circuit

board.

TO get plenty of gain
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v BACK OF BOARD
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Back view before assembly.

3) Mount parts.

4) Wire the circuit board.

5) Complete wiring and assemble.

6) Test, adjust and debug.

Begin by cutting the volume control shaft
to a length of 3 in. Place the portion of the
shaft to be eliminated in a vise and cut with
a hacksaw. Now remove antenna coil Ll
from its Masonite mounting board. Replace
the paper tape around the coil ends to hold
and protect the windings.

Make coils L2 and L3 using the data shown
in the Materials List. Coat these coils with
Duco cement to prevent unwinding of the
turns.

The number of turns is not too critical, so
if you slip a bit in counting them, don’t worry
about it.

Next, place two layers of cellophane tape
about 34 in. wide around the edges of the
speaker frame on the back of the speaker
to prevent the speaker frame from shorting
some of the receiver wiring which it would
otherwise touch.

The circuit board is cut from a miniature
perforated ,board according to the layout
shown in Fig. 4. Speaker and tuning capaci-
tor cut-outs are made by using the hacksaw
blade removed from the saw frame. Starter
holes can be made with drill and taper ream-
er. The slots for the transformers (L4 and
L5) are also made with the hacksaw blade.

Drill a Y4-in. starter hole for the volume

control shaft and ream to size, or simply drill
using a 3-in bit. When cutting and drilling
is completed, dress the edges of the board
and the cutouts with a file.

Use Fig. 3 as a guide for mounting parts.
Mount volume control-switch R7-S and trans-
formers L4 and L5 first. The transformers
are mounted by bending their mounting lugs
down 90° so they can be inserted in the cir-
cuit board slits. With the transformer mount-
ing lugs inserted in the circuit board slits,
press the transformer against the board, and
bend the lugs over on the front of the circuit
board. Duco cement placed between the base

SLITS FOR MOUNTING " DIA
TRANSFORMERS 8 -
R 87\

€ ¢ ¢« ¢ ¢ & ¢ ¢« t(g\ct\
‘-(C(L“u“(

L ¢ ¢

s a n

a an & & A

ln E
8 DLA. _g’a DIA.

Q?
4]

CUT ouT
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J

CIRCUIT BOARD LAYOUT— BACK VIEW
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Front view of cirevit board,

of the transformers and the circuit board
will stabilize the mounting and may bail you
out if you break a transformer lug in the
mounting process.

Mount L2 and L3 by fastening with Duco
cement, but go easy on the cement because
you may have to loosen and re-orient these
coils. The remaining components are mount-
ed in the process of wiring the circuit board.

MATERIALS LIST—LITTLE RED HOT

Desig Description
f watt carbon resistors, 109, tolerance
R6 chms
R2 470 ohms
R5 2.7K
Rl 10K
R4, R8 15K
R3 47K
R7-S 10K miniature volume control with switch

(Lafayette VC-28)

cé6 100 mmf. Mini Kap ceramic capacitor
(Lafayette DM-101)

C2, ¢4, C8

.01 mfd. 75v. subminiature capacitor
(Lafayette C-612)

c9 1 mfd., 6v. subminiature electrolytic capacitor

{Lafayette P6-1)

C3,C7 30 mfd., 6v. miniature electrolytic capacitor
(Lafayette CF-104)

5 100 mfd., 15v. miniature electrolytic capacitor
(Lafayette CF-126)

Cl 365 mmf. miniature tuning capacitor (Lafayette MS-445,
includes tuning dial)

L1 flat ferrite antenna foop coil (Miller 2004)

L4 10,000 ohm to 2,000 ohm subminiature transformer
(Lafayette TR-98)

LS 2,000 ohm to 10 ohm miniature output transformer
(Lafayette TR-93) .

L2, L3 Coils L2 and L3 are jumble-wound with Belden 8817 litz
wire on 14" dia. ferrite cores (saw or break off of La-
fayette MS-331). Wind 25 of wire on a 34” length of
core for L2, and 15’ on |/%” of core for L3

Tl 2N412 transistor (RCA)

T2 2N321 transistor (GE)

D 1N60 diode (Raytheon)

SPKR 1" PM loudspeaker (Lafayette SK-61)

B v. transistor radio battery (Mallory TR-146R)

volume centrol knob (Lafayette MS-185)

miniature perforated hoard (Lafayette MS-305)

case (Lafayette MS-424 ivory or MS-427 maroon)
All components for this project are available from Lafayette Radio,
Dept. SM, 165-08 Liberty Avenue, Jamaica 33, New York.

The circuit board
is wired by insert-
ing component pig-
tails through - the
perforations and
making connections
on the front of the
board. Where sev-
eral component pig-
tails form a com-
mon junction, the
pigtails may be in-
serted in a common
perforation. The
connection routes
on the front of the
board are short
enough in most
cases to permit di-
rect connection
with component
pigtails.

Solder the con-
nections as you go
along. Use a hot clean iron and rosin core
solder. Solder quickly. Miniature compo-
nents, particularly transistors and diodes,
may be damaged by soldering iron heat ap-
plied for too long a time. Be cautious about
electrolytic capacitor and battery polarities
in making connections.

Mount T2 first and then wire C3, C7, R5,
R6, R4, and C5 into the circuit. Then wire
R3, R1 and C2. The connection of C4, L2
and L3 follows. Don’t cut L2 and L3 leads
too short; you may have to reverse connec-
tions later.

Next, mount diode D and connect C6, R7,
R8 and C9 into the circuit. Mount T1 and
complete connections to L2. Mount and con-
nect R2 and C3.

Now recheck the wiring for correctness
and examine the circuit board for poor con-
nections and shorts. Then attach leads for
C1 and for battery connections. Solder bat-
tery connection lugs on the battery leads,
connect Cl, and connect the L5 secondary
leads to the loudspeaker voice coil lugs. Con-
nect L1 into the circuit.

Whether it is best to place the Little Red
Hot in the case or leave it out for test, adjust-
ment and debugging is a tossup. If you don’t
place it in the case, care must be exercised to
prevent shorting of components, and the tun-
ing capacitor (Cl) is difficult to adjust. If
you place the receiver in the case, you'll
probably have to pull it out if there are diffi-
culties.

To test, adjust, and debug, connect the bat-
tery to the set (if it’s available, use another
less expensive 9-v battery—six series-con-
nected penlite or flashlight cells are fine—for
first tests), turn the volume on, and tune for
a station. If the set is insensitive over the en-
tire broadcast band, interchange the A and D



lead connections of
L2-L3. Sensitivity
should increase as
L1 is moved toward
the position ap- .
proaching the “in-
case” mounting re- °
lationship of L1 and
L2-L3.

If the set is in-
sensitive at one end
of the band only,
interchange L2’s
AB connections or
L3s CD connec-
tions. Try the pos-
sible combinations
till you arrive at
the best results.

Next mount the
set in the case and
try it again. Slide
L1 back and forth
along the edge of
the case till you get
best sensitivity. It
may be possible to
reach a point where
the set will oscillate
(squeal). Simply
change the position
of L1 till the squeal-
ing stops.

The position of
C6 relative to L1
influences sensitiv-
ity. The sensitivity
of the set may also
be increased by tilt-
ing L2 and L3
slightly from their
vertical orientation
relative to the cir-
cuit board if oscilla-
tions did not occur
during the previous
adjustment of the
position of L1. Ex- B
periment with tilt-
ing to right and left with the set in the case.
When optimum position is found, fasten L2-
L3 in place permanently with cement, and
fasten L1 against the side of the case with
cellophane tape. )

The circuit board assembly is held in the
case with two machine screws. Pressure be-
tween the circuit board and the case holds
the speaker in place. Position the speaker so
that maximum cone area is visible through
the cabinet speaker openings. Fasten C1 di-
rectly to the case with the two small machine
screws provided with the capacitor for this
purpose. Install the dial provided with the
capacitor and fasten the volume control knob.
Position the battery so the back of the case
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Back view of entite assemby without (A) and with (B) battery.

can be snapped on. Insulate the battery lugs
and any portion of the battery outer metal
shell that might touch connections with cello-
phane tape.

The Little Red Hot will give you reason-
able performance up to 10 or 15 miles from
a broadcast station. It's extremely directive.
A short (1 to 3 ft.) antenna lead connected to
the junction of the C1 stator and the top of L1
will reduce this directivity.

Removing Enamel Wire Insulation

® Tq remove enamel insulation on magnet
and hook-up wire quickly and cleanly, wrap
a piece of sandpaper around the wire and give
a twisting, rotary motion.—E. L.. BURNER,
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Underwater

Intercom

This unusual intercom provides constant contact between
boat and diver, amplifying your voice through a loudspeaker

By C. L. HENRY

ESIGNED for rough boat service or
dockside operation, the amplifier of this
intercom is transistorized for battery

economy. Its simple circuitry and reliable
operation make it ideal for Scuba divers, or
even “hard hat” professionals.

The diver wears a throat mike and ear-
phone (Figs. 1, 3). When he talks, his voice
is amplified to speaker volume and can be
heard by anyone within earshot on the boat
or dock above. Unlike an ordinary telephone
set, there is no push button or ringer, and the
diver’s hands are always free. Also, a spe-
cial sidetone circuit enables him to hear his
voice in the earphone and know that the sur-
face is also hearing him.

At the “upstairs” end (Fig. 2) operation is
ultra-simple, with a push-to-talk switch and

loudspeaker volume control as the only live
controls. A separate volume control, R12,
(Fig. 5B) is equipped with a Millen shaft
lock so that the volume fed to the diver’s ear-
phone cannot be changed accidentally. Also,
an auxiliary audio output jack enables you
to connect in a remote speaker. One diver
reported that this interphone, which uses less
than $20 worth of parts, paid for itself quick-
ly in helping to salvage lost articles. It’s fine
for treasure hunting or coaching Scuba stu-
dents and since the throat mike would enable
it to work well in very noisy locations, it
might have many uses on dry land as well.

Power for the microphone circuit is sup-
plied by two D-size flashlight cells mounted
inside the case. The 300-ma. amplifier re-
quires an outside battery. You can use a
lantern size dry cell, which will give you up
to 15 hours of continuous operation, equal to
many days of diving. Or, using
the 6-12 volt selector switch, you
can tap any convenient storage
battery.

Construction. Begin by mark-
ing, drilling and punching all of
the holes in the case, the front and
back covers, Fig. 4 and in the
internal chassis box (Fig. 6).
Even though the case itself will
be sealed later by rubber gaskets,
it is necessary for salt water
operation especially, to protect all
metal surfaces against accidental
wetting.

Coat the inside of the case and
the surfaces of parts that you
can’t reach later with several lay-
ers of acrylic or silicone resin
spray, which both insulates and
provides corrosion resistance.
Completely waterproof the speak-
er with 4 to 6 heavy coats of the
plastic spray.

Wearing a waterproof earphone and

throat mike, the diver is always in in-

stant contact with the surface. The phone

must be worn loosely to avoid unequal-

ized ear pressure which could rupture
the eardrum,



Next mount all the parts as shown in Figs.
5A, 5B, using lock washers or lock nuts. The
transistors are located on the cover of a small
4 x 2 x 284-in. chassis box (Fig. 6) which in
turn is mounted on the inside of the back
panel of the amplifier case. Bolt the 2N155
transistor directly to the box, after scraping
the box paint off to provide tight contact and
effective heat dissipation.

Transformer T1 is mounted inside the
chassis box along with the resistors and ca-
pacitors in the transistor circuitry. Position-
ing of parts is not critical, but keep the input
and output circuits as far apart as possible,
since feedback or whistling may occur if they
are close enough to couple. Wire the tran-
sistor circuit (Fig. 5C) and then complete the
rest of the amplifier, using color coded hook-
up wire.

Now check your wiring carefully against
the schematic. If the transistors are wired
incorrectly, they will be ruined instantly
when power is applied to the circuit. Com-
plete construction by lacing the wiring care-
fully, and then coat the entire assembly
(switch contacts protected temporarily with
tape) with the waterproofing sprays men-
tioned earlier. Cut strips of rubber and
cement them to the case to make a water-
tight gasket for the front and back panels.

The diver’s voice, at loudspeaker volume

can be clearly heard on boat or dock.

Man on surface presses push-to-talk but-
ton on top of amplifier case.
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How I+ Works. In
the amplifier, two tran-
sistors are used to ob-
tain a full 2-watt out-
put with a carbon mike
input. Mike power is
supplied by two flash-
light cells mounted in-
side the amplifier case.
They will provide
months of use. The
diver’s carbon mike is
connected through a
transformer, T1, and
volume control R4 to
the input of the first
transistor, TR1, a Syl-
vania type 2N35. An
NPN type, this tran-
sistor is operated in a
common emitter type
of circuit. Resistors
R5 and R6 determine
the bias or operating
point of the transistor,
and it requires about
4 ma collector current.
The collector or out-
put lead of the 2N35 is
connected to the trans-
former T2. The winding of T2 is bypassed
with C5 to correct the high frequency re-
sponse of the amplifier. The secondary of
T2 connects to the second transistor, TR2,
a CBS type 2N155. Output of TR2 feeds to
transformer T3 where the collector current

W.E HA-L CANNON CANNON NO.MS3!06BIOSL.- 38
OR EQUIV. NO. MS3I068125-3P  WITH MS3057-4A
50 OHM WITH MS3057-4A CABLE CLAMP

CABLE CLAMP

2 2
] P2 P3
I 3 3 !

GREEN OPTIONAL IDO0FT 3COND.  AMPHENOL
THROAT MIKE CABLE CABLE NO. 90- MC3M
ARMY OR AIR CONNECTOR BELDEN
FORCE SURPLUS {NOT SHOWN NO.8453

IN FIG. 1}

LOW IMPEDANCE EARPHONE
WITH HEADBAND
{ WATERPROOFED )

WIRES CAN BE CLAMPED
TO SHOULDER STRAP,
SO STRAIN WILL NOT BE
ON MIKE AND
EARPHONE

THROAT
MIKE

100" 3
CONDUCTOR
WIRING DIAGRAM CABLE

SCUBA DIVER'S EQUIPMENT
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is about 350 ma. R8 cC7,c8 S ct, c2
The 2N155 output circuit is

unusual: in effect, it is a com-

mon emitter-type amplifier,

with two feedback windings on

T3 canceling each other to

allow the 2N155 collector to be RS

connected directly to chassis in

order to provide an effective

heat sink. R7

The T3 secondary is con- R
nected to the push-to-talk RIO
switch, and in normal position, T3

through this switch to the loud-
speaker mounted in the case. RI3
When the push-to-talk switch
is pressed, the output of the
amplifier output connects
through the remote volume Jz2
control, R12, to the diver’s ear-
phone. Capacitor C8 supplies
a sidetone circuit which allows
the diver to hear himself talk.
When he can’t hear himself, it
warns him that there is no
communication to the surface.
If you want more sidetone, in-  SPeAKeR
crease the size of this capac-
itor.

Water Proofing Mike and
Phone. The amplifier serves
either the scuba or skin diver,
or the hard-hat suit diving rig.
Since the scuba diver must A
submerge with a tightly-fitting

rqouthplec(é, speech in the or- Wiring inside the case is not crowded. Be sure to separate the input from
dinary manner would be im- the output circvit wiring to prevent audio howl. The speaker must be
possible; hence a surplus throat coated heavily with waterproofing spray.
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Transistors are ted on the top of the small circuit
box cover. Make waterproofing gaskets for both front
and back covers of Y2-in. rubber strip.

BOX MOUNTING HOLES
DRVLL[% %ﬂo

BATTERY HOLDER

R5 TR2 R6 Ti

I

C5 C4 Cs mike is used. Sound is
picked up via throat con-
T~ tact and while the results

axz2x22 BOX cHASSIS

TRI

Ji RI2 U3 FUSE RUBBER SEAL are not hi-fi, a little prac-
tice makes simple words
98 RIZSHARTLOCK - JI understandable. Seal the edge of the throat

mike with Scotchkote (or equivalent) Elec-
trical Coating.

REAR Select an earphone of low impedance for

VIEW = greatest volume. Remove the diaphragm,

spray it and the wiring, and then seal the

entire assembly with plastic electrical tape

covered with Scotchkote. For extreme depths,

you may want to do some experimenting

with the alternate

R2 RI4 R6 ce 3 R S171:
22071 4700 3 56000~ % SEE TEXT 100 MF/6V . method of drilling

.02 MF
7200V
7

It

holes in the earphone
case, and allowing water
to enter and equalize

“ REMOTE "

_
’é"l pressure. Underwater,
_C ° 0 Ra the earphone is almost as
N \/zéwov oL ume" clear sounding as on dry
a 220 Vo rs land, since the short dis-
) 100 tance to the ear is not
M, \ sv}-rzv 2 enough to muffle the
e Voaenrr FLas \ sound. You can use an
o \ -}%m 2} CELLS \ earphone clip, or attach
47 L - — both throat mike e_md ear-
oo ! o owent | e T T T [ | phone to an elastic head-
OUT‘?LE board. Oneimportant
N caution: When in the
[le——'” s y ?, fuse e . 12 ‘ w;izter, do ;Z‘L?t fit the}?ead-
g__[r; 2 @\P 5 : phone tightiy overt‘ ;e_ear
" o “ékj&‘l‘f 5 P 3 .?zncoelz pressure variations
P 7 pusH-To- | Lk in descent can rupture

“BATTERY " WIRING

“REMOTE

. BateRy connections  your eardrum.
VOLUME n.c. SCHEMATIC

Fig. 9 details the in-

4" LOUDSPEAKER,
WATER PROOF- SEE TEXT
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This type of face mask connects to an air hoese. Since
the diver has no mouthpiece, the microphone can be
installed near the bottom of the plastic faceplate.

W.E. HA-{ CANNON 100 FT. 3 COND.
OR EQUIV. NO. CABLE -BELDEN
50 OHM MS 3102 AIOSL-3P NO.8453 AMPHENOL
J NO. 91- MC3M
2 2 1 2
EARPHONE 4
1 3 ! 3 / 3 {
MIKE Ji P! J, P2
WE. N-1 OR EQUIV. TO AMPLIFIER

CANNON
SINGLE BUTTON NO. MS3I06BIOSL-3S
CARBON

MOUNT IN
FACEPLATE AS IN

EARPHGNE

o S— 08 OF HELMET
DIVING HELMET OR 2ND WAT R APROOF
HOSE TYPE MASK MIKE

stallation of a single button type microphone
in the faceplate of the hard-hat diving rig.
Waterproof the microphone, and install the
earphone, also waterproofed, in the head
covering of the suit. Both mike and phones
are connected to the 3-wire cable with a
surplus AN waterproof connector. Tape the
cable directly to the air hose.

Connect the cable to the skin diver’s mike
and earphone directly—taping and covering
the wire joint with Scotchkote. For extensive
Scuba diving and exploration, a wire reel and
about 150-feet of the 3-wire cable can be ar-
ranged for easy operation. Lines to several
divers can be connected to the amplifier,
simply by wiring in parallel.

If the Scuba diver needs complete freedom
of movement, he can shed his phone, mike
and cable, and tie it to an underwater marker

MATERIALS LIST—UNDERWATER TELEPHONE
No. Reg’d Size and Description

AMPLIFIER

R1—4.7K, 1 watt, 10%, carhon resistor

R2, R3, R10, R11—~220 chm, 1 watt, 109, carhon
resistors

RA—5K, 2 watt, variable resister (volume control)
Ohmite type AB

R5—1K, Y, watt, 109, carhon resistor

R6—56K, 0 watt, 109, carbon resistor

R7—22 ohm, 2 watt, 109, carhon resistor

R8—120 ohm, 2 watt, 109, carbon resistor

R9—270 ohm, 2 watt, 109, carbon resistor

R12—60 ohm, 4 watt, variable resistor (remote volume
control) 1RC type 60

R13—47 ohm, 2 watt, 109, carbon resistor

R14-—4.7K, 1 watt, 109, carbon resistor

Cl, €2, €5, C7, €8—0.1 mfd., 200-volt paper capacitors
€3-—0.02 mfd., 200-volt paper capacitor

C4-—8 mfd., 50-voit electrolytic capacitor

C6~-100 mfd., 6-volt capacitor

S1—Telever type 16006L, push-to-talk switch (Alternate
Switcheraft 11006)

S2—Arrow-Hart and Hegeman bat handle toggle, type
82024-D

Tl—transformer, Argonne AR-123

T2—transformer, Argonne AR-105

T3 transformer, Motorola type 25C536761 only (auto ra-
die replacement) available Motorola parts distributors
TR1-—Sylvania type 2N35 transistor, NPN

TR2—CBS type 2N155 transistor, PNP

M1-carbon microphone, Western Electric type F-1 or
equiv.* (Surplus_item available Columbia Electronics; 2251
W. Washington Bivd., Los Angeles, Calif.)

speaker, 4 in. PM type, cone speaker

HARDWARE

Jl~—connector, 3 conductor, Amphenol type 91.PC3F
J2—telephone jack, Mallory type XP4B
J3—connector, 2 conductor, Amphenol type 80-PC2F
9 x 6 x 5" steel carrying case, Bud #CC-1095, black
wrinkle finish, with handle
4x2x 234" box chassis, LMB Model 102
fuse retainer, Buss type 342001
shaft lock for R12, Matlory type 12A1496
socket, transistor
battery holder, Keystone type
plastic spray, rubber feet, mounting screws, nuts,
lockwashers, decals
Unless indicated otherwise, all parts are available from La.
fayette Electronics, 165-58 Liberty Ave., Jamaica 33, N.Y.
PARTS FOR SCUBA OR SKIN DIVER

1  microphone, throat type, Army or Air Force surplus, availe
able from Roscoe Ward Bargain Bazaar, 3831 Hixson Pike,
Chattanooga 5, Tenn.
headphone, 11 ohm, low impedance type, Western Electric
HAL or equal
Pl—Cannon MS3106B12S-3P, with Cannen MS3057-4A
cable clamp (optional) .
P2~—Cannon MS3106B10SL-3S, with MS3057-4A cable
clamp (optional)

1  P3—Amphenol 91-MC3M
100 ft 3-conductor cable, rubber covered Belden 8453 with spool,
or windup reel

PARTS FOR SUIT DIVER'S FACE MASK

microphone—Western Electric type N1, single button car-
kon, 50 ohm*
headphone, Western Electric type HAL, or equal
J1—Amphenol MS3102A10SL-3P
P1l—Amphenol MS3106B10SL-3S, with Cannon MS3057-4A
cable clamp

1 P2—Amphenol 91-MC3M
100 ft 3-conductor cable, rubber-covered Belden 8453
* Telephone parts are also available from Telephone Repair and

Supply Company, 1760 Lunt Avenue, Chicago 26, [li.
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anchored in position. Brightly colored, it will
be easy to find for use at any time.

Such a completed underwater intercom will
add an immense safety factor for novice
divers.
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It's fun to build gadgets, but the serious experimenter soon realizes that this is but a preliminary to real elec-
tronic understanding. To master any branch of science, one must learn to take, graph, and analyze quantita-
tive data. With this convenient transistor characteristics analyzer you do just that.

By C. F. ROCKEY

LOCK diagram (Fig. 2) and schematic
(Fig. 3) show how this transistor analyzer
works. A relatively low-voltage dc source

provides a “signal” which may be applied in
either polarity to either the base or emitter
circuit of the transistor under test. Likewise,
a variable supply dc¢ source may be connected
at will to any electrode. Appropriate cur-
rent-measuring instruments are associated
with each source, and either positive or nega-
tive terminals of either source may be made
the common point by grounding switches.
All significant points of the circuit are
brought out to terminal screws for conven-
ient reading of all important circuit poten-
tials. Thus voltage/current relationships in
any parts of a three-terminal semiconductor
element may be conveniently adjusted and
measured. Two-terminal erystal diodes may
also be studied by connecting to the two ap-
propriate terminals.

You can build this device easily in a couple
of evenings. Total cost to build will be ap-
proximately $50 (including batteries and at
least one experimenter’s transistor for dem-

onstration). You will also need a volt-ohm-
milliammeter of the ordinary radio-servicing
sort.

Constructing the Unit. Begin by drilling the
major chassis holes (see Fig. 4). Any linear-
taper, radio-replacement potentiometers of
the right value may be used. They need not
be equipped with switches. Multi-element
function switches were used, even though so
few positions were utilized, because these
switches cost no more than those with fewer
positions, and the manufacturer provides an
adjustable stop so that the user may readily
select as many positions as he needs; also, the
additional switch positions provide for ex-
pansion as the transistor art advances. You
may use appropriate switches you have on
hand, but make sure that they are of the non-
shorting type.

After drilling the major holes, drill chassis
and mount the Cinch-Jones terminal strips
using 6-32 steel machine screws and nuts.
Then fasten into place each of the potenti-
ometers and switches.

Solder each connection -carefully with
rosin-core solder, avoiding short-circuits be-
tween lugs or to the chassis. The exact order
of the wiring is not critical; just be sure you
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dc and low-frequency interlectrode relationships of transistors.

follow an orderly procedure, and check each
step carefully.

Finally, install and connect the meters. Be
sure to observe the little plus-sign, and polar-
jze these correctly. When the meters have
been installed, and the wiring checked, clean
off the top of the chassis with carbon tetra-
chloride, or other grease solvent and mark the
terminals and switch positions with a steel
pen, using draftsman’s ink. When the mark-
ings are complete and dry, give the chassis a
coat of clear, water-white spray lacquer.

Using the Transistor Analyzer. Prepare the
instrument for use by connecting a single
1.5-v flashlight battery to Signal Battery
terminals, a 4.5- to 6-v battery to Supply Bat-

TRANSISTOR

UNDER ~s~a
TEST

TRANSISTOR

tery connections. Be
sure to observe cor-
rect polarity. I reec-
ommend a 6-v “lantern
battery,” available at
most large hardware
stores, for the supply
battery. Provide con-
nections to it by sol-
dering wires to the
spring terminals usual-
ly used. Make sure the
battery switch is in off
position.

Next, connect the
leads of the transistor
you wish to examine
to the terminals pro-
vided. Be sure to first
ascertain whether it is
a PNP or an NPN
unit; incorrect infor-
mation here will cause
confusion in the meas-
urements, and may re-

UNDER TEST
- | —
ERE ERE / ERC /’
o o
\TO o]
I SUP
— .'_ v
186 ( J
- |t
VARTZBLE J—ol + VARIABLE
" SIGNAL" BLOC CAP
! L=l A U
SourCE %  piacram = - SOURCE
sult in transistor or

SCHEMATIC

-0
ERC
ERB
l———-—_o
ERE
g SR o Y
NOTE:
SWITCHES SET FOR
GROUNDED EMITTER
OPERATION,
PNP TRANSISTOR
o
SUPPLY
+ BATT. +
| GND. GND.
[4 {
0 (o,
SIGNAL r - [SUPPLY
BATTERY BATTERY SWITCH BATTERY

meter damage.

Perhaps the most
significant first deter-
mination that can be
made is that of the
grounded-emitter cur-
rent transfer charac-
teristic. This property
clearly illustrates the
control impedance
property of the transis-
tor, and thus its ability
toamplify. In thismeas-
urement we hold the
emitter-collector volt-
age constant, and vary
the base current. The
corresponding  varia-
tions in collector cur-
rent are then observed
and tabulated.

Before turning-on
the battery switch, set
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MATERIALS LIST—TRANSISTOR ANALYZER

No. Req’d

aluminum chassis 4 x 10 x 177

0 to 100 microammeter, Triplett Model 327

0 to 3 milliammeter, Triplett Model 327

DPST toggle switch

SPDT toggle switches

10K, wire-wound linear taper notentiometers, Mallory

100K, linear taper potentiometers, Mallory

non-shorting single deck rotary switches, Mallory,
Number 1311-L

3 terminal, Cinch-Jones terminal strip

4 terminal, Cinch-Jones terminal strip

2 terminal, Cinch-Jones terminal strip

270° dial plates, Croname

bar knobs

Fahnestock clip

6-32 machine screws, 1/5” long, steel hex nuts, steel for above,
plastic insulated hookup wire, rosin core solder

Size and Description

HORIWH R WA N bt

Also needed for measurements, if not already on hand:
1 1.5 v flashlight cell
1 6 v lantern hattery
1  volt-ohm-milli ter, or
1  experimenter’s junction transistor

tube volt-oh ter

up the other controls as follows:
For an NPN transistor (grounded
emitter connection): Base selector
switch, + sig; Emitter selector
switch, — sup; Collector selector
switch, + sup; Signal battery
grounding switch, — ground;
supply bat grounding switch,
—ground.

For a PNP transistor: Base se-
lector switch, — sig; Emitter se-
lector switch, + sup; Collector
selector switch, — sup; Sig bat
grounding switch, 4 ground; Sup
bat grounding switch, + ground.

In either case, the potentiom-
eters in series with each element
of the transistor should be set to zero resist-
ance position. Set both of the battery poten-
tiometers to zero voltage position. .

Now, using the 10-v (or similarly-scaled)
range, connect a radio-serviceman’s VOM or

CHASSIS
LAYOUT

Under-chassis view of completed analyzer.

o C
T HOLES FOR POT,

VTVM from the collector to ground. Connec-
tion to the collector may be reached directly
at the upper terminal of the pair marked Erc,
and ground connection may be made to the
Fahnestock clip.

Turn on the battery switch and adjust the
supply battery potentiometer to 1.5 » from
collector to ground. This may cause the Isig
microammeter to read backwards. If it does,
slowly advance the Signal battery potentiom-
eter until it reads at zero. (This “back cur-
rent” is due to normal interaction within the
transistor.) After this change has been made
you will probably have to reset the Supply
battery pot to the correct voltage. (The in-
put and output circuits of a transistor are
interrelated, unlike those of a vacuum-tube
at low frequencies which are isolated.)

With the collector voltage at 1.5 v and the
base current (Isig) at zero, observe and tab-

D
METER HOLES ACCORDING TO
&MANUFACTURER TEMPLATE
8L .
2

4 B
= HOLES FOR
8 SELECTOR

. A SWITCHES

k3 HOLES FOR

TOGGLE SWITCH
= TYPICAL CORNER
ulate the collector current, which will be read
from Isup, the 0-3 milliammeter. Now, keep-
ing the collector voltage at 1.5 v. by adjust-
ment of the Supply battery potentiometer,
advance the Signal battery potentiometer to
make the base current
5 microamperes. Jock-
ey the two battery
pots as necessary to
achieve this condition.
Again, observe and
tabulate the collector
current, Isup. Repeat,
in 5 - microampere
(base current) steps
until the maximum
collector current of 3
milliamperes is
reached.

Be sure that the
voltage from collector
to ground remains at
1.5 v at the time each
reading is taken.

When all of this data
has been taken, plot it




102 RADIO-TV EXPERIMENTER
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in graphic form. It is customary to plot the
independent variable, in this instance the
base current, along the horizontal axis (ab-
scissa) and the dependent variable, the col-
lector current, along the vertical (ordinate)
axis.

Figure 6 represents a set of curves taken
in this manner using a popular brand
of experimenter’'s NPN junction transistor.
When completed, such a graph may give rise
to a number of significant conclusions. One
of these might be that since with an Ec of
45 v an approximate base current change
of 12 microamperes gives rise to a collector
current change of one milliampere, or 1000
microamperes, this transistor provides a cur-
rent amplification of about 80 times. Is there
any doubt as to why such a transistor is
useful in practical electronics?

Another useful transistor relationship is
that between the collector current and the
collector voltage, when the base current is
kept constant (grounded collector connec-
tion). A family of such curves run by the
author (using the same NPN unit) is shown
in Fig. 7. The identical switch setup, as used
for the transfer curves is used for this in-
vestigation. Such a family of curves is of
first importance to an engineer, who must
match a given transistor to a given load re-
sistance, in a practical design problem.

With increasing experience in the use of
this analyzer, a student may plan and execute
many interesting measurements and experi-
ments. Curves resulting from several such

TABLE A-—SWITCH SETTINGS FOR TRANSISTOR
CIRCUIT CONFIGURATIONS:

COMMON EMITTER: NPN PNP
Base Selector Switch +sig ~sig
Emitter Selector Switch —sup +sup
Collector Selector Switch +sup —sup
Signal Battery Grounding —ground ~+ground
Supply Battery Grounding —yground -+ ground

Isig reads base current, Isup reads collector current. Load resistance
provided by Collecfor series potentiometer.

COMMON BASE: NPN PNP
Base Selector Switch +sig —sig
Emitter Selector Switch —sig +-sig
Collector Selector Switch +sup —sup
Signal Battery Grounding +ground —ground
Supply Battery Grounding ~—ground +ground

Isig reads emitter current, Isup reads collector current. Load resist-
ance provided by Collector series potentiometer.

COMMON COLLECTOR:
Same as for common emitter, except that the load resistance is pro-
videa by the potentiometer in series with the Emitfer.

investigations, as made by the writer, are
shown in Figs. 8, 9, and 10. All of the usual
transistor circuit configurations can be in-
vestigated by merely selecting the appro-
priate switch settings (see Table A).

Due to the non-uniformity of experiment-
er’s-type transistors, you should not expect
your measurements to agree with the au-
thor’s. Corresponding curves should be of
approximately the same shape, however.

OLTAGE ACROSS
MITTER LOAD
V5 BASE CURRENT
NPN TRANSISTOR

CURRENT
. 3.3 :
MICROAMPS:

LTS ACROSS EMITTER LOAD

EMITTER
o EuRRENT

Ced0
. NICROAMES,

 EMITTER.
RRENT

el
MICROAMPS.

| COLLECTOR VOLTAGE
V5 EMITTER CURRENT
NPN TRANSISTOR
OUNDED BASE
CONNECTION)

EMITIER SUPPLY,
5.0voLTs: -
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Turn o camera loose in a radio-electronic hobbyist's shop

' and it will come up with some odd-looking pictures. Do you
Oto u1Z have a good “eye” for solving photo quizzes? Write in the
names of the objects in the spaces provided, then check your

answers against those on page 122,

1 3 S

TV-RADIO Servicemen or Beginners.

Send for f oyrees
1-Yolume Joh-Training Set

on 7-Day FREE TRIAL!

The First
Practical
TV-RADIO-
ELECTRONICS
Shop

Library!

Answers ALL Servicing Problems QUICKLY oL dt ucm’a‘é?ﬁ 5 on v %Mm\ggmpu N T¢
Makes You Worth More On The Job! of practicsl explanations; ‘_lnuu_u_-_“w,,,,“,“, 437 o

Put money-making, time-saving TV-RADIO-ELECTRONICS know-how a dreds of Hustrations.  tiations, diagram

your fingertips—examine Coyne’s all-new 7-Volume TV-RADIO-ELEC- YO 2 EVERYTHING ON T

TRONICS Reference Set for 7 days at our expense! Shows you the way RADIO-FM RECEIVERS; 40

te easier TV-Radio repair-—time saving, practical working knowledge ges; fully ilustrated,

that helps you get the BIG money! How to install, service and align ALL

radio and TV sets, even color-TV, UHF, FM and transistorized equipment.

New photo-instruction shows you what makes equipment ‘‘tick.”” No com-

plicated math or theory—just practical facts you can put to use im-

mediately right in the shop, or for ready reference at home. Over 3000
pages; 1200 diagrams; 10,000 facts!

SEND NO MONEY! Just mail coupon for 7-Volume TV-Radio Set on 7-Day
FREE TRIAL! we’ll mclude the FREE BOOK below. If you keep the set,
pay only $3 in 7 days and $3 per month until $27.25 plus postage is
paid. Cash price only $24.95. Or return set at our expense in 7 days
and owe nothing. Either way, the FREE BOOK is yours to keep. Offer
limited, so act NOW!

RANED MORE FROM THEM FREE DIAGRAM BOOKI Educational Book Publishing Division
S EA We’ll send you this big book, ‘150 COYNE ELECTRICAL SCHOOL
e Radio-Television Picture Patterns and i

THAN FROM S5 YEARS WORKY Diagrams = Explained’’ ABSOLUTELY 1455 W. Congress Pkwy., Dept. 90-RE, Chicago 7, ill.
**Learned more from your first two FREE just for examining Coyne’'s 7- Send me COYNE’S 7.Volume Applied Practical
wolumes than from 5 years work.”" Volume Shop Library on 7- Day FREE TV-RADIO-ELECTRONICS Set for 7-Days FBEE’TRIAL
«—Guy Bliss, New York TRIAL! Shows how to cut servicing per your offer. Include ‘‘Patterns & Diagrams’’ book
“Swell set ior either the service- time by reading picture-patterns, plus ‘ 11

schematic diagrams for many TV and
@an or the heginner. Every service radio sets, Yours FREE whether you ..Age .
®onch should have one.”—Melvin keep the 7-Volume Set or not! Mail

Masbruch, lowa. coupon TODAY!

one ....S5tate .......00
D Check here if you want Set sent C. 0 D Coyne pays
shipping charges. 7-Day Money-Back Guarantee.
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control knob in center,

By W. F. GEPHART

Panel view of unit, showing parts placement, with veltage

AC Power Panel

Simple unit checks power input and
furnishes various ac voltages

eral experimental
work. By using sur-
plus or imported me-
ters, and adapting the
common ac voltmeter
to the more scarce ac
ammeter, costs can be
kept down to a reason-
able figure. Excluding
the cabinet, and by
using 2l46-in. meters,
the unit shown can be
built with surplus
parts for less than $20,
as compared to nearly
$40 if built with new
parts.

Basically, the unit
consists of a variable
voltage auto-trans-
former, an ac voltme-
ter and ac ammeter.
Switches transfer the
voltmeter connections,
cut the ammeter and
auto-transformer in
and out of the cir-
cuit and (in the unit
shown) provide two
ammeter ranges. Fig-
ure 1 and the sche-
matic (Fig. 2) also
show a neon pilot light

Problem: A TV or radio set that goes bad
only between 5:30 and 7:00 PM, or on rainy
Monday mornings.

Problem: An electric motor that heats up
excessively, even though the shaft turns
freely.

Problem: Can a small radio output trans-
former be used as a step-down voltage trans-
former for a given load?

The solution to all of these problems lies
in the metered variable-voltage power unit
shown in Fig. 1. By reducing the normal line
voltage to the TV set and radio (as happens
when electric stoves create a peak load at
dinner time, or when electric clothes dryers
are being used on rainy Mondays), adjust-
ments can be made to the set to provide
proper operation at lower line voltages. By
checking the current being drawn by the mo-
tor, evidence of shorted windings can be
found. And by checking the current into the
transformer as the voltage is increased, and
comparing with its rating, its suitability for
a given job can be determined.

There are many other uses for a high-
powered, metered, variable ac power source
in servicing work, appliance repair, and gen-

MATERIALS LIST—POWER PANEL
(Applicable to unit shown in Fig. 1)

Desig. Description

R1 56,000 ohms, |, watt (not required if included in PL)

R2 27,000 chms, 1, watt (see text)

T1 7.5 amp variable auto-transformer (Superior Electric 116U,
Standard Electric 500BU or T51U, Ohmite VT-8, or sur-
plus unit of desired ampere capacity)

T2 “‘Current Transformer’ (see text)

S1 DPST toggle (see text)

S2 DPDT toggle (see text)

$3, S4 SPDT toggle, 3 amp

S5 SPST toggle, 3 amp

PL neon pilat light holder (Dialco 95408X or equivalent)

M1 0-150 volt a-c meter

M2 low-range a-c voltmeter (see text)

S01 female panel receptacle (Amphenol 61-F1)

6 x 7 x 12” cabinet (Bud CU-1124), binding posts (op-
tional), plastic scraps, miscellaneous hardware

Some companies handling surplus material where auto-transformers

and meters might be secured:

Advance Electronics, 6 West Broadway, New York 7, N. Y.

Barry Electronics Corp., 512 Broadway, New York 12, N. Y.

colunéhilz;f Electronics, 2251 W. Washington Blvd., Los Angeles 18,
alif.

6 & G Radio Supply, 51 Vesey Street, New York 7, N. Y.

Hi-Mu Electronics, 133 Hamilton St., New Haven, Conn.

Peak Electronics, 66 W, Broadway, New York 7, N. Y.

Standard Surplus, 1230 Market Street, San Francisco 3, Calif.

TAB, 111-WD Liberty Street, New York 6, N. Y.

Also refer to local Classified Telephone Directories under the head-
ings of;

““Radio Equipment and Supplies”

“Electronic Equipment and Supplies”

“Surplus Materials”




and binding posts paralleling
the outlet socket, neither of
which is absolutely essential.

The only unusual item is the
home-made “current trans-
former” (T2), the details of
which are shown in Figs. 3 and
4, AC ammeters are scarce in
surplus stocks, and since any
ammeter’s scale is non-linear,
lower values are hard to read.
Both of these problems are
overcome by using a simple
low voltage ac meter, the “cur-
rent transformer,” and multi-
pliers to provide two or more
ranges.

The transformer shown was
made by wrapping insulated
#14 wire around an old relay
coil. The coil used was from
a surplus relay, has a dc re-
sistance of nearly 7000 ohms,
and is about 2 in. long and of 1
in. dia. The #14 wire (top
winding of T2 in Fig. 2) is in
series with the power line
through the unit, and current
flowing through these turns of
heavy wire induce a voltage in
the relay coil, which deflects
meter M2. The action is fairly
linear, and the meter can read-
ily be calibrated in amperes.

The meter used was a 0-2
volt ac meter. About 8 turns
of #14 wire give a full-scale
deflection (2 volts) when 3 am-
peres flow through the circuit.
Smaller wire, with more turns,
could be used to get greater
deflection. For example, 3 amps
flowing through the additional
turns permitted by using #18
wire might give induced volt-
ages of over 5 volts, permitting
the use of a higher range volt-
meter.

To make the transformer,
first decide on the current to
be required to give a full-scale
deflection of the meter on the
lowest range (if more than one
range is desired). Then make
a mounting for the relay coil
on the back of the meter, as
shown in Figs. 3 and 4. Tem-
porarily connect the relay coil
terminals to the voltmeter and
solder one end of the heavy
wire to the lug at one corner
of the mounting plate. Wrap as
many turns of heavy wire as
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TABLE A—LIGHT BULBS REQUIRED TO GIVE SPECIFIC CURRENTS (at 120 volts)

Note: The wattage rating of domestic lamps is

usually quite accurate. Due to the

combinations used for most readings, any inaccuracies tend to offset each other.
However, only new or relatively new famps should be used for the greatast accuracy.

FOR CURRENT WATTS REQUIRED
(amperes)
125 15
.25 30
.5 60
.75 90
1.0 120
1.25 150
1.5 180
1.75 210
2.0 240
2.25 270
2.5 300
2.75 330
3.0 360
3.25 390
3.5 420
3.75 450
4.0 480
4.25 510
4.5 540
4.75 570
5.0 600
5.25 630
5.5 660
5.75 690
6.0 720

Lamps'required to calibrate to 3 amperes: two 10
100 watt, one 150 watt, one 200 watt

LAMPS REQUIRED
{connected in parallel)
15

15 + 15

60

60 + 15 + 15
100 + 10 + 10
150

150 + 15 + 15

150 + 60

200 + 15 4 15 + 10

200 + 60 + 10

200 + 100

200 + 100 + 15 + 15

200 + 100 + 60

200 + 150 + 25 + 15

200 + 150 + 60 + 10

200 + 150 + 100

300 + 150 + 15 + 15

300 + 150 + 60

300 +- 200 + 25 4 15

300 + 200 + 60 + 10

300 + 200 + 100

300 + 200 + 100 + 25 (minus 5W)
300 + 200 + 100 4 60

300 + 200 + 150 + 40

300 + 200 + 150 + 60 (minus 10W)
watt, two 15 watt, one 60 watt, one

Additional lamps required to calibrate to 6 amperes: one 25 watt, one 40 watt, one

300 watt.

Four sockets will be maximum required for either calibration.

“Current transformer” and meter, showing at left the type of relay
coil and heavy wire used.
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METER

of the magnetic field
around the coil affect-
ing the meter action.

To determine the
multiplier used for the
higher range (R2),
use a variable resist-
ance or resistance dec-
ade. Set the value high
(50K or more), and
connect the load re-
quired to give the de-
sired deflection at full-
scale on the higher
range. The meter
should read less than
full-scale, and grad-
ually reducing the re-
sistance to the value
required for full-scale
deflection will give the
multiplier (R2) value
required.

To calibrate the me-
ter, place the meter-
transformer assembly
in the panel (if a met-
al panel is used); and,

COIL. MOUNTING
BOLY

W

LOWER CORNERS
OF PLATE

possible around the relay coil (single layer)
and hold the turns in place with a turn or two
of plastic electrician’s tape. Connect the coil
of heavy wire in series with the load desired
for full-scale reading (see Table A).

If the meter goes off-scale, reduce the num-
ber of turns of heavy wire by unwinding the
free end of the coil, a turn at a time. Con-
tinue checking the meter reading, and as the
exact full-scale point is approached, reduce
the turns by half- and quarter-turns, to get
the exact winding required to give full-scale
deflection when the desired current is flow-
ing. When this point is reached, tape the free
end of heavy wire on the relay coil, and sol-
der the end to the lug at the other corner.

If the full number of turns will not give full
scale deflection for the desired current, these
are several alternatives. One, use a meter of
greater sensitivity; two, try winding a second
layer of heavy wire; three, increase the cur-
rent desired for full-scale deflection; and
four, use smaller wire. The second layer of
wire may reduce induced voltage unless
wound carefully, and the use of smaller wire
may be undesirable if it has insufficient cur-
rent capacity for the full load required, par-
ticularly if several ranges are to be used.

In making the transformer mounting, make
the plastic rod spacer as long as possible
(within the limits of the cabinet chosen) to
keep the relay coil away from the meter. This
is particularly important if the meter is in a
non-metallic case, as it reduces the possibility

using the lamp combi-
nations shown in Table
A, note the meter readings on the existing
scale at different current values, for both
ranges (if more than one is used). In the unit
shown, intermediate markings were not made
up to 3 amps on the 6-amp scale, since those
values would be read on the.lower range.

There are definite reasons for the voli-
meter switch (S3), the voltage control switch
(S2), and the ammeter switch (S5). The volt-
meter switch permits the voltmeter to be
switched to read either direct line voltage or
controlled voltage. The voltage control switch
allows the control to be switched out of the
circuit to permit measurement of current at
direct line voltage, without “artificial” adjust-
ment. The ammeter switch permits the am-
meter to be switched out of the circuit when
using devices that have a high starting cur-
rent in excess of meter capacity, but a lower
running current.

No dimensions are given, as they will vary
with individual needs and the exact surplus
parts secured. For most use, a 3-amp auto-
transformer will do, as it will handle up to
360 watts, although a larger unit might be
needed if much work is done with fractional
horsepower motors.

Two-in. meters will do, although three-in.
meter faces give longer scale length and only
cost a dollar more at most surplus houses.
Switches S1 and $2 must have a current ca-
pacity equal to the maximum to be handled
by the unit; the others can be standard 3-amp
switches.




One-Tube

loudspeaker volume

By JOE A. ROLF, K5JOK

A Ib. tob can tains the
receiver and its 4”7 PM speaker. Tun-
ing and volume controls are on top
of the lid, speaker is mounted in the
bottom of the can. Power cord and
antenna lead also enter the cabinet
from the bottom.

F you're a pipe smoker, you no doubt al-
I ready have a cabinet for this receiver. If

not, you probably have a friend who buys
his tobacco in a one-lb. can. An empty cigar
tin or a two-lb. coffee tin can also be used or,
if desired, the unit can be easily built on a
small standard chassis.

A Prince Albert tobacco can, 5 in. high and
5 in. dia., was used as cabinet by the author.
Some tobaccos are packaged in slightly small-
er containers and using one of these may
make it necessary to alter the parts layout
slightly from that shown in Figs. 3 and 4.
However, with care there will be no difficulty
in getting the components to fit easily in any
one-lb. tin you use.

If you’re an old-timer in radio, you'll prob-
ably recognize the circuit shown in Fig. 2.
Similar to those popular in the days when
multi-tubers were large and cumbersome and
vacuum tubes expensive, it’s a reflex circuit
designed for economy and compactness and
making a single tube do the work of two—
both RF and AF amplifier. Here’s how the
reflex circuit shown in Fig. 2 works:

The 117N7/GT contains a rectifier and
power pentode section in the same envelope.
The rectifier is employed as a half-wave pow-

RADIO-TV EXPERIMENTER

Tin Can Receiver

Here is an inexpensive one-tube broadcast band
receiver that will give four-tube performance.
Stations nearly 70 miles away come in with good

107

er supply, the pentode
works as a combina-
tion RF-AF amplifier.
A crystal diode (CR)
is used for an RF de-
tector.

Radio signals enter
the receiver from the
antenna through C1
and the desired station
is selected by the
tuned circuit formed
by C2 and L1. The se-
lected signal is then
amplified by the tube
which is biased for RF
amplification by the
cathode resistor RI.
The amplified signal
appears across L3 in
the plate lead of the
tube and, since L3 and
1.2 form an RF trans-
former, RF is trans-
ferred to L2; RF does
not flow through the
primary of the output
transformer T1, but is
passed to ground by
C6 which offers very
little impedance to RF.

The amplitude of the
signal appearing across L2 is controlled by
R4 (the volume control). This voltage is rec-
tified by diode CR, and an AF voltage ap-
pears across the detector load, R2 and R3.
Any RF still present at this point is passed to
ground by C4 and C5 which have low im-
pedance to radio frequencies, but high to
audio frequencies.

The grid of the tube is connected between

ANT.
¢t
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R2 and R3 where the AF voltage is
negative with respect to ground. This
negative audio voltage, acting through
L1 (low AF impedance) biases the tube
automatically and causes it to act as an
AF amplifier. The AF signal in the
tube’s plate lead is not affected by L3,
nor is it transferred to L2. Nor is it
grounded by C6. Instead, it appears
across the primary of the audio trans-
former T1 to operate the speaker con-
nected to the secondary winding.
Construction. The receiver is built
with the speaker and output trans-
former mounted in the bottom of the
can and other components mounted on
an L-shaped chassis which is fastened
to the lid of the can by the volume con-
trol shaft and two machine screws. The
chassis may either be of aluminum or
sheet metal. Sheet metal will be some-

c2

c7

Tt
CONNECTIONS

Chassis for the receiver is an L-shaped bracket which fastens
to the tobacco can lid. This photo shows the layout of parts
on the of the ch Leads from the output trans-
former are soldered to the terminal strip at the rear edge.

what harder to work, but will allow the
builder to solder ground connections
directly to the chassis without using
solder lugs.

Form the chassis from a piece of ma-
terial 3% x5 in. bent to a right angle
with sides measuring 2 x 314 in. and 3 x
31, in. The 2-in. side fastens to the lid
with the other leg of the angle centered

about 34 in. from one edge of the lid. c3

The 2x 3Y%-in. covers most of the lid
to reinforce the thin material to which

it is attached. The 3-in. leg is used for c5

mounting the components.

Tuning capacitor, C2 and volume con-
trol R4 are placed so that their shafts
are centered in the lid. The tube socket
is placed behind C2 as close as possible.
Transformer L2-L3 is mounted horizon-
tally next to the tube as shown in Fig.
3, while L1 is mounted in a vertical po-
sition between the tuning capacitor and
volume control. A two-lug terminal
strip on the top of the chassis, at the
right rear edge, is used to connect the output
transformer leads to the chassis. Capacitors
C6 and CT are also mounted on this strip.

Filter capacitor C8 is placed on the right
underside of the chassis and next to it, to-
ward the front, is a two-lug terminal strip for
mounting R2, R3, and C5. The layout of the
remaining components is not critical, but
care should be taken that the lid will fit
properly with everything mounted and that
the grid and plate leads are separated as
much as possible to avoid the possibility of
feedback. It is particularly important that L1
and L2 be mounted at right angles to one
another and separated as much as possible in
order to minimize coupling.

The RF transformer L2-L3 is made by
winding 75 turns of litz wire (obtainable
from a discarded RF or IF coil) over the
windings of a ferrite antenna coil. The added

Underside of chassis. Holes for bringing leads from the
top of the chassis sh

Id be placed so that plate and grid
leads are short and separated from one another.

winding should be secured with several coats
of coil dope or finger-nail polish. The original
winding is L2; the added winding, L3.

A 12-in. piece of hookup wire brought out
of the cabinet with the power cord serves as
an antenna lead-in to the chassis. A pin-jack
from a discarded tube socket can be soldered
to this wire and shielded with tape or plastic
tubing to make a handy antenna jack.

Mount the speaker in the bottom of the can
with four machine screws. Output trans-
former T1 can be mounted with screws or
soldered in place. If the recommended speak-
er is not used, its replacement should not ex-
tend above the bottom of the can more than
134 in., otherwise the chassis may have to be
made smaller.

Small holes in the bottom of the can serve
as a speaker grille. Or, for better tone, cut a
4-in. dia. hole in the bottom with a sharp
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MATERIALS LIST—TIN CAN RECEIVER

Desig Description

C1l 100 mmf. mica capacitor

c2 365 mmf. variahle (double-bearing replacement type) rta-
pacitor

C3 .05 mf, 200 WV midget tubular capacitor

c4 .001 mf. disc ceramic capacitor

C5 500 mmf. mica capacitor

Cé 001 mf. disc ceramic capacitor

c7 005 mf. disc ceramic capacitor

c8 20-20 mf. 150 WV dual electrolytic (Cornell Dubilier
BBRD 2215) capacitor
Cr 1N34 or CK-705 diode

L1 hi-Q ferrite antenna coil
L2 hi-Q ferrite antenna coil
L3 75 turns of litz wire wound over L2 (see text)

R1 56 ohm, 1/, watt resistor

R2 22,000 ohm, Ly watt resistor

R3 1 megohm, 1, watt resistor

R4 1,000 ohm, 1 watt:volume control (with SPST switch)

R5 1,000 ohm, 1 watt resistor

Spk 4”7 PM replacement type speaker, 3.2-ohm coil (Jensen 446
ot Cletron PM-4P2)

Swi SPST switch (on volume control R4)

T1 3,000/3.2 ohm, 3-watt output transformer

vl 117N7/GT tube

1 wafer or saddle-mount octal socket, 2 terminal strips

(2-lug type), twenty V5 x 14” machine screws, 5 power
cord with plug, 314 x 5” pe. of #16 or #18 ga. alu-
minum or sheet metal, 12" #8& copper wire, plain or
tinned, solder & hook-up wire.

knife. But watch the sharp edges! When the
mounting holes for speaker and output trans-
former have been drilled plus a hole at one
edge for the power cord, glue a piece of per-
forated cardboard over the bottom of the can
to protect the speaker cone.

Then make three hairpin legs of #8 sil-
vered copper wire formed into V shapes 114
in. high and soldered in place. For gold legs,
use untinned copper wire that has been pol-
ished and given a coat of clear finger-nail
polish to retard tarnishing.

With completion of chassis wiring and
speaker mounting, bring the power cord and
antenna lead through the hole in the bottom
of the can and attach a power plug. Next,
solder the output transformer primary leads
to the lugs of the terminal strip at the rear of
the chassis. These leads should be long
enough to permit the chassis to be removed
from the cabinet with the speaker in place.

To test the unit, use a long antenna. (The
set should never be grounded or operated on
a metal surface.) With an antenna connected,
turn the set on and advance the volume con-
trol to maximum. Check and see if the fila-
ments are lit before tuning across the band.
1f working properly, the receiver will receive
stations clearly—or with a whistle. In either
case, find a strong station at the high end of
the band and adjust L2’s slug for best recep-
tion. At some point of adjustment the audio
will become distorted. Set the slug just below
this point.

Because of the metal cabinet and the ab-
sence of a loop antenna, a short external an-
tenna is necessary. For local stations, 4 ft. of
hook-up wire is sufficient. For distant sta-
tions, a longer length strung around the room
will do. When the set is working properly,

connect a short antenna and adjust L1 so that
C2 tunes the entire broadcast band and then

adjust the slug on L2 again for best reception. .

The receiver is now ready to be placed in its
cabinet.

A small amount of regeneration requires
the initial adjustment of L2 to avoid distor-
tion or oscillation at the upper edge of the
band. This also tends to make the receiver
more sensitive on the high end of the band,
but volume for all stations is nearly the same
due to the AVC action of the audio bias,
While not as selective, the receiver has better
tone than most small table-models, despite
the small speaker and tin cabinet. If poor se-
lectivity is noticed when the set is operated
near local, high-power stations, reduce the
value of C1 by about half.

Note: To avoid the possibility of shock,
either: 1) always plug the power cord into
the 110-v outlet with the cabinet common to
the ground side of the power line (this will
also give best reception); or 2) completely
isolate the line from the cabinet and chassis
by making all ground connections to a ter-
minal lug insulated from the chassis. Capaci-
tor C4, however, should be grounded to the
chassis to provide an RF return to the tuning
capacitor frame.

Coil-Winding Tip

® Amateur radio
operators who wind
their own short
wave coils know
how difficult it
sometimes is to
properly space and
anchor just a few
turns of wire. The
solution is to saw
or file two opposite
slots 1% in. wide and
about }i6 in. deep on the top edge of the coil
form. Place a wide, flat No. 32 rubber band
in these slots and stretch it over the form and
between two pairs of prongs. Fountain pen or
ball pen marks are easily made on the rub-
ber band, exactly where each turn of wire
should pass. Draw the wire tightly to embed
it in the insulating rubber and hold it neatly
in place without the use of cement.

RUBBER
BAND

PEN
MARKS

Invert Aerial to Speed Installation

® The neighbors may think you're crazy if
you start the installation of a TV or radio
aerial upside down, but doing this will help
you to quickly and easily align a bracket on
the edge of your house. By having the mast
parallel a corner of the building, one of the
windows, or some other vertical part, it is
easy to sight the alignment while adjusting
the mounting bracket. Then you need only
reverse the mast to finish the job.

"
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(A) Standing close to the sphere stands your hair on end and charges to tingle your scalp. (B) Blue flashes will

jump to your fingers held 12 in. or more away.

(C) Corona point discharge from the tips of a wire rotor spins

it like a pin wheel. (D) When end of a fluorescent tube is held closely to sphere, small streamers of blue discharges
burn from the lamp terminals and lamp lights. (E) Cloth strip shows electrostatic laws of attraction and repulsion.

Tossing a strip of cotton cloth at sphere causes it to remain horizontal.

When end touches sphere, it becomes

charged to its polarity and is violently repelled.

Experimental Van de Graaff Generator

Develop up to 380,000 volts on
the same principle as scuffing
across a heavy rug

By HAROLD P. STRAND

OU can build a simplified version of the

electrostatic generator developed in 1931 by

Dr. Robert J. Van de Graaff that aided in the
development of the atomic bomb. The full-size
generators produce several million volts on an
aluminum sphere at the top of an insulated
column.

The small counterpart of these Van de Graaff
generators will perform a variety of experi-
ments (Fig. 1) and develop up to 380,000 volts
under ideal atmospheric conditions. Dampness in
the air reduces the efficiency of the unit causing
leaks of the static charges from the belt, the col-
umn and the sphere to the air. When this unit
was tested at the high-voltage laboratory of a
large university in dry air, the short-circuit cur-
rent was 18 microamps at the calculated voltage.

The high voltages generated are not usually
dangerous, although you can feel a good sting if
sparks jump to your fingertips when held too
close to the ball. There is no electrical power
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supplied to the belt; it picks up charges as the
velvet rubs over plastic. Static charges on the
surface of the plastic are positive and attract neg-
ative charges from the ground through a brush
near the bottom end of the belt. These negative
charges are carried upward on the moving belt,
picked off by one of the two brushes in the top
and carried to the surface of the sphere through
the corona gap. The other brush is called the
charging brush because it insures a positive polar-
ity of the belt on the way down (Fig. 3). After a
few minutes of operation, voltage builds up on the
sphere to the maximum possible with the insula-
tion provided and atmospheric conditions present.
The model stands 39% in. high and only weighs
18 pounds. The only requirement for operating
it is a 115-volt a-c or d-c outlet for the motor.

An inexpensive motor for driving the belt can
be salvaged from an old Hoover vacuum cleaner.
A slide-wire resistor or rheostat controls the
speed to around 3000-4000 rpm. These motors
are usually available at repair shops for $5 or $6
and develop about ¥ hp. Be sure to select one
with tight bearings that runs fast, smooth and
without excessive sparking. It's a good idea to
disassemble the motor, clean out dirt and old oil
first. While the armature is out, turn the threaded
end of the shaft to a ¥-in. diameter (Fig. 5). To
reverse the direction of rotation to drive the vel-

Table-top Van de Graaff throws heavy, noisy dis-
charge to hand electrode up to 5 in. or thinner dis-
charges up to 8 or 10 in. This model simulates the
tull-size generators that helped in atomic research.
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10-32 MACH;
SCREW

TURN SLIGHT CROWN 4oy npy1p
TAP FOR

70 HELP HOLD BELT

>l
=
~
I

vet belt counter clock-wise, reverse the brush
leads by soldering on extensions. When you test
the reassembled motor on the line with the re-
sistance in series, loosen the two screws securing

Adjusting compression of rubber mounts helps to align
lower pulley to keep belt tracking. Sides can be fitted
with masonite panels if desired.
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#21 DRILL BELY

TAP 10-32 ABOUTEGAP
FOR ALLEN

SET SCREW

SHAFT (@ 2
8

TURN DOWN IN LATHE 030-040" fﬁ'ALUMlNUI‘
ALUMINUM ~

brush y'oke and move to .52 SCREW

the position that gener- ox |~ anD NUT

ates maximum torque on
the shaft; you can de-

1y
termine this point by 2 SLOTTED MOLE

1 FOR RH

holding the shaft in your 25 _WOOD SCREW
hand lightly to feel < 72" eRusH
maximum turning force. v o<

#43 DRILL

%"cum LUCITE PLASTIC
TAP 4-40

\i"}"
PLACED 8ACK OF BELT

ROUTED SLOT
g' DEEP

Below, noisy discharge sparks jump from top of sphere
to hand electrode suspended without its handle irom ceil-
ing with ground wire. Air space
is 5 to 6 in. Interval between
sparks depends on atmospheric
conditions and speed of belt
Below left, pulley, charging
brush, collector brush and spark
strips at top end of column. Pul-
ley supports are made of Bake-
lite for strengthened insulation.

ke Lff;"’o‘g.u

TAP 4-40
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A plywood cabinet encloses the motor and the
base of the plastic column (Fig. 4). The motor
mounts on two angle brackets bent up from 34 x
34-in, mild steel or aluminum. Make a base for
the motor from %-in. birch plywood and mount it
on large rubber knobs at the four corners to re-
duce vibration and to allow the belt to be tight-
ened by compressing the rubber. Adjust compres-
sion on rubber mounts to align pulley.

A turned hardwood ring with its inside diam-
eter of about 4% in. should be a tight fit around
the Lucite column. Shellac or varnish makes an
effective cement to hold the column in the ring.
A flat copper wire (salvaged from the field wind-
ing of an old automobile starter) around the col-
umn keeps lower end of unit at ground potential.

The lower belt pulley mounts directly on the
end of the motor shaft (Fig. 5). Turn a slight
crown on the solid Lucite pulley to help keep the
belt centered. Turn the center rod parts from
brass stock and assemble pulley to the end of the
motor shaft with set screw. Turning and center
hole boring must be done accurately.

A bent-up piece of .064 aluminum supports the
ground inductor brush (Fig. 6). Two pieces of
copper screening, 14s-in. mesh, give numerous arc-
ing points and are adjusted with screws to about
145 in. from the moving belt after it is in place.

A piece of Lucite sheet must be fitted inside the
cabinet so the back of the belt rubs it (Fig. 7).
Fit the Bakelite supports after the belt is in place.

When you complete
the base cabinet, mount
the driving motor, lower
brush pickup and pulley,
you’re ready to add the

10"DIA. X .050"
ALUM. SPHERE ™4

SPHERE

roucuzs/
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shaft, or you can drill a full-size ¥4-in. hole and
turn a slightly oversize steel shaft for a press fit
in the hole (Fig. 11). Cut bearing seats on the
ends of the shaft for a light press fit in the bear-
ings. Use the lathe cut-off tool to indicate length
of the shaft, remove from lathe and remove the
excess length; file ends smooth. Now, cut a piece
of aluminum foil long enough to wrap around
the pulley and lap 146 in. Pliobond to pulley.

To assemble the upper pulley unit, press the
bearings on the ends of the pulley shaft, then
press the Bakelite side supports over the outer
race of the bearings. The U-supports and the
cross piece must be centered so the pulley is di-

| 95-100-0nM sLipE
WIRE RESISTER 1.5 AMP

SWIT! ]
LOWER BRUSH, Sl gg:gen LINE
BRACKET

PICTORIAL WIRING DIAGRAM

HARD BRASS
08X % x3" — "

top pulley assembly, craromne §H | 4
make the belt and top BRusn 2, 'fi
sphere. \ .
The top pulley and e~ O 2;{
brush collector assembly N Il
inside the aluminum Lnew R R
sphere mounts on two o30x Y gttt e 18 Lewer ———
chunks of paperbase AUM STRP oecron | b E Seerour WEVET
Bakelite screwed and -YjI )1 BRUSH o] fi
Pliobond cemented to the pLasTic sase ST . T
inside of the Lucite col- T | 1 128 __é I o -
umn (Fig. 10). These oooes L} g S 1. (SIS | |
blocks are curved to fit CORNER o ScRtws by RS N5 Civenico B
the column and must be [/ OPENING e o —— BeAmmG
mounted directly oppo- ﬁﬁgﬁm \\ 7 —A3
site each other and cen- . SeqTen ¥
tered. The vertical U- LR _pronrer A T
supports that hold the "
top pulley must be bored 42 SoLLECTOR BuSH

for a press fit with the
bearings. Use a 34-in. end cutting bit or end mill
[0003-.0006 in. undersize in a drill press to bore
out for the bearings. Or you may use a single lip
type wood boring bit without a threaded center
worm in a drill press if well sharpened.

Bore a Y-in. center hole about .0003 in. under-
size in the piece of 2-in. dia. Lucite to be used
for the top pulley for a press fit with the Y-in.

rectly over and in alignment with the bottom
pulley. A plumb bob or weight on a string helps
to align the pulleys vertically, but be sure the
bottom assembly is resting level. After locating
the U-supports, screw them to the Bakelite cross
piece and screw the cross piece to the blocks at
the top of the column. The top pulley assembly
will be removed later to slip on the belt.
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MATERIALS LIST—VAN de GRAAFF GENERATOR

Clear Lucite
ubing 26" long x 415" dia. x Vg” wall,
diameter actual measurement, column
solid rod stock 3”7 long x 27 dia., pulleys

-t

May come about 47/,"

~n

Natural paper hase Bakelite
I/ x 34 x 374" (Friction piece support in base)
1/4 x 54 x 21/5” (Friction piece support in base)
/g x 54 x 215" (Friction piece support in base)
Forest Products Company Inc., 131 Portland St., Cambridye, Mass.
will supply the above material postage paid to any part of the U.S.

Vs x 2 x 615" alum. brush bracket (base)

.032 x 134 x 234" alum. alloy (top of hracket)
Y5 X 34 x 514" mitd steel motor angle brackets
%" dia. x 17" brass lower pulley

54" dia. x 134" brass lower pulley

1/5”" 834 x 1454 hirch plywood, cabinet

7Va x 834" hirch plywood, cabinet

fir plywood 34 x 814 x 1434” hase

ft 34 x 34" hardwood strip stack

i

R i N P

Miscellaneous

4 rubber knohs or feet
4 ruhber knohs ahout 34 to 17 diameter for motor base
1 universal motor from an old Hoover vacuum cleaner
1 3 x 4” copper screening, preferably Y4,”” mesh
1 flat copper wire from the field coil of an old auto starter, about
24” long, ground band around column
No. Size and Material Use
1 VaxVox4ly” sheet Lucite top brush strip
1 g x 34 x 314" sheet Lucite brush hase in top
1 V4 x 13 x 415" paper hase Bakelite top support
2 Vi x %6x 234" paper hase Bakelite side support
2 V4 x 34 x 78” paper base Bakelite blocks, top edge
of column
2 Vax 134 x 3Y4" linen hase Bakelite pulley suppotts
(Forest Products Company Inc., 131 Portland
St., Cambridge, Mass. will supply the ahove
material postpaid to any part of the U.S.)
1 V4 dia x 415" cold rolled steel top pulley shaft
1 .030x 1x 33" sheet aluminum side collector
hrush base
1 .030x 1% x 3" sheet aluminum corgna pap strip
2 6" dia mixing howls aluminum hand electrode
1 .050 x 134 x 414" sheet aluminum handle support,
hand electrode
1 107 dia sphere, .050 alum. (available
from Rohert Towne, 49 Abbott Ave., Everett,
Mass., $8.25 ppd. in U.S.)
1 .018 x 3% x 3” hard brass sheet connecting strip
1 .003 or .004 x 35 x 4” shim stock jumper to puliey
1 slide wire resistor or a rheostat 95-100 ohms,
1.5 to 2 amps
1 S.P.S.T. toggle switch
1 234" wide x 6’ long velvet ribbon helt
2 New Departure ball hearings #7035
(Availahle from Bearings Specialty Com-
pany, 665 Beacon Street, Boston, Mass.)
1 ¥, diax 13 long steel or brass rod handle for
hand electrode
1 %, 1.D. x5 0.D. x 12” long rubher handle for

tuhing hand electrode
misc. wire, stain, shellac, screws, nuts, etc.

heavy duty aluminum foil, Pliobond cement

Velvet ribbon for the belt may usually be ob-
tained from a large department store. You'll need
about 6 ft. of 2%4-in. ribbon of any color. To
determine the exact length, run a string over
both pulleys and allow about 34 in. for lapping
at the joint (Fig. 10). Apply a generous coating
of Pliobond cement to both surfaces to be joined
and clamp between two pieces of wood in C-
clamps. Be careful not to allow cement outside
of the lap area, or it will be difficult to separate
from the wood later. Let the lap set overnight.

To install the belt, remove the top pulley as-
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sembly at the two #6-32 screws and slip the unit
through the loop of the belt. Tightening the base
nuts maintains the reasonably tight tension re-
quired. When the belt is running straight and
true, adjust the plastic piece in the base and fit
the ground brush in place.

In case you have difficulty keeping the belt
running true, there are several ways to correct
misalignment. Thin shims of cardboard under
either base end of the top pulley support or tight-
ening front or rear motor bolts allow considerable
adjustment. For further adjustment, the holes
in the cabinet base can be slotted to permit shift-
ing the motor as required.

The aluminum sphere is a metal spinning made
according to Fig. 10. You should be able to have
a local metal-spinning shop do the job for you,
if not, you can get a sphere by mail from the
source indicated in the Materials List. When spin-
ning the turned-in neck that should fit tightly
over the top end of the column, avoid any sharp
corners or the built-up energy from the sphere
will leak away. The seam between the two halves
of the sphere should form a smooth joint to elim-
inate any edges where energy can leak off.

Machining shaft to be a light press fit in New De-
parture ball bearings 7035.
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A strip of .003-in. brass shim stock is pressed in with

bearing at left side (facing collector brush). After start-

ing the bearings in their holes, an arbor press can be
used to seat them. Note other top end parts.

When the bottom half of the sphere is adjusted,
fit the brush collectors and the spark gap strip
at the top (Fig. 10). The wiring diagram (Fig. 12)
shows the necessary connections with the slide-
wire resistor or rheostat in the circuit to control
the motor’s speed.

When all parts are assembled and you're ready
to make the initial test, run the motor up to about
3000 rpm with the top half of the sphere off. After
a few minutes, you should be able to draw short
sparks to your finger at the belt in the region
between the brushes if the generator is working
right. Possible causes for non operation may be
that the plastic sheet in the base is not in full con-
tact with the belt or too much humidity.

A final test is to set the half-sphere on top and
connect a d-¢ microammeter between the sphere’s
surface and the ground terminal. A small chunk
of modeling clay will plaster the top lead to the
sphere’s surface. Start the motor and, after a few
moment’s operation, you should read 15-20 micro-
amperes, the short-circuit current of the unit.

To test the voltage output of the generator, con-
nect a string of eleven 5000-megohm special high-
voltage resistors (Type BBV, available from Re-
sistance Products Co., Harrisburg, Pa.) by screw-
ing their ends together (Fig. 16). Connect the
series resistor string to one terminal of a 0-10 d-¢
microammeter away from the generator, using
modeling clay to hold it in constant contact with
meter terminal. Attach other end of the resistor
string to the sphere with clay. Enclose the re-
sistors in a tube of plastic or other insulation. The
other terminal of the meter is connected to the
ground terminal of the generator. You might be
able to test your generator in a nearby university
or electrical testing laboratory which would prob-
ably have the special resistors and microammeter.

When you complete the voltage test set up, run
the motor at about 3000 rpm for a few minutes to
allow voltage to build up on the sphere. Depend-
ing upon the humidity conditions in your test
room, you should be able to read from 6 to 8
microamperes. If the meter’s needle fluctuates
wildly, it probably indicates the plastic piece is
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Set up of resistors and microammeter for checking
voltage of generator. It will vary with humidity.

not making full contact with the back of the belt.
Good contact between the sphere’s surface and
the resistor string and at the meter is also impor-
tant for correct readings.

When you read the current on the meter, calcu-
late the voltage using Ohm’s law (E = I x R,
where E represents voltage, I the current in am-
peres and R the resistance in ohms). One micro-
ampere is one millionth of an ampere, so 7 micro-
amperes becomes .000007 amperes. One megohm
equals 1,000,000 ochms and 55,000 megohms con-
verts to 55,000,000,000 ohms. Completing the cal-
culation shows the voltage at a current reading of
7 microamperes is 385,000 volts.

The hand electrode (Fig. 13) capacitor aids in
experimenting with the Van de Graaff generator.
It should be possible to get satisfactory dis-
charges at speeds as low as 1000 rpm.

Foil Aids Set Alignment

® To avoid interference, it is common practice
to stop a superhet’s oscillator before aligning the
intermediate-frequency amplifiers. A simple way
to do this, is to wedge a piece of aluminum foil
between the plates of the oscillator’s tuning ca-
pacitor. When the dial is rotated, the foil between
the rotor plates makes contact with the stator
plates and “kills” the oscillator.

The Radioman’s Third Hand
® A wood clip-type clothespin fastened to table-
top by a suction cup makes a handy holder for
soldering of eyelets, terminals and lugs.
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Build An

Emitter
Follower!

You can couple low-imped-
ance devices to high-imped-
ance circuits with this emitter
follower. The unit can be huilt
in a few hours for about $3

By FORREST H. FRANTZ, Sr. An emitier follower can be used to connect the audio of u radio or

TV set to a hi-fi amplifier,

thusiasts frequently need to connect a

low-impedance load to a high-impedance
output. Typical applications are coupling a
low-impedance microphone or phono pick-
up, or using a low-impedance meter to meas-
ure voltages in a high-impedance circuit. An
emitter follower will do the job.

Sometimes the problem of coupling high
impedance devices separated by considerable
distance crops up because the capacitance
between the connecting wire center lead and
shield is sufficiently large to affect the fre-
quency response of the system. If an emitter
follower is connected in the line, the prob-
lem can be licked.

The emitter follower described in this arti-
cle is relatively small in spite of the fact that
no special effort was made to miniaturize it.
Flashlight batteries were employed as a
power source to obtain operating economy.
The current drain on these batteries is less
than 1 milliampere.

The emitter follower is the transistor
equivalent of the vacuum-tube cathode fol-
lower. The voltage gain of a cathode {ol-
lower is approximately unity. A simplified
vacuum tube cathode follower circuit is
shown in Fig. 2A. The input impedance of
a cathode follower is high (several meg-
ohms), but the output impedance is low
(several hundred ohms). Thus, if a lew-im-
pedance device such as the ac voltmeter sec-
tion of a multimeter is to be used to measure
ac voltage in a high-impedance cireuit, it can
be connected to the output terminals and the

ELECTRONIC experimenters and hi-fi en-

emitier follower.

OFF
o "o

If back of set is metal, insulate back of

BATT,
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Front (A) and back (B) views of follower’s parts placement and wiring.

input terminals of the cathode follower be-
come high-impedance input terminals for the
meter. Probe leads connected to these input
terminals can be connected across high-im-
pedance circuits without loading them sig-
nificantly.

If, on the other hand, the low-impedance
ac voltmeter section of the multimeter were
placed across a high-impedance circuit, the
circuit would be—for all practical purposes
—shorted, and the voltage indicated on the
meter would be very low. In addition to
causing a low meter reading, the near-short
circuit would affect the operation of the cir-
cuit under test. An example will illustrate
this more clearly:

Assume that the voltage across terminals
A and B in Fig. 2B is to be measured. If a
meter with 5K impedance (1000 ohms per
volt set to the 5-volt scale) is connected
across terminals A and B, it will measure
5/(100 + 5) or 1/21 of the 10 volts. However,
if, the meter is connected to the output ter-
minals of the cathode follower, and the input
terminals of the cathode follower are con-
nected across terminals A and B, the meter
will read nearly 10 volts. Assuming the input
impedance of the cathode follower to be 10
megohms, the voltage across the cathode fol-
lower input is 10 x 10/10.1, which is nearly
10.

The cathode follower unfortunately has the
drawbacks associated with a vacuum-tube
circuit: high voltage supply requirements,
wasted power and large size.

An emitter follower is free of these draw-
backs, but there are some differences be-
tween it and the cathode follower. The circuit
of a simplified emitter follower is shown in
Fig. 2C. The input impedance of this emitter
follower would be approximately equal to
beta times R3, if R2 were not present. The

MATERIALS LIST—EMITTER FOLLOWER

Description

R3 2.2K, /> watt carbon resistor

R2 220K i/> watt carbon resistor

R1 470K, /> watt carbon resistor

Cl .5 mfd, 200 v paper capacitor (Sprague 2EP-P50)

c2 30 mfd 15 v miniature electrolytic capacitor (Sprague TE-
1158 Litttl Lytic)

B two 1.5-v flashlight cells (RCA VS035 or Burgess No. 1)
two cell battery holder (Lafayette MS-174)
275 x 334" miniature perforated hoard (Lafayette MS-304)
minigator clip (Mueller 30)

T 2N362 Raytheon transistor (or any PNP transistor, see text)

Components may be obtained from Lafayette Radio, 165-09
Liberty Ave., Jamaica 33, New York.

beta of the transistor is the current gain, and
for the better audio driver transistors, beta
is around 100. Then, if R3 is 1K, the input
impedance of the emitter follower would be
about 100K if R2 could be neglected. But R2
acts in shunt with the input signal, and there-
fore if R2 is about 200K (this is a practical
approximation), the input impedance would
be about 67K.

It might seem that the input impedance
could be increased considerably by increas-
ing R3. Suppose R3 were 10K. Then, if R2
could be neglected, the input impedance
would be 1 megohm! Now, assuming that R2
can be 1 megohm, the input impedance be-
comes Y% megohm or 500K. Unfortunately, the
size of the battery must be increased (greater
voltage required) to use such values. Fur-
thermore, the previous 1K output impedance
has been increased to about 10K. This is a
relatively high impedance in itself.

The Circuit that was chosen for the prac-
tical emitter follower described in this article
is shown in Fig. 3. This circuit contains the
compromises between voltage and circuit
values that produce a high ratio of input to
output impedance and relatively good fre-
quency response. Resistor R3 was chosen as
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> ToHIFEL B _
SHORT LEAD

. AMPLIFIER

2.2K; R2 was chosen as 220K. A series re-
sistance R1 was added to increase the input
impedance. In the original model, this resistor
was 470K. The input impedance of the am-
plifier without this resistance was about 100K
with a gain of unity. With R1 in the circuit
and equal to 470K, th= voltage gain was about
1/6, and the input impedance was about 570K.
If R1 is 100K, the input impedance is about
200K, and voltage gain is about .

If a lower beta transistor such as a Ray-
theon CK722 or a GE2N107 is substituted for
the higher beta 2N362 used in the original
model, the input impedance of the emitter
follower without Rl in the circuit will de-
drease to about 40K. Now if R1 is made equal
to 40K, the input impedance of the unit will
be 80K and the voltage gain will be 5. If R1
is 200K, the input impedance will be 240K
and the voltage gain will be 1/5. 1t is easy to
see that any PNP transistor that you might
have will work in this circuit, but some per-
formance is lost with lower beta transistors.

The front and back views of the emitter
follower are shown in Fig. 4. The emitter fol-
lower is constructed on a perforated Bakelite
board. The on-off switch is a Minigator clip
which is connected to the unconnected bat-
tery holder lug to turn the emitter follower
on. Two flashlight cells connected in series
furnish the 3 volts required to power the
emitter follower. The input capacitor Cl1 is
200-v paper capacitor which permits connect-
ing the emitter follower to vacuum-tube cir-
cuits. The output capacitor C2 is a 30 mfd.
electrolytic capacitor rated at 15 v. If you
intend to couple into a circuit that has high
voltage present, a higher voltage rating is
required for this capacitor, but most circuits
that you’ll couple to won’t have high voltage
present.

To construct the emitter follower, drill the
two battery mounting holes and the third
mounting hole. This third hole has been pro-
vided to allow the emitter follower to be

LENGTH MAY BE

20-40 FEET

. 10 HItFI

. AMPLIEIER

bolted down on other electronic equipment
for permanent or semi-permanent installa-
tion.

Next, mount the battery holder. Then place
all of the parts on the board as shown in
Fig. 4 by inserting the pigtails through appro-
priate holes in the board. Then turn the
board over and use Figs. 3 and 4 to guide you
in wiring. Most of the connections are made
with the pigtails of the component parts. The
pigtails are bent against the board, and wher-
ever a connection is to be made, the wires
are run against each other and soldered.

Input and output terminals consist simply
of pigtail or wire ends to which Minigator
clip leads may be connected on the original
model. If you wish, you may provide wire
leads with clips on the ends, or you may pro-
vide terminals on the model. The input leads
should be shielded. Output leads must not
be shielded unless a long length of connect-
ing wire is involved.

The emitter follower will permit two high-
impedance devices that are separated by a
great distance to be connected together with-
out high frequency attenuation. You might,
for example, wish to use an inexpensive table
radio as a tuner with a hi-fi amplifier since
the tone quality of most inexpensive radios
is quite poor. If you disconnect the radio
audio amplifier from the center lug of the
volume control and run a shielded lead to the
amplifier as shown in Fig. 5A, you’ve con-
verted the radio into a tuner for your hi-fi
amplifier.

But, if the shielded lead is over, say, a
foot or two long, it will attenuate the high
frequencies due to the inherent capacitance
of the shielded lead required to minimize ac
hum voltage pick-up. If the capacitance of
the shielded lead was in parallel with a low
impedance such as that of the emitter fol-
lower output, the frequency response would
remain relatively flat. Such an arrangement
is shown in Fig. 5B.
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° ° ing in bottom of brass
a g screw base (Fig. 4).
?‘c Obtain an anodized hole

plug at an auto accessory or
radio supply store, and a
1% volt penlight bulb and
a penlight battery. Cut a
3% in. hole in the hole plug.
Insert pen-cell into plug,
brass tip down. Solder tip
of bulb to bottom of bat-
tery. Connect thin insulated
wire from brass shell of
penlight bulb to brass
shell of hollowed out
Mazda bulb. Ream base
with closed scissors to ad-
mit battery and insert pen-
light cell assembly into
bottom of lamp base (as
shown in drawing). ‘

So trick will look natural,
insert bulb into a lamp
which has been discon-
nected from the house cur-
rent. When occasion arises,
remove bulb from socket,
and hold it in your fingers. Press a dime, small
paper clip or pin concealed in your hand against
bottom of bulb. This completes circuit from cen-
ter cap of inverted pen cell to outer brass shell
of Mazda lamp and bulb lights up. A paper clip
concealed under tongue may be used to light the
bulb when held in the teeth. To light bulb in
porcelain cleat socket with no connections and
resting on a suspended pane of glass (Fig. 1),
simply previously short-circuit the two screw
terminals on socket with a piece of fine wire.—
R. R. DoOISTER.

removed from a light

socket, glows when held
in the fingertips or mouth,
and when placed on a sus-
pended pane of glass. Of
course, it takes a little doc-
toring to make it work this
way. First remove the “in-
nards” from a burned-out
60 watt frosted bulb. With
pliers, crush the black com-
position at tip of lamp base
(Fig. 2). Shake out compo-
sition and remove brass but-
ton. With brass shell
opening clear, insert plier
handle and tap sharply,
thus breaking off glass stem
inside lamp (Fig. 3). Pull
out glass stem and burned
out filament through open-

THIS 60 watt Mazda bulb,

1LV. PENLIGHT BULB S'HOLE PLUG
INSULATED WIRE
BRASS CAP ON
SOLDERED HERE CELL 1S CLEARED

BY %"HOLE IN PLUG

SOLDER BULB TIP @

REAM THIS OPENING 1O BOTTOM OFCELL

SO HOLE PLUG CAN {IMPORTANT : HOLE PLUG

BE SNAPPED INSIDE MUST NQT CONTACT THE
ZINC BATATF_RY CA‘.ZEB.EL
PAPER BATTERY L '

MAGIC LIGHT BULB 1S INSULATOR.
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“Professiona Electronic Wiring

A general-purpose power supply is shown scremble-wired above. While it
works, it looks bad and is difficult to troubleshoot. The same power supply
is shown cleaned up below. An even more workmanlike job would have
resulted if the builder had been willing to rewire the unit completely,

By HOWARD S. PYLE

HETHER you build hi-fi or amateur
Wradio equipment, you want gear you

can point to with pride. What you
are building is something which you expect
to be more or less permanent. If and when
you have occasion to abandon it, you can ask,
and receive a far better price if your wiring,
as reflected by your terminal connections and
other circuitry, are of professional appear-
ance and workmanship. Fig. 1A shows a
“hay-wire” method of termination; Fig. 1B is
the professional version. Which of the two

would attract your cold,
hard cash.

Figures 2, 3, 4 and 5
illustrate the method of
accomplishing the profes-
sional touch shown in Fig.
1B. A final touch of spit-
and-polish can be given
by applying a generous
coating of clear lacquer
(such as Fuller’'s ANL-
232 “Synalac”) over wire,
sleeving and number
tape.

A slack loop consists of
nothing more than an ex-
cess wire length of 2 or 3
in. at the terminal, where
it is formed into either a
horseshoe or a complete
circle. Use a 34-in. or
%-in. wooden dowel to
form your circles. Slack
loops serve two purposes:
they provide sufficient
slack in the wire to per-
mit rerouting it to an ad-
jacent terminal in the
event of later modifica-
tion in cireuitry and they
provide for re-termina-
tion to the same terminal
without a short splice in
case a wire breaks at a
lug or soldered connec-
tion.

Shielded wire, one or
more insulated conduc-
tors enclosed in a cross-
hatch weave of tinned
copper, is used in both
radio and audio frequen-
cy applications to prevent
stray radiation of RF
fields and to avoid pick-
up of ac hum and similar disturbing influ-
ences on audio leads. Grid wiring to vacuum
electron tubes is particularly susceptible to
such undesirable influences which then are
amplified in the tube; microphone wiring
should always be in shielded conductors.
Frequently the shield itself is used with mi-
crophones of the “push-to-talk” variety with
a built-in switch. The shield then becomes
common and forms part of both the switch
and microphone circuits.

Before the advent of plastic insulated con-
ductors, it was possible, by skillful handling,
to run a small solder “cofiar” arouund the
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end of the shielded braid—even include a
short length of wire in the collar which could
be used to terminate the shield on a chassis
ground-point. This is still possible when the
conductors themselves are fabric insulated,
but not so with plastic which will melt com-
pletely with application of sufficient heat to
the shield to permit a hot solder joint.

The answer? Well, if the shield is merely
to be ended or tied-off without grounding,
put a drop of liquid solder or aluminum
(both applied cold) on the end of the braid
and form it smoothly with your fingers to
make a solid collar. Such a collar will set
up hard in a few minutes and requires no
heat, hence there is no damage to insulation.
I use either Warner’s Liquid Solder or Duro
Liquid Aluminum.

As an alternate method of avoiding fray at
the end of shielding, you can pinch the shield
between spaghetti sleeving. The sleeve that
goes over the conductors, the inner sleeve,
should be a snug fit, and still capable of being
pushed up under the shield braid; the outer
sleeve must be of an inside diameter which
will permit sliding over both the shielded
braid and the spaghetti on the conductors.

Suppose, however, that you do have to
ground the shield at either or both ends.
Liquid solders are a mechanical binder only
and should not be relied on for electrical
connections. A far better method is to form
a pig-tail directly with the end of the braid
itself. This can be done neatly and effectively
by following the steps illustrated in Fig. 3.
First, push the shield back up the wire to
form a bulge or hump in the shielding by
working the braid apart. Using the same
tool, pick the conductors out of the shielding,
one at a time in small loops. Once you have
them within easy finger grasp, withdraw
them completely from the short end of the

WIRE WRAPPED BACK-
WARD AROUND TERMINAL
SCREW SHOULD ALWAYS
BE FORMED CLOCKWISE
IF NO LUG IS USED, =¥} |

PREPARATION \
OF WIRES %
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shield.

Next, separate the wires of the shield which
will form the short pig-tail by using the pick
or a nail to unbraid the web. Divide the re-
sulting individual wires into approximate
thirds and braid them tightly like a small
girl’s hairdo. Seal the end of the pig-tail with
a spot of hot solder and fit it with a lug, either
the solder type or solderless, as you prefer.

Cabling and Lacing. In forming your wiring
prior to cabling and lacing, do not attempt
to run wires from point-to-point by the short-
est route. Except in a few isolated instances
(high-frequency carriers, for example),
whether a wire is 5 in. long or 7 in. long is
of no consequence. Using that reasoning, you
will be able to form your wires to follow the
line of the chassis, making short, rounded 90°
turns at the corners and at branches leaving
the main cable harness. If, by extending some
individual wire for a few inches you can in-
clude it in a main cable harness, do so. If
you are careful to use shielded wire wherever
the schematic you are working from specifies,
or, if not so designated, wherever you are
carrying radio or audio frequency such as
microphone and speaker leads and wiring to
the grid circuits of vacuum tubes, you'll have
no trouble. See that all such shielded wires
are solidly grounded to the chassis at both
ends either by the pig-tail method of Fig. 3
or by small wiring clamps screwed to the
chassis.

Now to the actual cabling and lacing. Ob-
viously if you are to run in one harness a
number of wires that will terminate at scat-
tered points, each wire will be of a different
length. Be sure that each is long enough or
you'll have the tedious job of unlacing all of
your harness to replace the short wire. You
can cut to exact length when you come to
the point of actual termination but better to
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prefer to “ring out” each in-
dividual wire with a buzzer
or an chmmeter as a double-
SO check, when terminating.

’ Professional practice dic-
tates the use of “lock-stitch”
which, while really . simple,
almost defies written de-
scription (see Fig. 4). Start
your lacing about an inch
from the main termination
point of your harness ... a
connection block for in-
stance. If it is a harness of
relatively few small wires,
space the twine rings around
the harness about ¥ in.
apart. If it is a larger num-
ber of heavier wires, 1-in.
spacing will be adequate.
Multi-wire harnesses of
more than 1-in. cross-section

AND CONTINUE.

can be laced every 2 in., but
if 6-cord lacing twine is used
it should be doubled for
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2 .
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17

RUBBER GROMMETS TO
PROTECT WIRING FROM
HOLES IN CHASSIS DECK

8 added strength.

A good rule to follow is to
space the twine rings for a
distance about equal to the
dia. of the bundled harness
and use the twine doubled
on any harness over 1 in.
Tie-off the ends, both at the
starting point of the lacing
and at completion, with an
ordinary square knot, dou-
ble tied.

Chassis wiring by the ca-
bled and laced method does
not mean that all wires of

begin by making each wire a few inches
longer than necessary.

In some instances you can completely pre-
form your harness, including the lacing, right
on the bench and have it fall in proper place
in your chassis. Where chassis layout makes
such pre-fabrication of a harness impossible,
it will be necessary to place each individual
wire in proper position in the chassis, routing
each one carefully alongside the others with
which it is to be cabled and making the final
termination at each end. Hold the bundle in
place temporarily with a few ties here and
there to maintain the final harness form.
Then, when all wiring for that particular
harness run is complete, lace it in place in
the chassis.

One tip on pre-fabrication: use different col-
or wires for ready identification individually
at each end of the harness. If your available
wire stock is insufficient to permit this color
coding, mark both ends of each wire with ad-
hesive number tapes or tags. Some craftsmen

the harness will terminate in
the same area at each end.
There will be considerable branch wiring
from the main harness trunk. As your lacing
progresses, you reach various points where
one or more wires leave the harness to con-
nect to an adjacent component.

At this point, wrap the twin ring twice
around the main harness and bend the wires
leaving the harness 90° toward the terminals
to which they will connect. Then proceed
with your lacing to the next branch. This will
result in a tapered harness (see Fig. 5).

Answers to Photo Quiz on Page 103

. Rotary wafer switch.

. Roll of electrician's rubber tape.

. Pilot lamp.

. TV lead-in stand-off insulator.

. Top of spray can of service chemical,

o~ U B W N -

. Diagonal cutters.
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Low-power amplifiers (20- little job with enough wal-
watters) cost about three Jop to enable anyone to
dollars @ watt to build. The }oak his lease by popular
75-watt Leasebreaker can request within three min-
be constructed at a cost of \ .
one dollar @ watt. utes! Whgther or not that is
your projected use for it,
this amplifier will deliver—
subject to rising costs and
picking up a few good buys
—one watt of power per dol-
lar of construction cost.

It is an engineering max-
im that when cost is an ob-
ject, no element of a system
should be unduly stronger,
. ; or unduly weaker, than any

Ry’ / other. There is no sense in

. paying for performance that

; b k cannot be utilized. At the

e ea se rea er outset, we gained consider-

able simplification in design
by deciding that the ampli-

Not the perfect amplifier—that hasn’t been built— fier would be used only to
but an ovtstanding bargain in high-power amplifiers. handle program material
. . o . and not sinusoidal signals.

Net price, including tubes, is $75—or a dollar per watt This is a compromise that
has been used for years in

By LEE/SHERIDAN “ the design of modulators for

high power AM transmit-

HEN we decided we needed a new ters. Since a sine wave contains much more
Wampliﬁer we knew we wanted the average energy than does program material
greatest possible power output per of the same peak amplitude, it is permissible

dollar of cost. What we achieved was a dandy  to use much lighter components than would

R34 550 /7y
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be required for continuous sine-
wave operation. It’s only neces-

sary that components be capable
of handling the occasional peaks 1} i
in program material. I Y

Aﬁ 1 2 el

3y —sfe2" —’iﬂl’_’

For the amplifier, we felt that .
the simplest configuration would 25
be a pentode gain stage, a split- @j
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load phase inverter, and the out-

6AU6 vacuum tube is excellent,
very low in noise and capable of
high gain. In our circuit, it pro-
vides a gain of 200, with well over
200-v peak-to-peak of signal deliv-
ered to the following stage.

A 654 is used for the phase
inverter; set to draw 10 milliam-
peres, it can deliver 150 v peak-to-
peak at the output grids, which N
require about 100 v for full out- _LL

¢ o)
put stage. For the gain stage, a T o\#son. 3" e
.
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put. The heavy degeneration pro-
vides a very high impedance for
the 6AUS6 to work into, thus rais-

l¢|"‘_“—>{4—2“ ——»‘- lg—; ——»L— 2%‘—*—13—;" —re— 2" ple H{-»

NOTE! (DRILL ALL TUBE AND CONDENSER HOLES TO FIT)

ing its gain—while the 6S4 pre- ke ‘21"*1 ‘ 4-'"*1 e 2" e 5';" - "
sents a fairly low driving imped- e S M - — o 1% ] Sona ol
ance to the output grids. Il T ' %\1{ s D8 D

But if the amplifier is to be
stable under feedback, it must be
“tamed.” At the high-frequency
end, this poses a problem due to
the low resonant frequency of the output
transformer. We solved this problem by the
joint action of three devices: a series RC (R8
and C4, see Fig. 2) from plate to ground in
the first stage, another across the primary of
the output transformer (R19 and C7), and the
customary capacitor (C9) across the feed-
back resistor (R34).

Low-frequency stabilization is also achieved
by the use of a cathode capacitor in the input
stage, coupling capacitors and grid resistors
feeding the output stage, and the falling re-
sponse of the output transformer itself.

In consequence, The Leasebreaker is so sta-
ble that the removal of the load has absolutely
no effect on frequency response!

We consider that any rise in response at the
end of the passband is the mark of an un-
stable amplifier—and judging from what
we've seen, unstable amplifiers are in the
majority today. Our Leasebreaker, however,
employs 20 db of feedback overall, and the
response at the ends of the passband is never
anything but a smooth drop below 20 cycles
and from 20 ke out to 500 ke. At this point,
there is a slight resonance, but the response
is over 30 db down from midband. No value
of capacity up to 10 mfd produced oscillation
when shunted across the 16-ohm load.

Think we’re making too much ado about
this business of stability? Remember—an am-
plifier of this power capacity (75 watts) can,
if it runs away, ruin a speaker in just a few
seconds!

CHASSIS  (2X7 X 13" ALUMINUM)

FRONT APRON  HOLE SIZES NOT INDICATED
# 27 DRILL

[ S————_ ! PRINCIPAL.
______ ._1’;— CABLE
1

CTC STANDOFF
TIE POINTS (3)

PC-8414
(ABOVE)

ASSEMBLY (BOTTOM VIEW)

The power supply. We used a Stancor PC-
8414 transformer, which delivers 600 volts on
each side of center at 200 mils. While this
would overheat badly if the amplifier were
driven to full output continuously by a sinu-
soidal signal, it’s perfectly capable of handling
occasional high level peaks.

For the rectifier, we think there’s no argu-
ment about a 5R4, and one tube is adequate.
A single 15 mfd, 1000-v oil slug (C11) is used
in the high-voltage section. The ripple here
is distressing (35 v peak-to-peak quiescent,
rising to 75 v at full load), but a 40-40-10 mfd,
450-v electrolytic capacitor (C8) provides the
filtering necessary for lower level stages and
the screens of the output stage.

To protect the electrolytic capacitors and to
make things easier on the tubes by giving the
heaters a chance to come up to operating tem-
perature before the high voltage hits, we used
an Amperite thermostatic delay relay—with
a 5-v heater so there is no potential difference

— ek P

fo 7, S U
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between heater and contacts. We preferred
the octal-based relay to the miniature for this
job because the octal socket provides a longer
flashover path to ground than does the minia-
ture.

A simple bias supply is provided with a
configuration which permits use of a dual 40
mfd can. An OB2 glow tube holds the bias
voltage constant. With the values shown, it
draws about 10 mils. Some selection of the
5100 and 4700 ohm resistors may be needed to
get just exactly minus-50 volts at the tap, and
these should be 2-watt units for best tempera-
ture stability.

Screen regulation is an absolute necessity
if maximum power is to be developed. We
blithely started with VR tubes and encoun-
tered trouble! By the time the screens are
stabilized the tubes are beyond their ratings
when there’s no signal.
And there is also con-
siderable additional
heat dissipation.

So we cast about for
a simple solution and
came up with that
shown in Fig. 2. Note
that the conditions
which increase the
screen drain also pull
down the supply volt-
age considerably, due
to the poor high-volt-
age regulation.

The 12BHYT is a husky

Bottom-chassis view of the
Leasebreaker. (Photo was tak-
en before addition of C12.)

125

TO
105

TO
R30

32]

33K 3 68K<
WS W
6

C9 10000/ /Eve pf

100 % R27 N —
TO TO 4 5 R34 550/2ve
TO PING PINT ‘
c8A 6AUG 50 082 3 S ° o &
TO 0 GND 4 8 I8
t—\:ems RECT. RS \f\
152 \ TIE POINTS FOR QUTPUT
THESE TERM, R 30 TRANSFORMER LEADS
STRIPS MTD. 10K
ON REAR APRON oW

TERMINAL STRIP WIRING

twin triode, designed for use as a TV vertical
deflection amplifier, with a 500-v plate voltage
rating and a permissible dissipation of 3.5
watts per section. The two sections are con-
nected in series, with the upper as pass tube
and the lower as dec amplifier. The control
voltage divider is returned to the minus-105-v
bias supply, to keep the dc amplifier grid near
ground, yet allow large swings.

In operation, this has proved an excellent
little regulator, its output voltage being the
same at full output as at zero signal, with a
rise of about 10 v in the middle range. Ini-
tially, the output voltage had a tendency to
drift with changes in line voltage, but the.
addition of R26 reduced this drift to an ac-
ceptable range. Correction is not complete, of
course, because the de amplifier does not have
sufficient gain.
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Construction. We constructed
The Leasebreaker compactly
on a 2x7 x13-in. chassis, and
the large transformers and fil-
ter capacitor must butt against
each other in order to fit (see
Figs. 1, 3 and 4). Tubes and
electrolytic capacitors are
placed along the front, the
6146’s being staggered, rather
than side by side, to reduce the
heat problem.

A neat terminal board effect
is achieved through the use of
Cinch-Jones 2000 series termi-
nal strips mounted in parallel
pairs (See Fig. 5). For the in-
put stage, we used 2006’s; a
2005 and 2007 for the phase in-
verter, 2005’s for the screen
regulator, and 2008’s for mount-
ing miscellaneous power sup-
ply resistors. This scheme is a
real space saver, since tube
sockets may easily be straddled.

The two 15K 20-watt drop-
ping resistors are mounted with
long screws through the back
apron of the chassis. Be sure to
use an insulated shoulder
washer here and several insu-
lated flat washers on each end!

Cinch type 2C7 sockets were
used for the two electrolytic
cans. Note that the outer con-
tacts are tied together to make
maximum use of contact area.
The bias supply capacitor
should be provided with an in-
sulated sleeve, since its can is
negative with respect to the
chassis.

A double ground system is
used to avoid hum troubles, for
the charging current through
the 15 mfd capacitor is quite
high and can easily give trou-
ble if it gets into a common
ground bus. For this reason,
a power supply ground is made
right at the negative terminal
of the 15-mfd capacitor to
which transformers, electrolyt-
ic capacitors and 6146 cathodes
are returned. A separate signal
ground is made at the input
terminals, to which all other
grounds are returned through
separate ground wires.

Good quality steatite sockets
should be used, at least for the
rectifier and delay relay, since
these parts carry the full 750
volts.

Use an aluminum chassis, be-

RADIO-TV EXPERIMENTER

MATERIALS LIST—LEASEBREAKER

Desig. Description

T1 45000 ohms plate-to-plate to 4, 8, 16
ohms (Triad S-42A)

T2 600-0-600v, 220ma; 5v, 3a; 2x 6.3v, 3a
(Stancor PC-8414)

T3 115v. 15ma; 6.3a, 0.6a (Stancor PS-
8415, Triad R-54X)

vl 6AU6

V2 654

V3,V4 6146

V5 5R4

V6 0B2

v7 12BH7

V8 Amperite 5NO15

SR1 50 ma, 115-v selenium rectifier

cl 100 mfd, 25-v electrolytic

c2 0.5 mfd, 600-v hathtub or 0.5 mfd,
400-v molded paper tubular

€3 0.25 mfd, 600-v molded paper tubular

c4 100 mmfd mica

c5, C6 0.05 mfd, 600-v molded paper tubular
(matched, if possible)

c7 1500 mmfd, mica

c8 40-40-10 mfd, 450-v electrolytic (Mal-
lory FP_376.8)

c9 10000/ / Zve mmfd

clo 40-40 mfd, 450-v electrolytic (Mallory
FP-238)

Cll 15 mfd, 1000-v oil

C12 0.5 mfd, 200-v molded paper tubular

(All resistors > watt 109, unless otherwise
indicated)

R1 470 k

R2 10 K

R3 100

R4 910, 5%

R5 270 K, 2 w

R6 820K

R7 470 K

R8 10 K

R9 1 meg

R10 1500 w

R1l, R12 10 K, 2w matched
R13, R14 100 K matched

R15, R16,
R17, R1g 100

R19 4700 2w

R20 15

R21 820

R22 4700 l

R23 5100, 2w, 5¢

R24 4700, 2w o § see text
R25 100 K

R26 330 K

R27 1.8 meg

R28 33 K 1w

R29 68 K 1w

R30 10 K 10w
R31, R32 15 K20 w
R33 100 K 1w
R34 550 y' Zve

Miscellaneous

Millen #£36002 ceramic plate caps

SPST toggle switch

extractor fuse halder

3AG, 3-amp fuse

Cinch #£2008 terminal strips

Cinch #2007 terminal strips

Cinch 72006 terminal strips

Cinch #2005 terminal strips

Cambridge Thermionics #X2006 (or
equivalent) insulated terminals

2 x 7 x 137 aluminum chassis

7-pin miniature tube sockets

9-pin miniature tube sockets

actal tube sockets

Cinch #2C7 FP capacitor sockets

Eby #56-2 (or equivalent) screw termi-
nat strip

Eby #£56-4 (or equivalent) screw termi-
nal strip

heok-up wire, rosin solder, misc. hardware

HOEHNAENNE WWNRNNRE RN

cause the high heat
conductivity of the
metal makes the whole
chassis surface availa-
ble as a radiator. While
heat dissipation of this
amplifier is considera-
bly below that of most
others in its power
class, its compact de-
sign does keep the dis-
sipation per unit vol-
ume fairly high. For
this reason, The Lease-
breaker should never
be enclosed in a small
space.

Testing. With the
5R4 removed, a dum-
my load connected and
the feedback loop open,
the first job is to adjust
the bias. Select 4700
and 5100 ohm resistors
so that the bias is mi-
nus-50 volts. If neces-
sary, other resistors
can be shunted across
one or the other for
vernier adjustment.

Next, if a millia-
meter is available,
check the current
drawn by the OB2,
which should be
around 10 mils. Varia-
tion of R21, an 820-chm
resistor, can raise or
lower this as desired.

To set the screen
voltage, replace the
5R4 and turn on the
power. The high volt-
age at the 15-mfd ca-
pacitor should be
around 750 v. Now
check screen voltage.
If it is not in the range
of 200-215 v, shunt one
of the resistors in the
control voltage divid-
er. Shunting R27 re-
duces the screen volt-
age; shunting R25
increases it. Use high
values for the first try;
the circuit is quite sen-
sitive.

When screen voltage
is set, the various
other voltages can be
checked. A VIVM
should be used to meas-
ure the 6AUS6 plate and
screen. If results are
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satisfactory, feed a 400-cycle test signal into
the input and turn up its level. The a~ vli-
fier should deliver 75 watts (33 v rms inio a
15-ohm load) just at the clipping level as seen
on a scope.

As regards the feedback loop, if the output
transformer primary leads have been con-
nected as indicated, and if the manufacturer
is uniform in attaching leads to the windings,
the feedback should be negative. With the
oscillator providing the 400-cycle test signal
set for low output, watch the output signal on
a scope while touching a 22K resistor across
the feedback terminals. If the output de-
creases, the feedback is indeed negative and
the proper feedback resistor may be installed.
If the output increases, reverse the output
transformer primary leads and try again. It
is wise to use the 22K resistor for the initial
test so that if the feedback happens to be posi-
tive, the amplifier will be spared the burden
of violent oscillation. Resistor R34 and capac-
itor C9 are chosen according to voice coil im-
pedance (see Materials List); but explicitly:

Voice Coil
Impedance R34 C9
16 ohms 150 ohms 2500 mmf
8 ohms 200 ohms 3600 mmf
4 ohms 270 chms 5000 mmf

With the feedback loop closed, a frequency
response run at a level of about 1-v output
may be made. The amplifier should be down
about 0.5 db at 20 and 20,000 cycles, and
should fall continuously outside of those
points as discussed previously.

Note particularly—this amplifier is in-
tended only to be flat to 20 ke, not to 100 ke!
People accustomed to 100-kc bandwidth and a
fancy square wave response will be disap-
pointed by this—but our aim was a stable am-
plifier. This type of response is the price of
using a cheap output transformer. Similarly
at the low end—but it should be noted that
smoothly falling response below 20 cycles is
beneficial in attenuating rumble from turn-
tables.

In checking the power output, the amplifier

should deliver 65 watts at 30 cycles and 75
watts at 40 cycles and above, at the clipping
level and just before noticeable flattening ap-
pears on the scope. Full power should not be
run continuously above 5000 cycles since the
network across the output transformer pri-
mary begins to absorb power and the 4700 ohm
resistor R19 will “head west” in a big hurry.

Instead, make quick checks at 10 and 15 ke
by turning up the oscillator for no more than
a second or two, reading the meter and imme-
diately turning down the oscillator. Power
should be 65 watts at 10 ke and 40 watts at 15
kilocycles.

This drooping power response does no
harm to program material where the vast
bulk of power lies below 1000 cycles, and the
amplifier will break up at low frequencies
long before the point where high-frequency
power will endanger the 4700-ohm resistor.

The Leasebreaker may be used with any
standard pre-amplifier, although we don’t rec-
ommend that the preamp power be drawn
from the amplifier, as it is very difficult to
provide sufficient plate supply decoupling to
make the system really stable at sub-audible
frequencies. Either the preamp should be self-
powered, or a separate power supply should
be built for it. Voltage gain from input to 16-
ohm output is 20, hence 1 v in will produce 25
watts—a sensitivity of the same order as any
usual home music amplifier.

Internal impedance as measured at the 16-
ohm output tap is 1.3 ohms, resulting in a
damping factor of 12, which is adequate for
restricting speaker hangover. Total hum and
noise output with the input shorted is less than
5 millivolts at the 16-ohm tap, or better than
75 db below 60 watts output. This is predomi-
nantly power-supply ripple due to imbalance
in the output tubes, but 5 millivolts of hum is
so low as to be barely audible a foot from a
good speaker,

Harmonic distortion was measured as a
function of frequency for several power levels
and the results were about what might be
expected..

The low-level distortion is higher than
that in units of the Williamson type, but not
seriously, since any reasonable amplifier dis-
tortion pales into insignificance compared to
that contributed by even the best of speakers.
The curves (Fig. T) show the usual rise at the
ends of the range, the low end curve at 60
watts being due to the onset of core satura-
tion. The high end rise, however, is only of
academic interest since the 10- and 60-watt
power levels will never be reached by pro-
gram material at frequencies above 1000
cycles.

If you haven’t seen curves like Fig. 7 be-
fore, be advised that the usual practice of
using only mid-band frequencies in distortion
ratings tends to make an amplifier look better
than it really is.
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Radio Tuner for Child’s Phono

Your child can have his phono and radio, too—

all in one package

By HOMER L. DAVIDSON

Enjoyment is doubled with the addition of a radio tuner to a
child’s record player.

to the young fry’s record player, convert-

ing it to a radio receiver. The tuner con-
sists of a tuned input stage with a small, vari-
able capacitor. The separated signal is then
rectified to audio power and amplified by a
small transistor. From here the signal is ap-
plied to the pick-up arm and then amplified
by the phono-amplifier itself.

Circuit. The RF signal is picked up from a
small lead that should be clipped to an out-
side antenna for best results. For local sta-
tions, a bed spring or metal window frame
will pick up enough signal to drive the loud-
speaker. A small ferrite coil with a tunable
slug and a variable capacitor separates the
stations. The slug can be tuned in or out to
separate several local stations if one (or
more) seems to bother the desired station.

A fixed crystal diode detects the audio sig-
nal, which is then amplified by the 2N107
transistor. The transistor was added here to
help amplify the weak detected signal, as
some of the cheaper record players have only
one amplifying tube. Since all phonographs
have their own volume control, there was no
need to place one upon the small tuner. Also,
most record players have a tone control, but
most radios do not.

A small, fixed capacitor couples the audio
signal to the phono pickup arm. It is best to
first remove the record player arm from the
phonograph before wiring up the male jack.

'I"HIS tiny RF tuner can easily be attached

Be careful not to damage the crys-
tal cartridge by rough handling.
Generally, a small pin or swivel
screw holds the pickup arm to the
horizontal swivel bracket. Re-
move this, and the arm can be
taken off. Be sure to unsolder the
two small wires that go from the
amplifier to the pickup arm.

Phono Arm Repair. Drill a 842-in.
hole in the middle of the phono
pickup arm. This hole should not
be drilled too far back on the arm
because of the sharp angle in lift-
ing the arm before the male plug
is inserted into the radio tuner.
Two small, flexible wires are
soldered to each terminal and
brought out so they can be sol-
dered to the crystal cartridge con-
nection. Do not solder these con-
nections until they are pulled off
the cartridge. Heat will sometimes
damage the crystal cartridge.
Place the connections back on the
cartridge, and the arm is ready to
go. Now remount the phono arm
in its original position. All that you're doing
is making a simple way to plug the phono
amplifier into the radio tuner box.

Battery and Cabinet Construction. If your
case is large enough, use two penlite cells in
series or an Eveready 4.05 v. (E133) or an
RCA 45 v. battery. Since my plastic case
was only 1% x 1% x 2Y in., I had to devise a
smaller battery: Three small button mercury
cells were used to furnish 4.5 v. of collector
voltage. These batteries are the size of small
buttons, and being so small, must be mounted
in such a way that good contact is made. Cut
the closed end from the zinc casing of a small
penlite cell to a length of 34 in. Clean out all
loose carbon and residue from the inside of
the cell. Cut a piece of thin cardboard long
enough to just meet the ends when inserted
inside of the penlite zinc case. Drop a small
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MATERIALS LIST—CHILD'S PHONO-RADIO

Desig. Description

Cl, C2 * .01 mfd flat ceramic capacitors

D IN64 xtal fixed diode

c3 365 mfd miniature variable capacitor (Lafayette MS-274)
L ferrite coil (Lafayette MS-11)

Rl 10,000 ohm resistor, /> watt

R2 220,000 chm resistor, |/ watt

R3 47,000 ohm resistor, 1/, watt

SW SPST switch (Lafayette VC-42 or equivalent to fit case—

such as Cutler-Hammer’s type 8098-K3, Allied 34B510)
TR GE 2N107
Batt 4.5 v (see text)
plug miniature plug (Lafayette MS-284)
jack miniature jack (Lafayette MS-283)
plastic cabinet (Lafayette MS-298 ot other)

shiny split lock washer into the bottom of the
case, and insert the first button battery. In-
sert all three batteries, observing correct pol-
arity. The batteries will fit snugly, and should
be pressed together as tightly as possible.

The center contact connector and mounting
screw are bolted to a small fiber washer (see
Figure 5). Use the smallest bolt and nut com-
bination here, so that they do not touch the
crimped sides.

Place the washer and bolt into the top
of the battery. While pressing down on the
bolt, crimp the edges of the zinc case over
the top of the insulated washer. Be very care-
ful not to touch the center post to the erimped
edge, as this will short out the newly con-
structed battery. The little battery is ready
to mount with its own mounting screw.

The plastic case I used was the container
from an Argonne (Lafayette) interstage
transformer. Any plastic box at least 1% in.
high, but not too high to fit under the pickup
arm can be used. If no other box is available,
you will have to use Lafayette’s MS-298 (1%
x 3% x 3% in.). Drill holes for the ferrite
coil assembly, variable capacitor and on-off
switch. Mount the female plug atop the case.
You can use the tip of the soldering iron to
make the larger holes in the plastic, as long
as you don’t hold the iron to the case too
long.

After all the holes are drilled, the large
components are mounted. First, the capacitor
and switch are mounted, then the battery.

PENLITE
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Parts layout of the RF tuner in a tiny 1%x1%x2% in.
box. Any case you have availuble may be used
{see text).

Before mounting the ferrite coil, solder the
diode and resistor into place, and solder two
small pigtails to each side. This will save a
lot of close soldering down inside the case.
The small resistor, capacitors and transistor
can be soldered as they are mounted. While
the lid is open, solder two small flexible leads
to the female plug and to its corresponding
circuit. The unit can now be wired. Be sure
the battery polarity is observed.

The unit is placed directly under the pickup
arm and plugged into it. Turn the record
player on, and let the tube heat up a few
seconds. Hook an outside antenna or long
wire to the small antenna wire. Then, turn
on the radio-tuner. If there is hum, reverse
the ac plug on the phono.

Surprising results were obtained with the
small radio-tuner on local and distant sta-
tions. The batteries should last a long time,
as only 1/5th of a milliampere is pulled from
them.

The small plastic case can now be bolted
to the phonograph mounting board. Always
turn the batteries off when only the record
player is being used to play records. The
pickup arm mounting holder can be removed
or re-mounted closer toward the turntable if
so desired.

CRIMP ML
ARCUND WASHER

FIBZR WASHER

BOTTOM OF
PLUG SCREWS
INTO TOP PLUG

- PLUG DETAIL

BATTERY NSTRUCTIO

AGAINST
WASHER —
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ELECTRON TUBE ANAGRAM

Although transistors are rapidly replacing electron
tubes in many applications, tubes still perform jobs
that transistors cannot handle. This anagram puzzle
pertains entirely to electron tube terminology.

Can you correctly fill in all the empty blocks with
the correct words, letters, symbols and abbrevia-
tions? When you have the blocks all filled, check
your solution with the correct one on page 152.

By JOHN A. COMSTOCK

ACROSS: maximum obtain- 52) The alkali earth 9) Electron tube emit-

able by increasing metal introduced in- ting element (abbr.).

1) Seven-element elec- plate voltage or to a vacuum tube .
tron tube. cathode tempera- to remove residual 12) :’el;tes ;:é:x)hal (et-

ture. gas. ¥ :

49 A — cutoff tube ) . _ 13) The name of the
is one in which the 33) Particles heavier 53) u = dEp (supply grid that was added
conirol grid spirals than electrons that . ? to triodes in 1929.
are uniformly are harmful to a missing term).
spaced, CRT tube’s screen. 19 dIp (

= —— (sup-

7) A gain compensat- 35) A variable resistor DOWN: dEg
ing vacuum tube used in many vac- ply missing term).
circuit (abbr.). uum tube circuits 1) A -wave rec-

s 17) The name of Lee de
(abbr.). tifier has only one .
i i F ’s t .

10) : straight line 47) An election tube’s plate. orest’s triode tube

rawing dcross o . -ecis . 19) The ones used on
series of plate cur. signal input ele- 2) Electron receiving most octal tubes are
rent-plate voltage ment, element. of Bakelite

curves. 41) Electron #flow effect e 23) A unilateral vae-

1) A tron is a in an electron tube. 3) u = dEg (supply uum tube circuit
five-clement tube 44) The “at-rest’” poten- missing term). (abbr.).
having two plates. tial applied to tube 5} A ——— ode tube 26) Made to determine

15) Output power elements. is one having a whether or not «

. total of six ele- .
(abbr.). 46) Unit of conductance. ments. tube is good.

16) Target (abbr.). 48) A cathode that 8) The ratio of  small 28) Tube connectors.

18) A vacuum tube cir- emits electrons change in plate 31) Plate capacitance
cuit that sets up when struck by voltage divi =i by letters symbol.
qrfd muintqins.sus- lightrays. a small c¢kzuge in 34) A tube’s second
tained oscillations. 49) Heater tap for pilot plate current (let- grid (abbr.).

{abbr.). lamp (lefters sym- ters symbol). 36) A tube b havi
e

19) & tube in which bol). 7) A particular vac- ei;het :squ???g.
the electron stream s51) = Bp x Gm uum tube element, spaced pins and a
is conce'nh'ated or (supply missing 8) A tube envelore central aligning
“’focused’’ for great- term). designation (cbbr.). key.
er amplification. 38) A cutoif tube

20) To reduce this, is sometimes called
some tubes have a a ‘'‘supercontrol”
center-tapped fila- tube.
ment.

39) The vacuum tube

21) Unit of current usu- invented by Flem-
ally applied to ing.
electron tubes. 40) A tube that doesn't
(abbr.). contain gas (abbr.).

22) A floating grid. 41) C-bias voltage (let-

24) A cathode-ray tun- ters symbol).
ing indicator tube 42) Cathode current
is sometimes called (letters symbol).

a ~magic- “ 43) An inert gas used
25) A tube noise effect in some gaseous
that limits high am. electron tubes.

plification. 45) Plate current flow

27) Negative = potential {lstters symbol).
applied to a control 47) A remote off
grid. tube is a variable

‘ Mu tube.

28) Interelectrode ca- . 1
pacitance between 48) Heater mid-tap (let-
grid and plate {let- ters symbol).
ters symbol). 50) Grid conductance

30) Part of a CRT tube. (letters symbol).

32) uration is 51) Shell designation:

the point reached
when current is

metal tube (letters
symbol).
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INTER on short wave presents a
Wparadox, an important one for the

listener. As you probably know, ion-
ization (caused when ultra violet radiation
from the sun passes through the atmosphere)
is responsible for both the reflection of radio
waves back to earth (essential for distant
reception) and the absorption (weakening)
of radio waves, especially frequencies below
7000 ke. Also commonly known, during win-
ter with shorter days and rays from the sun
received more obliquely, ionization is re-
duced, signals are stronger, and reflection
from the ionosphere should decrease at high-
er frequencies. The latter is not true. Fre-
quencies above 15 mc are normally reflected
by the F2 layer, the uppermost portion of the
ionosphere, and reflection in this region is
actually -improved as the earth approaches
its winter solstice, the point in the earth’s
orbit when it is closest to the sun. Why? We
don’t know and neither does anybody else.
Some researchers have linked this phenom-
enon with temperature but the theory ap-
pears to have holes in it.

In any case, the result is a broader range
of usable wavelengths with both higher and
lower frequencies open. However, there is a
second factor to consider, sunspots. Ioniza-
tion, reflection and absorption all vary di-
rectly with the number of “spots” on the sun
and right now we have a dropping count.
Result, the higher frequencies will be slightly
poorer than last winter, but low frequencies
will be better. Add to this little or no static
on downstair channels and you have pros-
pects for an excellent short wave season.

We should say excellent for the serious
listener. If you read the article Tune In On
The World in Radio-TV Experimenter # 565,
you may recall that I suggested that one way
to know other countries was to listen in on
local broadcasts intended only for the area
from which they originate. This is usually
not easy. But many countries do use the
lower short wave frequencies for such pur-
poses, particularly in the tropics and in such
a country as Russia where one transmitter
must cover a good many square miles of
sparsely populated territory. Of course you'll
still face a language barrier., Which leaves
the music. However this is sometimes more
revealing than words particularly when the
words are propaganda while the music is
not too polished folk music.

With reception of local broadcasters as
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What to Listen for on Short Wave

By C. M. STANBURY i

Verification card from Radio Clube de Mocambique,
a semilocal (regional) broad-aster heard through-
out the World on 11760 kc. However, as indicated
on raverse side of card, this QSL is for reception
on the Broadcust Band during the peak pericd for
lower frequencies, 1953-55. Winter 1960 will repre-
sent the very early stages of another such period.

MOCKOBCKOE PAAHO

Aaw weacrpamm: Mockea, Paano

Tea. e

Loscom, USSR
July 2%, 1958

Stanbury II
zls

Teach, Ontario,

cestlon resorts on our
onoeand oo well ag

s yota copy of
2 can {ind tae

T EC3C oW

an Service

Verification letter for Sputniks 1 and Il (no
longer broadcasting) heard at 20.005 mc.

the goal, frequencies below 7000 kc. become.
all important and a dropping sunspot count
can be nothing but good news. How far has
it dropped? Well, the count has a long way
to go but even in April two stations in the
120 meter band, H13C (2440 ke, La Romana,
Dominican Republic) and Radio Martinique
could be heard throughout the eastern Uniced
States.

International Broadcasting. If you're new to
short wave listening, or you just plain want
to listen and keep DXing down to minimum,
then the International Bands, 31 throuzh 13
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GOO0D

~ LIMITED

DAYTIME

meters (see Table A) will interest you most.
That boost in the F2 layer will certainly
make things better than in the summer. But
reception will be slightly poorer than last
winter.

The 13 meter band will be open many days
to all parts of the world with north and south
paths having an edge. Europe will be best
during daylight hours on the 19 and 16 meter
bands and then at night on the 31 and 25
meter bands. Africa will follow a roughly
similar pattern. The 19 and 16 meter bands
may remain open the first few hours of dark-
ness with both Europe and Asia received.
Such a path will occasionally hold up most
of the night with the 25 meter band providing
an alternate band for evening reception of
the Orient. During the hours after midnight
both 25 and 31 meters will produce signals

TABLE A: BEST BANDS BY NIGHT AND DAY

|:3 2|O 2,1 212 213 2|4 25 26 MmcC
E R
LIMITED <= NIGHTTIME

from Asia and the Pacific. Technically this
would be the best time for such listening but
most broadcasts to North America are made
during the more convenient evening hours:
Thus 19, 25 and 31 become bands for all parts
of the world with the latter pair most de-
pendable.

Possibly you gathered from these predic-
tions the increasing importance of 31 meters.
As the sunspot count continues to drop it will
become almost irreplaceable in international
broadcasting. Unfortunately, it may have to
be replaced. Crowding on this band is fast
reaching an intolerable saturation, even for
the comparatively hardy SWL. As an ex-
ample, listen to the 15 kc spread between
9585 and 9600. During the evening we have
no less than 5 transmitters in this tiny
portion of the radio spectrum, Radio Cana-

da (CKLP), Radio

TABLE B-—G0OD SHORTWAVE LISTENING

Nederland, Radio Cul-
tura de Bahia (ZYN
29), Radio Moscow,
Radio Republik Indo-

nesia (YDF6) and the
British Broadcasting

COUNTRY FREQUENCY TIME*
IN KC/S (EST) STATION AND DETAILS
WINDWARD 3365, 15085 1600-2115 West Indies Broadcast Service. Here we have the
ISLANDS 5010 1600-1730 happy circumstance of a semi-local breadcaster using
an international band (after 7:30). This one in-
tended for the Caribbean Federation (British West
Indies) features a variety of local programs which
are a blend of British, Caribbean and American
cultures. ) o
MOZAMBIQUE 11760 2230 until Another semi-local program in international terri-
fadeout tory. This will give you a good idea what the Eng-
lish and Afrikaan (Dutch) of Central and South
Aftica consider entertainment. Programs do not in-
clude news. Reception will be best on the Pacific
o Coast. i
CONGO 11725 2100-2145 Radio Brazzaville. African news from a French peint
REPUBLIC - of view. Also French ,",‘Esji?']‘} _French lessons. o
ISRAEL 9008 1530-1600 Kol Israel (or Kol Zion), Zionist picture of Near
(or 9725) East news, limited amount of folk music.
SWITZERLAND 11865, 9535 2030-2215 Swiss Broadcasting Corporation. Neutral interna-
and 6165 and tional news (government) followed by democratic
2315-2400 West European viewpeint from Swiss newspapers.
. Has iunspot report once a @%ﬁ o
NETHERLANDS 15220 (or 1615-1705 Radio Nederfand. Most interesting features here are
16 meters) international news and topical talks.
11755 and 2130-2210
9590
(or 9715)
GREAT Several 1600-2200 General Overseas Service, British Broadcasting Cor-
BRITAIN frequencies poration. Good example of conservative British pro-
throughout gramming and thought.
the bands
JAPAN 17855, 15235  1930-2015 Radic Japan. Features on Japan and a limited
and 11705 amount of Japanese folk music.
AUSTRALIA 11710 0714.0845 Radio Australia. Most important feature here is
11810 1014-1145 news from the fifth continent. Remainder of program
is primarily entertainment.
ARGENTINA 9690 2200-2300 R.A.E. Compare the polished Argentine music with
(or 15345) and the more interesting Latin varieties easily heard on
0000-0100 49 and 60 meters.

* Time is given on the 24-hour clock. 1200 is 12 noon, 1300 is 1 pm, 2400 is midnight, and so on.
In other words, for times past noon subtract 1200 to get Eastern Standard Time.

1 Frequencies fisted in brackets are alternate possibilities.

channels listed first, try these.

If you fail to hear a program on the

Corp. (GRY). Of this
group, ZYN29 and YD
F6 would be the new-
er, and it is this con-
tinuous stream of new
tropical stations com-
ing on the band which
is mainly responsible
for such overloaded
channels. Of course
they have as much
right here as any other
country.

The International
Telecommunications
Union is taking steps
to alleviate this situa-
tion but the ITU does
not have enforcement
powers.

If the malady is not
cured, or at least ar-
rested, broadcasters
will either have to
concentrate on 25 me-
ters, in which case that
band might soon look
like 31, or switch their
programs to less ad-
vantageous afternoon
periods.
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Handy Foot Switch

press may limit the damage that can

occur in the event of an accident. A
foot switch comes in handy at the telephone
to mute a blaring radio or near your easy
chair to kill TV commercials. There are uses
for the foot switch in the kitchen, too.

There are several types of switches that
may be employed for foot switch duty. Sev-
eral commercial foot switches, some of them
in the form of a mat, are available. But these
switches are rather expensive. You can make
your own from inexpensive basic switch
units, enabling you to choose according to
your power and function requirements.

You’ll want either a positive action switch,
which remains on once you switch it, or a mo-
mentary contact switch, which is only on
when you hold it on. A positive action switch
may be desirable for a foot switch for your
wife’s electric mixer; a momentary contact
switch is desirable for power tools since the
natural tendency in an emergency is to re-
lease the switch.

Power handling ability is important too.
Switches are rated by volts and amps rather
than by watts. To determine the amperage
of an appliance, divide the wattage of the de-
vice by the voltage, usually about 120. Thus,
the switch required for a 600 watt appliance
must have at least a 5 amp. rating at 120 v.
Another point to remember is that switches

TLET
n'FOOT SWITCH CIRCUIT OUTLE

ﬁ FOOT switch on your table saw or drill

are rated for resistive loads. Devices which
involve coils or capacitors (for example, any-
thing containing a motor) usually demand
currents in excess of the current computed by
this method. It's usually desirable to use a
switch that can handle more current than the
controlled appliance requires.

The circuit for a practical foot switch is
shown in Figure 1. The SPST switch is con-
nected in one side of the ac line. A plug
is provided for easy connection to any ac out-
let. A receptacle is provided so that the switch
may be used to control any or several appli-
ances. The back view of the unit is shown in
Figure 2. The switch is housed in a small
metal box. A Vs-in. hole drilled in or near the
center of the front side of the box is required
for the switch. A 3s-in. hole is needed in the
end of the box for the line cord. Insert a rub-
ber grommet in the end hole. Double a con-
venience outlet extension cord on itself near
the outlet end, and push the doubled end

Chassis view of switch before attaching back.

X
RADIO FOOT SWITCH
oR (NORMAL LY
TV nONn )
x
SPKR. INDICATES
DISCONNECTION
OF TRANSFORMER

LEAD FROM
LOUDSPEAKER

OUTPUT
TRANSFORMER

SPEAKER MUTING FOOT SWITCH

Speaker muting foot switch. X indicates disconnec-
tion of transformer lead from loudspeaker.

through the grommet into the metal box.
Mount the switch, separate the parallel con-
ductors, and connect them and solder. Wrap
tape around the cord next to the grommet on
the inside of the metal box as a strain relief.
The box may be fastened to the floor with
four small brackets attached to the sides. The
connection to the line and to a specific power
tool can be made permanent, too. If current
exceeds 5 amps, a permanent installation is
desirable.

Several switches are listed in the materials
list. Pick the one that suits your function and
current requirements. Note that you can ob-
tain a normally on switch which will turn off
when you place your foot on it. This type
of switch placed near the phone with radio
or TV set connected to the outlet is handy for
turning either of these blaring contraptions
off during a phone conversation. An alternate
scheme which utilizes a normally on switch
to mute the audio on a TV set from your
easy chair during commercials is shown in
Figure 3. In this case the switch is connected
in the speaker coil circuit and does not control
high voltages or currents.—FraNk WooDS, JR.

MATERIALS LIST—FOO0T SWITCH
No. Req. Description
1  switch, either a momentary contact type, such as 1 amn,
normally off (Grayhill 4001) or /> amp, normally on (Grayh'll
4002) or 10 amp, normally off (Grayhill 2201) or 10 amp,
normally on (Grayhill 2202) or a positive contact type, 4 amp,
push on-push off (Carling 110-SP).
31,x21/gx155” metal box (Bud CU-2101)
convenience outlet extension (electrical or variety store)

ST

o



Transmitter for

Novice transmitter shown here atop o Knight-Kit
receiver, is powered by an external power sup-
ply, permitting fixed or mobile use. Inset shows
! p of tr itter face.

By ALICE ROLF, KN5SEL

.that even a Novice YL can build. In

fact, a Novice XYL did build it after
her husband drilled the panel and took over
as babysitter. The rig puts out a good signal
on 40 and 80 meters, featuring bandswitching,
and can be used either at home or in the car
with a suitable power supply.

The two-tube circuit shown in Fig. 2 fits
into a US. Army 30 cal. ammunition tin,
available at surplus stores. The 314 x 634 x
10%-in. cabinet is modern enough to enhance
any shack, and small enough to fit comforta-
bly under the dash of even a foreign car. If
an ammo tin is not available, the circuit can
easily be enclosed in a small commercial

| IERE’S a compact T5-watt transmitter

Ct
.0'47 MF

XTAL
3.5 0R7.0MC,

RADIO-TV EXPERIMENTER

the Novice

metal cabinet available from radio supply
houses.

The transmitter is built in a 5% x 934-in.
hardboard chassis, with a 3% x 10%4-in. metal
panel bracket-attached. Use two brackets of
any convenient size and sturdy enough to
support the panel, which extends about 4-in.
below the Masonite.

Drill all the panel holes before fastening
the panel to the chassis. The power socket,
key jack, band switch, tuning capacitors, dial
light jewel, and antenna jack mount on this
panel, the remainder of the components
mount on the chassis. The 807 socket mounts
on an aluminum bracket 134-in. high at the
right-rear of the chassis, leaving plenty of

RFC2-SEE
Iﬂ)‘ﬁl TEXT

12 TURN%4OM
80M

z Si
i SPST

cé

365

MMF 15 TURNS

C7.5- 100 MMF

B+

OCTAL POWER SOCKET
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MATERIALS LIST—NOVICE TRANSMITTER

Desig. Description

[ .047 mfd 200 wv tubular

c2 50 mmfd mica

c3 30 mmfd mica

c4 .001 mfd 1 kv, disc

5 .001 mfd 1.5 kv tubular

43 365 mméd singte gang broadcast type variahle (Philmore)

c7 5-100 mmfd variable (Bud MC 1873)

c8 .0047 mfd 1 kv, disc

c9 .001 mfd, 1 kv, disc

Ccl0 .001 mfd, 1 kv disc

Cl1 .001 mfd, 1 kv, disc

J1 phono jack, single circuit (Mallory)

J2 miniature coax jack

L1 27 turns 322 enameled close wound on 17 form, tapped
. 15 turns from bottom

L2 10 turns 722 enameled close wound over top half of L1

L3 10 turns 22 or 18 enameled close wound 15" form

La #1455 18-V pilot lamp

RFC1 2.5 mhy, 100 ma RF choke (National)

RFC2  parasitic choke or 5 turns #22 or #18 enameled wound

on 50-ohm, 1-watt resistor

Desig. Description

R1 47,000 ohm, /5 watt

R2 47,000 ohm, 1 watt

R3 12,500 ohm, 10 watt

R4 25,000 chm, 10 watt

Sl SPST toggle switch (Arrow-Hart & Hegmen #20994NV)
vl 6J5 vacuum tube

3 807 vacuum tube

Xtal 80- or 40-meter crystal—for Novice hand 3750 KC to
3800 KC (80 M) or 7150 to 7200 KC (40 M)

20 6-32 x V4" machine screws and nuts

10 #8 terminal lugs

single tug terminal strips

dial lamp jewel

ceramic octal socket (6J5)

5-prong socket (807)

octal wafer sockets (xtal and power sockets)

octal plug (for power cahle)

hardboard 34 x 5 x 10” (chassis)

1/16” steel or aluminum 314 x 107 (panel)

4-wire rubber insulated cahle (insulated for 1000 voits)

O 1=t bt et N e 1t et N
=T
o0

-
=

room for the 807. Place the tank coil be-
tween the panel and the 807 (Fig. 3).

Mount the socket for the 6J5 on the left
side of the chassis. Clip the mounting saddle
of the socket away with a pair of snips and
drill holes in the hardboard so that the socket
solder lugs extend through the chassis. These
holes are aligned by first drilling the key
hole for the key pin of the 6J5. Put a drop
of finger-nail polish on the pins of the 6J5
and press it against the chassis with the key
in the drilled hole. The polish will mark
hole locations. After drilling, press the lugs
into the holes until the socket is
fAush with the chassis. Bend the lugs
back so that they lock the socket in
place.

Mount the remainder of the com-
ponents on #8 terminal lugs which
are fastened to the hardboard by
6-32 x Y4-in. machine screws—except
for the two connections of RFCL.
This choke is mounted on two single
lug terminal strips in order to isolate
the high RF potentials from the
metal cabinet. Parts layout is not
critical, but should be similar to that
shown in Fig. 3.

Extend a length of #12 wire across
the front of the chassis and ground
it to the panel for a ground bus bar.
Connect the 807 mounting bracket
to this bar. All ground leads should
be connected to this bus, the panel,
or the 807 mounting bracket.

Connect the leads to the 6J5 socket

in. long. L1 is wound with the connection
for C5 at the bottom of the form, nearest the
chassis, and the ground connection at the top.

The tap for the bandswitch is placed 12
turns from the bottom of the coil. Twist
the wire into a loop for the bandswitch con-
nection and wind the other 15 turns. Coil
L2 is wound over the top of L1 between the
bandswitch tap connection and the top of the
form. Wind it over a layer of Scotch tape
with the connection to C7 at the top of the .
form.

Coil L3 consists of 10 turns of #22 or #18

Components are mounted on terminal lugs, the 807 socket is

bracket and the 6J5 socket mounts

and bring them to the top of the
chassis through holes drilled around
the tube socket. Indicator lamp ter-
minals must not be grounded; they are sup-
ported by two pieces of solid wire.

Coils L1 and L2 are #22 enameled copper
wire’ wound in a 1-in. dia. form. This form
can be a commercial unit with mounting
brackets, or a cardboard or plastic tube 1%-

on an

similar to sockets in printed circuitry. A wafer-type octal socket

is used for the crystal.

enameled wire close-wound on a Y.-in. form;
RFC 2 can either be a commercial parasitic
choke of five turns of #22 or #18 enameled
wire wound on a 47 ohm, 1-watt resistor. For
the antenna jack (J2 in Fig. 2) use a minia-
ture connector jack of a coax type.
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Power supply for novice transmitter.

POWER SUPPLY PARTS LIST

Desig. Description

C1 12 mfd. 700 W.V.D.C. electrolytic capacitor (Cornell Du-
bilier BRHV 712, or equiv.)

CH1 7 or 8 hy. 200 to 250 ma. filter choke (Thordarson 20C56,
or equiv.)

Fuse 3 amp fuse, with holder

La 47 pilot lamp, with holder

PL Line cord, heavy duty

SW1 SPST switch'(On-0ff switch)

T1 1200 volt c.t. @ 200 to 260 ma. power transformer with
5 volt, 3 amp, winding; 6.4 volt, 3 amp, winding. (Stancor
PC-8414, or Burstein-Applebee Co., Kansas City, special
#3B164, or equiv.)

Rect 5U4-GA tube .

Misc: 2 octal sockets, chassis, mounting screws, etc.

Note: BA #3B164 transformer has 350 volt tap, at 10 ma, and
5 volt, at 2 amp., windings in secondary. These should he
left unconnected if the unit is used.

Use a 3- or 4-wire cable to connect the
transmitter to the power supply. The power
supply should be capable of delivering from
500 to 750 v at 150 ma for plate voltage, and
6.3 v at 1.2 amps filament voltage. For fixed
use, an inexpensive full-wave rectifier cir-
cuit will work. For mobile work use a dyna-
motor or heavy duty vibrapack. At 500 v,
the input will be about 50 watts; with 750 v,
about 75 watts. A power supply circuit which
will serve well is shown in Fig. 4.

Test the Unit on a non-metallic surface
before putting it in the cabinet. Plug in the
power cable, key, and a 40- or 80-meter crys-
tal. Switch the bandswitch to the band the
crystal operates in. Remove the 807 and turn
on the power supply. After the tubes have
had time to warm up, key the transmitter
and listen for the oscillator signal with a
shortwave receiver. If nothing is heard,
check the oscillator wiring and try a smaller
value for C2.

If the oscillator is working, turn off the
power supply and insert the 807. If the power
supply does not have a bleeder resistor, short
the B-plus to ground before replacing the 807
or handling the chassis to avoid shock. Con-
nect a 60-watt light bulb to the antenna ter-
minals and again turn on the power. Place
C7 at about half scale and rotate C6 while
holding the key down.

TO SUPPORT TO SUPPORT

#12 COPPER OR STRANDED

~~ ANTENNA WIRE’(?Sm
623 FT.LONG FOR 80M 625 FT.LONG FOR 80M
32} FT.LONG FOR 40M 321 FT.LONG FOR 40M

!
INSULATOR INSULATOR INSULATOR

ANY LENGTH OF 73 OR 75 fl. COAX
CABLE (TYPES RG-11/U OR RG=~59/J)
TO TRANSMITTER

CONNECTOR FOR

ANTENNA SWITCH

OR TRANSMITTER
/

Antenna recommended for use with novice trans-

mitter. Should be as high and clear of obstacles as

possible. Solder inner conductor of coax cable to one

side of center insulator, and outer conductor to other

side. Tape cable to insulator to relieve strain on

soldered joints. Ground outer conductor of cable at
the transmitter.

With C6 at about half scale, the indicator
lamp and the 60-watt lamp will show some
sign of output. Adjust C6 and C7 until the
indicator lamp (La) glows brightest. Check
the plate of the 807; if it is red, replace C3
with a 50 mm{fd capacitor. This will increase
the drive from the 6J5 and allow the final
tube to run cool.

If available, a grid-dip meter (or an ab-
sorption frequency meter) should be used to
check the transmitter’s frequency and har-
monic output at twice the crystal frequency,
and to note the keying characteristics. If
carefully constructed, the rig will be clean.

After the transmitter has been tested, place
it in the cabinet. Before doing this, however,
drill a number of 1%-in. holes in the rear of
the cabinet and directly above the 807 tube
location for ventilation. Then cement a piece
of thin Bakelite plastic or three or four layers
of “Saran Wrap” to the bottom of the cabinet
to insulate the screw heads and 6J5 socket
lugs from the cabinet’s metal bottom. Secure
the unit in the cabinet with two small wood
screws on the underside which fasten into
the Masonite chassis. Cement rubber feet on
the cabinet to avoid scratching surface on
which unit stands.

The transmitter will work with most types
of popular amateur antennas. We had good
results with the antenna rig shown in Fig. 5.
The ground lead of the antenna connection
should be connected to a good ground. Ca-
pacitors C6 and C7 are adjusted until the
indicator glows brightest. At this point the
transmitter is loaded, and with a good an-
tenna, is capable of working just about any
station within range that can be heard on
either 80 or 40 meters.

On 80 meters, the daytime range is 50-75
miles and night range is 800-900 miles with
40 to 75 watts input. On 40 meters, with the
same input, daytime range is about 200 miles,
night range is several thousand miles.
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The simple *control-impedance” principle explains this vital, modern process

By C. F. ROCKEY

damentally, amplification is any process

in which a great amount of power is
controlled by a lesser amount. The throttle
valve of an automobile, through which the
full power of a several hundred hp engine is
controlled by the touch of a toe, is a crude
amplification system.

Because electronic amplification first found
wide use in radio, however, this process is
firmly linked with electronics in most peo-
pel’s minds. Although technicians frequently
speak of “current amplication” or ‘“voltage
gain,” the most fundamental form of amplifi-
cation is power amplification:

NOT all amplification is electronic. Fun-

Power Output
Power Amplification= —+«—————
Power Input

Power Output refers to the large amount of
power being controlled; Power Input, the
much smaller amount of power that does the
controlling. Often, in industrial usage, the
power input may be called the “control sig-
nal.” Both quantities in the fraction may be
in ergs per second, joules per second, kilocal-
ories per second, horsepower, or other power
units, but watts or kilowatts are most widely
used in electrical systems. Since both numer-
ator and denominator must be expressed in
the same units, it is seen that power ampli-
fication is a dimensionless, “pure ratio,” with-
out units in itself.

Power amplification is considered most fun-
damental here because neither current nor
voltage amplification can occur without the
simultaneous occurrence of power amplifica-
tion. This is the case in the vacuum tube, the
transistor, the magnetic amplifier, and all
other true amplifying devices used today.
For instance, although a transformer can
readily step up electrical voltage, it does so
at the expense of a proportionately decreased
amount of available current. Therefore the
power available for exerting any useful func-
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tion has not been increased, and in practice
it is usually decreased slightly. Thus a trans-
former, in itself, is not an amplifier.

The basis of all amplification is control. No
amplifier generates power, it merely makes it
possible for a small amount to control a large
amount. Thus the essence of an amplifier is
what engineers call a control impedance, a
device whose ability to pass electric current
is at the direct command of a small control
signal—a relatively small electrical current or
voltage. In Fig. 1 the input control signal is
shown as an alternating voltage generator
and the supply voltage as a direct-current
source, but this is by no means always the
case. Amplifiers may be made to work with
either ac or de signals or supply sources. All
that is needed fundamentally is an input or
control signal, a control impedance, a rela-
tively large power source, and a load. The
load (represented in Fig. 1 as a resistor)
may be an electric motor, solenoid coil, trans-
former, lighting circuit, loudspeaker, radio
transmitting antenna, heating coil, or any
other device capable of applying electrical
power to a useful function.

The high-energy source in the output cir-
cuit of an amplifier causes a steady current
to flow through the control impedance and
load, normally, even when no control signal
exists at the input terminals. When the in-
put control signal, either voltage or current
as the case may be, increases, it decreases the
opposition which the control impedance of-
fers to the flow of current from the high-
energy source, and more current flows
through it and the load. The load then con-
sumes more power, normally, in proportion
to the input signal. If the control signal de-
creases to zero, the current supplied to the
load decreases to its resting value.

Now, should the control signal reverse in
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polarity, it will increase the opposition to cur-
rent flow in the load circuit, causing the load
to consume less than the resting current
value. The control signal at the input ter-
minals directly regulates the internal oppo-
sition to current flow by the control imped-
ance. Since the power supplied to the load
is the product of the current flowing through
it times the voltage across it, changing its
current supply directly affects the power con-
sumed by the load. And because the load
current is a function of the input control
signal’s intensity and polarity, power ampli-
fication is the result.

The control characteristic is a graph (or
curve, as engineers call it) relating output or
load current to input signal magnitude. Al-
though the control characteristic of tubes,
transistors, or magnetic amplifiers may be
quite irregular in practice, it is represented
in Fig. 2 as a smooth, gradually curving line.
The output current magnitude is found on
the vertical, the control signal magnitude on
the horizontal line.

To show how an engineer uses the control
characteristic to predict the behavior of a
control impedance as an amplifying device,
a hypothetical alternating-control signal is
projected in Fig. 3 upon the characteristic
curve’s horizontal axis.

Note in Fig. 3 that there is a specific value
of load current for each instantaneous value
of control signal magnitude. Thus the output
or load current is under constant, direct con-
trol by the input signal. And, since the out-
put or load power may be large in compari-
son with the input signal (sometimes several
hundred times larger), we have true ampli-
fying action. ‘

The exact shape of the control character-
istic may be of the utmost importance to
the engineer. For instance, where voice, tele-
vision, or music signals are being amplified,
it is essential that this curve be a nearly
straight line. Otherwise, the output current
will not resemble the input signal, it will be

distorted. In certain scientific or industrial
applications, accurate reproduction of the in-
put signal by the output current is not nec-
essary, and more efficiency can be secured by
purposely distorting it. Then a highly curved
control characteristic is advantageous. Other
problems, such as feedback from the output
to the input of the system may sometimes
arise to complicate the designer’s plans for
a successful amplifier.

The earliest, highly successful control im-
pedance applied to electrical amplification—
the device still called “the king of amplifiers”
—is the three-element vacuum tube. First
made for “wireless detection” by Dr. Lee
DeForest in the early 1900’s, the vacuum tube
was the amplifier until 1947. :

The triode vacuum tube consists first of all
of a bulb full of nothing; that is, an evacu-
ated envelope. Placed within this envelope
is an electrically heated wire or metal tube
called the cathode. When heated to a red, or
higher temperature, the cathode boils off
millions of negatively charged electrons. Sur-
rounding the cathode is a spiral of wire called
the grid. Finally a (frequently) cylindrical
electrode, called the plate is mounted coax-
ially with the cathode and grid, and outward
from the latter, as shown in Fig. 4.

Vacuum tubes of myriad shapes and sizes
have been made and used since about 1908,
but the one diagrammed in Fig. 4 illustrates
the principle as well as any. The connections
of a basic triode vacuum-tube amplifier cir-
cuit are diagrammed in standard schematic
symbols in Fig. 5. For simplicity, batteries
are shown as the dc supply sources, but they
are seldom used in modern practice. Instead,
an electronic power supply, operating from
the commercial power line is most often sub-
stituted. Basic principles remain the same.

When the cathode of the vacuum tube is
heated, clouds of electrons collect about it.
When a positive potential (positive with re-
spect to the cathode) is placed upon the
plate, the negatively charged electrons are
attracted to it, and current flows between
cathode and plate, around through the load
and plate battery and back to the cathode.
These electrons must, however, pass be-
tween the wires of the grid enroute to the
plate. :

Normally, the grid is connected to a slight-
ly negative de¢ potential, and this causes it
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THE HYBRID COIL.....

One most interesting modification of the amplifier exists.
Although it is an old idea, comparatively few people are
aware of it.

As everyone knows, telephone signals lose their “'kick”
rapidly as they travel down the line. After traversing
about 30 miles of ordinary cable pair, the voice signals
have been reduced to one-thousandth of their original
strength. Thus, amplification becomes necessary to long-
distance telephony.

But the telephone is a two-way device. Mrs. Smith in
Boston wants both to talk and to listen to Mrs. Brown
in San Francisco, In fact, both ladies are often talking
at the same time. How can we arrange a two-way ampli-
fier that will amplify the signals equally well in both
directions without complex switching, and without getting
the signals mixed up?

The answer lies in a special kind of transformer called
a hybrid coil (see Fig. A). Two identical, carefully bal-
anced coils, the line coils, are connected in series with
the two wires of the line. A third winding, the output
coil, is arranged to couple its magnetic field equally into
both of the line coils. The output coil is connected to
the output terminals of the amplifying device, which may
be either a vacuum-tube or a transistor. The input termi-
nals of the amplifier are connected to the two center-
taps of the two line coils (see Fig. B).

The two line coils have small resistance, about that
of a mile or two of line, so the signal can pass through
them with little loss. And since the input of the amplifier
is connected to the two center taps, it is effectively con-
nected across the line. Thus the voice signals from either
Mrs. Brown’s or Mrs. Smith’s phone will be fed equally well
into the amplifier.

These signals act to vary the battery current in the
output circuit via the control impedance. Therefore, a
greatly enlarged replica of either or both voice currents
flows through the output winding of the hybrid coil.
These strong voice currents cause a changing magnetic
flux to pass through both line coils in the right direction,
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thus inducing a large voice voltage back into the line,
This greatly-amplified signal propagates down the line
in both directions, giving both parties the benefit of the
boost.

Because the input of the amplifier is connected to the
exact center of each of the coils, and since half of the
signal is sent each way down the line, the amplifier’s
output voltage is cancelled out at its own input terminals.
Thus, when things are adjusted properly, the voice signals
may be amplified many times without annoying ‘'singing,”
or feedback.

to have a definite repulsive effect upon the
electrons. The control-signal voltage source
is connected in series with the grid battery
so that its variations will add to and subtract
from the negative, fixed grid voltage. Thus
the signal voltage will make the grid instan-
taneously more or less negative with respect
to the cathode. When the grid becomes less
negative, it repels the electrons less strongly,
and the cathode-plate-load current increases.
When the signal makes the grid more nega-
tive, it repels more electrons, reducing the
load current. Thus the triode vacuum tube
acts as a control impedance whose internal
opposition to load current flow is at the com-
mand of the grid voltage.

Like all practical devices, the vacuum tube
can develop “indigestion” which interferes
with its action under some circumstances. To
avoid this, more grids have been added which,
when properly connected, vastly improve its
universality. Also, vacuum tubes ranging
from pea-size (for hearing-aids and micro-
wave use) to 100-kilowatt giants have been
built and are in use as amplifiers on all sorts
of jobs today. They're made of metal, glass
and special ceramics. Vacuum tubes are shot
into outer space on satellites, and are operat-
ing miles beneath the surface of the ocean as

transoceanic cable amplifiers. They work.

The Transistor. In 1947, after countless hours
of cogitation upon solid-state physics, quan-
tum mechanics, statistical theory, and (pos-
sibly) voodoo, Drs. Bardeen and Brattain, of
the Bell Telephone Laboratories brought
forth a remarkable new control impedance
called the transistor. Unlike the vacuum tube,
the transistor makes use of conduction
through a special kind of solid substance
called a semiconductor instead of through a
vacuum. The stuff most of the practical ones
are made of today is element No. 32, germa-
nium, an element recovered as a by-product
from the combustion of certain coals.

When it’s pure, germanium is an almost
perfect insulator. But when the minutest
whiff of indium, arsenic, gallium, aluminum,
or certain other elements are added, it be-
comes a semiconductor. By adding the right
stuff, in the right amount, one may make at
will two different types of semi-conducting
germanium, either N-type, or P-type. An
N-type germanium conducts practically like
copper does, that is, by means of free elec-
trons which may move about inside the crys-
tal. The P-type, however, is missing a few
electrons which it should normally contain.
These missing electrons, called holes, can
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move around inside the crystal and conduct
electricity too. However, since they’re “miss-
ing electrons,” they’re positively charged
particles and move in the opposite direction
through the system. But they still conduct,
nevertheless.

The art of semiconductor fabrication has
advanced so far as to allow different zones of
the same chunk of germanium to be made
into either N- or P-type material. In fact,
such technique is necessary in the routine
fabrication of a modern transistor. A modern
“junction” transistor, the presently most com-
mon and practical type is made of a small
bar of germanium about % in. long and about
1/16 in. square. This little bar is divided into
three alternate zones of P- and N-type mate-
rial. The finished bar is sealed in a neat case,
for convenience and security.

As Figs. 6A and 6B show, two types of
junction transistors are thus possible—PNP
and NPN. Both operate upon the same basic
theory, the main difference being in the polar-
ity of the supply voltages.

Fundamentally, in schematic terms, an
NPN transistor is connected into its most
generally practical amplifier circuit in the
manner shown in Fig. 6C. The magnitude of
the voltages and current shown apply to the
typical experimenter’s transistor. Power
transistors are made which are capable of
dealing with much greater voltages and cur-
rents when necessary.

Connections made to the ends of the bar
of N-type germanium are designated the
emitter and the collector, while the thin
layer of P-type material in the center of the
bar is called the base. In normal operation
an electron current of about one milliampere
flows from the grounded side of the supply
battery into the emitter end of the transistor
and up toward the base. Here, within the
transistor, it divides, about 95% of it flowing
through the entire bar and into the load
through the collector connection. The re-
maining 5% flows out of the base connection,
through the base resistor, and back to the
positive terminal of the battery. This is the
resting state of the circuit.

When the control signal source is ener-

gized, it causes an alternating signal current
to flow between the base and emitter con-
nections of the transistor. We recall that an
alternating current can flow readily through
the coupling capacitor, but that this capacitor
acts as an open circuit for unvarying, de bat-
tery current. Thus the capacitor prevents the
generator from short-circuiting the base re-
sistor, while allowing the ac control signal
current to flow with relative ease.

From one point of view, we may think of
the base section acting something like a
semi-permeable wall, allowing electrons to
pass through it in proportion to the base-emit-
ter current. When the signal source current
acts in such a direction as to add to the
steady base current, its permeability is in-
creased, and more current can flow from the
emitter to the collector through the load.
On the other hand, when the signal current
subtracts from the battery current from base
to_emitter, base permeability decreases, the
collector-load current is forced to decrease
in proportion. Thus the load current is at the
direct control of the base current from the
signal source; the transistor, like the vacuum
tube, acts as a true control impedance. And
since the magnitude of the base signal cur-
rent change is always much less than the cor-
responding load current change, transistors
are effective amplifiers.

It is most important to observe here that,
while the vacuum tube and the transistors
are both control impedances, and thus ampli-
fiers, they differ drastically in one important
operational aspect. Whereas the vacuum tube
is a voltage-controlled impedance, the tran-
sistor is a current-controlled device. Thus,
while these two devices may often do similar
jobs, they are by no means interchangeable,
either in theory or in practice.

Both the vacuum-tube and the transistor
have particular amplifying jobs to do at
which each excels. At present, high-quality
vacuum tubes are relatively inexpensive,
easy to manufacture on a mass scale uni-
formly, and operate well when the control
signal changes rapidly with time, that is, at
high frequencies. On the other hand they are
relatively bulky, mechanically fragile, and
require excessive operating power in the form
of cathode-heating requirements.

The transistor is exceedingly compact, op-
erates well with a low-voltage supply source,
requires no heating power, and laughs at
mechanical shock that would shatter a vac-
uum tube. But, transistors are exceedingly
difficult to manufacture to within close toi-
erances. Every production run includes a
high precentage of rejects which do not meet
government and commercial standards.
(These culls are what you and I buy for ex-
perimenter’s projects today, unless we pay
over $5 per unit.) Furthermore, transistors
are extremely subject to quick and fatal elec-
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trical damage if wrongly connected or al-
lowed to become too warm. Truly effective
high-power or high-frequency transistors re-
main extremely expensive, if indeed they are
available to ordinary mortals at all, while
vacuum tubes capable of supplying hundreds
of watts at hundreds of megacycles may be
bought over the counter for a few dollars
almost anywhere.

Magnetic Amplifiers: While the vacuum-
tube or transistor is still necessary for ampli-
fication of signals which change magnitude
appreciably in less than one-thousandth of a
second, slower signals may be effectively han-
dled by the magnetic amplifier.

This interesting device depends for its op-
eration upon the fact that an iron-alloy core,
similar to that used in transformers, can, so
to speak, pass only a limited number of mag-
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netic force (flux) lines per square-inch of
cross-section area. When such a core has been
filled with magnetic flux it becomes very diffi-
cult to force any more to pass through it.

The heavy alternating current to the load
is made to pass through the load winding
(see Fig 7), while a small, possibly slowly
changing unidirectional (de¢) control current
passes through the control windings. Be-
cause the two control windings consist of the
same number of turns effectively wound in
opposite directions, the heavy load current
induces equal but opposite voltages into each
winding, which thus effectively cancel-out in
the control circuit. By this means, effective
electrical isolation is maintained between con-
trol and load circuits. On the other hand, the
control currents may still magnetize the core,
and exert control action.

A more easily understood schematic dia-
gram of a simple magnetic amplifier circuit
is shown in Fig. 8. Assume that the control
resistor is of such high resistance that neg-
ligible current flows through the control
winding. The ac load current then flows
through the load winding, developing a large
and constantly changing magnetic field within
the iron core. This continually changing mag-
netic field induces an opposing ac voltage
back into the turns of the load winding. This
opposing, self-induced voltage subtracts from
the ac generator voltage, thus, reducing the
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current in the load circuit to a small number
of amperes. In other words, the load winding
acts as an efficient “choke coil” in the ac load
circuit, opposing the flow of current therein.

But now let us pass a small current through
the control windings. This current now adds
a second set of magnetic flux lines to those
present due to the load current. But, as we
have just said, the iron core can only contain
a certain maximum number of total magnetic
lines. Since an appreciable amount of the
core’s magnetic capacity is now being used by
the de control flux, the ac load current can
no longer produce as great a changing field
within the core as formerly. Since the oppos-
ing voltage induced with in the load winding
is directly proportional to its own changing
field, and this must be appreciably less than
formerly, the load winding’s “choking” effect
is less, allowing more load current to flow.

Increasing the steady current further leaves
still less “space” within the core for the
changing flux about the load coil, so the
choking-effect of the latter is reduced still
further. Finally, we may increase the control
winding current to the point where it almost
fills, or “saturates” the iron core. Then, even
though the ac load current is still changing
as rapidly as before, it can produce little or
no changing flux within the coil.

Thus we see that the magnetic amplifier is
really nothing but a variable choke coil,
whose current-opposing effect is at the direct
control of a small direct current in the con-
trol windings. Though relatively slow in re-
sponse, it is a powerful amplifier, finding
much use in multi-kilowatt applications. By
its use, thousands of horsepower involved in
the rolling-mills of a large steel plant may
be perfectly synchronized and controlled in
an automatized steel-plate production system.

Of course, numerous improvements are
possible, and are frequently applied in mag-
netic amplifier practice. By inserting a recti-
fier, or electrical “one-way valve” between
the control source and the control windings,
a magnetic amplifier may be made to amplify
low-frequency ac control signals. Also, a
feedback circuit by which some of the out-
put power is reapplied to the input circuit,
may improve the action and response-speed
of the device. Where its inherent slowness
is not a disadvantage, the magnetic amplifier
is certain to find increasingly wider use, since
it is the simplest, longest-lived (practically
immortal), most rugged high-powered am-
plifier we have available at present.
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BATTERY CLIPS

HIS super-small set can—honestly—be called
a Wrist, Clip-On, or Pendant Radio; its mi-
nute size lends itself to these applications with-
out forcing the name upon it as is done so often
with sets that should have been labeled Pocket
Radios Only. It’'s one-third smaller, and 75%

Left, the versatile curl clip is fastened to the

components.

lighter, than a diminu-
tive hearing aid whose
manufacturer advertises
his unit as tiny enough
to be hidden in milady’s
hair. Only slightly larger
than a book of paper
matches, it still has up
to twice the volume and
selectivity of ordinary
transistor or transistor-
diode circuits.

In spite of its tiny di-
mensions, all parts for
the set are readily avail-
able. The polystyrene
plastic case yowll find
on the ‘““Cosmetics”
counters of any dime
store. There also you’ll
find the wversatile clip
which attaches to the
case. The trade name is
“Lady Ellen Curl Clips.”
Get the 1%-in. size.

For the chassis, we
used a 1746x11%g in. piece of linen
impregnated Bakelite. Thin fiber or card-
board can also be used. Lay out and
punch the 14¢ in. holes (Fig. 2A) with
a paper punch and pierce the 145 in.
holes for diode and transistor with a
needle. If you use cardboard for the
chassis, dip it in shellac, remove and
allow to dry after making mounting
holes. Repeat if necessary to give the
cardboard the stiffness that fiber or
Bakelite has.

Insert the germanium diode and tran-
sistor “pigtail” leads into their mount-
ing holes and bend to right angles on
the underside of the chassis (Fig. 3).
This gives rigidity to circuit components without
resorting to ultra-miniature clips and sockets.

Make the battery clips from strips of brass,
copper or tinplate as in Fig. 2B. To hold the
brass cap end of the battery securely, dent or
dimple one of the clips with a 15-in. flat punch, or

washer. Holes in end
clips and antenna coil.
chassis. Virtually all
pigtail leads of circuit
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MATERIALS LIST—WRIST RADIO
Description

Plastic utility box, 21/ x 134 x 73 in.

Generai purpose diode (1N34, 1N66, 1N48, or 1N65)

Transistor (CK-722, RR-38 or 2N107)

Ferrite antenna coil (Miller, Stanwyck, Grayburne, etc.)

Ceramic fixed capacitor (120 mmf. to tune 1590-880 ke.;
220 mmf. to tune 880-550 kc.)

Pair standard magnetic headphones, or miniature earphone (D.C.

resistance should be 2000 ohms minimum)

Miniature flashlight battery (Ray-0-Vac #716 or any other

size N 115 v. cell. If mercury type cell should he used, note

that cap is minus, not plus as with regular batteries)

Tube pin contacts salvaged from octal wafer socket

2-56 x /g in, hrass machine screws and huts

4-40 nut or 4-40 knob for tuner screw

Smail alligator clip (or “frictional” paper clip)

3 ft. length light, flexible hook-up wire

“Lady Ellen” curl clip, 175" size
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machine screw. To prevent the smooth, zinc shell
end of the battery from sliding out of position,
pierce the other clip with a prick punch or nail.
Fasten the battery clips to the chassis with 2-56
machine screws and nuts not more than s in
long and the phone clips with 2-56 screws.

The set uses either standard-size or hearing-
aid-size magnetic phones. Standard-size phones
have cords fitted with tips, but with the minia-
ture phone you'll have to add them. To do this,
carefully remove about %4 in. of the insulation
from the cord to expose its tinsel conductors.
Then place a common pin parallel with the tin-
sel conductors, and bind pin and tinsel together
with a single strand of ordinary stranded fixture
wire, snip off the protruding end of the pin and
solder.

Suppose you use standard-size phones—then
what about the jacks we used? Well, these are
nothing more than the pin clips used in cheap
octal wafer tube sockets.
of them if you don’t have an old socket from
which you can salvage the 3 used in this project.
If your standard-size phone tips don’t fit, simply
compress the clips with a pliers until they do.

Except for the coil connections, wire all com-
ponents on the underside of the chassis with the
transistor and diode pigtail leads (Fig. 3); sep-
arate hook-up wire is not required. When
soldering to the screw terminal points, use a
thumbnail-size wad of wet cleansing tissue
pressed over the pigtail lead so that heat is not

A 5¢ socket yields 8-

Set with case open. It measures only 2lax134x74 iIn.

transmitted up into the diode or transistor. Just
as soon as the solder sets, move the wad over
the hot connection so that it will cool rapidly.
This protects transistor and diode from damage.
Electrical connections are shown in Fig. 4;
physical connections, in Fig. 5.

In order to provide the most efficient match
between the high-impedance resonant circuit of
coil and capacitor and the low-impedance diode
detector—which, in turn, feeds into the low im-
pedance transistor—the ferrite slug-tuned an-
tenna coil is tapped 16 turns from the outside
end of the winding. Using the coil shown in
Fig. 3, which has a progressive type winding,
you needn’t count off turns; just unwind 21
inches of wire. This is equal to 16 turns. Care-
fully scrape off the cotton insulation and form
a small loop, then rewind the coil wire as closely
as possible into its original space and pie-layer
arrangement and reconnect the end of the coil
to the terminal lug, No great harm will result,
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however, if you “scramble wind” the turns back
on the coil form.

With two short lengths of light stranded, plas-
tic-covered hook-up wire, connect one coil lug
and the tap to chassis components. With a third
length, connect the inside coil lug to another
octal socket clip. This is the antenna connec-
tion. A 3 ft. length of wire fitted with a small
alligator clip and brass weatherstrip nail or
phone tip attaches to it. Removed from the set
when not in use, this type of antenna eliminates
dangling wires.

A fixed ceramic capacitor connected across
the coil lugs completes the wiring. Its value will
depend upon stations operating in your area. If
stations tune in between 1590 and 880 kc., the
value of the capacitor should be about 120 mmf.
To tune from 880 kc. to the top of the dial, 550
kc., use 220 mmf. Solder a 4-40 brass nut to the
end of the threaded coil slug, or a small bakelite
knob with a 4-40 lock nut, to turn the coil’s
tuning slug in and out.

When testing the set before installing in its
case, attach the alligator clip to the finger stop
or metal box of your telephone. If wiring is cor-
rect, and the correct size capacitor for your area
is across the coil, you may find that powerful
local stations are so loud that the earphone is
overloaded and reception distorted. If this hap-
pens, remove the alligator clip from the phone.
The volume will still be loud, but the set will
be free of distortion—and quite selective.

Try the antenna clip on metal lamp Lases,
screens, bedsprings, ete., but you will probably
find you can let it hang free and still get good
reception.

With the set tested, it’s ready for mounting in
the case. Drill two 14-in. holes for the phone
clips and a %¢-in. hole for mounting the tuning
coil (Fig. 1). Drill a 144-in. hole in the back of
the case for securing the curl clip and slip a
3a-in. dia. washer over a 2-56 screw and clamp
the clip between washer and case. The chassis
with its wiring friction-fits in the case.

The antenna lead passes through a niche filed
between case lid and cover. (Fig. 6.) When not
in use, it’s tucked inside. Since the case is
transparent, a snapshot, colorful floral print or
decal can be inserted under the lid when the
set is u