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“Worlds Hi-Ei & Electronics Center”

LAFAYETTE Radio ELECTRONICS

- Cut out and Mail Coupon for FREE Lafayet-e Catalog

DEEG-6 Please rush free copy of 1865 Catalog
. Name L . PN
Address _____ sy Mg

= u

C)N\CS

Dept. DEEC-6, P.0. Box 10, Syosset, LI, N.Y. 11781

H

111 Jencho Turnpike
Syosset, Long Island, New York

OTHER LOCATIONS

NEW YORK—45th St.
© 71 \est 45 St.
. BROOKLYN, NEW YORK
. 2265 3edford Avenue

NEW YORK, NEW YORK

© 17 Union Square W.

{cor. 15 St.)

JAMAICA, NEW YORK
165.08 Liberty Avenue

| SCARSDALE, NEW YORK

© 891 Central Avenue

BRONX, NEW YORK
542 E. Fordham Road

. MT. RAINIER/

HYATTSVILLE, MD.

' 3191 Queens Chapel Rcad

s TV Tubes and Parts .
e Electronic Parts e

» Test Equipment o
» Qitizens Band s
s Tools iy

» Ham Gear L -

» Steree Hi-Fi o

s Tape Recorders

e Walkie-Talkies
¢ Auto Accessories !

CATALOG NO. 6 6 0

Featuring Everything in Electronics for
» HOME « INDUSTRY LABURATORY

FALLS CHURCH, VA.
Plaza 7 Shopping Centzr
NEWARK, NEW JERSEY
24 Central Avenue
PLAINFIELD, NEW JERSEY
139 West 2 Street
PARAMUS, NEW JERSEY
182 Route 17 bl
WEST HARTFORD, CONH.

Bishop's Cor. Shop. Center =

HAMDEN, CONN. B
Hamden Plaza Fil
BOSTON, MASS. v
584 Commonweaith Avesne i =
NATICK, MASS, b

1400 Worcester Street
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Cast your ballot for a successful future!

ACCOUNTING
Accounting for Business

Programmers
Accounting (Canada)
Auditing
Business Law
Cost Accounting

Review

Estate & Trust Accounting,
Executive Accounting
Federal Tax
General Accounting
Industrial Accounting:
Junior Accounting
Legal Accounting
Office Accounting
Personal income Tax &

Social Security
Practical Accounting
Public Accounting

Smali Business Accounting

Starting & Managing a
Small Bookkeeping
Service

ARCHITECTURE
AND BUILDING
Arch. Drawing & Design
Architecture

Building Contractor
Building Estimator
Building inspector

Automobile Technician
Automotive Mechanic
Diesel-Gas Motor Vehicle:
Engines
BUSINESS
Advertising
Basic Inventory Control
Business Administration
Business Management &

Structural Engineering

| -Surveying and Mapping

Water Works Operator

DRAFTING
Architectural Drafting
Design Drafting
Drafting Technology
Electrical Drafting
Electrical Engineering
Draﬂing
ic Drafting

Marketing
M t &
Production
Canadian Business Courses
COBOL Programming
Condensed Busigess
Practice
Direct Mail & Mail Order
Adverlising
Industrial Psychology
Magazine & Newspaper
Advertising
Managing a Small Store
Marketing
Marketing Research
Modern Executive
Management
Oftice Automation
Office Management
Programming for Digital
Computers
Programminz the IBM 1401

Building,

‘Garpenter-Buiider

Carpentry & Millwork

House Planning & Interior

psign

Mason

Painting Contractor

Readmz Arch. Blueprints

Review in Arch. Design &
Practice

Review of Mech. Systems
in Buildings

ART
Amateur Artist
Commercial Art
Commercial Cartooning
Interior Decorating
Qil Painting for Pleasure
Show Card & Sign Prod.
Show Card Writing
Sign Painting & Designing
Sketching & Painting,
AUTOMOTIVE
Automatic Transmission
Specialist
Automobile Body Rebuilding
& Refinishing
Automobile Electrical Tech..
Automobile.Engine Tune-Up

Purx:hasmg Agent

Retail Business
Management

Retail & Local Advertising

Retail Merchandising

Retait Seliing

Systems and Procedures
Analysis

CHEMICAL

Analytical Chemistry

Chemical Engineering

Chemical Engineering Unit
Operations

Chemical Laboratory Tech.

Chemical Process Operator

Elements of Nuclear Energy

General Chemistry

Instrumental Laboratory
Analysis

CIVIL

ENGINEERING

Civii Engineering

Construction Engineering

Highway Engineering

Principles of Surveying

Reading Highway Blueprints

Sanitary Engineering

Sewage Plant Operator

Introductory Mechanical
Drafting

Mechamcal Drafting

Pressure Vessel and Tank
Print Reading

Sheet Metal Layont for
Air Conditioning

Structural Drafting

ELECTRICAL

Electric Motor Repairman

Electrical Appliance
Servicing

Eléctrical Contractor

Electrical Engineering
{Power option or
Electronic option)

Electrical Engineering Tech.

Electrical Instrument Tech.

Industrial Electrical Tech.

Power Line Design and
Construction

Power Plant Operator
(Hydro or Steam Option)

Practical Electrician

Practical Lineman

Reading Electrical
Blueprints

‘ENGINEERING
( Professional)

Chemical Civil

Electrical Mechanical

Industrial Management’ for
Engineers

ENGLISH AND

WRITING

Better Business Writing

Free Lance Writing

Introductory Tech. Writing

Modern Letter Writing

Practical English;

Short Stery Writing

HIGH sCHooL

High School Business

High School (Canada)

High School College Prep.

(Arts
High School College Prep,
(Engineering & Science)

Clip coupon—and take your first hig step to real success!

I.C.S. is the oldest, largest cor-
respondence school. Over 200
courses. Business, industrial, en-
gineering, academic, high school.
One for you. Direct, job-related.
Bedrock facts and theory plus

High School General
High Scheol Mathematics
High School Secretarial
High School Vocational

LANGUAGES
(Edited by Berlitz)
French German
Italian Spanish

LEADERSHIP

Basic Supervision
Industrial Feremanship
Industrial Supervision”
Personality Development
Personnel-Labor Relations

MATHEMATICS

Advanced Mathematics

‘Mathematics and Mechianics
for Engineering

Mathematics and Physics
for Engineering

Mathematics & Physics for
Technicians

Madern Elementary
Statistics

MECHANICAL

Aircrafl & Power Plant
Mechanic

Industrial Engineering

industrial Instrumentation

Machine Design

Mecianical Engineering

Quality:Control

Safety Engineering Tech.

Tool Design

Value Analysis

PETROLEUM

Natural Gas Production &
Transmission

Oil Field Technology

Petroleum Production

Petroleum Production
Engineering

Petroleum Refinery Oper,

Pipeline Engineering

PLASTICS

Plastics Technician

PLUMBING,
HEATING, Al
CONDITIONING
Air Conditioning
Air Conditioning Maint.
Domestic Heating with
0il & Gas
Domestic Refngeratlon
Heating
Heahng & Anr Conditioning
with-Drawing
Indnstnul Alr Conditioning:

L.C.S., Scranton, Penna. 18515

practical application. Complete
lesson and answer service. No
skimping. Diploma to graduates.

Send for the 3 free booklets of-
fered here and find out how I.C.S.
can be your road to success,

Industrial Heating

Plumbing

Plumbing & Heating

Practical Plumbing

Refrigeration

Refrigeration & Air
Conditioning

Steam Fitting

PULP AND PAPER

Paper Machine Operafor

Paper Making

Pulp Making

Pulp & Paper Engineering,

Pulp & Paper Making

TEXTILES

Carding

Carding and Spinning
Dyeing & Finishing
Loom Fixing  Spinning
Textile Designing
Textile Technology
Textile Mill Supervisor
Warping and Weaving

TRAFFIC

Motor Traffic Managem;nt
Railway Rate Clei

Traffic Management

SALESMANSHIP Fﬁk’éﬁ'&:.cs
Creative flel .
Real Estate Sal hi L o ns Techn'I'gy

Sales Management
Salesmanship
SECRETARIAL
Clerk-Typist
Commercial

Legal Secretary
Medical Secretary

. Professional Secretary

Shorthand
Stenographic
Typewriting

SHOP PRACTICE

Drill Operator

Foundry Practice

Industrial Metallurgy

Lathe Operator

Machine Shop Inspection

Machine Shop Practice

Machine Shop Practice.&
Toolmaking

Metallurgical Engineering
Technology

Milling Machine Operator

Ml;wllicran Maintenance

Practical Millwrighting

Reading Shop Prints

Rigeing

Tool Engineering Techn'gy

Tool Grinder

Toolmaking

Turret Lathe Operator

Welding Engineering Tech.

STEAM AND
DIESEL POWER
Boiler Inspector
Industrial Building
Engineer
Power Plant Engineering
Stationary Diesel Engines
Stationary Fireman
Stationary Steam Eng.

Electronic Fundamenlals
(Programed)

Electronic Fundamentals
with Electr. Equip. Tr'n'g

Elsctronic Instrumentation
& Servo Fundamentals

Electronic Principles for
Automation

Electronics and Applied
Calculbs

Electronics Technician

First Class Radiotelephone

andamenlals of Electronic
Computers

General Electronics

General Electronics with,
Electronic Equip. Ti'n'g

Hi-Fi Stereo and Sound
Systems Servicing

Industrial Electronics

- Industrial Electronics

Engineering
Industrial Electronics
‘Engineering Technician
Practicat Radio-TV Eng'r'g
Practical Telephony
Principles of Radio-
Electsonic Telemetry
Principles of Semiconduc-
tor-Transistor Circuits
Radio Servicing with
Equipment Training
Radio & TV Servicing
Radio & TV Servicing with
Equipment Training
Second Class Radiotele-
‘phone License
Sound Systems Specialist'
Telephony, Electronics and
Radio Communications

| TV Receiver Servicing

TV Technician

Accredited Member,
National Home Study Council

INTERNATIONAL CORRESPONDENCE SCHOOLS I S

Dept. 1484, Scranton, Penna. 18515

{in Hawali: P.0. Box 418, Honolulu.

In'Canada: !.C.S. Canadian, Ltd.

Inother countries: 1.C.S. Worid, Ltd.)

Without cost or obligation, rush me “HOW to SUCCEED,” the opportunity booklet about the field 1 have indicated below, and a sample lesson, :
New! Special Package for Women ! Speclal training programs forindustry Convenient Payment Plan 1
Natme of the course in which you are i =
1

Name. Age. Add .
(Please indicate Mr. Miss Mrs.) Z e =
City. . State, Zip Code_ Working Hours. AMito____ Pm 1
I o f by D Is:':r:’ammgmber of US Armed Forces. =
e information on special low rates. 1
[N 1]

at New York,

office. Copyright 1966 by Science & Mechanlcs Publishing Co.
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THEORY
% 23 High-Voltage Electrical Charges
% 33 Frequency Measurement
41 All About Tape Bias
% 45 CB Selective Call
% 51 Controlling Audio Volume
% 57 Controlling Audio Tone
65 CATV Today
71 Power Transfer Theorem
77 Servicing Home Entertainment Equipment

- CONSTRUCTION
85 ‘Unitize” Your Home Brew-Projects
¢ Cover Highlights % 87 Transistorized Headphone Amplifier
% 91 6-Meter Super-Regen Amateur Receiver

Authors featured : 102 Stereo Phasometer
19 4l (D8 107 Stereo Crystal Cartridge Checker
Len Buckwalter, -
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Homer L. Davidson 2 That's a Moire
Herbert Friedman, 62 Reader Questionaire
J,Wf(Z%F/}fgi“f 63 EICO 435 Oscilloscope Test Report
A‘:‘dy A 69 Lafayette HA-230 Receiver Test Report
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Howard S. Pyle W7OE 75 B&K 1245 Color Generator Test Report
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Art Trauffer 10 NewScan

18 Ask Me Another
116 Literature Library
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IN ELECTRONICS AND ELECTRICITY
THIS AMAZING NEW SLIDE RULE
SEPARATES THE MEN FROM THE BOYS!

LOOK WHAT YOU GET. ..

YOU GET... a patented*, high-guality, all-metal
10”7 electronics slide rule. “Your computer in a
case'’. Has special scales for solving sticky reactance
and resonance problems . . . an exclusive ‘‘fast-
finder” decimal point locater . . . widely-used elec-
tronics formulas and conversion factors. PLUS . ., .
all the standard scales you need for non-electronic
computations such as multiplication, division, square
roots, logs, etc.

YOU GET ... a complete, “'AUTO-PROGRAMMED”
self-tutoring instruction course. Four fast-moving
lessons with hundreds of easy-to-understand exam-
ples and diagrams. You'll learn how to find quick,
accurate answers to complex electronics problems

. soon be your outfit's slide rule ‘‘expert”. Free
examination and consultation service if you want it
plus a Graduation Certificate! THIS COURSE ALONE iS
WORTH FAR MORE THAN THE PRICE OF THE COMPLETE
PACKAGE!

YOU GET... asturdy, handsome carrying case. It's
made of genuine top-grain leather, doubly reinforced
at the *‘weas-spots’’, features heavy duty liner for
extra slide rule protection, has a removable belt loop
for convenient carrying. *‘Quick-Flip'" cover ‘makes it
easy to get your rule in and out of the case. Stamps
you as a real “pra’’ in electronics.

NOW. . . take full advantage of what you know about
electronics and electricity . . . solve complex problems
in seconds while others plod along the old-fashioned
“pad and pencil” way!

READ WHY OTHERS CALL THIS REMARKABLE
NEW SLIDE RULE PACKAGE TODAY'S
BIGGEST BARGAIN IN ELECTRONICS.

The Editor of Popular Electronics, Mr. Oliver P. Ferrell says:
‘"Why didn't someone think of this before. The con-’
venience of having all relevant formulas imprinted right
on the slide rule saved me time the very first day!”

A student, Mr. Jack Stegleman says:
“Excellent, ! couldn't say more for it. | have another
higher-priced rule but like the CIE rule much better
because it's a lot easier to use.”

The Head of the Electrical Technology Dept., New York

City Community College, Mr. Joseph J. DeFrance says:

‘! was very intrigued by the ‘quickie’ electronics prob-
Tem solutions. Your slide rule is a natural."”

SPECIAL BONUS OFFER:

ANYONE WHO SENDS INTHIS COUPON WILL RECEIVE, ABSOLUTELY
_FREE, A HANDY POCKET ELECTRONICS DATA GUIDE.

It's a useful pocket-sized electronics “‘en-

cyclopedia” . jam-fuil of valuable- facts,

formulas and other helpful |nformat|(|1n tCar‘- H_Ec’fﬁb"’vlcs
A $50.00 VALUE FOF LESS T you''be tis "manwihthe-snsmer 1 | JATA
TI'!AN $20.00! Cleveland Institute | ===
*Under U. S. Patent #3,120,342 of Electronics $
Dept. EL-103, 1776 E. 17th St., Cleve., Ohio 44114

ACT NOW! SEND SPECIAL “NO-RISK" COUPON TODAY!

! & 3 : a

1 Cleveland Institute of Electronics l

I C|E 1776 E. 17th Street, Dept. EL-103, Cleveland, Ohio 44114 GH'" . I

I Please send FREE illustrated Slide Rule Booklet and FREE Pocket Electronics Data Guide, BOTH FREE! [
|

} NAME =T ELECTRONICS 1

|  apoRess COUNTY. F }

i

| o STATE 1P, : SLIDE RULE }

|

A leader in Electronics Training...since 1934 e

L e e e e e e e e e e e e e e e e e e e e e e et e e e e i 5 e e ]
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Get Your First Class Commercial

F.C.C. LICENSE

and earn your

A.S.E.E. DEGREE

Grantham School of Electronics can pre-
pare you quickly for a career in electronics.
In 4 months you can prepare for employ-
ment as a communications technician, or
in 8 months as a television technician, or
in 18 months as a highly-trained electron-
ics technician holding an Associate in Sci-
ence in Electronics Engineering degree.

The Grantham degree curriculum is de-
signed in such a manner that the first se-
mester (first 4 months) prepares you for a
first class F.C.C. license and for technical
employment in communications—or that
the first two semesters prepare you for em-
ployment as a television broadcast or serv-
ice-shop technician. Therefore,
should decide to discontinue Grantham
training at any time after the first semester,
you can still enjoy a profitable career in
electronics.

Daytime and evening class schedules are
available. Also, F.C.C. license preparation
and other degree-credit courses are avail-
able by correspondence instruction. How-
ever, no more than three semesters of the
degree credit may be earned by corre-
spondence.

Get complete details by writing or tele-
phoning the schoo! at one of the addresses
listed below. Ask for Catalog EE-6.

Grantham
School of Electronics

1505 N. Western Av., Hollywood, Cal. 90027
(Phone: HO 9-7878) .

or

818-18th St., NW, Washington, D. C. 20006
(Phone: 298-7460)

if you |
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ST awaits
CHRISTY-TRAINED
TV & ELECTRONICS
TECHNICIANS in the

CORNERS OF
THE WORLD o

CHRISTY OFFERS ,
COMPLETE TRAINING |27 - >0 %

Big pay, interesting work, and speedy success await the man who is thoroughly trained in all
branches of electronics. The Christy Master Shop-method Home Training Course enables you to
obtain this knowledge without leaving home — and without leaving your job. You learn radar,
sonar, television, radio, and industrial electronics. What's more, you learn them thoroughly — step
by step, from the first basic principles right up to the most advanced equipment and techniques
known today. This complete, comprehensive training means that more jobs will be open to you
and that you will receive higher pay. Christy training is the best because it's the only complete
course. Why be satisfied with less? . ., it's your future that's at stake!

YOU GET 19 TRAINING KITS! With your complete Christy Master Shop-method Home Traine
ing Course we send you a Multi-tester, Oscillator, Signal Tracer, Oscilloscope, Signal Generator,
Electronic Timer, Regenerative Radio, 27-inch Television Set (optional) and other valuable
equipment. This equipment makes your training clear, simple, and easy to understand. You work
with your hands . . . you learn in the most practical, thorough way possible—by doing. In a few
months of simple home study using the Christy system you learn what used to take years of hard
work to master, Just put in a few hours of your spare time each week and before you know it
you're ready for a BIG-PAY job as an Electronics Technician or for a profitable TV repair business
of your own.

CHRISTY TRADES SCHOOL, INC., Dept. T-2Y 3214 W. Lawrence Ave., Chicago 60625

EARN AS YOU LEARN MAIL COUPON TODAY!

,
You wen't have to worry about i CHRISTY TRADES SCHOOL, INC.

payments because the Christy method ! peny T-2Y 3214 W. Lawrence Ave., Chicago, 111, 60625

enables you to begin s one Please send me, without cost or obligation, your 3 FREE BOOKS
earning money after OHIY t telling all about the CTS Master Shop-Method Home Training
a few hours. Course in radar, sonar, television, radio, and electronics, and twe

sample lessons.
3 FREE BOOKS

give full facts. Write
for them today.

----- ; == | AGE
| ADDRESS - .
P CITY. STATE ZONE
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GIVE HIGH
AND LOW HEAT

(Only Weller Soldering Guns have it)

This exclusive Dual Heat feature permits instant
switching to either of two soldering tempera-
tures. There's low heat for most of your elec-
tronic soldering, yet high heat is immediately
available when you need it.

Weller guns also reach full soldering tempera-
ture up to 40% faster than other guns. They
deliver more heat per rated watt, resulting in
the greatest soldering efficiency.

This is why professionals insist on Weller. Be
sure you do, too.

Weller Dual Heat Guns and Kits come in watt-
age ranges from 100 to 325, priced from $6.95
to $12.95 list.

WELLER ELECTRIC CORP., EASTON, PA.

In England: Hersham, Sussex.

WORLD LEADER IN SOLDERING TECHNOLOGY

10

Pot with Light Control

Electrical isolation of remote controlled po-
tentiometers looms as a significant circuit appli-
cation now being developed at the General
Electric Tube Department engineering labora-
tories. Photoconductive cells with their own
light sources are sealed inside their metal cases
with the light source next to the photosensitive
surfaces, permitting the cells to be operated as
variable resistors by changing the voltage on
the tiny lamps enclosed. Varying the lamp
voltage raises or lowers the lamp brilliance and
thus controls the resistance of the photocon-
ductive cells.

Photocell-lamp (PC-L) combinations can
eliminate the need for motor-driven potentiom-
eters or long, shielded “in-circuit” remote con-
trol cables. Another significant advantage is
that they do not develop scratch noise common
in mechanical potentiometers. Such scratch
noise is caused by friction and wear between
the moving contact arm and resistive surface
of the mechanical potentiometer.

Though PC-L combinations are not unknown
in the industry, the General Electric models

General Electric's new photocell has
its own sealed-in light source.

High reliability lamp permits cell
to operate as a variable resistor,
with changes of voltage on the lamp.

ELEMENTARY ELECTRONICS



CIRCUITS AT HOME i
with the New Improved $
PROGRESSIVE RADIO “EDU-KIT”® ‘
A Practical Home Rado Course

Now Includes
% 12 RECEIVERS
% 3 TRANSMITTERS

% No Knowledge of Radio Necessary
s % No Additional Parts or Tools Needed
. WAVE
: s?eu AR fgg:nuon % EXCELLENT BACKGROUND FOR TV
% AMPLIFIER b'd SCHOOL

% SIGNAL INJECTO .
: CODE OSCII.I.ATORR v Sold In 79 Countries

YOU DON'T HAVE TO SPEND
HUNDREDS OF DOLLARS FOR A RADIO COURSE

The *“Edu-Kit'* offers you an outstanding PRACTICAL HOME RADIO COURSE at &
rnck bottnm price. Our Kit is designed to train Radio & Electronics Technicians, making

of the most modern methods ol home tralning. You will learn radlo meory, COnnruc-
llon nractlc(' and servicing, THIS 1S A COMPLETE RADIO uns DETAIL.

You will learn how to build radios, uslng rezular schematl‘s. ho wlre and solden
in a prolessxnnal manner; how to service will work with the standarﬁ type of

ched al chassis as well as the Iatest developmem of Printed Clrcuit chassis

Yo wi I earn the basic prlnc-ples of r ou will construct, study and work w
RF and AF amplifiers and oscillators, detecto rect Iluers, test equipment, You will learn
and practice code, using the Progressive Code Oscillator. You wﬂl learn and practice
lrouble-shnn“nz. using the Progressive Signal Tracer, Progressive Signal Injector, Pro=
fresslve Dynamic Ra Ejectronics Tester, Square Wave Generator and the accompany«
ng Instructional mate

ou will receive trammg for the No Technician and General Classes of F.C,C. Radio
Amateur Licenses. You will build Recelver, _Transmitter, Square Wave Generator, Code
Oscillator, Signal Tracer and Signal Injector circuits, learn how to operate them. You
will receive an exceilent background for television, Mi-Fi d Electronics.

Absotutely no previous knowledge of radio or science is required. The ‘'Edu-Ki
the product of many years of teaching and engineering experlence The "Edu-Klt" wull
provide you with ucation in Electronics and Radio, rth man hmes the iow
price you pay The Si nal Tracer alone worth more than the rice of the

THE KIT FOR EVERYONE

You do not need the slightest background ages and backgrounds have successfuliy

In radio or science, Whether you are inter- used the ‘*Edu-Kit’' in more than Coun«

ested in Radio & Electronics because you tries of the worid. The ‘‘Edu-Kit’’ has been

a carefully designed, b

you cannot make a mist:

allows ynu to teach yourself at your own
rate. No Instructor is necessary,

it e
any thousanns ol individuals of al

PROGRESSIVE TEACHING METHOD

'l‘he Progressive Radio *‘Edu-Ki is the foremost educational radio kit in the
d is universally accepted as the standard In the field of electronlcs training. The "Edu-
Klt" uses the modern educational principle of ‘‘Learn by
learn schematics, study theory, practice trouble shoohnz—all

by exal mln ng the varlous radlo parts of the ‘‘Edu o
hese parts. Then you build a slmnle radio. wm. this ﬂrw
Wi |Ist ng to regular broadcast stations, learn theory, practice testing
and trouble-shoot ng. Then you build a more advanced radio, | more advanced theor!
and technigues. Gradually, in a progressive manner, and at { ur own rate, you wil
ﬂnd yourself constructmg more advanced mulitl-tube radio circults, and doing work like a

Radio
“"Inecluded in me “Edu-Knt" course are Receiver, Transmitter, Code Oscillator, Signal
Tncer. Square Wave Generator and nal Injector Circuits. These are not unprofessionai
“breadboard’’ experiments, but genuine radio circuits, constructed by means of professional
wiring and soldering on metal chassis, plus the new method of radio construction known
as ‘“‘Printed Circuitry.”” These circuits operate on your regular AC or DC house current.

THE "‘EDU-KIT"' IS COMPLETE

ou will receive ail parts and instructions neoessary to build twenty different radio and
ectronics c:rc its, each guaranteed to operate. Our Kits contain tubes, tube sockets, vari-
electrol’ mica, ceramic and paper dielectric condensers, resistors, tie strips,
@, Punched metal chassis, Instruction Manuals, hook-up wire, solder,
ifiers, coils,_ volume controls and switches, etc.
you receive Printed Circuit materials, including Prm!ed Circuit chassis,
and instr ou also r useful set of tools, a
snldermg iron, and a self-powered Dynamnc Radio and Electronics
includes Code Instructions and the Progressive Code Osciilator,
.C.C. ng. You will also receive lessons for
ng with me Progressive Signal Tracer and the Progressive Signal ln)ector. a ngn

BUILD 20 RADIO

Trainin

|  FREE EXTRAS

Reg. U.S.
Pat. Off.

Eloctronics Technicians Since 1946

SOLDERING [IRON
ELECTRONICS TESTER

PLIERS-CUTTERS
VALUABLE DISCOUNT ’CARD
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PRINTED CIRCUITRY

s

e

[ SERVICING LESSONS |

You will learn trouble-shooting and
servicing in a progressive manner. You
will pracllce repairs on the sets that
you construct. You will learn symmoms
and causes of trouble in home, portable

e:
the ‘‘Edu
will helD you with any technical prol
lems you may have.

FROM OUR MAIL BAG

J. Stataitis, ol 25 Poplar Pi., Waters
ury, Conn., wr “I have palred
several sets for m " friends, an. ade
The ‘’Edu- l("fald for Itsell. 1
0 for a Course,

Radio-TV Club.'*

obert L. Shuff, 1534 Monme Ave.
Huntington, W. Va.: ‘‘Thought | would
drop you a few lines to say tha t I re-
:eiveJ my Edu-Kit, and was real Iy amazed
hat such a bargain can be at such

friends were really surprise to
'et into the swing of it so quickly. The

ide and a Quiz Book. You receive Membership Radio-TV Club, Free C
tion Service, Certificate of Merit and Discount Privileges, You receive all parts, tools,
instructions, etc. Everything is yours to keep,

[_PRINTED CIRCUITRY | || ¢

At no increase in price, the ‘‘Edu-Kit”
now includes Printed Circuitry. You build
a Printed Circuit Signal Injector, a unique
serviclng instrument that can detect many
Radio and TV troubles. This revolutionary
new technique of radio construction is now
beenmmn popular in commercial radio and
TV sets.

A Printed Circult is a special insulated
chassis on which has been deposited a con-
ducting material which takes the place of
wiring. The various parts are merely plugged
in and soldered to terminals.

Printed Clrcuitry is the basis of modern
Automation Electronics. A knowledge of this
subject 13 a necessity today for anyone in-
terested in Electronics.

[J Send “Edu-Kit" postpaid.
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>
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1 ““UNCONDITIONAL MONEY-BACK GUARANTEE

1 enclose full payment of $26.95.
O Send ‘““Edu-Kit” €.0.D. 1 will pay $26.95 plus postage.
O Rush me FREE descriptive literature concerning “Edu-Kit.””

PROGRESSIVE “‘EDU-KITS”
1186 Broadway, Dept. 511DJ, Hewlett, N. Y.

ester that comes with
Kit s reafly swell, and finds the
-rouble. if there is any to be found.'’

—====
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ORDER FROM AD—RECEIVE FREE BONUS

RADIO & TV PARTS JACKPOT WORTH $15

INC.
11557
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FQUNDED 1899 NOT-FOR-PROFIT

COYNE
ELECTRONICS
INSTITUTE

Electronics Engineering Technology = = Dégree (2 Yrs.)
Electrical-Electronics Technici Dipl (40 Wks.)

TV-Radio-Electronics Technician = Diploma (40 Wks.
Combined Electronics Technici - Dipl (80 Wks.
Practical Electrical Maint —  Diploma (32 Wks.)
Practical Refrigeration Air Conditioning

and. Appliance Repair - Diploma (24 Wks.)
Specialized Industrial Electronics —  Diploma (16 Wks.)
introduction to Electricity-Etectronics — Certificate (8 Wks.)
FCC First Class Radiotelephone —  Certificate (100 Hrs.}

Special finance
plans. Part time
employment service
while in school. Also
Free graduate em-
ployment service.

T e i Bt Bt Bt et et Bt i B i ——'-—-,-,1

Use this coupon to get our FREE BOOK
“YOUROPPORTUNITIES IN ELECTRONICS”

COYNE ELECTRONICS INSTITUTE, Dept. of Electronics 36-F
1501 W. Congress Parkway, Chicago, llinois 60607

Address. . Phone.

City. . Zone._ State
Unlike most.other schools, we do nos employ salesmen
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THE BIG BOAT SHOW ISSUE OF

BOATCRAFT

is now on sale—$1.00
BOATCRAFT'S experts pick the 10 top boats
—the 25 outstanding accessories for '66.
Subscribe to this exciting publication. 6 big
issues for $5.00—Write, BOATCRAFT 505
Park Avenue/New York, N. Y./10022
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feature excellent seals for protection against
moisture and the use of tiny aireraft-type lamps.
These high-reliability lamps measure about one-

| eighth inch in diameter and one-fourth inch

long. Both 3-volt and 28-volt lamps are being
used in the developmental PC-L units.

Isolation of control circuits from functional %
circuits also is particularly helpful in audio ]
feedback and compression circuitry. Engineers
at the General Electric laboratory in Owens-
boro, Ky., say, too, that PC-L’s are being con- L
sidered for use in ballast controls and to sim-
plify wiring in learning machines.

In the G-E types under development, re-
sistances range from as low as approximately
95 ohms with the enclosed lamps at full bril-
liance to “dark resistances” of about 1 megohm.

The cadmium sulphide photoconductive ele-
ments of G-E’s developmental PC-L’s have
maximum dissipation ratings of 30, 50, 100 and
350 milliwatts, Cadmium selenide elements
also can be provided for applications where fast
response is critical. PC voltage maximums
are either 30 or 60 volts, again depending on
type. Either neon or incandescent lamps can
be enclosed to meet specific requirements of
circuit and equipment designers.

One unusual PC-L unit has two 5-volt lamps
enclosed, permitting the PC resistance to be
varied by either or both of two isolated lamp
circuits.

Two Bucks to Mars

A two-dollar strip of magnetic instrumenta-
tion tape was used to bring home to the world
the “awe inspiring” photographs of the planet
Mars. Mariner Four, the spacecraft that flew

by the red planet July 14, was launched from &

Cape Kennedy November 28, 1964, During its Y
¥
g‘

Unique recorder captured "near per-
fect" photos of Mars on 3M magnetic
instrumentation tape. During manu-
facture, engineers passed the tape
through 100 quality control tests.

ELEMENTARY ELECTRONICS



AOM-100X : AOM-200 Series

INTERNATIONAL AOC

MULTIVIBRATORS...

AOM-100 Series AOM-301

B FREQUENCY MEASURING ® BAND MARKERS
B GENERATING ACCURATE TIMING PULSES

AQOC Multivibrators are free running saw-

tooth oscillators designed to lock on a UNIT DESCRIPTION PRICE
stabilized signal source for division of 10. AOM-101

Multivibrator units may be obtained in a 28“%85

number of combinations or single units. AOM-104

Each multivibrator has isolation amplifier AOM-105

to stabilize lock. Complete series allows eI

AOM-201 100 k¢ and 10 kc...

1,000 ke crystal to produce a 1 cycle per AOM-202 10 ke and 1 ke

second pulse. Both 1,000 kc and 100 ke AOM-301 100 cps, 10 cps, 1 cps.... 49.50
crystal oscillator units are available. AOM-100X 100 kc oscillator.......... 32.50

AOM-1000X 1,000 kc ascillator 32,50

Crystal oscillators AOM-100X and AOM-
1000X provide a stabilized signal source to
drive the multivibrator chain. Each oscilla-
tor has regulator tube and crystal oven to
insure maximum stability. Short term sta-
bility, 1 part in 103,

CRYSTAL MFG. CO, INC.

18 NO. LEE - OKLA. CiTY, OKLA, 73102
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UNUSUAL BARGAINS

...MANY U.S.GOV'T SURPLUS
EXPLORE THE FASCINATING WORLD OF MAGRETISM

// NEW 23 MAGNET VARIETY KIT
/ 152

11 SHAPES! MANY COMPOSITIONS!
Ever ripen tomatoes by magnetism—paint pictures
using magnet as a brush and iron flings as paint?
Surprising ncw ideas and uses for the bewilderin

forces of magmnetism are coutinually discovered.
Here, in one low-cost kit, you can learn and ex-
periment with varled materials that obsoleted
Magnetite—the natural magnetic ore. Terrific as-
sortment includes ferrites, ceramics, flexible rub-
ber, alnico in every shape imaginable—up to 20
1bs. pull. Used evely day in the modern wonders
of magnetic microphones . . . magnetic processing of bank checks
. . . memory cores for electronic computers, flow meters, immense
generators, transformers, motors, ete. All kinds of practieal everyday
uses, too. Make tool and knife holders. pick-up tools, bulletin boards,
automatic stirrers, magnetic pames and puzzles. Your own ingenuity
can produce dozens of innovations—perhaps patentable.

Sizes range from 34” x 7/16” x 7/16” to 3” x 37 x 1/32". Tncl:t
alnico w/handle, C-shaped alnico, three—2 sided ceramic, flexible
strip, alnico bar, ceramic, alnico disc w/center hole, 1g. alnico
eyl, sm. alnico cyl, flex. sheet, 2 baby alnico bar, 3-channel-type
pole pieces for Emi. ceramic magnets, bar magnet keeper, 2 disc
magnet keepers, compl. info. and inst.

Stock No. 70,780-EK........... ...$5.00 Ppd.

SOLVE PROBLEMS! TELL FORTUNES! PLAY GAMES!
NEW WORKING MODEL DIGITAL COMPUTER

ACTUAL MINIATURE VERSION.
OF GIANT ELECTRONIC BRAINS
Fascinating new see.through model computer
solves probl ec
fundamentals. Adds, subtracts, muitiplies,
shifts, complements, carries, memorizes, counts,
compares, sequences. Attractively colored, rigid
& plastic parts easily assembled. 127 x 31427 X
4347, Incl, step-by-step assembly diagrams.
a2-page instruction book covering operation. computer language
(binary system), programming, problems and 15 experiments.
...$5.98 Postpaid

Stock No. 70,683-EK. .. .. e ne ey

ASTRONOMICAL HEADQUARTERS U.S.A.

K{eep Pace With the Space Age
Be r‘eadghi'or tie moon shots. See the incredible wonders of the Uni.
verse. cose firom the world's largest selection of telescopes and
related equipment. Complete range of reficctors, refractors, panoramic,
terrestrial, spotting, etc., ranging from advanced precision instru-
ments to inexpensive build-your-own kits. Every accessory imaginable.
Drives, mounts, finders, mirrors, eyepieces, lenses, filters, eguipment
for astro-phatography, charts. maps, models, slides, study aids and
classroom helps., Write for Free giant catalog “‘EK."

érand New, Quick-Charge, Industrial Surplus.
NICKEL-CADMIUM BATTERY
Unparalleled Value:

For the first time a 6-volt, light-weight nickel-cadmium bat-
tery in stainless steel, strap type casing. 4 amp hour capac-
ity. Almost unlimited life—thousands of discharge-charge
f cycles with minute deterioration—charges fully in approx.
22 hr. with Edmund charger kit. Just a few drons of water per
R ear provide full maintenance. Hundreds of uses for hob<
vists, amateur photographers, campers, model builders, etc.
Unequalled for rechargeable lanterns: cycle scooters, and boat lights;
ortable fluorescent and ultra-violet lights; electronic flash units. Bat-

ry requires minimum of electrolyte; is sealed to prevent loss; de-
livers nearly 1009, of outpbut at below freezing temperatures coim-
pared to 500, by lead-acid batteries. No corrosive fumes under any
stage of recharge. Can't be damaged by accidental charge in reverse
(but not recommended). Stud type terminals on top 11/3” apar. marked
for polnritfr; 6/32 thread, nuts and lock-washers. &"x2"x4". Wt.
approx. 2 Ibs.

Stock No. 70,776-EK. . .......ceus.e.-..$15.00 Postpaid

CHARGER KIT FOR 6-VOLT BATTERY. Charges in approx. 1 hr. Shuts
off automatically. attaches to Stock No. 70,766 battery case. Includes
transformer, ballast resistors, charger circuit board, mounting hard-
ware, 8-ft. cord. plug switch, assembly instructions.

Stock No. 79,807-EK........ iavaese.e. .$58.00 Postpaid
ONE 1.2 VOLT NICKEL.CADMIUM CELL
Stock No. 40,79B-EK. ... . ..... 0o $3.95 Postpaid

NEW! STATIC ELECTRICITY GENERATOR
Sturdy, !mproved Model

See a thrilling spark display as you set off a minia-
ture bolt of lightning. Sturdily made—stands 147
high. Two 9" plastic discs rotate in opposite direc-
tions. Metal collector brushes pick up the static
electricity. store it in the Leyden jar type condenser
until discharged by the jumping spark. 24 page
illustrated booklet included.
L Order Stock No. 70,070-EK. . .$12.95 Postpaid

Order by Stock No.—Send Check or M.0.—Money-Back Guarantee
EDMUND SCIENTIFIC CO., Barrington, New Jersey

o e et e e i i e e i e, i S i

| MAIL COUPON for FREE CATALOG “EK”

EDMUKD SCIENTIFIC C0., Barrington, N. J.
Completely New 1966 Edition. 148 pages.
= Nearly 4000 Bargains.

Please rush Free Giant Catalog EK

NAME .rrevsrsstcctasesocassocssnrsnrsne

AdAresSB . eeessiisvoatoreoncnsnn

Cityeeesesmeosasese Zone,.., State..
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298-day flight, Mariner Four's 138,000 com-
ponents functioned admirably to place the
spacecraft on a path that took it past Mars at
a distance of 6,118 miles.

Photographic success of $120 million
Mariner Four program depended on
small, .thin strip of Scotch instru-
mentation tape, on which pictures
were recorded. This photo was recorded
from 7,800 miles away. Area covers
170 miles east to west, 150 miles
north to south.

More than 60 of Mariner’s subcontractors
provided 21 million dollars worth of hardware
and instruments. More than 1,000 other firms
ptovided another 19 million dollars worth of
procurements. Officials of the National Aero-
nautics and Space Administration (NASA) esti-
mate the entire cost of the Mariner Four flight
at 120 million dollars.

But in the end, Mariner Four’s photographie
success depended on the ability of that one
strip of magnetic tape—thinner than a razor
blade, not quite as wide as a pencil and about
as long as a 15-cent spool of thread—to record
and faithfully reproduce photographs of Mars,
The tape was 3M Company’s Scotch instrumen-
tation tape, which was also used in Ranger
Eight and Ranger Nine to record and reproduce
thousands of photographs of the moon.

As Mariner Four passed Mars, a single tele-
vision camera took 21 black-and-white pictures
described as “near perfect.” The pictures were
stored on the tape in digital form for later play-
back. This was necessary because, while pic-
ture data was recorded at 10,700 binary digits
per second, the radio transmission rate from
Mars was an extremely slow 8.33 bits per

EreMENTARY ELECTRONICS



YOUR NE
COPY IS
WAITING

FREE! For fun and pride in assembly, for long
years of pleasure and performance, for new ad-
ventures in creative electronics mail the coupon
below and get Conar’s brand new catalog of
quality do-it-yourself and assembled kits and
equipment. Read about items from TV set kits
to transistor radios . . . from VTVM’s to scopes
...from tube testers to tools. And every item
in the Conar catalog is backed by a no-nonsense,
no-loopholes, money-back guarantee! See for
yourself why Conar, a division of National Radio

Institute, is about the
fastest growing entry
in the quality kit and
equipment business,

AR MAIL THIS COUPON NOW IR

CONAR

CONAR

3939 Wisconsin Ave., Washington 16, D.C.
Please send me your new catalog.

Nﬂ me,
Address
City.

State Z-Code

second. The slow transmission was needed to
achieve reasonable picture quality over the 144
million miles of communications distance.

Tape length was held to 330 feet by the
recorder’s ability to operate at the extremely
slow speed on one-one-hundredth of one inch
per second.

Back on earth, the telemetry transmissions of
the photographs and engineering information
was received through 85-foot antznnas of the
deep space network and was recorded on much
the same kind of 3M tape. A 3M Mincom
recorder-reproducer was in use, among other
ground equipment, to record transmission from
the spacecraft.

Photographs were reproduced by running the
ground-recorded tapes through a video kine-
scope system in much the same manner as
Ranger Nine’s moon pictures were processed.

Although - the Mars photos were recorded
from thousands of miles out in space, they were
so clear they showed details of the Martian
surface down to about two miles in diameter.

To China with Love
Via Hopped-up Watts

Millions of watts—those tiny bits of electronic
energy that can transmit the human voice
around the world—will punch thousands of holes
in the “Bamboo Curtain” in the near future

MarcH-APRIL, 1966

Fill in coupon for a FREE One Year Subscrip-

tion to OLSON ELECTRONICS’ Fantastic Value
Packed Catalog—Unheard of LOW, LOW PRICES
on Brand Name Speakers, Changers, Tubes
Tools, Stereo Amps, Tuners, CB, and other Val-
ves. Credit plan available.

NAME.
ADDRESS.
CITY. ZONE___STATE ..

if you have a friend interested in electronics senc
his name and address for a FREE subscription also

OLSON ELECTRONICS

INCORPORATED

448 S, Forge Street Akron, Ohio 44308
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100’s OF BIG PA(
GRAMMED WITH SAVINGS

] Degt, EEX, 1012 McGee, Kansas City, Mo. 64106
l 3 Rush me FREE 1966 B-A Catalog.

| Name

l Address
l City

1P Pleuse be sure to show your le No ...........................

‘A JOB ora POST.ION

The difference is ELECTRONIC MATHEMATICS

NOW! A NEW WAY T LEARN—TI. H. 1. WAY,
A complete home study course in elecv.ronic math to |
help you get the position you want—MORE MONEY—
MORE RESPECT. ]
COURSE PREPARED BY COLLEGE PROFESSORS
who have lectured to thousands of men on math and
engineering. You learn at home quickly, eagily—AS
FAST as you want.

YOU SIGN NO CONTRACTS
Pay cnly if satisfled—you owe it to yourself to examine
the INDIANA HOME STUDY IIVSTITUTE COURSE
IN BLECTRONIC MATH
FREE BONUS—if you Jom now, a refresher course in
basic arithmetic.

Write for Brochure—No Obligution
THE INDIANA HOME STUDY INSTITUTE
Dept. EE-S, P. O. Box 1189
Panama Clly, Fla. 32402

SK2887 I'KT, 1’-Channel Ditfused plan.u' silicon Fleld Effect
DIrANSISEOTS, ATTL. oo oraor. o5 oo S1ele o) o o a0l o) o e o) ool o (ol o ele) e
2N3711/TI 419, NPN Silicon, 300 MC min., VHF, 90 hfe,
R S A I T T T
SC727 Power, NPN, 100 volt 4 watts, high' galn, w1Lh
hard. tan be used dlrect,ly off line. T.I., silicon. 1.25

TIXMO7-PNP, 360 mc, Bead type...... £
T3030, TI, P\P 150 w. 100 v. 15 amp. .
Write for Free Catalog

TRANSISTORS UNLIMITED COMPANY
482 Jericho Turnp:ke, Mineola, L.1., New York 11501
Minimum order $3.00, Postage free in U.S.A,

LEARN Elestrontcs AT H-OME
Engineering ‘ | =
Fix TV, design autom#tion systems, learn transistors, complete
electronics, College level Home Study courses taught so you can
understand them. Earn ‘more in the highly paid electronies in-
dustry. Computers, Missiles, theory and practical. Kits furnished.
Ovcr 30,000 graduates now employed. Resident classes at, ouf
Chicago campus if desired. Founded 1934. Catalog.

AMERICAN INSTITUTE OF ENGINEERING & TECHNGLOGY

11398 West Fullerton Parkway Chicago, 1llinois 60614
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to tell the uninformed peoples of Asia that
there is another way of life,

The Voice of America, the United States In-
formation Agency’s radio reporter to the world,
has contracted for the construction of a trans-
mitting “farm” in the Philippines that will beam
24-hour-a-day, seven-day-a-week broadcasts in
dozens of languages and scores of dialects in a

sweeping arc from Southeast Asia up through

Asiatic Russia.

The “barnysrd” center of this broadcasting
complex will be a building containing ten 250,-
000-watt transmission. units now under con-
struction’ by Hughes Aircraft Company at its
Fullerton, Cal facility. Surronnding the “barn”
will be a “farm” of 2,000 acres sprouting 50

or more antennas, each capable of sending its
signal as far as 5,000 miles—which reaches be=
yond the “curtain.”

Hughes engineers, who have developed and
have been refining the high power systems for

- These coil and sheath assemblies are

vital parts of a 250-thousand-watt
transmitter, 10 of which are being
built by Hughes Aircraft Company for
the U. S. Information Agency's Voice
of America for radio penetration of
the "Bamboo Curtain" from Southeast
Asia to Asiatic Russia. These unique
assemblies will simplify automatic
changes of transmitting frequency,
necessary because of varying atmos-
pheric conditions at night and day
and during different times of the
year, and can be used to avoid "jam-
ming" by other stations.

ELEMENTARY ELECTRONICS
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many years, say that the total 2%-million-watt
output of the ten transmitters is the bare mini-
mum. If it were necessary, because of at-
tempted signal jamming, it would be possible
to tune all the 10 transmitters to the same fre-
quency and direct the output at the Peking
area, pouring one billion watts of effective radi-
ated power.

The VOA’s newest penetration of the Bam-
boo Curtain will rely on “sheer brute power”
and concentrated directional beaming. Maxi-
mum power of American clear-channel AM
stations is 50,000 watts. The signal, or broad-
cast program, is omnidirectional. It is distrib-
uted in a 360-degree radius and can be received
at a distance of 100 to 200 miles. FM radio
reception, also omnidirectional, is good for
50 to 60 miles. Short-wave broadcasts, also
AM, can be tuned in at much greater distances
because they are “bounced” off the ionosphere
layer, 100 miles to 250 miles above the earth.

Although VOA operates several radio sys-
tems beamed to various countries around the
globe, engineers report that the Hughes trans-
mitters incorporated in the new complex in the
Philippines offer these additional advantages:

e Operators can push a button and, within
20 seconds or less, the transmitting of a spe-

cific program can be switched from one fre- |

quency to another.

e Occupies less space than any similar sys-
tem with comparable output.

e Higher over-all efficiency, requiring less
power input from local sources, thereby greatly
reducing operating costs.

e Remote control from as far as two miles
away, also reducing operating costs.

T’ll Drink to That!

A General Electric reliability manager
drinks water produced as a by-product
from the fuel cell batteries on test (shown
at right). These batteries will produce
electric power for the two-man Gemini
spacecraft by combining hydrogen and oxy-
gen, and deliver water for the astronauts
to drink. Rigid checks will assure the
quality of this water.

MarcH-ArRIL, 1966
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0W...a dozen foois for
ozens of jobs
12 hip

!
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ocket sel!

Really compact, this new nut
driver/screwdriver set features 12
interchangeable blades and an
amber plastic (UL) handle. All ere
contained in a slim, trim, see-tau No. 99PE-50
plastic case which easily fits hip Jncket. Broad. flat
base permits case to be used &s a hench stend.
Ideal for assembly and service werk

]
7 NUTDRIVERS: -

3/16", 7/327, 1/4", 9/32". /167,
11/32”, 3/8" hex apenings.

2 SLOTTED SCREWDRIVERS:
3/16" and 9/32" tips.

2 PHILLIPS SCREWDRIVZRS:
#t1 and #2 sizes.

EXTENSICN ELADE:
Adds 4~ reach o driving blades

HANDLE:

Shockprcof, breakproof. E:iclu-
sive, posit ve locking device
hotds blad2s fi-mly for turring,
permits easy removal

WRITZ FGR CATALOG 162

XCELITE INC. » 80 BANK ST., ORCHARD PARK, N. Y. |
Send Catalog 162 with information on 99PS-50 ]

name i
address :
city state & zone ]
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T | ] iFT
ALL TV-RADIO
reczving TUBES
ALL BRAND NEW, all at a flat discount price of
OMYL oy ot i T R S e
VR G

Virtually ali types available,
including the new color tubes.

o All Tubes 1st QUALITY
MADE IN U.S.A,

o AIl Sold on Written
24-MONTH WARRANTY

o All Orders SHIPPED 1st
CLASS SAME DAY REC'D.!

o If you know for sure which tubes are defective, order them @ $I

each, plus 25¢ postage and handling on your entire order.

¢ If uncertain which tubes need replacing, send for our FREE

leaflet ‘‘How To Save On TV-Radio Repair Costs.” This valuable

leaflet should be taped to back of your TV set, and kept handy . . .

Write today to, Dept. EE-36.

HOMEOWNER? PROSPECTIVE HOMEOWNER?
SMALL HOME PLANS, now on sale at
your newsstand—$1.25—packed with inval-
uable tips on costs, the best house for you,
plus 100 tested plans. DON’T MISS IT.

I¢’s Easier

When

Like anything else, when you know how to do some-
thing, it’s easy! And the easiest way to learn the
basics of electronics, is through the easy-to-read
pages of ELEMENTARY ELECTRONICS.
Whether the subject is test equipment, your car's
ignition system, intercom systems, electronic data
processing; whether it’s about antenna theory com-
munications or TV color operation; no matter what
the subject, if it has electronics as its basis, you’ll
find the right information, the right way to do it in
ELEMENTARY ELECTRONICS. Subscribe today.
ELEMENTARY ELECTRONICS EE776
505 Park Avenue, New York, N. Y, 10022

Begin my subscription to ELEMENTARY ELEC-
TRONICS right away. I am enclosing ...... $4.00
for 1 year; ...... $7.00 for 2 years. (Foreign: add
75¢ for postage and handling.)

Name oottt i i e it
(PLEASE PRINT)

Address ... e

City cveeveennn... 8000000 State...... Zip......

g INe
another

By Leo G. Sands

Elementary Electronics brings the know-how of an
electronics expert to jts readers. Leo G. Sands,
columnist for Radio-TV Experimenter, will be
happy to answer your question. Just type or print
your unsolved problem on the back of a 4¢ postal
card and send it to ** Ask Me Another,” Elementary
Electronics, 505 Park Avenve, New York, New
York 10022. Leo will try to answer all your ques-
tions in the available space in upcoming issves of
Elementary Electronics. Sorry, Leo will be unable
to answer your questions by mail.

The Cat’s Meow

For at least five years I have been asking
what is the frequency of the energy being
emitted by the brain which is detected, am-
plified and the resultant waveforms thereof
exhibited visually by the use of the electro-
encephalograph? I have been trying to
isolate a “brain wave” using an oscilloscope
and I am beginning to believe these emis-
sions lie beyond the frequency range of the
instrument or perhaps the instrument is not
sensitive enough. Cats react in a very pe-
culiar fashion every time I get drunk. I
would like to measure the voltage, amper-
age, wattage and frequency of the energy
which travels from my brain to the cat’s
brain. 1 would certainly appreciate any
information.

—D. D. B., Mira Loma, Calif.

My Siamese cat acts in a peculiar fashion
whenever I drink orange juice from his bowl.
The amount of energy radiated by the brain
is so minute that you need much more than
a scope. Sorry, couldn’t even make a wild
guess. Perhaps another reader might know.
But don’t worry, Pussy Cat, I know a guy
with a wooden leg and he has dog problems.

Calling CB

How can 1 modify a CB set so I can use it
for paging?
—J.C. P, Newark, N. J.

ELEMENTARY ELECTRONICS



FACTORIES ARE TURNING OUT MILLIONS OF APPLIANCES
DAILY . . . WHO WILL REPAIR THEM?

START YOUR OWN BUSINESS!
LECTRICAL APPLI

MAKE MONEY RIGHT FROM THE START

Many of our students pay for their course before they
complete it. How? Because right from the beginning
they are shown how to make actual repairs! Thousands
testify the CTS course is easy to understand.

ELECTRONIC
~ TESTING KIT
. FURNISHED

SEND FOR
FREE BOOK
... tells you
how to do it!

= EARN WHILE YOU LEARN —Ssince 1935 Christy Trades
B School has been teaching the profitable Appliance Repair business. You
§ learn by working with your hands. Your Christy Tester locates trouble, CTS
course shows you how to fix it, what to charge, how to solicit business.

! CHRISTY TRADES SCHOOL INC., Dept. A-6Y
3214 W. Lawrence Ave., Chicago, Ilinois 60625

ok on America’s fastest-growing industry,
and special form for paying from earn-

Please RUSH FREE bo
Appliance Repairing,
ings while learning.

ANCE REPAIRING

READ WHAT MR. PIPPIN SAYS!
Mr. Marion A. Pippin, Decatur, Ill., writes: “’My busi-
ness is getting better all the time.” Mr. Pippin is build-
ing a real business in his fix-it shop. You can do the
same with CTS training.

SEND COUPON TODAY!

Name.

Address
City.

State

- . = o - - -

OUTPUT
TRANSFORMER

TO CATHODES OF
TRANSMITTER —
TUBES il

The speaker circuit of a typical CB set is
shown in the left drawing of the two sche-
matics. When the transmit-receive relay (or
switch) S is in the R (receive) position the
speaker is connected. In the T position, the
speaker is disconnected and the cathodes of
the transmitter tubes are grounded.

To modify this circuit for paging an s.p.d.t.
switch is added and the circuit is rewired as
shown in the right schematics. Here S1 is
the transmit-receive relay (or switch) and
S2 is the added switch. When S2 is in the
“normal” position, the set operates as before.
When set to the PA position, the set’s own
speaker operates when receiving and the ex-
ternal paging speaker operates when the
transmit switch is pressed, But, the transmit-
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OUTPUT
TRANSFORMER ,
[ INTERNAL
SPKR
PAGING
ag SPKR
N Tls2
NORMAL /' (PA ] ‘

TO CATHODES OF '
TRANSMITTER

TUBES

ter won’t go on the air except when S2 is in
the “normal” position and the transmit but-
ton is pressed.

Hm mm mmm
I get a lot of hum on my AM-FM radio.
Is there any way of getting rid of this hum?
I do a lot of taping from the radio.
—A. S., Cleveland, Ohio

With the tape recorder disconnected, if
the set still hums, chances are that it is due
to dehydrated electrolytic filter capacitors
or insufficient filter capacity. Try connecting
a new filter capacitor across each section of
the filter capacitor (one at a time) and note
if there is any decrease in hum. On the
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Going Camping?

See what's new in the big March/April issve of
CAMPING JOURNAL—$1

: P’N " Take a look at the
A ._ J 5 aByENL.
L

exciting, new trail-

ers and pickup
campers for 66—
all the new gear for
campers, about 100
' new products—
read the fascinating
“Camping The In-
termountain West.”

CAMPING JURNAL

505 Park Ave./New York/10022
*CAMPING JOURNAL sounds great. I'm enclosing
[0 $4.50 for 1 yr. subscription, ] $9.00 for 2
yrs. (Foreign: add 75¢ for postage & handling.)

Name

- (please print)
Address
City. State

Be

Your
Own
Boss!

Learn all about the many business opportunities
~—the ways and means of going into business—
the successful methods used to succeed in busi-
ness.

The March/April issue of INCOME OPPORTU-
NITIES will be on sale February 1. Pick it up at
your newsstand—75¢

INCOME OPPORTUNITIES
505 Park Ave/New York, N. Y./10022 EE776

I'd like to subscribe to INCOME OPPORTUNITIES.
Enclosed is $4.50 (check or money-order) for my
1 year subscription.

Name
(PLEASE PRINT)
Address
City . State Zip
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me another

other hand, if the hum is present only with
the tape recorder connected, make sure that
all of the cable shields are correctly
grounded.

Preamp Power Supply
How can 1 build a power supply for a
preamplifier requiring 125-135 volts DC at
7 ma. and 6.3 volts AC for the filament of
a 6CB6 tube?
—G. W., Toledo, Ohio
A circuit diagram is given below. Pick
diodes with a PIV (peak inverse voltage)
rating of around 350-400 volts for maximum
reliability. Mount the transformer in a metal
chassis so the heat will be conducted away.

CH! STANCOR
C-1515

——YTY Ny 4
. HI00MF
9
i R I ¥ IS0V
g
| Aoz Yo,
6.3 VOLTS
TO FILAMENT
ON-OFF  STANCOR
SWITCH  PS-8415
It Ain’t Easy

1 would like to change my 30-50 mc band
FM receiver to cover the 152-174 mc band.
Can this be done?

W.C., East McKeesport, Pa.

It probably can be done by changing the
RF, mixer and oscillator coils. Try coils with
about one-fourth as many turns. You will
need a good RF signal generator to permit
adjusting the coils (number of turns and
spacing of turns) and re-aligning the trim-
mers. You can set the tuning range limits
with the signal generator.

Be a UHF Copycat
What type of antenna is best for reception
of weak UHF translator TV stations?
F. B., Las Vegas, Nev.

A parabolic, Yagi or corner reflector an-
tenna will give you considerable gain but
must be accurately aimed at the station. Since
these antennas have relatively narrow fre-
quency range, they cannot be used to cover
the entire UHF TV band. These antennas
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are fairly inexpensive ($5 to $25).

Stick To Dry Cells

Can you draw a diagram and give me a
parts list for a power supply for a portable
tape recorder which uses two 1.5-volt cells?

1. G., Galveston, Texas

) T DC OUTPUT
> +
t +
] > L 2000MF
VAC ”, 0 T eV
© ~
o 3]
ON-OFF  STANCOR
SWITCH  P-6134

You can use a 6.3-volt filament trans-
former and a pair of diodes with low for-
ward voltage drop as shown in the diagram.
However, you might inject hum into the
tape recorder. In view of the low cost and
long life of flashlight cells, you might be bet-
ter off staying with the batteries. u

Time Shrinker

A 24-hour day shrinks to only 14 seconds
on this analog computer developed in
Honeywell’s temperature-control labora-
tories. The computer electronically simu-
lates temperature, humidity, wind, sun-
shine—even hills and trees—to help engi-
neers like Honeywell researcher Lorne Nel-
son (above) design building control sys-
tems for the future. In 24 hours’ actual
time, the computer could give a building
control system the equivalent of 17 years’
use. Devices called “function generators”
electronically duplicate changing weather
conditions; solid-state resistors and tran-
sistors simulate building shapes, sizes,
number of windows, type of construction,
even geographic location.

CAN YOU
QUALIFY FOR

FEDERAL AID?

Read how YOU can actually borrow money from the
Federal Government under a new law just signed by

the President; how the vocational-school student can -

borrow up to $3000 for tuition and other school-con-
nected expenses.

This and other helpful informa-
tion can be found in the Spring/
Summer issue of HOW TO SUC-
CEED THROUGH HOME STUDY,
ON SALE NOW at your news-
stand. $1.00

Or write the publisher for
your copy.

HOME STUDY
505 Park Avenue/New York, N. Y./10022

Please forward my copy of the Spring/Summer edition of
HOW TO SUCCEED THROUGH HOME STUDY. | am enclosing
$1.25 which includes postage and handling charges.

Name
(please print)
Address.
City. State Zip
LEARN HOW

TO ADJUST YOUR
NEW COLOR TV SET
and save money too!

In the Spring/Summer Radio TV
REPAIRS—at your newsstand
February 8th.—75¢

If you already own a color TV
set, or if you plan to buy one,
this feature story on ‘‘COLOR
TV SET ADJUSTMENTS' is im-
portant to you.

In easy-# Jerstand 1
complete with illustrations, the
money saving steps to making
color TV adjustments are ex-
plained. This and more can be
found in the new RADIO TV
REPAIRS.

RADIO TV REPAIRS/505 Park Ave./New York/10022
I am enclosing $1.00 (includes postage & handling).
Please send me my copy of RADIO TV REPAIRS.

NAME.

(PLEASE PRINT)

ADDRESS.

CITY. STATE ~ZIP

EE776
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35¢

Read the absorbing article “It’s A Double-
Barreled Bomb” in the March issue of
ScieNcE & MEcHaNIcs. It’s all about the new
Wankel engine—a powerplant with no cylin-
ders—no pistons . . . and it runs on any fuel!
Don’t miss the concluding article, Part 3, on
How The Russian “Space Walk Was Faked.”
Provocative reading each and every month in
SCIENCE & MECHANICS.

SCIENCE & MECHANICS EE776
505 Park Ave. / New York / 10022

Begin my subscription to SCIENCE & MECHANICS.
Enclosed is —_$4.00 for 1 yr.; — $8.00 for 2
yrs. ___Bill me (Outside USA & Canada, add $1
per yr. for postage & handling).

NAME.

(PLEASE PRINT)
ADDRESS
CITY_ STATE 1P

NOW
ON
SALE—
75¢

Can Electronics Control Your Emotions?

A controversial story that reaches out to foresee the
future applications of electronics as it relates to the
control of personality . . . electronically.

Read how, for only $9, you can purchase the compo-
nents for an ingenious relay circuit that will end your
cold weather car starting problems.

RADIO-TV EXPERIMENTER EE776
505 Park Avenue

New York, N. Y. 10022

Begin my subscription to RADIO-TV EXPERIMENTER im-
mediately. | am enclosing (] $4.00 for 1 yr.; (] $7.00
for 2 yrs. (7 Bill me. (Foreign: add 75¢ a yr.)

B The titles of each of our major articles in
this issue are emphasized by a different geo-
metrical design. These patterns are called
moiré (pronounced mwa-reh—but if you
can’t quite wrap your tongue around your lips
to get the correct pronounciation mor-ray is
close enough).

There are moiré patterns all around us, °
although the term was first applied to the
shimmering silk fabric produced in ancient
China—moiré silk shimmers like water and
came from the French word for watered.

These patterns have become “OP Art” as
well as important scientific tools. Mathema-
ticians compare these patterns to the more
complex calculations of Fourier analysis.

Despite the usefulness and beauty of the
patterns some people strive to avoid them.
Television performers can’t wear striped
clothing—the scanning lines would transform
other small stripes into constantly changing
moiré patterns at the slightest movement. Pity
the poor architect who finds that the moiré
patterns, produced by the window screens
and their reflections in the window glass,
move madly about for the slightest breeze.

You can perform your own experiments in
moiré patterns with the Experimenter’s Moiré
Kit (Catalog No. 70,718; $6—postpaid),
from Edmund Scientific Co., 101 East Glos-
ter Pike, Barrington, N. J. 08007. With the
kit you will be able to make your own “OP
Art” masterpieces, learn how to interpret
moiré patterns in terms of projective geome-
try, their applications to physics and electron
micrography and special measurements that
can be made with the many screens that come
along with the book The Science of Moiré
Patterns by Dr. Gerald Oster of Brooklyn
Polytechnic Institute. =
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M Walk across a carpet on a winter day and
touch a door knob and you’ll undoubtedly
get a shock. As you walk on the carpet you
develop an electrical charge. The carpet acts
as an insulator which prevents the charge
from leaking off too quickly. You get a
shock because there is a potential differ-
ence (a voltage) between your body and
the door knob. It was generated by friction
as you walked on the carpet.

This kind of shock is irritating. It can
be avoided by holding a key or other metallic
object in your hand and touching the door
knob with it. You may see a spark jump
from the metal object to the door knob, but
you probably won’t feel the shock. The
voltage that causes the spark is very high,
perhaps several thousand volts. But the cur-
rent is very small and the duration of the
spark very short. Thus, the amount of pow-
er in terms of watt-hours is extremely small.

This phenomenon was used for training
a cat to stay away from a caged parakeet.
The cat was carried across a carpet to the
bird cage. When the cat moved its nose
toward the case, zip went a spark from the
nose to the cage. The cat, thereafter, pre-
ferred to keep its nose out of the bird’s busi-
ness.

This is static electricity, so-called because
it seldom serves a useful purpose. It is static
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. You get shocks every day!?
" Some are quite harmless.
Others can be lethal.

High-Voltage
Eleetrical
Charges

By Leo G. Sands, W7PH

when it is an electrical charge, but it becomes
dynamic when it discharges. Electricity
which flows through wires and other con-
ductors is called dynamic electricity.

Hundreds of years ago, men discovered
that pith balls and other light objects are
attracted by a rod of amber or other mate-
rial when rubbed. Run a comb through your
hair on a dry, cold day and you will find that
it attracts bits of paper like a magnet at-
tracts nails.

A Difference in Potential. Two people,

Fig. 1. A hair-raising experience. The secret—
make contact before voltage builds up on dome.
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insulated from each other, will find that when
one touches the other’s skin lightly with a
finger, the skin feels slightly raspy. But, if
the two hold hands tightly or otherwise make
firm contact with each other, the raspy effect
disappears. When they touch only lightly,
there remains an electrical potential between
the two. But, when their hands make firm
contact, they are both at the same electrical
potential.

Touching the glass tube of a fluorescent
bed lamp, while lying on a bed on a cold,
dry night can sometimes cause the lamp to
glow feebly around the point of contact

This fern-like pattern was produced
when a 3,000,000-ev (electron vol#)
beam fractured a plastic block. The
electrons, after puncturing surface
of plastic block, flow like water
from a broken dam. Effects of sail
errosion and tfopographical map of
river fributaries or watershed area
produce similar branched pattern.

7
Tesla coil is another device for
producing high-voltage arcs. Some
units use vibrator-fype spark coils
but for higher frequencies and more
power radio-transmitter  circuits
are used to drive the Tesla coil.
Unit shown is Edmund Scientific Co.,
Catalog No. 70,301—cost: $42.

when the lamp is turned off. The effect dis-
appears when a metal bed post is touched
with the free hand.

It is believed that all objects are charged
to some electrical potential and polarity. If
one object is charged to 15,000 volts positive
and the other to 15,000 volts negative, or any
other combination to produce a 30,000 volt
difference in potential, a spark is apt to be
produced when the objects are brought to
within one inch of each other.

While it is difficult to measure electro-
static potential, the results can be quite real-
istic. For instance, while testing a transistor

ELEMENTARY ELECTRONICS

>
3



af

Fig. 3. A typical Van de
Graaf generator (above)
available from Edmund Sci-
entific Co., for $39.50 (Cat.
No. 70,264). Correct con-
nections (left) are for the
operator's personal safety.

GENERATOR BASE SHOULD
BE GROUNDED

in a power-line operated transistor checker,
an experimenter temporarily took his hand
off the transistor and scuffled about on the
carpeted floor. When he again touched the
transistor, the charge in his body discharged
through the transistor to ground and punc-
tured it. ’

Lightning is static electricity of amazing
power. Discharges from one cloud to an-
other are said to have spanned as much as
100 miles. The potential difference between
a cloud and a grounded object is several mil-
lion volts. The current flow through a con-
ductor struck by lightning can be several
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Fig. 2. Basic view of what goes on inside of the
Van de Graaf generator. Mechanism is very simple.

thousand amperes at the peak of discharge.

Lightning Arrestors. For the sake of
lightning protection, all radio and TV an-
tenna systems should be equipped with a
lightning arrester. This is merely a spark
gap. Ordinarily it is an open circuit. But,
when the static potential of the antenna ex-
ceeds a certain level, with respect to ground,
a spark jumps the gap and discharges the
static.

The static charge on an ungrounded an-
tenna can become extremely high. When
a VHF base-station antenna was being in-
stalled at a railroad-yard office in Atlanta, a
spark several inches long, jumped from the
connector at the end of the antenna’s coaxial
cable to the radio equipment cabinet when

the smoke from a steam locomotive envel--

oped the antenna some 60 feet above the
ground. When the antenna coax was con-
nected to the radio equipment, which was
grounded, the static problem was eliminated
because the antenna was now at ground po-
tential—for two reasons: (1) the shield of
the coax was grounded and, (2) both an-
tenna elements were connected to the shield
through a shorted matching stub within the
antenna assembly.

AL_./SV |
15 - \ RI.
Nl _-l— SEC P

Fig. 4. Simple circuit produces higher voltage
than turns-ratio would give with sine wave input.

NEON
LAMP
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Photos courtesy of Philco

coated with varnish is located in the base of
the generator. The lower roller is driven by
the motor. One collector (D) is in close
proximity to the top roller and is connected
electrically to the inside surface of the top
sphere. A second collector (F) is in close
proximity to the bottom roller and is con-
nected electrically to an insulated terminal
(T), which in turn is grounded. The base
of the generator is also grounded.

When the belt travels over the rollers the
top roller becomes positively charged, and
the descending belt becomes negatively
charged. This negative charge is removed
from the belt by the bottom collector. This
positive charge, on the ascending belt, is

fon generator charges air nega-
tively with corona discharge from a
needle-like electrode in spotlight
type housing. Built-in fan circu-
lates air. Power supply, af leff,
connects fo generator through high-
volfage cable connected fo white
jacks on right of front panel.

Yan de Graaf electron accelerator
at Emeryville Research Center of
Shell Development Co. is the most
powerful radiation source avail-
able to industry. Electrons, stored
inside stainless steel dome, are used
to bombard experimental samples
in target room below generator.

lon Counfer measures ionizafion and indicates charge of
air, whether air is negatively or positively charged. The
air in private homes, hospitals and industrial plants
is checked and accurate readjustmenfs easily made.

carried into the top sphere where together
with the positive charge on the top roller it
attracts the negative charge from the top
collector by induction. These negative
charges are drawn from the sphere, leaving
a surplus of positive charges on the surface
of the sphere. As the belt continues to move,
the process is repeated and the surplus of
positive charges is increased. The maximum
voltage obtainable is limited by the diameter
of the sphere, the efficiency of the insulation
used and by the humidity of the surround-
ing air.

The ball of the discharge sphere (Fig. 3)
is placed about one inch from the top sphere

. of the generator. The power is switched on

ELEMENTARY ELECTRONICS
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INPUT co[ ¢ ¢ 4
VOLTAGE 1 | N
T T T Fig. 5. Schematic af fop is
one of connections used fo
. - put high-voltage charge on
each of the capacifors con-
55 nected in parallel. More
5A than the four capacitors
OUTPUT VOLTAGE shown can be charged atf one
time. The lower schematic
shows the series connection
o when the swifches are
» . flipped prior to discharge
S| l I 531 541 through the resistance R
- when switch S5 is closed or
INPUT m_ Cm Cm Cf’?;_ discharged through a spark
VOLTAGE 1 ' gap for some experimental
I simulated  lightning  tests.
2 o—fvv\'}v\,
SB ~e& OUTPUT VOLTAGE I"’
and the speed of the belt adjusted. The gen- battery when the door was opened.

erator will then charge up and sparks pass
between the top sphere of the generator and
the ball of the discharge sphere. The spark-
ing distance may be increased until a spark
of one half to one inch in length is obtained.
The voltage of the generator may be deter-
mined, approximately, by the length of spark
(1 cm. = 30,000 volts approx.).

While a person walking across a carpet
can get a shock when touching a grounded
object, a garbage collector in Sacramento
got the shock of his life when he touched
a garbage can. Its owner had placed the can

" on bricks to insulate it from ground and had

connected it to the ungrounded side of the )

AC line through a lamp (to limit the current)
and a piece of nearly invisible wire. The
idea was to discourage dogs from dumping
over the can. But, on a rainy day when the
ground was wet, a garbage collector firmly
grabbed the can. When the AC tingled
through his body, he screamed and threw
the can through the air like a missile leaving
a launching pad. This was Dynamic elec-
tricity at a very low power level triggering
tremendous human energy.

A Kick From Inductance. Back in the
days when Model-T Ford spark coils were
readily available, youths wired them to doors
so that the coil could be energized from a
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In some parts of the country, partlcularly
in dry climates, static is extremely severe in
the summer, raising havoc with radio recep-
tion in the form of noise—also called static.

Electrostatic Generators. You can build
or buy a Van De Graaf generator which
produces almost 500,000 volts electrostati-
cally Touching the charged sphere, as shown
in Fig. 1, can be a “hair raising” experience.
Edmund Scientific Co. in Barrington, New
Jersey, is now selling a belt-type electro-
static generator incorporating the Van de
Graaff principle. This machine generates di-
rect current of high voltage and low am-
perage. Some generators give a maximum
potential of almost 500,000 volts, with a
short-circuit current of 10-15 microamperes.

A generator consists of a hemispherical
base supporting an insulating tube on which
is mounted the top electrode—a highly-
polished hollow-aluminum sphere. The mo-
tor, in the base of the instrument, drives the
belt. A speed control can be varied to adjust
the speed of the belt, and thus the charging
rate.

In Fig. 2 an endless belt (A) of rubber or
other material runs over two rollers. Roller
(B), made of acrylic resin and covered with
fabric, is in the top sphere and the other
roller (C), also made of acrylic resin, but
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high-voltage output terminal was connected load, such as a resistor, the voltage will drop
to the door knob. Anyone touching the door  off exponentially at a rate determined by the
_a knob got a frightening but non-lethal shock. value of the capacitors and the resistance of
e The voltage was very high because of the the lead.
: charge and discharge of an inductance. Capacitor banks with as much as seven
. When DC is applied to a coil, a magnetic  farads (7,000,000 microfarads) of total ca-
i field is developed. When the DC is discon- pacitance are used in some computer power
“ _ nected, the field collapses, with a violent in- supplies. When the power is turned on, the
( ductive kick. Try-it yourself. Take a 6.3 capacitor charging current would be prohibi-
3 volt filament transformer. Connect a neon tive if it were not for a motor-driven varia-
lamp across the 115-volt primary winding ble-autotransformer assembly which gradu-
i (Fig. 4). Then touch the 6.3 volt secondary ally increases the output voltage from zero
leads momentarily to a 1.5 volt flashlight cell.  to full value. '
The lamp will flash when you disconnect the When a capacitor is connected across the
‘ battery. The turns ratio of the transformer B-plus of a radio or amplifier, high current
is less than 20:1. Yet, the battery voltage is flows momentarily as the capacitor charges
stepped up to well beyond the 60 or 70 and then drops off to zero. When the capaci-
] volts required to fire the lamp. (See Fig. 4). tor is disconnected and its leads are shorted,
The same basic technique is used in auto a fat spark is produced as high current again
ignition systems to create a spark that will flows momentarily.
[
. AC OUTLET TRANSFORMER AC OUTLET T_RANg)gggMER
A ] J_Cl
T
AC LINE AC LINE o s
N CHASSIS ’CZ
] ] s\ GROUND T
, = 15 VOLTS = 525‘; VoILSTsCIYvOgEEr[J) S
6A SRouD = 6B Sl -
Fig. 6. Circuit at left has chassis "hot” fo ground in only one position of line-cord plug.
Chassis has half of line voltage fo ground in either position of plug in circuit ot right.

: jump the gaps in spark plugs and in some

i) - radar sets to provide high voltage.

! Adding Capacitive Charges. A capaci-
tor, on the other hand, holds its charge. Take
an 0.5-mf paper capacitor and temporarily
connect it across the B-plus of a radio set
or audio amplifier. If the B-plus voltage is
say 300 volts, the capacitor will charge to
that voltage and retain the charge until it
leaks through the dielectric or until the ca-
pacitor leads are shorted. Touching the leads
of a charged capacitor can cause a startling

: shock.

By connecting four capacitors and four
DPDT knife switches as shown in Fig. 5A,
and by applying 300 volts DC to the circuit,
each capacitor can be charged to 300 volts.
By throwing all of the switches as shown in
Fig. 5B, their charges are then connected
in series and the circuit will deliver 1200
volts. When this voltage is connected to a

Hot to Ground. The ungrounded chassis
of a radio or TV set or amplifier can be hot
electrically to the touch. It is not charged
in the same sense as a statically charged ob-
ject. The chassis is at an AC potential above
ground because of line-filter capacitors. If
there is only one line-filter capacitor, as
shown in Fig. 6A, the chassis can be at
ground potential if the AC plug is inserted

into an AC outlet so that the grounded side.

of the AC line is connected to the line filter.
But, if the hot side of the line is connected
to the line capacitor, the chassis will be at
a potential above ground equal to the line
voltage. You can get a jolt if you touch the
chassis when also touching a grounded object
(earth ground) or standing on a damp floor.
However, if you connect an incandescent
lamp between the chassis and ground, it will
not light because of the high reactance of the
(Continued on page 32)
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SOMEONE SHOULD DEVELOP AN EASY WAY

TO LEARN ELECTRONICS AT HOME

RCA INSTITUTES DID!

RCA introduces new CAREER PROGRAMS
—beginning with the student-proved
“AUTOTEXT'"’ Programmed Instruction
Method —the faster, easier way to learn.
You start to learn the field of your choice
immediately. No previous training or ex-
perience needed.

Pick the career of your choice —and RCA
Institutes will do the rest! RCA's new, rev-
olutionary '‘Career Programs’’ help you go
directly to the career you want! You waste
no time learning things you'll never use
on your job! Each Career Program is de-
signed to get you into the kind of job you
want in the fastest, easiest possible way!

SEPARATE COURSES

In addition, in order to meet specific
needs, RCA Institutes offers a wide variety
of separate courses which may be taken
independently of the above Career Pro-
grams, on all subjects from Electronics
Fundamentais to Computer Programming.
Complete information about these courses
will be sent with your other materials.
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CHOOSE A CAREER PROGRAM NOW
your first step to the job of your choice!

Television Servicing
Telecommunications

FCC License Preparation

Automation Electronics

Automatic Controls

Digital Techniques

Industrial Electronics

Nuclear Instrumentation

Solid State Electronics

Electronics Drafting

RCA INSTITUTES BONUS EXTRAS

Only RCA Institutes offers you a Liberal
Tuition Plan, one of the most economical
ways to learn. Plus, you get top guality
equipment in all kits furnished to you with
your courses —yours to keep and use on
the job. And now, RCA's NEW PRO-
GRAMMED ELECTRONIC BREADBOARD
GIVES YOU LIMITLESS EXPERIMENTA.
TION —scientific laboratory procedures

right in your own home! You build a work-
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capacitor (54,000 ohms for an 0.05 mf ca-
pacitor at 60 cps). But when you touch the
chassis, your body resistance is so high that
the series reactance of the capacitor won’t
drop the voltage sufficiently to prevent shock.

On the other hand, if there are two line
capacitors, as shown in Fig. 6B, you can
get a shock when you touch the chassis re-
gardless of the orientation of the AC plug.
But the chassis will be at.a potential of only
half the line voltage. Shock can be avoided,
whether the set has one or two line capaci-
tors, by grounding the chassis. But, never
ground the chassis unless the set has a power
transformer to isolate the line from the rest
of the circuits.

These capacitors are alternately charged,
discharged, recharged in the opposite polarity
and discharged again during each cycle of
the AC line voltage.

Negative or Positive. Some 200 years
ago, Benjamin Franklin assumed that elec-
tricity flows from positive to negative. Later
it was found that electrons flow from nega-
tive to positive. While many still cling to
Franklin’s theory it now makes sense to as-
sume that electrons and current both flow
from negative to positive. Electrons, which
are negative, are attracted by positively
charged objects. Like charges repel each
other and unlike charges attract each other.

Ions are generated. It is said that every-
thing is charged to some electrical potential,
even the air we breathe. Scientists have found
that people feel better when the air is nega-
tively ionized and may become nervous,
grouchy or fatigued when the air is positively
ionized.

Right after a thunderstorm, most people
feel exhilarated. It is said that this is because
the air has an abundance of negative ions.
Air conditioners and electronic precipitators
are said to cause the air to be positively
ionized. It may be for this reason that some
people don’t like air conditioning.

Air conditioners with built-in negative-ion
generators appeared on the market about six
years ago. Separate negative-ion generators
are also available which are used to heal
burns faster, provide comfort to allergy suf-
ferers and to pacify nervous people. One
type has a sharp needle which is fed a nega-
tive DC voltage at several thousand volts. Air

is forced past the needle by a fan to blow the
negative ions out.

Static charges are also a problem in thréead
mills where lint is produced by static attrac-
tion and repulsion. Ion generators have been
installed in some plants to offset these static
charges.

An ion is an atom which has lost elec-
trons. More elaborate means for generating
positive ions are used in so-called atom
smashers than for generating negative ions
for conditioning the air. In a cyclotron, posi-
tive ions are fed to the center of a large cir-
cular chamber and travel around and around
in a spiral, within a high intensity electrical
RF field and a magnetic field produced by
DC electro-magnets. With each orbit the
speed of the ions is accelerated. As the ions
near the periphery of the chamber, a deflec-
tor charged to a high-negative potential di-
rects them to a target or portal at the rim of
the chamber. The kinetic energy can reach
several-million electron volts. Synchrotrons
are similar but are used for acceleration of
either electrons or positive ions. Linear ac-
celerators employ very strong microwave
pulses to accelerate charged particles through
a waveguide and produce energy up to 50-
million electron volts.

Irradiation. While these devices are used
primarily for nuclear research, smaller ra-
diation devices are used to process food and
chemical products. For example, insulated
wire may be irradiated to change its actual
chemical composition. Meat may be sub-
jected to radiation to make it unnecessary
to keep it under refrigeration. When the
news about irradiation of meats first came
out, it was thought that the freezer business
might suffer. However, it is reported that
meat and other foods subjected to radiation,
while edible, taste different and lose their
appeal to many persons.

Radiation has been applied to popcorn
processing. Cyril C. Miller of Yucca Valley,
California, has been awarded a patent for an
electronic popcorn machine which pops corn
in the bag, to the size of logan berries, in a
matter of seconds.

Dynamic electric current requires an elec-
trical conducting path, such as wire. How-
ever, dynamic electricity can also flow
through space, such as when an arc or spark
is formed—a gas is formed through which
the current passes. Sparks produce ozone,
a gas which has many industrial uses but
which is toxic and considered dangerous to

(Continued on page 115)
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Frequency
Measurement

By Jim Kyle, K5JKX

Accurate knowledge of frequency is a help to the
experimenter and CB’er—a basic necessity for the Ham

B As you tune through the 31-meter band
you pick up a station you've never heard be-
fore; it will make your 100th country. But
up here your receiver calibration can’t be
trusted to closer than 100 kc., and for a
QSL you have to give almost exact frequency
of reception.

Or maybe you're chasing DX on the 20-
meter ham band. You find a rare one right
at the low end of the band and begin to slide

your VFO down toward his frequency. Are -

you going to end up out of the band, with an
FCC pink ticket instead of the rare-DX card
for your efforts?

If you're a CB’er, you may want to know
how close to the center of the channel your
rig actually is operating. But you don’t want

to lay out the cash for a frequency check at

the nearest service shop.

In all of these cases—and many more-—
what you need is an accurate way to meastire
RF frequency. While frequency measure-
ment isn’t at all difficult, the techniques and
equipment aren’t usually found in the aver-
age experimenter’s kit of gear.

However, you can set up to measure fre-
quency with surprising accuracy for less than
$15. And if you're willing to lay out from
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$50 to $75, you can make measurements far
more precise and accurate than any FCC
requirement. It’s almost ridiculously sim-
ple to make measurements accurate to one
cycle per megacycle, or 0.0001 percent; this
is 50 times more precise than the allowable
tolerance for Class D CB frequency!

Basic Frequency Measurement Methods.
Before we get into actual equipment or spe-
cific techniques, let’s look at the three basic
methods used to measure frequency.

Most direct of all is simply to count the
number of cycles which occur in a given
length of time. This gives the frequency di-
rectly.

An example of this, in utmost simplicity,
is the way we tell time. It comes down to
counting the number of times the sun rises.
Every sunrise marks another day; seven sun-
rises make a week, and 365 of them make
a year (except during Leap Years). We
could then say that the “frequency” of days
is 365 cycles per year—and the year is
actually one of the international standards
of frequency.

To apply this idea to RF, we must have
an extremely rapid counting device, and it
must be able to count to large numbers. For
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instance, if it could count to one million, and
we counted the number of cycles in one
second, it would only give us an indication
up to 1 megacycle.

By reducing the counting period to 1/10
second, though, the same counter would read
to 10 megacycles. And by counting for only
1/100 second, we could read up to 100
megacycles. Counters can work in the audio
ranges and provide very excellent results.

Tuning an electronic organ with a counter is

almost effortless.

Counting devices do exist, (Fig. 1) and
are widely used in labs. However, they re-
quire exceptionally complicated circuitry to
be able to count so rapidly, and as a result
carry extreme price tags. About the least
expensive around costs over $600, and this
is a basic unit which requires several expen-
sive adapters before it can be used in prac-
tice. The counter, then, is not for us.

Almost as direct, and equally accurate, is
to compare the unknown frequency to a
known standard. We tell time in this way,
too. Our clocks are “known standards” in
that we know they will indicate 24 hours
between successive sunrises (after allowing
for the daily change in time between sun-
rises). To find out the time of day, we sim-
ply look at the clock without having to see
the sun.

: 2
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Fig. 1. This block diagram shows typical digital
frequency counfer operation. ""Clock” divides
down from precision crystal oscillator (usually
operating at 1 mc.) fo provide accurate fime
intervals from 1/100,000 second fo 10 seconds.
Amplifier and shaper convert the waveshape of
the incoming signal to a standard form fo elim-
inate error due fo waveform. Clock opens gate
circuit for precisely timed inferval, allowing
cycles of incoming signal fo pass through to
counter. Counter circuifs actually count number
of cycles passing through gate during this infer-
val and display the fofal on readouf fubes, as
shown by ""27086" in illustration. If interval is
1/1000 second, this means frequency is 27086
=+1 cycles in 1/1000 second, or 27,086,000
+1000 cycles per second (27.086 mec. =1 kc.).
Counter's accuracy is always limited fo 1
count in lowest decimal place; the longer the
inferval the greater the accuracy. If counted for
1/100 second and readout gives 270854, fre-
quency would be 27.0854 me. =100 cps, a fen-
fime improvement in measurement accuracy.

To apply this comparison method to meas-
uring RF, all we need do is provide an ac-
curate standard. The government gives us
one in radio station WWYV, which broadcasts
continuously on a number of “standard” fre-
quencies. We can then build a “secondary
standard” and “set” it to WWYV, and use this
secondary standard as a comparison device

O WWVH OFF 3 MiN.
s

4 MIN.

v ww
PROPAGATION
FORECAST

WWYH_Geo aLERT—

WWVH wwv
PROPAGATION
~ FORECAST — ™~

40

_J %
WWVH OFF 3 MIN:

1- GEOPHYSICAL ALERT, IF ANY, TWICE PER HOUR.
PROPAGATION FORECAST, TWICE PER HOUR.

LD-GIVEN IN MCW AND VQICE; WWVH ID's ONLY IN
MCW, ANNOUNCES AS "WWV" IN VOICE.

TRANSMITTING FREQ. MC. ]
WWV 25 5 10 15 20 25
WWVH = 5 10 15 = =

Fig. 2. WWV/WWVH schedule; shown for one hour, is same for every hour. EST is announced in
voice during each ID. Seconds are marked by time 'tick' except during binary data and ID.
inutes are marked by double fticks while the last (59th second) of each minute is always omitted.
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for the unknown. WWYV also provides audio
standards which can be used to spot check
the audio calibration.

The third method of measuring frequency
is to match the unknown with an accurately
calibrated known-frequency source. This is
the technique a jeweler uses when he de-
termines if your watch is running fast or
slow, before adjusting it to keep proper time.

Applying this technique to RF measure-
ment requires only the calibrated source.
The instrument most often used as the source
is the “heterodyne frequency meter”; this is
simply a ruggedly constructed oscillator with
calibration considerably more accurate than
that of the usual signal generator or ham
VFO.

A good frequency meter will cost (new,
from the factories) about as much as a
counter—but many thousands of them were
made during World War II for the armed
forces, and are still available on the surplus
market at prices ranging from $20 to $100,
depending on model and condition. This
makes the frequency meter technique as at-
tractive to the experimenter as the compari-
son method.

Measuring Frequency by Comparison.
The most common, as well as the least costly,
technique for measuring RF frequencies is
the comparison method. You can build your-
self a “secondary frequency standard” for
less than $15, and with it you can measure
frequencies to within 5 kc. easily throughout
the HF spectrum. '

As mentioned before, the comparison
method consists of comparing the unknown
frequency to a known standard. The national
frequency standard is provided by National
Bureau of Standards radio station WWV and
WWVH, which broadcast on 2.5, 5, 10, and
15 mc. (as well as some other frequencies).
At least one of the broadcasts can be re-
ceived anywhere in the country, at any time
of day.

These frequencies are easily identified by

the one-second marker “ticks”; most of the
time the “ticks” are accompanied by an audio
tone of either 440 or 600 cps. See Fig. 2.
When you find the signal, you can be sure
that it is accurate to within one part in
10,000,000. That’s .00001 percent. But the
WWY signal alone isn’t much good for com-
parison, because no other signals operate on

s
LETEREY 3

Fig. 4. High-precision secondary-standard fre-
quency measuring equipment can be purchased
commercially af reasonable prices. Typical units
of this nature are these from International Crys-

tal Mfg. Co., Oklahoma City, shown set up for
operation in front of author's receiver console.
AOM-100X, in right foreground (short chassis)
is 100-ke. crystal oscillator. Crystal is contained
in thermostat-controlled oven for maximum sta-
bility; oven is large cylindrical container near
center of chassis, between tubes. On panel im-
mediately to left of left tube of AOM-100X two
adjusting shafts can be seen; these are dual fre-
quency-zeroing capacitors, corresponding fo C1
in Fig. 3. One sefs rough adjustment, other pro-
vides "bandspread’’ slow effective for final zero-
sefting. Long chassis in left foreground is AOM-
201 frequency divider unit; this takes output of
AOM-100X oscillator and divides it down to 10-
ke. signal to be fed to receiver. In background is
AOP-100 power supply which furnishes power for
both units. Alternatively, power can be ''robbed”
from most receivers. In near foreground, "tun-
ing graph" of receiver calibration chart is seen.
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the internationally-cleared ‘standard” fre-
quencies.

So to make the comparison technique use-
ful, you have to have a “secondary frequency
standard” which will provide known fre-
quencies at much closer spacings than those
given by WWV. The most common such
standards operate at 100 kc. and they are
crystal-controlled.

Fig. 3 shows the schematic diagram of a
simple 100-kc. crystal standard which you
can build. Capacitor C1 is a control which
lets you vary the operating frequency a few
hundred cycles either way, so that you can
“zero” or set the standard to exact synchro-
nization with the WWYV signal.

If you don’t want to build your own stand-
ard, you can buy them ready-made from a
number of firms. Fig. 4 shows the elaborate
standard manufactured by International
Crystal in their “AOC” line of equipment;
also shown here are some other components
we’ll discuss later. In between the extremes
of Fig. 3 and Fig. 4 you can get about any-
thing you want.

To use the standard, tune in WWYV and
wait for a “quiet” period when only the time
ticks are being transmitted. Then turn on the
standard and adjust its zero-set capacitor (C1
in Fig. 3) for an exact zero-beat with the
WWYV signal.

You Can Beat Accuracy. The accuracy
of your measurements will depend upon the
accuracy with which you make this adjust-
ment. Use the highest-frequency WWYV sig-
nal you can receive, and don’t be satisfied to
get merely a beat note so low you cannot
hear it. If the WWYV signal and the signal
from the standard are about the same
strength, and the WWYV signal is relatively
free of fading effects, then as you approach
exact zero beat you will find that your re-
ceiver’s S-meter begins to fluctuate. Its gyra-
tions will be rather rapid at first, and will
slow down as you get closer to zero. You
can count the number of times per second
that the needle swings from a high peak
through a low one and back to high, and that
will be the number of cycles per second that
you’re out of sync.

It takes only a little patience to get the
swing down to one complete fluctuation
every two or three seconds, and when this

happens your secondary standard is within
15 cycle of the exact WWYV frequency. The
percentage accuracy of your standard is then
found by dividing the amount of error (%2
cps) by the WWYV frequency (15,000,000
cps if you use the 15-mc. signal). To make
it percentage, multiply the result by 100—
and you come up with 0.0000033 percent
accuracy. That’s far more than you will be
able to use in most cases.

Band Spotting. Now that you have an
accurate secondary standard (to be sure of
its accuracy, recheck it by this technique be-
fore every use), what can you do with it?

For general use, such as spotting the edges
of ham bands or determining the frequency
of SW broadcast stations to within 5§ kc.,
you need nothing else. All ham-band edges
are even multiples of 100 kc., so you need
only tune to the harmonic of your standard
which comes in closest to where you think
the band edge is located, and you have your
limit point.

For logging SW stations, use the harmon-
ics of the standard to provide accurate cali-
bration for your receiver’s bandspread dial.
Set the receiver up with the bandspread dial
at “0” and using the main bandset knob,
tune in the first standard point below the
band you’re interested in. Now lock the
bandset, and tune with only the bandspread.
Note the readings for each of the standard
harmonics you come across.

Your next step is to prepare a “tuning
graph” similar to that shown in Fig. 5. This
is calibrated from 0O to 100 on its vertical
scale (to match the bandspread dial calibra-
tions) and in frequency on the horizontal
scale. The graph of Fig. 5§ is for the 31-
meter band and a hypothetical receiver; don’t

100

7

10 L+

0o
9400 9450 9500 9550 9600 9650 9700 9750

Fig. 5. Sample tuning graph for calibration of
receiver’s bandspread dial using 100-kc. stan-
dard plotted af the 100 ke. points. Vertical scale
is bandspread dial reading, horizontal scale is
frequency. Accuracy fo 5 kec. or better can be
expected even with straighi-line calibration as

shown in this sample calibration chart.

ELEMENTARY ELECTRONICS

ot .



m,‘i*:z;,&‘ﬂ%i - b18 5

try to ‘use it directly—it’s a sample!

Start by putting in a dot where the “0”
of the vertical scale meets the first (9400
kc.) standard-harmonic frequency on the
horizontal scale. Move on to 9500 kc., the
next standard harmonic, and up to the read-
ing at which you tuned it in. Put in another
dot. Keep this up until you've gone afl the
way across the graph.

With many receivers, you’ll find that the
dots lie on a perfectly straight line. If they
don’t, they will be on a smooth curve which
you can match with a draftsman’s “french
curve” template—but you won't be far off
if you simply connect adjacent dots with
straight lines anyway.

Now, to spot the frequency of an unknown
station, set the bandspread at “0” and tune
in the 9400-kc. marker with the main dial.
Then tune over to the unknown, with the
bandspread dial. T.ook at its reading, and
look up the corresponding frequency on the
dial. You'll easily be within 5 kc.; usually,
much closer.

This technique is fine for SWL use, but
if you want more precision youw’ll have to
add another piece of equipment to your 100-
kc. standard. It's a “frequency divider,”
which subdivides the 100-kc. intervals into
ten 10-kc. segments. This is the additional
item shown in Fig. 4.

When the 10-kc. divider is added, your
standard known frequencies are spaced at
equal 10-kc. intervals throughout the RF
spectrum. This means that no signal can be
more than 5 kc. away from one of your
markers. For instance, if the unknown signal
happened to be at 9726.1 ke., it would be
6100 cps above the 9720-kc. marker, but
only 3900 cps below the one at 9730 kc.

Its Good for CB. You can use this fact
to measure the operating frequencies of CB
transmitters to as close accuracy as your
zero-setting of your standard will permit.
Fig. 6 shows the set-up for doing it, and
here’s the technique:

First locate the approximate frequency of
the unknown by counting 100-kc. markers
(with the divider turned off) and then 10-
kc. markers (with the divider on). This will
give you the first digits of the unknown
frequency; if you're checking a CB rig you
already know what channel it’s supposed to
be on.

Next, run the output of the receiver you're
using to listen to everything on into a mixer
circuit such as that shown in Fig. 7, or into
the vertical-input terminals of an oscillo-
scope if you have one. Feed the output of
an accurately-calibrated audio oscillator
which can be varied from around 100 cps
up to 5000 cps into the other mixer input,
or to the horizontal input of the scope.

With the marker, divider, rig under test,
and audio oscillator all turned on, adjust the
frequency of the audio oscillator while lis-
tening for a low-pitched beat tone. If you're
using a scope, adjust for a line, ellipse, or
circle as shown in Fig. 8. When you find the
beat note, adjust for zero beat (same as Fig.
8 if using scope).

At zero beat, note the frequency of the
audio oscillator. This is the number of cycles
per second by which the unknown frequency
differs from the nearest standard harmonic.
However, you still don’t know whether it is
above or below this harmonic.

To find out which side of the harmonic
the unknown is on, do some more marker-
counting. Tune the receiver up to the un-

VYV e 2—u
CB
XCVR

I00KC IOKC
DIVIDER

Fig. 6. High-precision frequency-measuring set-
up using comparison method. Receiver picks up
signal from transmitter, which beats against
harmonic of 10 ke. from divider. Results is two
audio tones, one below and the other above 5 kc.
Lower fone, together with variable-frequency
tone from AF oscillator, goes to mixer. AF os-
cillator is turned for 1ero-beat by ear. Frequency
at which AF oscillator is set is'number of cycles
per second unknown frequency varies from 10-ke.
harmonic. Accuracy of this technique is limited
only by 100-kc. standard and AF oscillator.

HEADPHONES
34

Fig. 7. Simple audio-frequency mixer circuit to
allow detection of zero-beat point. Phones must
complete DC path to ground; if louder signal is
needed, transformer may be used in place of
phones. Connect secondary of transformer to
input of high-gain audio amplifier; amplifier
must have excellent low-frequency response for
listening to frequencies around 10 cycles.
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known signal, listening for the beat between
the unknown and the 10-kc. markers. If, as
you tune up, the first beat note you hear
is higher in pitch than is the second one, the
unknown is below its nearest marker. If the
first beat is lower than the second, the un-
known is above. In every case you will hear
two beats. If both have about the same pitch,
then the unknown is almost halfway between
the two markers and you can measure both

-differences; the same rule will apply to de-

termine direction.

Let’s run through an example to show how
it works. You hook things up to measure
out a rig that’s supposed to be on Channel
9 (27.065 mc.). We trust the crystal mark-
ing to be somewhere near 27.060 mc., and
between there and the next 10-kc. marker at
27.070 mc. The audio oscillator indicates
4600 cps when we have a zero-beat tone.

This means that our rig is either 4600 cps
above 27.060 mc., at 27.0646, or is 4600
cps below 27.070 mc., at 27.0654. FEither
way, it’s only 400 cps away from the chan-
nel center, and since we have almost 1300
cps tolerance we can be sure its okay. But
to find the exact frequency, we tune our re-
ceiver up slowly from around 26 mc. As we
approach Channel 9, we hear a high-pitched
beat note. We keep on tuning, and as we
pass over the signal and move away on the
other side still going up the note becomes
slightly lower in pitch. This means that the
rig is operating 4600 cps below 27.070 mc.,
and we know that its exact operating fre-
quency is 27.065400 mc.; it’s 400 cps high
from channel center.

With sufficient care in setting the 100-kc.
standard, and with an accurate audio oscil-
lator and scope-detection of zero-beat, the
comparison technique can give lab accuracy
without lab expense. However, it does in-
volve a certain amount of time and trouble;

Fig.. 8. Oscilloscope is more sensi-
tive indicator of zero-beat than are
phones. Diagram shows hookup to
receiver and AF oscillator (Fig. 6).
Any of four patterns shown above
indicate zero-beat point. If receiver
* fone and oscillator fone are exactly
in phase with each other, or exactly
180 degrees out of phase, straight
line will appear (left). If phase dif-
ference is 90 degrees, circle will ap-
pear. Other phase relations produce
ellipse (dotted, right). Frequency
error of as little as 1/10 cycle per
second is apparent as slow rotation
of the 1:1 Lissajous paftern seen.

to get a high-precision reading in a hurry,
we must use the frequency-meter approach.

Using the Frequency Meter. Unlike the
comparison method, the frequency meter will
give a virtually instant indication of the un-
known frequency. However, for equal ac-
curacy the frequency meter usually costs
considerably more than the secondary stand-
ard, divider, and audio oscillator all put
together.

The only fact making the frequency-meter
technique practical for the average experi-
menter is that thousands of high-accuracy
frequency meters built during World War II
have been dumped on the surplus market,
and many of them are still available. The
most common models are the Army/Air
Force version known as the BC-221, and the
Navy equivalent, the LM. These two models
are almost identical to each other; the major
difference is that the LM includes internal
modulation of its signal, so that it may be
used as a signal generator, while most models
of the BC-221 do not have this feature.

These meters may be purchased for any-
where from $20 to $100, depending on the
exact model, condition, and presence or ab-
sence of the original “calibration book.”

The “calibration book™ is a tabulated list-
ing of dial readings in terms of frequency;
each one was prepared individually for its
accompanying instrument, and is identified
with the instrument’s serial number. With-
out the book, the dial readings must be con-
verted to accurate frequencies by use of the
comparison technique—which means, of
course, that instruments with their books
command a higher price than those without.

However, no additional equipment is nec-
essary to carry out the calibration—just time.
If youre looking for a good instrument at
lowest possible cost, and don’t mind spending
some time getting it, you can save money by

ELEMENTARY ELECTRONICS



getting a book-less meter. We’'ll go into the
calibration procedure a little later.

To use the frequency meter, with the cali-
bration book or your own equivalent of it, is
simplicity itself. You turn the instrument on

.and let it warm up. While it does so, you

set the dial to the general region of the un-
known frequency you’re going to measure,
and look in the book for the nearest “check
point.”

These “check points” are dial settings at
which the frequency-meter oscillator has a
harmonic which should be at exactly 1 mega-
cycle. The instrument has a built-in 1-mc.
standard oscillator, so at the check points
you should find the frequency meter and its
standard zero-beat with each other.

If, instead, you hear an audio tone, adjust
the “corrector” knob for exact zero-beat.
This provides a fine adjustment of frequency-
meter calibration.

Now, tune the frequency meter until you
hear its signal beating with that of the un-
known signal, in the receiver. Adjust the
meter for exact zero beat, and read the me-
ter’s dial.

Look up the corresponding dial reading in
the calibration book, and read off the fre-
quency. That’s all there is to it.

These frequency meters use a dual-range
oscillator; on the “low” range it operates
from 125 kc. to 250 kc., and on the “high”
range it ranges from 2 to 4 mc. When meas-
uring frequencies from 125 kc. to 2 mc., the
“low” range is used; above that, the “high”
range. Obviously, when measuring a fre-
quency in the neighborhood of 10 mc., you're
using a harmonic of the high-range oscilla-
tor.

Because of this use of harmonics, the
rated accuracy of either the BC-221 or the
LM is only 0.05 percent. For many uses
this is good enough, but for many more it
won’t do. Fortunately, with a slight modi-
fication of the instrument, the accuracy can
be improved to be comparable with either of
the other techniques. Here’s how to do it,
and how to use it:

We've already mentioned that the fre-
quency meter has built into it a 1-mc. stand-
ard oscillator, for providing check points.
It also contains a mixer circuit which mixes
the output of this oscillator with that of the
calibrated oscillator, so that the check-point
beat note can be heard.

Normally, when the controls are set to
hear the check point, no external signal can
be fed in, nor can the mixture of standard-
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100 MMF :
MIXER OUT JACK (ADDED)

-
WSMH R.F. CHOKE
X

6A7
6K8
OR
788 =

Fig. 9. Modification of most models of BC-221
for high-precision frequency measurement. Tube
involved may be either 6A7, 6K8, or 788, de-
pending upon model of BC-221. Lead to plate
pin is removed and RF choke inserted in series,
then 100-mmf cagpacitor run from plate pin to
added output jack. For high-precision, use new
jack. Set controls in the same manner as for
crystal calibration during all measurements.
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oscillator signal and frequency-meter signal
be routed to the outside of the case for use.

That’s the purpose of the modification.
Fig. 9 shows how it’s done on most models
of BC-221, while Fig. 10 shows the changes
necessary on the LM. Fig. 11 shows the au-
thor’s LM, after the modification.

With this change, we are no longer re-
stricted to using the instrument as previously
described. The signal appearing at the out-
put connector may be a harmonic of the
basic oscillator, as previously described, but
it also may .be either a harmonic of the
standard oscillator, the sum or difference of
any harmonic of the standard oscillator and
the calibrated oscillator, or the sum or differ-
ence of the standard oscillator and any har-
monic of the calibrated oscillator as well.

CRYSTAL

/ BREAK THIS
R.F CPLG. : LEAD

R.F
COUPLING

Fig. 10. Modification of LM frequency mefter for
high precision is much simpler. Diagram shows
wiring on back of crystal on-off switch. Remove
wire connected fo cenfer confact on side of
switch away from side of case ("OFF'" contact
on other side has no connection) and connect
this wire to "OFF'" contact on same side. No
other wiring changes are necessary in circuif.
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This may sound as if it would lead to un-
mitigated confusion in a hurry, but it doesn't.
First, you determine the approximate fre-
quency of the unknown signal in the ordi-
nary way. Then you switch the frequency-
meter controls over to crystal calibrate, turn-
ing on the internal standard, and set the
basic oscillator to its “low” band.

Since the internal crystal oscillator op-
erates at 1 mc. and has strong harmonics
throughout the RF spectrum, you have
known markers every megacycle. The un-
known frequency cannot be more than 500
kc. away from one of these markers, in the

‘same manner that the comparison technique

locates the unknown within 5 kc¢. of its
markers.

On the “low” range, the frequency-meter
oscillator operates from 125 to 250 kc. The
second harmonic of this range covers from
250 to 500 kc., and so we can reach almost
any unknown signal with only the second
harmonic of the frequency meter. How-
ever, if the unknown is less than 125 kc.
away from the nearest marker we must move
to the 4th harmonic to get the range 875

Fig. 11. Author's LM-10 frequency meter sef up
for use. Clip lead on "R.F. CPLG."” post connects
fo receiver antenna terminals. Calibration book
is visible under headphone cord. When used as
described in text, LM and BC-221 series is easily
accurafe enough to measure operating frequen-
cies of Citizens Band transceivers. Accuracy bet-
ter than =15 cps at 17 me. is simple to attain.
This unit has been modified as described; only
external sign of change is hole visible on side,
towards rear. If you'd like an LM-10 or
similar unit, write John Meshna, Jr., af
21 Allerton St., Lynn, Mass. You'll get prices
and availability information by refurn mail.

= . R

e

to 1000 kc., and measure from the other
marker.

At the fundamental frequencies of the
“low” range, the frequency meter is cali-
brated every 100 cps; even at the 4th har-
monic, the calibration steps listed in the book
are only 400 cps apart. This means that we
can attain 400-cycle accuracy at radio fre-
quencies as high as 30 mc.

When the frequency meter is used in this
manner, a number of beat notes will be heard
as the meter is tuned through its range. Most
of these will tune rapidly, from high to low
and back to high. They should be ignored

during the measurement. The proper beat .

note will tune very slowly when it is reached,
and may take a full revolution of the meter
dial to go through the zero-beat point.

The basic limits to the accuracy of this
method of measuring frequency are two: one
is the accuracy with which the 1-mc. stand-
ard is set to match WWV, and the other is
the mechanical accuracy of setting and cali-
brating the frequency meter.

The frequency meter may be assumed to
have a maximum error of less than 500
cycles per second, on its low band (according
to the original technical manual on this
equipment), which is more than enough ac-
curacy for virtually all experimenter pur-
poses.

The internal standard may be set to WWV
with an adjusting capacitor, built into the
unit, in the same way that the comparison
100-kc. standard is zeroed. You will proba-
bly find it convenient to drill a hole in the
case opposite the shaft of this capacitor, so
that the adjustment may be checked often.

There is no question as to the frequency
when this measurement technique is used.
The first rough measurement gives you the
frequency accurate to within 0.05 percent;
the second, precise measurement simply re-
fines the percentage to 0.001 or better. No
calculations concerning ‘“which side of the
marker” are needed.

Calibration. Earlier, we said you could
calibrate a frequency meter of this type with-
out external equipment, even without the
calibration book. It’s time to see how this
can be done.

The technique makes use of those many
closely-spaced beat notes we said to ignore
previously. Each one of these “tweets”
marks a point at which some harmonic of the
frequency-meter oscillator is beating with
some harmonic of the 1-mc. standard. This

(Continued on page 113)
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All

About
Tape
Bias

By Herbert Friedman

Don’t hang your old recerder
in the closet because it
sounds so sad—change bias!

B For many years one of the classic tape-
recorder specifications has been bias fre-
quency. Virtually every recorder manufac-
turer has a spec: one claims a bias frequency
of 65 kc, another might claim 85 kc, and
some get even more impressive by claiming
their recorders use ultrasonic bias. Such specs
might be meaningful if the bias frequency
was the sole factor. Actually, within the pres-
ent state-of-the-art, the bias frequency is a
totally meaningless and valueless specifica-
tion.

Bias Current. Foremost, it is the bias
current which is important—and it is impor-
tant whether the bias current, of a recorder,
can be adjusted by the user. Few recorders,
other than professional models, have user
determined bias adjustments. The reason bias
current is so important is because it’s the
key to the recorder’s characteristics. It has
great effect en distortion, output level, to
some degree frequency response, and most
important—which tape will record best.

The recording characteristic of magnetic
tape isn’t linear. It is severely distorted at
dead center—the unmagnetized state. Fig. 1
shows a typical transfer curve. Note the
severe distortion which turns the sine-wave
input signal into a complex waveform. If
the audio-signal level is low it can be cen-
tered on either of the two linear sections,
as shown in Fig. 2, with a DC voltage and
there would be no need for an AC bias.
While this method is used in some inexpen-
sive recorders, not using the full curve re-
sults in a much lower output and that, in
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On some budget model recorders, bias current is
changed by varying either a resistor or capacitor.
turn, gives a poor signal-to-noise ratio
(among other ills).

To obtain a high-level output it is neces-
sary to utilize the full curve. The bias cur-
rent fills in the distorted section of the curve
to obtain the full fidelity we now expect from
the modern tape recorder and playback com-
bination.

How Bias Works. Fig. 3 shows the effect
of bias. Through the recording h¢ad (or in
the recording magnetic field) an ultrasonic
frequency is added to eliminate the distorted
section (the dead zone of no magnetism) of
the curve: the total input signal becomes the
bias with the superimposed audio. As shown,
the output-signal waveform does not resem-
ble the input-signal waveform because of the
distorted curve and the addition of the ultra-
sonic frequency bias. When the bias frequen-
¢y is stripped away the resulting audio signal
is undistorted.

Essentially, the bias conditions the tape.
In the course of conditioning the tape it de-
termines the output level, distortion, frequen-
cy response and a few minor characteristics.

Output Level and Distortion. Since out-
put level and distortion go hand in hand let’s
start with them. Magnetic oxides aren’t al-
ways identical. If they were, all tapes would
reproduce exactly the same—and they don’t.
But tape is constantly being improved; for
example, the Scotch-brand 111 tape that you
buy today does not have the same character-
istics as the Scotch 111 you bought ten years
back (this applies to all brands of recording
tape). Perhaps the greatest difference lies in
the output level and distortion in relation to
the bias current. ,

Fig. 4 shows the bias current vs. output

‘level and distortion curves for three high-

quality tapes manufactured over a ten-year
period. (The curves also show the improve-
ment made in recording tape, since curves
A and B are of the same brand. Today all
three tapes have almost identical curves.

As the bias current is increased the audio-
output level, for a fixed audio-input level,
rises sharply—and the distortion decreases
sharply. When the bias current is increased
a little more the audio-output peaks level off
—then decrease gradually, as the bias cur-~
rent is increased still more.

Keep in mind that other tape characteris-
tics, such as frequency response, follow the
bias curve in that they are optimum at the
tape peak-output level. Note also, that the
distortion represented by tape C (a modern
tape) just about levels off at the output peak
and remains more or less constant.

Based on Fig. 4, it would be logical to
state that bias current should be set to pro-
vide maximum tape output. But precisely
what is maximum? Even if you standardized
on one brand of tape, manufacturing changes
occur in the oxide coatings (and improve-
ments are also made) and what is optimum
when using last year’s tape might result in

. poor performance with this year’s tape. Now,

what happens if you use different brands, or
different quality tapes?

Recording Quality. For example, as-
sume you are now using a tape with charac-
teristic C—but your recorder bias was set,
years ago, to provide optimum bias (right
on the peak) for a tape with characteristic
A (Fig. 4). Without thinking, you splice in
a section of tape from an old roll, one with
A’s characteristic, into a roll of C-type tape.
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Then you forget about it. A week or so later,
you use the roll to make a new recording.
Now what happens? To begin with, since the
bias is set for A-type tape the C-type tape
is biased to the left of the peak (Fig. 4)—
the high-distortion side—so your new record-
ing is not quite as clean as the old ones (you
might think it’s time for a new recorder but
there’s nothing wrong with the recorder that
a bias readjustment won’t cure). Now back
to the roll of tape with the A-C splicing. First
note that there is a 4-db difference between
the output from A-type tape and the C-type
tape; at the splice there will be a sudden 4-db
change in output. Should a sustained note be
recorded across the splice the effect would
be disastrous.

What To Do? The easy answer is to stand-
ardize. All you have to do is buy a life-time
supply of tape when you buy your recorder.
But most of us buy tape when we need it—a
few reels every few months. The average
tape library contains a conglomeration of
brands, bought over a period of many years.
The best bet is to make your own tests; every
year or so; whenever you buy a new batch
of tape; or, if you are real fussy—ijust before
making those extra-special recordings. (See
Tape Testing Made Easy, June-July, 1965
issue of Rapio-TV EXPERIMENTER for de-
tails on tests to determine proper bias.

Average Bias. You can start now! Take
all your tapes (or a sampling-from each pur-
chase, each manufacturer, each year) and
make the bias tests. You’ll wind up with a
set of curves similar to those in Fig. 4. There
will be some bias setting where most tape
curves intersect. (If they don’t intersect they
should be quite close.) The intersections will
always be on the right—the low-distortion
side—of peak tape output. Set the bias cur-
rent—no matter what the frequency—to the
bias indicated (straight down from the inter-
sect point) by the group of curves you made
while testing your tapes. By setting the bias
current to the average value most of the
tapes will be within 1 db of each other. (Re-
member, it is possible for bargain tapes to
vary more than that from one end of the
tape to the other.) Changes in frequency re-
sponse are generally not as noticeable as se-
vere changes in tape output level.

High-Ovutput (HO) Tapes. This is a
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Fig. 1. Typical tape ftransfer curve shows distor-
tion in the center that distorts sine wave inpuf.
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Fig. 2. Distortion can be overcome by using low
audio signal but then output will be similarly low.
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Fig. 3. When ultrasonic sine wave bias is used, it
allows audio signal to "ride” linear part of curve.
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The bias of this RCA recording amplifier, and other
good machines, can be adjusted using coil or pof.

Fig. 4. The curves below show the outpuf and dis-
fortion characteristics for three different ftapes.
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Fig. 5, HO tape has a relatively broad peak. It can
deliver greater output than general purpose fape.

class by itself, you cannot use an averaged
bias adjustment. As shown in Fig. 5, HO tape
produces 4 to 5 db more output, for the same
input level used for standard tape. Since
HO tape can also handle a 2 or 3 db higher
signal input (for a given percentage of dis-
tortion) a typical recorder can realize 6 to 7
db increase in signal-to-noise ratio as well as
dynamic range. Both characteristics are im-
portant. HO tape can improve the noise
factor of a just-marginal recorder and it also
allows a greater dynamic range in music
recording. But the recorder bias must be
specifically adjusted for HO tape to realize

all its potential—if cannot be averaged.
Frequency Response. The bias current
also has great effect on frequency response.
While many recorder characteristics deter-
mine the frequency response improper bias
adjustment can place high-frequency losses
beyond the compensation range of the high-
frequency equalization circuits. Let us take,
for example, a well-known recorder, which
did not have sufficient equalization to com-
pensate for the bias-caused loss of high-
frequency response. The manufacturer of
this recorder specified a bias adjustment that
was actually to the left of the peak output
(Continued on page 115)
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Encoders and decoders have taken the CB band out
of the category of a maddening party line and put
an end to the fatigue of listening for your eall

By Len Buckwalter, KBA4480

H Adding selective call to a CB rig is like
putting on a pair of electronic ear muffs. The
chit-chat, hullabaloo and assorted traffic on
your channel suddenly grow quiet. There’s
blissful silence until—clank!—the set opens
up and accepts a call. Is it from some crony
trying to gas about a new antenna? . . . or
a neighbor wanting to borrow a tool? It’s
neither. Only a signal bearing the “secret”
code triggers open your receiver. That’s the
" neat trick pulled off by selective call. First it
decides if an incoming signal is from a unit
in your system, then it lets you know about
it. And just in case you want to restore nor-
mal operation, flick a switch and the set will
take all comers. . '

Selective call is proving a boon to serious
CB operators. Take a
business office where
CB is used to dispatch
delivery trucks. Dur-
ing long hours of mon-
itoring the formal at-
mosphere might be
shattered by “Hey,
Looie, that’s a big fat
10-4 and gimme a run-
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down on your rig.” With selective call the set
stays locked tight. It also works the other way.
If a dispatcher wants to alert only certain mo-
bile units in the field, selective call can do
that too.

The Tone That Counts. All CB selective
call systems today are based on tone signal-
ling. The idea is simply this: When one unit
wishes to contact another station within his
system, the operator presses a call button on
his transceiver. This automatically transmits
an audio tone over the air. At the receiving
end the tone is picked up like any other sig-
nal on the channel. The receiver circuits,
however, are wired with a sharp filter tuned
only to the correct tone; all other incoming
signals—voice, static, other tones—are re-
jected. After the tone
is selected, it can be
used to turn on the
speaker, sound a horn,
or light an indicator
lamp. The point is
that no other incom-
ing signal can trigger
or open, the receiver

Amphenol Model 524 :
without a tone “key.”

CB Selective Call Unit
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Not So Easy. Theory is one thing, prac-
tice is another. For any selective call system
to work effectively, it must overcome a raft
of technical obstacles. The hairiest one is
what engineers call “falsing.” It means the
receiver trips open for signals other than the
correct tone. Let’s say the tone is on 2000
cps, a respectable frequency that lies some-
where in the upper ranges of the human
voice. If someone gets on your channel and
says “She sells sea shells . . .” chances he’ll
fire off your rig with those “s” sounds. Théy
contain strong harmonics that hover around
2000 cps. What’s more, atmospheric noise,
static crashes or heterodynes on a crowded
channel can upset a simple system. Trouble
is there are plenty of ways for a simple sys-
tem to be confused.

A look at actual circuits reveals that de-
signers have come up with neat tricks to over-
come the falsing problem. They also take
care of problems like duplicate codes—
where separate systems in one area might in-
terfere with each other—and tone accuracy
which keeps transmitter and receiver on the
nose despite frequency drifting.

An Electronic Harmonica. The heart of
most CB selective call systems is the resonant
reed relay (Fig. 1). In a way it resembles an
old-fashioned harmonica; there are thin fin-
gers of metal, called reeds, which vibrate at
audio frequencies. And like the harmonica,
frequency depends on the physical size of the
reed. Here the similarity ends. Your breath
(air pressure) is used to set a harmonica reed

!
REEDS\%

Fig. 1. Drawing shows construction of a typical
resonant reed relay. The coil below the reeds is
energized by the incoming aqudio signal. If the audio
signal produces the same fone as the natural fre-
quency of the reed, the reed vibrates strongly
and strikes the electrical contact just above it.
The system is extremely accurate due to low drift
and precise frequency to which metal reeds respond.

vibrating, but the resonant reed relay requires
an electromagnetic pull to set it in motion.
The magnetic pull is provided by an incom-
ing signal.

To illustrate the basic action, a 1-reed re-
lay is shown in Fig. 2. Note there is a relay
coil with a metal reed just above it. On top
is positioned an upper contact. Let’s assume
the reed is physically sized so it naturally

'Y
P10 CONTROL
STAGE
,—— UPPER CONTACT
<927 _ METAL REED

RELAY COIL

AUDIO SIGNALS
FROM
RECEIVER

Fig. 2. The basic operation of the resonant reed
relay—hearf of most selective call systems—
is illustrated here. The metal reed is brought to
vibration by an audio signal that corresponds in
frequency to the resonant frequency of the reed.

vibrates at 200 cps when plucked like a tun-
ing fork. The plucking action is accom-
plished magnetically by the relay coil which
receives audio signals normally intended for
the speaker. But as these signal currents en-
ter the coil they do not convert to sound, as
in the speaker, but into corresponding mag-
netic fields. This energy represents anything
that happens to be received on the channel—
voice, static, tone. These fields commence to
tug at the reed. But not until the right tone
frequency comes along, does the reed really
start to swing. A magnetic field at 200 cps
(originating from the calling station) kicks
the reed into its natural resonant frequency
and resulting motion is so great that it bumps
repeatedly against the upper contact. This
raw switching action, as shown in a moment,
is used to switch on the speaker. The distant
station has now “awakened” the receiver.

A simplified schematic of the system,
which is termed a decoder, is in Fig. 3. All
incoming signals are fed through an audio
amplifier stage and the relay coil energized.
Note that there are now four resonant reeds
instead of only one as shown in Fig. 2. With
additional reeds on different frequencies, the
user may change the tone code if it happens
to coincide with another call system in his
area. (Changing the code is generally done
by sliding plastic tubes over unused reeds to
keep them inactive.)

Returning to Circuit Action: Upon re-
ceiving the desired 200 cps tone, the reed vi-
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Fig. 3. Simplified schematic diagram shows operation
brates and proceeds to strike its fixed, or
upper, contact. - Also note that every time a
strike is made, the reed momentarily con-
nects to a source of positive voltage—the
B-plus. This voltage is now transferred to a
charging capacitor located in the next stage.
The capacitor’s job: to smooth out the volt-
age interruptions from the vibrating reed.
The capacitor stores these positive pulses and
provides a steady bias voltage to trigger the
relay control tube. This tube, in turn, closes
a relay that completes the speaker circuit.
Additional contacts on the same relay may
operate an indicator light or starts a time-
delay action which holds the speaker on for
a number of seconds. If no one answers the
incoming call, the circuit automatically re-
turns to standby (speaker disconnected),
waiting for the next call.

Encoding Signals. A remarkably simple
circuit (Fig. 4), using the same reed relay,
can transmit the calling tone. The encoder
has neither tubes nor transistors. When an
operator wants to alert his outlying station,
he presses the call button. This is just a
switch which connects a source of B-plus

’

HA 128 I

ENEONEA

falliciafiory

Hallicraffer HA-12 encoder uses 2-fone system with
reed relay; encoder-decoder combo is available foo.
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of a decoder that employs a resonant reed relay.

voltage {about 200 VDC) to a charging ca-
pacitor. As the capacitor charges, it sends a
surge of current into the reed-relay coil. The
signal is not a specific frequency, just a strong
transient that twangs the reeds by magnetic
pull. (The three other reeds are inactive.)
But since the capacitor is operating from a
source of DC, it rapidly charges to its full
capacity and passes no further current to the

-—0
——0 REEDS
CALL GING —=v0 %ﬂEcps
" CHARGING —=
BUTTON  EAPACITOR -~ 200 CPS BURST
/'\Uf\ (\U »
v
B+ REED
TRANSMITTER
LAY AUDIO *

co STAGE

Fig. 4. Schematic diagram of encoder shows how cir-
cuif generates audio fone burst of 200 cycles/sec.

coil. As the magnetic pull ceases, the reed
springs back toward its rest position, over-
shoots it, and continues to vibrate, mechani-
cally (at 200 cps), for another moment. This
motion induces a voltage in the relay coil,
actually an audio signal of 200 cps. The sig-
nal is passed to an audio stage in the trans-
mitter and the call tone goes out over the
air. The events occur so fast-——approximately
.2 second—that the signal may be termed a
tone burst.

Room For Improvement. The system just
described has significant advantages.
one, a reed relay (like a tuning fork) pro-
vides extremely accurate and stable audio
tones; there is little chance for frequency
error between the two stations even Wwith

For .
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changing conditions of temperature and volt-
age (especially in mobile rigs). Also, the
same reed relay is used for both encode and
decode operations.

The falsing problem, however, plagues any
1-tone system. As mentioned earlier, a num-
ber of other signals, including the human
voice, can trick the decoder into tripping
open the receiver. The solution has been
widespread use of 2- and 3-tone selective call
systems. By transmitting more than one tone,
the possibility of the circuits being tripped
open by random interference is greatly re-
duced. The two approaches now in use are
simultaneous and sequential. In the first,
tones are sent at the same time; while the
latter system strings them out in sequence.
Another benefit of a multiple-tone system is
that the number of coding possibilities is
greatly increased.

Two-Tone Burst System. Let’s consider

an actual circuit that typifies the kind of se-

lective call system now popular among CB
manufacturers. It is the Lafayette “Priva-
Com,” which can be attached to most trans-
ceivers. It combines both encoder and de-

coder within one case and much of the cir- ,

cuitry is shared between the two functions.
The complete schematic is shown in Fig. 5.
In operation it transmits two audio tones si-
multaneously. Let’s consider certain high-
lights of the circuit’s operation.

At the top left of the schematic in Fig. 4 is
the 4-reed resonant relay. When the instru-
ment is first set up, two tones are selected;
the other reeds are made inactive by plastic
tubing. As the call button (S1) is depressed
a surge of B-plus voltage is applied to the
coil of the resonant reed relay at the top left

- of the schematic. In the same manner de-

scribed for Fig. 4, the active reeds (1 and 4)
are plucked into vibration. They induce
audio voltages in the coil winding and this
energy is used to modulate the transmitter
with the desired 2-tone code.

During receive, the two incoming audio
tones are fed to the coil winding where they
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Fig. 5. Schematic diagram of Lafayette's Priva-Com encoder-decoder; leads af right terminate in plug.
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proceed to vibrate reeds 1 and 4. This action
applies B-plus voltage to a storage-type cir-
cuit consisting of resistors R1, R3 and ca-
pacitor C1. The same action occurs in a sec-
ond storage circuit formed by R2 and C2.
The circuit is wired so that voltages from
both storage circuits add. The total voltage is
then applied to the coil of relay K1 and it
pulls in. (Note that this only occurs when
the correct two reeds vibrate simultaneously.
Otherwise, the required total voltage is not
attained. It is highly unlikely that random
noise or heterodynes could produce two pre-
cisely correct tones at the same time.) Con-
tacts on the relay close the speaker circuit
and illuminate a neon call lamp on the unit’s
front panel.

A protective feature of the circuit is the
use of a pilot lamp (LL1) as a regulator, seen
at the lower left of the schematic. Any sud-
den or excessive audio peaks or noise tend
to be limited by heating action in the bulb.

Various tone combinations with this sys-
tem are shown Table 1. With four reeds the
user may select various pairs for six different
code possibilities. Six other combinations are
possible with another reed relay using four
other tone frequencies. Thus the system is
flexible enough to provide a large number of
codes and prevent possible duplication within
a given region.

3-Tone Sequential. Another selective
call system that has appeared in CB utilizes
the more sophisticated 3-tone system. The
tones are strung out in a row. It would be
highly unlikely for interference to present
three precisely correct tones—Iet alone gen-
erate them in proper sequence. The simpli-
fied operating principle of one system is
shown in Fig. 6.

WIPER
B+o- el

TIMER-OPERATED
CALL SWITCH

AUXILIARY
CoILS

REEDS Qe
O

———»
AUDIO
ouT

Fig. 6. Simplified schematic diagram shows operat-
ing principle of a three-fone sequential system.
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Johnson Tone-Alert a one-fone system with plug-in
choice of 37 tones, mounfs on side of fransceiver.

The ability to string out three tones, one
following the other, is done by a mechanical
arrangement of the call switch. When the
operator depresses the lever, it does not snap
back instantly. Rather, it slowly rides back
to the rest position under control of a wind-
up spring system—something like a kitchen
timer. It takes about three seconds to return.
During this period, the wiper on the call
switch moves over the three switch contacts
in succession.

There is another difference between this
system and those described earlier. Note
auxiliary coils L1, L2 and L3. Their sole pur-
pose is to “pluck” the reeds, magnetically,
as the call switch feeds a pulse of B-plus
voltage to each one in turn. (You may recall

Reed Frequencies, CPS

Reed1 Reed2 Reed3 Reed4
Codes 266.0 296.5 330.5 368.5
1 X X — —
2 X — X —
3 X — — X
4 — X X —_—
B — X — X
6 — — X X

&t
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that the pulse in the simultaneous system is
applied directly to the reed relay coil. This
is not practical where the tones must be
spread out in time.) As each reed vibrates
at its natural frequency, it induces a corre-
sponding voltage in the reed relay coil, as be-

“fore. The tones are applied to the transmitter

and the encode, or call, function is com-
pleted.

How the same system decodes, or receives,
the signal is shown in Fig. 7. During this

TO
REED RELAY SPKR
o 2 TRANSISTOR EZ___:
TONES
=" 5T
AUDIO __LOGIC GATE |||RELAY
TONES IN

Fig. 7. The three-tone decoder uses logic-type AND
gate fo sum up correct fones and operate the relay.

phase of operation, the auxiliary coils are not
used. Incoming tones are applied directly to
the reed relay coil which magnetically vi-
brates the reeds when the incoming code is
correct. The designers of this system use
some computer circuitry technology to de-
cide whether incoming tones are correct. It
is a logic circuit known as the and gate. It
is nothing more than a two-transistor circuit
which can tell whether it has received tone 1
and tone 2 and tone 3. The actual circuit is a
rather complex arrangement of resistors and
capacitors which charge and discharge ac-
cording to the incoming tone voltages. Only
when the audio contains correct frequencies,
in the correct sequence will the various
voltages add. The result forward biases the
transistors to produce an output current flow.
This operates the relay which controls the
speaker or other desired function.

/

Installing a System. Many CB manu-
facturers, aware of the value of selective call-
ing, now offer these units as accessories to
their transceivers. They anticipate its instal-
lation by making provision for it. Usually
there is a plug on the rear of the chassis
which is simply removed. An identical plug
from the selective call device plugs directly
into the chassis socket and the system is
ready to operate. No actual wiring required.

In other instances the device must be con-
nected to the transceiver with a modification
kit. This occurs when the rig is not already
equipped with a pre-wired socket. Here the
manufacturer provides wiring instructions
and necessary hardware for converting the
rig for selective call. Frequently the manu-
facturer provides detailed instructions for
adding his system to transceivers of other
makes. .

Operating Selective Call. All systems
now on the market are operated in similar
fashion. There is generally a switch marked
Standby, Normal and Call. When the switch
is on Normal, the transceiver functions as if
the selective call system had not been in-
stalled. But set the switch to Standby and
transceiver responds only to properly coded
signals. The speaker is automatically trig-
gered open and the calling station has an
opportunity to speak. Alternatively, a call
indicator may light to show that a call is
being received.

If you wish to transmit a selective call to
other stations in your system, it is necessary
to observe FCC regulations. Just before
pressing the call button, it is necessary to
monitor the channel (switch on Normal).
(You must be sure that the channel is clear
and you’re not interfering with other stations
occupying the channel.) If nothing is heard,
the call button is depressed. Of course, in-
stalling any selective call system doesn’t pre-
vent other stations from eavesdropping on
your transmissions. That is unless they, too,
are equipped with selective call to silence
your signals on the channels. n

The Heathkit GW-42 is an exam-
ple of a Citizens Band transceiver
with a selective call built in as
original equipment. The operator
can select one of four fones with
the front panel control knob. One
switch position permits simultane-
ous monitoring of all four fone
frequencies in the receive mode.
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Too loud is as had as too weak.
Audio signals must be controlled
to be of use at the listener’s end.

Controlling

Ll

Audio Volume .. ... ..

B The volume control, next to the TV.chan-
nel selector, is the most widely used voting
device. It enables the ladies to lower the
sound level to a whisper and lets you bring
Leonard Bernstein right into the living room.
The tone controls, too, let us vote. You can
make the bass rattle the house and the cym-
bals and bells crack the glassware. The tone
controls enable you to make music sound
almost live, or what you think it should sound
like. In fact, tone controls have conditioned
us to new sounds, as evidenced by the com-
ments of a patron at the Warfield Theater (in
San Francisco) a few years ago, who was
overheard saying, “Sounds tinny, doesn’t it?”,
as she listened to the superb music of Walt
Roesner’s live orchestra in the pit. Because

‘of tone controls, many have forgotten what

live music sounds like.

Early phonographs had no volume con-
trols or tone controls. You merely turned it
on and the music went 'round and "round and
came out the horn. The first phonograph vol-
ume control was a venetian-blind type shut-
ter in front of the horn which reduced the
volume by muffling the sound. When elec-
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tronic phonographs became available, a pot
(potentiometer) took the place of the shutter.
Since then, the volume control has become
more sophisticated. We have loudness con-
trols, level controls and gain controls. We
also have treble controls, bass controls and
balance controls.

Volume Control. The most simple volume
control of an amplifier, radio or TV set is
just a potentiometer connected as shown in
Fig. 1. It functions as a voltage divider
ahead of the audio amplifier. Potentiometers
used as audio volume controls have a resist-
ance element which is not linear since voltage
and loudness are not directly proportional.
There is a small increase in resistance at the
beginning of the clockwise shaft rotation and
a faster increase in resistance toward the
other end. This taper is known as audio taper
or left-hand logarithmic. If a linear pot is
useéd as a volume control, the change in vol-
ume, as far as the ear is concerned, would
not be gradual. A linear pot would provide
a linear increase or decrease in signal volt-
age. An audio-taper pot provides a linear in-
crease or decrease in loudness which is loga-
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rithmic and is expressed in decibels (db).
(See Fig. 2)

A volume control is often called a gain
control. It is actually an input level control
when it is at the input of an amplifier (as in
Fig. 1). It is also a gain control since it is
used to change the gain (amount of amplifi-
cation) between the input and the output of
the amplifier.

Level Control. A device between the
audio signal source and the amplifier input
terminals, with which the level of the signal
applied to the amplifier can be controlled, is
a true level control and is often called a vol-
ume control. But, it is not a gain control
since it does not affect the gain between the
input and output terminals of the amplifier.

The standard volume control circuit (Fig.
1) is usually at the input of the first stage of
the amplifier. However, in some amplifiers
it is connected between a preamplifier stage
and a voltage amplifier stage, as in Fig. 3.
It controls the gain through the stages behind
it, but the gain of the preamplifier stage is not
affected.

Bias Control. The actual gain of an audio
stage can be controlled by varying the nega-
tive bias on the grid of a remote-cutoff tube
as shown in Fig. 4. (In this and other circuits
a battery is shown for simplicity but the volt-
age source can be a rectifier or a voltage di-
vider.) In Fig. 4 the gain of the tube is
reduced by increasing the negative bias on its
grid, and vice versa. This will work only
when the tube has remote cut-off character-
istics. A sharp cut-off tube would just cause
distortion since it would start functioning as
a plate detector when the bias is increased
close to, or beyond, cut-off.

Indirect Gain Control. The gain of an
amplifier stage can also be varied by control-
ling the electron stream as shown in Fig. 5.
Here, a pentagrid tube is used. The audio
signal is fed into its injection grid (#3) and
gain is controlled by varying the bias on its
control grid (#1). Making the voltage ap-
plied to this grid more negative reduces the
flow of electrons from the cathode to the
plate and thus reduces the gain of the tube.

When a sharp cut-off pentode or tetrode
tube is used, its gain can be controlled by
varying its screen voltage as shown in Fig. 6.
When a gated beam tube (6BNS6, etc.) is

POTENTIOMETER
: 1%
QUTPUT
INPUT
‘ g 1
Fig. 1. Simple circuit controls volume or gain.
100 -
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v/
1
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l{/ 4/
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Fig. 2. Audio taper-l; reverse-2; linear-3. Some
six tapers are available for special purposes.

PREAMPLIFIER OUTPUT

VOLTAGE
AMPLIFIER

B+ =

Fig. 3. Control between stages of amplifier.

oUTPUT

Fig. 4. Varying bias changes gain of vacuum tube.
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Fig. 5. Bias control with multielement tube.
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Fig. 6. Screen voltage changes pentode gain.
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Fig. 7. Suppressor is control grid with low B-plus.
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Fig. 8. Speaker volume A independent of speaker B.
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used (Fig. 7), the signal can be fed into the
quadrature grid (#3) and the gain con-
trolled by varying the DC voltage applied to
the control grid (# 1). Here, maximum gain
is obtained by making grid #1 slightly posi-
tive. Making the grid more negative reduces
the gain. The tube will cut oft completely if
grid #1 is made more than two volts or so
negative.

In all of the above examples, a potentiom-
eter is used as a voltage divider, either in the
audio signal path or in a DC supply circuit.
A potentiometer can be used at the output of
an amplifier, instead of the input, as shown
in Fig. 8, to control the level of the signal
being fed to a speaker. In dual-speaker auto-
mobile radio installations which have a
speaker under the dash and another at the
rear window, a potentiometer is often used to
apply audio to both speakers simultaneously
or to only one, using a circuit like the one
in Fig. 9. :

A fader is a potentiometer at the input of
an amplifier which enables controlling the
signal level from either of two audio signal
sources, but not both at the same time.
Faders are commonly used in theatre sound
systems for switching over from one sound
projector to the other smoothly, without a
click. .

Potentiometers are also used in multi-
input audio amplifiers, one for master con-
trol, as shown in Fig. 10. The level of each
input channel can be controlled individually,
making it possible to mix the signals. The
level of the combined input signals can be
controlled by the master control.

Attenuator Pads. So far, we have dis-
cussed only potentiometers as a voltage di-
vider for controlling signal level or ampli-
fier gain. In broadcasting stations and. in
high grade public address systems, variable
attenuators are commonly used for controll-
ing the level of audio signals. The most well-
known types of attenuators are the L-pad,
T-pad and the H-pad. The specially-con-
structed tap switches employing precision
fixed resistors (used in broadcasting) are
expensive, but inexpensive L-pads and T-pads
are available. These are inexpensive ganged
potentiometers.

An L-pad is two potentiometers with their
rotors ganged and driven by the same shaft.
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AUDIO_ OUTPUT AUDIO OUTPUT L-PAD
TRANSFORMER TRANSFORMER r === === = = ==ma=comy  pe-amq
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MIC. * Fig. 9. (top, left) One circuit
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RT MAIN systems in many cutomobiles.
PREAMP R3 ?—'\N\M AMPLIFIER
1 1 Fig. 10. (left) Pots with isolat-
- S ing resistors is economical
K R8 circuit for combining inputs.
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l _L Fig. 11. (fop, right) L-pads are
— - used for much less inferaction.
— T- PAD
- ! Fig. 12. (above) T-pads give
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o ) o——Fp  change.
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Fig. 14. (left) H-pads are need-
ed for balanced lines to keep
ground  capacitance  effects
equalized and cross-talk kept to
a minimum.

Fig. 15. (above) Three methods
of connecting speakers o a line.
Generally single method is used.
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While it performs the voltage divider func-
tion of a single, conventional pot, it main-
tains, at all settings, a constant resistance
looking back into the load or into the signal
source, depending upon which way it is con-
nected. Fig. 11 shows how an L-pad is con-
nected for controlling the sound level of a
speaker. It maintains constant load on the
amplifier output regardless of its setting.

A T-pad consists of three potentiometers,
also ganged and driven by a common shaft.
At any setting, it loads the incoming and out-
going circuits with the same amount of
resistance. An L-pad is used where it is im-
portant not to vary the loading on the signal
source. A T-pad is used where it is impor-
tant to keep the loading constant on both the
signal source and the load.

T-pads are often used to control, individ-
ually, the audio signal level from an audio
amplifier being fed to several speakers. This
permits adjustment of the level fed to one
speaker without affecting the level fed to the
other speakers. If a potentiometer is used, as
in Fig. 8, the loading on the amplifier will
change as the pot is adjusted. When set to
zero (fully counterclockwise), only the pot
resistance will be across the signal source. At
the other extreme setting, the load will con-
sist of the speaker and the pot in parallel.

When an L-pad is used, as in Fig. 11, the
amplifier load will not change, regardless of
the setting of the pad, since R1 adds resist-
ance to the circuit as the effective shunt re-
sistance of R2 is reduced, and vice versa. The
resistance across the speaker, however, varies
with the setting of the pad.

By using a T-pad none of the impedance
relationships are disturbed. When increasing
the volume with the T-pad (Fig. 12), the re-
sistances of the two series elements de-
creases while, at the same time, the resistance
of the shunt element increases.

Attenuator pads are frequently used to
control the level of signals fed to the input
of an amplifier, particularly where long input
cables are required. Generally, a T-pad or
an H-pad is used since it is important to
maintain a constant impedance in both direc-
tions. The H-pad differs from a T-pad in
that it is designed for use in balanced circuits
(neither side grounded). In Fig. 13 a T-pad
is shown as the level control between the low-
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impedance output of a preamplifier and the
low-impedance input of the main amplifier.
A more complex circuit is shown in Fig. 14
where H-pads are used to mix signal levels
from various sources, as well as for over-all
level control.

Transformer Level Control. In audio
work, transformers are thought of, primarily,
as impedance matching devices. For exam-
ple, to use a 50-ohm (low-Z) microphone,
a stepup transformer is generally used to
raise the impedance to match the input of
the typical amplifier. At the same time, the
transformer, of course, steps up the voltage.
In many modern sound systems, transformers
are used for the purpose of voltage control
without worrying about so-called impedance
matching. It is often assumed that it is nec-
essary to connect an 8-ohm speaker to thg
8-ohm amplifier output terminals. But, this
is not so if the amplifier has good output-

voltage regulation. The 8-ohm speaker can

be connected to the 4-ohm output terminals,
but with a small loss in volume.

In many public address and sound distri-
bution systems, the amplifier gain is fixed and
the input signal level is adjusted so that the
amplifier delivers audio at a nominal level
of 25, 70 or 140 volts. The audio-output
line is used like an AC power line. The sig-
nal level across the line obviously varies with
speech or music undulations, but its average
level is maintained at a constant value. The
amplifier output must have a very low im-
pedance for this system. The output voltage
varies less than 1.5 db whether there are sev-
eral speakers, or none, across its output.

The speakers are connected to the output
line (through three different kinds of trans-
formers) as shown in Fig. 15. Here we are
concerned with voltage not impedance. The
transformers function as voltage stepdown
transformers. Volume level of each speaker
can be adjusted individually by selection of
transformer taps. If the line voltage is kept
at 70 volts and the stepdown ratio of the
transformer at the selected tap is 10:1, seven
volts will be fed to the speaker. If the speaker
impedance is 8 ohms, the speaker will con-
sume 6.1 watts equals voltage-squared di-
vided by the speaker impedance (W = E2/R).

In Fig. 15 the secondary of T1 is tapped
(see Fig. 16), the primary of T2 is tapped
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Constant-voltage line transformers.

and T3 is a tapped autotransformer. All
provide the same basic function, a voltage-
stepdown transformer. By selecting different
taps at the various locations, one speaker
could be set to operate at 10 watts, another
at 5 watts and still another at one hundred
milliwatts. However, the total power con-
sumption of all of the speakers must not ex-
ceed the power capability of the amplifier.

Constant Level Amplifiers. The above
techniques can be used successfully when the
amplifier is designed to deliver audio at a
constant level. A good hi-fi amplifier, which
has plenty of negative feedback, has a much
lower output impedance than indicated by
the speaker-terminal markings. When the
amplifier is fed from a record or tape player
or a radio tuner, the volume level will re-
main fairly constant. But, when a micro-
phone is to be used, the signal level will vary
all over the place unless gain control is ad-
justed constantly. In some public-address
amplifiers, this problem has been overcome
by ‘employing AGC (automatic gain con-
trol) or level limiting. Fig. 17 is a block
diagram of an audio amplifier with AGC.
A portion of the audio-output signal is rec-
tified, through a voltage-doubler, to derive a
negative DC voltage whose level varies with
the audio-output signal level. It is prevented
from following the rapid audio-signal fluc-
tuations by capacitor C2 which provides de-
layed action. As the audio .output signal
increases, the negative DC voltage, which
controls bias on the first AF amplifier stage,
also rises and reduces the gain.

Other techniques for automatically con-

trolling audio levels have been developed. A
thermistor, for example, can be used at the
output of an amplifier, as shown in Fig. 18.
Resistors R1 and R2 and the thermistor form
a voltage divider. When the audio-output
signal level rises, the thermistor is warmed
by the increased current flowing through it
and its resistance decreases, altering the
ratio of the voltage divider at the junction of
R1 and R2. '

The audio-output signal can be used to
vary the level of the audio-input signal by
feeding the output signal to a lamp inside
of a dark enclosure also containing a photo-
sensitive resistor, as shown in Fig. 19. When
the audio output signal increases, the lamp
burns more brightly and the resistance of
the photo-sensitive resistor drops causing a
change in the ratio of the voltage divider at
the junction of R1 and the photo-sensitive
resistor in the amplifier. input. R2 is used for
setting the desired output signal level.

In Fig. 20 a transistor (Q1) is used as one
leg of a voltage divider. The input signal is
fed to the amplifier through the other leg
(R1) and to the amplifier input through
C1. The audio output signal is rectified by
D1 and then fed back to the base of the tran- -
sistor. The desired audio-output level is set
by the adjustment of R3. The rectified audio
is filtered into smooth DC by R2 and C2.
When the output signal rises, the base of the
transistor sees a more negative voltage (for-
ward bias), causing its collector-to-emitter
resistance to fall, thus reducing the level of
signal fed into the amplifier.

- Limiters. Another way to provide audio
output at a constant level is to use a limiter
stage in the amplifier, as shown in Fig. 21.
The limiter may employ a pair of diodes as in
Fig. 22. Some circuits use a pair of diodes.
In the circuit shown here, both diodes are
forward-biased so that they conduct nor-
mally and pass audio, When the audio sig-
nal rises above a certain level the diodes
stop conducting during part of the time.
When the signal swings positive enough to
offset the forward bias on DI, this diode
stops conducting and opens the audio cir-
cuit. When the signal swings negative, for-
ward bias for D1 increases and it continues
to conduct. But, the negative signal, when

(Continued on page 111)
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Variable controls are not the
only ways of making audio behave.
Some conditions must be constant.

8 Early phonographs had no audio controls.
You merely turned it on and the music went
round and ’round and came out the horn.
The first phonograph audio control was a
vengtian blind type shutter in front of the
horn which reduced the volume by muffling
the sound. When electronic phonographs be-
came available, a pot (potentiometer) took
the place of the shutter. Since then the con-
trols on home-entertainment music systems
have become more numerous and more so-
. phisticated. We find loudness controls, level
controls and gain controls. We also have
treble controls, bass controls and balance
controls. Bass and treble controls are called
tone controls—actually they are volume con-
trols that affect just some of the audio fre-
quencies—not all.

Tone Control. The frequency response
of an audio system can be improved, modi-
fied or limited by connecting a capacitor of
appropriate value in series with or shunted
across the audio signal path. For example,
the low-frequency response of an audio
amplifier can be reduced by using smaller
capacitance interstage coupling capacitors.
High-frequency response can be reduced by
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connecting a capacitor from the grid or plate
of one of the amplifier stages to common
ground.

In a P. A. system where only voice repro-
duction is required, the unwanted lows can
be attenuated by connecting a capacitor in
series with the speaker. The reactance of
the capacitor becomes high at low audio
frequencies but is negligible at high frequen-
cies. Since a rather large value capacitor is
required, a pair of electrolytics are often
used instead of a single, much more costly
oil-filled capacitor. The electrolytics are
connected in series-opposing as shown in
Fig. 1. For instance, when a pair of 20-mfd
capacitors are used, their effective capaci-
tance is 10 mfd. It is necessary to use two
electrolytic capacitors (of double the re-
quired value) and connect them as shown

AUDIO QUTPUT
TRANSFORMER +

1 ct c2

—» i SPKR

Fig. 1. Capacifors in series with speaker reduce
the low-frequency output: low C values = few lows.
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in the diagram because they are polarity-
sensitive. By connecting them in series-
opposing as shown, they can be used in AC
(audio) circuits.

A bandpass filter can be connected be-
tween the signal source and the amplifier
input to limit the range of frequencies passed
through the amplifier. More often, the fre-
quency response is made variable by adding
a tone control into the amplifier itself. This
can be a potentiometer and a capacitor as
shown in Fig. 2. With the full resistance in

—— OUTPUT

Fig. 2. Resistance R limits high frequencies that
can be bypassed through series capacitance C.

the circuit, there is only slight attenuation of
the higher audio frequencies. As the series
resistance is reduced, the effective reactance
through R and C becomes lower and the
attenuation of high frequencies becomes
greater. This is an artificial way to improve
bass response. By attenuating the highs and
increasing the volume, the lows become
more predominant.

Low frequencies can be attenuated by
connecting a potentiometer and capacitor as
shown in Fig. 3. When the pot is adjusted so

INPUT
OUTPUT

Fig. 3. Capacitor C bypasses high frequencies
around resistance R without affecting bass notes.

that the capacitor is out of the circuit, essen-
tially all frequencies are passed with the
same amount of attenuation. But, as the pot

is adjusted so that there is more resistance, in
parallel to the capacitor, the high frequen-
cies find a lower-reactance path through the
capacitor.’ Hence, the low frequencies are
attenuated more than the high frequencies.
Feedback. Degenerative (negative) feed-
back is used in many amplifiers to improve
frequency-response characteristics. One of

the simplest techniques is shown in Fig. 4.

When cathode resistor R2 is bypassed by C2
(switch S closed), there is no audio signal
voltage across R2, only DC, if the capaci-

OUTPUT

INPUT ¢l
[ i
L4 [AY

+

Fig. 4. Signal voltage ET is reduced by opposing

cathode-bias voltage E2 when C2 is not in circuif.

tor is sufficiently large. But, when R2 is not
bypassed (S open), a signal voltage is de-
veloped across R2 which is in series opposing
(180° out of phase) with the input signal

voltage. The gain is reduced by the amount -

of this voltage and the frequency response
is not dependent upon the reactance of a
cathode by-pass capacitor—it isn’t in the
circuit. '

Fig. 5. Feedback voltage through R3-C3 opposes
the voltage change aof the grid of triode tube.

Negative feedback can be introduced by
feeding back the signal from the plate of a
tube to its grid as shown in Fig. 5. The
signal at the plate is 180° out of phase with
the signal at the grid. The signal at the plate
is fed back to the grid through C3 (which
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blocks the passage of DC) and R3 to the
grid. The amount of feedback depends upon
the ohmic value of R3. If C3 has low ca-
pacitance, the feedback will be greater at
the higher frequencies than the lower
frequencies.

Overall degenerative feedback is used in
many amplifiers. The audio-output signal is

. fed back to the input of the amplifier as

shown in Fig. 6. By taking a little of the
audio from the secondary of the output
transformer, even the transformer is in-
cluded in the negative feedback loop and
some of the distortion it would otherwise in-
troduce is reduced. Overall feedback can be
tricky. The idea is to feed back a signal
which is 180° out of phase with the input
signal. But, if there is phase shift (which
varies with frequency) in the amplifier, the
feedback signal may be in phase with the
input signal at some frequencies and pro-
duce positive feedback—and unwanted
oscillation.

Simple Bass Boosters. The bass response
of small radios can be markedly improved

‘even when using a small speaker by adding

feedback as shown in Fig. 7. The ground
end of the grid resistor (R1) of the first audio
stage is lifted from ground and connected
to ground through an added resistor (R2).

The audio signal from the plate of the power-
amplifier stage is fed through C1 to the junc-
tion of R1 and R2. By also adding switch S
to the circuit along with choke L1 and ca-
pacitor C2, three choices are made available.
With the switch open, fairly linear feedback
is provided. With the switch set to cut L1
into the circuit, the bass response is improved
since the low frequencies find a low-react-
ance path through L1 to ground and the
amount of negative feedback rises with
frequency. By setting S to cut in C2, high-
frequency response is improved since the
high frequencies pass easily to ground
through C2 and there is more negative feed-
back at the lower frequencies. The values of
L1 and C2 vary with the radio’s characteris-
tics. The primary of a small output trans-
former may be used for L1.

Bass response can be improved without
attenuating the high frequencies signifi-
cantly by employing a resonant circuit as
shown in Fig. 8. Capacitor C and inductor I
form a series resonant circuit. At frequen-
cies near resonance, a large signal voltage
is developed across L. The same technique
can be used with an interstage audio trans-
former as shown in Fig. 9. By using a value
for C which resonates with the primary of
the transformer at a low audio frequency,

FEEDBACK 124407 <

+ AF AF
> AM A POWER
INPUT T* AMP

>
il

©
=
o

INPUT

VOLUME
CONTROL

Fig. 6. Feedback loop can be from
secondary of output fransformer fo
SPKR input circuit. Without capacitor

in circuit feedback is approximate-
= ly the same for all frequencies.

SPKR
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have high frequencies bypassed through C2 or low frequencies by-
passed through L1. Cenfer position of S1 gives "flaf" output.

st l — —;
1 Fig. 7. Feedback loop, through C1 (from output-tube plate}, will
u :Ez R2
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@ CONTROLLING AUDIO TONE

considerable bass boost can be obtained. Or,
by making C a low value, bass response can
be attenuated. Resonant tone control cir-
cuits, such as these, may ring. That is, they
oscillate briefly at the frequency of reso-
nance. The effect may be pleasing to many,
but some may not like it since it is a form
of distortion.

OUTPUT

INPUT

B+ =

Fig. 8. C and L form tuned circuit that will dis-
fort the frequencies near resonance by ''ringing."”

OUTPUT TO

PUSH-PULL OR

SINGLE -ENDED

AF AMPLIFIER
‘T

INPUT

STAGE
B+ =

Fig. 9. Interstage transformer can be tuned for
bass boost by adding resistor and capacitor C.

Impedance Matching. It is commonly
understood that maximum power is trans-
ferred when the load impedance is equal to
the signal source impedance. For instance,
it is said maximum sound is delivered by an
8-ohm speaker when it is fed from the 8-ohm
amplifier output terminals. It will work fine,
but at reduced level, if the amplifier has good
output-voltage regulation. But, an 8-ohm
speaker should not be connected to the 16-
ohm output terminals.

When it is necessary to feed a signal from
a high-impedance source into a low-imped-
ance load, or vice versa, a stepup or stepdown
transformer is usually employed. Sometimes
tubes, transistors or resistive pads are used
to raise or lower impedance. A stepup trans-
former steps up both the impedance and the
voltage, but does not amplify as far as power
is concerned. In fact, a transformer intro-

duces a small power loss since no transformer
is 100% efficiént. A stepdown transformer
steps down both the impedance and the
voltage, but the power remains the same ex-
cept for the small losses due to transformer
inefficiency.

Input Impedance. A magnetic phono
pickup is usually fed to an amplifier which
has a high-impedance input and is loaded by
a resistance of from 50,000 to 100,000 ohms.
No impedance changing device is required.
But, to feed the output of a 5-ohm micro-
phone, for example, to a high impedance
(50,000 ohms or higher) input of an ampli-
fier, a stepup transformer is used to raise
the impedance from 50 ohms to 50,000 ohms
(or higher) and, at the same time, to step up
the voltage. The transformer, however, does
not amplify even if it steps up the voltage
since there is no power gain.

" Qutput Impedance. At the output of the
amplifier, the output transformer provides
several thousand ohms load impedance for
the tubes and steps down that impedance
to a low value (4-16 ohms) for the speaker.
At the same time it steps down the voltage—
but not the power. The transformer is re-
quired in order to feed maximum power into
the speaker which is a low-impedance device.

Power Gain. Suppose a crystal pickup
furnishes a 2-volt signal into a 100,000 chm
load at the input of an amplifier, as shown in
Fig. 10. The input power will be equal to

INPUT 2 VOLTS OUTPUT 10 VOLTS
PHONO
CARTRIDGE AMPLIFIER SPKR

e ]
(CRYSTAL).l Ml : l
5¢ VOLTAGE GAIN

625,000 x POWER GAIN

Fig. 10. Yoltage gain from input to output is low.
Power gain, needed fo drive speaker, is very high.

E2/R or 4 divided by 100,000 which is equal
to 0.00004 watts (40 microwatts). If the
amplifier delivers 25 watts into a 4-ohm
speaker system, the output voltage across
the speaker will be equal to the square root
of the power times the speaker impedance or
10 volts (square root of 25 times 4). Hence,
the voltage has been stepped up only five
times from two volts to ten volts, but the
power has been stepped up from 40 micro-
watts to 25 watts.
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Cathode Follower. A cathode follower
amplifier stage can be used to reduce im-
pedance. In Fig. 11, a very small signal is
fed from a magnetic pickup to the grid of
the tube which is shunted by a 100,000-ohm

B+
PHONO
CARTRIDGE
é ow
IMPEDANC
i OIF“’ oUTPUT
(MAGNETIC) Rl '

Fig. 11. Low-impedance output eliminates matching
transformer and ifs frequency response limitations.
resistor. The output signal is developed
across R1, the cathode resistor. The output
impedance is.quite low, usually 1000 ohms
or less, depending upon the type of tube and
value of the cathode resistor.

A cathode follower provides impedance
transformation but essentially no voltage
gain. A tube can also be used for stepping
up impedance. The signal from a low-im-
pedance source can be fed to the cathode of
a grounded-grid amplifier, as shown in Fig.
12. The output signal is derived at the high
impedance plate circuit.

| HIGH
~——] IMPEDANCE
OUTPUT
LOW B+
IMPEDANCE
INPUT
> »)
Fig. 12. Grounded-grid circuit acts as step-up

transformer with less space and much lower cost.

long Audio Llines. To transmit audio
signals over relatively long wire circuits, the
impedance is usually stepped up or down,
as shown in Fig. 13. The high-impedance

STEP-DOWN
TRANSFORMER

é .

STEP-UP
TRANSFORMER

3

PREAMP 600a LINE

STEP-UP
COAXIAL CABLE TRANSFORMER
eeme FHE=——— ===
Sy ] §

WITH CATHODE FOLLOWER OUTPUT
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E AMPLIFIER

output of a microphone preamplifier is
stepped down to 75 ohms when a coaxial
cable is used or to 600 ohms when telephone
circuit lines are used as the transmission
medium. By transmitting low-level audio at
relatively low impedances, pick up of hum
and noise is reduced.

The low-impedance output of an audio
amplifier is generally stepped up from 4, 8 to
16 ohms to 600 ohms (unless the amplifier
has a 600-ohm output) to minimize trans-
mission losses due to the DC resistance of the
wires. At the speaker locations, a trans-
former is used to step down the impedance
from 600 ohms to the speaker impedance.
(With constant level amplifiers, described
earlier, impedance is not considered).

Reasons for Audio Control. When the
first audio amplifier was developed by Dr.
Lee DeForest in Palto Alto, California (the
birthplace of the electronics industry) way
back in 1911, too much gain was obtained
and the electronic oscillator was accidentally
discovered. There arose a need for a volume
control.

Besides control of volume, it is necessary
to be able to control frequency response. To
get clear, penetrating speech reproduction in
industrial sound systems, the frequency
response is deliberately limited to the voice
range (300 to 3000 cps). In music systems,
the frequency response is made as wide as
possible and the highs and lows are often
boosted to overcome the deficiencies of
speakers.

While only a few milliwatts of sound
will provide room level sound, many of us
buy 100-watt and even higher powered am-
plifiers so we can bring Dick Liebert’s pipe
organ into the living room and so we won’t
miss the instantaneous peaks. Yet, in the
huge Radio City Music Hall, an 85-watt
stereo P.A. system pumps sound into a
cavern big enough to hold more than 1000
living rooms. »

Fig. 13. Impedance matching will
affect fone quality of audio sig-

nals—particularly when amplifiers
are separated by great distances.

AMPLIFIER
Broadcast stations often mismatch,

with special equalizers, to improve

sound quality from distant pickups.
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 Won’t you please help us?

We'd like to learn a little bit more about the readers of ELEMENTARY
ELECTRONICS. Nothing personal of course, just some general information
which will assist us in the planning of a better magazine for you.

When you've completed the questionnaire, just put”it into an envelope and
mail it back fo us. If you wish, you needn't even tell us your name.

Thanks for your help.

I — First, please indicate your age group.

] under 18 [0 35 to 44
[ 18 to 24 ] 45 to 54
O 25 to 34 [J over 55
la—[J Male [J Married
O Female ' [] Single
No. of Children [J one O three
[ two [ more

2 — What is your present occupation? (if you go
to school part time and work part time,
-please indicate both)

[0 armed forces O professional
[ business owner [ student
O clerical [ technical
O craf+sma(n O sales
official (gov't other_ .
O K ) O (SPECIFY)

3 — What was the last school you attended?
[0 grade school [ college
O high school O graduate school

3a — Did you graduate? [ yes O ne

4 — Have you ever taken a correspondence
course? )
[ vyes [ no

4a — Do you intend to take a correspondence
course?
[ yes ] ne

if yes, what type of course?
O electronic [ TY & radio servicing
technician
O electronic
computers
[0 basic electricity

[} communications

[0 other
(SPECIFY}

5 — Would you indicate the approximate total
annual family income?

[ under $3000 [ $7000 to $9999

7 $3000 to $4999 [ $10,000 to $14,999

[ $5000 to $6999 [ $15,000 and over

6 —How often do you buy ELEMENTARY
ELECTRONICS?
[ this is my first issue

[0 whenever [ see it

[ regularly

7 1 subscribe

ba— How long do you keep your copy of
ELEMENTARY ELECTRONICS?

[] about | month [0 more than 3 months

[0 more than | month [ as permanent

library reference

6b — How many people, other than you, will read
this copy of ELEMENTARY ELECTRONICS?

(NO. OF PEOPLE}

—Julian M. Sienkiewicz, Editor

7 — What other electronic magazines do you

read?
regularly once in a while
[0 Electronics lllustrated O
[0 Electronics World O
[ Popular Electronics O
] Radio Electronics (]

[0 Radio-TV Experimenter O

8 — What is there about electronics that interests
you the most? :

O hi-fi [0 experimentation
O cCs [ servicing
* O ham radie O sSwL
O construction [ other
) (SPECIFY)
9 — Do you own any equipment of your own,
such as,
O oscilloscope [ soldering gun
O V.OM. 7 soldering iron
O V.T.V.M. [ other

O signal generator (SPECIFY)

{0 — How much money have you spent on equip-
ment in the past year?

$ on test on communica-
equipment tion equipment

(ham, CB, SWL)
$ on Hi-Fi $ other
equipment

(SPECIFY)

{1 — What type of equipment do you expect to
purchase this year?
[ test equipment
[0 Hi-Fi equipment

[0 communication
equipment (ham,
CB, SWL)

O other

(SPECIFY)

{la— How much do you expect to spend on your

new equipment purchases?

[ under $50 [0 $200 to $299
O $50 to $99 O $300 o $399
7 $100 to $199 [ over $400

Please mail to: JULIAN M. SIENKIEWICZ, Editor,
Elementary Electronics, 505 Park Avenue, New York,
New York 10022

Thanks again.

If you wish, you needn't give us your
name and address.

Name

Address

State

City____ Zip

J
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EAEITeST BENCH

EICO MODEL 435
Wide-Band
3-inch Oscilloscope

@& In this, the era of the complex waveform,
the oscilloscope is perhaps the most im-
portant service instrument next to the
VIVM. In addition to indicating voltage
and current in terms of voltage, an oscillo-
scope gives you a picture of what’s going on.
And what with everything from TV re-
ceivers to voice-controlled tape recorders
using spikes, sawtooths and square waves
it’s often more important to be exactly sure
of the shape of things than their exact mag-
nitude. Yet, while the scope is the only
instrument that gives you a picture of what's
happening as it happens too often the hob-
byist places it down at the bottom of the
test equipment list because of high price or
complexity of operation; but in fact, a mod-
ern scope such as the EICO 435 kit is not
only competitively priced at $99.50, it is
essentially as easy to operate as a VIVM.

Why It Stands Out. First off, the EICO
435 is really a compact, ideally sized for
the hobbyist—Ilet alone the pro. About a
foot long, less than 6 inches wide and about
8 inches high it takes up next to nothing in
valuable bench space.

The 435 utilizes a flat 3-inch CRT (which
we'll tell more about later); a four-position
1000:1 stepped attenuator backed up with

MarcH-APRIL, 1966

a variable attenuator for the vertical input;
an automatic sync limiter and amplifier; a
fully adjustable 10 cps to 100 k.c. sweep
range plus fixed frequencies of 30 cps and
7875 cps for TV servicing; a Zener regulated
calibration voltage and a DC to 4.5 mc.
vertical amplifier response. In addition to
the usual front panel controls there is an
astigmatism control available through the
side of the cabinet. (Since the rest of the
features are usually common to most qual-
ity scopes you can look them up in EICO’s
brochures.)

“Well”, you might ask, “what makes the
435 different from any other scope as far
as the hobbyist is concerned?”. To start
with there’s the assembly itself and the as-
sembly manual. While the kit is by no
means a one evening project, or for that
matter one weekend (it takes about 20
hours), it is not a difficult assembly. Wiring
is primarily on both sides of a “Z” shaped

Unrefouched photograph of sine wave on scope face illustrates
the brightness of trace; calibration graticule is edge lighted.
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Underside of oscilloscope with cover removed shows
packed, but neat wiring; fop of chassis is equally
dense—as you'd expect in compact wide-band scope.

vertical chassis, plenty of room between
connections and single-layer style. For some
reason the manual makes mention of mul-
tiple layer wiring but there really is none—
at no point are components packed on top
of other components.

As far as the newcomer to construction
is concerned it is really the assembly manual
that means success at the first try. The
manual is first rate, notably excellent. There
are no pictorials in the manual, each pic-
torial is on a separate sheet about six times
the size of this page and each one represents
a very small part of the total wiring. At no
point is it necessary to follow a lead with
a pencil in order to trace it through a maze
of wires; as example, the average number
of individual steps per pictorial is only thir-
teen. The .construction steps themselves are
printed in oversize type and it’s almost im-
possible to run one step into another.

As far as the components themselves are
concerned they appear to be of the highest

" quality. With few exceptions 5% resistors

64

and silver-mica capacitors are used through-
out.

As far as performance is concerned the
CRT display is the most striking. In com-
bination with the astigmatism control the
trace can be focused razor-sharp from edge-
to-edge. In fact, because the entire face can
be used the useful working area of the 3
inch flat faced CRT is almost equal to that
of a convex 5 inch CRT. As for brightness,
just look at the photograph, and remember
that it is not retouched. The trace, under
typical bright shop illumination, appears
“painted on”—it is actually brighter than
the power on light. Note also the sharp and
bright edge-lit calibration grid which is cali-
brated in centimeters; note the calibration
extends to the top and bottom of the tube.

Spec Check. Unusual for kits, where
performance is generally better or worse
than specs, our 435 was right-6n-the-button.
The frequency response checked out to
exactly +1, —3db from DC to 4.5 mc.,
and thé vertical sensitivity was exactly the
claimed 18 rms mv./cm while the horizontal
sensitivity was 0.7 V/cm. The decading ac-
curacy of the vertical attenuator was exactly
5%; usually it is a little better because
resistor tolerances cancel; in our model they
didn’t cancel but 5% is still good.

The calibrating voltage of 200 mv. peak-
to-peak is actually adjustable over a very
wide range and the user can set the calibra-
tion to any reasonable value. For example,
we preferred to use 500 mv. so that the
vertical sensitivity at full gain each centi-
meter on the grid represented 10 mv. instead
of 8 mv.—but each user can set his own
calibration (we found this feature very con-
venient though the operating manual was
a little muddy on its usage). The calibrating
trace is a very sharp square-wave with no
vertical overshoot, so whether collapsed or
expanded the top and bottom of the trace
always represent the extremes of the cali-
brating wave-form.

Retrace blanking was very good—fast
with virtually no loss of the end of the trace.

In fact, electrically we have no complaints;
mechanically, there is one: thé vertical and
horizontal inputs utilize a common ground
terminal, and one cannot use two standard
% inch plugs at the same time. If you use
a plug for the vertical input while simul-
taneously using the horizontal input the
horizontal ground lead must be wrapped
around the ground terminal. If the sawtooth
output jack is removed——as it’s only used
to adjust the vertical input frequency cor-

rection—a separate horizontal ground termi--

nal can be added. And wonders of wonders,
you can buy the terminal direct from EICO.
Call it a breakthrough (if we must use the
word) but EICO provides the price of every
single part in the scope, right down to the
cardboard sleeve for the grid illumination
bulb (price 3 cents).

Other than the remarkably brilliant and
sharp CRT it’s difficult to single out any
specific outstanding features as the DC
Wideband Oscilloscope does exactly what
EICO claims—and does it well. For further
information and specifications write to
EICO, Dept. HA, 131-01 39th Ave,, Flush-
ing, N. Y. 11352, Tell ’em Rap1o-TV Ex-
PERIMENTER touted you on the 435. n
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By Leo G. Sands, W7PH/KRBG7906

® This year, CATV is the most talked about
development in electronics. While it is not
new, CATV is headline news because: (1)
it is “big” business, (2) TV broadcasters are
concerned about it, and (3) the FCC has just
taken over regulation of CATV.

CATYV means “Community Antenna Tele-
vision.” For more than a decade, CATV
has been making good television reception
possible in extreme fringe areas and in areas
not served by TV stations. Now, CATV is
being extended into areas where there are
several TV stations, even into New York
City where there are seven VHF stations,
two UHF stations plus a Coast Guard Ratan
UHEF station and another new UHF TV sta-
tion being readied.

There are approximately 2,000 CATV
systems in operation serving an estimated
5,000,000 TV viewers. Many more are being

Pplanned. A typical CATV system serves

1500 subscribers for which it receives
$80,000 per year for its services. Some are
much larger, serving as many as 20,000 sub-
scribers.

In many areas beyond the range of TV
stations, TV programs are piped-in via
CATYV. In other areas where there may be
a local TV station the CATV system brings
in programs from out of town stations.
CATYV also eliminates the need for individual
tall, expensive TV-antenna systems in fringe
areas.

TV Pipe Line. The CATV company pipes
in TV signals, usually from several stations,
via coaxial cable to the homes of its sub-
scribers. A small monthly fee is charged
for the service. The TV signals are picked
up off-the-air at a receiving station located
on a distant hilltop or other good receiving
site. There, the TV signals are amplified by
what is called “head-end” equipment and
then transmitted through coaxial cables and
intermediary amplifiers to one or more com-
munities where the signals are distributed
through coaxial cable to subscribers.

TV Today

Cahle-eonneeted TV reception brings you the
finest picture possible without unsightly masts
and some special features unique to CATV.
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good TV signals. The antenna feeds the TV
signals through a balun (matching trans-
@ @ CATV TODAY former) to a broadband head-end amplifier
tuned to the desired channel.
The RF output of the head-end amplifier
While all of the New York Metropolitan is fed to a coaxial cable (suspended on poles
area is saturated with TV signals, TV recep- or buried in the ground) which feeds TV
tion is sometimes poor. It is particularly signals to the house or motel. One or more
poor in Manhattan where signal reflections line amplifiers are inserted in the coaxial
from the hundreds of tall buildings distort cable to make up for cable losses. At the
TV pictures. Two CATV systems are to be  far end of the cable the signals go to a dis-
installed in New York City, one serving tribution amplifier and then to individual TV
Manhattan and the other serving the Bronx. sets. Operation of the TV sets is normal
Subscribers will get clear pictures and will except that a roof top antenna is not re-
be able to receive programs of some out-of- quired.
town stations as well as from the local sta- Commercial Systems. Commercial
tions. And not to worry about roof-top an- CATYV systems are similar except they serve
tennas that are ruined by soot and weather. a large number of houses, as illustrated in
Simple System. Let’s look at a simple, Fig. 2. Here, we have a single antenna feed-
single-channel CATV system which could be ing several head-end channel amplifiers.
privately owned and operated to serve a Each head-end channel amplifier is tuned
farmhouse (or motel) in a valley where good to a different TV channel. The combined
off-the-air TV reception is not possible. signals are transmitted through coaxial
Fig. 1 shows a TV receiving station on a cable to line and distribution amplifiers.
hilltop where the antenna is able to pick up From the distribution amplifiers the TV

E’ Fig. 1. Hill-top tower and a long
HEAD-END EQUIPMENT run of coaxial cybl_e_can be a big

— TOWERE . expense for an individual, or even
L : a family, for recreation. It is a
gsgﬁg&y IS el DISTRIBUTION business necessity for mofel or a
STATION FIER resort hotel that must compete

with facilities offered by others.

/{ POLES AMPLI

LINE AMPLIFIER

ANTENNA Fig. 2. Block diagram uses special symbols indicating
various units found in most CATV sysiems. Mast may
be located atop building in center of town and the
trunk lines may spread out like strands of o spider-

TOWER PREAMR (IF NEEDED) web. Only a part of system is shown for simplicity.

ANTENNA SITE AMP

s,
/ {1 PER CHANNEL RECEIVED)
T

RUNK LINE AMPS

FEEDER LINE
TAP OFFS

N

4
__.vl 3
Fl
LINE LINE EXT.
AMP.

E<—Hous:-: DROP
b
DIST. AMP. /u———U ™v
MATCHING

[
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TRANSFORMER
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signals are fed to subscribers through feeder
coaxial cables, usually attached to telephone
or power line poles. The feeder cables are
tapped near each subscriber’s home and a
coaxial house-drop line is run to the sub-
scribers premises where one or more TV
sets may be served.

Some CATV systems employ microwaves
or G-Line instead of coaxial cable to feed
TV signals from the head-end equipment to
the distribution center. A G-Line is a single-
conductor transmission medium, suspended
on poles, which does the same job as coaxial

cable' but has much lower losses and fewer
amplifiers are needed.

Pick-up Antennas. Only one antenna is
needed when all of the signals are picked
up from the same direction. To permit re-
ception from various directions two or more
antennas are used—each feeds its own
channel amplifier. The outputs of the ampli-
fiers are combined and then fed into the
coaxial trunk line, as shown in Fig. 3.

FM and CCTV Too. CATV systems are also
used to bring in FM programs. This requires
an 88-108 mc head-end amplifier.

ELEMENTS OF THE CATY SYSTEM—FROM PIC

KUP TO DELIVERY

Starting af the antenna (upper left) and going
clockwise you can follow the signal path of a
CATV system. Many antenna are used fo pick up
signals  from different  directions. For re-
liability more than one anfenna may be used
for each channel.. The signal goes fo head-
end equipmenf—which is checked frequently to
maintain signal quality—fed through coaxial
cables and frunk line amplifiers mounted on
poles. House drops make the connection between
the feeder-line tap offs and the subscriber's
equipmenf. Matching transformers must be used
to mate the 300-ohm inputs to the 50-ohm line.

iy
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~~  COMMUNITY ‘A"

HEAD-END
EQUIPMENT

TRUNK LINE
COAXIAL CABLE i

TRUNK LINE AMPS

TV RECEIVING ~
SITE

FEEDER LINE

Fig. 3. Microwave link in CATY system can be

- 000! >
0@ =
MICROWAVE MICROWAVE
TRANSMITTER RECEIVER

COMMUNITY "B"

FEEDER LINE .
FM SET ‘
DISTRIBUTION
AMP

DISTRIBUTION
AMP.

TAP OFF

cheaper fo install and produce better signals,

over distances of several miles, than possible with coax and many trunk-line amplifiers.
b MC
e 177-MC MIXER 69 ¢
= CHANNEL 7 "CHANNEL 4
TRUNK LINE
COAXIAL CABLE 3
108 MC-
PREAMR. CONVERTER —»
N v LOCAL
CHANNEL7 CHANNEL 4 GBI e
Fig. 4. Converting Channel-7 signal fo Channel-4  Fig. 5. Block diagram of converter is just like
reduces coax-line losses of higher frequencies.  that used in front-end of broadcast receivers.

Besides off-the-air TV and FM programs,
some CATV systems originate their own
programs. These special closed-circuit chan-
nels are used for transmitting weather and
other information. For example, a camera
is trained on a weather instrument panel.
The camera’s video output is fed to a TV
modulator which is tuned to an unused chan-
nel, Subscribers merely select that channel
to get the latest weather scoop. Some also
have an automatic programming device
which prevents simultaneous transmission of
the same program on two CATV channels
when the same program is being broadcast,
at the same time, by two of the TV stations
being picked up.

Head-End Equipment. The TV signal is
fed into the coaxial trunk on the same chan-
nel as received off the air, or it can be trans-
posed to a different channel. For example,
if channels 2, 3, 4 and S are picked up, they
can be amplified and fed into the coaxial
trunk on their same frequencies.

Sometimes, the channel frequencies are
transposed for the sake of better transmis-
sion. The attenuation losses through coaxial
cable rise with frequency. Therefore, when
picking up Channel 7 off the air, the signal
can be transmitted with lower losses by trans-
posing it to say Channel 4, if that channel
is not in use on the CATV system (Fig. 4.).

(Continued on page 106)
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LAFAYETTE HA-230
Amateur/SWL

Communications Receiver

B It’s often difficult to find a really good
budget communications receiver because
most of them priced under $100 are nothing
more than a table radio with a fancy front
panel and short-wave coverage added-on—
basically it’s still a table radio; usually
AC/DC type.

On the other hand, though Lafayette
Radio’s HA-230 is priced well under $100,
it is a true communications receiver in prac-
tically all respects, right down to the trans-
former power supply and always-on mixer
and oscillator filaments. From the antenna
trimmer, to the Q-multiplier/BFO, to the
IF gain control, S-meter and AVC disable
switch, the HA-230 has all the features of
communications receivers selling for con-
siderably more than $100.

The HA-230 covers 550 kc. to 30 mc. in
four bands. Calibrated bandspread is pro-
vided for the 80/75, 40, 20, 15 and 10
meter amateur bands as well as a 0-100 log-
ging scale for short-wave listeners (SWL's).
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The amateur bandspread is calibrated 5 ke.
per division on 80/75 and 40 meters; 20 kec.
per division on 20 and 15 meters; and 50
ke. per division on 10 meters.

The Big Extra. The Q-multiplier is the two
control type. The selectivity control varies
the overall selectivity for phone reception
only from =800 cycles at 6 db down to the
normal IF bandwidth (we’ll get to the normal
selectivity later). The second control func-
tions as a variable BFO for CW and SSB
reception; it is also used to move the peak
when the Q-mult is being used and allows
the operator to place an interfering station
outside the IF passband. The Q-mult
checked out very good, and unlike some
earlier budget receiver Q-multipliers which
often growled, the HA-230’s produced a
very clean and stable CW note.

More Extras. The antenna input accom-
modates balanced or unbalanced lines of
50-400 ohms or the common SWL “long-
wire.,” The receiver has no built-in speaker

The Lafayette HA-230 is obviously
not a stripped down receiver.
Fully shielded subassembly partly
hidden by tuning capacitor houses
the  Q-multiplier/BFO  circuits.
Large pulleys make wide-band and
bandspread tuning fingertip easy.
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Slide switch on chassis changes power transformer
connection fo match low line voltage about 100 Y AC.

and a 4 and 8-ohm speaker output is pro-
vided. The headphone jack is connected in
series with the 8-ohm speaker output so low
impedance (Hi-Fi type) phones can be used.
An accessory socket on the rear apron is
prewired for standby/receiver control from
the transmitter with three extra pins pro-

vided for a converter power take-off. Of

unusual interest is a low voltage power trans-
former switch; if you suffer from chroni-
cally low line voltage of about 100 VAC you
can “boost” the operating voltages back to
normal by setting the power transformer
primary connection to the 100-volt position
with just the movement of a slide switch
(no soldering needed).

Sensitivity is about 1 uv. for a 10 db
S/N ratio on the lower SW bands. Typi-
cally, sensitivity falls off on the high band,
but unlike many budget receivers which are
virtually dead above 15 mc. the HA-230’s

sensitivity is at least equal to that of receivers
selling for twice the price.

Normal IF selectivity, without the Q-mult,
is =10 kc. at 60 db down-—a respectable
figure, somewhat better than many budget
receivers.

The notably outstanding feature of the
HA-230—particularly when one considers
its low price of $79.95—is the frequency
and BFO stability. After a 15 minute warm-
up the local oscillator stability is good
enough to allow rapid tuning of SSB signals
even on the 15 meter band. (For those of
you who have never suffered through tuning
SSB even on 80 meters with a drifting re-
ceiver you may believe this is a notable ac-
complishment in a budget priced receiver.)
Similarly, the BFO stability is just as good—
SSB signals stay tuned in and CW doesn’t
slide up and down the scale. However, on
our model at least, the BFO injection was
a little weak and very strong SSB and CW
signals of the 30 over 9 variety could be
satisfactorily tuned in if the overall sensi-
tivity was reduced via the antenna trimmer.

The excellent frequency and BFO stability
is achieved by always leaving the mixer and
Q-mult filaments on (a unique application
in low cost receivers), even when the power
switch is off. The constant generation of
moderate tube heat prevents the drastic fre-
quency changes common when components
get a “cold start.” Cost of continuous fila-
ment operation is virtually negligible.

Considering its rather good all-round per-
formance and ease of operation, at $79.95
the HA-230 shapes up as an ideal choice
for the newcomer to amateur radio or short
wave listening. For additional information
write to Lafayette Radio, Dept. SI, 111
Jericho Turnpike, Syossett, L. L, N. Y. ®

s ey

Matching plug for power
take-off socket (left) is sup-
plied as the antenna short-
ing bar. Control between
anfenna and speaker fer-
minals is the S-meter zero
adjustment potentiometer.
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Maximum Power
Transfer Theorem

By Andy Martin

If you recall the water analogies for visualizing E., I '
and R, you might visualize a funnel as a symbol for the
impedance match necessary for maximum transfer of power

M Why must an 8-ohm loudspeaker be
matched to the 8-ohm winding of an audio
power-output transformer? And why must
a car’s starter motor have an internal im-
pedance to match the battery’s resistance?
In both cases it’s important to deliver to
the load maximum power rather than maxi-
mum voltage or maximum current. The
reason is simple—only power can do useful
work and we want to obtain the maximum
possible power at the load (loudspeaker and
starter motor) when we need it most—at
peak audio passages of a symphony and
during a sub-zero winter night when the
crankcase oil is thick as tar.

Proving a Point. It is well and good to
say that the load impedance must equal the
electromotive force’s (battery, transformer,
generator, etc.) internal resistance for maxi-
mum power transfer, but let’s prove the
point. Fig. 1 shows a simple circuit con-
sisting of one battery and two resistors, R,
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and R;. Resistor R,’s value is equal to the
internal resistance of the battery and its
terminal and lead resistances that are always
present in any circuit. R, is the load re-
sistance and is made variable for this dis-
cussion so that it can be varied to find the
resistance value whereby maximum power
is dissipated in it.

The voltage drop across R, in Fig. 1 is
equal to

R,

Ee=rTR:

E; (1
Since E; is equal to 10 volts and R; is 10
ohms—
R
E,= .

ETS 10 volts. 2

We know that power P, dissipated in R,
is equal to E.*/R;. So we must square both
sides of equation (2) and divide by R, to
obtain an equation for power P, dissipated
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Now we insert numbers into equation (3)
for different values of R, and observe how
the values for P. vary for each change of
R.. To do this handily, the table below
compares the value of R, in ohms against
P, in watts. The tedious calculations have
been performed by the author, but don’t
take his word, check a few values yourself.
Fig 2 plots the valtues for R, and P, given
in the table.

It is obvious from the table and F1g 2
that maximum power is dissipated in R;
when R; equals R;. This mathematical proof
is commonly referred to as the Maximum
Power Transfer Theorem.

What's with AC. Fig. 3 is a simple series
circuit in which we have assumed that the
generator is inductive by nature introducing
an inductive reactance,' X,, into the cir-
cuit. Also, we have assumed that the load
impedance exhibits a capacitive reactance,
X3z Now, recalling our AC circuit theory,
when the inductive reactance is equal to the

ﬂzgw L

%

capacitive reactance at the generator’s out-.

put voltage frequency, both reactances will
be equal in magnitude but of opposite sign.
Hence, the reactances shown in Fig. 3 add
up to zero: X, + Xp=0. '
More simply, a resonant condition exists
when the inductive reactance is equal to the
capacitive reactance. As far as the gener-
ator is concerned it cannot “see” X, 'and X;
at resonance since they cancel one another.
Hence, the generator is supplying power
only to pure resistances, Ry and R;. If we
use the rms value for the generator’s output
voltage, we can determine "the resistance
value for R, for maximum power dissipa-
tion. The computations will be identical to
those given in the table discussed earlier.
To put our last conclusion into the words
of engineers, . for an AC power source
to deliver maximum power to a load, the
load impedance must be the conjugate of
the generator impedance. This means that
the resistance of the generator must equal
the resistance of the load, and the reactance
of the generator must be equal in numerical
value (magnitude) but of opposite sign to
the load’s reactance. Therefore, when the
generator has an inductive reactance prop-
erty, the load must be capacitive. Converse-

POWER SOURCE _
Rs LOAD

. Schematic diagram af the left illustrates

10 OHMS

Eg
10VDC’

|
|
ls‘;_]
|
|

<

the crrcun‘ used in computing the Maximum Power
Transfer Theorem in the text above. The condition
necessary for maximum power fransfer is Rr = Rs.

!

Fig. 2. A plot of the values obiained by varymg
Ry in the circuit in Fig. 1 shows point of maximum
power ftransfer. It is, naturally, when Ry equals
Re. See table opposite for coordinafes of curve.
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Iy, when the generator is capacitive in na-
ture, the load must be inductive. Inductive
reactances are stated as positive quantities
and capacitive reactances are negative.

Using Calculus. Eighth grade students
are now being introduced to the operations
of the calculus. No longer is it a mystery to
second year mathematical students in Uni-
versities. So why not give the proof of the
Maximum Power Transfer Theorem as stu-
dents in their first AC theory course would
learn it.

Fig. 4 represents a battery with internal
impedance R; and its load resistor R,. The
battery voltage is E;. Then the load cur-

rent is
E;

L= —— 4

“7 (Rs*R.). (
The power delivered to the load is

ESR,
P= 5
"= RART. ¢

Since R: can be varied until P, is maximum,
the rate of change of P, with respect to R,
may be expressed mathematically and set
equal to zero. This is the condition for
maximum P;.

P, _
ar, ~°
dP, EB (RB+RL)‘—2EB”RL(RB+RL)(
dRL (Rs+R.L)

We know from observation that (Rz+R.) is
not a negative number because R; and R,
are finite positive numbers. Then the frac-
tion in equation (6) must have a numerator
that is equal to zero in order for the fraction
to equal zero. Therefore:

0=E(R;+R.)—2E,R,(R;+R;).
Then

(7

EB’(RB+RL)’= 2E32RL(RB+RL)° (8

Now divide both sides of the equation (8)
by E;* and (Rs+R;).

0=(R;+R.)—2R,
R;—R.;= 2R,
R;=R,

Thus, we prove that the load resistance must
equal the battery resistance for maximum
power transfer.

Those readers knowing how to use cal-
culus should have no problem solving the
Maximum Power Transfer Theorem for AC
circuits. a
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Table of Values for P_ Calculated from Selected Values of R,

10%1 13

| 151 17 | 20 | 30 | 40 |

RL (ohms) | 1 ‘ 3 ‘

PL (watts) |0.83]1.78 222|242[247]249}

Fig. 3. Schematic diagram of the circuit
used to illustrate the maximum #ransfer of
power in an alternating current circuit.

POWER SOURCE BAD_
R | [ 1
| ! 'éﬁasj_c |
I GENERATOR | I
| | | RS |
| L | | |
L Xaonws) | L _

250]249|2481246[240]233]222 1.88| 1.60|

Fig. 4. Refer to this circuit when
following the differential calculus
in text above; it proves Ri must = Rs.

POWER SOURCE

r—

LOAD
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® Mary Ann, who plans to some day at-
tend Massachusetts Institute of Technology,
is now working on a device to move the legs
so “Herbert,” her home-brew robot, can
exercise out of the house and stop scaring
visitors -at her home. Mary’s parents don’t
mind her wanting to be a scientist, but Her-
bert with his buzzing and lighting up, and
recorded voice, etc., is not an ideal house
guest. Herbert cannot walk and must be “un-
snapped” for easy transportation. Herbert’s
fetal period was only two months and parts
cost less than ten dollars. Now if Herbert
can only help with the housework.

Mary Ann has a number of other interests
and hobbies which belie her feminine appear-
ance. Included in these are a membership in
the Quincy Civil Air Patrol, and also the
Radio-TV club at school. She likes fishing
and shell collecting, and has a pet parakeet
which she teaches to talk, and probably says
words like “nuclear fission” or “thermo-
dynamics.”

Herbert Thomas Jr., for whom the robot
was named, is her current beau, and he
heartily approves of Mary Ann’s activities,
for he plans to be a scientist himself. So
“Herbert” the tin man, will always have a
hhome even if he doesn’t take a prize. n
Herbert's eyes glow with jealousy (left) as he

watches Mary Ann and beau, Herbert, discuss some
personal plans and the projects of the future.

""Photos by Three Lions

Makijng final adjustments (above) before Science Fair ex-
hibition. Going over plans of Herbert's anafomy (left).
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B&K MODEL 1245
Crosshatch-Bar
Color Generator

B Unlike black and white, where virtually
anything that remotely resembles a picture is
considered good by 9 out of 10 viewers, color
TV reception dictates that receiver adjust-
ments be absolutely optimum—for no one
will accept green faces, three-tone hair, or a
wavering red tint when the picture is sup-
posed to be in spectacular true life color.
Unlike black and white telecasts where
you can just tune in a station and rotate the
controls for what appears to be a “good pic-
ture,” color receiver adjustments require
special stabilized test signals such as provided
by B&K’s Model 1245 Color Generator.
Inside the Case. The B&K Color Genera-
tor provides 5 patterns, has a gun killer, and
adjustable output level for the vertical lines
and color subcarrier sync. Three of the pat-
terns are basic to both b&w and color ad-
justments; these are the vertical and hori-
zontal lines, and the crosshatch which is a
combination of the H and V lines. There are
exactly 10 vertical and 14 horizontal lines, all
equally spaced. To adjust any receiver for
linearity in the absence of a transmitted test
pattern (and you can hardly find one of those
during working hours) the receiver’s linearity
controls can be adjusted by literally measur-
ing the distance between lines with a ruler.
Width adjustments for proper aspect ratio
is similarly a “snap” with the B&K 1245 as
the 10 to 14 line ratio is for all practical
purposes the standard 3 to 4 aspect ratio. In
the case of a color receiver’s adjustments for
slight overscan, the receiver is adjusted to
produce a space between the edge lines and
the edge of the CRT of approximately one-
half the distance between two adjacent H or
V lines. In a sense, the finite and equally
spaced H and V lines and the cross hatch is
superior to a transmitted test pattern because
the service technician obtains reference
points across the entire face of the CRT;
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particularly so with color where dynamic
convergence checks must be made across the
entire CRT face.

The B&K 1245 utilizes an “and” circuit to
obtain the dot pattern; the generator’s output
is cut-off at all times except when both the H
and V output is present—this occurs only at
the intersections, or dots. The dot pattern
produces the reference needed for static con-
vergence of the color guns. In order to ob-
tain a black and white picture (also a good
color representation) the three beams must
hit the same spot on the CRT at the same
time. When proper static adjustment is ob-
tained the central dot—the one in the center
of the screen—appears white, while adjust-
ments for dynamic convergence generally re-
sult in proper convergence of the dots in the
central H and V areas.

Cover slides off the B&K color generafor revealing
the fully transistorized circuits of this AC powered
test gear. The enfire unit weighs in at only three
pounds making it easy to take on home service calls.
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The B&K color generator is
easily carried using the han-
dle on the side of the unit.
The leads, below, can be
coiled around the clip de-
signed into the cover for
even additional convenience.

The three gun killers—which reverse bias
the grids by connecting them to ground
through a resistor—allows each gun to be cut
off as required in the convergence alignment
as well as purity adjustment procedure.

Of special note is the fact that the B&K
1245 produces horizontal lines—and hence
dots—exactly one scanning line in height.
When the receiver’s focus and/or conver-
gence is properly adjusted the H lines appear
to be sharply “etched” on the CRT; smear-
ing, blurring or improper convergence is im-
mediately apparent. .

Viva La Chroma. The final function is the
color signal. Gating of the generated rainbow
produces an output which consists of 10
color bands equally spaced 30 degrees apart.
The color signal serves two purposes: it per-
mits testing the receiver’s color sections in
the absence of a transmitted signal and it
permits rapid and accurate adjustment of the
color phasing control. The color pattern
starts at the left with yellow-orange, pro-
gresses through blue at the center and is
green at the extreme right.

RF Output. The B&K Coior Generator’s
output is modulated RF which is connected
directly to the receiver’s antenna terminals.
This is a superior method to the video out-
put type which requires that you go into the
receiver’s wiring. The RF output is of further
advantage in that the signal feeds through
the entire receiver and phase shift in the IF
or RF stages will affect the test signal in the
same manner as a transmitted signal. (A
video output type of generator is connected
after the IF amplifier so phase shift in the
preceding stages do not show up on the test
signal—obviously an RF signal is to be pre-
ferred). While the 1245°s RF output is set to
channel 3 it can be easily user adjusted to

‘channels 2 or 4.

Fully transistorized and AC powered,
B&K'’s Color Generator is rather compact
and exceptionally light—easily tucked into a
tube caddy with little extra weight—it weighs
only three pounds. Priced at $134.95, ad-
ditional information is available from B&K
Manufacturing Co., Dept. HS, 1801 W.
Belle Plaine Ave., Chicago, Iilinois 60613. ®
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Home

Equipment

By Leo G. Sands
W7PH/KBG3321

You can learn much about electronics when
you repair radios, hi-fi's, and television sets

YOU CAN often diagnose and repair troubles in your

radio and television receivers, or hi-fi system. There are
some repairs that should be tackled only by a competent
technician. Since it costs money to have a technician diag-
nose the trouble, it would be cheaper if you were to do the
preliminary diagnosis and perform the easy and simple re-
pair tasks.

The only test equipment you need is a volt-chm-milliam-
meter, called a VOM by engineers and technicians. It is a
multi-purpose meter that will measure AC and DC volts,
current in milliamperes and resistance in ohms and meg-
ohms. They range in price from $10 for an import to as
much as $75 for a domestic-made instrument.

AC/DC radios. Most radio sets, except transistor port-
ables, are of the so-called AC/DC type. The AC/DC radio

Servicing

Entertainment
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was devised some 30 years ago by Barnet
Trott who saw a need for a radio that could
be operated either from AC house current or
DC power, which was still in use in some
cities at the time, Today, nearly all homes
and apartments have AC power and the
AC/DC radio still exists mainly because it
is cheaper to build, since a power trans-
former is not used.

® ® @ Tubes don’'t light. In radios of
the AC/DC type, the heaters (filaments) of
the tubes are connected in series in Christ-
mas tree light fashion. If one tube burns
out, none will light. This is the most com-
mon cause of failure.

If your radio fails to play when turned on
and plugged in, and no hum is heard, when
your ear s held close to the loudspeaker,
suspect a burned out tube. If the set is left
turned on for several minutes and the cabi-
net does not get warm, and you see no light
at any of the tubes (dull red glow), the
trouble  can be a defective switch, broken
connection at the power plug, or a burned
out tube.

Disconnect the power plug and connect
the leads of an ohmmeter (volt-ohm-milli-
ammeter set to measure ohms) to the prongs
of the power plug. See figure 1 with the
switch turned on, the meter should indicate

¥less than 1000 ohms. If it indicates that the
circuit is open (meter needle does not
move), examine the power plug to deter-

Y b

LN

Fig. 1. The ohmmeter is the best instrument for
checking out the appliance's major Nemesis—the
open line cord. Wire breaks are common. Look for
weak spofs in wire near chassis and close fo plug.

mine if one of the wires has been pulled
loose from its prong. If this is the case,
cut the cord an inch or so from the plug and
install a new plug.

If this does not cure the trouble, remove
the set’s rear cover carefully, the chassis
holding screws and the knobs, and remove
the chassis from the cabinet. With the power
plug disconnected, connect the ohmmeter
leads to the ends of the power cord inside
the chassis, and short circuit the power plug
prongs with a screw driver blade with the
switch in the “off” position. The meter
should now indicate zero ohms (full-scale
meter deflection). If this does not happen,
the cord is defective and should be replaced
with a new one. If the cord is OK, you are
ready to check the on-off switch by con-
necting the ohmmeter across its soldered
terminals. With the switch turned on, the
meter should indicate zero ohms.

Depending upon which is handier for you,
take the tubes out of their sockets and have
them tested, or use the chmmeter to measure

DETECTOR / AUDIO AUDIO POWER
AMPLIFIER  CONVERTER IF AMPLIFIER ~AMPLIFIER  RECTIFIER
V5
3 4
ns l l ‘ -
VA[C 12v | v , 12V ——sfe— 50V 12V 23y
PILOT LAMP
o
ON-OFF el L
SWITCH 01T~ 3220k
MF ¢
—

CHASSIS GROUND

Fig. 2. Filament line-up for most "all American five" AM superhet radios. Pin 3, of
V1, is offen connected fo chassis ground to keep hum voltage to ¥V1's cathode low.
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HEATER CONNECTIONS MADE HERE
FOR MANY TUBE TYPES °

Fig. 3. Bottom view of a 7-pin miniature wafer
socket. Printed-circuit sockefs are similar.

the continuity of the heater of each tube
with the tubes in their sockets. You have to
know which socket terminals to check.

A schematic diagram of the heater circuit
of a typical AC/DC radio is given in figure 2.
In this case, terminals 3 and 4 of all of the
tubes are the heater connections. The ter-
minals may be numbered. If not, see figure 3
for the numbering arrangements used for
common types of tubes, looking at the bot-
tom of the socket.

Touch the ohmmeter leads to the heater
connections of each tube, one at a time. If
you get an open circuit reading (meter
needle does not move) at one of the sockets,
the tube in that socket is apparently burned
out. Replace the tube with one of the same
type. Now, you should not get an open
circuit indication.

Turn on the radio switch and plug in the
power plug. The tubes should light and, if
nothing else is wrong, the set should operate.
Make sure that the set chassis does not make
contact with any metallic grounded object.
Don’t touch the chassis unless you are stand-
ing on a dry insulated surface, in order to
avoid possible shock.

To test the set while it is out of its cabinet,
put the knobs on the shafts (with power plug
disconnected) and touch only the knobs
when adjusting the set. If it works OK, dis-
connect the power plug and reassemble the
set.

On the other hand, if you choose to take
all of the tubes out for testing, make a chart
noting which tube belongs in which socket
so you will.know where to reinstall them
after testing.
® o o Pilot lamp. Most AC/DC radios
no longer have a pilot lamp which glows
when the set is turned on. When a set is
equipped with a pilot lamp, it is usually
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WIRES TO OUTPUT
TRANSFORMER

FLASHLIGHT
CELL

Fig. 4. An ohmmeter, or Jeads connected fo a dry
cell, will make a "good" speaker thimp or click.

connected as shown in figure 2, across part
of the heater of the rectifier tube. The set
will continue to play even if the pilot lamp
burns out since the series circuit is not
broken, although slightly changed in total
resistance.

The pilot lamp should be replaced only
with one of the same type number as origi-
nally installed in the set by the manufacturer,
usually a number 47 lamp. When the set is
first turned on, the lamp may glow brightly
and then dim as the tubes warm up. The
resistance of a tube heater is quite low when
it is cold compared to its resistance after it
has reached operating temperature.
® ® ® Tubes light—set doesn’t play.
While a burned out tube is the usual cause
of trouble, there are many other defects that
can prevent a radio from operating. A tube
can be defective even if not burned out. So,
have them tested and replace any bad ones.

If the tubes light and the cabinet gets
warm, listen for a slight hum in the loud-
speaker. If none is heard, disconnect the
power plug and pull the chassis. Momen-
tarily connect a 1.5-voit flashlight cell across
the speaker terminals as shown in figure 4.
A click should be audible as the battery leads
touch the speaker terminals. If no click is
heard, the speaker voice coil circuit is prob-
ably open and the speaker should be replaced
with one of the same physical size and
impedance rating. '

Presence of hum indicates that the speaker
is live and that the trouble is elsewhere.
With the chassis out of the cabinet, the
power plug connected, the switch turned on,
and the volume control set wide open, touch
a test lead (not connected to anything) to
the center volume control terminal. A buzz
should be heard. If not, the trouble is in the
audio section of the receiver, in any one of
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the many components, including either of
two tubes.

Among the possible troubles in the audio
section are an open coupling capacitor from
the plate of the first amplifier tube to the
grid of the audio power amplifier, a shorted
capacitor across the primary of the output
transformer or an open first amplifier plate
resistor or open power amplifier resistor.

A buzzing sound caused by touching a test
lead to the center volume control terminal
indicates that the trouble is ahead of the
audio amplifier. If the set can’t be made
operative by replacing one or more tubes,
further diagnosis should be made by a tech-
nician, unless you want to attempt it your-
self. But, don’t touch the IF transformer
alignment screws since you will need a signal
generator to get them back on the correct
frequency.

Look for a charred resistor and for
swollen capacitors or chemical oozing out
of a capacitor and replace such components
with exact equivalents. In the case of a
charred resistor, a capacitor in the same
circuit may have blown causing the resistor
to overheat.
® ® ® Excessive hum. A loud hum may
be caused by a shorted tube or a dehydrated
filtet capacitor. The set may or may not
play. The first step is to test the tubes and
replace defective ones. If the hum persists,
chances are the filter capacitors need re-
placement. Note the ratings marked on the
filter capacitors and buy an exact equivalent.

R

See figure 5. Unsolder and remove the old
ones and install the new ones, being careful
to observe color coding or polarity marks.
If this was the cause, the hum should be
gone or diminished. After the set has been
played a while, the hum may get weaker as
the capacitor forms.

® ® o Distortion. Highly distorted
sound, often accompanied by hum, is often
caused by a shorted tube or electrically leaky
coupling capacitor between the plate of the
first audio amplifier and the grid of the
power amplifier. Disconnect the old one and
solder in an exact equivalent. At the same
time, as added insurance, replace the ca-
pacitor between the plate and screen of the
audio power amplifier tube (bridges output
transformer primary).

® ® o Lack of sensitivity. Inability to
pick up as many stations as in the past may
be due to aging tubes, dehydration of filter
capacitors or change in the characteristics
of a resistor or capacitor. Test and replace
weak tubes first. If the set hums, replace the
filter capacitors. These steps usually restore
performance. Further diagnosis should be
made by a technician.

® @ @ Fading. The sudden rise or fall
in the volume of a radio is often caused by
inadequate pick up by the built-in antenna.
In some cases, the volume drops or falls
when a light switch is turned on or off.
The lighting circuit changes its character-
istics as a switch is opened or closed, and
may re-inforce or attenuate the level of the
signal reaching the radio’s antenna. The
simplest cure is to move the radio to another
location in the room, or to re-orient it to
change its antenna position with respect to
the stations to be received.

Fig. 5. Electrolytic capacitors
are of two basic types. Tubular
units (extreme left) and minia-

—

N
ELECTROLYTIC
CAPACITOR ~

ture units for ftransistor cir-
cuits usually have wire |eads.
Can types may have one, fwo,
three or four settions. The can
does not have to be grounded—
it can be mounted on a phenolic
wafer and be “hot.” Cardboard-
sleeves insulators are often
left off during replocement.

ELEMENTARY ELECTRONICS



X fy

", M TERIEE

Y O
i Ty

jr He | F - d!;‘;‘Q(’hi ﬂﬂ:‘fi‘i\gﬁ«ﬁ,

TR r

B+
Low

B+
HIGH

15
YAC

] 40 40 T 20

LS

RECTIFIER

. MF MF MF

¢

FUSE

POWER

BIAS VOLTAGE
WINDING (OPTIONAL)

g TO HEATERS

TRANSFORMER
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tical fo those used in first transformer-powered radios more than 30 years ago.

A loose connection inside a tube or ca-
pacitor can also cause sudden changes in
volume. Slow fades on all stations are gen-
erally caused by a tube with an intermittent
heater. Fading of volume when listening at
night to stations more than 50 miles away,
but with nearby programs remaining steady,
is due to cancellation of the ground wave
radio signal by its sky wave, which is not
the fault of the radio.

Transformer type radios and hi-fi
tuners. Nearly all hifi radio tuners and
some radio receivers employ power trans-
formers, particularly those inside of large
console cabinets, and particularly those that
were manufactured several years ago. In
these sets, the tube heaters are generally
wired in parallel and the plate and screen
voltages are usually much higher than in
AC/DC radios.
® o o Tubes don’t light. Failure of the
pilot lamp to light when the tubes light is
generally due to a burned out pilot lamp.
Failure of all the tubes to light is most often
caused by a blown fuse, if the set has a fuse.
Generally, the fuse is at the rear of the chassis
and can be replaced by merely turning the
fuse holder counter clockwise and pulling it
out. It can be checked with an ohmmeter to
determine if it is open, if it isn’t obvious
when looking at it that it is burned out.
Replace the fuse only with one of the same
type and rating as specified by the manu-
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facturer of the set.

Should the fuse blow when the set is
plugged in and the switch is turned on, there
is trouble inside the set.

If the fuse is Ok, or a new fuse does not
blow, pull out the power plug and connect
the ohmmeter leads to its pins with the radio
switch turned on. If an open circuit con-
dition is indicated, inspect the power plug
connections to the cord and replace the plug
if one of the wires has pulled loose from its
prong. Pull the chassis if the trouble is not
at the plug. ,

Touch the ohmmeter test leads to the ends
of the power cord inside the chassis and
short the power plug prongs with a screw
driver blade with the switch in the “off”
position. You should get a short circuit
indication. If not, replace the cord and plug.
Now, check the switch ‘with the ohmmeter.
A short circuit (zero Ohms) condition
should be indicated when the switch is in
the “on” position, and open circuit when in
the “off” position.

Then connect the ohmmeter leads to the
power transformer primary leads. One is
usually connected to the fuse (or to one wire
of the line cord when there is no fuse), and
the other to one terminal of the switch. An
open circuit reading indicates that the power
transformer primary is open, which means
that the transformer must be replaced by an
exact equivalent. ’
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@ SERVICING

® & ® New Fuse Blows. Blowing of a
newly installed fuse of the proper rating
usually indicated that there is a short circuit
within the set. If the set is connected to an
external ground, remove the ground connec-
tion. Now, if the fuse does not blow when
the set is plugged in and turned on, chances
are that one of the line filter capacitors (Cl
and C2 in figure 6) is shorted. Disconnect
the power plug and touch one ohmmeter
test lead to the chassis and the other to either
power transformer primary lead. You should
get an open circuit indication. If not, replace
the line filter capacitors with new ones of
equivalent value and rating. However, if you
still get other than an open circuit reading,
the power transformer primary winding may
be grounded to its core and replacement of
the transformer is indicated.

Trouble on the other side of the power
transformer, which causes the fuse to blow,
could be due to a short or ground in one
of the transformer secondary windings, or a
short circuit or ground in the tube heater
winding. Pull out the rectifier tube and turn
the set on. If the fuse does not blow now,
but does blow when the rectifier tube is re-
installed, the trouble is probably due to a
shorted filter capacitor.

"Utility Tester" Model 161 measures current drawn
by AC-operated appliances. It quickly pays for ifs
modest cost ($22.50, from Accurate Instrument Co.,
Dept. JMS, 911 Faile Street, Bronx, N. Y. 10474).

- L P - Fu

The shorted filter capacitor can be identi-
fied by measuring the resistance with an
ohmmeter from the hot terminal of each
filter capacitor to the chassis. Sometimes
two or more capacitors are inside the same
container. If a very low resistance or short
circuit condition is found, disconnect the
wire at the capacitor terminal and check it
again with the wire removed. If the short
isn’t cleared now, replace the capacitor with
an equivalent type. Observe color coding or
polarity marks.
® @ ® Tubes light—set doesn’t play.
When the tubes light, but the set is inopera-
tive, any of dozens of components could be
defective. If there is an odor and the power
transformer gets hot, it could be transformer
trouble or a short circuit elsewhere. ILook
at the rectifier tube for reddening of its
plates which is indicative of a shorted filter
capacitor.

On the other hand, if the set does not give
off an odor and does not seem to overheat,
the trouble could be a defective tube. All
should light. The light in some may be diffi-
cult to see. After the set has been turned
on for a while all tubes should feel warm
to the touch. Nevertheless, have all the tubes
tested and replace any defective ones. Check
the loudspeaker as explained earlier about
AC/DC sets.

Other troubles, such as hum, distortion,
lack of sensitivity and selectivity and fading
can be due to the same causes as explained
earlier, regardless of whether the-set is of
the AC/DC type of transformer type.

Hi-fi amplifiers. The power input cir-
cuits of hi-fi and other audio amplifiers, as
well as AM/FM tuners, are similar to those
of transformer type radios and the same
check-out procedures can be used.
® & O Excessive hum—volume control
turned down. Some amplifiers are equipped
with a hum control at the rear or top of the
chassis which can be adjusted with a screw
driver. With the volume control turned to
minimum volume, adjust the hum control
slowly for minimum audible hum. If the
hum cannot be reduced to a satisfactory
level in this manner, have the tubes tested
and replace any defective ones.

The audio power amplifier tubes may have
to be closely matched in order to minimize
hum and distortion. When buying new
tubes, have them checked and take those
which check most alike.

While it may not be specified in the user
instruction book, a ground connection may

ELEMENTARY ELECTRONICS



Some servicemen claim
that 95% of all radio
and TV set faults can be
eliminated by replacing
a vacuum tube. This
kind of service anyone
can do, including a
housewife (upper right).
If you have your own
tube tester (left), you can
cut out those trips to the
corner drug store. Re-
member, in TV sets there
are one or more tubes
hidden in the HV cage
(upper right]. Be careful!
Be sure to short out the
high voltage to ground.

reduce hum level. Get a ground clamp and
fasten it to a freshly cleaned spot on a cold
water pipe and run a wire from it to a screw
on the chassis. (Don’t do this if the amplifier
is of the transformerless type).

The hum could be caused by dehydrated
filter capacitors. This can be checked out
by turning the chassis over to gain access
to the wiring. Take a 20-ufd, 450-volt
tubular electrolytic capacitor and tempo-
rarily bridge it across each filter capacitor
or section, one at a time, making sure that
the + terminal of the test capacitor is con-
nected only to the positive terminals of the
capacitors in the amplifier, and note any re-
duction in hum. Be careful to hold the test
capacitor by its insulated housing and avoid
touching any of the wires, terminals or test
capacitor leads, to dvoid shock.

An appreciable reduction in hum level,
when the test capacitor is tried, indicates
that the filter capacitors should be replaced.
® @ O Excessive hum—volume con-
trols turned up. Hum, which increases in
intensity when the volume control is turned
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up, in any position of the function selector
switch (phono-tape-tuner, etc.) indicates
amplifier trouble. It could be an improperly
seated tube shield or a defective tube.

However, if the hum rises when the func-
tion selector switch is set to one particular
position, the trouble could be in the partic-
ular pre-amplifier selected, in the lead from
the selected input device (tuner, record play-
er, etc.), or in the input device itself.

Check the amplifier input lead and plug,
looking particularly for a broken shield at
the plug at each end of the lead. Make sure
that the plugs are firmly seated in their
sockets.

When separate line cords are used for
each hi-fi system component, try reversing
the positions of their respective power plugs
in their sockets.

Record changers. A record changer is
an intricate and touchy mechanism which
should be adjusted gnly by an expert. How-
ever, it can be lubridiated by anyone who has
available an instruétion book spelling out
when and where to lubricate and what kind
of lubricant to use.



@ @ SERVICING

Rubber rimmed drive wheels and idlers
wear out and cause rumble. Replacements
can be purchased at radio parts stores, which
you can install if you exercise care not to
disturb other parts of the mechanism.

The stylus of many types of stereo and
mono cartridges can be easily replaced. The
new stylus is generally furnished with spe-
cific installation instructions. Sometimes it
is necessary to replace the entire cartridge,
or you may want to replace your cartridge
with one of a type more suited to your
requirements.

Portable Transistor Radios. Servicing
portable transistor radios is a job for an
expert with the proper tools, test equipment
and spare parts. The most common trouble
is worn out batteries, which you can easily
replace. Symptoms of worn out batteries are
lack of volume, a motorboating sound or a
rapid fade out shortly after switching on.

Replace the battery or batteries (all of
them at once) with exact equivalent types,
being very careful that the new ones are
inserted or connected in the same polarity
as the original ones. If necessary, clean the
contacts with a pencil eraser and bend the
clips slightly to ensure firm contact.

Television sets. Numerous books have
been published about how to repair your
own TV sets. While many professional TV
service shops have initially lost business as
a result, they have gained additional revenue
undoing the damage done by some do-it-
yourself TV owners.

When your TV set acts up, it will cost you
several dollars to get a pro to come to check
it over, quite a few dollars to get it repaired
if more than a new tube is required. Some
shops charge a minimum of five dollars to
look over your TV set even when you bring
it to the shop.

There are several things you can do before
you call in an expert. Before touching the
TV set, as long as it is operating, even if
not satisfactorily, check out the antenna sys-
tem. Look for loose, bent, broken and cor-
roded elements and carefully examine the
connections to the twin-lead transmission
line. If the antenna has been in use more
than five years, it might be a good idea to
replace it and the transmission line, which
gradually deteriorates, downgrading recep-

tion as it does. Also check the antenna
connections at the set.

® @ ® No picture—no sound. Sudden.
failure of a TV set to operate is usually due
to a burned out tube or fusible resistor inside
the cabinet. The first step is to remove the
rear cover. The power cord is automatically
disconnected when the cover is removed.

Before you take out the tubes for testing,
look for the label that shows the locations
of the various types of tubes. If there isn’t
one, make one noting the locations of the
tubes and the number of each tube as you
remove it from its socket. Have the tubes
tested and replace any defective ones.

Many TV sets have their tubes connected
in series as in AC/DC radios. Hence, one
burned out tube can prevent the others from
lighting. Also, the fusible resistor in such
sets, if burned out, can prevent the tubes
from lighting. Usually, the fusible resistor
is a two-wire plug-in device which can be
pulled out of its sockets and replaced with
a new one of the same value. You can check
it with an ohmmeter.
® @ ©® Picture Troubles. Vertical and
horizontal picture instability can often be
corrected by adjustment of the horizontal
and vertical controls. Sometimes, replace-
ment of a weak tube will cure the trouble.
Absence of a picture, but with the screen
lighted, is often caused by a defective tube.
Unclear pictures and ghosts are usually
caused by antenna trouble, improper tuning
and antenna orientation.
® ® & Sound Troubles. One of the com-
monest troubles is buzz in the sound which
can be due to any number of causes. A
screw driver adjustment is provided in some
sets which is set for minimum buzz. There
is also a tuning slug in the gated beam de-
tector coil which can be adjusted with a
special tuning wand. But, both of these con-
trols are usually inaccessible unless the rear
cover is removed, and adjustment cannot be
made satisfactorily unless the set is turned
on.
® ® o Tuner Troubles. After a few
years of use, the contact points inside the
tuner (controlled by channel selector switch
and fine tuning knob) get dirty causing un-
stable picture and sound. You can get a can
of TV tuner cleaning fluid which you can
spray into the tuner through the holes, with
the set’s rear cover removed. Rotate the
channel selector knob as you spray. - W
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Your
Home=-Brew
Projects

Space-Age techniques for ex-
perimenters makes electronic-
project construction easier, fast-

er, neater and more enjoyable.

BY HOWARD S. PYLE, W70E

B How often have you been flustrated trying
to make a solder connection to a terminal
deep in a chassis? Did you ever have trouble
trying to insert a machine screw or start a
nut in an awkward corner? If you’re a typi-
cal home-brew artist you’re only too familiar
with these all-too-frequent situations. But
there is a better way to build your elecronic
projects—UNITIZE!

Perhaps this is a new word for you—UNI-
TIZE simply means to make your project in
subassemblies; small units that are joined on
a larger chassis to complete the project.
Manufacturers of automobiles, airplanes,
household appliances and most electronic
equipment manufacturers use subassemblies
in many of their products to speed produc-
tion and save money.

This is not a construction article. It will
not tell you how to build a particular project.
Instead you will be shown how to make a
few, simple changes in your present way of
laying out your project to make the assembly
and wiring much easier, simpler and faster.

The Old Way. For an example suppose
we use a simple regenerative receiver which
you, or anyone else, may decide to build as
a home-brew project. First you very care-
fully (we hope) lay out the chassis and panel.

Then, just as carefully, drill the needed holes

and make the necessary cutouts for sockets,
etc. Mounting the various components seems
to be the next logical step, so this is done.
And now . . . the wiring.

The first few runs go rather well-—no ob-

structions and things are generally simple
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with short, direct leads. Then a few more
runs, one of which is slightly awkward as the
solder terminal is in a spot a bit difficult to
reach without burning the insulation of a wire
previously placed. By a little maneuvering,
and using a scrap of metal to protect the
interfering wire, the connection is finally
soldered. As the wiring proceeds, this situa-
tion has an annoying habit of repeating itself
with increasing frequency until it reaches the
flustrating point where the last wiring runs
are made with great difficulty—the result: a
project which is definitely not in the award-
winning class for workmanship.

How much easier such assembly and wir-
ing would become if it were done on a flat
plate, outside the confining aprons of a chas-
sis. In most cases it can!

The New Way-—Unitize. Now take a look
at Fig. 1. See how many components can be
grouped on a 3%2- by S5-inch flat aluminum
plate without crowding. Planning the posi-
tions of the components around the socket
keeps their leads very short—a good practice
in RF-circuit wiring. Many of the other cir-
cuit components are mounted in the remain-
ing area. Almost all of the wiring for the
receiver can be right on this small base plate.
As a complete assembly the plate is mounted
inside the chassis, on spacers, with four easily
placed machine screws, lockwashers and
nuts. All that remains (in this case) is to con-
nect seven wires—to the regeneration and
volume controls, phone jack and B-plus and
filament voltage connections. Just seven sol-
der connections to be made within the con-
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Fig. 3. Terminals on bandswitch are easy to reach.
There is nothing fo hinder wiring or obscure your
view. Switch can be furned upside-down fo prevent
solder from running inta silver-plated confacts.

fines of the chassis aprons—the rest of the
wiring is finished. The hardest part of the
wiring has been done on the 3%%- by 5-inch
base plate which could be moved around,
stood on end, on edge or set in just about any
other position that would make the job of
wiring easier while producing a neat, profes-
sional job like that in Figs. 1 and 2.

Fig. 1. (left) Receiver chassis before mounting in
main chassis. Use Yy-inch spacers to prevent shorts.

Fig. 2. (above) Only soldering needed inside deep
chassis aprons are for inpuf, oufput and power.

Don’t Stop Now! Two more subassemblies
are needed to complete the receiver. First
let’s look at the band switch and coil assembly
in Fig. 3. To cover the 10-, 15-, 20-, 40- and
80-meter amateur bands a 5-position rotary
switch and a coil with seven taps are ngeded.
Another awkward, in-chassis wiring job is
eliminated by mounting the coil and switch
on a small piece of aluminum that has been
bent to an angle of 90°. Here again, the hard-
est part of the wiring has been done before
the components are mounted in the main
chassis. A single nut, on the bushing of the
rotary switch, is all that is needed to hold
the subassembly in place. Then a few wires
are soldered to other terminals and the band-
switch wiring is completed.

The power supply is the third subassembly.
To reduce hum radiation from the power-
transformer windings-a shielded power trans-
former should be used. Since a shell-enclosed
type was not available an open-type trans-
former was substituted and the whole power
supply was mounted in a small steel box.
(An aluminum box will not give magnetic
shielding to prevent hum voltages being in-
"duced in sensitive receiver circuits—Editor.)
The selenium rectifier, its surge-protective re-
sistor and a terminal strip are mounted in the
box along with the unshielded power trans-
former. The final position of the power-

(Continued on page 120)
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Transistorized
Stereco-
Headphone
Amplifier

By Art Trauffer

You don’t need high power to enjoy your hi-fi when
you listen privately to your records or tuner with
high-fidelity headphones and this simple amplifier.

B Here’s a four-transistor stereo amplifier
for use with stereo headphones. It is simple
to layout, easy to build and it sounds great.

Besides listening to your favorite stereo
or mono discs (or radio programs) at home,
without disturbing others, this amplifier can
be used for business purposes like audition-
ing stereo and mono discs in record stores,
libraries, radio stations and for music-appre-
ciation courses in schools. Use it with a
stereo-FM tuner or with a mono-FM tuner
and a multiplex adapter or for mono listen-
ing to an AM tuner.

The four transistors used (two in each
channel) are powered by two D-size flash-
light cells. A separate volume control in each
channel compensates for possible sound-level
differences in the two channels. This can be
due to unbalance in the recording, the stereo
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' STEREO;HEADPHONE AMPLIFIER

pickups, unmatched transistors or earphones
as well as the unmatched sensitivity of the
listeners two ears. A stereo-mono switch
lets you switch to mono when listening to
monaural discs. This reduces surface noises
and turntable rumble. A unique battery
holder allows you to change batteries quickly
and easily without opening the amplifier case.

In the schematic, Fig. 1, the two driver
transistors (Q1, Q2) are RCA 2N217’s (or
RCA Top-of-the-Line SK-3003’s). The two
power ftransistors (Q3, Q4) are RCA
2N301/2N2869’s (or RCA Top-of-the-Line
SK-3009’s).

The Layout. Figs. 2 and 3 show how the
parts are mounted and wired on a 7-inch by
3%-inch piece of Y5-inch hardboard which is

used as the front panel.. (The back of the

panel has been painted white, by the author,
so the parts will show up better in the photo-
graphs.) Placement of parts isn’t critical.
Just space them for short, direct leads and
nice appearance. Don’t forget to allow space
.around the four edges of the panel for the
35-inch thick sides of the wooden case.

The two driver transistors (Q1, Q2) are

f

PARTS LIST

B1—D-size flashlight cells .

C1, C2—25-mf., 15-volt electrolytic capacitor

J1, J2—phono jacks, single-hole mounting

J3—headphone jack, 3-contact stereo

Q1, Q2—2N217 transistor (RCA-—See text)

Q3, Q4—2N301 or 2N869 power transistor
(RCA)

R1, R2—50,000-ohm potentiometer (Volume
control)

R3, R4—180,000-0hm, 1/ -watt resistor

S1, $2—S.p.s.t. slide switch :

Misc.—Knobs for R1, R2; pressed hardboard

for panel; wood stock ¥ -inch thick for cabinet;

inexpensive flashlight (D-size celll—see text;

brass angle bracket; hardware; insulated hook-

up wire; solder lugs, efc.

Estimated cost: $6.00
Estimated construction time: 4 hours

mounted by their own leads soldered to a .
5-lug terminal strip (Fig. 2). Clip the leads
to about half of their normal length. (Grasp
the leads with long-nose pliers, when solder-
ing, to act as a heat sink). Do not solder
leads directly to the base (B) and emitter

5-LUG
L TERMINAL STRIP

R2 c2

SOLDERING LUGS ON Q3,
Q4 MOUNTING SCREWS

7x34x 1" COMPO - BOARD PANEL

ot
R
B e}
SR
e
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STEREO-
MONO
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Fig. 1. Schematic for stereo-head

HEADPHONE
) 4P phone amplifier shows simplicity
J3 of circuit. For mono use just cuf

amplifier in half across cenfer.

R4 € o4 Do not attempt to parallel outputs
+17C2 180K N30 T for increased mono power output.
25 b ¢ - Just use two speakers—one for
J2 R2 & — each channel—or #try o multiple
> 50K 9% =" jmped ker with half of
2N217 A = impedance speaker wi alf o
LEFT CHANNEL T; voice-coil winding as output load
for each stereo channel amplifier.
b
e ¢ 9, Q2 03,04
2N21T 2N301 b
¢ e—c (CASE)

(E) pins on the power transistors (Q3, Q4).
Use small phono-cartridge pin clips or clips
removed from a broken miniature-tube sock-
et (if you do not use a standard power-tran-
sistor socket). Use insulated hookup wire,
or pieces of spaghetti tubing, to avoid shorts
that can quickly ruin transistors.

The Cabinet or Case. Make the panel
from a scrap of ¥s-inch hardboard. For sim-
plified operation, identify the switches as
shown in Fig. 3.

The wooden-box cabinet is nailed and
glued together using ¥s-inch stock (hard
board, plywood or fancy hardwood). This

CHANNEL ONE

S1 —
STEREO -
MONO

R2
CHANNEL TWO

Fig. 2. (left) Underpanel view of amplifier shows simple layout duplicates that of schematic.

Fig. 3. (obove) Power transistors mounted on outside of front panel dissipate heat better.

s2
ON- OFF

Q4
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HEADPHONE AMPLIFIER

FILE OFF RIVETS

e

SAW OFF =

OPENING IN END OF
FOR SNUG FIT
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! CEMENT SOLDER

Fig. 4. (top, left) Indicated part of flashlight
bell is cut off and discarded. Slide switch can be
ignored since it is not really in the circuit here.

cuT
80X
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— +

- Fig. 5. (above) Roughen surface to be cemented to
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wooden case. Use cement suitable for metal, wood.

Fig. 6. (top, right} Battery holder in the amplifier.

Fig. 7. Changing cells is as easy as replacing a

couple in flashlight. Unscrew cap, shake out the

old cells and drop in new ones and replace cap.

box measures 7-inches long, 3%2-inches wide

and must be at least 3-inches deep. The out-
side of the box can be painted, stained or left
unfinished—whichever is best suited for its
application.

'If you are not a very good carpenter you
can make use of file-card boxes, cigar boxes,

movie-camera cases or plastic boxes. Just
make sure you change the size of the panel
to fit the case.

Battery Holder. Figs. 4, 5 and 6 show
how to make the battery holder from a
metal-case flashlight which holds two D-size
cells. The flashlight must have a removable
cap on the end opposite the lamp and re-
flector. Do not use a flashlight with an alu-
minum case—aluminum is difficult to solder
to. Fig. 7 shows how easy it is to change
batteries.

How it Works. Both channels work ex-
actly alike. The driver transistors (Q1, Q2)
get their base bias through the 180K resistors
(R3, R4). The driver transistors are direct-
coupled to their power transistors (Q3, Q4).
The base-input circuit of the power tran-
sistor serves as the emitter loads of the
drivers while the emitter current of the driver
transistors provides base bias for the two
power transistors. The headphones are the
power-transistor emitter loads.

Operation. One channel of the stereo
phono pickup, or other source, is connected
to input jack J1 and the other channel to in-
put jack J2. (Only one input jack is used
for input from an AM tuner or other mono
source.) The Stereo/Mono switch is set to
the stereo position for stereophonic inputs
and the mono position for monophonic
sources. (Stereo sources will be reproduced
monophonically if the switch is left in the
mono position.) Stereo headphones are
plugged into the phone jack (J3) and the

(Continued on page 115)
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B Here is a solid-state, 6-meter, amateur re-
ceiver that’s just great for beginners! Its
super-regenerative detector provides for
good over-all sensitivity and excellent noise
limiting properties. Low in cost, you can
build it for less than $18.00, and that’s
using all new parts too! Easy to build, a
Novice could do the job in less than five
hours. Construction is aided through the use
of a 4-transistor pre-packaged audio ampli-
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Recelver

By Edward A. Morris, WA2VLU

First half of a 6-meter station is an easy
projeet. Use it as a “‘first station,” a
mobile rig, for the next field day or just
keep it on hand for emergencies.

fier, whose cost you couldn’t beat if you
built it yourself. The receiver is entirely self
contained, except for an antenna. Power for
the receiver is provided for by one 8.4 volt
mercury battery, which can be expected to
last for more than 25 hours when used with
this receiver. Although completely self-
contained, the receiver has a matching solid-
state, 6-meter transmitter which is packed in
a case of the same size as the receiver. Bolted
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together they comprise a 6-meéter transceiver
that can be mounted under your dash or
band carried for walking-talking eperation.
For further iriformation, see “Build a Com-
plete Station” on page 118.

How [t Works. The receiver detector
uses a single transistor, Q1, in a super-regen-
erative configuration. Signals picked up by
the antenna are fed into the emitter of tran-
sistor Q1 through capacitor C1. Feedback in
the detector oceurs between the collector and
the emitter of transistor Q1 via capacitor C2.
Capacitor C7 together with coil L1 and
tuning capacitor C8 resonate the receiver at
the desired frequency.

The operating bias on transistor Q1 is set
by resistors R2 and R3, which form a volt-
age divider network. The detector is stabi-
lized by resistor R1, and is by-passed by
capacitor C3. The duench frequency is
largely determined by the value of capacitor
CS5, and in this case is well above audibility—
about 25 kilocycles.

Resistor RS and capacitor C6 decouple the
detector from the audio amplifier. An 8.4
volt mercury battery, Bl, is employed as the
sole source of power for the receiver. Elec-
trolytic capacitor C4 bypasses degenerative
audio components, -Audio is coupled to the
prepackaged amplifier from the detector by
way of transformer T1, a 10,000-chm to
2,000-ohm interstage unit.

Capacitors C9 and C10 along with resistor
RS5 form a filter which prevents the quench
frequency signal from being eoupled into,
and overloading, the amplifier.

Audio signals across the yolutne control,

Rear of receiver case (above) shows location of
anfenna. jack (J1) and receiver muting jack (J2).
I¥ flat-head screws are used it will not be nec-
essary fo nofch lip of cover t6 cledr round-head
screws used by author fo aftach L-bracket for J3.
Inside of cover of receiver case (left) only has
the 2Y/3-inch speaker and length ‘of single-conducfor
shielded wire terminated in plug (P3) going to J3.

R6, which also serves the on-off control, are
coupled into the input of the pre-packaged
amplifier. This amplifier is prewired and con-
tains all'the components necgssary to perform
its job. The output of the amplifier is fed
into the speaker.

Notice that jack J2' is wired in series
with the-on-off switch S1. When the receiver
is used by itself, a shorting phig, P2, is in-
serted into jack J2. When the: receiver is
used in conjunction with a transmitter, J2
connects to the mute terminals in the trans-
mitter, through a cable terminated at the
receiver and with an RCA plug. This turns
the receiver off when the transmitter is keyed,
preventing feedback and possible damage to
the receiver. '

Mechanical Construction. The case for
the receiver is cut down from a standard
5x4x3-inch aluminum chassis box, The bot~
tom %8 inch from each half of the box is
cut off to obtain a box measuring 5x4x2%
inches when closed. The job can ‘be done
with a hacksaw in a few minutes, although a
hand nibbler tool is certainly more con-
venient to use if you have access to one. Be
sure to dress any rough edges with a file.

Lay out all holes to be drilled in the case.
with a T-square or cdtpenter’s square. Cen-
ter punch the spots where holes are called
for before drilling. The hole for the speaker
can be cut using a nibbler, or alternately,
with a circle cutter.

If you do not plan to use the receiver with
the companion transmitter, you need not drill
the holes in ‘the right and left hand sides of
the case cover.

E1LEMENTARY ELECTRONICS
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CAPACITOR VALUES GIVEN IN

PARTS LIST
AMP—Miniature 4-transistor amplifier (La-
fayette Radio 99R9042 or equiv.)
B1—9-volt mercury battery (Mallory TR-126 or
equiv.)
C1—.001-mfd., 75-WVDC miniature ceramic
capacitor {Lafayette 99R6060 or equiv.)
C2—15-pf., 500-WVDC dipped silvered mica
capacitor (Elemeco type DM-10 or equiv.)
C3,9—.01-mfd., 75-WVDC miniature ceramic
capacitor (Lafayette 99R6063 or equiv.)
C4,6—30-mfd., 12-WVDC miniature electro- -
lytic capacitor (Lafayette 99R6084 or equiv.)
C5—-500-pf., 500-WVDC dipped silvered mica
capacitor (Elemenco type DM-10 or equiv.)
C7—7-45-pf. trimmer capacitor (Centralab
type 822-BN or equiv.)
C8—2.3-15-pf. miniature variable capacitor
(Hammerlund type MAPC-15B or equiv.)
C10—.05-mfd., 75-WVDC miniature ceramic
capacitor (Lafayette 99R6068 or equiv.)
J1,J2, J3——RCA type jack, single hole mounting
(Lafayette 99R6234 or equiv.)
L1—3 turns B&W miniductor #3002 (3 turns
#16 wire spaced to V/; inch.)
P1, P2, P3—RCA type phono plug

MICROFARADS (MF) EXCEPT WHEN
INDICATED OTHERWISE. PF= MMFD

R4—470-0hm, V5 -watt resistor

BATTERY CONNECTOR . -
(SUPPLIED WITH AMP-1)

Q1—2N1177 transistor (RCA)
R1—1,000-0hm, 1, -watt resistor
R2—3,300-0hm, V4 -watt resistor
R3—56,000-0hm (See text

R5—2,200-0hm, 14 -watt resistor

R6~—5,000-0hm miniature potentiometer, with
s.p.d.t. switch (Lafayette 32R7363 or equiv.)

RFC1—8.2uh. RF choke (Miller type RFC-50, or
equiv.}

$1—S.p.d.t. switch, aftached to potentiometer
R6.

SPKR—8-0ohm voice coil, 24 -inch square speak-
er (Lafayette 99R6097 or equiv.}

T1—Miniature audio transformer: 10,000-0hm
primary, 2,000-ohm, center-tapped second-
ary (Lafayette 99R6126 or equiv.)

1—Vernier dial mechanism, 36mm diameter
(Lafayette 99R6031)

1—Aluminum chassis box, 5x4x3-in. (See text

Misc.—Nuts, bolts, hook-up wire, transistor
socket, knob, spray paint, decals, flea clips,
eyelets, V;-i.d., ¥%-o.d. plastic tube, V;-o0.d.
plastic tube, etc.

Estimated cost: $18
Estimated construction time: 6 hours

The necessary mounting brackets are, for
the most part, cut from ¥¢-inch hard alu-
minum sheet stock. Note that the shaft
of tuning capacitor C8 is not grounded, and
should not be allowed to contact the chassis
at any point.

The battery clip for B1 is the center clip
from a single “AA” size cell. The clip is
easily removed drilling out two retaining
rivets. The speaker grill from a piece of per-
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forated do-it-yourself aluminum.

After all necessary mechanical work on
the case has been completed, the case can
then be prepared for painting. First wash it
down to remove any surface dirt or grease,
then rub it down with a fine grade of steel
wool. Several light coats of spray paint can
then be applied according to the manu-
facturers directions on the can. Take care to

(Continued on page 98)
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How To Have Fun While

New 23-Channel 5-Watt All-Transistor CB Transceiver

Kit GW-14

_ $8995

Assembled GWW-14

$]2495

23 crystal-controlled transmit & receive
channels for the utmost reliability. Low
battery drain . . . only .75 A transmit,
.12 A receive. Only 27" H x 7" W x
104" D , . . ideal for car, boat, any 12 v.
neg. gnd. use. “S” meter, adjustable squelch,
ANL, built-in speaker, PTT mike, alumi-
num cabinet. 8 Ibs. Optional AC power
supply, kit GWA-14-1, 5 lbs...$14.95,

New Fully Automatic Electronic CW Keyer

Kit HD-10

$3995

All-transistor circuitry. 15-60 words per
minute. Solid-state switching—no relays to
stick or clatter. Convertible to semi-auto-
matic operation. Built-in paddle. Self-
completing dashes. Variable dot-space ra-
tio. Built-in sidetone. Keys neg. voltages
only, such as grid-block keying. Trans-
former-operated power supply. Fused. 6
Ibs.

ansistor, [0-Band SWL Portable

Kit GR:43

$I5995

10 bands tune longwave, broadcast, FM
and 2-22.5 mc shortwave. 16 transistors,
6 diodes, 44 factory-built & aligned tuned
circuits. Two separate AM & FM tuners,
two built-in antennas, 4” x 6" speaker,
battery-saver switch. Operates anywhere
on 7 flashlight batteries or on 117 v. AC
with optional charger/converter GRA-
43-1 @ $6.95. Assembles in 10 hours. 17
1bs,

New Deluxe 5-Band SSB Ham Transceiver

Kit SB-100

435

9

Full SSB-CW transceive operation on 80-
10 meters. 180 watts PEP SSB—170 watts
CW. Switch select for USB/LSB/CW op-
eration. Operates PTT and VOX; VOX
operated CW with built-in sidetone. Heath
SB series Linear Master Oscillator (LMO)
for true linear tuning. Mobile or fixed
operation with appropriate power supply.
23 Ibs...Accessory mobile mount, SBA-
100-1...$14.95.

ELEMENTARY ELECTRONICS
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You Save...Build A Heathkit®

New 30-Watt Transistor FM Stereo Receiver

31 transistors, 11 diodes for transparent
transistor sound; 20 watts RMS, 30 watts
IHF music power @ =1 db, 15-60,000
cps; wideband FM/FM stereo tuner, two
pre-amplifiers, & two power amplifiers;
compact 378" H x 15%” W x 12" D size.
Assemble in around 20 hours. Mounts in

$9995 a wall, or optional Heath cabinets (walnut
Kit AR-14 $9.95, beige metal $3.95). 16 lbs.

-*% T e
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(less cabinet)

66-Watt Trahsistor AM/FM Stereo Receiver

Just add 2 speakers for a complete stereo
" system. Boasts AM/FM/FM stereo tun-
ing; 46-transistor, 17-diode circuit for na-
tural transistor sound; 66 watts IHF music
power (40 watts RMS) at =1 db from
15-30,000 cps; automatic switching to
stereo; preassembled & aligned “front-end”
& AM-FM IF strip; walnut cab. 35 Ibs.

~ s 1940
“Beginner’s” AM Transistor Portable ...
Includes FREE Tool Kit & Battery!

If you’ve never tried your hand at building
a kit, then here’s the perfect kit for you.
Includes battery, all tools and parts you
need to build it. Boasts 6 transistor, 3 diode
circuit; large 4” x 6” PM speaker for a
crisp, clear sound that can’t be matched
by miniatures; built-in ferrite rod antenna;
and handsome tan simulated-leather case.
Circuit board construction and prealigned
coils and I.F. transformers assure top per-
formance and simple 4 to 6 hours as-

Kit GR-151A

$2065

Radio, Tool Kit
Battery

ey sembly. 5 1bs.
[ ——— —_— —_—— ———{EEe e P ]
S T Heath Company, Dept. 139-3 l
| HEATHKIT 1966 q New Benton Harbor, Michigan 49023 |
= 1966 [] Enclosed is $—_ plus shipping. Please send model(s) l
Catalog! |
Free! 108 pages . .. [] Please send FREE 1966 Heathkit Catalog. l
many in full color ’
. .. describe these Name. l
and over 250 easy-
to-build Heathkits. Address. l
Save up to 50%. I
Mail coupon for your City State Zip.
free copy. Prices & Specifications subject to change without notice. cL-231
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6-METER RECEIVER

Continued from page 93

allow for sufficient time for each coat to dry
before applying the next.

Decals or transfer lettering may then be
applied according to the manufacturers
directions. Suitable decals are both inexpen-
sive and easy to apply. They lend a profes-
sional appearance to the finished receiver,
and are well worth the small amount of extra
effort to purchase and apply. Several coats
of a clear spray plastic is then applied to
protect both the paint job and the decals.

Electrical Construction. The superregen-
erative detector is built on a 17x1%-inch
piece of perforated board. Parts lay-out is
clearly visible in the photographs. For best
results, try to follow the lay-out as presented.
Keep in mind that at 50 megacycles leads
should be kept as short as is possible. The
only components associated with the detector
which are not mounted on the perforated
board are capacitors C7, C8, and coil L1.
Hollow eyelets inserted in the proper holes
serve as lead anchors and terminals for in-
dividual components. Flea clips are also
used as terminal peints, as can be seen in the

TO 6ND
(A ]

Clo R3

AUDIO TO ¢7,¢8,11
OUTPUT TO RE ( FROM C5,T1)

Copper-foil covered area on perforated-phenolic
board (inside dotted lines) acts as RF shield.

photographs.

If you carefully examine the photo of the
detector board’s underside, you will note a
copper-clad surface on a portion of the per-
forated board. This copper surface serves as
a ground return circuit quite handy and
eliminates many unnecessary leads. There’s
no need to etch off the undesired copper. Just
deep scribe along the borders of the wanted
copper, then pry up and pull free the un-
wanted copper. Exact dimensions are not
critical. Just be dang sure the copper surface
does not short against circuit parts and
terminals that are not to be grounded.

Although the author chose to use a tran-
sistor socket to mount transistor Q1, you can,
if you wish, solder transistor Q1 directly into
the circuit. If you choose to solder QI di-
rectly into the cicuit, use a low wattage, well
tinned soldering iron. Complete the solder-
ing operation as quickly as possible. Be sure
to use a heat sink on each lead when solder-
ing to prevent possible damage to the
transistor.

After the detector board has been wired
according to the schematic diagram, recheck
your work for any possible errors and acci-
dental shorts. Pay special attention to the
polarity of the electrolytic capacitors and to
the wiring of transistor Q1’s socket.

Top view of perforated board shows placement of
most components. C4 should be anchored to the
perforated board if building a mobile receiver.

NOTES ON CHASSIS DETAIL DRAWINGS
ON PAGES 99 AND 100

1 Holes for #4 screws.

2 14" dia. hole for J1.

3 14" dia. hole for J2.

4 Holes for #8 screws.

5 Holes for #4 screws.

6 3/32" hole for selftapping screw.

7 Holes for #4 screws to mount vernier.

8 Holes for # 4 screws to mount circuit board.

9 14" dia. hole to mount R6.

15" dia. hole for Vernier shaft.

11 Hole for #8 screw to mount handle.

12 Holes for #4 screws o mount SPKR.

13 13/16” hole for SPKR opening.

Slot to clear screw head.

Holes for ##8 screws fo mount receiver
and transmitter fogether.

ELEMENTARY ELECTRONICS
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Final Assembly. Capacitor C7 and L1 are
mounted on a piece of perforated board as
shown. Next mount tuning capacitor C8, it’s
insulated shaft, and the vernier dial mech-
anism. Check to make sure that capacitor
C8’s shaft does not contact ground at any
point. The receiver will not operate if any
part of capacitor C8 contact’s the case.

Jacks J1, J2, and J3 along with the on-
off/volume control R6 are mounted next.
The audio amplier is mounted using two
brackets as shown in the photographs. Mount
the super-regenerative detecting board in the
position indicated together with the other
jacks, brackets, and clips.

After you complete the wiring of the re-
ceiver, carefully re-check your work again
for possible errors.

Testing and Alignment. After you've as-
sured yourself that the receiver is wired
correctly as is shown in the schematic dia-
gram, proceed with testing the unit.

Set capacitor C7 to approximately it’s mid
capacity position. Adjust the vernier dial
mechanism so as to read zero with the tuning
capacitor C8 set to maximum capacity. Lock
the vernier dial in this position. Insert a
shorting plug, P2, into jack J2. Plug in the
speaker, and battery B1. Plug some sort of
6-meter antenna into jack J1—a 55 inch piece
of wire will suffice for testing. Turn the on-
off/volume control to the on position. You

MarcH-APRIL, 1966

should immediately hear a rushing noise,
whose volume can be controlled by the vol-
ume control R6. If you can’t obtain this
rushing noise, recheck your work.

To align the receiver it's necessary to
couple the output of a signal generator or a
grid dip meter to 50 megacycles to jack
J1. If your using a signal generator, simply
connect the generators output leads to J1.
In the case of a grid dip meter, connect a
short antenna (10-15 inches) to jack JI.
If your grid dip meter accepts crystals, use
a 6-meter rock for alignment purposes.
Enough signal will be coupled into the re-
ceiver by the antenna. Turn the receiver on.
Adjust capacitor C7 so that the 50 mega-
cycle energy appearing at jack J1 is detected
by the receiver when the receiver vernier
tuning dial is set to approximately “1”. This
completes the alignment of the receiver. The
receiver will now tune the 6-meter band from
the numeral “1” on the vernier dial upwards.
Several crystal checks will give you an idea
of your band spread.

Due to variations between transistors, the
optimum value for resistor R3, and the com-
ponent parts used, the sensitivity of the
receiver may vary from unit to unit. This
is especially true when transistors of a differ-
ent type are substituted for transistor Q1. A
56,000-ohm resistor proved best for the
authors model. Typical values for R3 may
range from 27,000 ohms to 100,000 ohms.
The reader can determine the optimum value
for his unit by connecting a 15,000-ohm re-
sistor in series with a 100,000-ohm potenti-
ometer, and wiring it into the circuit in place
of resistor R3. The optimum value can then
be easily determined by tuning to a weak

(Continued on page 118)

Top and end views of the completed receiver. When
used for mobile operation all components must be
securely mounted to prevent lead breakage from the
bouncing and vibration of car. Battery can be re-
placed with Zener regulator for 12-volf operation,

Rr»  INSULATED
XV SHAFT ADDED ON €8




<STEREQ PHASOMETER-

B In recent years the instruction manual
accompanying hi-fi equipment—rather than
being oriented to the electronics hobbyist—
has been geared to the non-technical general
consumer. And too often important electri-
cal procedures are reduced to an absolute
minimum. Such is the case with speaker
phasing. Where formerly detailed instruc-
tions were common to all amplifier manuals,
only a general reference that “speakers must
be phased” is the present practice. (Natur-
ally, there are a few exceptions to the simpli-
fied manual.) Yet, in a sense, proper speaker
phasing plays a most important part in de-
termining a. hi-fi system’s delivered-to-the-
ear frequency response.

The Problem. When speakers are electri-
cally in-phase such that both cones simul-
taneously move forward and back their out-
put is additive. For example, if a single
speaker is reprodacing a 100-cycle tone and
a second speaker fed from its own amplifier
is turned on (such as a stereo amplifier), ig-
noring room resonances and beaming effects,
the apparent loudness in the room will in-
crease. On the other hand, if the speakers
are out of phase such that one speaker moves
out while the other moves in, under ideal
conditions the speaker outputs would cancel
and there would be no apparent sound.

Practically, in the home, total cancellation
rarely exists except in small selected posi-
tions and only if the signal is of the same
tone. But in almost all instances—while

room resonances, speaker beaming and re-
flections tend to eliminate cancellation of the
midrange and high frequencies when the
signal source is program material—reversed
speaker phasing will result in a sharp cancel-
lation (attenuation) of the low frequencies.

Though, theoretically, in-phase speakers
should deliver maximum bass, such is not
always the case since room resonances play
an important part in determining overall
sound quality. And if you, the consumer,
depend solely on the matching of speaker
terminals and color coded wiring to deter-
mine proper phasing, your hi-fi system may
be delivering sound quality far short of its
capabilities.

A Case in Point. Refer to the floor plan
(page 105) of an actual installation which
shows the effects of speaker phasing. Keep
in mind that the speaker orientation is not
deliberately set to prove a point, but is the
general layout of hi-fi installations in a rather
large housing development. When the stereo
speakers are positioned at A and -B, and
they are electrically in phase. Normal—
good if you will—bass response is obtained
anywhere in the room between line X and
wall Z. But between line X and Y almost no
bass exists. Listeners seated anywhere be-
tween X and Y hear a thin sound almost
totally lacking in bass. (Moving speaker A
to position C does not improve the situation).

If the equipment cabinet is along wall Z
(where it generally is in this development),

Discover a simple listening test to identify
speaker-phasing problems that mar fidelity.
And then build a simgle test instrument
that is more accurate than your ear.

102
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<SUERED PRASOMIETERY

phasing the speakers by using a “phasing
switch” at the equipment cabinet results in
no bass along wall Y. On the other hand,
when the speakers are reverse phased such
that the sound throughout most of the room
is lacking bass, the sound between line X
and wall Y is full and rich.

The unusual aspect of the measurements
was that line X actually was a line, starting
from about three feet in front of speaker B
and running to the kitchen wall. When the
speakers are in electrical phase a person
starting from the center of the room walking
towards wall Y actually passes through an
imaginary line where the bass starts to de-
crease and suddenly gets Lost.

While the double phase condition is not
necessarily normal to all rooms, you don’t
know if it exists until you actually install
your ‘equipment. And even then, if you
follow typical recommendations for electri-
cal speaker phasing your particular music
room might require reverse phasing (in-
verted or negative phasing depending on
the manual you're reading) for optimum
bass response. To compound the problem,
if you're a typical audiophile—the type who
likes to try new equipment—the substitution
of speakers or amplifiers, depending on their
internal wiring, can easily change the
speaker phasing from what you have decided
is optimum for a specific location.

The Stereo Phasometer. To determine
optimum speaker phasing, obtain electrical

il A

phasing, or even to match experimental
equipment without the time and necessity
for innumerable A-B tests, a Stereo Phasom-
eter is the answer. Actually, it is nothing
more than a portable transistorized amplifier
with suitable speaker-mike switching; but
it offers a quick and convenient method of
solving speaker phasing problems, with
precise channel balancing thrown in for
extra measure.

The Phasometer shown in the photo-
graphs can be built virtually from the junk
box. Transistors Q1 and Q2, (see schematic
diagram) can be any general purpose ‘type
such as the RCA 2N217 or GE-2; even the
four-for-a-buck specials offered by the sur-
plus dealers will do. Just take care not to
damage the transistors with soldering heat;
use a heat sink, such as an alligator clip on
each lead when soldering.

All capacitors can be the inexpensive im-
ported type—no need to use high quality
Tantalums. Take particular care that they
are installed with the correct polarity. Re-
versing any capacitor polarity will make the
unit inoperative.

While the wiring for S1 appears more
complex than need be, it is the simplest way
to wire the specified switch—it only re-
quires two jumpers which don’t cross so
there’s no possibility of shorting,

Power switch S2 is not ganged with sensi-
tivity control RS to allow leaving the Phas-
ometer pre-set for gain measurements. If you

._%'meﬁ IR
o [y
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have no need or desire to have a fixed or
preset gain control S2 can be combined
with RS.

VU meter M1 will indicate correctly re-
gardless of the wiring polarity, it makes no
difference which terminal s connected to
Q2’s collector.

The speaker-mikes can be any pair of 4
or 8-ohm matched speakers in identical
cabinets; use the complete speaker assem-
blies specified or roll your own; just make
certain the same type speaker is used for
both inputs.

Calibrating the Phasometer. For both
calibration and measurements a low level
100-cycle sine-wave tone is recommended.
If you cannot borrow an audio generator a
recording of reasonably constant-level wide
range music can be used if the amplifier’s
bass boost eontrol is set to full boost while
the treble control is set to full cut. As a last
resort any suitable music from the radio
tuner can be used. In any event, set the am-
plifier’s stereo-mono swiich to mono so the
same signal is fed to both channels.

When we refer to “reversing .the speaker .

phasing” either use the amplifier’s stereo
reverse switch (if there is one) or reverse
the wiring connections to one speaker.

The simple circuit in the
schematic below results in
an equally simple layout
(at right). Only three of
the five positions of the
double-pole switch are
used for the L, P and R
positions of the function
selector switch. Wiring is
not as critical as it would
be in RF circuits and there
is no chance of power-sup-
ply hum because a battery
is vsed. The low-current
drain of the two-tran-
sistor circuit will assure
long life for the battery.

INPUT B—_—k_ﬁ&_—_;@pz . LEI'-!%'
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104

A simple setup in front of one speaker system
checks out the unit. Special equipment is not
needed for calibration but a signal generator,
test record or tape can make tests easier.

Connect a speaker-mike to both J1 and J2
and position both mikes as close as possible
to one main speaker, and disable the second

channel. Set Phasometer switch S1 to the -

left channel, turn the power on (S2) and
adjust RS for any convenient meter reading,
say 80 to 100%. Set S1 to the right channel
just to see if the connections are okay, the
meter should read essentially the same as for

R2
cq
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PRICE LIST

B1—9-volt transistor radio battery (Burgess
2U6 or equiv.}

C1, C2—10 mfd, 12VDC capacitors

C3—.25-mfd, 75VDC capacitor

C4—50-mfd, 12VDC capacitor

J1, J2—Phono jacks

M1—V.U. meter (Lafayette Radio 99R5024 or
equiv.)

P1, P2—Phono plugs

Q1, Q2—General purpose transistors (RCA
2N217, GE-2, or equiv.; see text)

R1—1,200,000-0hm, V,-watt resistor

R2, R4—10,000-0hm, 1,-watt resistor

R3—1,000,000-0hm, V2-watt resistor

R5—-25,000-0hm, audio taper potentiometer

" $1—D.p.5 t. subminiature rotary switch {Lofa-

yette 99R6164 or equiv.)

$2—S.p.s.t. toggle switch (see text)

2—Speaker-mikes: 4-inch PM speckers in wood
baffle (Lafayette 99R4551 or equiv.; Lafa-
yette speaker includes 25-foot cable)

1—5” x 4” x 3" aluminum cabinet (Premier
12R8389 or equiv.)

Misc.—Panel marking, hardware, solder, etc.

Estimated cost: $15.00
Estimated construction time: 4 hours

Even identical apartments will have differ-
ences in room resonances because of the up-
holstery on furniture and its style, the rugs on
the floor, draperies and curtains or large pic-
tures and mirrors change acoustics of a room.
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the left channel. Now set S1 to The center
or phase position; the meter reading should
remain essentially the same—perhaps it will
drop 1 or 2 db due to double speaker load-
ing. If the meter drops sharply, say 10 db

‘or more, when S1 is set to phase, the two

speaker mikes are out of phase and the
wiring to one speaker-mike must be re-
versed. (When M1’s reading drops sharply
it indicates that the signals from the speaker-
mikes are cancelling each other—indicating
they are connected out of phase.)

Checking Your Rig. Once the speaker-
mikes are phased you can check your stereo
gear. Place one mike near the right speaker
and the other mike near the left speaker.
Drive both channels to approximately the
same level (but keep it low, the Phasometer
is very sensitive). Note the meter reading on
both the left and right channel; if they are
not reasonably equal adjust the amplifier’s
gain or balance controls till they are equal. *
Then set S1 to phase. If the stereo speakers
are in electrical phase M1 will indicate essen-
tially the reference readings. If the speakers
are out of phase M1 reading will drop sharp-
ly when switched to the phase test.

To check the speaker phasing in the listen-
ing areas connect only one speaker-mike to
the Phasometer—say, to the left channel—
and position the mike in the listening area.
Disable one amplifier channel and set RS
for a convenient meter reading on the single
speaker signal. Then switch in the second
channel. If the meter reading drops sharply
the speakers are out of phase for that par-
ticular listening area. (But make certain you
are feeding a mono or stereo-to-mono signal
to both speakers.) While it is possible that
room effects can drop the meter reading
regardless of the speaker phasing, it is ex-
tremely rare or well nigh impossible in the
average home.

Amplifier tone balance can be checked by
positioning each speaker-mike in the identi-
cal position in front of each main speaker
and then adjusting each channel’s tone con-
trols for identical L-R meter readings at
various frequencies (use sine-waveform).

Of course, once you run a room Ssur-
vey for speaker phasing the Phasometer will
not be used until you change equipment or
set-up a system for friends; it’s not some-
thing you’ll use everyday unless you're try-
ing to prove a point to unbelievers. But if
you pick up a few bucks by doing hi-fi in-
stallations on the side, the Phasometer is
your gateway to extra jobs.

MarcH-APRIL, 1966 1v5
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CATV Today

Continued from page 68

It is customary to transpose high-band VHF-
TV channels (7-13) to low-band channels
(2-6) when low-band channel space is avail-
able on the cable. ‘

A TV channel can be transposed without
demodulating it by passing the signal through
a heterodyne up-converter or down-con-
verter, as shown in Fig. 5. For example, by
feeding a locally-generated 108-mc signal
into the mixer to be heterodyned with a
Channel-7 TV signal (177-mc center fre-
quency), a Channel-4 TV signal (69-mc
center frequency) is produced. CATV sub-
scribers, of course, are advised as to what
channel to tune in to receive programs from
specific stations.

Controversy Over CATV. A big storm
was kicked up when CATV became a multi-
million dollar business. Some broadcasters
complained that no one had the right to
pick up their programs and rebroadcast them
at a profit. Stations in areas served by
CATYV systems complained that bringing in
programs from stations in other cities was
an invasion of their proprietary rights to
their specific market area. “Not so,” others

* declared, pointing out that granting of a TV

station license does not give the licensee any
exclusive rights except the right-to transmit
on a given channel. Because of the many

\vr " 1 P ¥ ‘?‘“"_
1

legal aspects, the FCC has taken over the
regulation of CATV systems.

Untapped Potential. The capabilities of
CATV are not yet being fully utilized.
Mainly, this is because CATV operators are
so busy serving their primary markets—TV
viewers and FM listeners. For example,
CATYV facilities can be used to transmit edu-
cational television programs from school to
school and to students confined to their
homes because of prolonged illness or dis-
ability.

Since CATV amplifiers are available
which cover the entire 10- to 220-mc seg-
ment of the radio spectrum, head-end
equipment can be installed to pick up short-
wave broadcasts, radio amateurs, standard
frequency and time signals (WWYV, etc.),
weather bureau broadcasts on 162.55 mc,
CB stations and commercial FM mobile
radio communications, as illustrated in
Fig. 6. Subscribers could tune in these sig-
nals by connecting appropriate receivers
through matching transformers to the CATV
coax line. Potential subscribers would then
include law enforcement agencies, shortwave
listeners, laboratories, newspapers, etc. You
can’t transmit back through a CATV system
though.

CATV is only in its infancy. We can
expect to see it continue to expand rapidly,
particularly because of the need for better
signals for color-TV and FM-stereo recep-
tion. And, as cited by the New York City
example, CATV will infiltrate the big cities
as well as the hinterlands. u

CLOSED-CIRCUIT TV

150 —174 MC %8 _ 50M% o WEATHER BROADCAST
MMUNICATIONS .
COMMUNICATIONS ) WEATHER
INSTRUMENTS
TV AND FM Y
ANTENNA
VHF AMP HF/VHF AMP =7 -
: CAMERA
TV MODULATOR
o e ! TP L e
v ‘>
10-220MC
COMBINER LINE AMP T-'
i » COMMUNITY
] 9 ] 9 09 0 E;U
: HEAD—END AMPS. "
PREAMP

Fig. 6. The CATV system does noft have fo be limited to FM and TV reception. Other services
such as communications can be added. Some of the economy-TV sets may pick up interference.
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Miniature! Versatile!

A worthwhile addition to any
audio test-bench setup;

it measures pickup output
voltage and doubles as
handy signal tracer.

Homer L. Davidson

‘

oF CHECKER

The five holes in the top of the cabinet
are not for ventilation — they allow the
sound from the speaker to get outside.

MaRrcH-APRIL, 1966

W Here is a compact test instrument that
shows at a glance the condition of a crystal
phono cartridge. It works with all popular
crystal cartridges, mono or stereo, and pro-
vides a convenient indication on a good-fair-
bad scale. This unit works only with crystal
or ceramic cartridges, not low-level types
such as magnetic and variable reluctance.
Construction is considerably simplified by
use of a prewired transistor amplifier, and
accurate test signals are provided by a hi-fi
test record (both items are shown in the Parts
List). To use the instrument, the phono car-
tridge is unplugged or disconnected from the
hi-fi amplifier and connected to the tester.
Starting Construction. Wiring and parts
layout are not critical. And it is possible to
use a larger cabinet than the one specified, as
long as it is made of metal. A major part
of the job is wiring a large 6-position rotary
switch, S1.
A close look at the schematic diagram
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Completed instrument, at left,
shows the compactness possi-
ble without really crowding
any of the components mount-
ed in case. Front-panel label-
ling has been done with self-
adhesive plastic tape. With the
record changer mounted on a
test stand (center left) it is an
easy matter to connect to the
changer output leads. The Crys-
tal Cartridge Checker takes up .
very little bench space. Being
compact it can be stored in a
drawer or hung on wall for a
permanent installation.

2 simgmm{as'l.f; i

will reveal that one position of this switch,
51, iz left open—with no wires connected to
it, This is purposely done to permit the tester
te double as a handy audio signal tracer or
amplifier.

This is the S.7T., or Signal Tracer, position.
The remaining switch positions are wired
with a group of calibrating resistors which
enables meter M1 to indicate various voltage
ranges when testing different phono car-
tridges.

To begin construction, take the chassis box
and mark off all dimensions, as shown in the
Detail Drawing. Use a circle cutter to cut
out the meter opening and drill all front
holes. Then, mount small parts to the front
panel. Do not mount the VU meter until
after all wiring has been completed. Mount
the 2-inch speaker at the back panel, using
a screen mesh or grille cloth to protect the
paper speaker cone.

Layout below will have to be modified if " CRYSTAL CARTRIDGE OUTPUT
parts used differ from those specified. VOLTAGE CHART
" P -
E A 5 | osver 2.6-Volts
e - f N Astatic 1375 Astatic 7075
1L e— 13— 1072-SD 74TS
" 137X 76TSB
916TAF-SD 474
o o e 'd ) Euphonics EV-26 RCA 74067
¥ EV-2iD 75575
METER CENTER M Sonotone i072-S Ronette 106
\ i {CUTHOLE TO % DIA.HOLE 1072-577 92 :
4" GITEMETERD ;" (2REQ) RCA 106771 105
' J0-Volt 3.0-4.0-Volts
0 . Astatic 40T Astatic 470
- 4078 L70
+ f\ 40-2 L82
| U 2TAS 192
1 o 5" 18TASD Ronette 15
" . £ DIA.HOLE 140 18
4 (2 REQ) 140D 2l
. A l o R Sonotone 18TAS Yace 45X
| B | Zenith EVII 55X
r 23 "
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Wiring the Unit. Take about two feet of
2-conductor shielded wire and solder two
small alligator clips to the wires at one end.
Wrap a bare solid wire around the shield
and solder it to the ground clip. Run the
cable through the rubber grommet on the
front panel (see photos) switch S2 and
ground the shield to the case. Note that the
wire from S1 to S2 is also shielded.

Solder all resistors in place and leave R1
long enough to go to ground. Solder the
ground side of the resistors to this pigtail
end. There is only one part of the transistor
amplifier that needs to be modified. Remove
the 100K resistor as shown in the drawing.
This resistor normally feeds back signal from
one of the speaker leads to the input circuit.
In the tester, however, it will give a false
meter reading; the pin will never be at an ab-
solutely zero position.

r Lo, ae TRESUER ) gl SRR . ﬁb ~ by b

Now mount the transistor amplifier in the
chassis box using small metal spacers to hold
the board about a Y4-inch from the metal
case. Mount the VU meter and solder its
leads into the circuit. Solder two 4-inch flexi-
ble leads to the speaker and solder them to
the meter terminals. This can be done easily
outside the case.

Calibrating the Tester. The original
model was calibrated with a known voltage
source and a test record. Also, five crystal
cartridges, with known output voltages were
used in calibration. The VU Meter was then
marked with Good, Fair, and Bad segments.
The Bad, or red, zone runs from 0 to 70 on
the meter. The Fair, or yellow, zone runs
from 70 to 100. The Good, or green, scale
runs from 100 to the top end of the meter
scale. These red, yellow and green scales can
be marked with paint -or marking pens.

WIREWOUND RESISTOR

ML Calibration circuit (left) is a

temporary hookup used to de-

X%%T‘T"F‘T'ESR SRizlf fermine resistance values for
(PK-543 ) SLACK R1, R2, R3, R4 and R5. Minia-
SPKR™  ture pots can be used in place

of fixed-value resistors on S1.

PARTS LIST FOR CRYSTAL CARTRIDGE CHECKER

B1—9-volt transistor battery (Eveready 216 or
equiv.)

M1—VU panel meter (Lafayette Radio
99G5024)

R1—620-0hm, 1V, -watt resistor, 5%

R2—220-0hm, V,-watt resistor, 5%

R3—150-0hm, Y, -watt resistor, 5%

. R4—70-ohm, V,y-watt resistor, 5%

R5—55-0hm, V;-watt resistor, 5 %

S1—1-pole, 6-position rotary switch, non-short-
ing

$2—S5.p.d.t. toggle switch

INPUT ALLIGATOR reemmmaeen
CLIPS

$3—S.p.s.t. toggle switch

$PKR—10-0hm, 2-inch PM speaker

1—4-transistor push-pull omplifier (Lafayette
PK-543 99G9042 or equiv.}

3—Alligator clips, 2 red and one black (Lafay-
ette 99R6231—red and 99R6232—black

1—Chassis box, 4” x 5" x 3", aluminum

1—Test record for stereo-hi/fi (Lafayette PR-14)

Misc.—Two-wire shielded cable, rubber grom-
mets, hookup wire, solder, hardware, etc.

Estimated cost: $14.00

Estimated construction time: 4 hours

GNO 5|

Bl 1 00
= SPKR
T
‘ GREEN ; GREY
H e TRANSISTOR
b AMPLIFIER
At (PK-543) M1
Y - 1
HE S BLACK
1

3:/7 OUTPUT TRANS.

=

IOOK RESISTOR

BLACK
ORANGE
ORANGE

/vo—
S3
POWER

L \INPUT TRANS.
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In this tester, the calibration resistors (R1-
R5) have 5% tolerance and the recom-
mended values may not be available with
single commercial resistors. In the 3-volt
range, for R4, use either a 68-ohm resistor or
one 47-ohm resistor in series with a 22-ohm
resistor. The 4-volt range resistor (R5) can
be obtained by putting two 27-ohm resistors.
in series.

The resistor values given in the Parts List
should provide reasonable accuracy with this
instrument. If, however, you have access to
several new cartridges and wish to calibrate
your own unit, the following procedure may
be used. This step, however, is not necessary
for operating the tester and is given only to
illustrate how calibration was done in the
author’s model. If desired, you may skip this
section and go on to the next step: “Testing
Procedure.”

Refer to the calibration circuit. Insert a
25,000-ohm wirewound variable resistor at
the input side of the transistor amplifier.
Select a new crystal cartridge with a known
output voltage of .5 volts. Set the pickup arm
down on the test record’s Band 3, and on the
1000-cycle portion. (See Parts List.) Adjust
the variable resistor so the reading reaches
100% on the VU Meter. You will note that
frequencies higher than 1000 cycles produce
greater output and signals below 1000 cycles
produce lower meter readings. Use only the
1000-cycle tone during calibration. Do the
same for 1- to 4- volt output cartridges. With
a .5-volt cartridge under test, disconnect one
arm of the variable resistor from the circuit
(see “A” in Fig. 2). Measure the resistance
between “B” and “C”, insert a fixed resistor
in place of the variable resistor. The same

110

Rear view of purll.).' assembled ér;';;ulmE;;t}idge Ch;ci(‘er (Ieff) qad cbmbietel); ;.:ssembled unit.

i s e
i i e mi& Bl S
*;‘g"‘“"-“‘“ S L o

R s o ey

= S
= - i
= R R S
EEdEad st s e b B ot e Y
b
b i

'RESISTORS RI-R5

procedure applies to the other switch posi-
tions. With this method all crystal cartridges
can be measured for correct output voltage
from .5 to 4 volts. Note that a .47-volt car-
tridge will not register 100% on the VU
Meter, but still reads in the good scale.

Testing Procedure. Install the battery and
turn on switch S3. Grasp the two alligator
clips of both channel test leads; the meter pin
should move upward if wiring is correct.
Now clip the leads to the phono cartridge or
its cable. If the cartridge to be checked is
a stereo type, clip both leads to each chan-
nel and the ground clip to cartridge ground.
Turn S2 to the .5-volt position and set the
phono needle on the 1000-cycle portion of
the test record. You will hear the tone from
the speaker and the meter should read in the
green portion. If the cartridge is defective
the reading will be in the lower, or “bad”,
portion of the meter scale. To check each
side of the stereo crystal cartridge, flip S1
to each channel, in turn.

To check crystal cartridges with higher
voltage output, just turn S2 to the appropri-
ate voltage position. See the Crystal Car-
tridge Output Voltage Chart which gives
output voltage for several popular phono-
graph cartridges.

If one side of a stereo cartridge seems to
be weak or intermittent, press down lightly
on the pickup arm while the record is play-
ing. The voltage reading should vary and the
tone may become louder if the cartridge is
intermittent. A cracked cartridge usually op-
erates intermittently or gives no reading
whatsoever. A cartridge which reads in the
Fair portion of the scale is generally still use-
able. N
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Controlling Audio Volume
’ Continued from page 56

I

T PR A4 L

Fig. 16. (left) Typical terminal board of a
consfant-voltage line #ransformer. Screw fer-
minals are usually used—fo make speaker
level adjustment easier for system sefup.

17. AGC

used in

cireuit is quite similar fo
most IF amplifier circuits.

Fig.
those

o

8 OHM
SPEAKER  Fig. 18. (lower left) Thermistor (T) is part
of o voltage divider circuit. Thermistor gets
warmer and its resistance gefs lower causing
greater drop fo occur across R1 and signal
o LINE output across R2 and T becomes lower foo.
TO 70 VOLT .
SPKR
IN’PUT AF AF AF POWER
AMP AMP AMP l
h ct_L
i -
AGC =AM 2 p—r
ke 1., o
Rl ==C2 ' _!Lm
* > > PHOTO-SENSITIVE
RI ! RS RESISTOR
R2
INPUT AMPLIFIER .I—l AMPLIFIER L-l SRe 9UTPUT
roa > OU'JPUT =
AMPLIFIER |] R3 Fig. 19. Photo-sensitive resistor becomes lower
INPUT - ] 1 in value as lamp becomes brighter with
»  more current from output. The brighter the

R2
Ql

v

lamp glows the lower the resistance becomes.

Fig. 20. (left) uses transisfor as a varying
resistance. Q1's resistance becomes lower as
its base becomes more negafive across C2.

strong enough, offsets the forward bias on
D2 and causes it to stop conducting. Hence,
negative and positive signal excursions be-
yond a certain level can’t get through. This
is known as speech clipping. It is used in
communications (radio equipment and some
P.A. amplifiers) to limit audio output levels.
Constant audio output level is maintained
by driving the amplifier hard enough to
make it limit. This creates some distortion.

MaRrcH-APRIL, 1966

Volume Expansion. Reverse AGC is
used to obtain volume expansion. It provides
pleasant effects with musics. The dynamic
range of phonograph records or tapes, and
particularly radio programs, are limited.
Crescendos don’t provide the thrilling effect
experienced at a live concert. By using vol-
ume expansion, a small rise in audio signal
level is made into a larger rise in audio level
at the output of the amplifier. This can be
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INPUT
T AF .-ﬁ AF
AMP - AMP

INPUT

| ouTPUT

mip [T UMITER [op LA P

D1 D2

INPUT OUTPUT

A 4

Fig. 21. (above) Limiter reduces maximum out-
put peaks from AF amplifier. This is a form
of distortion and is suitable for speech only.

Fig. 22. (left) Simple circuit does a big job.
Excessive voltage can ruin diodes if ratings
are exceeded during ftransient peaks of signal.

Fig. 23. (below) Delay circuit reduces the
distortion that results from fast limiting.
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done, as shown in Fig. 23, by rectifying
some of the audio-output voltage to produce
a positive DC voltage which is used to reduce
the negative bias on an amplifier stage.
When the audio-signal input rises in level,
the amplifier gain is automatically increased
instead of decreased as when AGC is used.
Both volume expansion and compression
are employed in an amplifier known as the
Expressor amplifier. It is connected between
a microphone and the input of an audio am-
plifier. It equalizes the final audio level.
When a person speaks softly into the micro-
phone and from a distance, the sound from
the speakers is at the same level as when
someone speaks loudly directly into the mi-
crophone. One particular application is in
railroad yards. Now the changing of yard-
masters for different shifts doesn’t raise
havoc with the system. Before, one yard-
master would speak softly and could hardly
be heard throughout the area covered by the
paging speakers. A new shift, and a new
yardmaster, and the area would shake when
he barked loudly into the microphone. The
Expressor amplifier cured that problem.
Reasons for Audio Control. When the first
audio amplifier was developed by Dr. Lee
DeForest, in Palo Alto, California (the birth-

place of the electronics industry), way back
in 1911, too much gain was obtained and
the electronic oscillator was discovered—
accidentally. The need for a control of gain
was obvious.

While only a few milliwatts of audio power
will provide room-level sound many of us
buy 100-watt, and even higher-powered, am-
plifiers so we can bring Dick Lieberts’s pipe
organ into the living room—without missing
the instantaneous peaks. Yet, in the huge
Radio City Music Hall, an 85-watt stereo
P.A. system pumps sound into a cavern big
enough to hold more than 1000 living rooms.

Besides controlling volume, it is necessary
to be able to control frequency response. To
get clear, penetrating speech reproduction in
industrial sound systems the frequency re-
sponse is deliberately limited to the voice
range (300 to 3000 cps). In music repro-
duction systems, the frequency response is
made as wide as possible and the highs and
lows are often boosted to overcome the
deficiences of the speakers.

The following article Controlling Audio
Tone covers the many simple circuits that
change the gain of different audio frequen-
cies to compensate for component difi-
ciencies. |
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Frequency‘ Measurement

Continued from page 40

effect, incidentally, can be heard in “crystal
check” position on an unmodified frequency
meter; the modification isn’t necessary to be
able to calibrate this way.

All we need to know to use these “tweets”
as check points in themselves is what fre-
quencies have harmonics which are also har-
monics of 1 me. The answer, speaking strict-
ly, is almost any frequency—but in practice,
the points tend to space themselves out nice-
ly since the higher-order harmonics become
too weak to be heard.

To perform the calibration, start by rul-
ing off a goodly number of sheets of paper.
Then turn the instrument on, let it warm
up for at least an hour, and zero the crystal
standard to WWV. Start on the “low” band,
and locate the first loud and relatively slow-
tuning check point above a dial reading of
zero. This point is the one most likely to be
125 ke; note the dial reading and enter it in
your book opposite 125.0 ke.

Tune upward through the range until you
come to the other end of the dial; you should
find four more check points which are also
loud and slow-tuning. Note the dial read-
ings for each of the four; the corresponding
frequencies will be 142.857 kc., 166.667 kc.,
200,000 kc., and 250,000 kc. The last of
these should be very close to 5000.0 on the
meter’s dial, and the three in between should
be spaced out across the dial in approximate
proportion to their frequencies.

With these five points identified, you can
go back to the low end of the dial and set it
to the reading for 125 kc.; if necessary ad-
justing for a true zero-beat by using the
“corrector” knob. However, if adjustment is
necessary, let the instrument warm up a
while longer and then recheck all five marked
points; when properly calibrated, the cor-
rector should not be necessary.

Now, tune slowly up the dial, and note the
reading at zero-beat of each one of the many
“tweets”. Table of tweet points lists exact
frequency of most probable tweets—not all.

With the dial reading for each “tweet”
written down, compare your list with the
table to determine if you have a tweet for
every combination shown in the table, or if
you have more tweets than the table lists.
In either case (the latter is more likely) you
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will have to discard some of the readings, so
the next step is to determine which readings
to discard.

Over the short interval between marked
frequencies, the dial readings should be al-
most linear. That is, if you read 100 dial
divisions between say 180 and 190 kc., then
10 dial divisions would be approximately 1
ke. and one dial division would be 100 cps.

Use this relationship to determine which
readings to discard. Keep all the readings
which come close to this relation, and ignore
the ones which patently fail to fit.

When you have a frequency marker from
the table to correspond to each “tweet” dial
reading that you are retaining, you're ready
to finish the calibration book. Determine
how many cycles are represented by each
dial division in the interval between each
pair of adjacent tweets, by dividing frequen-
cy spacing of the markers (in cycles) by the
difference between corresponding readings
(in dial divisions).

For instance, if you have a dial reading of
1309.8 for the “tweet” at 155.8441 kc., and
a reading of 1309.3 for the one at 155.5555
kc., then the frequency spacing is 288.6 cps
and the difference between readings is 0.5
dial divisions. Thus the calibration in this
region is 577.2 cycles per dial division.

Knowing the calibration in cycles per dial
division lets you round off those odd figures
of the “tweet” frequencies to nice even tenths
of a kilocycle for the book. For instance,
continuing our previous example, we have
no “tweet” at 155.6 kc. but we know that this
frequency is 44.4 cps higher than the marker
at 155.555. The dial reading for 155.6 must,
then, be 44.4/577.2 dial divisions greater
than 1309.3, which comes out to be
1309.3768. The dial only indicates to tenths,
so we round this off to 1309.4 and enter that
in the calibration book opposite 155.6 kc.

For 155.7 kc., the reading will be 144.4/
577.2 dial divisions above 1309.3, or
1309.55. We enter 1309.6. At 155.8 kc,,
the reading is 244.4/577.2 divisions high, or
1309.724; we enter 1309.7.

This process must be continued for every
100-cps segment in the calibration book; we
said at the beginning it takes time. When it’s
finished, the low-band calibration is then
used to obtain that for the high-band. This
requires an external oscillator, but it need
be nothing fancy so long as it can be set to
frequencies between 2 and 4 mc. and will
hold its frequency constant for a few minutes
at a time.
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This Is the Procedure. First, using the
low-band setting of the frequency meter, ad-
just to a frequency which multiplies out to
2000 kc. The top end check point of 250
kc. is a good one. Then adjust the external
oscillator to exactly 2000 kc by zero-beating.

Switch the frequency meter to high-band
and locate the 2-mc. signal; note the reading
(the ‘even-megacycle spots can, of course,
be found with the internal standard as well).

‘Go back to low-band and recheck the ex-
ternal oscillator’s frequency to be sure it
hasn’t moved. Then set the frequency meter
to 222.333 kc. Zero-beat its 9th harmonic
to the external oscillator to calibrate the
2001-kc point on the chart.

Switch to high-band and find the signal;
plot the reading. Now there are only 1999
"more 1-kc. points to plot between 2 and 4 mc.

If you plan to use the high-precision
measurement technique described earlier, you
don’t have to take so much trouble with the
high-band calibration. Make the plots at 10-
kc. or even 100-kc. intervals instead of at
1-kc. spacings, and draw ‘“‘tuning graphs”
similar to Fig. 5 to get the in-between dial
readings. These will be close enough; you'll

hi I S B 5. -

get the precision with the second reading,
which is made with low band only.

In fact, for the high-precision technique
you really don’t even need a calibration book
at all. You can use the tweet points in the
table to locate your frequency anywhere on
the dial, and interpolate between them as
described for the calibration. Often, simply
using the “nearest” tweet point will provide
more than enough accuracy for your needs.

You may have notiéed, in this regard, that
the readings we determined with the aid of
the “tweet” points were considerably more
accurate than those we entered in the cali-
bration book; this is an unavoidable degra-
dation since the meter dial only reads tenths
of a division, but we know the “tweet” points
to better than 1/10 cycle per second. Thus,
using the “tweet” points instead of the dial
may be far more accurate in many cases!

Summing It Up. Either the comparison
technique or the frequency meter can give
you far more accuracy in RF frequency
measurement than you're likely to ever need.
Actually, the major requirement is patience.
If you have that, your results can rival those
of the most expensively-equipped labs. B

125.0000 132.6530 142.8571 162.9411
126.0504 132.7434 144.2308 163.0612
126.1261 133.3333 144.3298 153.8462
126.2136 134.0306 144.4444 154.9295
126.3157 134.1463 144.5783 1651724
126.4367 134.3529 144.7386 1565.5566
126.5822 134.6154 144.9275 166.8441
126.7606 134.8314 1451613 .1 156.2500
126.9841 136.1351 1456.4545 166.6225
127.1186 136.4166 145.6311 166.8627
127.2727 135.5933 145.8333 157.1428
127.4510 136.3636 146.0674 1567.3033
127.6506 136,8421 146.3415 167.8947
127.9069 136.9863 146.6667 168.5365
128.2051 137.2459 147.0688 1568.7301
128.4404 137.5000 147.3684 159.0909
128.5714 137.6147 147.5410 159.4202
128.7128 137.9310 147.7273 169.5744
129.0323 138.2978 148.1481 160.0000
129.3103 138.4615 148.5148 160.4938
129.4117 138.6139 148.6486 160.7143
129.6296 138.8889 148.9362 160.9195
129.8701 139.2405 149.2637 161.2903
130.0000 139.5349 149.4252 161.7647
130.4348 140.0000 150.0000 162.5000
130.8411 140.1869 1560.5376 162.7907
130.9523 140.3509 160.6849 163.2653
131.1475 140.6250 160.9434 163.6364
131.3131 140.8450 151.1627 163.9344
131:5789 141.0256 161.56162 164.1791
131.8681 141.1764 151.8987 164.3835
132.0755 141.3043 1621739 164.5569
132.35629 141.4141 162.5424 164.7058
132.5301 141.5094 162.7778 164.83561

Frequencies of “Tweet"” Points

- 175.0000 192.3077 214.2857 240.0000

Boldface frequencies are check points in calibration book; all frequencies in kc

166.6667 182.9268 203.3898 224.4897
168.5393 183.0985 203.7037 224.1379
168.6746 183.3333 204.0816 225.0000
168.8311 183.6735 204.5455 225.8066
169.0140 184.2105 205.1282 226.4150
169.2307 184.6153 206.4794 22127271
169.4915 185.1852 205.8824 228.0701
170.2127 186.7142 206.3492 228.5714
170.4645 186.4406 206.8966 229.1667
170.7317 186.6667 207.5471 229.5081
171.0626 187.5000 208.3333 230.7692
171.4286 188.4067 208.9562 232.1428
171.8750 188.6792 209.3023 232.5581
172.4138 189.1892 209.6774 233.3333
172.8395 189.6551 210.5263 234.0425
173.0769 189.8734 211.2676 235.2941
173.3333 190.4762 211.5384 236.3636
173.9130 191.1764 2121212 236.8421
174.4186 191.4894 212.7659 237.2881
174.6031 191.7808 213.1147 238.0962

175.4385 192.9824 216.3846 240.7407

175.6756 194.0298 215.6862 241.3793
176.4706 194.4444 216.2162 241,9354
177.2151 194.8061 216.6667 242.4242
177.4193 195.1220 217.3913 243.2432
178.0821 1956.6522 218.1818 244.,4444
178.5714 196.0764 218.7500 244.8979
179.1044 196.4285 219.56122 245.2830
179.4872 196.7213 220.0000 245.6140
180.0000 196.9697 220.3389 245.9061

180.3278 197.1830 220.6882 250.0000
180.5566 197.3684 2222222
181.8182 200.0000 223.8805
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Stafic Electricity

Continued from page 32

~ Tape Bias
Continued from page 44

breathe. Ozone can also be produced by an
ultra-violet lamp but is more commonly pro-
duced by a spark gap with a dielectric mate-
rial (glass, mica, etc.) between the. elec-
trodes.

Within a vacuum, dynamic -electricity
flows as an electron beam as in vacuum
tubes. In tubes containing a gas (VR tubes,
neon lamps and thyratrons), current flow is
increased because the gas ionizes.

While it is usually considered that static
electricity, in the form of lightning, travels
through space, the main bolt travels along
a conductor known as the leader. It is the
leader, whose current is small compared to
that of the main bolt, which bridges the gap
first and then the main bolt flows on the
leader which is a relatively low resistance
path, known as a space charge. Lightning
can also be a two-way proposition. One
flash comes down from a cloud to earth and
another returns from earth up toward the
cloud, but it doesn’t always make it all the
way. Lightning also starts at the ground and
goes up. The Empire State Building often
initiates a lightning stroke upward towards
the clouds. It has been found that a differ-
ence in potential is required to produce
lightning or a static discharge, but it may
originate from either the positively or nega-
tively charged object. No matter how you
slice it, stay indoors when those bolts go
flying. |

Headphone Amplifier

Continued from page 90

battery switch is closed—set to the on posi-
tion. Set the audio gain (Volume) to about
position 4—about V5 of the full rotation of
the potentiometer shaft. Then you can ad-
just one control, or both for an equal, com-

fortable listening level. The volume controls

are identified as R1 and R2.

Mono signals at either of the input jacks
(J1, J2) are connected to both driver tran-
sistors (Q1, Q2) through the Stereo/Mono
switch S1. But stereo signals (like those from
a ceramic or crystal pickup) pass through
their own channels and are heard separately
in the headphones, thus reproducing a stereo
sound for the listener. L]
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(Fig. 4). At this bias setting the high-
frequency equalization was inadequate. Such
a case is very unusual. It was a simple mat-
ter to change the bias circuit and adjust for
peak tape output—and get proper high-
frequency equalization.

The Bias Setting. Adjusting the bias to
exactly peak output or just before (to the
left) peak usually creates unneeded prob-
lems such as: low output; high distortion; fre-
quency compensation problems (mentioned
above). Again referring to Fig. 4, note that
the curve is steep on the left of the peak while
it is gradual on the right. Since, as a general
rule, the aging of circuit components will
reduce bias current, a recorder with bias set
exactly at the peak (or to the left) will grad-
ually slide right down the steep slope of the
curve.

But on the other hand, if the bias current
is adjusted to slightly past the peak (to the
right) approximately %2- to 1-db down from
peak tape output, component aging will
cause the recordér to drift, slowly over
months or years, toward the optimum out-
put setting instead of drifting away from it
at a much faster rate.

While it must be admitted that factory-
set bias is generally adequate for the average
recordist, periodic bias checks and adjust-
ments can offer substantial improvements for
the purist, or that extra-special recording
that must be perfect.

Off on a Tangent. Within a given price
range most brands of tape are interchange-
able on most recorders as far as recording
quality goes. (Forget about such things as
tape lubrication, who makes a smoother ox-
ide, etc., etc.) You can interchange tape
brands, even splice them together, as long as
you stick to the same grade of tape—the
same list-price range (sales don’t count). But
don’t try to interchange tape selling for $1
(list) with a roll of tape (of the same foot-
age) priced at $2.95, or thereabouts. While
this statement can be hotly disputed, the
slight differences, such as noise level and
print-through are rarely noticeable outside
of the professional recording studio, where,
admittedly, they can be of substantial impor-
tance. For the average recordist, however,
tape has attained the ultimate of assembly-
line production—interchangeability. a
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ELECTRONIC PARTS

1. This catalog is so widely used as
-a reference book, that it’s regarded
as a standard by people in the elec-
tronics industry. Don’t you have the
latest Allied Radio cataiog? The sur-
prising thing is that it’s free!

2. The new 510-page 1966 edition of
Lafayette Radio’s multi-colored cata-
log is a perfect buyer’s guide for hi-
fi'ers, experimenters, kit builders,
CRB’ers and hams. Get your free copy,
today!

3. Progressive “Edu-Kits” Inc. now
has available their new 1966 catalog
featuring hi-fi, CB, Amateur, test
equipment in kit and wired form,
Also lists books, parts, tools, etc.

4. We'll exert our influence to get
you on the Olson mailing list. This
catalog comes out regularly with lots
of new and surplus items. If you find
your name hidden in the pages, you
win §5 in free merchandise!

5. Unusual scientific, optical and
mathematical values, That’s what Ed-
mund Scientific has. War surplus
equipment as well as many other
hard-to:get items are included in this
new 148-page catalog.

6. Bargains galore, that’s what’s in
store! Poly-Paks Co. will send you
their latest eight-page flyer listing the
latest in merchandise available, 'in-
cluding a giant $1 special sale.

7. Whether you buy surplus or new,
you will be interested in Fair Radio
Sales Co.’s latest catalog—chuck full
of buys for every experimenter.

8. Want a colorful catalog of
goodies? John Meshna, Jr. has one
that covers everything from assemblies
to zener diodes. Listed are govern-
ment surplus radio, radar, parts, etc.
All at unbelievable prices.

10. Burstein-Applebee offers a new
giant catalog containing 100’s of big
pages crammed with savings includ-
ing hundreds of bargains on hi-fi kits,
power tools, tubes, and parts.

11. Now available from EDI (Elec-
tronic Distributors, Inc.) a catalog
containing hundreds - of electronic
items. EDI will be happy to place you
on their mailing list.

12. VHF listeners will want the
latest catalog from Kuhn Electronics.
All types and forms of complete re-
ceivers and converters.

23. No electronics bargain hunter
should be caught without the latest
copy of Radio Shack’s catalog. Some
equipment and kit offers are so low,
they look like mis-prints. Buying is
believing.,
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Numbers in heavy type indicate '
advertisers in this issue. Consult
their ads for additional information.

25. Unusual surplus and new equip-
ment/parts are priced “way down’ in
a 32-page flyer from Edlie Electronics.
Get one.

75. Transistors Unlimited has a
brand new catalog listing hundreds
of parts at exceptionally low prices.
Don’t miss these bargains!

HI-FI/AUDIO

13. Here’s a beautifully presented
brochure from Altec Lansing Corp,
Studio-type mikes, two-way speaker
components and other hi-fi products.

15. A name well-known in audio
circles is Acoustic Research. Here's
its booklet on the famous AR speak-
ers and the new AR turntable.

16. Garrard has prepared a 32-page
booklet on its full line of automatic
turntables including the Lab 80, the
first automatic transcription turntable.
Accessories are detailed too.

17. Two brand new full-color book-
lets are being offered by Electro-
Voice, Inc. that every audiophile
should read. They are: “Guide to
Outdoor High Fidelity” and “Guide
to Compact Loudspeaker Systems.”

19. Empire Scientific’s new 8-page,
full color catalog is now available to
our readers. Don’t miss the sparkling
decorating-with-sound ideas. Just cir-
cle #19.

22. A wide variety of loudspeakers
and enclosures from Utah Electronics
lists sizes shapes and prices. All
types are covered in this heavily illus-
trated brochure.

24. Here’s a complete catalog of
high-styled speaker enclosures and
loudspeaker components. University
is one of the pioneers in the field that
keeps things up to date.

26. Always a leader, H. H., Scout
introduces 'a new concept in stereo
console catalogs. “At Home With
Stereo” the 1966 guide, offers deco-
rating ideas, a complete explanation
of the more technical aspects of stereo
consoles, and, of course, the complete
new line of Scott consoles.

27. An assortment of high fidelity
components and cabinets are described
in the Sherwood brochure. The cab-
inets can almost be designed to your
requirements, as they use modules.

30. Tone-arms, cartridges, hi-fi, and
stereo preamps and replacement tape
heads and conversions are listed in
a complete Shure Bros. catalog.

95. Confused about stereo? Want to
beat the high cost of hi-fi without
compromising on the results? Then
you need the new 24-page catalog by
Jensen Manufacturing.

TAPE RECORDERS AND TAPE

31. “All the Facts” about Concord
Electronics Corporation tape trecord-
ers are yours for the asking in a free
booklet. Portable battery operated
to four-track, fully transistorized
stereos cover every recording need.

32, “Everybody’s Tape Recording
Handbook™ is the title of a booklet
that Sarkes-Tarzian will send you.
It’s 24-pages jam-packed with info for
the home. recording enthusiast, In-
cludes a valuable table of recording
times for various tapes.

33. Become the first to learn about
Norelco’s complete Carry-Corder 150
portable tape recorder outfit. Four-
color booklet describes this new cat-
tridge-tape unit.

34, The 1966 line of Sony tape re-
corders, microphones and accessories
is illustrated in a new 16-page full
color booklet just released by Super-
scope, Inc., exclusive U.S. distributor.

35. If you are a serious tape audio-
phile, you will be interested in the
new Viking of Minneapolis line—they
carry both reel and cartridge re-
corders you should know about.

91. Sound begins and ends with a
Uher tape recorder. Write for this
new 20 page catalog showing the en-
tire line of Uher recorders and acces-
sories. How to synchronize your slide
projector, execute sound on sound,
and many other exclusive features.

HI-F1 ACCESSORIES

76. A new voice-activated tape re-
corder switch is now available from
Kinematix. Send for information on
this and other exciting products.

39. A 12-page catalog describing the
audio accessories that make hi-fi live
ing a bit easier is yours from- Switch-
craft, Inc, The cables, mike mixers,
and junctions are essentials!

KITS

41. Here’s a firm that makes every-
thing from TV kits to a complete line
of test equipment. Conar would like
to send you their latest catalog—just
ask for it.

42, Here’s a colorful 108-page cata-
log containing a wide assortment of
electronic kits. You’ll find something
for any interest, any budget. And
Heath Co. will happily send you a
copy.

44, A new short-form catalog (pock-
et size) is yours for the asking from
EICO. Includes hi-fi, test gear, CB
rigs and amateur equipment—many
kits are solid-state, projects.

ErLeMENTARY ELECTRONICS
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AMATEUR RADIO

46. A long-time builder of ham
equipment, Hallicrafters will send you
lots of info on the ham, CB and com-
mercial radio-equipment.

CB—BUSINESS RADIO
SHORT-WAVE RADIO

48, Hy-Gain’s new CB antenna cata-
log is packed full of useful informa-
tion and product data that every
CB’er should know about. Get a
copy.

49. Want to see the latest in com-
munication receivers? National Ra-
dio Co. puts out a line of mighty fine
ones and their catalog will teil you all
about them.

50. Are you getting all you can from
your Citizens Band radio equipment?
Amphenol Cadre Industries has a
booklet that answers lots of the ques-
tions you may have.

52. If you’re a bug on CB communi-
cations or like to listen in on VHF
olice, fire, emergency bands, then
egency Electronics would like to
send you their latest specs on their
receivers.

54, A catalog for CB’ers, hams and
experimenters, with outstanding val-
ues. Terrific buys on Grove Electron-
ics’ antennas, mikes and accessories.

55. Interested in CB or business-
band radio? Then you will be inter-
ested in the catalogs and literature
Mosley Electronics has to offer.

90. If two-way radio is your meat,
send for Pearce-Simpson’s new book-
let! Its 18 pages cover equipment
selection, license application, prin-
ciples of two-way communications,
reception, and installation.

93. Heath Co. has a new 23-channel
all-transistor 5-watt CB rig at the
lowest cost on the market, plus a full
line of CB gear. See their new 10-
band AM/FM/Shortwave portable
and line of shortwave radios. #93
on the coupon.

96, If a rugged low-cost business/
mdustnal two-way radio is what
you’ve been looking for. Be sure to
send for the brochure on E. F. John-
son Co.’s brand new Messenger *“202.”

-

SCHOOLS AND EDUCATIONAL

56. Bailey Institute of Technology
offers courses in _electronics, basic
electricity and drafting as well as re-
frigeration. More information in their
informative pamphlet.

87. National Radio Institute, a pio-
neer in home-study technical training,
has a new book describing your op-
portunities in all branches of elec-
tronics. Unique training methods
make learning as close to being fun
as any school can make it.

36. Coyne Electronics Institute of-
fers home/resident training in elec-
tricity, radio-TV, electronics, refrig-
eration and air conditioning.

59. For a complete rundown on cur-
riculum, lesson outlines, and full de-
tails from a leading electronic school,
ask for this brochure from the Indiana
Home Study Institute.

60. Facts on accredited curriculum
in E. E. Technology is available from
Central Technical Institute pius a 64-
page catalog on modern practical
¢lectromnics.

61. ICS (International Correspond-
ence Schools) offers 236 courses in-
cluding many in the fields of radio,
TV, and electronics. Send for free
booklet “It’s Your Future.”

74. How to get an F.C.C. license,
plus a description of the complete
electronic courses offered by Cleve-
land Institute of Electronics are in
their free catalog. Circle #74

94, Intercontinental Electronics
School offers three great courses:
stereo radio & electronics; basic elec-
tricity; transistor. They are all de-
scribed in  Inesco’s 1966, 16-page
booklet.

ELECTRONIC PRODUCTS

62. Information on a new lab transis-
tor kit is yours for the asking from
Arkay International. Educational kit
makes 20 projects.

66. Try instant lettering to mark
control panels and component parts.
Datak’s booklets and sample show
this easy dry transfer method.

64. 1If you can use 117-volts, 60-cycle
power where no power is available,
the Terado Corp. '?rav-Elecmc 50-160
is for you. Specifications are for the
asking.

67. “Get the most measurement
value per dollar,” says Electronics
Measurements Corp. Send for their
catalog and find out how!

92. How about installing a transis-
torized electronic ignition system in
your current car? AEC Laboratories
will mail their brochure giving you
specifications, schematics.

TELEVISION

70. Heath Co. now has a 25" rec-
tangular-tube color TV kit in addi-
tion to their highly successful 217
model. Both sets can be installed in
a wall or cabinet: both are money-
saving musts!

73. Attermon, TV servicemen! Barry
Electronics “‘Green Sheet” lists many
TV tube, parts, and equipment buys
worth while examining. Good values,
sensible prices.

72. Get your 1966 catalog of Cisin’s
TV, radio, and hi-fi service books.
Bonus—TV tube substitution guide
and trouble-chaser chart is yours for
the asking.

29, Install your own TV or FM an-
tenna! Jefferson-King’s exclusive free
booklet reveals secrets of installation,
orientation; how to get TV-FM trans-
mission data.

97. Interesting, helpful brochures de-
scribing the TV antenna discovery
of the decade-—the log periodic an-
tenna- for UHF and UHF-TV, and
FM stereo. From JFD Electronics
Corporation.

TOOLS

78. You can easily select the right
tool for easy, speedy driving of Bris-
tol Multiple Spline and Allen Hex
socket screws from Xcelite’s compact,
interchangeable blade sets. Send for
Bulletin N365 for details.

Radio-TV Experimenter, Dept. LL-780

505 Park Avenue, New York, N. Y. 10022

Please arrange to have the literature whose numbers 1
have encircled sent to me as soon as possible. | am en-

cosing 25¢ (no stamps) to cover handling charges.

1

2 3 4 5 6 7 8

Be 16 17 18 19 22 23 24 25

Sure To

32 33 34 35 36 39 41 42
52 54 55 56 57 59 60 61

Enclose | -5 .4 75 76 78 90 91 92

25¢ 98

NAME (Print clearly)

': I am a subscriber
Indicate total number
I:j of booklets requested

10 11 12 13 15
26 27 29 30 31
44 46 48 49 50
64 66 67 70 72
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ADDRESS.

STATE

ZIP CODE
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Continued from page 101
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AS "C" EXCEPT

station, and varying the value of the po-
tentiometer and noting the results.
Operation. Operating this receiver is as
simple as “eating apple pie.” The functions
of the two controls are self-explanatory.
As you tune in a station, with control C8,
the rushing background noise will disappear.
As the desired signal decreases in strength,

appear entirely, and tuning may become
somewhat critical. The inherent character-
istics of the super-regenerative detector ac-
count for the excellent built-in AVC and
noise limiting properties of this receiver. But
don’t take our word for it, build this 6-meter
rig yourself. Get away from your ham appli-
ance-buying trends and return to the fun

the rushing background noise may not dis-

Hamdom has given over the years. n

BUiLD A
COMPLETE STATION

B The receiver described on the previous: pages was built as
part of an all solid state 6-meter amateur station. The com-
panion 6-meter transmitter was physically designed to match
the receiver. The transmitter, built in the same size case, can
be bolted onto the left side of the receiver to form a complete
6-meter station. Used together they form a lightweight, compact
station that's just the thing for camping, vacationing, field days,
mountain topping, and as a first station for the newcomer to
6-meters.

The transmitter ‘itself uses a total of 7 semiconductors (6
transistors and 1 diode). The transmitter has a DC power input of
250 milliwatts. High level collector modulation is employed for
good efficiency and ease of adjustment. Other features include:

® Push to talk operation

® Spotting switch

® Relative RF output meter

® Easy-to-build construction
. An article describing the construction of the companion trans-
mitter will be featured in the forthcoming April/May 1966 issue
of RADIO-TV EXPERIMENTER on sale at your favorite newsstand
February 24, 1966. Don't miss it if you want a low cost “walkinﬁ
talking” transceiver.
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Classified Ads 55¢ per word, each insertio :
be included in the next available issue of ELEMENTARY ELECTRONICS, copy must be in

Minimum 10 words, payable in advance. To

our New York Office by March 10th. Address orders to C. D. Wilson, Munqger, Classified
Advertising, ELEMENTARY ELECTRONICS, 505 Park Ave., New York,

N. Y. 10022,

AGENTS WANTED

‘AR Out This, Ad and Mail With
N‘ﬁﬁle _Address for big box of home needs
ands cosmetics for Free Trial, to test in
yéur’home. Tell your friends, Make money.
Rush “name. Blair, Dept. 521CD, Lynch-
burg, Va. 24505.

AUTHOR'S SERVICE

VENDING Machines—No selling. Oper-
ate a route of coin machines and earn
amazing profits. 32-page catalog Free!
Parkway Machine Corporation, 175-NO
Ensor St., Baltimore, Maryland 21202.

FREE ‘Franchise Profit Letter” tells
how you can be alerted to widest range
of franchise opportunities. Write today.
National Franchise Reports, N-528, 333
North Michigan, Chicago 60601.

WANTED Writers! Short stories, ar-
ticles, books, plays, poetry. Will help place,
sell your work. Write today free partxcu-
lars! Literary Agent Mead Dept 22A, 915
Btohdway, New York, N. 10010.

PUBLISH your hook! Join our success-
'fli authors publicity advertising promo-
tlolx{ beautiful books, All subjects invited.
for free manuscript report and de-
: booklet. Carlton Press, Dept. SMH,
th Avenue, New York 10011.

BIG MAIL

YOUR Name Listed with 1000 Mailers,
Plﬂb ishers, Importers, etc. Our mailing
eath! month $1.00. Dixie Mallers, King,
No¥ h Carolina.

IMMEDIATE Profits with no capital or
experience. Take Orders for all magazine
subscriptions. Friends and neighbors are
your prospects. Write now for complete,
free kit. McGregor Magazine Agency,
Dept. IB6, Mount Morris, Illinois.

TRAIN for exciting electronics future.
14 big kits included. Free catalog. RTS,
Dept. 60006, 815 East Rosecrans, Los An-
geles 90059.

EARTHWORMS

BIG Money Raising Fishworms and
Crickets. Free literature, Carter Farm-O=-
Plains, Georgia.

EDUCATION & INSTRUCTION

15,000 YEAR Guaranteed (Minimum).
Distinctive, Exclusive, Non-Competitive.
Patent Pending. $2.00 Brings Descriptive
Booklet (Returnable). Minimum Invest-
ment, Results or Money Back. Write:
Executives, P. O. Box 4080-FID, New
Orleans, Louisiana.

_MAKE Mail Order pay. Get ‘‘How To
Wtite a Classified Ad That Pulls.” In-
clijdés certificate worth $2.00 toward clas-
cifidd ad in S & M. Send $1.00 to C. D.
Wilson, Science & Mechanics, 505 Park
Avé New York N. Y. 10022.

soATS. MOTORS & MARINE SUPPLIES

L1 size, cut-to-shape boat patterns,
blgghrints. Send 50¢ for big New illus-
tra. ‘‘Build a Boat’’ catalog includes
\ing Boats, Garvies, Cruisers, Cata-
i1is, Houseboats—Outboards, Inboards.
t%oats—'ll’, to 88/. ‘“How to Build a
Bo 4’ booklet $2.50. Cleveland Boat Blue-
prig Co., Box 18250, Cleveland, Ohio.

' BOOKS AND PERIODICALS

OHN Birch Society Literature Free.
1;1 rﬁe Assortment $1.00. Detscher Mill,
piam, Connecticut.

ATALOG of all Science & Mechanics
rﬁi’tprints Send 25¢ to cover postage
sm ‘handling to Craftprint Div., Science
chanics, 505 Park Ave., New York,

Ns‘w York 10022.

BUSINESS OPPORTUNITIES

WORK Home, mailing our -catalogs!
Free Details! Cam Company, Dept. 226,
Verona, New Jersey.

AMAZING ‘‘Goldmine of Information”
featuring rockbottom wholesale prices,
Autos, Books, Nylons, Tires, Watches,
Mail-order Catalogs, many exciting others.
Free details, Cardon, Dept. DD, Box 17071,
Memphis, Tenn.

FORMULAS, Processes, Analysis. Manu«
facture Big Profit Products. List Free.
Chemical, Martville, New York 13111.

“BONANZA Of Information.”” Over 75
Profitable Business Ideas! Copy $1.00.
g_‘gol%%n, Box 5486-RE, Los Angeles, Calif.

BUY IT WHOLESALE

TRAIN Sets—$1.36, Recorders—$6.70,
Pistols—$5.74. Walkie-Talkies, Binoculars,
Cameras. Buy From American, European,
Japanese Wholesalers. Exciting Details
Free. Enterprises, Box 160-K3, Jamaica,
New York 11430.

YOUR F.C.C. first class license (elec-
tronics, broadcasting)—prepare by corre-
spondence or resident classes. Then con-
tinue, if you wish, for A.S.E.E. Degree.
Free catalog. Grantham Engineering In-
stitute, 1505 N. Western Ave., Hollywood,
California 90027,

FIREARMS, AMMUNITION &
EQUIPMENT

SILENCERS: Rifles, Pistols, Details
Construction Operation $1.00. Gunsco,
Soquel, Calif. 95073.

THE New “Hunting Guide’’ reports on
Regional Hunting Foarecasts, Getting in
Shape for the Hunt, eétc. Send for your
copy: Hunting Guide #755. 505 Park Ave.,
New York 10022, $1.25.

FLORIDA LAND

FLORIDA Water Wonderland—Home,
cottage, Mobilesites. Established area.
$590.00 full price, $9.00 a month. Swim-
ming, flshing, boating. Write: Lake Weir,
Box MC38, Silver Springs, Florida AD
6-1070 (F-1).

FOR INVENTORS

PATENT Searches—48 hour airmail
service, $6.00, including nearest patent
copies. More than 200 registered patent
attorneys have used my service. Free
invention protection Forms. Write Miss
Ann Hastings, Patent Searcher, P. O. Box
178, Washington 4, D. C.

PATENT Pitfalls! New law hurts! Free
help! Send self-addressed, stamped en=-
velope. Flipper, Geneva, Illlnois 60134.

FOR SALE—MISCELLANEOUS

BARGAINS Our Business. Catalog 10¢
Refundable. Tojocar. 2907-B West 38th
Place, Chicago, Ill. 60633.

GOVERNMENT SURPLUS

BARGAINS! Buy Wholesale! Save
Money! Free Catalog! Norris, Dept. 108,
273 Merrick, Lynbrook, New York.

#d, others make money! Start with
B—Free—Prooz Torrey, Box 3566-T,
Oklahoma City, Okla. 73106.

éMADE $40,000.00 Year by Mailorder!
sl

I"REE Book “900 Successful Little-
Knoyyn Businhesses.”” Fascinating! Work
hu gl Plymouth 911T, Brooklyn, N. Y.

EE Report, ‘‘Businesses You Can
tinch At Home.”” Immediate earnings!
ngﬁ&n Enterprises, B-41, Congers, N. Y.

b,EALERSHIPS Available Selling Citi-
zens, Band Radio Full or Part Time. Knox
gj}ggiromc, Dept.  SMC-3, Galesburg, II.

2

CAMPERS, CAMPING EQUIPMENT
& TENTS

CAMPING Equipment, Tents, Sleeping
Bags, Air Mattresses, Packs, Trailer Awn-
ings, Dining Canopies, Axes, Knives, Lan-
terns, Stoves, Refrigerators, Compact
Camp Furniture, Dehydrated Food, Toi-
lets, Nested Cook Sets, Poles, Stakes. Every
Camping Accessory imaginable. Free 100
page catalog. Morsan, 810B, Route 17,
Paramus, New Jersey.

GIGANTIC Free Discount Cambing
Equipment Catalog available soon. Re-
serve your copy by sending Name and
Address to ‘*“House of Camping,” Box 41,
St. Croix Falls, Wisconsin.

JEEPS From—$52.50, Typewriters From
—$4.15, Cars From—$31.50. Walkie-Talk-
jes, Guns, Airplanes, Boats. Typical ‘‘As
Is"”” Bid Bargains From Uncle Sam. Tre-
mendous Variety. Exciting Free List.
Write: Enterprises, Box 402-K6, Jamaica,
New York 11430.

HYPNOTISM

NEW concept teaches you self-hypnos,is
quickly! Free literature. Smith-McKinley,
Box 3038, San Bernardino, Calif.

INVENTIONS WANTED

WE either sell your invention or pay
cash bonus. Write for details. Universal
Inventions, 298-E, Marion, Ohijo.

MAGIC TRICKS, JOKER NOVELTIES
& PUZZLES

- MAIYL Baby Catdlogs. Imprinted with
ur ‘address New Mothers for Big
roﬂts' Details. Catalog, 25¢. Volz-SMi1,

Yps anti, Mich,

CAMPER Jacks, guaranteed fit any
Camper $57.45. Free literature. Mall Order
Manufacturing, Box 851A, Spokane, Wash-
ington 99210.

GIANT Illustrated 164 Page Magic Cata-
log! Now Only 10¢. Vick Lawston's Magic,
4018-SM Northeast Fifth Ave., Ft. Lauder-
dale, Florida.

THERE IS NO_CHARGE FOR ZIP CODE—PLEASE USE IT IN YOUR CLASSIFIED AD

Mahée-Apki, 1966
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 MAILING LISTS

OFFICE EQUIPMENT & SUPPLIES

RADIO & TELEVISION

HIT Peak Sales With Choice Mailing
Lists. For a copy of our brochure listing
over g thousand different lists, send 25¢
in coin or postage. Geffner, 63 Baychester
Station, Bronx, New York 10469.

MAILING Lists most all kinds 1000
$5.00. Free folder. Your circulars mailed
$4.00 1000. Dixie Mailers, King, N. C.

MAIL-ORDER OPPORTUNITIES

PROFITABLE Mail Order Operation!
Write: Vikari's, 835-I0 First Avenue, Salt
Lake City, Utah 84103.

MAKE Mail Order pay. Get '‘How To
Write a Classified Ad That Pulls.”” This
handbook tells how, with examples. In-
cludes certificate worth $2.00 toward clas-
sificd ad in S & M. Send $1.00 to C. D.
Wilson, Science & Mechanics, 505 Park
Ave., New York, N. Y. 10022.

MONEYMAKING OPPORTUNITIES

SALESMEN—Managers Wanted. Some-
one to run a Food and Household Special-
ties Route and Supervise 20 Route Men.
Large Earnings, permanent, no invest-
ment. Write Dept. Y, Box 62, Freeport,
Illinois.

OFFSET, Letterpresses, Varitypers,
Typewriters, Mimeograph, Multigraph
Machines, Bargains. DixieGraph, King,

North Carolina.

PATENT SERVICE

PATENT Searches, $6.00; For free “In-
vention Record'' and ‘“Important Infor-
mation Inventors Need,”’ write: Miss
Hayward, 1029D Vermont, Washington 5,
District of Columbia.

PATENT Searches—48 hour airmail
service, $6.00, including nearest patent
copies. More than 200 registered patent
attorneys have used my service. Free in-
vention protection Forms. Write Miss Ann
Hastings, Patent Searcher, P. O. Box 176,
Washington 4, D. C.

PERSONAL

EUROPEAN Tonic Grows Hair, Controls
Falling. International Laboratories, Box
4176, Miami Beach, Fla. 33141.

FOR the best in Mpystery Reading—
Subscribe to Ellery Queen’s Mystery Mag-
azine, 505 Park Ave., New York, N, Y,
10022. Send $6.00 for 12 Issues.

PETS—DOGS, BIRDS, RABBITS,
HAMSTERS, ETC.

MOTORCYCLES, MOTORSCOOTERS,
BICYCLES, KARTS & SUPPLIES

VINCENT parts, Velocette Motorcycles,
Gene Aucott, 6204 Wissahickon Ave.,
Philadelphia, Penna. 19144,

OF INTEREST TO WOMEN

MAEKE up to $3.50 an hour or more.
Easy, pleasant way. Take orders for qual-
1ty cosmetics with our $10.00 demonstra-
tion kit sent on trial. Write for Free offer.
Lucky Heart, Dept. 73XC, Memphis; Tenn.
38102.

MAKE big money raising rabbits for us.
Information 25¢. Keeney Brothers, New
Freedom, Penna.

PROFITABLE OCCUPATIONS

INVESTIGATE Accidents. Earn $750.00
to $1,500.00 monthly. Car furnished. Ex-
penses paid. No selling. No college educa-
tion necessary. Pick own Job location in
U. S., Canada or overseas. Investigate
full time. Or earn $8.44 hour spare time.
Men urgently needed now. Write for Free
information. Absolutely no obligation.
Universal, CMH, 6801 Hillcrest, Dallas 5,
Texas.

CONVERT any television to supersensi-
tive, big-screen oscilloscope. No electronic
experience necessary. Only minor changes
required. Illustrated plans $2.00. Relco-
A30, Box 10563, Houston, Texas 77018.

McGEE Radio Company. Big 1966 Cata~
log Sent Free. America's Best Values. Hi=
Fi, Amplifiers, Speakers, Electronic Parts.
Send Name, Address and Zip Code Num-
ber to McGee Radio Company, 1901 McGee
Street, Dept. EE, Kansas City, Mo. 64108.

CRAMMED with Electronics Articles of
interest to novices and pros alike. Sub-
scribe now: 6 issues for $4.00. Order from
Radio-TV Experimenter, 505 Park Ave.,
New York, N. Y. 100232.

SALESMEN & DISTRIBUTORS

START your own profitable line with
calendars and specialties. Every business
an excellent prospect. Prizes. Fleming,
6535-G Cottage Grove, Chicago 60637.

SELL Cigarette, Candy, Coffee Machines.
Federal Sales Inc., Box 1290-IO-1, Akron,
Ohio 44309.

FREE Sample—Startling New Revolu-
tionary Ball Pen. Send Business Card.
Casey's, Box 10, Hollywood, Florida.

SONGWRITERS

SONGS, Poems Wanted For Publishing.
Recording Consideration! We Pay Ahove
Costs! Ted Rosen, 17-10 Longwood Road,
Quincy, Mass.

TREASURE FINDERS-—PROSPECTING
EQUIPMENT

_TREASURE, gold, silver, coins. New
inexpensive transistor instrument detects
them all. Underwater models available.

-$19.95 up. Free Catalog, Relco-A35, Box

10563, Houston, Texas 77018.

Unitize!

Continued from page 86

to use this type wherever there is any doubt
about keeping the temperature down below
the rated level—Editor.)

This is the way to “unitize” only one proj-

supply subassembly on the chassis is shown
in Fig. 4.

(Remember to drill a lot of small holes in
the cover of the box to give ventilation—

Fig. 4. Power supply (with cover removed) mounted
on main chassis. Don't sacrifice ventilation for com-
plete shielding. Heat buildup will break down com-
ponents or af least change characteristics and values.

some selenium: rectifiers will break down
when their temperature passes 90°F. Silicon
rectifiers will withstand much higher temper-
atures without breaking down and it is best
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ect but these ideas can be applied to almost
all other electronic construction projects like
transmitters, stereo/hi-fi and other receivers.
I fact just about anything you, as an elec-
trenics experimenter, want to build can be
done more easily by making subassemblies
instead of trying to mount everything on a
single chassis.

The best part, the bonus, of “unitized”
construction is that you can cannibalize dis-
carded projects for complete subassemblies
—the power supply, the audio amplifier—
and use them without moving individual
components from one chassis to another—
preventing individual components from
being damaged, leads broken and you know
the subassembly works; it’s been debugged
the first time you put it together—or it will
work about 90 per cent of the time.

Unitize your next project and have a whole
new field of construction convenience unfold
before you. You’ll be surprised how a bit of
planning, thinking in advance, will help you
to make your next home-brew project look
like a professional job and without many of
the usual flustrations, frayed nerves and
burned fingers. L]

ELEMENTARY ELECTRONICS



BUILD, EXPERIMENT, EXPLORE, DISCOVER
WITH NRI CUSTOM DESIGNED TRAINING KITS

BUILD YOUR OWN

PHONE/CODE TRANSMITTER
“iis is just one of seven training
kits programmed into NRI's Com-
plete Commuprications course. You
get actual practice in building your
own crystal-controlled, phone/code
transmitter and putting it on the
air. You experiment with modula-
tion, “clamping’’ circuits, key fil-
ters, other aspects of commercial
transmitter operation. Can be put
on the air simply by attaching an
antenna and complies with FCC
regulations. As with all NRI training
kits, you get the most modern fea-
tures and parts.

Join the Thousands Who
Gained Success with NRI

= ‘| am Frequency

Coordinator for the
11th Naval District.

The course was

¢4 priceless.”” J. J
4 JENKINS,

@ Diego, Calif.

San

‘‘Many thanks to
NRI. 1 hold FCC
License, am master
control engineer
with KXIB-TV."’R.L.
8 WO0O0D, Fargo, N.D.

‘| am a Senior En-
gineering Aide.
Without NRI |
would still be work-
ing in a factory at
a Iower standard of
living.”” D. F. CON-
RAD. Reseda, Calif.

.B_—_—_;ﬁ=__“————

BUILD ACTUAL ANALOG
COMPUTER CIRCUITS
Industry, business offices, the gov-
ernment and military all need
trained Electronics Technicians.
NRI’'s Industrial Electronics course
prepares you. You progress through
10 carefully designed training Kits,
topping off your practical experi-
ence phase of training by experi-
menting with feedback control sys-
tems, analog computers and digital
computer elements. You actually
solve problems on this analog com-
puter you build yourself. This is the
practical, fast way to a good pay-

ing, career position.

BUILD A CUSTOM-ENGINEERED
TELEVISION RECEIVER
Want to earn $3 to $5 an hour in
spare time? Want your own part-
time or full-time business? In Ra-
dio-TV Servicing you learn to in-
stall, maintain, service radios, TV
sets, hi-fi and stereo, other home
Electronics equipment. in your
training are eight training kits, in-
cluding this complete, modern,
slim-line TV receiver. You build it
yourself, become familiar with
components and circuits, learn
servicing procedures . . . and earn
extra money as you train. National
Radio Institute, Washington, D.C.

SEE OTHER SIDE p

FIRST CLASS
PERMIT
NO. 20-R

W ashington, D.C.

BUSINESS REPLY MAIL

NG POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES

POSTAGE WILL BE PAID BY
NATIONAL RADIO INSTITUTE

3939 Wisconsin Avenue
Washington, D.C. 20016



GET FAST START
WITH NEW
ACHIEVEMENT KiT
Delivered to your door—
everything you need to
make a significant start
in the Electronics field of
your choice. An outstand-
ing, logical way to intrp-
duce you to home-study

ELECTRONICS
COMES ALIVE WITH
NRI TRAINING KITS

Nothing is as effective as
learning by doing . . . and
NRI pioneered the ‘‘home
lab” technique of train-
ing. NRI invites compari-
son with training equip-
ment offered by any other

training. It inciudes your
first set of lesson texts and
all the ‘‘classroomn tools’”
you need. No other schcol
has anything like the new
NRI Achievement Kit.

school. Begin NOW this
exciting program of prac-
tical learning. Make the
skills of the finest Elec-
tronic Technicians your
own. Mail card below.

DISCOVER THE EASE

“BITE SIZE" TEXTS
PROGRAM YOUR
TRAINING
Certainly, lesson texts are
necessary. NRIl’s prec-
grammed texts are as
simple, direct and wel! i-
lustrated as 50 years of
teaching experience can
make them. They arz
carefully programmed
with NRI training kits to
make the things you reati
about come alive. You ex-
perience all the excite-
ment of original discovery.

HOBBY? CAREER?
MAH. CARD NOW
TO NRI
‘Whatevar =our need . . .
whatever rour education

. there’s an NRI train-
ing plen $o fit your re-
quirem2ante. Choose from
ihree wmajor courses or
select dne of seven spe-

=ial courses in particular
Electrenics subjects.
Zheck the postage-free
card kelow, fill in and
mail. Fiatianal Radio In-
stitute, Washington, D.C.

AND EXCITEMENT OF

LEARNING ELECTRONICS THE NRI WAY

{ SEE OTHER SiDE

National Radio Institute, Electronics Div.

Washington, D.C. 20016 6-016

Please send me your catalog. | have checked the field(s) of most interest to

me. (No salesman wil! call.}

[0 TV-Radio Servicing

[1 industrial Electronics

[1 Basic Electronics

[1 Complete Cornmunications
[J FCC License
[0 Math for Electronics

[J Electronics for Automation

J
i
1
]

|

] Aviation Communications
00 Marine Communications

] Mobile Communications

Name
Address

e,
City State Zip Code @

Accredited Member National Home Study Council

TN,
o
°U~cn.

<
*apy 51\,9

!
!
|
{
Age
|
I
I
|
I

ELECTRONICS TRAINING

PICK THE
TRAINING 7
PLAH OF

YOUR CHOICE
AND MAIL

CARD FOR

FREE CATALOG

\\4/

OUR 50TH YEAR OF
LEADERSHIP IN
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How to freak-out
with your own see-in!

- Discover how to buy ?m‘!’d how to wire!
t {see page31)}
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Build-it Bonus—

* IC Dwell-Tachometer that works
» Super SI1C-Power Control
* Electronic Combination Lock




AMERICA’S GREATEST VALUES IN SCIENCE LABS AND COURSE&!

Now! Space Age Science for Everyone

AMAZING KIT-A-MONTH CLUB

NO EXPERIENCE NECESSARY
Everyone will enjoy the easy-to-use
equipment and exciting, learn-by-
doing courses. It's easy — it’s fun!

DEVELOPED BY TOP SCIENTISTS
The ABSClub program is a real science
course developed with world famous
Southwest Research Institute—a non-
profit public service organization,
nationally recognized as the center of
scientific research in the Southwest,

EQUIPMENT IS GOOD QUALITY
These kits are not toys. They consist
of standard components by Centralab,
General Electric, Strobelite, Leviton,
Precision Tube, Cinch-Jones, Mallory,
Lancaster Lens, General Instrument,
Trim, RCA, Stackpole, Eastman Kodak
and other reliable manufacturers.

NO SPECIAL TOOLS REQUIRZD
All you need are a screwdriver and
pliers. You get an electric soldering
iron FREE with your second kit Also
included: hardware, solder, wire, etc.

FUN FOR THE WHOLE FAMILY
This program offers such a variety of
activities that every member of the
family can find a field of incerest,
In many homes, working with the kits
is a family affair enjoyed by all.

INVALUABLE FOR STUDENTS
Makes school science fascinating and
easy. Gives students a real head stare.
The kits are a valuable source of ideas
and equipment for school projects.

MONTHLY CLUB BULLETIN

The $1 membership fee covers a year's
subscription to the ABSClub Bulletin
which carries news of interest to mem.
bers, plus ideas submitted by members
for additional projects with the kits.

TSSO OO

MEMBERS ARE ENTHUSIASTIC
Over 50,000 members have successfully
used and enjoyed these kits. All the
projects are proven and practical.

"Every kit is very complete in explan
ation, illustrations, materials, bard-
ware and extras, This is what I like
P. Batorick, Manhall, Pa.

“l bave emjoyed every kit. I wish |
could give them 1o all my studemts.”
Alien T. Aysrs, Physics Dept, James-
town High &‘hool, Jamastown, New York.
"Hard-to-get equipment at ¢ great
price. Thanks to your kits I am en-
joying mew fields of sciemce.”

J. Alilsmong, White Springs, IHineis.

"l bave immensely enjoyed every min-
ste with the kits, and eagerly await
the postman every month,”
Fred Carter, Sanford, Florida.

"“The ABSClub kits are very practical,
interesting and educatiomal .. and the
projects aluays work.”

Larry Schutts, Eden, New York.

A wealth of information presemted in
an easy-to-learm manmer.”

Tom Webster, Vider, Texas.

"It is incredible that we cam obtain
so much material for such a price. The
manuals alome are of great value.'
Sister M. Marls, PHJC, St Augustine
High Scheol, Chicago, lllinois,

"l am an electromics student in the Air
Force. Wehave mot covered anything in
school that your kits have not covered.
John G. Dil, Keesler Alr Force Base,
Wiloxl, Miss.

“Whenl starsed your program 1 knew
littie about amy of the topics that you
presented. 1 mow am repairing radios
and photography is my main bobby.”
Bruce Russell, Denver, Cole,

You Get ALL the following in nine monthly kits!

ELECTRICAL LAB

ment for bouic elecncal eeperments with

FOR SAFETY q step down ivelatien ik
Tronsfermer provides requiced curens T~
STROBE LIGHT

A Naan Lamp thor flosres ot wnvervals you can sv cheomize
with the 1peed of (otating or wibra'ing sbiects 1n order

fo freeze then moton to perm t close study ond 4 “d‘
checking frequencies ond RPM Fr-irmy are nimed . oo
by o vorable irequency osclla‘or with o range of .
26 16 600 cycles per vecond \’ X

PHOTOELECTRIC RELAY

Crystel Phetecell,

Eloctranic Amplifisr, Reloy, lorge Cendensing

. Crcuit operaton Sensmiity Contral Plug
n Outler for controlled crcur Ute for
olorms counters etc Operares on 115V
A Bauc wnit for many sxating
1peciments

ANALOG COMPUTER
Eloctranic Computer muitiphes, divides, colcolotes pewers,

« 198t Set up The problem on the coles of two porento

geters and fnd the answer on the scale of # 1d potentio

(3=

meer o3 indicored by a 1ensitive meter Instruc
on Manual covers compurer theory and pra.tical
‘use Doer 158

130 0le sroters wd

3 ons 1 qanametry

logorthms physics formutas ball sncs, erc

LIGHT AND OPTICS LAB

Excining ophical for the siudy of 194t Equipment
wncludes five # [ » Filters

artwen

Diffractan Grs
Lans Mounts, Toi

All the ports and instruciions 16 build o Comera
Obscurs Comers Lucido Po'anscope, and
many other oot col dev ces

o
Mrorwring Waralengih of Ught

PHOTOGRAPHY LAB

= A PRECISION 35MM ENLARGER  ho-zontol fype
with twin condensing lenses and 37 F/L prorechon

g =
e LTl Procuces quality enforgemen’s up 1o §7x 10"

a Contact Pont Frome tokes negatives up 3%

- Make quolity enlargements for 64, Moke
prints for only 23, Full mstructions included.

TO ENROLL

SOME QUESTIONS ANSWERED

Q. How is it possible? It seems incredible to be able to get all the
equipment shown above in just nine kits — at only $4.95 per kit!

A.

The direct-to-you “no middleman' club plan is just part of the
answer. The other key is ABSClub's especially designed multi-use
equipment. For example: the Microprojector quickly and easily con-

RADIO LAB AND COURSE
YOU BUILD A SHORTWAVE AND BROADCAST RARIQ
3 tebe renenernt e m TGy A
CARBON MICROPHONE « + AUDIQ AMPLIFIER
RADIO TRANSMITTER ‘v cve 5 w0 e
RIPPLE TANX WAVE GENERATOR w r
coruble € equenc, e,
mae $and ng Al w €.
CODE PRACTICE OSCILLATOR w v ~ ~nup!
*Steps te @ Ham Licenie
10 pass

£ yo reed

eF mee emse Buom

RADIO SERVICING TOOL
4 Signet Trace, SIGNAL TRACER
7 Travkle Shasting *

atove 1 auqh v 4
.

.1 CONTINUITY TESTER
Sgen e se

voes cea vt o e

Simpltied Radie aad TV Serviang

DC POWER SUPPLY

Chonaes reqular 110 170V AC 10 the a1 rect e
rent njuren for electon ¢ praects And exper

sam res L

er 13 s 4 Power Tramtormer Ya-
cuum Tube Rechtier 20020 MFO Copactoter Fil-
ter Circut and o palentiometer Volioge Selector
A Sole lolered Prwer Supply encundtes tre nesa
of expentice mull volt bavenes

MICROCRAFT LAB

Mo
I

00 snows mirosopic bub ects en

rqed w ot be lens detad on woll ar sreesn Hat
=P urdy Sreel s onmer
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Felr Cmany S byt
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PHOTOMICROGRAPHY CAMERA
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YRt 10w costoae et a2 Uses 5 o e
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o color Make o phatographic record of your

projects with microscopic subjects 2N

LIGHT TRANSMITTER-RECEIVER
L]

lacter Diaphragm ond on Opico Propecion
System The RECEIVER s o Twe.Slege Avdie
Amplitier, controlled by a Phola
electnc Cell thot carches
Fgr
o3

the projected light beam
%\

and caurer the onginal
s0und waves fo be repro-
duced 1n the heodphone,

Telking on « Light Boam

ATOMIC ENERGY LAB

ATOMIC CLOUD CRAMBER WITH PROJECTOR I{LUMINATOR See
the vapor tiaily of clpho ord be's portcley and of caymic_rays.
SPINTHARISCOPE  Skows eaniod ng otor: iy
ELECTROSCOPE — el noused w v Seals b [0
ond  Magnifying Viewsr Measures back )
ground (0diot on and Testt samote tau- et
SAFE RADIOACTIVE MATERIALS Alpha Sourze
in hordy conta aer and dionim Ore .
Full insructions ond explanations epen upl
the fascinating held of nucleor physics

Clecd Chamber

SPECTROSCOPE

Aralyze tpeca of glow ng gaset See and
idently the Frounkofer Lines A quality
inynment feat i on eaty-te-read budts
in scale and o pewsrtul condenting sysem
for 5 b gh soect a Fa. pment ncludes
Alchol Burnec n-d 5 2 Watt Nean Spectrel
Lamp. Full instruchians cover theery and use.

ULTRAVIOLET LAMP

140 walt hiter type UV (AMP -
§ © Foor Tord oty Swin Pasu es narthog color
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TELESCOPE AND MOUNT
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hed Lenses Ramiden Eyepiece
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WEATHER STATION
A REMOTE READING ANEMOMETER AND Wino. T,
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Muminator. Similarly, the Transit doubles as a Telescope Mount. F
Such multi-purpose design . .. plus club plan economy . . . makes
possible this all-science program at a price everyone can afford.

their particular interest.
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NO EXPERIENCE NECESSARY — [T’S FUN! IT'S EASY!

Masy members choose the order in which they receive their kits?

. Yes. With the first kit members receive a list of the equipment and
projects contained in each of the remaining eight kits. With this
information they are able to choose the kit sequence that best suits

Yes. At any time members can have the balance of their kits sent 1
in one shipment. We recommend that you start on the kit-a-month
plan because the monthly spacing will give you time to get the full
measure of knowledge and enjoyment that each kit has to offer,

NO OBLIGATION—-NO RISK!

$1.00 is the full cost of membership.

THAT YOU RECEIVE

e only as many kits as you wish.

Two weeks approval on each kit you take.
You may return any kit for full refund,

Send coupon today—getyour first kit on its way!
fammEe TRIAL MEMBERSHIP COUPONm= = m oy
§ ! wish to try the Kit-a-Month Program: 1

1 [0 1 enclose $1.00 to enroll and $4.95 for the first kit postpaid. I
D0 1 enclose $1.00 to enroll. Send first kit COD. i pay COD fee, |

| understand if | am not satisfied with the first kit | may return

it for a complete

Can members get their kits all at once instead of one-a-month? 1

refund including the $1.00 membership fee,
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A wise choice!

1f you've selected Electronics-Radio-TV as the field
in which you want to make good, you've chosen
wisely.

No other field has a greater demand for skilled
specialists, or a bigger shortage.

There are more good jobs than there are qualified
men amd women to fill them,

General training is essential. But, more and more,
you're going to need specialized training in specific
areas.

You're going to need the kind of training in depth
that 1. C. S. can give you, with 26 courses—far more
than you can get from other leading schools.

But you owe it to yourself to compare schools, to
select the right one for you.

That's just what the catalog (below) will help you do.

A wide choice:

1. Color Television Principles & Servicing
2, Communications Technology

Send this coupon or postage-paid card at end of this section

o}

Etectronic Fundamentals
Electronic Fundamentals Programmed Course
Electronic Instrumentation & Servo Fundamentals

. Electronic Principles for Automation
. Electronics & Applied Calculus

. Electronics Technician

, First Class Radiotelephone License

Fundamentals of Electronic Computers

, General Electronics

. Hi-Fi Stereo & Sound Systems Servicing

. Industrial Electronics

. Industrial Electronics Engineering

. Industrial Electronics Engineering Technictan
, Numerical Control Electronics & Maintenance
. Practical Radio & TV Engineering

, Practical Telephony

Principtes of Radio-Electronic Telemetry

, Principles of Semiconductor-Transistor Circuits

, Radio & Television Servicing

. Second Class Radiotelephone License

. Sound Systems Specialist

. Telephony, Electronics & Radio Communications
. Television Receiver Servicing

. Television Technician

1.C. S. Dept. G1334J, Scranton, Penna. 18515
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Please send me ""ELECTRONICS,” your free 68-page catalog listing all 26 Electronics, Radio and

TV courses with complete details. Also send ‘'How to Succeed” and sample lesson,

Mr.

Miss Age______Address

Mrs.

City State Zip Code Working Hours_____AM. to :
Low rates to members of U. S. Armed Forces.

Occupation Employed by Approved for veterans under New G. 1. Bill.

ELEMENTARY ELECTRONICS is published bimonthly at $4.00 per year, by Science & Mechanics Publishing Co., 229 Park Avenue
South, New York, N.Y. 10003, Second class postage paid at New York, N.Y, and at additional mailing o ice. Copyright 1948 by

Science and Mechanics Publishing Co.



