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GET A FAST START WITH 
NRI'S ABSORBING, NEW 
ACHIEVEMENT KIT 
Delivered to your door - 
everything you need to 
make a significant start in 
the Electronics field of 
your choice! This new 
starter kit is an outstand- 
ing, logical way to intro- 
duce you to NRI. What's 
in it? Your first group of 
lesson texts; a rich vinyl 
desk folder to hold your 
study material; the indus- 
try's most complete 
Radio -TV Electronics Dic- 
tionary; valuable refer- 
ence texts; lesson answer 
sheets; pre- addressed en- 
velopes; pencils; pen; 
engineer's ruler, and even 
postage. No other school 
has anything like it. 

ELECTRONICS COMES 
ALIVE WITH CUSTOM 
TRAINING KITS 
You get your hands on ac- 
tual parts and use them to 
build, experiment, explore, 
discover. NRI pioneered 
and perfected the "home 
lab" technique of learning 
at home in spare time. 
Nothing is as effective as 
learning by doing. That's 
why NRI puts emphasis on 
equipment, and why it in- 
vites comparison with 
equipment offered by any 
other school. Begin now 
this exciting program of 
practical learning created 
by NRI's Research and De- 
velopment Laboratories. 
It's the best way to under- 
stand fully the skills of the 
finest technicians -and 
make their techniques 
your own. 

"BITE- SIZE" LESSON 
TEXTS PROGRAM YOUR 
TRAINING AT HOME 
Certainly, lesson texts are 
necessary. NRI's pro- 
grammed texts are as 
simple, direct and well il- 
lustrated as 50 years of 
teaching experience can 
make them. They are care- 
fully programmed with NRI 
training kits to make the 
things you read about 
come alive. You'll experi- 
ence all the excitement of 
original discovery. 

HOBBY? CAREER? 
PART -TIME EARNINGS? 
MAIL COUPON TO NRI 
Whatever your reason for 
wanting to increase your 
knowledge of Electronics 
... whatever your educa- 
tion . . there's an NRI 
instruction plan to fit your 
needs. Choose from three 
major training programs 
in Radio-TV Servicing, In- 
dust-ia. Electronics and 
Communicaticns or select 
one of seven specialized 
courses. Mail coupon for 
NRI catalog now. 

DISCOVER THE EXCITEMENT OF 
NRI ELECTRONICS TRAINING 

Founded 50 years ago -in the days of wireless -NRI pioneered the "üearn -by- 
doing" method of home -study. Today, NRI is the oldest, largest home -study 
Electronics School, offering the kind of instruction that makes learning exciting, 
fast. You build, test, experiment, explore. Whatever your interest, your need, 
your education, investigate the wide variety of NRI training plans . . . find out 
about the NRI Achievement Kit. Cut out and mail the postage -free card now. 
No salesman will call. NATIONAL RADIO INSTITUTE, Electronics Division, 
Washington, D.C. 20016. 

50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING 
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1965 

Every 40 seconds a burglary takes place in the United States. 

TECHNICAL INFORMATION 

The RADAR SENTRY ALARM is 
a complete U.H.F. Doppler Ra- 
dar System which saturates the 
entire protected area with invis- 
ible r.f. microwaves. It provides 
complete wall to wall -floor to 
ceiling protection for an area of 
up to 5,000 square feet. Without 
human movement in the pro- 
tected area, the microwave sig- 
nal remains stable. Any human 
movement (operation is unaf- 
fected by rodents and small ani- 
mals)in the area causes the dop- 
pler signal to change frequency 
approximately 2 to 4 cps. An 
ultra -stable low frequency de- 
tector senses this small fre- 
quency change, amplifies it and 
triggers the police type siren - 
which is heard up to a half mile 
away. 

In addition, the RADAR SEN- 
TRY ALARM's protection can be 
extended to other areas with the 
use of the following optional ac- 
cessories: 

remote detectors for extending 
coverage to over 10,000 sq. ft. 
rate of rise fire detector U.L. 
approved for 2,500 sq. ft. of 
coverage each (no limit on the 
number of remote detectors 
that can be used) 
hold -up alarm 
central station or police station 
transmitter and receiver (used 
with a leased telephone line) 
relay unit for activating house 
lights 
battery operated horn or bell 
which sounds in the event of: 
powerline failure; equipment 
malfunction or tampering 

October, 1965 

At that rate, it's a multi -million 
dollar a year business...for bur- 
glars. 

And an even better business op- 
portunity for you. 

Why? Because burglary can be 
stopped...with an effective alarm 
system. 

In fact, police and insurance 
officials have proved that an alarm 
system reduces, and in many cases, 
eliminates losses -even helps po- 
lice apprehend the criminal. 

Here's where you come in. 
Only a small percentage of the 

more than 100 million buildings - 
stores, offices, factories, schools, 
churches and homes are protected 
by an effective alarm system. 

That means virtually every 
home, every business is a prospect. 

You can sell them! 
And you don't have to be a 

super -salesman to sell the best 
protection available -a Radar Sen- 
try Alarm unit. All you have to do 
is demonstrate it ...it sells itself. 

A glance at the technical infor- 
mation shows why. 

RADAR SENTRY ALARM 

It's the most unique and effec- 
tive alarm system ever invented. 

And here's the proof. 
In the past six years, thousands 

of RADAR SENTRY ALARM units 
have been sold in the Detroit, Mich- 
igan area alone -sold by men like 
yourself on a part -time and full - 
time basis. 

Here are just a few customers 
who are protected by RADAR 
SENTRY ALARMS: 

U.S. Government 
U.S. Air Force 
Detroit Board of Education 
Hundreds of Churches, 
Banks, Businesses and 
Homes. 

Everyone is a prospect. 
So take advantage of your pro- 

fession. Put your technical knowl- 
edge and experience to work for 
you in a totally new area -an area 
that will make money for you! 

Don't wait! 
Let us prove that crime does 

pay. 
Become a distributor. 
Write now for free details. 

Mail to: RADAR DEVICES MANUFACTURING CORP. 
22003 Harper Ave., St. Clair Shores, Michigan 48080 

Name 

Address 

City 

Please tell me how I can have a business 
of my own distributing Radar Sentry 
Alarm Systems. I understand there is no 
obligation. 

EW-10 

State & Code 

CIRCLE NO. 97 ON READER SERVICE CARD 1 
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CRESCENT COST CUTTERS 

When you've got cutters that 
snap -cut the toughest nickel 
ribbon wire as easy as a tooth- 
pick, assembly goes faster, 
costs come down. Our 342 diagonal cutting 

pliers have the special cutting edge 
for it. These Crescent cutters 

feature a carbide -insert 
cutting edge, electronically 

induction hardened and hand ....i s,. 

honed for fast, snap- cutting action ... Lessens 
operator fatigue with cushion -grip 
handles and coil springs that instantly return 

the tool to its open position. Ask for 
3e f Crescent. The name alone is your guar- 

antee antee of superior quality on any hand tool. 

Crescent has the edge ... the hand honed, precision ground, electronically induction hardened edge in a 

full line of diagonal cutting pliers. Call your Crescent Distributor or Sales Representative for full details. 

940 sc 

2 

941 sc 942 sc 945 sc 

946 
4 

946 sc 947 sc 

CRESCENT 
CRESCENT 1001 COMPANY /O /V /S /ON OF CRESCENT NIAGARA CORPORATION /JAMESTOWN, NEW YORK 
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SPEEDO. ISSUE: 
BATTERIES 

OUR COVER shows cross - 
sections of the three basic 
types of battery cells: mer- 
cury, carbon -zinc, and 
nickel- cadmium. These 
have important applica- 
tions in the electronics field. 
Although there are actually 
four basic types, the alka- 
line- manganese is not 
shown on the cover since 
it uses the same active 
materials as does the car- 
bon -zinc (Leclanché) type 
except it employs an alka- 
line rather than an acid 
electrolyte and the physi- 
cal arrangement of the ac- 
tive materials is different. 
The special 16 -page sec- 
tion includes four impor- 
tant stories covering each 
of these four special types 
of batteries. Cover illustra- 
tion by Otto E. Markevics. 

Remote Control System Donald H. Rogers 
Publisher 

PHILLIP T. HEFFERNAN 

Editor 
WM. A. STOCKLIN 

E EW Lab Tested Technical Editor 
MILTON S. SNITZER 

Associate Editors 
54 The Art of Soldering John Frye 

LESLIE SOLOMON 
P. B. HOEFER 

79 Test Equipment Product Report Assistant Editor 
MARSHA JACOBS 

Contributing Editors 
111'1r0 linrliu .1111,1 1i1111i0 tiiNlrv11 WALTER H. BUCHSBAUM 
!/1'111r1!-I'))1 11144 111 1 1111,111:,;11, I ,I1 

MONTHLY FEATURES 
Coming Next Month 4 Radio & TV News 77 
Letters from Our Readers 6 Book Reviews 

New Products & Literature 95 
Copyright , 1965 by ZitfDavii Publishing Company. All rights rv_crvnd. 

October, 1965 

Prof. ARTHUR H. SEIDMAN 

Art Editor 
RICHARD KELLY 

Art and Drafting Dept. 
J. A. GOLANEK 

Advertising Sales Almnager 
LAWRENCE SPORN 

Advertising tierriee Almnager 
ARDYS C. MORAN 
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Birnbach's 
Compact Transistor 

Audio Amplifier 

Look at these amazing features ... 
* 5 Transistors and 1 Thermistor 
* Shielded Input Transformer with 2 PRI- 

MARY WINDINGS... 50 ohms and High 
Impedance 

* Output Transformer with 2 SECONDARY 
WINDINGS ... 8 ohms (for speakers), 
500 ohms (for modulation and high 
impedance loads) 

* Volume Control included and mounted 
on Circuit Board 

* Low Distortion ... 400 Milliwatt Push- 
Pull Output 

* Extremely high gain ... 80 db! Handles 
low level mikes, phono pickups, tele- 
phone pickups, etc. 

* Sturdy Printed Circuit Board is 51/2" 
long by 13/4" wide 

* Weighs only 31/2 ounces 
* Power Supply: Any 9 -volt DC source 
* Amplifier may be run with 15 -volt power 

with an increase in output of 80% 
* Standard 90 day warranty 

USE IT FOR: 
PA System 
Hi -Fi System (use 2 for stereo) 
Guitar Amplifier 
Surveillance Listening System 
Electronic Stethoscope 
Intercom Amplifier 
Modulation for Transmitter 
Phono Amplifier 
Utility Amplifier 
Science Projects 

COMPLETE AMPLIFIER $7u95 each 

INCLUDING SCHEMATIC DIAGRAM We Pay Postage! 

Available from your local electronics distributor 
or fill in coupon below: 

r-13I-FtN-ElfiCs,t--F- Radio Co., Inc. 
Dept. E, 435 Hudson St., New York, N.Y. 10014 

Please rush me (qty) of your Com- 
pact Transistor Audio Amplifiers Model A -300 
at $7.95 each, postpaid. My check or money 
order for $ is enclosed. Sorry, 
no CODs. 
Name - 

Address 

City State lip 
L r 

COMING 
NEXT MONTH 

SPECIAL IINI 

FEATURE ISSUE 
INTEGRATED CIRCUITS -In order to keep our readers abreast of the important 
developments in the field of integrated circuits, the November issue will carry 
four special feature articles covering the state -of- the -art. An EW Report on the 
Integrated Circuit Industry discusses the business and technical aspects, the 
innovations that can be expected in industrial, military, and consumer products 
as a result of using integrated circuits, and the changes in job orientations that 
will occur from their adoption. Donald Lancaster discusses current availability of 
these circuits in his article "Integrated Circuits: What's Available ?" "Integrated 
Circuit Techniques" by Carl David Todd covers the various types of circuits, their 
applications, the advantages and disadvantages of the different types for specific 
circuit requirements. "Linear Integrated Circuits" covers one overlooked area in 
integrated circuitry. This article includes a brief description of what a linear cir- 
cuit is and gives examples of its applications. 

LINE -OPERATED 
TRANSISTOR TV: RCA 
A brief description of a unique circuit 
used in RCA's new line- operated transis- 
torized television portable. 

GLASS FOR ELECTRONICS 
In this comprehensive survey article, 
John R. Collins discusses the new types 
of glass that are playing an increasingly 
important role in electronics. They are 
finding use in delay lines, precision re- 

All these and many more interesting 
the NOVEMBER issue of ELECTRO 

sistors and capacitors, radomes, and in 
cathode -ray tubes that are employed for 
readouts. 

LASER MEASUREMENTS 
The equipment and procedures for test- 
ing laser performance; the measurement 
of pulse power, laser spectrum, and mod- 
ulation are all included in this article by 
Warren Groner of Sperry along with a 
discussion of laser precautions and stand- 
ards. 

and informative articles will be yours in 
NICS WORLD ... on sale October 21st. 

ZIFF -DAVIS PUBLISHING COMPANY 
William B. Ziff 
Chairman of the Board (1946 -1953) 

William Ziff 
President 
W. Bradford Briggs 
Executive Vice President 
Hershel B. Sarbin 
Vice President and General Manager 
Philip Sine 
Financial Vice President 
Walter S. Mills, Jr. 
Vice President. Circulation 
Stanley R. Greenfield 
Vice President. Marketing 
Phillip T. Heffernan 
Vice President 
Frank Pomerantz 
Vice President. Creative Services 
Arthur W. Butzow 
Vice President. Production 

Editorial and Executive Offices 
1212 ORegon 9 -72001 
One Park Avenue, New York, N.Y. 10016 

NEW YORK OFFICE (212 ORegon 9 -7200) 
James J. Sullivan 
Joseph E. Halloran 

MIDWESTERN OFFICE 1312 726 -08921 
307 North Michigan Avenue, Chicago, Ill. 60601 
Midwestern Advertising Manager, Royce Richard 

WESTERN OFFICE 1213 CRestview 4 -02651 
9025 Wilshire Boulevard, Beverly Hills, Cal. 90211 
Western Advertising Manager, Bud Dean 

CIRCULATION OFFICE 
Portland Place, Boulder, Colorado, 80311 

o %ti° : /frnn \ é Member 
Audit Bureau of 

Circulations o 

'Os MENIMMIM 
Radio & TV News Radio News Radio -Electronic Engineering Trademarks Reg. U.S. Pat. Off. 

SUBSCRIPTION SERVICE: All subscription correspondence should be addressed to Electronics World, Circu- 
lation Dept.. Portland Place. Boulder, Colorado 80311. Please allow at least six weeks for change of address. 
Include your old address as well as new- enclosing if possible an address label from a recent issue. 
EDITORIAL CONTRIBUTIONS must be accompanied by return postage and will be handled with reasonable 
care; however publisher assumes no responsibility for return or safety of art work, photographs, or 

manuscripts. 
ELECTRONICS WORLD (October 1965, Vol. 74, No. 41 is published monthly by Ziff -Davis Publishing 
Company at 307 North Michigan Avenue. Chicago, Ill. 60601. I Ziff -Davis also publishes Skiing, Flying, 
Business /Commercial Aviation. Popular Boating, Car and Driver. Popular Photography, HiFi /Stereo Review, 
Popular Electronics, Modern Bride and Skiing Trade News. i One year subscription rate for U.S., U.S. 
Possessions and Canada. $5.00: all other Foreign, $6.00. (Schedule for payment in Foreign currencies 
may be found elsewhere in this issue. Second class postage paid at Chicago. Illinois and at additional 
mailing offices. Authorized as second class mail by the Post Office Department. Ottawa, Canada and for 
payment of postage in cash. 
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Grantham School of Electronics Makes Your Move Easier 
Advancement in your electronics career is an important objective. Grantham School of 

Electronics exists for the purpose of helping you and others like you accomplish that objective. 
The Grantham educational program is "employment oriented." It can prepare you for employ- 
ment in electronics in as little as 4 months, and for an A.S.E.E. degree in 18 months. 

The Grantham degree program is laid out in such a manner the first semester (first 4 months) 
prepares you for the first class F.C.C. license and for technical employment in communications, 
and the first two semesters prepare you for employment as a television technician in a TV- service 
shop or TV- broadcast station. Therefore, if you should choose to discontinue your electronics 
education at the end of either the first or second semester, you can still enjoy a productive career 
in electronics. Also, if you wish to continue and earn your Associate degree, your ability to work 
in electronics after the first semester may enable you to "pay your way" through the rest of the 
course. 

Daytime and evening course schedules are offered at the main school in Hollywood, Calif., 
and at the Grantham extension divisions located in Seattle, Kansas City, and Washington, D.C. 
Also, F.C.C. license preparation is offered by correspondence from Hollywood. The last two se- 
mesters of the degree program are offered only at the Hollywood school. 

Get complete details in our free 48 -page booklet. Mail the coupon, or telephone the division 
of the school nearest you; phone numbers and addresses 
are listed below. 

Prepare for Employment and /or Advancement in Electronics 

GRANTHAM SCHOOL OF ELECTRONICS 
Hollywood Division 
1505 N. Western Ave., Hollywood, Calif. 90027 
Seattle Division 
408 Marion Street, Seattle, Wash. 98104 
Kansas City Division 
3123 Gillham Road, Kansas City, Mo. 64109 
Washington Division 
818 -18th Street, N.W., Washington, D.C. 20006 

Phone: 
469 -7878 
Phone: 

MA 2 -7227 
Phone: 

JE 1 -6320 
Phone: 
298 -7460 

(Mail in envelope or poste on postal cord) 

National Headquarters Office 56-R 

Grantham School of Electronics 
1505 N. Western Ave., Hollywood 27, Calif. 

Gentlemen: 

Please send me your FREE 48-page booklet, 
"CAREERS IN ELECTRONICS." 

Name Age 
(PLEASE PRINT) 

Address 

City 

State 

I AM INTERESTED IN HOME STUDY [] RESIDENT CLASSES 

October, 1965 5 
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5OLO -PHONE 
HEADPHONE STEREO AMPLIFIER 

FOR ONE OR TWO LISTENERS 

SI-IL-01=E 

RECORDS...FM /MX...TAPE... 
A thoroughly satisfying musical experience 
on the most personal level. Insures quiet for 
those around you, and complete privacy for 
you. Utterly simple: plug in whatever sound 
source suits you ... changer, tape or tuner. 
Then plug in the headphones and you hear 
remarkable true -to- performance realism. 
Ideal "second set" for den, study, bedroom. 
Unsurpassed for Armed Forces members, 
students, apartment dwellers, libraries and 
schools. 

TRUE HIGH FIDELITY 
Fully transistorized. Singularly low distortion 
at power levels suited for headphones (where 
some transistor amplifiers have highest dis- 
tortion). Broad frequency response. Extremely 
low hum and noise. Separate volume /balance 
control for each channel. Only 101/4" x 31/2" 
x 3" deep ... weighs just 2 lbs. 

Can also be used for transferring discs to 
tape, or for use with small, efficient loud- 
speakers. Great to get -and give. 

Only $45.00 
Write for literature: 

SHV'RE 
SHURE BROTHERS, INC. 

222 Hartrey Ave. 
Evanston, Illinois 

CIRCLE NO. 94 ON READER SERVICE CARD 
6 

LETTERS 
FROM OUR 

READERS 

200 -WATT STEREO AMPLIFIER 
To the Editors: 

Being a contras t \ pc. the caption of 
Fig. 3 in the article ":1 200 -Watt Solid - 
State Stereo Amplifier" (March, 1965 
issue) was accepted as a challenge, and 
home construction was attempted. This 
required hand -winding not only the 
power transformer but also the trifilar- 
wound interstage transformers. 

Having built all significant versions of 
the half- bridge or totem -pole type am- 
plifier, it is my opinion that if the com- 
mercial unit works as well as my home - 
built unit (a safe assumption) it is far 
superior to any amplifier previously de- 
signed. 

To further document its superiority, 
my home -built unit used semiconductor 
rejects, and the following semiconductor 
substitutions were made: (1) 2N651 for 
the 2N1307, (2) 2N657 for the 2N696, 
(3) 2N1015C for the STC1094, and (4) 
750 -ma., 50- p.i.v. silicon diodes for the 
1N4002 and 1N2069. The RCA 2N2148 
and the G -E 7A32 and 1N91 were the 
only semiconductors not substituted. 

A few words of caution for anyone de- 
siring to build this amplifier. 

1. Seven transistors are used in this 
power amplifier, five of which require 
heatsinking; i.e., all but the first two. 
(These heat sinks must be insulated, as 
most transistors suitable for use in these 
locations have an element connected to 
the case of the transistor.) 

2. To prevent low- frequency motor - 
boating, I found it necessary to place a 
low -value resistor (200 ohms) in series 
with the primary of the coupling trans- 
former. Note: If the primary leads are 
phased incorrectly, the results are un- 
mistakable; the motorboating described 
above sounded more like the speeded -up 
ticking of a watch. 

3. The 15 -volt power supplies midst be 
well regulated to prevent high -level dis- 
tortion. (To preclude expensive, large - 
value capacitive dividers, two independ- 
ent supplies were used in my unit.) 

As described by the authors (Sharma 
and Berkovitz), the low -level sound was 
exceptionally clean and brilliant, and 
maximum power delivered into a dummy 
load was only 35 watts (50 volts output 
stage collector supply), as the preamp 
used could not supply the required 

input drive. Living in a duplex on a 
military reservation, using relatively 
high- efficiency speakers, I could see no 
requirement for additional drive. 

The purpose of this letter is to thank 
the authors and the editors for providing 
this article and others like it. 

T /SGT HAROLD L. STEPHENS 
Shaw AFB, S.C. 

d G O 

CIRCUIT -COMPONENT NEONS 
To the Editors: 

We have just finished reading Part 2 
of the article by Donald Lancaster, 
"Solid -State Dimmers & Power Con- 
trols," in your June, 1965 issue. Mr. Lan- 
caster has done an admirable job in pull- 
ing together a large amount of valuable 
information on this subject and is to be 
commended. 

On one point, however, we feel com- 
pelled to take issue. On p. 43 he dis- 
cusses in part "the intrinsic `orneriness' 
of neon lamps with regard to their firing 
levels and pulse capabilities." A few 
years ago his point would have been well 
taken. The NE -83 lamp which he uses in 
a number of circuits certainly does have 
many shortcomings. As a manufacturer 
of this lamp, we have not been satisfied 
with its performance in certain cases. 

The problem with the NE -83 and with 
virtually all neon lamps designed to be 
used as indicators is just that -they were 
designed as indicators with rather loose 
parameters. They were not intended to 
meet the close tolerances demanded of 
circuit components in today's electronic 
devices. 

A few years ago, we at Signalite de- 
cided that something lead to be done if 
the neon lamp were to find its proper 
place in electronic circuitry. The results 
of our efforts were announced to the in- 
dustry well over a year and a half ago. A 
new method had been devised for the 
design and production of neon lamps 
which resulted in a product that main- 
tained its performance and its tolerances 
to the same critically close level as any 
other component in an electronic circuit. 
The first lamp announced in this new 
series of "circuit- component" glow lamps 
was our A059 which held its maintain- 
ing voltage at 71:1 volt. Since then, many 
new tubes have been introduced, includ- 

(Continued on page 12) 
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This defective 
capacitor came from 

a four -month -old TV set. 
And you want 

to put in another 
just like it? 

Why put up with that kind of call -back? Install a long - 
lasting Elmenco dp or VDM (high -voltage) capacitor, and 
the next time your service customer calls you, it's because he 

wants your kind of reliability. 
Elmenco dipped Mylar® -paper (dp) capacitors last longer 

because they're vacuum -dipped for solid impregnation. 
They'll hold their rating, even at continuous 125° C opera- 
tion. Water can't get in to cause leakage or breakdown 
because the casing's non -porous and moisture -proof. 

Elmenco dp capacitors satisfy the requirements of missile 
manufacturers. And exceed the requirements of all radio 
and television manufacturers. That's why you should order 
some from your Arco -Elmenco distributor. They're built to 
be wired into missiles. And priced to be wired into TV sets. 

Arco Electronics ®DUPONTTM 

A DI'JISION OF LORAL CORPORATION 

COMMUNITY DRIVE, GREAT NECK, NEW YORK 11022 TEL. 516 HU 7 -0500 

October, 1965 CIRCLE NO. 124 ON READER SERVICE CARD 7 
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SOMEONE SHOULD DEVELOP AN EASY WAY 

TO LEARN ELECTRONICS AT HOME 

RCA INSTITUTES DID! 

Here is a whole new approach to learning 

electronics at home! RCA Institutes, 

one of the nations' largest schools devoted 

to electronics, has developed a faster, 

easier way for you to gain the skills and 

the knowledge you need for the career 

of your choice. Here for the first time, is a 

student -proved, scientifically designed way 

to learn. If you have had any doubts in 

the past about home training in electronics 
-if you have hesitated because you thought 

you might not be able to keep up -or that 
electronics was too complicated to learn - 
here is your answer! Read how 

RCA Institutes has revolutionized 
its entire home training ideas! 
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NEW CAREER PROGRAMS 

BEGIN WITH " AUTOTEXT" INSTRUCTION METHOD! 

Start to learn the field of your choice immediately! 

No previous training or experience in electronics needed! 

With this new revolutionized method of 
home training you pick the career of 
your choice -and RCA Institutes trains 
you for it. RCA's Career Programs assure 
you that everything you learn will help 
you go directly to the field that you have 
chosen! No wasted time learning things 
you'll never use on the job! The Career 
Program you choose is especially de- 
signed to get you into that career in the 
fastest, easiest possible way! 

And each Career Program starts with 
the amazing "AUTOTEXT" Programmed 
Instruction Method -the new, faster way 
to learn that's almost automatic! "AUTO - 
TEXT" helps even those who have had 
trouble with conventional home training 
methods in the past. This is the "Space 
Age" way to learn everything you need 
to know with the least amount of time 
and effort. 

CHOOSE A CAREER PROGRAM NOW 
Your next stop may be the job of your 
choice. Each one of these RCA Institutes 
Career Programs is a complete unit. It 
contains the know -how you need to step 
into a profitable career. Here are the 
names of the programs and the kinds of 
jobs they train you for. Which one is 
for you? 
Television Servicing. Prepares you for a 

career as a TV Technician /Serviceman; 
Master Antenna Systems Technician; TV 
Laboratory Technician; Educational TV 
Technician. 
FCC License Preparation. For those who 
want to become TV Station Engineers, 
Communications Laboratory Techni- 
cians, or Field Engineers. 
Automation Electronics. Gets you ready 
to be an Automation Electronics Tech- 
nician; Manufacturer's Representative; 
Industrial Electronics Technician. 
Automatic Controls. Prepares you to be 
an Automatic Controls Electronics Tech- 
nician; Industrial Laboratory Technician; 
Maintenance Technician; Field Engineer. 
Digital Techniques. For a career as a 

Digital Techniques Electronics Techni- 
cian; Industrial Electronics Technician; 
Industrial Laboratory Technician. 

Telecommunications. For a job as TV Sta- 
tion Engineer, Mobile Communications 
Technician, Marine Radio Technician. 
Industrial Electronics. For jobs as In- 
dustrial Electronics Technicians; Field 
Engineers; Maintenance Technicians; In- 
dustrial Laboratory Technicians. 
Nuclear Instrumentation. For those who 
want careers as Nuclear Instrumentation 
Electronics Technicians; Industrial Lab- 
oratory Technicians; Industrial Electron- 
ics Technicians. 
Solid State Electronics. Become a spe- 
cialist in the Semiconductor Field. 
Electronics Drafting. Junior Draftsman, 
Junior Technical Illustrator; Parts In- 
spector; Design Draftsman Trainee 
Chartist. 

SEPARATE COURSES 
In addition, in order to meet specific 
needs, RCA Institutes offers a wide va- 
riety of separate courses which may be 
taken independently of the Career Pro- 
grams, on all subjects from Electronics 
Fundamentals to Computer Program- 
ming. Complete information will be sent 
with your other materials. 

LIBERAL TUITION PLAN 
RCA offers you a unique Liberal Tuition 
Plan -your most economical way to 
learn. You pay for lessons only as you 
order them. No long term contracts. If 
you wish to stop your training for any 
reason, you may do so and not owe one 
cent until you resume the course. 

VALUABLE EQUIPMENT 
You receive valuable equipment to keep 
and use on the job -and you never have 
to take apart one piece to build another. 
New - Programmed Electronics Bread- 
board. You now will receive a scien- 
tifically programmed electronic bread- 

board with your study material. This 
breadboard provides limitless experi- 
mentation with basic electrical and elec- 
tronic circuits involving vacuum tubes 
and transistors and includes the con- 
struction of a working signal generator 
and superheterodyne AM Receiver. 

Bonus From RCA -Multimeter and 
Oscilloscope Kits. At no additional cost, 
you will receive with every RCA Institutes 
Career Program the instruments and kit 
material you need to build a multimeter 
and oscilloscope. The inclusion of both 
these kits is an RCA extra. 

CLASSROOM TRAINING 
ALSO AVAILABLE 
RCA Institutes maintains one of the larg- 
est schools of its kind in New York City 
where classroom and laboratory train- 
ing is available in day or evening ses- 
sions. You may be admitted without any 
previous technical training; preparatory 
courses are available if you haven't com- 
pleted high school. Coeducational class- 
es start four times a year. 

FREE PLACEMENT SERVICE 
In recent years, 9 out of 10 Resident 
School students who used the Free 
Placement Service had their jobs waiting 
for them when they graduated. And 
many of these jobs were with top com- 
panies in the field -such as IBM, Bell 
Telephone Labs, General Electric, RCA, 
and radio and TV stations and other 
communications systems throughout 
the world. 

SEND ATTACHED POSTAGE PAID CARD 
FOR COMPLETE INFORMATION, NO OB- 
LIGATION. NO SALESMAN WILL CALL. 
FREE BOOK INCLUDED. CHECK HOME 
STUDY OR CLASSROOM TRAINING. 

RCA INSTITUTES, Inc., Dept. EW -05 

A Service of Radio Corporation of America 
350 West 4th St., New York, N.Y. 10014 
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...not this 
STATION 

Conicals, vees, rabbit ears, etc. (with 
side lobes that pick -up ghost sig- 
nals) provide inferior directivity that 
results in ghosty, blurry reception. 

eliminates ghosts far setter than any 
other metropolitan -type antenna 
ITS THE DESIGN that does it! The Hot- Shots high front -to -back a 

extremely high front -to -side ratios (without side lobes that pick -us 

ghost signals) provide sharper directivity for more distinct, clearer 
reception. 
AND WHEN the Hot-Shot isn't eliminating ghosts. it's helping to 
make color TV more colorful and all -band (UHF, VHF and FM) recep- 
tion better than ever. 
THE ALL PURPOSE, super- compact Hot-Shot is the perfect replacement 
for conicals. vees, in -lines and rabbit ears. It has Winegard's new 

Gold Vinylized finish to triple antenna life. And, with only one down - 
lead, it's a cinch to install on roofs or in attics. 
SOUND EXPENSIVE? It isn't! In fact. Winegard's new Hot -Shot lists for 
only $8.80 - far less than comparable outdoor antennas - and about 
the same as good indoor antennas that do far less. Want to know 
more? Your customers will. Ask your Distributor or write today for 
Hot -Shot Fact - Finder :±241. 
INCIDENTALLY, the Hot -Shot is now available in Kit form - with tripod - 

type mast, 50 ft. lead -in and standoffs. Ask about it. 

Give your metropolitan 
(and suburban) customers 

Alp isAL 
StR71O 

/ /Ix 
i I ` 

s, 

/ 6 /GSaP .S. 

e Hot -Shot's sharper directivity 
(no side lobes to pick -up ghost sig- 
nals) delivers more distinct, clearer 
reception! 

ANTENNA SYSTEMS Winearr, Çö QQ ¡ Qy¡ on Iowa Iowa 

ing our line of voltage -regulator and 
voltage- reference tubes, all of which hold 
their tolerance of ±-1 volt or less. 

EDWARD BAUMAN 
Vice Pres., Engineering 
Signalite Inc. 
Neptune, N.J. 

0 0 o 

SSB FOR MARINE RADIO 
To the Editors: 

Re Leo Sands' "SSB Comes to Marine 
Radio" in May, 1965 ELECTRONICS 
WORLD, I would like to point out an er- 
ror in this article in the discussion of the 
percentage divisions of carrier power and 
intelligence power in an AM waveform. 
The article states, "When conventional 
AM is used, only 50% of the radiated 
power conveys intelligence; the other 
50% is wasted in the carrier which con- 
veys no intelligence. Both sidebands 
convey identical intelligence and repre- 
sent 50% of the total radiated power, 25% 
in each sideband." 

Actually, when an AM transmitter is 
100% modulated, of the total radiated 
power output, 66.6% is in the carrier and 
33.3% is in the sidebands. Each sideband 
contains 16.6% of the total radiated 
power output. 

This is easily understood when it is 
remembered that a 1000 -watt AM trans- 
mitter is modulated by a 500 -watt 
modulator. The power output of the 
modulator is added to the carrier power, 
and the total power output with 100% 
sine -wave modulation is 1500 watts. 

H. LYNN HOPEWELL, JR. .. 

American Embassy (ATO) 
APO San Francisco, Calif. 

Reader Hopewell's analysis given here 
is quite correct. The only 50% involved 
represents the amount of modulating 
power required compared with the r. f. 
carrier power. Hence, if the transmitter 
in the above example is called a "1000 - 
watt transmitter," as it would he, then 
the modulation power required is 50% of 
the rated transmitted power. -Editors. 

LIQUID FLOW MEASUREMENT 
To the Editors: 

I would like to compliment you on 
your fine article "Liquid Flow Measure- 
ment" in the June, 1965 issue of ELEC- 
TRONICS WORLD. 

In your discussion of the magnetic 
flow meter, you make mention of the 
Foxboro Co. having furnished a meter 
with a six -foot pipe diameter for the City 
of Pittsburgh, Pa. Although it was not 
stated, it might be inferred that this is 

the largest meter of its kind in service. 
For your information, I would like to ad- 
vise you that the Fischer & Porter Co. 
has manufactured a magnetic flow meter 
with an internal diameter of 78 inches 
which is installed at a Union Carbide fa- 
cility in Texas. To our knowledge, this is 

the largest one in existence. We also 
have a 72 -inch diameter meter in the 
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10 facts 
you should know 

about color -bar generators 
If you are going to buy a color -bar generator 
-or even if you already own one -here are 
several facts you should know. 

While other types of test instruments may 
lack one or more features, they may still be 
useful in skilled hands -provided the user is 
aware of their shortcomings and provided he 
has other means of determining what he must 
know. 

This is not true of a color -bar generator. 
A color -bar generator should allow you to 

walk away from an adjusted receiver know- 
ing that the owner can turn it on and receive 
color broadcasts in full- fidelity color and 
sound. 

Not all color -bar generators can give you 
this assurance. 

Let's talk facts. 

FACT NO. 1: A gated -rainbow type gener- 
ator is accepted as the standard of the 
service industry 
You do not need fully saturated NTSC colors 
to achieve perfect 
adjustment any more 
than you need an 
FCC -type broadcast 
signal for tuner and 
if- amplifier align- 
ment. The gated - 
rainbow type signals 
are used by virtually 
all TV manufactur- 
ers in establishing service procedures for their 
sets. 

Urgent service needs for a trustworthy 
color -signal source were met years ago when 
RCA introduced the gated -rainbow system. 

Today, this basic system is used in nearly 
all service -type color -bar generators. The 
waveforms and procedures in nearly all color - 
TV service notes are based on this system. 

FACT NO. 2: All gated -rainbow type gen- 
erators are not alike 
In spite of their basic circuit similarities, 
available models differ in their features, ac- 
curacy, and ultimate usefulness. Some of 
these differences are critical. 

FACT NO. 3: The offset subcarrier oscilla- 
for must be controlled within a few cycles 
of its true frequency 
This oscillator controls the phase angles 
(hues) of the color -bar pattern. It is the heart 

ti of the color -bar generator. 
The subcarrier oscillator should be within 

±20 cps of its fundamental frequency of 
3.563795 megacycles. In the crystal -controlled 
RCA WR -64B Color -Bar / Dot/Crosshatch 
Generator, this deviation is kept well within 
the ±20 cps limit. 

FACT NO. 4: Provision must be included to 
prevent the subcarrier oscillator from 
drifting off frequency 
The subcarrier oscillator must not only be 
accurate when the instrument is new -it must 

Gated rainbow color -bar 
pattern 

stay accurate. Top -quality components mini- 
mize undesirable frequency changes. 

Check, for instance, the trimmer capacitor 
used in the 3.56 -Mc subcarrier oscillator. 
You'll find a piston -type ceramic capacitor - 
not a flat mica type -in the RCA WR -64B. 

FACT NO. 5: The generator must have an 
rf -sound carrier to assure proper setting 
of the fine- tuning control 
Unless your color -bar generator has this es- 
sential feature, it may produce a perfect 
color -bar pattern on the receiver, but at the 
wrong setting of the receiver fine -tuning con- 
trol. In such cases, the receiver may not cor- 
rectly reproduce a color program. 

The WR -64B has this necessary feature. 
With it, you can accurately set the fine -tuning 
control before making color adjustments. In 
the WR -64B the rf -sound carrier is also 
crystal -controlled. 

FACT NO. 6: The rf picture carrier must 
be exactly on frequency to assure that the 
color subcarrier is correctly placed in the 
receiver bandpass 
Drift, faulty adjustment, or aging of com- 
ponents in the rf oscillator section can move 
the generator picture carrier off frequency. 
This shift, in turn, will also move the color 
subcarrier signal away from its correct posi- 
tion in the receiver bandpass. In some receiv- 
ers, this shift will affect accuracy of color - 
circuit adjustments. 

A separate crystal -controlled oscillator is 
used in the WR -64B to keep the picture ex- 
actly on frequency. 

FACT NO. 7: The axes of the output color - 
bar pulses should lie on the zero axis -and 
not on elevated brightness pedestals 
Elevated pulses necessitate use of an oscillo- 
scope for accurate setting of receiver phasing. 
A generator having zero -axis color -bar pulses, 
such as the WR -64B, does not require use of 
an oscilloscope for checking phasing in the 
customer's home. 

FACT NO. 8: The generator should not re- 
quire frequent adjustment of internal 
counter circuits 
All color -bar generators contain circuits 
which develop vertical and horizontal sync, 
and dot -and -bar -pattern signals, by dividing 
or counting down from a higher frequency: 
usually 189 Kc. If one of these circuits is un- 
stable, the patterns can jitter, ripple, jump 
sync or contain the wrong number of dots or 
bars. 

Conventional R -C circuits are used in the 
counters of most generators. But the RCA 
WR -64B uses inherently stable iron -core in- 

ductors in its counters, thereby assuring long- 
term counter -circuit stability. 

FACT NO. 9: The proper way to check re- 
ceiver color performance is to feed the gen- 
erator signal into the antenna terminals 
Color performance depends on overall re- 
ceiver condition -not on that of a single sec- 
tion alone. A color -test signal fed directly 
into the video amplifier- rather than through 
the antenna terminals -will not provide a 
proper check of the complete receiver. The 
only method you should use in adjusting the 
receiver, therefore, is the rf- signal -input 
method -the method provided by the RCA 
WR-64B. 

FACT NO. 10: There is no "best" dot size 
or bar width for convergence adjustments 
Generator dot size or bar width has no sig- 
nificance for convergence adjustments. 

Veteran technicians, however, have found 
that very small dots or thin bars are difficult 
to use under average lighting conditions. If 
receiver brightness is turned up to overcome 
this handicap, blooming will result. Proper 
convergence cannot be achieved under this 
abnormal condition. 

The dot and bar size of the WR -64B is 
small enough to permit exact, speedy adjust- 
ment, and large enough to be useful under 
average lighting conditions. 

These are ten specific facts you should 
know about color -bar generators. They add 
up to this 

FACT: The new RCA WR-61B has all the 
features you need for complete color - 
circuit adjustment 
It's the one color -bar generator that meets 
all servicing requirements -from the com- 
pany that pioneered and developed the color - 
TV system now in universal use: RCA! 

Order it today from your local Authorized 
RCA Test Equipment Distributor. 

$189.50* *optional distributor resale price. May 
be slightly higher in Alaska, Hawaii and the West. Prices 
subject to change without notice. 

RCA ELECTRONIC COMPONENTS AND DEVICES, 
HARRISON, NEW JERSEY 
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hal//cra fiers now brings you 

a new measure of CB transceiver performance- 

Maximum 
Effective 

Range 
Announcing a major breakthrough in noise reduction .,.. new tech- 
niques in talk power. _combined to provide more miles per watt than 
ever before! 

ho/lic ioAeia T A A N S I f T O R f Z E 

tt : one... p 

pad one ...the one with 12 chann . a bu 

P.A.. system and illuminated channel selector 

the all -solid state 

Solid State -12 Channel 
Citizens Band Transceiver 

Hallicrafters 5th & Kostner Aves. Chicago, Illinois 60624 
Export: Intl. Div., Hallicrafters Canada: Gould Sales Co., Montreal, P.Q. 

CIRCLE NO. S3 ON READER SERVICE CARD 

MY 2ACK /5 K/L L /NG ME! 
l'YE LUGGED THIS STUFF ALL DAY 
AMU STILL HAVE TWO CALL - 
8FCK5 TO GO! MY TuBE CHECKER 
LIED To ME AND I 

RAN OuT OF 
TLBES FOR ay ='^ 
SLESTITuTION! 

WISE UP OLD BUDDY! GET 
YOURSELF A MIGHTY MITE... 
NEVER LETS YOU DOWN AND 
IS AS EASY TO CARRY AS YOUR 

LUNCH BOX! I MADE 
IO CALLS ALREADY 

AND SOLD FIVE 

JoE3 EXTRA TUBES I 

TV WOULDN'T HAVE 
SERVICE ^ CAUGHT BY 

SUBSTITUTION! 

YE OLDS 
BEA- UP 

TON AND R 

TUBE CADDY 

"Fi;7ds 'erra Fast ... Checks 'ern All!' / SENCORE MIGHTY MITE 
NOW CHECKS OVER 3,000 TUBES TUBE CHECKER 
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Water Pollution Control Plant at San 
Jose, Calif. 

I would like to make one additional 
comment in regard to your article, and 
this has to do with the use of turbine me- 
ters for cryogenic fluids. Fischer & Porter 
and other manufacturers of turbine flow 
meters have many meters in service on 
cryogenics very successfully. Also, their 
use in this capacity is on the increase as 
more is being learned of the properties 
of cryogenic fluids. Turbine meters as 
large as 24 inches in diameter have been 
used in this service. 

RICHARD H. KUTSCH 
Fischer & Porter Co. 
Atlanta, Ca. 

* c c 

THERMISTOR BRIDGE DESIGN 
To the Editors: 

There seems to be an error in the ar- 
ticle "Thermistor Bridge Design Made 
Easy" appearing on p. 66 of your July 
issue. After building the bridge, I found 
that I had to juggle the value of R,. con- 
siderably in order to make the bridge 
operate correctly. Can you enlighten nie? 

RICHARD B. CALDWELL 
Portland, Ore. 

Several equations were omitted from 
the article because of their complexity. 
However, it turns out that the combined 
resistance of R, +R,,, shown in Fig. 1 

should total 9450 ohms. When building 
this bridge, use a variable potentiometer 
for IL and adjust its resistance to cali- 
brate the bridge as shown in the last par- 
agraph. This will also take into account 
various values of meter resistance (R,,,) 
that might be encountered.- Editors. 

a n a 

DESIGN OF TRANSISTOR MV'S 
To the Editors: 

You should be commended for pub- 
lishing such an enlightening article as ap- 
peared in the February issue, "Design of 
Transistor Multivibrators" by Louis E. 
Frenzel, Jr. 

This article should appeal to many in- 
terested in experiments of this type, as 
all the basic formulas are clearly de- 
scribed along with their practical use. 
Few books give such a wealth of infor- 
mation in so few words. 

Also, I built the "Triggered Sweep for 
Improving Scopes" by Merlyn W. Barth 
in your January issue. It works extremely 
well, though I use only eleven sweep 
rates since the unit was contained in a 

box 6 x 9 x 5 inches. 
PHILIP BR.aSSIxE 
Seattle, Wash. 

e o e 

TRANSISTOR POWER SUPPLY 

To the Editors: 
In my article `Designing a Transistor 

Power Supply" (May, 1965 issue), 
equation (B) on p. 47 is incorrect. The 
term Vl nzin Should be V, ntam 

THOMAS J. BARMORI. 
Seattle, Wash. 

ELECTRONICS WORLD 
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careers for technicians at IBM 
To technicians who seek important roles in today's technology, IBM offers 
careers in the world of computers. Modern computer systems and new solid state 
technologies have created rewarding jobs for technicians in Research, Develop- 
ment, Manufacturing, and Systems Test. IBM is an Equal Opportunity Employer. 

Owego, New York 
Chemical Technicians: Experience in chemical 
technology, engineering physics or in any of the 
following: electrochemistry, lamination, adhesives, 
electroplating, etching, oxide coating, photo- resist, 
evaporation techniques. 
Electromechanical Technicians: Experience in as- 
sembly and maintenance of automatic production 
equipment. A thorough understanding of mechan- 
ical and electrical technologies is essential. 
Electronic Technicians: Experience in mainte- 
nance, calibration and repair of complex elec- 
tronic test equipment, and development of high- 
speed circuitry. 
Welder: Mag- lithium experience with toolmaking 
capability. 
Qualifications: A.A.S. degree or its equivalent in 
education or experience. 
Please write, outlining your education and experi- 
ence, to: 
D. J. Carlson, Dept. 650J 
IBM Corporation 
Space Guidance Center 
Owego, New York 13827 

IBM 

Endicott, New York 
Computer Systems Test: To give final systems tests 
to newly manufactured computers. A.A.S. degree 
or equivalent in Electrical Technology, with experi- 
ence and /or courses in mechanical technology 
and devices. Should understand solid state switch- 
ing circuits and computer technology. 
Chemical Technicians: A.A.S. degree in Chemical 
Technology, with experience in any of the follow- 
ing: electrochemistry, lamination, adhesives, elec- 
troplating, etching, oxide coatings, photo- resist. 
Toolmakers: Must have completed formalized tool 
and model maker apprentice program; 2 years' ex- 
perience working to close tolerances on dies, fix- 
tures, gauges, and special machine tools. 
This manufacturing and manufacturing research 
facility is in Endicott, New York, in the Triple-Cities 
community of the Finger Lakes region. 
Please write, outlining your education and experi- 
ence, to: 
J. C. Lloyd, Dept. 650J 
IBM Corporation 
1701 North Street 
Endicott, New York 13760 

IBM 
Fishkill, New York 

Electromechanical Technicians: Experienced in as- 
sembly and maintenance of automated production 
equipment. A thorough understanding of mechan- 
ical and electrical technologies is essential. 
Designers: Electromechanical packaging mecha- 
nism design of automated production equipment. 
Electronic Technicians: Experienced in mainte- 
nance, calibration and repair of complex electronic 
test equipment, and development of high -speed 
circuitry. 
Semiconductor Technicians: Experienced in semi- 
conductor process development and manufactur- 
ing. 
Qualifications: A.A.S. degree or its equivalent in 
education or experience. 
Please write, outlining your education and experi- 
ence, to: 
T. R. Edmonds, Dept. 650J 
IBM Corporation 
East Fishkill Facility 
Route 52 
Hopewell Junction, New York 12533 

IBM 

Other Technician Assignments 
IBM offers a variety of career assignments for 
technicians in Electronics, Chemistry, Physics, 
Mechanical Technology, Electrical and Mechanical 
Design, Systems Test and Customer Engineering. 
A degree from a two -year technical school, or the 
equivalent in military or other experience, is re- 
quired. 
In addition to the specific assignments listed here, 
there are also openings for technicians in; 
Huntsville, Alabama 
San Jose, California 
Cape Kennedy, Florida 
'Rochester, Minnesota 
Kingston, Poughkeepsie, Yorktown Heights, N. Y. 
Burlington, Vermont 
To inquire about these opportunities, please write, 
outlining your education and experience, to: 
C. Mandelblit, Dept. 650J 
IBM Corporate Headquarters 
Armonk, New York 10504 

IBM 
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Euphonics "Miniconic" Cartridge 

Euphonics "Miniconic" Cartridge 

For copy of manufacturer's brochure, 
circle No. 28 on Reader Service Card. 

PRACTICALLY 
all phono cartridges 

operate by either magnetic or 
piezoelectric generation of a voltage due 
to the deflection of a stylus. Other oper- 
ating principles are possible, such as FM 
modulation of an r.f. signal or detecting 
groove modulation by means of a strain - 
gage element. 

The new Euphonies "Miniconic" car- 
tridge is a strain -gage pickup of novel 
construction. It contains two small semi- 
conductor elements whose resistance var- 
ies as a function of their deflection by the 
stylus bar. Strain gages have been em- 
ployed as phono elements in the past 
( before stereo) , but have not proved no- 
tably successful. For one thing, conven- 
tional strain gages are not well suited, 
physically or electrically, to the require- 
ments of playing a stereo record. 

The "Miniconic" cartridge uses two 
silicon elements, each measuring only 
0.008" x 0.005 ". They are sealed in sili- 
con dioxide for protection, and are driven 
from the stylus through an X- shaped 
yoke resembling those used on many ce- 
ramic cartridges. The elements are 
housed in a very light plastic case, 
weighing only 2 grams. A separate pow- 
er- supply unit is required to operate the 
cartridge with conventional amplifiers. 

In the small power unit, measuring 
4 "x 13/4"x2'2 ", is a power supply for the 
elements and two transistor amplifiers. A 
d.c. current of about 6 ma. is passed 
through each silicon element, whose re- 
sistance is approximately 800 ohms. As 
the element is deflected by the stylus, its 
resistance changes slightly, producing a 
varying drop across its terminals. This 

16 

voltage is a.c.- coupled to a single -stage 
amplifier, whose output is nominally 0.4 
volt from a typical record. The cartridge 
is mechanically equalized for the RIAA 
playback characteristic, which is not far 
from a constant -amplitude characteristic. 
An RC network in the output circuit con- 
verts the normal output to a velocity 
characteristic and attenuates it to about 
8 mv. for connection to the normal mag- 
netic input terminals of an amplifier. A 
switch on the power unit selects either 
"H(igh)" or "L(ow)" outputs. 

Many arms, designed for conventional 
cartridges with masses of 5 to 12 grams, 
cannot be balanced with the 2 -gram 
Euphonies cartridge. Weights are pro- 
vided to be added to the cartridge shell 
if this should happen. The manufacturer 
also makes its own arm, whose low mass 
permits the maximum advantage to be 
obtained from the cartridge. 

The unit we tested was the CK -15 -LS 
(consisting of U -15 -LS cartridge plus 
matching power source ) , designed for 
installation in conventional arms of good 
quality. It has a bi- radial diamond stylus, 
easily replaceable by the user, with a 
rated compliance of 25 X 10-G cm./ 
dyne. We measured its performance in a 
high -quality arm of relatively high mass. 

The cartridge tracked our high -level 
Cook and Fairchild records at only 1- 
gram stylus force, matching or surpassing 
any other cartridge we have tested in this 
respect. We used a 1 -gram force 
throughout our tests. The manufacturer 
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recommends a range of from % to 1'2 

grams. 
The measured vertical stylus angle 

was 18 degrees. The output of the car- 
tridge, with a recorded velocity of 3.54 
cm. /sec. at 1000 cps, was 13 mv. per 
channel on the "L" outputs and 0.38 volt 
per channel on the "H" outputs. If the 
preamplifier to which the cartridge is 

connected has a setting or an input for 
high- output magnetic cartridges, this 
should be used since the cartridge has 
about twice the output of most magnetic 
cartridges. In most cases, the manufac- 
turer suggests (and we agree) that it 
would be preferable to use the "H" out- 
puts connected to the "Aux." or other 
high -level amplifier inputs. 

The cartridge is totally insensitive to 
magnetic hum fields, of course. Unlike 

(Continued on page 22) 
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Introducing the first 
solid -state stereo receiver 

of Fisher quality 
under $330. 

It is not easy to make an all -in -one receiver that 
equals or surpasses the performance of comparable 
separate components. It is even more difficult to 
adapt the complex new technology of transistor 
circuits to simple, reliable, integrated stereo re- 
ceiver design. But to do both at a truly moderate 
price takes almost occult powers. Or Fisher engi- 
neering. 

It is with exceptional pride and an unprecedented 
sense of achievement that Fisher introduces the 
440 -T stereo receiver, a no- compromise, all -tran- 
sistor instrument suitable for the most advanced 
audio systems and selling for only $329.50. (Cabi- 
net, $24.95.) 

On a single, compact chassis only 11 inches deep 
and occupying only 163/4 inches of shelf space, the 
440 -T incorporates a superb, all- solid -state 
FM- multiplex tuner with automatic mono -stereo 
switching, an extremely versatile stereo control - 
preamplifier, and a heavy -duty, silicon -powered 
stereo amplifier. All the stereo electronics you are 
ever likely to need, all with Fisher reliability. 

The Fisher 440 -T fairly bristles with engineering 
innovations, convenience features and Fisher exclu- 
sives. Read the specifications on the right and con- 
vince yourself. Then ask your Fisher dealer for a 
demonstration. We predict you'll walk out with a 
21 -1b. package under your arm. 

r 

Features and Specifications 
No output transformers - therefore no limita- 
tion of bass performance or of transient re- 
sponse because of transformer characteristics. 
Silicon output transistors for conservative op- 
eration at high power. Massive heat sink. Power 
output is 70 watts (IHF) at 4 ohms, 50 watts at 
8 ohms. 
New all -transistor front end with 4 -gang tuning 
condenser for highest sensitivity and lowest 
noise, plus overload rejection unexcelled by 
vacuum -tube front ends. Sensitivity is 2.0 p.v 
(IHF); signal -to -noise ratio is 68 db at 100% 
modulation. 
Four wide -band IF stages and three limiters. 
Wide -band (one megacycle) ratio detector of 
highest linearity and lowest distortion, capable 
of unusually accurate detection of multiplex 
signals. 
Exclusive Fisher STEREO BEACON* for auto- 
matic switching between FM -mono and FM- 
stereo modes, and automatic visual indication 
of stereo broadcasts. No relays, no clicks. 
Professional d'Arsonval -type tuning meter. 
Highly effective muting between stations. 
Convenient speaker selector switch. 
Size: 163/x" wide, 51/2" high, 11" deep (123/8" 
overall, with knobs). Weight: 21 lbs. 

PATENT PENDING 

THE )EW 

FISHER 
I knßoon 

FREE! $2.00 VALUE! Mail this coupon for 
your free copy of The New Fisher Handbook. 
This entirely new, revised and enlarged edition 
of the famous Fisher high fidelity reference 
guide is a magnificent 76 -page book. Detailed in- 
formation on all Fisher components is included. 
FISHER RADIO CORPORATION 
1 1 -40 45th Road, 
Long Island City, N. Y. 11101 

Name 

Address 

City State 
I/7/1/ 

The Fisher 440 -T 
FISHER RADIO CORPORATION, 11,0 RATH ROAD, LONG ISLAND CITY, N. Y.11101. OVERSES RESIDENTS WRITE TO FISHER RADIO INT RNA. 

TRON L, INC., L. I. CITY, N. Y. 11101. CANADIAN RESIDENTS WRITE TO TRr TLL SSOC4TES. LTD.. E..5 BRISBANE ROAD, UOwNSVIEW, ONiNiO. 
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Why Fred got a better job ... 
I laughed when Fred Williams, my old high school 
buddy and fellow worker, told me he was taking a 
Cleveland Institute Home Study course in electronics. 
But when our boss made him Senior Electronic Tech- 
nician, it made me stop and think. Sure I'm glad 
Fred got the break ... but why him ... and not me? 
What's he got that I don't. There was only one 
answer ... his Cleveland Institute Diploma and his 
First Class FCC License! 

After congratulating Fred on his promotion, I 
asked him what gives. "I'm going to turn $15 into 
$15,000," he said. "My tuition at Cleveland Institute 
was only $15 a month. But, my new job pays me 
$15 a week more . . . that's $780 more a year! In 

twenty years ... even if I don't get another penny 
increase . . . I will have earned $15,600 more! It's 
that simple. I have a plan ... and it works!" 

What a return on his investment! Fred should have 
been elected most likely to succeed ... he's on the 
right track. So am I now. I sent for my three free 
books a couple of months ago, and I'm well on my 
way to Fred's level. How about you? Will you be 
ready like Fred was when opportunity knocks? Take 
my advice and carefully read the important infor 
mation on the opposite page. Then check your area 
of most interest on the postage -free reply card and 
drop it in the mail today. Find out how you can 
move up in electronics too. 
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How You Can Succeed In Electronics 
... Select Your Future From Five Career Programs 

The "right" course for your career 
Cleveland Institute offers not one, but five different 
and up -to -date Electronics Home Study Programs. 
Look them over. Pick the one that is "right" for you. 
Then mark your selection on the reply card and send it 
to us. In a few days you will have complete details ... 
without obligation. 

1. Electronics 
Technology 
A comprehensive program 
covering Automation, Com- 
munications, Computers, In- 
dustrial Controls, Television, 
Transistors, and preparation 
for a 1st Class FCC License. 

2. First Class 
FCC License 
If you want a 1st Class FCC 
ticket quickly, this stream- 
lined program will do the 
trick and enable you to main- 
tain and service all types of 
transmitting equipment. 

3. Broadcast 
Engineering 
Here's an excellent studio 
engineering program which 
will get you a 1st Class FCC 
License and teach you all 
about Program Transmission 
and Broadcast Transmitters. 

4. Electronic 
Communications 
Mobile Radio, Microwave, 
and 2nd Class FCC prepara- 
tion are just a few of the 
topics covered in this "com- 
pact" program . . Carrier 
Telephony too, if you so 
desire. 

5. Industrial Electronics 
& Automation 
This exciting program in- 
cludes many important sub- 
jects such as Computers, 
Electronic Heating and 
Welding, Industrial Controls, 
Servomechanisms, and Solid 
State Devices. 

CIE 
October, 1965 
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Cleveland 

An FCC License ... or your money back! 
In addition to providing you with comprehensive train- 
ing in the area indicated, programs 1, 2, 3, and 4 will 
prepare you for a Commercial FCC License. In fact, 
we're so certain of their effectiveness, we make this 
exclusive offer: 

The training programs described will prepare you 
for the FCC License specified. Should you fail to 
pass the FCC examination after completing the 
course, we will refund all tuition payments. You 
get an FCC License ... or your money back! 

CIE's AUTO-PROGRAMMED lessons help you 
TM 

learn faster and easier 

Cleveland Institute uses the new programmed learning 
approach. Our AUTO -PROGRAMMED* lessons pre- 
sent facts and concepts in small, easy -to- understand bits 
... reinforce them with clear explanations and examples. 
Students learn more thoroughly and faster through this 
modern, simplified method. You, too, will absorb . . . 

retain . . . advance at your own pace. TRADEMARK 

Free nationwide job placement service ... for 
life, for every CIE graduate 
Once enrolled with CIE, you will get a bi- monthly 
listing of the many high -paying interesting jobs avail- 
able with top companies throughout the country. Many 
Cleveland Institute students and graduates hold such 
jobs with leading companies like these: American Air- 
lines, American Telephone and Telegraph, General 
Electric, General Telephone and Electronics, IBM, 
Motorola, North American Aviation, New York Cen- 
tral Railroad, Raytheon, RCA and Westinghouse. 

Electronics is a fast moving, dynamic industry 
... Cleveland Institute keeps you current 
The Electron Bulletin is CIE's bi- monthly digest of new 
developments in the world's fastest growing industry. 
As a CIE student, you will get a free copy throughout 
your training to keep you up -to -date on Masers, Lasers, 
Solid State Devices, and other new inventions. 

Full accreditation ... your assurance of 
competence and integrity 

Cleveland Institute of Electronics is accredited by the 
Accrediting Commission of the National Home Study 
Council. You can be assured of competent electronics 
training by a staff of skilled electronics instructors. 

Your Future In Electronics Is 
Up To You. Make It A Brighter One. 

Mail Reply Card Today. 

institute of Electronics 
1776 East 17th Street, Dept. EW -7, Cleveland, Ohio 44114 
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If you think the RCA BK -6B 

is a great lavalier mike... 

TRY THE NEW BK12A FOR SIZE! 

1/3 smaller 

Only 1/3 the weight 

Extra rugged 

Improved performance 

Only $900* more 

Extre d light weight. Only 11/2" long, 3/4 ounce. 

Ru : _ned to withstand rough handling. 

Non ";; tonal pickup. 

Wide frequency response. 60 to 18,000 cps. Excellent speech balance 
when talking "off mike." 
Readily serviceable. Easily installed replacement cartridge makes factory 
repair unnecessary. 

Comes complete with clip -type lanyard, tie -clip holder and cable clip. 

FOR COMPLETE SPECIFICATIONS, see your authorized RCA Microphone Dis- 
tributor. Or write to RCA Commercial Engineering, Department J 41 MC, 

Harrison, N.J. *$95.00 optional distributor resale price. 
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RCA ELECTRONIC COMPONENTS AND DEVICES 

The Most Trusted Name in Electronics 

CIRCLE NO. 99 ON READER SERVICE CARD 

ceramic cartridges, it is also insensitive to 
electrostatic hum fields. The silicon ele- 
ments have such a low impedance that in 
most cases even lead shielding is unnec- 
cessary. Only ground loops remain as a 
possible source of hum. If it is correctly 
installed, the "Miniconic" is perhaps the 
most basically hum -free cartridge on the 
market. 

The IM distortion (measured with the 
RCA 12 -5 -39 record) was very low over 
the entire range of velocities likely to be 
encountered on a stereo record. At 1.5- to 
2 -grams force, it remained low to nearly 
the highest velocities on our test records. 
The frequency response \vas unusually 
flat and peak -free over the entire audio 
range. On one channel it was within 
x-1.5 db up to 20,000 cps; on the other 
it dropped off slightly from 12,000 cps. 
We would certainly confirm the Euphon- 
ics claim of ±2 db response from 20 to 
20,000 cps. 

Channel separation was better than 
25 db up to 11,000 cps, and better than 
15 db all the way to 20,000 cps. The 
square -wave response was one of the 
best we have observed on a cartridge, 
with only a single small overshoot on the 
leading edge of the 1000 -cps square 
wave on the CBS Labs STR110 record. 

In its sound, the CK -15 -LS was as 
good as its measurements suggest. It is 

clean, sweet, and uncolored. Its sound 
is very full, with no portions of the spec- 
trum apparently emphasized or dimin- 
ished. The total absence of hum makes 
it especially enjoyable at high listening 
levels. The "H" outputs sounded almost 
identical to the "L" outputs, equalized in 
a good- quality preamplifier. However, 
the low -frequency response in the "H" 
position seems to extend an octave or two 
lower than in the "L" position ( where it 
is limited by the equalization of the pre- 
amplifier). As a result, subsonic rumble 
can cause amplifier overload and speaker 
cone flutter at high playing levels. 
Hence, we would recommend this 
method of operation only with the finest 
auxiliary equipment, or when the Eu- 
phonics arm is used ( giving a system cut- 
off of slightly below 12 cps) . 

The response of the cartridge actually 
goes to d.c., but because of the matching 
amplifiers the system is restricted to a 

lower limit of a few cycles. This is de- 
sirable to reduce the effects of record 
eccentricity and warpage on the output, 
particularly when a high -mass arm is 

used. With top -quality auxiliary equip- 
ment, the cartridge is capable of a fidel- 
ity of response which rivals anything we 
have heard. 

The CK -15 -LS sells for $55. For instal- 
lation in record changers or massive 
tonearms, the CK -15 -P is available, with 
a 0.5 -mil conical stylus of lower compli- 
ance, for $39. The TK -15 -LS system, 
with the CK -15 -LS cartridge in the low - 
mass Euphonics arm, is $87.50. 

ELECTRONICS WORLD 
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Zip through Scott's new solid state FM stereo tuner kit 
in one afternoon 

Four to six hours! That's all you need 
to zip through Scott's new LT -112 solid 
state FM stereo tuner kit. All you do is com- 
plete five simple wiring groups and breeze 
through an easy new 10- minute alignment. 
You can actually start after lunch and enjoy 
superb FM stereo at dinner. 

Scott solid state circuitry is the key to 
the LT -112's superior performance. Costly 
silicon transistors, three IF stages, and three 
limiters give the LT -112 a usable sensitivity 
of 1.9 uv, selectivity of 45 db ... perform- 
ance unapproached by any other kit on 
the market. The LT -112 is actually the kit 
version of Scott's best- selling 312 solid 
state factory -wired stereo tuner, of which 
AUDIO said, ". . it is one of the finest 
tuners Scott makes. And that means it is 
one of the finest tuners anywhere." 

All Critical Circuitry Pre -Wired 
To insure perfect results, your LT -112 

arrives with all critical circuitry pre -wired, 
pre- tested, pre- aligned, and mounted on 
heavy -duty printed circuit boards. Wires 
are all color- coded, pre -cut, and pre - 
stripped to the proper length. Scott's ex- 
clusive life -size. full -color construction book 
fully details every step . . . makes perfect 
wiring almost automatic. 

You'd never believe a kit so easy to build 
could be so packed with features. Built 
right into the LT -112 is a brand -new Scott 
invention . . . the Tri- modulation Meter. 
A convenient front panel switch lets you 
use this Scott exclusive as: 

1. A signal -Strength Indicator . for 
proper antenna orientation and coarse 
tuning. 
2. A Zero -Center Indicator ... for ex- 

SCOTT" 

tremely accurate fine tuning of very weak 
or very strong stations. Accurate tuning 
is essential to minimum distortion and 
maximum separation. 
3. A precision Alignment Meter that en- 
ables you to align your tuner, anytime, 
with absolute accuracy . . a procedure 
that previously required the use of a $500 
test instrument. 
For your further listening enjoyment, the 

LT -112 is provided with three stereo out- 
lets ... one of them conveniently located 
on the front panel (you can connect a 
portable tape recorder without disturbing 
the installation of the tuner). Output level 
controls on the rear of the unit need be set 
only once, so you don't have to be bothered 
about duplication of controls. 

Stop in at your Scott dealer's today, and 
pick up an LT -112 tuner kit . $179.95 
plus one enjoyable afternoon will net you 
a lifetime of listening pleasure. 

For complete specifications on the LT -112, write: 
H. H. SCOTT, INC., Dept. 60- fc 111 POWDERMILL RD., MAYNARD, MASS. Export: Scott International. Maynard, Mass. Cable HIFI. Prices siighly higher west of Rockies. Prices and specifications subject to change without notice. 

SCOTT' HOUSE 
OF STEREO 

IilG1AN nILIG[ N Y aYNiWS /NR 

FEATURING 
ANGEL RECORDS 
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P7./VCY7 C A TENNAS G 

FOR UHF, VHF, FM RECEPTION 

The one antenna that does the work of 3! Gives startlingly 
clear black and white pictures and beautiful color on 

both UHF and VHF television channels - plus the finest 
in stereophonic and monophonic sound reproduction. 

FINCO Model UVF- 18- $42.50 list 
FINCO Model UVF -16- $30.50 list 
FINCO Model UVF -10- $18.50 list 

FINCO's Color -Ve -Log challenges all competition! Its 

swept -element design assures the finest in brilliant color 

and sharply defined black and white television recep- 

tion - as well as superb FM monaural and stereo quality. 

FINCO Model VL- 18- $54.50 list 
FINCO Model VL- 15- $46.95 list 
FINCO Model VL -7 - $23.95 list 
FINCO Model VL -5 - $16.95 list 

Featuring FINCO's exclusive Gold Corodizing 

FINCO COLOR -VE -LOG 
Prices and specifications subject to change without notice 

THE FINNEY COMPANY 34 W. Interstate Street Bedford, Ohio 
Write for beautiful color brochures Number 20 -322, and 20 -307, Dept. 410. 
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nessman, a civic leader, 
and a politician. He is 
founder and president of 
James Electronics Inc., a 
Chicago firm that produces 
choppers, power vibrators 
and converters, and minia- 
ture transformers for the 
instrumentation field. He is 
now chairman of the Coun- 
cil of Economic Advisors 
to the State of Illinois and is a member of the Governor's 
Science Advisory Board. Mr. Kennedy is also a Repre- 
sentative in the Illinois General Assembly. One of his 
aims is to increase the importance of the entire Midwest 
area especially in the field of electronics. 

Midwest Electronics 
A Changing Pattern of Growth 
By JOHN A. KENNEDY 

A new and stable pattern of growth is emerging in this 
area as a result of a second post -war boom in consumer 
products, the industrial controls revolution, and the 
R & D output of the region's vast university complexes. 

MIDWEST electronics was in the depths of an eco- 
nomic, technical, and morale depression in the late 
fifties -and for good reason. The electronics Indus- 

t y which, nationally, was acclaimed the "growth" industry 
of the future was -in the Midwest -following the region's dis- 
mal industrial and manufacturing pattern of contracted activ- 
ity, restricted income, an exodus of managerial and technical 
personnel, and growing unemployment. Opportunities in elec- 
tronics were few and far apart in the Midwest, as any 1960 
survey disclosed. 

The boom in government electronics and manufacturing, re- 
sulting from the demand for missiles and complex defense 
systems, had reached its maximum growth in the 1960 -61 
period. The impact of the nation's space program was ob- 
viously going to follow the pattern of the defense boom and 
bypass the Midwest region. The projections in 1960 for the 
future with continued growth in government electronics, mod- 
erate expansion of industrial electronics, and an actual con- 
traction of consumer electronics, painted a depressing picture 
for the Midwest. 

As is sometimes the case, these projections were wrong. 
Comparison of 1960 estimates with 1965 reality and 1964 
projections indicate how the picture has changed ( Fig. 1) . 

Midwest's Role in Electronics 
The demand for mass- produced communications and elec- 

tronics material for World War II sealed the fate of Midwest 
electronics as the mass- production center for industry. Over 
58% of the nation's electronics manufacturing industry was 

Fig. 1. Market estimates and annual value of U.S. electronics. 
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Map of Midwest Region 

Midwest as % cf National Total 
Population 28.8% 
Value Added by Mfg. 35.4% 
Master's Degrees Conferred 34.4% 
Federal Revenue Collections 32.4% 

concentrated in the Midwest at the end of the war. The 
pent -up demand for radios and then television pointed the 
direction for the region's managers and facilities to go. The 
Zeniths, Admirals, 1llotorolas, and others continued their Mid- 
west domination of what was then considered "electronics." 

The growth of the electronics industry in the 1946 -53 pe- 
riod in the Midwest brought with it a similar growth in em- 
ployment. Engineers and technicians were in critical demand. 
The pattern of this early post -war growth was followed by the 
contraction of the fifties and the brightening future of the 
sixties for the Midwest electronics industry. 

The demand for consumer products, including electronics, 
leveled off in the period following the Korean War. Since the 
Great Lakes region was predominately dependent on these 
markets, there was a period of stagnation in the growth of 
electronics, manufacturing, employment, and the region's 
personal income. The area's personal income had traditionally 
led the nation's average. The post -war industrial expansion 
for the region carried average personal income from 108% of 
the national average in 1946 to 115% in 1953, but the slowed 

Fig. 2. Total and Midwest prime military contract awards. 
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economic growth of the region in the late fifties dropped the 
percentage to 106% in 1961. Since that time, the downward 
trend has been reversed and is estimated at 108% for 1965. 

Military and Space Electronics 
A great deal has been written about the failure of the Mid- 

west electronics industry to actively seek a portion of the 
growing military /space electronics market of the fifties. That 
it was unable to penetrate this market is another of the re- 
markable cases of the effect of supply and demand and our 
democratic economy. 

In the 1950 -55 period, the facilities, personnel, and man- 
agement of electronics firms were fully occupied in meeting 
the continuing demand for its traditional consumer products. 
The West Coast and, in particular, the aircraft industry had 
virtually no consumer market so they aggressively solicited 
and attracted this new military market for complex systems. 
The same was true of the New England area, suffering from 
the exodus of the textile industry. By the time the declining 
consumer market of the late fifties began to worry the Mid- 
west, the new sources for military /space electronics had been 
established. A chart of federal contracting comparing the 
Midwest region and the nation is shown in Fig. 2. 

Future Growth 
There have been three major changes in the growth pattern 

for the electronics industry in the 1960 -65 period. The very 
concentration of mass production which was the cause for 
contraction is now healthy and growing and, in turn, pro- 
viding the real markets for industrial electronics. The con- 
sumer market in all electronic products has grown at a faster 
rate than predicted. The advent of color television, tape and 
stereo sound, and Citizens Band communications has con- 
tributed to the month -in, month -out growth and stability. The 
periodic rise and fall of radio and TV production in the 1950's 
has given way to a broader line of products sold throughout 
the year. 

The high personal income rate in the Midwest and its sub - 
national unemployment rate (4% for the region as against 
5.1% nationally) have created a large market in itself for con- 
sumer electronics. This market also means a larger service 
industry. The maintenance and installation needs of the entire 
area are suffering from a lack of qualified technical personnel 
who are, in addition, good businessmen. 

Industrial Electronics 
The growth of electronic equipment as a tool of production 

and service has been more phenomenal than even space and 
defense efforts. Chicago is now known as the most rapidly 
automating city in the world. This automation is affecting all 
industries. This increase in automated production has allowed 
the Midwest to remain competitive in world markets -while 
increasing its share of foreign sales. 

Automation depends on the marriage of electronics to me- 
chanical and hydraulic systems. The Midwest has created its 

own need for such systems and its own systems capability. The 
metal- processing industries, for example, use electronics as 

the basis of control in planning, controlling, testing, producing, 
and even selling. This area application has given rise to a grow- 
ing number of firms which provide the systems fueling this 
automation explosion. Large firms in the chemical, automo- 
tive, and primary metals industries are turning to complete 
in -house design, construction, and maintenance. 

The demand for qualified men in this new application of 
all forms of electronics is enormous. From technicians to en- 
gineers and scientists, there is a growing need for personnel. 

Communications 
The Midwest has traditionally been the center of telephone 

equipment manufacturing. The plants of Western Electric, 
Automatic Electric, Teletype, Kleinschmidt, and ITT -Kellogg 

ELEr.TRONICS WORLD 
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EMPLOYMENT OPPORTUNITIES 
CONSUMER 

Growing production of radio, television, video 
tape, and sound equipment. 

Installation and maintenance in an area market 
that has abnormally high personal income and 
demand for service. 

INDUSTRIAL 
Rapid expansion of process -control systems to 
automate the world's largest concentration of 
production facilities. 
Continued growth of telephone and radio com- 
munications manufacturing industry -the 
largest in the nation. 

Reorientation and continued growth of the Mid- 
west's component and subsystem industry. 

Design, installation, and operation of auto- 
mated data -processing systems for manufactur- 
ing and service industries. 

Electronic aids to education: visual, aural, and 
computational. 
Biomedical electronics based on a unique con- 
centration of engineering, medical research 
and training, pharmaceutical and medical pro- 
duction, and clinical facilities. 
Increasing demand for nuclear application and 
control in power, industrial, and medical appli- 
cations. 

MILITARY & SPACE 
Expanding university research requiring all 
levels of technical help. 

Growing private and government research lab- 
oratories in basic and applied products and 
systems. 

A rising demand for mass -produced electronics 
products for limited warfare. 

produce the major portion of all land communications equip- 
ment. This equipment is undergoing a technical revolution. 
The totally automated long -distance dialing system, made 
possible by electronics, is a proven goal. Now the full appli- 
cation of solid -state devices promises new services and even 
greater reliability. 

The Bell System is constructing a new research laboratory 
in Illinois which will be dedicated to the development of new 
families of transistorized telephone systems. These develop- 
ments will stimulate the volume production of solid -state 
systems at various plants in the area. 

Components 
The Midwest has retained a major part of the electronic 

component industry. This segment of the industry has pros- 
pered with the continuing demand for consumer products. 
Giants in the field like Allen-Bradley, CTS, Mallory, and many 
others have exhibited surprising imagination and skill in in- 
novating new components and subsystems, thus retaining their 
market positions. 

There has been little production of solid -state devices in 
the Midwest area; this must be considered a serious problem 
for the future. As the use of solid -state devices has grown so 
will the mass application of complete modular or integrated 
electronics. Such a development could disrupt and diminish 
the market for Midwestern component makers. There is con- 
siderable research underway in the area dealing with modular 
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Prime Contracts 
$Millions % 

R &D Contracts 
$Millions % 

U. S. TOTAL 
Midwest States 
III. 
Ind. 
Iowa 
Kans. 
Mich. 
Minn. 
Mo. 
Neb. 
N. Dak. 
Ohio 
S. Dak. 
Wis. 
TOTAL 

3,787 

14.3 
4.1 
2.8 

0 

24.1 
5.9 

264.9 
0 
0 

163.7 
0 

2.3 
$482.1 

100 

12.7% 

2,667 

14.3 
4.0 
2.8 

0 

24.0 
5.8 

264.9 
0 
0 

75.5 
0 

2.3 
$393.6 

100 

14.8% 

Table 1. NASA contracts in 1963 in millions of dollars. 

electronics and, if successful, could result in the application 
of these makers' mass -production skills to this inevitable new 
electronic development. 

The Midwest has been one of the largest customers for com- 
puters for research, industrial, and commercial use. Some 34% 

of the installations are in the 12 midwestern states to service 
28.8% of the nation's population. 

Computers are manufactured in the area. Control Data of 
Minneapolis has a major share of the large scientific computer 
market. NCR and Burroughs both have wide experience and 
many computer installations in the commercial field. The Mid- 
west will gain in this market because of the growth in its ex- 

isting manufacturing plants and from the expansion of the 
"soft -ware "products required for these systems. 

There will be a steadily growing industrial market in edu- 
cational electronics. Many Midwest manufacturers are already 
producing audio aids and a large market for video tape sys- 

tems is projected. Mass -production capability of the area, 
plus marketing experience will again play a key role in cap- 
turing a lion's share of these markets. 

The use of electronic systems will also play an important 
part in medical care during the next decade. The medical in- 
strumentation market already provides an estimated $350 - 
million for this year. This figure is expected to reach $500 - 
million by 1970. A large part of this equipment is electronic. 

The large concentration of medical schools, research clin- 
ics, and research -oriented hospitals in the 12 -state area has 
already been responsible for the rapid growth of the inter- 
disciplinary programs of electronic engineering and medicine. 

The nation's first biomedical school has been operating at 
Northwestern University since 1962. Such schools create 
graduated PhD's in a field that intermingles biology, medical 
practice, and engineering. They will be a key force in this 
new industrial electronic field. 

Biomedical instruments have been developed and will be 
devised using many new techniques involving ultrasonics, nu- 
clear radiation, and computer analysis, giving the doctor new 
and rapid information about his patient. 

Table 2. Portion of mili ary contracts in electronics field. 

Year Total 
$Billions 

Electronics 
$Billions % of Total 

1958 39.06 4.38 11.2 

1960 41.21 5.67 13.8 

1962 46.8 7.07 15.1 

1964 49.5 7.82 15.8 
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These new instruments are generally being developed and 
marketed by Midwest firms. In some instances, combinations 
of electronics manufacturers join forces with medical /pharma- 
ceutical suppliers in developing this equipment, Examples of 
such "marriages" include Nuclear -Chicago and Abbott, and 
Zenith and Baxter Laboratories. 

The future of biochemical electronics is a bright one that 
will generate all levels of technician and engineering employ- 
ment. This will include those needed for manufacturing the 
product as well as those needed to install and maintain it. 

The 12 -state Midwest area is the nation's center for nuclear 
instrumentation. Major firms are located in the Chicago area, 
Ohio, and Wisconsin. The broadening application of nuclear 
energy and radiation techniques has provided firm growth to 
the industry. This is fed from Argonne National Laboratories, 
the MURA complex in Madison, Wisconsin, and the medical 
research programs in the area. 

Electronics is the key to nuclear instrumentation and, once 
again, the field will depend on mass production and on in- 
dustrial marketing as it grows steadily. 

Military procurement fell off as a percentage of the national 
total from the Korean War peak. The area received 34.3% of 
prime military contract awards in 1951. This fell to a low 
of 17.6% of the nation's total in 1961, but has slowly risen 
to 18.9% in 1963 and is continuing to rise. This will not attain 
the levels of the early 1950's or World War II unless there is 

growth in the need for material for traditional land warfare 
of the Korean and Viet Nam type. This is the sort of elec- 
tronics gear that the Midwest still supplies in volume. 

There have been few "systems" contractors in the Midwest 
area. This will continue to be a major factor limiting growth 
in military /space programs. These conditions will not change 
until major managements with large resources make a decision 
to enter this complex field. The current prosperity of the con- 
sumer and industrial markets makes major change unlikely. 

The Midwest has a vast base of scientific education and re- 
search in its university complexes. It produces 34.4% of the 
Masters Degrees conferred and 30.5% of the doctorates. This 
graduate work has attracted broad support from federal agen- 
cies in research. This requires laboratories, technicians, and 
supporting industry. 

The Midwest is gradually overcoming the problem of too 
little communication among this federally supported research, 
the area's industry, and its own research and development 
programs. The value of industry- university cooperation has 
been demonstrated in other areas of the nation. It is now being 
recognized as a very important flow pattern for a whole 
host of new ideas in the Midwest. 

A Brightening Future 
Midwest electronics has recovered from the stagnation of 

the 1950's. It is now growing, in total, as fast as the rest of 
the nation and from a substantial and diversified base. 

It is keeping its scientific and engineering graduates. The 
University of Illinois, which graduates more engineers than 
any other school in the country, is an example of this new 
trend. In June of 1963, only 27.78% of its graduates obtained 
positions in Illinois while 17.23% went to California. By 1964 
Illinois retained 45.28% and the Midwest as a whole gave 
employment to 73.43% while only 8.23% obtained their first 
jobs in California. This trend continues in 1965. 

The region is a natural market for industrial automation 
and every indication is that it will build its own systems 
capabilities. 

Consumer electronics continues to grow and the region ap- 
pears to be holding its large share of this market. 

The Midwest must move rapidly into the newer fields of 
electronics. It cannot be complacent over its new vitality. 
There is a new spirit that gives promise to the future, which 
can make electronics a vital artery feeding the industrial heart- 
land of our country. 

ELECTRONICS WORLD 
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Nw hicldd Twi:i-IAa,J 
for Color TV& U.H.F. 

By ROLAND MIRACLE, Engineer, Electronics Div., Belden Mfg. Co. 

Recently introduced TV receiver lead -in has the advantages of coax but has lower losses, is balanced 
to ground, and does not need special fittings. Here is a report on the performance of this new line. 

Editors Note: Our Judy 1965 issue contained an article on 
"Coax vs Twinlead" by Lon Cantor of Jerrold Electronics 
Corp. in rc-hich the advantages of a shielded type of lead -in 
over conventional flat twin -lead were given. Our September 
is.suc contained an interesting letter from Ed Finkel, JFD 
Electronics Corp., commenting on flits article and giving some 
arguments in favor of the use of twin- lead. In our rrnunrks at 
the end of this letter, we indicated that work was being clone 
on ct shielded 300 -ohm twin -lead which .should possess the 
advantages of both coax and twin -lead. I'e promised tech- 
nical information on this new line, along a itll results of per- 
formance measurements. The following cuticle contains this 
information. 

INDUSTRY spokesmen have predicted that by 1969 
American TV viewers will have purchased 15 million 
color -TV sets along with 50 million sets capable of re- 

ceiving u.h.f. programs. This means that manufacturers of 
television receiving equipment must respond by producing 

POLYETHYLENE JACKET 

LOW -LOSS ENCAPSULATED COPPERWELD 
DIELECTRIC INSULATION 

ORANGE WEB 

PATENTED 100% SHIELD GROUND WIRE 

Fig. 1. A stripped -down section of the shielded twin -lead. 

not only TV sets incorporating new and advanced circuitry, 
but must also provide a complete selection of auxiliary com- 
ponents designed specifically for this new market. A new 
shielded 300 -ohm twin -lead TV lead -in, called "Shielded 
Permohm" by its manufacturer, Belden Mfg. Co., eliminates 
many of the color and u.h.f. reception problems caused in 
the past by installing transmission lines which were designed 
for reception of black -and -white v.h.f signals. 

This shielded twin -lead incorporates a total shield -a wrap 
of thin aluminum foil, and a (Con tinned on page 94) 

Fig. 2. Effects of ignition interference using three down -leads. Left, unshielded twin -lead; 

Fig. 3. Laboratory attenuation data shows 
that the shielded twin -lead has somewhat 
greater losseB than the unshielded type. 
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Fig. 4. In a typical installation, however, 
losses of unshielded twin -lead increase 
substantially, especially for flat- ribbon. 
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RECENT 

DEVELOPMENTS 
in ELECTRONICS 

Anechoic Chamber on Wheels. (Left) Sound patterns of small 
arms and shock -wave intensities from small missiles can be 
measured in this mobile anechoic chamber that is housed within 
a 30 -ft. trailer truck. In the center of the far wall is the hole 
through which small arms are discharged. Sleeves on either side 
wall permit missiles to be fired through the chamber so that 
shock waves can be measured. Pretested modular wedge units, 
having a low- frequency cut -off of 140 cps, form the chamber lin- 
ing. These units are aligned so that when the chamber door is 
swung through a 180 -degree arc, the wedges mounted on the 
door swing completely clear of the opening. To provide an attenu- 
ation of sound from outside to inside the chamber of from 20 db 
at 125 cps to in excess of 60 db above 1500 cps, the body of the 
trailer was modified. The mobile lab was built by Eckel Corp. 

Giant Degaussing Coils. (Above) These two large coils were used 
to demagnetize the solar panels on the Mariner 4 spacecraft just 
before the start of its picture- taking and scientific data -gath- 
ering trip to Mars. A hoisting gear raises both coils simulta- 
neously to align them with the earth's east -west magnetic direc- 
tion. The wooden rails on the inside are slides for the solar pan- 
els, which are placed between the two coils for demagnetizing. 
Each coil is about 8 feet in diameter, weighs about 4000 
pounds, and is made of 12 externally connected coils. After 
testing by Westinghouse, coils were shipped to Cape Kennedy. 

Stellar Inertial Guidance System. (Left) Technicians are shown 
making final adjustments on the stellar inertial guidance equip- 
ment recently flight- tested by the Air Force. As with the sea- 
faring navigators of old, sights on stars are used to determine 
position. The present system, designed for ballistic missile 
use, employs stellar sightings to correct for errors in the mis- 
sile's guidance platform and helps guide the missile precisely 
to the target. As in conventional inertial systems, the stellar 
system operates only until booster cut -off. For prolonged space 
flights, inertial guidance would be in use throughout the jour- 
ney. Any errors in the system would then accumulate with time. 
By tying in a stellar system, periodic in- flight corrections 
can be made. Equipment was designed by General Precision. 
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Space Laser for Astronauts. (Right) This six -pound laser trans- 
mitter will be used by one of our astronauts during the 14 -day 
Gemini 7 mission scheduled for early next year. The narrow, 
intense light beam of the laser will be employed to make con- 
tact with the earth. The four small lenses are optics for an 
array of four room-temperature gallium arsenide laser light 
sources. The large opening is the telescopic sight used to aim 
the unit out of a Gemini 7 capsule window at a laser receiver 
beacon at White Sands Missile Range. The equipment, built by 
RCA, is completely self- contained. An attempt will be made 
to contact the ground with the laser pulsing 100 times a sec- 
ond. Then, the pulse rate will be upped to 7000 times a sec- 
ond and voice modulation from the astronaut will be applied. 

Fault- Detection Tester. (Right) The Air Force is using a de- 
vice that will forecast the airborne efficiency and accuracy 
of their weapons control systems while their planes are on 
the ground. The tester, mounted on a small trailer, is fitted 
over the nose cone of the aircraft. The device provides a 

simulated radar' infrared input enclosed in a compact, mobile 
anechoic chamber which shields the aircraft being tested from 
outside interference and simulates a target for the fighter's 
sensing devices. Included is a computer which stores standards 
and tolerances against which the various systems are tested. 
The system has been found to be 90 percent correct in locating 
malfunctions. It will be used both for troubleshooting and as 
a maintenance tester. The unit will not reduce the number of 
technicians required to perform the weapon control system 
checkout, but it will be a reliable, less expensive, and quicker 
method of testing. It completes a test in about 25 minutes. 
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Home Video Tape Recorder. (Left) Still another video tape re- 
corder for home use has been unveiled recently. This one is 
an Ampex unit selling for $1095 for a one -speed table -top model 
or for $1295 for a two -speed model. Prices do not include a 

TV camera. One- inch -wide tape moves past rotary recording and 
playback heads at 9.6 ips to provide high- frequency performance 
with relatively low tape consumption. A second speed of 4.8 
ips cuts tape consumption in half and provides good quality 
recordings but not compatible with color. Maximum frequency 
response is just above 3 mc. at the higher speed, and over 2 mc. 
at the slower speed. A single reel of 1 -in. tape, which will 
record an hour of TV picture and sound at the higher speed and 
two hours at the lower speed, will sell for approximately $65. 

Computer- Assisted Instruction. (Left) The first test of its 
kind using the computer as an aid to the industrial training 
of employees at locations thousands of miles apart is now under 
way. The pilot study, conducted by IBM's Field Engineering 
Div., is testing the feasibility of using a computer and remote 
terminals to help train engineers who service the company's 
information handling systems. Graphic display of training - 
course material and telephone communications are utilized. The 
headquarters computer analyzes the students' responses, checks 
their accuracy, and retains student performance data. The pace 
and content of instruction are set by the individual student. 
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SILICON TRANSISTOR 

I.F. AMPLIFIER 

FOR FM TUNER 

By DANIEL R. von RECKLINGHAUSEN 
Chief Research Engineer, H.H. Scott, Inc. 

General requirements for high -fidelity tuner i.f.'s 
along with the design of a circuit that employs high 

performance, high- frequency silicon planar transistors. 

FVEB since the advent of transistors, attempts have been 
made to use them in almost any application where vac- 
uum tubes had been used. Generally the approach 

was that with transistors it was merely necessary to eliminate 
the filament supply, use a lower supply voltage and lower 
value resistors, and add a bias resistor per stage. This ap- 
proach works reasonably well when designing some audio 
circuits as most tube preamplifiers had been designed for 
triode operation and, after all, transistors behave much like 
triodes. 

The next application for transistors was in AJl receivers. 
Here the low power consumption of transistors is especially 
attractive. However, when trying to substitute a transistor 
in a tube circuit, all these transistor stages had a tendency to 
oscillate. To cope with this, an old circuit design trick of the 
1920's was resurrected and neutralization was adopted. 

Problem of Oscillation 
As every designer knows, the most stable i.f. amplifier 

circuits can be made with tubes that have the lowest grid - 
plate capacitances. For this reason, a tube such as the 6AU6 
with a grid -to -plate capacitance of 0.0035 pf. became a very 
popular i.f. amplifier tube. In transistorized circuits, base -to- 
collector capacitances of several picofarads or more are quite 
common. If transistors are connected into an i.f. amplifier 
without further consideration, the circuit will oscillate in 
the same way a tuned -grid, tuned -plate oscillator will oscil- 
late. 

Fig. 1 shows an amplifier which is assumed to have a high 
output impedance and high gain. Connected to. it are an in- 
put circuit and an output circuit, both of which are tuned 
circuits. If the feedback capacitance did not exist, this over- 
all circuit would act as an amplifier for high frequencies 
and, in particular, as an i.f. amplifier. However, as was men- 
tioned before, there exists a considerable base -to- collector 
capacitance in every transistor, which acts as a feedback 
capacitor. 

How can such a circuit oscillate? Assume that the signal 
at the output of the amplifier is out -of -phase with the signal 
at its input. If the output circuit is tuned to a frequency higher 
than the desired frequency, 45° phase shift can occur in this 
circuit at the desired frequency. The input circuit behaves 
the same way. This adds up to 90° and the additional 90° 
phase shift of the internal feedback capacitor will then result 
in a total phase shift of 180 °, which is a phase reversal. There- 
fore, the signal returned to the input of the amplifier through 
the feedback capacitance is in -phase with the original input 
signal and thus adds to it. This is positive feedback. If the 
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Complete i.f. strip is shown here. An additional i.f. trans- 
former which precedes the first transistor is located in the 
front -end portion of the tuner. The subassembly was photo- 
graphed over a mirror to show the printed circuit employed. 

amplifier gain is high enough, this circuit will oscillate - 
which an i.f. amplifier should not do. 

To overcome oscillation, the most common solution has 
been an old transmitter trick. Here the coil of the output cir- 
cuit has a tap which is effectively grounded, frequently with 
a large bypass capacitor. On one end of the coil voltage de- 
velops exactly out -of -phase with the voltage at the amplifier 
output. A neutralizing capacitor is connected between this 
one end of the coil and the input of the amplifier. A feedback 
current through this neutralizing capacitor opposes the cur- 
rent from the feedback capacitance of the amplifier. By 
choosing the right value neutralizing capacitor, the circuit 
will become stable. This is the basic circuit found in most 
all- transistor i.f. amplifiers. 

Neutralization has a number of advantages, for example, 
the circuit is capable of very high gain without oscillating. 
There are, unfortunately, some disadvantages -a major one 
being that this neutralizing capacitor might have to be ad- 
justed differently for each transistor used if the circuit is to 
have the highest possible gain. 

Selectivity Requirements 
There is a further disadvantage, particularly when this 

transistor is in a circuit where a lot of selectivity and high 
"Q" are required. The low input impedance and also the low 
output impedance of the transistor will lower the resonant 
impedance and the selectivity of both circuits. A change from 
one transistor to another will change that selectivity drasti- 
cally. 

Fig. 1. Use of neutralizing capacitor prevents oscillation. 
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In high -fidelity FM tuners it is very necessary that a weak 
FM station be received without interference from a strong 
local station which might be 200, 400, or 600 kc. away in 
frequency. For FM, i.f. amplifiers have an intermediate fre- 
quency of 10.7 mc. The "Q's" of these circuits, with the tran- 
sistor in the circuit, have to be maintained somewhere be- 
tween 50 and 100. Such "Q's" are difficult enough to get in 
coils and i.f. transformers, and any substantial reduction in 
"Q" will reduce selectivity. 

It is also important that the alignment of these coils and 
circuits be stable without being affected by the change in 
capacitance of a transistor when the operating voltages 
change or when automatic gain control is used. 

Different Design Approach 

Fortunately, within recent months, some high- perform- 
ance, high- frequency transistors have become available which 
allow a different design approach. These transistors are silicon 
planar types which have a gain -bandwidth product of 350 mc. 
and a feedback capacitance of only 2 pf. Calculations and 
experiments show that maximum gain of 44 db per i.f. stage 
can be obtained at 10.7 me. Since an i.f_ amplifier may re- 
quire gain of only 25 db per stage, a considerable loss can 
be tolerated. 

Most i.f. amplifiers are constructed so that the impedance 
of the input circuit matches the input impedance of the tran- 
sistor and the impedance of the output circuit matches that 
of the output impedance of the transistor. This is known as 
matched operation and results in the highest possible power 
gain. Furthermore, this matching may also result in the 
highest output power of the i.f. amplifier. 

A discussion of power in an i.f. amplifier, where only a 
few milliwatts of power exist, may seem odd. hn fact, how- 
ever, only the last i.f. stage has to supply power to drive a 
limiter and the automatic gain control circuit. Therefore, 
power handling capability in earlier i.f. stages can be sacri- 
ficed. 

Referring again to Fig. 1, it seems reasonable that oscil- 
lation due to positive feedback cannot occur when the im- 
pedance of the input circuit is very low, since insufficient 
voltage is developed across this circuit from the current 
through the feedback capacitance. This low- impedance input 
circuit still has to develop the same input voltage, but re- 
quires more input current and, therefore, more power. This, 
of course, reduces the power gain of the over -all circuit. The 
same argument can be made for the output circuit wherein 
the output current of the transistor goes into a low -im- 
pedance circuit and develops less voltage across it, effecting 
a reduction in output power. This again reduces the amount 
of current which can flow through the internal feedback 
capacitance. 

A further reduction in undesired feedback occurs because 
the transistor current gain is accompanied by a phase shift 
at high frequencies amounting to 38° at 10.7 mc. for the 
particular type used in this i.f. amplifier. This phase shift is 

in opposition to the phase shift resulting from the feedback 
capacitance. 

Some of the advantages of lowering circuit impedance in- 
clude the following: First, the operating impedance of the 
whole circuit is that of the resonant impedance of the coil 
and capacitor in parallel with the transistor impedance. If 
the transistor impedance is high compared to the unloaded 
circuit impedance, any change in transistor impedance will 
have only a minor effect on circuit impedance. Second, if 
this circuit is of high selectivity, the addition of the transistor 
will change that selectivity only slightly. Third, the possible 
amount of feedback through the feedback capacitance is so 
low that the circuit with the transistor installed is completely 
stable and less than a small fraction of a decibel gain change 
occurs due to the feedback that takes place within the 
transistor itself. 

October, 1965 
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Fig. 2 shows the circuit of the complete i.f. amplifier. The 
input signal for the i.f. amplifier comes from the FM front -end 
which also contains the first i.f. transformer. Its output is 
coupled through a .001 -µf. coupling capacitor directly into 
the base of the first i.f. transistor (Q1). Bias for this tran- 
sistor is applied through a (Continued on page 78) 
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from 
LASER PHOTOGRAPHY 

By E. N. LEITH & J. U PATN I EKS/ Institute of Science and Technology, The University of Michigan 

It now becomes possible to create three -dimensional pictures 
with a lensless camera and projector, and without the use of 
special optical devices such as tinted glasses or screens. 

W1TH the introduction of the laser with its mono- 
chromatic, coherent light output, researchers have 
been given an invaluable tool that can be used to 

open many new areas of scientific investigation. By using the 
special characteristics of the laser, it is now possible to create 
a black- and -white, three -dimensional image of an object from 
a two- dimensional photographic transparency without the 
use of any special optical viewing devices. With this new pho- 
tographic system, the viewer sees a three -dimensional 
image suspended in mid -air. The image is, in fact, more than 

INCIDENT LIGHT I 
RAYS REFLECTED FROM OBJECT 

I R ROR 

OBJECT BEING 
PHOTOGRAPHED 

PHOTOGRAPHIC PLATE 
Fig. 1. In creating the hologram, the incident light is from 
a laser. The system can be likened to an optical superhetero- 
dyne with the object -reflected light as the modulated signal 
and the mirror -reflected light as the local- oscillator signal. 

just three dimensional. It has all the vis- 
ual properties of the original object, in- 
cluding change of perspective with a 
shift in the observer's viewing position, 
and parallax between near and far ob- 
jects in the image. When placed side by 
side, image and object are indistinguish- 
able to the viewer. 

Another amazing by- product is the 
fact that if the original transparency is 
divided into many small fragments, each 
fragment, in itself, is capable of repro- 
ducing the original object ( with some 
degradation in resolution ) . 

This approach to laser photography is 
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an adaptation of the wavefront reconstruction process in- 
vented by the European scientist Dennis Gabor in 1947. 
Wavefront reconstruction is an interesting type of photog- 
raphy that bears little resemblance to conventional photog- 
raphy, but can be likened to the carrier modulation methods 
of the electronics engineer. The light reflected from the object 
is treated as a modulated carrier wave which, in photographic 
recording, is mixed with a local oscillator signal ( another light 
beam) in an optical superheterodyne process. 

The recent resurgence of interest in wavefront reconstruc- 
tion is due in part to recent research at the University of 
Michigan and elsewhere, and certainly in large part to the 
development of the laser, which permits experiments that 
heretofore would not have been practicable. 

Making the Photograph 
The wavefront reconstruction method for photographing 

an object is shown in Fig. 1. The procedure is in many ways 
similar to conventional photography, but differs from it in sev- 
eral significant respects. As in conventional photography, the 
subject is illuminated and a portion of the reflected light is in- 
tercepted by a photographic plate (or equally well, a film) . 

There are three major departures. First, no lens or other 
image -forming device is placed between subject and photo- 
graphic plate; consequently, no image is formed. On the con- 
trary, each point on the plate, instead of receiving light or- 
iginating from a corresponding single point on the subject, 
receives light from the entire subject. Or, put otherwise, each 
point on the subject illuminates the entire plate. Thus, no 
image, not even a blurred one, forms on the plate. Such a 

procedure would be expected to pro- 
duce more or less uniform fogging on 
the plate. An exposed plate ( called a 
"hologram ") is in Fig. 2. The observable 
rings are caused by dust particles and 
do not contribute to, or degrade, the re- 

Fig. 2. Typical hologram appears this 
way under incoherent light. The 
observable structures are produced 
by dust particles and do not contribute 
to, or degrade, the reconstructed image. 

constructed image. 
The second departure from conven- 

tional photography is that instead of a 
conventional light source a laser is used 
for illumination of the subject. And, as 
the final departure, a small portion of 
the laser beam is reflected onto the pho- 
tographic plate by means of a small 
mirror, which can conveniently be lo- 
cated next to the subject. These two in- 
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When a camera is substituted for the observer's eye, it becomes 

novations in part compensate for the absence of the image - 
forming lens. The resulting photographic plate is now more 
than merely fogged -but does not contain any sort of a rec- 
ognizable image. 

Interference Modulation 
Recorded on the photographic plate is the interference 

pattern between the light waves scattered from the subject 
and the auxiliary beam, which we call the reference beam. 

If, for the moment, we consider the subject to be replaced 
by a mirror, then falling on the photographic plate will be 
two plane waves, one from each of the two mirrors. Also, let 
the two plane waves be non- parallel so that they impinge on 
the plate at some angle to each other. Because of the coher- 
ence of the light, a set of uniform interference fringes will be 
formed on the plate, with the fringe spacing being a function 
of the angle between the two beams. 

The fringe pattern has an amplitude distribution which is 
sinusoidal and is a two -dimensional spatial analog of the 
temporal sine wave basic to electronic communication sys- 
tems. And just as the temporal sine wave can be modulated 
and serve as a carrier wave, so the fringe pattern can be mod- 
ulated. Let us now remove one of the two mirrors, replacing 
it with our original subject. The light waves reflected from the 
subject have an irregularity which is related to the reflecting - 
surface irregularities of the subject. The fringe pattern, which 
before was regular, now acquires an irregularity which is 
manifested in two ways. First, there are variations in the con- 
trast of the fringe pattern. Second, there are variations in 
the fringe spacing; in some areas the fringes will be more 
closely spaced, while in others they are more widely sepa- 
rated. 

The fringe pattern is thus modulated in accordance 
with the irregularities produced in the wavefronts by the re- 
flection from the subject. The amplitude distortions of the 
reflected wave cause a contrast modulation, or amplitude 
modulation, of the fringes, while the phase perturbations pro- 
duce a phase modulation of the fringe pattern. Thus, the re- 
corded fringe pattern contains information completely de- 
scribing the light waves reflected from the subject. 

Recording Analysis 
The light waves reflected from the subject and impinging 

on the plate can be compared to radio waves carrying in- 
telligence, except that the frequency of the light wave being 
used is many orders of magnitude greater than the kilocycles 
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possible to photograph a reconstructed three -dimensional image. 

or megacycles of the radio wave. These light waves carry in- 
formation about the objects from which they were reflected 
in the form of phase and amplitude modulations. These mod- 
ulations, however, are spatial rather than temporal. Thus, 
the amplitude and phase of the light is different at each point 
on the recording plate. The light wave falling on the photo- 
graphic plate from the object might be likened to a modulated 
carrier wave, while the light reflected from the mirror per- 
forms the same function as the local oscillator. 

The photographic plate serves two purposes. The first is 
an obvious one: the plate acts as a storage device, storing 
the recorded waves for later use. The second function, less 
obvious but nonetheless essential, is that of an optical de- 
tector, analogous to the detector in a receiver. The photo- 
graphic plate, since it responds to intensity, records the 
square of the sum of the light waves received from the object 
and the mirror. The plate is thus a square -law device and 
produces, through detection, a difference -frequency signal. 
This new signal is analogous to the i.f. in a receiver, except 
that it is a spatial carrier wave instead of a temporal one. 
This modulated spatial carrier, or fringe pattern, which con- 
tains the intelligence that was on the light wave, is the sig- 
nal that is stored on the photographic plate. 

The process bears a close resemblance to sound recording, 
where sound waves are converted into modulations of the 
grooves of a phonographic disc. 

Requirement for Coherent Light 
To carry out this recording process, the light must have 

two special properties: spatial coherence and temporal co- 
herence or monochromaticity. If the light is not monochro- 
matic, then the recording will be duplicated for each wave- 
length component. The fringe pattern on the plate will be 
washed out, and only a uniform darkening of the plate will 
result. Similarly, if the light lacks spatial coherence, that is, 
if the light has not been effectively derived from a point 
source, then each effective point of the source will similarly 
duplicate the entire modulation process, and the fringe pat- 
tern will be ruined. Thus, the subject to be photographed must 
be illuminated by a spatially coherent, monochromatic source, 
and the laser is by far the best of such sources. 

Reconstructing the Object 
The photographic record produced is called a hologram 

( Fig. 2) . When viewed in ordinary light, it is completely un- 
intelligible, yet it contains, (Continued on page 58) 
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SEA STATIONS FOR 

AIRCRAFT V.111. COVERAGE 
By PATRICK HALLIDAY 

British feasibility studies are now going on for two to four 
mid -Atlantic floating platforms. These will provide continuous 
v.h.f. coverage, radar, beacons, and other aircraft radio aids. 

FACH year the Atlantic air routes are tilling up with 
more and more aircraft. In peak periods there may 
already be some 10,000 people flying across the At- 

lantic at a time, all dependent upon radio communications 
and radio navigation aids. Not only are these numbers ex- 
pected to multiply fivefold in the next few years -but the im- 
portance of reliable communications will increase significantly 
with the coming of supersonic jets. 

Tests carried out recently with a U.S. military supersonic 
set flying [limn New York to Paris showed the need for almost 
continuous voice communications. There were some 100 min- 
utes of conversation during the 200- minute flight. W.L. 
Polhemus of the University of Michigan has suggested that 
with supersonic transports there may well be a need to pro- 
vide significant new capabilities in the communications field 
with mach greater emphasis on unlimited access among the 
flight crew, air -traffic controller, meteorologist, and dis- 
patcher- performance specialist. Because of the compression 
of the time scale, any errors could turn an otherwise profitable 
flight into a profitless and dangerous one. 

The V.H.F. Communications Gap 

At present there is still a large gap in mid- Atlantic v.h.f. 
communications. In spite of the current experiments with "ex- 
tended-range v.h.f. ", this gap cannot be bridged by this alone, 
and the aircraft must fall back on high- frequency operations, 
with all its problems of fading, interference, and sunspot 
"black- outs." 

Extended -range v.h.f. involves the recent technique of 
using higher power ground transmitters in conjunction with 
steerable dish beam antennas providing over 30 -db gain. 
With current airborne equipment, many engineers believe 
that v.h.f. coverage with high -flying jets can be extended by 
these techniques to about 400 nautical miles, with current air- 
borne receivers and transmitters, and to about 550 nautical 
miles if beam antennas with gains of about 12 db were in- 
stalled in the aircraft. 

But this is not enough to close the v.h.f. gap. Now. how- 
ever, an imaginative scheme is under development which 
may within about three years enable continuous v.h.f.- u.h.f. 
communications to he attained and to provide primary or 
secondary radar coverage, medium- frequency beacons, and 
other support navigational aids over the entire North Atlantic 
route without any need to modify the airborne equipment. 

Floating Sea Stations 
This new scheme, originally devised by the British Nlinis- 

try of Aviation, is based on the construction of some two to 
four floating "sea stations' to be permanently moored in mid - 
Atlantic and linked to the shore by the latest type of light- 
weight, high -capacity ocean telephone coaxial cables. 

If extended -range v.h.f. systems come up to expectations 
only two sea stations may be needed; otherwise up to four of 
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these floating electronic bases will be required. The sea sta- 
tions could be operating within three years. 

A design study undertaken by Seastation Telecommunica- 
tions Ltd., a company specifically set up for this purpose in 
Britain by a consortium of large electronic and shipbuilding 
firms, has so far confirmed the practicability of the proposals. 
Many tests have already been carried out on models of the 
sea stations in the large tanks of the British National Physi- 
cal Laboratory. 

Each sea station will consist of tubular structures. using 
double -skin construction akin to submarines, some 400 feet 
in length and 16 feet in diameter, floating vertically with 
about 380 feet immersed. The top 20 -30 feet of the cylinder 
is designed to support a platform above the reach of the high- 
est waves and providing accommodation for the electronics 
equipment, a crew of about 12 including the radio mainte- 
nance engineers, the antennas, and a helicopter landing deck. 
The sea station is thus some 450 feet over -all and would be 
floated horizontally out into the Atlantic where eventually 
they would be some 70 feet above the sea level. 

The vertical cylinder would be moored in position Nvith 
three anchors with cables coming into the lower end of the 
cylinder. The telephone cables would also be brought into the 
lower end of the cylinder, falling (Contin,u'd on pale 59) 

Artist's impression of operational and accommodation decks of 
sea station showing elevator connecting to engine area below. 
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Nickel-Cadmium Batteries 
By LEWIS HOFSTATTER / Applications Engineer, Battery Div., Sonotone Corp. 

This truly rechargeable and compact power source has led 
to the development of a wide variety of cordless devices 
in consumer, commercial, industrial, and military areas. 

ONE of the most significant developments in port- 
able power during the past 25 years has been the 
refinement and mass production of nickel -cad- 

mium alkaline batteries. Many millions of sealed and 
vented rechargeable cells have been used successfully in a 
wide variety of consumer, commercial, industrial, and mili- 
tary applications. Whole families of new cordless products 
have come into being, based chiefly on the high perform- 
ance capabilities of the sealed nickel- cadmium system. The 
market for the truly rechargeable battery continues to have 
a brilliant future and, until the fuel cell becomes econom- 
ically practical, it seems likely that the greatest hope for 
reliable portable rechargeable power will lie with the nickel - 
cadmium battery system. 

Pocket -Plate Nickel- Cadmium 
The first rechargeable alkaline battery was developed by 

Waldemar Jungner of Sweden in 1899 and employed an 
open pocket -plate type of cell. 

The pocket plate (Fig. 1, left) is a flat nickel -plated steel 
structure containing parallel rows of small pockets or cham- 
bers to hold the active materials. These pockets are very 
finely perforated to allow electrolyte access without permit- 
ting the escape of the material inside. Polystyrene or glass 
rods are used as separators between plates immersed in 
aqueous potassium hydroxide electrolyte. The positive 
plates contain nickel salts and the negative plates contain 
cadmium salts. 

The vented pocket -plate nickel- cadmium battery has 
proven to be the heavy -duty work horse of the industry. 
Available in capacities from 10 to about 2000 ampere - 
hours, the cells may be encased in either plastic or steel. 
They are assembled in hardwood trays of convenient size 
and these can then be tiered in steel racks. Each cell deliv- 
ers 1.2 volts and the most common voltage units are 6, 12, 
24, 32, 48, 110, and 220, but any intermediate value can 
also be obtained. 

These batteries have an extremely low internal resistance 
and can thus deliver very high currents with little loss of 
voltage. Conversely, they can also he recharged at greatly 
accelerated rates and. at normal temperatures, will hold 
their charge for very long periods. When delivering moder- 
ate currents, they will perform satisfactorily even at temper- 
atures of -40°C. 

Pocket -plate vented cells utilize an excess amount of al- 
kaline electrolyte and contain vents through which evolved 
gases are released and additional water or electrolyte may 
be added, if required, for proper maintenance. They are not 
the lightest batteries in the world, but they probably are the 
most reliable, often providing as much as 25 years' of use- 
ful service. These batteries are thus employed in emergency 
standby applications with marine, lighting. alarm, control 
signaling, switchgear, telephone, engine starting, as well 
as for auxiliary utility power systems. 

Sealed Sintered -Plate Nickel -Cadmium 
The sintered -plate type of nickel -cadmium cell was de- 

veloped in Germany during the Second World War and was 
produced in this country shortly after the war ended. The 
greatest current activity and volume in nickel -cadmium 
batteries is with the sealed sintered -plate types. The best 
testimonial to the efficiency, reliability, and complete lack 
of maintenance in sealed nickel- cadmium cells is the fact 
that probably more than half the consumers using cordless 
appliances with such batteries do not even realize that they 
contain batteries at all. Many manufacturers have encour- 
aged this tendency by referring to the power source as an 
"energy cell" or a "powerpack,°' because they feel that there 
may otherwise be some sales resistance to a battery -pow- 
ered device. 

The sealed sintered -plate cell has five main components: 
a positive plate. a separator or dielectric, a negative plate, 
electrolyte, and a container. (See cover illustration.) No 
access vent is provided in a sealed cell and a limited quan- 
tity of electrolyte is used, thus reducing maintenance to a 
minimum and eliminating the need to add either water or 
electrolyte. 

Preparation of positive or negative plates requires the 
sintering of a fine nickel powder to a woven nickel wire 
screen. (Sintering involves the conversion of a powdered 
or earthy substance into a coherent solid mass by heating 
without thoroughly melting. ) This not only acts as a matrix 
conductor. but also imparts great strength and flexibility to 
the plate. This results in a thin, highly porous nickel plaque 
(Fig. 1, center) which is then impregnated with nickel salt 
solutions for the positive plate and cadmium salt solutions 
for the negative plate. 

The separator, an absorbent dielectric material, mechan- 
ically separates the positive plate from the negative while 
holding electrolyte and permitting ions or electrical current 
to flow between the plates. The electrolyte used is an aque- 
ous solution of potassium hydroxide. 

The usual cell container is a nickel -plated steel can and 
cover. The cell is assembled by rolling both plates, sepa- 
rated by the dielectric, into a tight roll or core which is then 

Fig. 1. Three typical nickel- cadmium battery plates. From 
left, modern pocket plate, sintered plate, and pasted plate. 
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Fig. 3. Terminal voltage measured during a constant charge. 
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placed into the can with the electrolyte and sealed. The neg- 
ative plate tab is welded to the bottom of the can, making 
the entire cell case the negative terminal. The entire cell 
assembly is then charged, discharged, and completely in- 
spected by the manufacturer of the cell. 

Electrical Characteristics 
The closed -circuit voltage of a single nickel- cadmium 

cell, irrespective of size or shape, is nominally 1.25 volts 
hut certain other voltage levels may also be encountered. 

Open- circuit voltage is the voltage of a cell without a 

load. At room temperature, this is 1.33 volts. This repre- 
sents the normal terminal voltage of a nickel- cadmium 
electrode pair immersed in potassium hydroxide electrolyte. 

End -of- discharge voltage is the final voltage to which a 

cell is discharged. Levels below 1.0 volt per cell should be 
avoided where possible. Quite often, a higher end point can 
he used because most of the cell's capacity is exhausted at 
voltage levels somewhere between 1.10 volts and 1.15 
volts (Fig. 2). 

End -of- charge voltage is the final voltage across the cell 
at the end of charge, with charge current still flowing 
through it. A cell placed on constant charge soon rises to a 

voltage of 1.40 (Fig. 3) and can climb to 1.47 volts or 
more. 1.43 volts is an average final voltage and a cell is 

questionable if it does not reflect voltages reasonably close 
to these. 

Ampere -hour capacity is generally measured to a 1.0 -volt 
per cell end -point and is the product of discharge current 
and the time under load. 

Capacity varies with the discharge rate. Figs. 4 and 5 

indicate that at a 1 -hour rate the cells will yield about 80% 
of their 5 -hour rate, which is considered the standard ca- 
pacity of the cell. At lower rates, such as the 10- or 20 -hour 
rate, a somewhat higher capacity than that of the 5 -hour 
rate is obtained. To illustrate, the "AA" size (ordinary pen- 
light) sintered -plate cell has a nominal capacity of 510 
ma.hrs. at the 5 -hour rate of discharge, 430 ma.hrs. at the 
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1 -hour discharge rate, and 550 ma.hrs. at the 20 -hour rate. 
Fig. 4 also indicates what may be expected in voltage level 
on any size cell if the discharge rate is changed from the 
5 -hour to the 10- minute or 1 -hour rate. 

High- current capability. Sealed sintered -plate cells can 
deliver high current discharges in the neighborhood of 10 
to 15 times their 5 -hour rated capacity. For example, a 

"l C" cell with a capacity of 800 ma.hrs. may be used to 
deliver 10 amperes for a short time. The same cell will pro- 
vide a full 16 minutes of operation at a constant discharge 
of 2.5 amperes (see Fig. 6A). Ordinary batteries are ruined 
by such treatment. Fig. 4 shows the effect of discharge cur- 
rent upon actual cell capacity obtainable. Note that the 
total energy available (the area under the curves) is some- 
what lower at high current drains, but that the voltage reg- 
ulation is still excellent. 

Table 1 lists representative data on a few of the more 
popular types of sealed nickel -cadmium cells. 

Temperature Effects & Charge Retention 
While their discharge performance is affected somewhat 

at temperature extremes, sealed, sintered -plate nickel -cad- 
mium cells offer some advantages over other battery sys- 
tems in this respect. At 32 °F, the cells will yield approxi- 
mately 90% of their room temperature capacity, while at 
125 °F they will produce 70 %. The cells can also supply 
useful but reduced energy over the range of - 40° to 
+165 °F. Discharge voltage levels will decrease somewhat 
from those encountered at room temperatures as the tem- 
perature is either increased or decreased. 

For best results, cells shoud be charged at ambient tem- 
peratures between 60° and100 °F. End -of- charge voltages 
can be expected to be higher (1.55 volts) than those en- 
countered at room temperatures when cells are charged at 
cold temperatures and can be expected to be lower (1.37 
volts) at the upper extreme temperatures. This is why 
sealed cells should never be charged by constant potential, 
since the cells tend to warm up during charge and thus de- 
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crease in voltage. The charger will then supply increased 
currents, causing more heating, and so on, until cell failure 
results. This condition is call "thermal runaway," and can 
be prevented only by using constant -current charging. 

The sealed nickel- cadmium cell, like all electrochemical 
storage devices, loses a percentage of its charge while in 
storage. At room temperature, the cell will retain 75% of 
its capacity after a 30 -day stand, 60% after 60 days, and 
50% of its capacity after a 90 -day period (Fig. 6B). In any 
case, the loss of charge is only of a temporary nature and 
can be regained on subsequent charging. One of the advan- 
tages of a rechargeable system is that the loss of shelf life 
can be prevented by keeping the cells on a trickle charge or 
simply by recharging them before being placed into service. 

Cell Reversal 
If a multiple -cell battery is deeply discharged at currents 

much greater than C /10 (C =amp. hr. capacity of cell at 
5 -hr. rate), there is a possibility that cell reversal will occur. 
This can happen if one cell is slightly lower in capacity than 
the others and if, during discharge, its voltage falls near 
zero while the other cells may be at one volt or more. The 
battery will continue to discharge through the "dead" cell, 
charging it in reverse, as it were. If the discharge continues 
long enough, the cell may reverse its polarity and be dam- 
aged. 

It occasionally becomes necessary to protect a sealed 
nickel -cadmium battery from the repetitive deep discharges 
that might prove injurious. In some cases, the device can 
be designed to become inoperative when the voltage drops 
below 1 volt per cell, At other times, the user can be in- 
structed to charge whenever the power appears to weaken. 
One solution is to use the appropriate zener diode across 
each cell to prevent it from being driven into reverse polar- 
ity. When the weakest cell reaches a reverse 0.1 volt, the 
diode will pass all the current instead of the cell, thus pre- 
venting damage. The correct zener diode must be able to 
begin conducting current at very low voltages and must 
possess the required current- handling capability. Such di- 
odes are often quite expensive, so simpler techniques are 
generally employed. These usually involve the use of a 

80 100 

relay across the battery terminals which disconnects the 
load when terminal voltage drops to a predetermined value. 

State of Charge 
The state of charge is the amount of energy left in a bat- 

tery at any given time. There is no simple, practical way of 
measuring the state of charge in a nickel- cadmium system, 
since the voltage does not reflect residual capacity and the 
electrolyte serves chiefly as an ion -carrier, without signifi- 
cant changes in its specific gravity. When dealing with 
either vented or sealed nickel -cadmium batteries, if in 
doubt about the state of charge, the best procedure is 
simply to give a 14 -hour freshening charge at the C/10 rate 
or keep on trickle charge permanently at C/100. 

Charging Techniques 
Recharging sealed cells is a simple matter and can be ac- 

complished in several ways. In each case, only constant - 
current charging should be used due to the possibility of 
"thermal runaway," described earlier. Because there are 
some heat losses, gas evolution, and side reactions, recharg- 
ing is never 100% efficient and it is necessary to replace 
140% of what was removed. The standard recharge rate is 
at a current value of lio the cell capacity (C /10) for from 
14 to 16 hours. 

Fig. 7A shows a typical half -wave constant -current 
charger. Note that no filtering is required for nickel -cad- 
mium chargers, since the average cell has an enormous 
equivalent capacitance. The charger is actually a current - 
limited device and will not really provide a truly "constant" 
current, since the counter- e.m.f. of the battery rises during 
charge and will oppose the transformer e.m.f. The charge 
currents will be quite constant enough, however, for bat- 
tery charging and no trouble will he encountered if the cur- 
rent at the end of the charge does not exceed the C/10 rate 
for sintered -plate batteries. 

The value of R is chosen as follows: 
1. Multiply the number of cells by 1.45 volts to obtain 

the counter- e.m.f. at end -of- charge. 
2. Select transformer with a secondary voltage that is at 

least twice this voltage. 

Table 1. Characteristics of sealed cells. "AA'' cells are enli ht t p g type while "D" cells are standard flashlight type. 

Average 
Capacity 

Size (5 -hr. rate) 

Average 
Capacity 

(1 -hr. rate) 

AA .51 amp. hr. .43 amp. hr. 

C 1.9 1.6 

D 4.0 3.2 

F 6.5 6.0 

October, 1965 

Charge for 
14 -hours 

(constant current) Dia. (in.) 
Over -a I I 

Hgt. (in.) Weight (oz.) 

60 -cps 
Impedance 

(in milliohms) 

50 ma. .580 1.985 0.8 22 

150 1.022 1.925 2.6 15 

400 1.333 2.385 5.5 12 

600 1.333 3.455 8.3 7 
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Fig. 7. A grouping of nearly constant current charg 

3. Subtract voltage from step (1) from voltage of step 

(2). 
4. Use this value for E in the formula R =E /1; use C /10 

current (or the current desired ) for the value of 1, and solve 
for R. The wattage rating of the resistor should be 2.5 to 3 

times the product of E and 1. Adjustable resistors are handy 
for prototype use, because exact settings can be made. 

The diode should have a conservative peak inverse volt- 

age rating. It will run cool if capable of handling twice the 
maximum anticipated current. Remember that a heavily 
discharged battery will draw substantially higher currents 
until its counter- e.m.f. rises. Some manufacturers incorpo- 
rate the ballast resistor in the secondary winding of the 
transformer, others use an incandescent pilot light as a com- 
bination resistor, fuse, and charge -rate indicator. 

At higher currents and for greater efficiency, full -wave 
charging can be used. If the transformer secondary is cen- 
ter- tapped, the double -diode circuit of Fig. 7B can be used. 
The value for R is calculated as above, but the secondary 
voltage of the transformer is just twice that required for 
half -wave rectification. 

A common full -wave charger using an untapped second- 
ary and a bridge rectifier is shown in Fig. 7C. The bridge 
rectifier requires four diodes and must not be operated 
without the battery connected, because the resulting cur- 
rent imbalance could damage the diodes. The same bridge 
can be used with a capacitor replacing the transformer, as 

in Fig. 7D. Due to the size of the capacitor, it is feasible 
only for small or moderate currents. Table 2 shows some 
typical values for C at various charge rates. 

Table 2. Values for series capacitor C in Fig. 7D. This 

particular circuit has a potential shock hazard as it is 

connected directly to the power line, hence it should be 

built into end device with suitable personnel protection. 

Cell Capacity Number of Cells Value of C Nominal Charging 
(ma.hr.) in Series (in sf.) Current (ma.) 

50 l to 5 0.12 5 

100 l to 5 0.25 10 

150 1 to 5 0.40 15 

250 l to 5 0.65 25 

500 1 to 5 1.40 50 

1000 l to 5 3.25 100 

40 

(D) 

ing circuits recommended for nickel- cadmium cells. 

Smaller cells can sometimes be conveniently recharged 
from a larger primary battery -the relative voltages often 
work out perfectly. For example, a pair of 20 ma.hr. hear- 
ing -aid cells can be recharged in parallel from a single #6 

Leclanché cell. These cells may be kept on charge while 
another pair of cells is used in the hearing aid. At least two 
years of use can be obtained in this manner. 

Most sintered -plate sealed cells made today have some 
sort of safety venting device to prevent seal failure in the 
event of cell abuse. A puncturable diaphragm composes the 
top cell seal and a piercing point impinges upon the center 
of the diaphragm. Any gas accumulation due to excessive 
discharging or charging rates will cause the diaphragm to 

be distended upward and the point will make a small punc- 
ture. When the gas pressure is relieved by venting to the 
external atmosphere through the hole in the top cover, the 
diaphragm is elastically restored to its original plane, almost 
closing the pierced opening. The cell will continue to func- 
tion for a number of cycles but it will naturally age some- 
what faster than would an unpunctured cell. 

Cycle Life & Packaging 
Cycle life refers to the number of charge- discharge 

cycles of operation possible before capacity drops to a pre- 
determined level. Cycle life is at an optimum when over - 
discharge is avoided, recharging is performed regularly, 
and depth -of- discharge is kept as shallow as possible. When 
the charge -discharge cycles are nearly full, life is measur- 
able in hundreds of such cycles; when partial discharges 
are used, cycle life may be in the thousands. 

Sealed cells are available in capacities from 20 ma.hrs. 
to 25 ampere -hours and they can all he assembled to form 
a variety of finished battery packs. Small disc cells are 

stacked to make compact cylindrical batteries. The popu- 
lar cylindrical cells may be packaged either in long end - 
to -end cylinders or side -by -side in convenient modular 
configuration; larger rectangular cells are assembled side - 

by -side in battery trays or enclosures. 

Pasted or Pressed Plate 
For many years, nickel- cadmium cells have been made 

by simply pressing, under pressure, a paste of active mate- 
rials into a supporting matrix (Fig. I, right) rather than by 

sintering. This type of cell is less expensive to produce, has 
excellent charge retention, and gives good capacity- volume 
efficiency. However, it has a higher internal resistance and 
is thus limited to low and moderate current -drain applica- 
tions. Pasted -plate cells are available in both cylindrical 
and disc -shaped configurations; the latter can be assembled 
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in stacks to give any desired voltage. These cells are rela- 
tively inexpensive compared to the sintered -plate type and 
have a minimum average life of from one to three years. 

Vented Sintered -Plate Batteries 
Vented cells are produced from standard sintered plates 

which are made in parallel assemblies to give a rectangular 
configuration (Fig. 8). Batteries of these cells can safely de- 
liver enormous currents with good voltage regulation. They 
may be fully charged in times as short as 1/z hour over tem- 
peratures from -65° to +165 °F. The cell containers are 
polystyrene or nylon and are housed in stainless steel or 
fiberglass battery cases. No acids, noxious gases, or cor- 
rosive fumes are evolved during normal use. Because of the 
type of one -way vent employed, these cells can be dis- 
charged in any position, although they should be kept ver- 
tical during fast discharge to prevent loss of electrolyte. 
Vented sintered -plate batteries can be stored for long pe- 
riods in any state of charge and will retain a charge for at 
least a year. 

The extremely long life and corrosion -resistant construc- 
tion virtually eliminates the need for inspection or mainte- 
nance. An occasional electrolyte check and the addition of 
a little distilled water a couple of times a year is all that 
may be required. If it ever becomes necessary to change a 
vented cell in a battery, the cell is simply removed and re- 
placed by a new one. This feature enables every battery 
cell to be used to exhaustion. Because all the internal con- 
nections are welded and the plates have very low resistance, 
pulse discharges up to 40 times the cell capacity are pos- 
sible. 

The vented sintered -plate nickel -cadmium batteries are 
extensively used in military and industrial applications, in- 
cluding engine starting, switchgear operation, and emer- 
gency standby service. Available in low -, medium -, and 
high- current rate versions, they are more expensive than 
their sealed counterparts but have a normal life expectancy 
of from 5 to 10 years. Vented cells may be charged with 
either constant voltage or constant current, whichever 

- Cal COVER 
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Fig. 8. Cutaway view of vented sintered -plate battery cell. 

seems more suitable. Combination circuits can be designed 
to charge initially at constant voltage and high current, then 
taper automatically to constant trickle current. 

At times it may be necessary to charge two or more cells 
in parallel. This can be accomplished by inserting a resistor 
in series with each of the cells being charged from a single 
source. The value of the resistor chosen must he at least 100 
times the magnitude of the internal resistance of each cell. 
Slight differences in cell internal resistance thus exert a 

negligible effect. 

ALKALINE-MANGANESE 

Battery Sources 
NICKEL-CADMIUM 
SILVER -CADMIUM 

CARBON -ZINC 
SILVER -ZINC 

MERCURY 
Acme Battery Corp., 200 Henry St., Stamford, Conn. 
Alkaline Batteries Co., 2278 Mora Dr., Mountain View, Cal. 
Bright Star Industries, 600 Getty Ave., Clifton, N. J. 
Burgess Battery Co., Freeport, Illinois 
Carbone Corp., 400 Myrtle Ave., Boonton, N. J. 

s Catalyst Research Corp., 6101 Falls Road, Baltimore 9, Md. 
Cook Batteries Co., Denver, Colorado 
Delco -Remy Div., General Motors Corp., Anderson, Indiana 
Eagle -Picher Co. Chemicals Div., P.O.B. 290, Joplin, Mo. 
Electric Storage Battery Co., 2 Penn Center Plaza, Philadelphia, Pa. 
Electrochimica Corp., 1140 O'Brien Dr., Melno Park, Cal. 

' General Electric Co., Battery Prod. Sect., P.O.B. 114, Gainesville, Florida 
General Electric Co., Ordnance Dept., 100 Plastics Ave., Pittsfield, Mass. 
Gould- National Batteries Inc., Alkaline Battery Div., 1st Nat. Bank Bldg., St. Paul, Minn. 
Gulton Industries Inc., 212 Durham Ave., Metuchen, N. J. 
Mallory Battery Co., Broadway & Sunnyside Lane, Tarrytown, N.Y. 
Marathon Battery Co., Box 298, Wausau, Wisconsin 
Nife Inc., Copiague, Long Island, N. Y. 
RCA, Electronics Components and Devices, 415 S. Fifth St., Harrison, N. J. 
Sonotone Corp., Battery Div., Saw Mill River Rd., Elmsford, N. Y. 
Telecomputing Corp., Power Sources Div., 3850 Olive St., Denver, Colorado 

O. Union Carbide Corp., Eveready, 270 Park Ave., New York 17, N. Y.* 
Yardney Electric Co., 40 Leonard St., New York 13, N. Y. 

*Also makes air -depolarized types. 
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Carbon -Zinc Batteries 
By FRANK B. PI PAL / Manager, Battery Engineering Dept., Union Carbide Corp. 

The most widely used primary battery system because 
of its low cost, reliable performance, ready availability. 

THE standard carbon -zinc Leclanché type battery 
dominates the primary battery market. It is expected 
to still be the most widely used system in the future 

because of its low cost and reliable performance. 
As uses widened in scope and character, the battery in- 

dustry developed cells of various sizes and grades to meet 
new requirements. For example, the "Eveready" line in- 
cludes 159 types of carbon -zinc batteries. They come in 
23 different voltages, ranging from 1.5 to 510, with many 
different shapes and sizes and terminal arrangements. There 
are ten basic round and twenty -two flat cells used to build 
the 159 different batteries. Round cells are available as unit 
cells or in assembled batteries. Flat cells are used in multi - 
cell batteries only. In any one specific size the cell ingredi- 
ents and formulas may he varied to give certain perform- 
ance qualities for different applications. 

Service capacity of individual carbon -zinc cells ranges 
from several hundred milliampere -hours to about 30 am- 
pere- hours. When assembled into batteries in various cell 
arrangements, the battery capacities of currently available 
types range to over 100 ampere- hours. 

Chemical Composition & Construction 
The anode or negative electrode in a carbon -zinc cell 

is zinc. It easily gives up electrons to an external circuit 
and thus becomes a source of positively charged ions. 

The cathode or positive electrode is manganese dioxide 
in the form of a bobbin consisting of a mixture of man- 
ganese dioxide, acetylene black, and solid ammonium 
chloride wet with a zinc chloride -ammonium chloride 
electrolyte. The manganese dioxide serves both as a de- 
polarizer and as a source of about one -half of the energy 
output of the cell. As a dry cell delivers current, the man- 
ganese dioxide loses oxygen while the zinc is oxidized. As 

Fig. 1. Cross -section of external- cathode "inside-out" cell. 
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the available oxygen from the manganese dioxide becomes 
depleted, the manganese dioxide becomes less and less 
active as the cell cathode. 

To get a mechanically suitable termination in the usual 
cylindrical cell, a carbon rod is inserted into the bobbin. 
The carbon rod with a metal cap is a good electrical con- 
ductor which serves as a current collector to conduct elec- 
tron current from the outside circuit. It is chemically inert. 
It is also porous enough to permit the escape of gases ac- 
cumulating in the cell while, at the same time, not permit- 
ting the leakage of electrolyte. 

The separator is an inert insulating medium, such as 
cereal paste or plastic film, that physically separates the 
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CARBON COATING 
ZINC 
LINER 
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Fig. 2. Cross -section of the "Mini -Max" flat cell. 

positive and negative electrodes but permits ion transfer be- 
tween electrodes through the electrolyte. 

The carbon -zinc cell cannot be hermetically sealed and 
must have vents for gases generated within the cell during 
reactions and while idle. Pitch. wax, rosin, water -proofed 
cardboard, plastic. and insulated metal covers are types 
of seals used which minimize air access and moisture loss 
by evaporation and thereby contribute to service mainte- 
nance. Air spaces are left between the depolarizing mix 
and the seal to provide for expansion of the cell contents 
as the cell is used. 

The basic carbon -zinc cell is made in many shapes and 
sizes but two general categories exist. round and flat cells. 
The chemical ingredients are the same for both, the differ- 
ence is mostly physical. 

In addition to the standard round cell (shown in cross - 
section on the cover), a unique patented external cathode 
or "inside -out" round cell construction is shown in Fig. 1. 

(Patent No. 2605299) In this cell an injection- molded, 
impervious, inert carbon wall is the container and also 
functions as the current collector. Zinc vanes are inside the 
cell, surrounded by the cathode mix. This insures efficient 
zinc consumption and, since zinc is not used as a container, 
a high degree of leakage resistance. 

The "Mini -Max" flat cell utilizes cell materials in a lam- 
inated structure. In these flat cells, carbon is coated on a 
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zinc plate to form a duplex electrode -a combination of 
the zinc of one cell and the carbon of the adjacent one. The 
"Mini -Max" cell, shown in Fig. 2, contains no expansion 
chambers or carbon rod. 

This construction increases the amount of depolarizing 
mix available per unit cell volume and, therefore, the en- 
ergy content. In addition, the flat cell, because of its rec- 
tangular form, reduces waste space in assembled batteries. 
Since zinc is not used as a container in the "Mini -Max" 
flat cell, leakage is, for practical purposes, eliminated. 

Voltages 
The open- circuit voltage of carbon -zinc dry cells manu- 

factured of the same materials is the same irrespective of 
cell size. Voltmeter readings, because of meter load, will 
show slightly higher values as cell size increases because 
of the difference in impedance between the cells. 

With an electrolyte of ammonium chloride, a manga- 
nese dioxide positive electrode, and a zinc negative elec- 
trode, the initial open -circuit voltage is referred to as a 
nominal 1.5 volts. However, the actual initial voltage may 
vary from about 1.5 to over 1.6 volts depending on the 
type and the amount of manganese dioxide and on slight 
differences in electrolyte formulation. A higher -voltage 
battery is not necessarily better than one of lower volt- 
age. (Editor's Note: According to tests made some years 
ago by the National Bureau of Standards of a number of 
brands of batteries containing "D" -size cells stored at 70 °F, 
the average open -circuit voltage per cell measured: initial, 
1.576 v.; 1 yr, 1.526 v.; 2 yrs, 1.506 v.; 3 yrs, 1.500 v.) 

The open- circuit voltage of dry cells on shelf declines 
only a few hundredths of a volt per year until the battery 
reaches a condition of final exhaustion, at which time 
the voltage begins to drop very rapidly. The open- circuit 
voltage also decreases about 0.0004 volt per °C when tem- 
perature decreases from 25 °C (77 °F) to -20 °C ( -4 °F). 

The terminal voltage of the cell while under discharge 
is called the working voltage or voltage under load. It is 
more important than the open- circuit voltage. It is lower 
than the open- circuit voltage by an amount dependent upon 
the current passing through the cell and the internal re- 
sistance of the cell. The working voltage of a carbon -zinc 
cell falls gradually as it is discharged. as shown in Fig. 3. 
The service hours delivered are greater as the cut -off or 
end -point voltage is lower. 

Internal Resistance 
The internal resistance of a carbon -zinc dry cell is a 

combination of the cell's solid conductor, electrochemical, 
and contact resistance. The internal resistance of unused 
dry cells is very low and is quite negligible in most appli- 
cations. 

Internal resistance may he defined in terms of flash 
current or short -circuit amperage. It has often been as- 
sumed, incorrectly, that the amperage reading is indicative 
of service capacity. 

Amperage is usually higher in larger cells, but in cells 
of any size amperage may vary widely with different grades 
and different makes. Sometimes a cell with lower amperage 
has the better service capacity, but this is not necessarily 
true in all cases. 

The internal resistance increases with use, storage time, 
and decreasing temperature. With age, the cell dries out 
and, with use, some of the MnO_ is converted to Mn_0.;, 
which has higher resistance. Coatings over the reactants 
also reduce currents. 

Table 1 indicates the approximate internal resistance, 
as determined by the flash current, of several representative 
round cells. The cells are all of a general -purpose grade. 
Flash current varies with different formulations of mate- 
rials in the same cell size. 

October, 1965 
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Fig. 3. Voltage- discharge characteristics of fresh carbon - 
zinc "D" -size cell discharged 2 hours per day at 70 °F. 

120 140 160 

A.S.A. Cell -Size Average Flash Approx. Internal 
Designation Current (amps.) Resistance (ohms) 

N 

AAA 
AA 
C 

D 

F 

G 

6 

2.4 
3.5 
5.4 
3.3 
5.8 
9.0 

11.0 
38.0 

0.69 
0.44 
0.29 
0.47 
0.27 
0.17 
0.11 
0.03 

Table 1. Internal resistance of fresh round cells. 

Service Capacity 
The service capacity of a carbon -zinc dry cell cannot 

be stated as a single value. The amount of electrical en- 
ergy which can he withdrawn varies under different condi- 
tions. This is because the cell functions at different degrees 
of efficiency depending upon the load. 

If the load is too heavy and energy is withdrawn too 
rapidly from the cell, the reaction rate of both electrodes 
can be exceeded. Reaction products which are generated 
in the cell cannot diffuse away fast enough, thus the work- 
ing voltage drops off and the cell does not function effici- 
ently. If energy is withdrawn more slowly, the depolarizer 
functions more effectively and diffusion can take place so 
that the cell maintains its current and working voltage holds 
up well. 

If the withdrawal of energy is too slow, the time required 
to exhaust the cell is so extended that shelf deterioration 
is sufficient to detract from the cell's available energy and 
so reduces its electrical output. 

Between these two conditions of service, heavy and 
light, there is a point where depolarization is at its best 
and shelf deterioration is still negligible and here the most 
efficient service is obtained. 

The three conditions described result in differences in 
energy output and also in the shape of the discharge curve. 
The conditions are shown in the curves of Fig. 4. 

Severe service conditions may be due to either heavy 
current drains or continuous or long discharge periods. 
Continuous use is not necessarily inefficient if the drain is 
very light. 

A relatively heavy drain may be permissible if the dis- 
charge periods are very short and the rest periods constitute 
a very large proportion of the time. 

Carbon -zinc dry batteries are intended primarily for 
intermittent service. The total service life obtained is nor- 
mally greater for a discharge schedule of 2 hours per day, 
for example. than for continuous discharge. Intermittency 
allows sufficient time for the back diffusion of reaction 
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Fig. 4. Performance of No. 6 general -purpose cells. (A) Heavy 
withdrawal of energy, incomplete depolarization (elapsed time 
of few hours). (B1 Highly efficient performance lelapsed time 
6 -12 months). IC) Light service shows reduction in the energy 
output due to shelf depreciation (elapsed time 2 to 3 years). 

products and other reactions in the recuperation process. 
Service life at low temperatures is reduced because of 

retarded chemical action in the cell. High temperatures 
increase cell output at the expense of shelf life. 

Cut -Off Voltage 
The cut -off or end -point voltage is the closed -circuit 

voltage at the end of a useful discharge. It is the cell volt- 
age below which the battery -powered equipment will not 
operate satisfactorily or below which operation is not 
recommended. 

Typical cut -off voltages for carbon -zinc cells range 
from 0.6 to 1.2 volts per 1.5 -volt cell, depending upon the 
application. The cut -off voltage should be made as low as 

possible so as to use the available energy in the battery. 
This is sometimes done, if the equipment can tolerate it 
without causing failure, by using a slightly higher voltage 
battery than the application normally requires. The cut -off 
voltage per cell is then lower and insures efficient use of the 
battery. The curves of Fig. 5 show the advantage of a low 
cut -off voltage for moderate or heavy use. 

Effect of Temperature 
Continued high temperature, either operating or storage, 

is an abusive condition for dry cells. Most carbon -zinc cells 
are designed to operate at normal room temperature. Volt- 
age and depolarization are increased by high temperature, 
but this is offset by more rapid shelf deterioration. Shelf 
deterioration is greatly hastened due to greater loss of mois- 
ture and accelerated chemical action. The higher the dis- 
charge temperature, the greater the energy output of the 
cell. However, high temperature may cause early complete 
breakdown of a cell. Prolonged exposure to temperatures 
above 125 °F, for example, may cause erratic operation 
and sudden failure. Any temperature above 70 °F reduces 
the normal shelf life of a cell. 

The service capacity of carbon -zinc cells at low tem- 
peratures is sharply curtailed because of increased resistiv- 
ity and viscosity of the electrolyte, the decreased rate at 
which chemical reactions occur, and freezing. Cells provide 
very little service at sub -zero temperatures. With special 
low- temperature electrolytes, however, service can be ob- 
tained at a temperature of -40 °F. 

Shelf Life & Storage 
Shelf life is a measure of the lasting quality of dry cells 

prior to the time of their being put in service. The most val- 
uable measure of shelf life is the useful electrical output 

Fig. 5. (A) For moderate or heavy use, the advantage of 
a lower cut -off voltage is very marked. (B) For light use, 

there is less advantage. "L" shows the life advantage. 
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of the cells after some specified period of storage time. 
As dry cells become older, they gradually deteriorate 

either in use or idle. This deterioration is the result of 
very slow chemical reactions and moisture changes which 
take place in the cell. These changes can be minimized but 
not avoided. They gradually reduce the service output. 
During idleness, there is slight deterioration with time. The 
rate of deterioration is increased with higher temperatures. 
It can be retarded by storage at low temperatures. The rate 
of deterioration is greater for partially discharged than for 
unused cells. 

A storage temperature of 40° to 50 °F is very effective 
and the major benefit is derived by avoiding exposure to 
temperatures in excess of 70 °F. 

In connection with cold storage of dry batteries, it is 

important to observe certain precautions: 
1. Unnecessary handling should be minimized after bat- 

teries are chilled. 
2. Batteries for cold storaging should he packed in suit- 

able containers and left in such containers after being with- 
drawn from the lower temperature until the batteries reach 
normal outside temperature. 

Standard Methods of Testing 
The variety of uses for dry cells and batteries has led 

to the adoption of a considerable number of tests, each 
intended to simulate some kind of service as, for example, 
flashlight, radio, or hearing aid. In the early days of the 
dry battery industry, important uses were studied and tests 
devised which duplicated these uses as to current drain, 
periods of discharge and recuperation, and cut -off voltage. 
Such tests duplicated usage conditions approximately as to 
over -all period of time, which is a very essential feature. 
Tests, to be of value, must approximately duplicate the 
conditions of use. Quick continuous tests are not related to 
longer intermittent uses and are not indicative of cell be- 
havior in actual service. 

Service tests have been developed by a sectional com- 
mittee of the American Standards Association acting under 
the sponsorship of the National Bureau of Standards. These 
tests are described in the National Bureau of Standards 
Handbook 71 entitled "Specification for Dry Cells and 
Batteries." New tests are devised from time to time as new 
uses develop. These standard tests have been universally 
adopted by the battery industry and have been very useful 
in developing the high -quality dry cells which are available 
today. 

There is no simple or rapid method of determining the 
service capacity of a dry battery. Tests must he run which 
closely duplicate the class of service for which the battery 
is intended. The schedule of operation is very important. 
The service capacity of a battery used two hours per day 
will be considerably different from that of the same battery 
used 12 hours per day. 

There is no relation between continuous -duty service and 
intermittent service. It is, therefore, impossible to rate the 
merits of different batteries on intermittent service by com- 
paring the results of continuous -duty tests. 

Another fallacy concerning dry batteries is that relative 
"quality" or service capacity of a battery can be determined 
by amperage readings. This is not true and in most in- 

stances gives results which are totally misleading. The size 
"D" photoflash round cell and the flashlight cell are identi- 
cal in size and shape. However, the photoflash cell, which 
will show more than twice the amperage of the flashlight 
cell, runs a poor second to it in service capacity in typical 
flashlight uses. 

The short -circuit amperage of a cell may be adjusted 
over a wide range by varying the carbon content of t!-^ 

depolarizing mix. Carbon contributes nothing to the cell 

energy and is used primarily to control cell impedance. 
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It is apparent that as carbon is added to a cell, depolarizer 
must be removed. This means that the energy content is 
reduced. 

Dry batteries can be meter -tested to check present con- 
dition. A meter test, however, will give no indication of 
remaining service capacity unless the exact history of the 
battery is known and can be compared on a service vs 
meter reading basis with other batteries tested in similar 
service. 

A loaded voltmeter is considered the best spot -check 
device, since open- circuit voltmeter readings give no indi- 
cation of internal impedance and a short -circuit amperage 
reading is damaging, especially to `B" batteries that are 
employed for radio receivers. 

Rechargeability of Carbon -Zinc Cells 
It has been known for years that the Leclanché type 

carbon -zinc cell is rechargeable to some degree if the dis- 
charge and charge cycles are controlled with precision. On 
this matter the National Bureau of Standards (Letter Circu- 
lar LC 965) makes the following comments: 

From time to time attention has been turned to the problem of re- 
charging dry cells. Although the dry cell is nominally considered a 
primary battery it may be recharged for a limited number of cycles 
under certain conditions. Briefly these are: 

1. The operating voltage on discharge should not be below 1.0 volt 
per cell when battery is removed from service for charging. 

2. The battery should be placed on charge very soon after removal 
from service. 

3. The ampere -hours of recharge should be 120% -180% of the dis- 
charge. 

4. Charging rate should be low enough to distribute recharge over 
12 -16 hours. 

5. Cells must be put into service soon after charging as the re- 
charged cells have poor shelf life. 

Recharging of dry cells may be economically feasible only when 
quantities of dry cells are used under controlled conditions with a 
system of exchange of used cells for new ones already in practice, and 
with equipment available to provide direct current for charging. Such 
a system would not be practical for home use. 

By reversing the flow of current through the battery, both 
the anode and the cathode can be restored to a near- original 
condition through the process of electroplating. The effi- 
ciency of these replating operations determines how useful 
the system is for rechargeable batteries. This efficiency is 
affected by: 1. electrolyte conductivity, 2. the nature of the 
reaction products, and 3. the type of battery separator that 
is used. 

In the carbon -zinc system, zinc dissolves in the electro- 
lyte during use and often forms reaction products in com- 
bination with the manganese dioxide. Upon recharging, the 
zinc ion must travel from the electrolyte and redeposit on 
the anode. To produce a smooth plating operation, it is 
necessary that a good portion of the original zinc remain in- 
tact and that current distribution within the cell be very 
uniform. Conditions existing in the ordinary dry cell quickly 
lead to unevenness in the plating after successive charge and 
discharge cycles. 

Zinc depositing more heavily in certain areas of the 
anode causes the formation of dendrites or tree -like growths 
which penetrate the separator, touch the cathode and cause 
internal short -circuiting of the battery. 

During discharge of the cathode, the manganese dioxide 
is reduced to one of the lower valent oxides. The re- oxida- 
tion or reforming of the manganese dioxide during recharge 
proceeds smoothly unless substantial insoluble reaction 
products prevent even distribution of the current within 
the cell. 

Deep discharge uses battery materials non -uniformly. 
The low conductivity of the electrolyte used in carbon -zinc 
batteries, when compared to those used in rechargeable sys- 
tems, also limits the rate of discharge and the rate of charge 
acceptance to values that are lower than normally useful in 
rechargeable systems. 

Recharging cells which are not specifically designed for 
charging can be dangerous. Excessive amounts of gassing 
which may result from too high a value of charging current 

may cause a tightly sealed cell to explode, resulting in 
personal injury or damage to equipment. 

How to Select a Battery 
In order to specify a battery, at least the following 

minimum information must be known about the applica- 
tions: maximum permissible starting voltage; initial current 
drain to which the battery is subjected at full battery volt- 
age; voltage below which the device will not operate prop- 
erly; periods of time battery must furnish current; and 
service life required. Other factors to be considered are 
operating temperature of the battery, size and weight, en- 
vironment, and type of terminals. 

Information on batteries of a given voltage is normally 
arranged in the manufacturer's literature in the order of 
increasing service life. If the service hours of the first bat- 
tery examined are not sufficient for the application, con- 
tinue to larger sizes with greater service capacity. The 
efficiency of carbon -zinc batteries improves as the current 
density decreases. For this reason, use as large a battery 
as possible for the application. This will give a lower cost - 
per -hour of operation and longer shelf life. Over a certain 
range of current density, service life may be tripled by 
halving the current drain. This is equivalent to using a larger 
battery for a given application and so reducing the current 
density within the cells. This is true down to a certain point 
beyond which shelf deterioration becomes important. 

Service capacity for carbon -zinc batteries depends on the 
relative time of discharge and recuperation periods. Fig. 6 
shows the service advantage to be obtained by proper selec- 
tion of a battery for a specific application. 

When a battery is chosen that will give adequate service 
life, it should be determined if it will meet the requirements 
of size and weight. If not, compromises must be made in 
either service or size and weight, or batteries with other 
chemical systems should he examined. A final selection 
is based on a balance of size, weight, and operating cost. 
The choice should also consider availability. 

Fig. 6. Battery service life as a function of the initial 
current drain and duty cycle for "D" size carbon -zinc cell. 
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Mercury Batteries 
By GORDON E. KAYE/ Applications Engineer, Mallory Battery Co. 

These cells are widely used because of their voltage 
accuracy, extended shelf life, high energy density, 
low noise, along with good temperature stability. 

THE unique physical and chemical characteristics of 
the mercury primary battery provide designers of 
portable electronic equipment with a versatile. main- 

tenance -free power source. Mercury- battery applications 
are widespread and many newly developed products would 
not be feasible or economical without the serviceability 
implicit in its design. 

A brief survey of its structural and functional capabili- 
ties is useful, since this power source must be considered 
not only as a component, but as part of an over -all sys- 
tem. This involves an analysis of the structure of the prod- 
uct in which the battery is to be used, the imposed environ- 
mental conditions, and the desired performance. 

Cell Structure 
The basic chemistry of the mercury battery system in- 

corporates as a negative terminal an amalgamated zinc 
anode, usually made from highly purified compressed zinc 
powder. (See cover illustration.) The positive cathode ter- 
minal, or depolarizer, is a densely pressed structure of 
mercuric oxide and a nominal percentage of conductive 
graphite. 

The electrolyte is typically a 40% solution of potassium 
hydroxide (KOH) saturated with the zincate ion. This 
saturation is required to prevent premature dissolution of 
the zinc anode during stand time. This. in turn, suppresses 
unwanted hydrogen gas. The electrolyte is structurally 
immobilized in either a gel or an absorbent of cellulosic 
material. 

The cathode and the anode are separated by a micro - 
porous barrier material, which is permeable to the flow 
of ions, but will not permit the migration of structural 
or waste product particles between the electrodes that are 
employed. 

Chemically speaking, the basic cell is a reactor in which 
the controlled corrosion of zinc takes place under electrical 
loads by oxygen released from the mercuric oxide. A by- 
product of this corrosion is the availability of free electrons 
at an initial nominal potential of about 1.3 volts under 
rated load conditions. 
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The external cell package is designed to perform several 
functions. It holds the active components in place and pro- 
vides electrical contact to the load. It seals the electrolyte 
within the cell by means of a molded polyethylene or neo- 
prene grommet, or seal, which is crimped in place upon 
final assembly. This seal also acts as an insulator between 
the negative anode or cell top, and the positive cathode, or 
container. 

The dual -container structure of steel is part of a venting 
structure. If excessive hydrogen gas should evolve under 
certain conditions, the pressure lifts the top slightly and 
gas bleeds out of the seal interface near the inner container 
lip. 

The cell top consists of two separate parts welded to- 
gether. The peripheral flanges provide double sealing points. 
The anode -to -top contact is a mercury wetted interface 
with the tin -plated inner top and the zinc anode. The outer, 
nickel -plated cell top provides a clean electrical contact 
for external loads. 

The cells can be welded in series or parallel to provide 
a wide variety of voltages and capacities. Hundreds of 
thousands of variations in form factors, packaging methods, 
and electrical outputs may be attained with standard cell 
modules. Since complete encapsulation in epoxy resins is 
feasible with the mercury system, it can meet severe en- 
vironmental specifications. 

Electrical Performance 
The performance of a battery package must be con- 

sidered from both electrical and environmental standpoints. 
Available Energy: The mercury battery system is capable 

of packaging 45 watt -hours per pound, and 6 watt -hours 
per cubic inch. These figures are for basic cells. The pack- 
aging efficiency will lower these values, but over 35 watt - 
hours per pound, and 5 watt -hours per cubic inch can be 
achieved with optimum packaging. 

Voltage: The basic e.m.f. of the pure mercuric oxide - 
zinc alkaline system is 1.350 v. ±1/2 %. This value is 
repeatable and reliable and is, in fact, a secondary voltage 
standard over a wide variety of temperature and environ- 

Fig. 1. (Al Open -circuit voltage of mercury cell is within 14=1/2 percent of 1.350 volts over a three -year 
period of time. (B) Stability of open -circuit voltage of mercury cells over nine years of production. 
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Fig. 2. Voltage- discharge curves for "AA" penlight mercury cell. 
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mental conditions (Fig. IA). To stay within these toler- 
ances, the current drain should he kept low, under a milli- 
ampere, for cells over one ampere -hour and. preferably, 
the drains should he intermittent. The low internal re- 
sistance of these cells is responsible for their ability to de- 
liver closely regulated voltages under useful loads. The 
larger capacity cells are more widely used in realizing this 
capability. 

These reference voltage values are reliable within the 
shelf life of the cell and, in effect. have been measured on 
cells fourteen years old. It is not generally related to the 
milliampere capacity of the cell or its expenditure. The 
repeatability of individual pure mercury cells is within mil- 
livolts. over many years of production ( Fig. I B). The 
reference capability diminishes with increasing load condi- 
tions. The terminal or load voltage will drop due to the 
internal resistance of the cell. This value varies from 1/4 

ohm to 5 ohms per cell and is a function of cell size and 
capacity. 

Some mercury batteries utilize a depolarizer with a 
small percentage of manganese dioxide. The initial volt- 
age of these cells is 1.45 volts. This higher value "burns 
off" during the early stages of cell utilization when 
the mercury potential is reached. The higher initial voltage 
is not seen after this point. Pure mercury cells are dis- 
tinguished from blended cells by the designation "R" after 
the type number for the 1.35 -volt cell. 

Cell Capacity and Current Delivery Rate: The cell ca- 
pacity is the installed, rated. milliampere -hour capability 
of the unit cell or battery. As an example. ten cells in series, 
each having a capacity of IOOt) milliampere- hours, will 
usually deliver 1000 ma. hrs. at an average load voltage of 
12.5 volts. The rate of current delivery is defined as the 
cell capacity divided by the drain rate (the 20 -hour rate on 
a 1000 -ma. hr. cell would be 50 ma.). However. at the ten- 

hour rate (100 ma. on a 1000 -ma. ii ..e..) the cell effi- 
ciency will drop and the actual hours delivered will be 
6 hours to .9 volt (representing a 60% efficiency, or 600 
ma. hr.). 

Run -out data is usually specified at a load resistance in 
ohms at a certain temperature. Typical performance curves 
are illustrated in Fig. 2 for an "AA" size penlight mercury 
cell. 

In general, a mercury cell will provide a nominal voltage 
regulation of 30% of its cut -off voltage, which will account 
for 90% of battery capacity at the twenty -hour rate. If cell 
current rates are reduced, a 10% voltage regulation can be 
achieved. 

Temperature Effects: Battery performance is affected by 
temperature. To improve the efficiency of mercury cells at 
low temperature. a ribbon-wound zinc anode is used in- 
stead of the pressed powdered structure (Fig. 3). This ef- 
fectively increases the relative active anode surface area in 
each cell volume. 

Further advances in low- temperature performance are 
possible with increases in the permeability of the anode to 
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Fig. 4. Comparison of wound -anode vs pressed -pellet anodes in 
cells of similar capacity. Ten -ohm 1125 ma.) continuous load. 

ionic transfers. In general, the current density (milliam- 
peres per square inch) must be kept low and all sources of 
internal resistance must he reduced. 

The relative efficiencies of cells that have been con- 
structed with pressed powder and wound zinc anodes are 
shown in Fig. 4. 

Shelf Li /e: The shelf life of a primary battery is the 

Fig. 3. (A) The wound -anode flat mercury cell construction. This type of cell is designed specifi- 
cally for low- temperature use. (B) The cylindrical structure is used for tall, thin battery cells. 
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length of time it takes for the unit to decay 50% of its ini- 
tial rated capacity in milliampere- hours. This decay is due 
to the slow internal chemical reaction which affects the 
quantity of available oxygen or the amount of zinc anode 
remaining. Loss of oxygen occurs during the oxidation of 
the organic compounds in the cell. It can be caused by elec- 
trical leakage across the cell internally due to oxide or waste 
products bridging the active terminals. Chemical impurities 
can also cause losses through unwanted side reactions. The 
mercury battery is so constructed to avoid or reduce these 
possibilities. (Refer to Fig. 5.) 

Paramount in attaining a long shelf life is excellence in 
design and manufacture of the cells. Tight control of all the 
physical and chemical parameters is, of course, mandatory 
to achieve this important characteristic. 

Applications 
The mercury battery has been available for 20 years and 

has perhaps been applied to a greater diversity of electronic 
and electrical devices than any other battery system. The 
choice of battery system is a function of battery character- 
istics and their relationships to product design require- 
ments. 

The extended shelf life and high energy density of mer- 

ABOUT RECHARGING 
MERCURY CELLS 

Mercury primary cells and batteries are designed 
to provide electrical energy, within their rated ca- 
pacity, efficiently. They are not specifically designed 
for recharging, although it is claimed that a limited 
number of charging cycles can be obtained. It is 

hazardous to recharge these batteries, even though 
claims of success have been made. Statistically, a 
defect in the charging system or production varia- 
tion can exist in the cell. This could cause a cell 
explosion which could scatter caustic electrolyte and 
cell parts on a person or his property. The responsi- 
bility for the potential damage must be assumed by 
the user, since system rechargeability is outside the 
performance claims made for this product. 

If rechargeability is required, then cell systems 
specifically designed for this purpose should be 
employed. 
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cury batteries are employed to provi.ie greater reliability 
in emergency devices such as air -sea resale radios. Since 
these are carried aboard aircraft, the use of mercury bat- 
teries effects economies in equipment, size, and weight with 
attendant reduction in aircraft fuel expenditure during the 
operating life of the craft. Three to five years standby serv- 
ice is generally obtained from battery packs built for this 
application. 

The reference capability of the cell is widely used to pro- 
vide accuracy in electrical measuring circuits. Instruments 
based on this parameter can supply measurement accura- 
cies within I % over several years of battery service, since 
both duty and drain rates are light. 

The low noise factor, less than I O 1ev. on a good -size bat- 
tery, is indicated where delicate signal detection is required. 
This is economical when filters and other regulators can be 
eliminated in product circuitry. The biasing of various 
types of analog computer circuits, another example of this 
particular capability, can be maintained readily over a 
five -year service period. 

The high energy density of the system allows the con- 
struction of miniature cells. Capacities ranging from 16 
ma. hr. to 500 ma. hr. are widely used in hearing aids which 
will provide 3 to 10 days service. 

This battery system exhibits greater stability under a high 
temperature delayed storage than most available battery 
systems. As a result, the use of mercury cells in implanted 
cardiac pacemakers is indicated. These batteries usually 
consist of 5 to 6 cells in the 1000 -ma. hr. range and are 
wired into a timing circuit which is encapsulated both in 
epoxy and silicone rubber. Circuits have operated for over 
four years at 20 microamperes in the very constant 98 °F of 
the human body. 

Cell structure and chemistry, while generally reliable, 
are even more so when built to very tight manufacturing 
standards in facilities set up for the purpose. Under these 
conditions, a general manufacturing failure rate of less than 
1 part in 25,000 is attainable. 

It is interesting to note that the internal structure of bat- 
teries for service requirements of over 5000 hours must be 
designed especially to avoid internal loads resulting from 
internal migration of the converted expended electrode ma- 
terial during operation. These special low -drain types will 
not function well at less than the 100 hour rate. Low -drain 
mercury cells are also used in electric wristwatches and will 
operate for a year or more. 

The mercury battery can be used at low temperatures 
when built in a wound -anode structure. Other performance 
factors at higher temperatures are not degraded with this 
construction. A low- temperature capability also means that 
higher current drains are possible at normal operating 
temperatures. 

Another advance will take place in low -temperature per- 
formance of mercury cells. Recent advances in zinc anode 
structure will provide -40°F performance with efficiencies 
at least 20% of room temperature performance. The other 
favorable high -temperature characteristics will not be ma- 
terially affected. 

The reliability of mercury cells for special purposes can 
be materially increased. A zero -defects program now un- 
derway is pointing the way to further attainments in relia- 
bility of all mercury cells and batteries. 

The designers of tomorrow's portable electronic equip- 
ment will continue the trend toward battery miniaturiza- 
tion. This, in turn, will raise the requirements for cell effi- 
ciency both in packaging and performance. 

There will be a trend away from larger cell sizes in elec- 
tronic applications as production designs adapt to the new 
integrated circuitry. It seems likely that mercury cells will 
continue to provide answers to designers' portable power - 
supply problems for some time to come. 
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Alkaline Batteries 
By HOWARD J. STRAUSS/ Director of Research & Development, Burgess Battery Company 

Operation and characteristics of alkaline- manganese, silver 
oxide -zinc, silver oxide -cadmium, and air -depolarized types. 

N other articles in this issue, nickel- cadmium and 
mercury batteries are being covered separately. While 
these batteries are classified as alkaline batteries since 

they use caustic electrolytes, there are many other alkaline 
batteries that are of considerable importance. These in- 
clude the alkaline- manganese, silver oxide -zinc, silver 
oxide -cadmium, and air -depolarized types. 

Alkaline- Manganese 
Of these, perhaps the most important to the electronics 

industry is the alkaline- manganese system. While this sys- 
tem has been known for many years, the availability of 
new materials and new assembly techniques have com- 
bined to project this system into commercial importance 
during recent years. 

Although developed essentially as a primary battery, the 
alkaline- manganese system has been found to be recharge- 
able to a commercially useful degree. At the present time, 
the alkaline- manganese system is undergoing intensive fur- 
ther development by many producers, particularly as re- 
gards its rechargeability. In this regard, it is quite likely 
that the alkaline- manganese system will, within the next 
few years, fill the important gap between the inexpensive 
one -shot primary carbon -zinc (Leclanché) system at one 
end of the scale, and the extended cycle life rechargeable 
nickel- cadmium system at the other end of the scale. 

The fundamental energy -producing reaction in alkaline - 
manganese cells is the same as for carbon -zinc cells: 

(2A +B)Mn02 +(A +B)Zn -+ 
A Mn2O3 + B MnO + (A + B) ZnO 

However, the different environment (alkaline vs acid) 
results in significantly different cell properties, and perhaps 
one of the potential difficulties in using the alkaline -man- 
ganese cells is to regard them as direct substitutes for 
carbon -zinc cells. 

In actual construction the two types are quite different. 
As shown in Fig. 1, a typical alkaline- manganese cell uses 
a cylindrical depolarizer in contact with the cell container 
of (usually nickel -plated) steel. Because of the passivity 
of steel in alkaline electrolytes, there is no chemical re- 
action between the Mn02 depolarizer and the steel, permit- 
ting the latter to be a current collector as well as a strong 
cell container. The depolarizer surrounds a cylindrical 
granular zinc anode, the two electrochemical components 
being separated by porous sheet materials. When the zinc 
is amalgamated to discourage gas generation on open -cir- 
cuit stand, copper- coated steel or brass current collectors 
are generally used, and the cell may be hermetically sealed. 
However, some manufacturers provide rupturable closures 
or relief valves to avoid violent gas relief in the event of a 
faulty or misused cell. 

It should be noted that the polarity is reversed from that 
of conventional carbon -zinc cells (in which the can is the 
negative), but through external jacketing and terminal 
pieces, alkaline -manganese cells have been made to appear 
conventionally polarized (that is, with the center -button 

terminal positive and the opposite terminal negative). 

Electrical Properties 
Electrically, the properties of alkaline- manganese cells 

can best be reviewed in relation to carbon -zinc cells. Al- 
though the two systems have about the same open- circuit 
voltage (approximately 1.5 v.), the alkaline- manganese 
system discharges at lower voltages than carbon -zinc cells. 
Also, as indicated in Fig. 2 (using a generalized time 
scale), the discharge voltage decreases steadily, but more 
slowly. 

On the other hand, alkaline- manganese cells have 50- 
100% more capacity (depending on discharge rates) than 
their carbon -zinc counterparts. However, while carbon - 
zinc cells will yield most of their available energy above 
1.25 v. and will be virtually exhausted at 1 v., alkaline - 
manganese cells yield most of their energy below 1.25 v., 
and with a considerable portion of the energy released at 
less than 1 v. As a matter of fact, for best capacity, alka- 
line- manganese cells should be run to a cut -off of 0.9 v., 
or even to 0.8 v., where possible. This is further indicated 
in Fig. 3 which shows the capacity of alkaline- manganese 
cells as a function of initial drain rate and cut -off voltage. 

Fig. 3 also indicates that alkaline- manganese cells are 
capable of very high discharge rates; in fact, much higher 

Fig. 1. Cross- section of alkaline- manganese cell. Through 
external jacketing and terminal connections, cells can be 
made to appear conventionally polarized (center button +l. 
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Fig. 2. Discharge characteristics of alkaline- manganese 
cells shown on arbitrary linear time scale. Note that cell 
discharges at lower voltages than does the carbon -zinc cell. 

than comparable carbon -zinc types. Furthermore, they do 
not polarize readily, meaning that high drain rates can be 
sustained over extended periods. Furthermore, alkaline - 
manganese cells can be continuously discharged without 
sacrificing capacity. In addition, it is not necessary to 
provide rest or recovery periods to develop maximum 
capacity. 

The alkaline -manganese system, in common with other 
alkaline cells, has fairly good low- temperature character- 
istics. Generally speaking, alkaline- manganese can be used 
effectively down to about -10 °F, although they can yield 
some useful energy down to as low as -40 °F. 

Table 1 gives generalized data showing temperature 
characteristics of alkaline- manganese cells. It should be 
noted that elevated temperatures have no adverse effects 
on capacity, but long exposures to high temperatures, i.e., 
above 130 °F, may result in excessive self- discharge losses, 
and attendant generation of disruptive gases. Normally, 
with properly compounded anodes, the shelf life of alka- 
line- manganese cells is considered to be excellent and, in 
fact, may be better than carbon -zinc cells. 

Rechargeability 
The rechargeability of the alkaline- manganese system 

is of considerable interest to the electronics industry. At 
its present state of development, the conditions for re- 
chargeability are fairly restrictive. Essentially, these condi- 
tions require strict limitation of the discharge, recharge 
rate, and overcharge. As indicated by the energy- producing 
reaction, more than one oxide can form during discharge, 
and these in various proportions depending on the dis- 
charge conditions and depth of discharge. 

If the discharge is limited to 40% of the nominal ca- 
pacity of the cell, and recharge is carried out at low rates 
(over a period of 10 -20 hours) with little or no overcharge, 
alkaline- manganese cells can yield 50 to 150 cycles. Be- 
cause of the limited depth of discharge, there is a very 
large reserve of power during early cycles. During these 
cycles, the discharge will terminate at a 1.1 -1.2 v., whereas 
in the later cycles, with the reserve power having been ex- 
pended, the discharge will terminate at lower voltages, i.e., 
about 0.8 v. (See Fig. 4.) 

As either primary or secondary batteries, the alkaline - 
manganese system is finding widespread applications in 

Table 1. Temperature characteristics of alkaline cells. 

Percent Capacity (to 0.8 v. cut -off) 

Temp.( °F) 1 Light Drain Medium Drain Heavy Drain 

113 1 100 100 100 

70 100 100 100 

30 I 70 40 25 

-10 I 15 10 3 

50 

portable radios, portable television receivers, tape record- 
ers, shavers, photoflash units, lighting systems, hobby craft, 
toys, cameras, and other devices. 

Silver Oxide -Zinc 
The silver oxide -zinc system is also important to the elec- 

tronics industry, particularly those branches dealing with 
military communications, missile guidance, and under- 
water surveillance. Of all electrochemical power sources, 
none surpasses the silver oxide -zinc system in its ability 
to yield power (watts) from a given weight or volume, and 
few surpass it in energy (watt -hrs.). See Table 2. This 
system generates energy through the reduction of silver 
oxides by zinc: 

(2A +B)AgO +(A +B)Zn -- 
A Ag20 + B Ag + (A + B) ZnO 

Ag20 +Zn- 2Ag +ZnO 
Electrically, the outstanding features of the silver oxide - 

zinc system are illustrated in Fig. 5. A substantial part 
of the energy of a silver oxide -zinc cell can be extracted 
within 15 minutes or (by special cell design) less. At the 
one -hour rate (i.e., that current drain which will exhaust 

Fig. 3. Capacity of alkaline- manganese cells as a function 
of initial drain rate and cut -off voltage. The curves are for 
a D -size cell with rated capacity of 10,000 ma. hr. Service 
life for other cell sizes can be obtained from the curves by 
using an initial drain rate in proportion to rate capacity 
of cell. For example, for a 10,000 -ma. hr. cell with an ini- 
tial drain rate of 200 ma. and a cut -off voltage of 1.0v., 
the service life will be 40 hrs. For an AA -size cell rated 
at 1800 ma. hr., with an initial drain rate of 40 ma. and a 
cut -off of 0.9 v., the service life can be obtained from the 
intersection of the vertical coordinate 10,000 /1800 X 40 
or 222, with the 0.9 -v. cut -off curve. This is found to be 48 
hrs. as shown. These curves are generalized for estimation. 
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the battery in one hour) and lower drains, the available 
capacity is virtually constant. At these rates, the discharge 
characteristics are such as to exhibit long periods at virtu- 
ally constant voltage. Frequently, for electronic purposes, 
by sacrificing a relatively small fraction of the cell capacity, 
it is possible to get almost entirely constant voltage dis- 
charges. 

Although some silver oxide -zinc batteries are designed 
as primaries, these must be stored dry with electrolyte 
added just before use. Consequently, silver oxide -zinc pri- 
mary cells have found only limited, specialized application 
such as for torpedo propulsion, missile guidance power, 
and the like. Of greater and more general interest are re- 
chargeable (secondary) types. 

Conventional, vented silver oxide -zinc secondaries can 
he successfully operated over a wide range of charge and 
discharge conditions. The newer, sealed type must be 
charged and discharged at (reasonable but) low rates to 
avoid gassing, and overcharge must he kept to a minimum. 
The cycle life of vented cells depends very strongly on the 
use conditions. At one end of the scale, silver oxide -zinc 
cells discharged completely at high rates and then re- 
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Fig. 4. Cell voltage at end of charge and discharge for al- 
kaline- manganese secondary cells related to cycle history. 

charged promptly at moderate rates, with severe over- 
charge, will yield only 15 -20 cycles. At the other end, cells 
subject to shallow discharges (i.e., up to about 40% ) at 
low -to- moderate rates, with slow recharge and limited 
overcharge, can yield 100 -200 cycles. For electronic work, 
5 -I0 hr. discharges to 60% depth, followed by 10 -16 hr. 
recharge with 10% overcharge is a common routine which 
should yield 50 -100 cycles. 

Silver oxide -zinc batteries perform well at low temper- 
atures yielding usable energy down to -40 °F (i.e., about 
5 -10% of its normal temperature capacity at low drain 
rates). Where permissible, a silver oxide -zinc cell can he 
short- circuited at low temperatures ( -40 °, down to even 
-60 °F) in which case the internal heat generated can 
warm the cell sufficiently to yield acceptable discharges. 
By this and similar techniques, it is possible to get up to 
perhaps 30% of the normal temperature capacity at low - 
to- moderate rates starting at an ambient temperature of 
-40 °F. 

The shelf life of charged silver oxide -zinc cells is also 
variable, depending on design and use. Capacity losses of 
less than 20% per month are now common even for high - 
rate designs. For low -to- moderate rate cells, shelf losses 
are on the order of 5-10% per month. 

Silver Oxide- Cadmium 
In general construction and characteristics, silver oxide - 

cadmium cells are very closely related to silver oxide -zinc 
cells. The differences stem from the substitution of cad- 
mium for zinc as the negative electrode material: 

(2A + B) Ago + (A +B) Cd- 
AAg2O +BAg+ (A + B) CdO 

Ag20 +Cd- 2Ag +CdO 
October, 1965 
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Fig. 5. Discharge characteristics of silver oxide -zinc second- 
ary (rechargeable) cells. Curve A is at the 10 -hr. rate, or 
that current drain which will yield useful energy for 10 hrs. 
Curve B is at the 1 -hr. rate and Curve C is at the 15 -min. 
rate. As the current drain increases, resistive losses within 
the cell result in lower voltages and considerable heating. 
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These differences, however, bring about some important 
practical changes in certain cell characteristics. For one 
thing, cadmium being less electronegative than zinc, a 
silver oxide -cadmium cell releases its energy at lower volt- 
ages than its silver oxide -zinc counterpart (see Fig. 6). 
However, the lower activity of the cadmium is such that a 
spontaneous reaction with caustic electrolytes does not oc- 
cur (as is the case with zinc) so that shelf life is consider- 
ably better. As a matter of fact, silver oxide -cadmium 
cells are currently available with shelf losses of only 1 or 
2% a month. The absence of reaction with the electro- 
lyte also avoids the spontaneous generation of hydrogen 
gas on open circuit so that silver oxide -cadmium cells can 
be more readily designed as hermetically sealed units. 

Perhaps the most important difference, however, lies in 
the fact that cadmium oxide (i.e., the discharged form) is 

virtually insoluble in caustic solutions, whereas zinc dis- 
solves to an appreciable degree. In the case of the latter, 
this results in plate washing and penetration of the sepa- 
rators (shorting) by zinc dendrites which form from sol- 
uble zinc during recharge. As a result, these life -limiting 
factors are not operative in silver oxide -cadmium cells 
which therefore have a cycle life expectancy of IO to 25 
times that of comparable silver oxide -zinc cells. 

Air -Depolarized 
A fourth type of alkaline system, air -depolarized cells, 

has been important to the electronics industry since the 
early days of radio when such cells were widely used. Air - 
depolarized cells utilize oxygen directly from the atmos- 
phere as one of the electrochemically active materials: 

02 +2Zn -2ZnO 
Thus the ingredients are inexpensive and large capacities 
can he had since only one electrochemically active coni- 

Table 2. Comparative characteristics of alkaline cells. 

Open - 
Circuit 
Volts 

Average 
Operating 

Volts 

Watt! hrs. 
per 

pound 

Watt; hrs. 
per 

cu. inch 

Amp / hrs. 
per 

pound 

Alkaline- manganese 1.46 1.15 50 23 43 

Silver oxide -zinc 1.86 1.5 26 -60 1.4-4.0 18-40 

Silver oxide- cadmium 1.4 1.1 12 -40 0.7-3.0 I 10-38 

Air -depolarized 1.4 1.2 53 2.2 40-45 
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Fig. 6. Low -rate charge and discharge characteristics of 
silver oxide -cadmium cell. The discharge characteristics 
will be about the same for discharge currents up to 3 -hr. 
rate. Recharging should be done at the 10 to 20 hour rate. 
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Fig. 7. Discharge characteristics of air -depolarized cells 
show excellent voltage stability and long, continuous serv- 
ice life capability although at low rates of discharge. 

ponent need be stored within the cell itself. However, air - 
depolarized cells are limited to low current drains (Fig. 7 ). 
This limitation of power capability has retarded the cotn- 

merciai importance of this system. But recent develop- 
ments in gas- electrode engineering (stemming from the 
development of fuel -cell systems in recent years) and the 
development of porous (active) zinc electrodes as a re- 
placement for the solid zinc electrodes used in conven- 
tional air -depolarized cells, can greatly extend the power 
capability of this system and reactivate its growth. 

One of the inherent difficulties of air -depolarized cells 
is that the alkaline electrolyte readily absorbs carbon di- 
oxide from the air. Unlike other types of alkaline cells. 
this is unavoidable in air -depolarized cells, since air must 
have free access to the inside of the cell if the atmospheric 
oxygen is to be the depolarizer. As the carbonate content 
of the electrolyte increases, so does its resistance, still 
further reducing the cell's power capability, and it may be 
necessary to replace the electrolyte from time to time or use 
special carbon dioxide absorption systems. However, in 
spite of these difficulties, air- depolarized cells continue to 
he an excellent source of low- voltage, high -capacity bat- 
tery energy. 

Including the nickel- cadmium and mercury cell systems. 
which also use alkaline electrolytes and are discussed 
separately in other articles, the electronics designer has a 
choice of at least six alkaline cell systems. As indicated. 
these differ very widely as regards their capacity and power 
capabilities per unit space and weight. In addition, they 
differ markedly in discharge characteristics, rechargeability 
or non -rechargeability. high and low temperature perform- 
ance, shelf life, and charge retention. In addition, some 
types may be hermetically sealed, or may be encased in 
steel containers (to obtain high levels of mechanical in- 
tegrity). With this variety, the electronics designer can 
select a battery system which will provide economical, de- 
pendable, noise -free direct -current power having electrical 
characteristics closely aligned to the requirements of the 
particular application involved. 

NEW POCKET -PLATE NICKEL -CADMIUM BATTERY 
ASIGNIFICANT and new development in nickel- cadmium pocket - 

plate battery technology has been announced recently. For the 
past 20 years, pocket -plate (the active materials are enclosed in per- 
forated steel "pockets ") battery performance has become stabilized 
in two distinct categories, with virtually no major changes during that 
period. Batteries were offered either for high -rate applications, such 
as engine starting and switch tripping, or for low -rate applications, 
where the discharge was uniform over a fairly long period of time. 
While the batteries were exceptionally reliable, they were also quite 
bulky and expensive. These last two limitations have been essentially 
eliminated with the introduction of three completely new cell types 
by the ,File Corporation. These serve practically any application re- 
quiring high current or high capacity, or both together. 

Available in capacities ranging from about 10 to 200 ampere- hours, 
the new cells feature a unique method of plate separation, shown in 

the photo. The separators are a number of vertical rods rather than 
solid sheets of plastic. The cells have an extremely low internal resist- 
ance, accomplished by the use of a large number of very thin plates 
with minimum separation. In addition, more capacity is achieved by 

use of more active materials in the plates themselves. The type Hl 

cells are for very high discharge rates, type MD for moderate dis- 
charges, and the type KA for low rates at maximum capacity. 

To illustrate the relative significance of the new cell technology, 
consider the following comparison. 

Capacity in 5 -sec. current 30 -sec. current 

amp.hrs. @ 8 -hr. in amps to in amps to 

rate to 1.14 v. /cell 0.65 v. /cell 0.85 v./ cell 

Weight 

(in lbs.) 

Old type KBI -16 165 1056 640 27.4 

New type HI -8 80 1060 620 14.2 

For a given ampere -hour capacity twice the starting performance is 

possible or, more important, for comparable starting requirements, a 

battery is now available for the same job with half the former capac- 
ity and weight. The smaller cell is also much less expensive and in bat- 
tery economics the total of all the improvements becomes meaningful. 

vä ̀` 11n« 
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Created by The Hand of Experience 

CONTROL? IDENTIFICATION? SURVEILLANCE? 

There's an RCA Vidicon to meet every closed- circuit TV requirement 

Industrial Plants -for remote meter 
reading, flame burner observation, 
production testing, quality control, 
warehouses, parking lots, shipping and 
receiving areas. 

Institutions -for security and 
emergency stations, power plant control, 
instruction classes, and amphitheatres. 

Municipal Governments -for highway 
traffic control, pools, playgrounds, 
and schools. 

Public Transportation -for railroad, 
aircraft, and truck traffic control. 

Business -for bank signature 
verification, department store 
surveillance. 

Wherever or however you use closed- circuit TV, RCA provides the Vidicon 
most ideally suited for your specific equipment. RCA offers the most come 
plete line of Vidicons available in the industry -a wide selection of sizes, 
electrical construction, and performance characteristics. 
Outstanding features: exceptional sensitivity high resolution high uni 
formity of tube to -tube characteristics low lag uniform photoconductive 
surface new tight limits on spurious signals low geometrical distortion. 
When you replace a Vidicon, check with your local RCA Industrial Tube Dis- 
tributor. His tube inventory will meet your equipment requirements on short 
notice. Ask him for a copy of the RCA Camera Tube Catalog CAM -600, or 
write: RCA Electronic Components and Devices, Commercial Engineering, 
Section J41Z, Harrison, N.J. 

The Most Trusted Name in Electronics 
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The ability to make neat, clean solder joints is as much 
a part of good servicing as locating faulty components. 

THE ART OF SOLDERING 
BARNEY'S face wore a puzzled frown as he looked up 

from the TV chassis on the bench in front of him. 
"Hey, Mac," be said to his employer, "how can Oscar 

over on Maple Street be such a fine diagnostician and trouble- 
shooter and make such lousy solder joints? The ones he left 
in this set look as though they were made with a dirty, luke- 
warm poker. See how the gobs of solder look grainy and 
frosted, indicating the solder was never heated enough really 
to flow? And notice how careless handling of the soldering 
gun or iron has charred and melted the insulation on wires 
surrounding the joints. I just don't get it." 

"That's because you expect a man who does one thing well 
to do all things well. It's not logical, but we all do it. That's 
why we elect successful generals to the presidency, let star 
athletes tell us how to shave, and accept as Gospel a pro- 
nouncement on any subject from a man who has made a lot 
of money. 

"I agree with you that Oscar is a real whiz at pinpointing 
trouble in any sort of electronic device. Time and again I've 
seen him pore over a diagram for a few minutes, make a 
couple of tests, and then unerringly point out the defective 
component. But when he has done this, he loses all interest 
in the job. The intellectual part of servicing is what intrigues 
him. Making a neat replacement of the bad part is a neces- 
sary bore, and he rushes through it as quickly as possible. 

"Quite a few of the newer service technicians are of this 
type. They consider effort to make a neat- appearing part re- 
placement a waste of time. They argue that a good solder 
joint does not have to be a `pretty' solder joint." 

"From your tone I take it that you don't agree." 
"You take it right. I'm of the old school that believes there's 

a right and a wrong way of doing everything, and I think it's 
worth the effort to learn the right way. I know this applies 
to making a solder joint. Good soldering is an art, and like 
any art it takes practice and patience to learn; but the ability 
to produce clean, strong, low- resistance solder joints is as 
important to the service technician as skill in making neat, 
strong sutures is to a surgeon. In both instances, the mastery 
of the technical art is necessary to bring an `operation' to a 
successful conclusion." 

"Don't you think you're laying it on a little thick to call 
good soldering an art ?" 

"Nope. The wedding of strength and beauty is what makes 
architecture an art, and the same goes for soldering. A good 
solder joint is both strong and aesthetically pleasing. The 
solder is not grainy or fudge -like in texture; there are no 
sharp points where molten solder has tried to follow with 
withdrawal of a cooling iron; and, above all, the solder is not 
piled on in shapeless blobs. Instead, the entire joint is en- 
closed in a smooth, tight -fitting skin of solder that covers 
every bit of the joint but still reveals the contours beneath 
exactly the way stretch pants do." 

"Hey, you've been noticing!" Barney accused with a grin. 
"I assumed I was supposed to," Mac retorted. "Anyway, 

the solder feathers off gradually along the wires leading to 
the joint so there is an almost imperceptible change from 
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wire to solder. And the joint's appearance is not marred by 
the presence of unvaporized resin or melted insulation on 
its surface." 

"Why do you think new technicians are more likely to 
produce poor joints than the old timers ?" 

"For one thing, the old timer, unless he is pretty stupid, 
has learned the importance of good soldering the hard way 
by having sets bounce back on him because of cold solder 
joints. That teaches you in a hurry. For another thing, many 
old timers have done quite a bit of construction. Many built 
some of their first broadcast receivers, as I did. On those 
early breadboard jobs, all the wiring was right out in plain 
view; and we were as concerned as much about the appear- 
ance of the wiring as we were about the performance of the 
receiver. I still can remember using rectangular bus bar or 
round bus bar with spaghetti and making only precise 90- 
degree bends in the wiring to make it look beautiful. Nat- 
urally, we took infinite pains to insure the soldering would 
not detract from the appearance of the rest of the wiring. 

"Finally, the old timer had to learn to make a good solder 
joint with a clumsy, heavy iron without any heat regulation. 
His solder, which came in the form of a long bar, was not 
really designed for electrical work and was not uniform in 
quality. Flux was not integrated into the solder but had to 
be added separately and judiciously. And most of the wires 
he soldered were not pre- tinned or even free of oxidation. 
Having learned to make a good joint with this crude equip- 
ment, the old timer finds using convenient flux -cored wire 
solder scientifically designed for electronic work to solder 
pre -tinned wires with modern solder guns or heat -regulated 
irons a real breeze." 

"I'd think so!" Barney exclaimed; "but I can tell you one 
good way a fellow can teach himself to do a good job of 
soldering in a hurry, even today.' 

"What's that ?" 
"Let him put together a couple of kits, especially ones that 

involve high- frequency circuits. If he wants these kits to 
work the first time he throws the switch, he must follow in- 
structions and learn how to do a decent job of soldering." 

"You're so right. A friend of mine works in the repair 
department of a large kit manufacturer, and he tells me a 

very high percentage of all kits returned to be straightened 
out have nothing wrong with them but poor solder joints. As 

you know, every now and then someone brings a kit job in 
here for us to check, and it always amazes the owner that 
I am often able to spot a defective connection simply by in- 
spection, which brings us back to my contention that a good 
solder joint has to look good. If anyone doesn't know how a 

good soldering connection ought to look, let him carefully 
examine the connections in a commercially produced hand - 
wired radio or TV receiver. Better still, let him examine with 
a magnifying lens the joints in surplus military electronic 
equipment. Some of these contain the most beautiful ex- 

amples of artistic soldering I've ever seen." 
"You're waxing downright lyrical," Barney teased. "After 

all, there are only a few basic requirements for good solder- 
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NOW YOU CAN EASILY ADD 
SOUND TO YOUR SLIDE 
OR FILM SHOWS WITH 

POPULAR PHOTOGRAPHY'S 

EXCITING NEW 

"SOUND FOR A 

PICTURE EVENING' 
RECORD ALBUM 

IÓRAPHY. 

SOUND FOR 
A PICYI~UItE F..,VF.,NING 

BJCKGROUND MUSK; 

and SOUND EFFECTS far 

shoe slmrs and nw+ies 

"Sound For A Picture Evening " 
Consists of selections from the music masters 

of the Capitol Record Hollywood Library 
High Fidelity 12-inch vinyl album -33V, RPM 

Playing time: 40 minutes 
AVAILABLE IN MONAURAL OR STEREO 

AT NO EXTRA COST 

EXPRESSLY CREATED FOR FILM 
AND SLIDE SHOWS 

No matter how good your film and slide shows are, sound will 
make them better... more entertaining and certainly more pro- 
fessional. But, it has to be the right kind of sound. Although 
any musical record can be used as a background for your film 
and slide shows, few, if any, can match the variety of actions, 
situations, and scenes inherent in most shows. That's why 
Popular Photography created this album. It's ideal for almost 
every mood captured by your camera. Whether your show is 
simple, elaborate or somewhere in- between -"SOUND FOR A 
PICTURE EVENING" provides a final, professional touch to 
make it a complete success. 

A POPULAR PHOTOGRAPHY 
EXCLUSIVE 

The "Sound For A Picture Evening" album has been produced 
by the editors of Popular Photography exclusively for our read- 
ers and is prepared by the Custom Services Division of Capitol 
Records. This outstanding album cannot be purchased in any 
store and is available by mail only to the readers of Popular 
Photography and other Ziff -Davis magazines. 

ALBUM CONTENTS: 
17 SPECIFIC MOOD MUSIC 

BACKGROUNDS 
8 TRACKS FOR SPECIAL 

SOUND EFFECTS 

THEMES TO MATCH YOUR 
SUBJECTS... PERFECTLY! 

3 FILM OPENINGS: Grandiose, Sweet and Gentle and 
Dramatic 3 FILM CLOSINGS: Epic Finale, Hollywood 
Style and Gentle 11 THEMES: Happy -Go -Lucky Gay 
Party Vacation Tempo Traveling Happy Birthday 
Party Pomp of a Parade Sound of a Carousel Cir- 
cus Time Sentimenta.l. Moments Children's Play. 
time Christmas Time 

DON'T MISS OUT ON THIS OUTSTANDING OFFER. 
FILL IN AND MAIL TODAY 

FOR SPECIAL SITUATIONS, 
THESE WONDERFULLY REALISTIC 

SOUND EFFECTS 
Ocean Waves Train Jet Planes Baby Crying Crowd 
In Stadium Traffic Dog Barking Thunder And Rain 

FREE! WITH YOUR ALBUM 
PURCHASE - IF YOU ORDER NOW 

Complete Instruction Booklet -Here, in one comprehensive 
booklet,is all the information you need to make your filin or 
slide show a resounding success. You will find helpful tips on 
how to build an effective sound track, choosing the right lack 
ground selections and sound effects, synchronization, taping, 
organizing your show, editing and much more. 
BAND POINTER -Fits on the top of your record and tells you 
where to find the exact band you want. Eliminates guesswork, 
fumbling and wasted time. Lights...Projector...Action'. 

This wonderful I2" long -playing album 
(a must for every slide and film show impressario) 

can be yours for 

ONLY $3.49 POSTPAID 

MONAURAL OR STEREO 

...a small price to pay for an album you will enjoy 
and treasure for many years. ORDER NOW. 

`Sound For A Picture Evening" 
POPULAR PHOTOGRAPHY -Dept. SD 
One Park Avenue, New York, N.Y. 10016 

Please send me albums at $3.49 each. My 
check (or money order) for $ is enclosed. I 

understand that you will pay the postage. (Add 75¢ to 
partially defray postage costs outside U.S.A.) 
CHECK ONE: MONO STEREO 

Name 
EW -105 

Address 

City State Zip Code 
Sorry -No charges or C.O.D. Orders 
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THERE'S BIG MONEY 
IN 

MOBILE -RADIO MAINTENANCE 

with a 2nd Class Ticket and 

LAMPKIN METERS 
Business and Industrial Radio . CB . Public Safety . . . Marine . and 
Aircraft Radio all are booming; all need maintenance and frequency checks. Much of 
this can be on a long -term contract basis, so you Can fill in those non -productive hours 
wills a steady extra income. Begin with the ideal instrument to build your business 
around - the LADIPKIN 105 -B FREQUENCY METER. Low -cost, it will measure 
unlimited numbers of channels and is all you need for CB and all other mobile services 
except the high -band split channels; later you can add the LAMPKIN FM MODULA- 
TION METER and the split -channel PPM METER as your business grows. To learn 
more, use coupon for your free copy of "How to Make Money in Mobile Radio 
Maintenance "! 

LAMPKIN 105 -B FREQUENCY 
METER 100 KC to 175 MC and 
up, continuous coverage. Hetero- 
dyne type. Only 8 lbs. 1295.00. 
(0.0001% accuracy with inex- 
pensive accessory PPM Meter.) 

LAMPKIN LABORATORIES, INC. 
MFM Division, Bradenton, Florida 
At no obligation to me, please send free I 

booklet and information on Lampkin 
meters. 

Name 
Address 
City State 

LAMPION 205 -A FM MODULATION METER 25 to 
500 MC continuous. Dual scales, 0 -12.5 and 25 

Peak KC, $290.00. With Quad scales, 0.1.25 
and 2.5 KC added, $340.00. 

MAIL COUPON TODAY! 

LAMPKIN MFM DIVISION 

LABORATORIES, INC. BRADENTON, FLA. 

CIRCLE NO. 105 ON READER SERVICE CARD 

/C') ' CUT 
iYOLES' 

GREENLEE CHASSIS PUNCHES 
Make accurate, finished holes in 11/2 
minutes or less in metal, hard rubber 
and plastics. No tedious sawing or 
filing -a few turns of the wrench 
does the job. All standard sizes . . 

round, square, key, or "D" shapes for 
sockets, switches, meters, etc. At your 
electronic parts dealer. Literature on 
request. 

GREENLEE TOOL CO. GRE* LEE 

2027 Columbia Ave., Rockford, Illinois 
CIRCLE NO. 113 ON READER SERVICE CARD 
56 

FOREIGN CURRENCY RATES 

for 1 -year subscriptions 
outside the U.S.A., 

its Possessions & Canada. 
(All prices include postage.) 

Australian pounds: 2/14 
Austrian schillings: 155 
Belgian francs: 300 
Colombian peso: 78 
Danish kroner: 40 
Dutch guilders: 20 
English pounds: 2/3 
Finnish new markka: 20 
French francs: 30 
Greek drachmas: 180 
Hong Kong dollars: 35 
Indian rupees: 29 
Irish pounds: 2/3 
Israeli pounds: 17 
Italian lire: 3,745 
Japanese yen: 2,150 
Lebanese pounds: 18 
Mexican pesos: 75 
New Zealand pounds: 2/3 
Norwegian kroner: 43 
Pakistan rupees: 29 
Philippine peso: 23 
Portuguese escudos: 172 
South African rands: 4.25 
Spanish pesetas: 375 
Swedish kronor: 31 
Swiss francs: 26 
Venezuelan bolivares: 27 
West German marks: 24 

Mail order with remittance to: 

ELECTRONICS WORLD 
Portland Place/ Boulder,Colo.,U.S.A. / 80311 
CIRCLE NO. 93 ON READER SERVICE CARD 

ing. (1) The soldering tip should be 
clean and well -tinned, and the connec- 
tion should be free of grease, corrosion, 
insulation, or other contaminating mate- 
rial. (2) Enough heat should be applied 
to the joint so that solder touched to it 
melts quickly and spreads almost im- 
mediately to every part of the connec- 
tion, flowing as freely as water into all 
the crevices. (3) Heat should be applied 
long enough to cook out any surplus flux 
and avoid a `resin joint,' but not so long 
as to burn the `life' out of the solder. 
(4) Enough solder should be applied to 
encase the joint completely with a thin 
layer, but no more. (5) All wires leading 
to the joint should be held immobile until 
the solder has hardened." 

"A couple of those requirements 
should be qualified in applying them to 
printed -circuit -board soldering," Mac 
suggested. "When soldering a lead to a 
printed circuit, I do not apply the sold- 
ering tip to the juncture of the lead and 
the foil. Instead, I heat the short lead 
while holding the board so that the 
molten solder runs down the lead to the 
foil. The thin foil absorbs much less heat 
from the solder than the comparatively 
heavy lead. This technique permits heat- 
ing the lead enough to melt the solder 
and to make a good bond to the lead. 
The solder still has plenty of tempera- 
ture left to bond with the foil when it 
reaches it, but there is no excess of heat 
to cause the foil to lose its bond with the 
board- something that often happens 
when you try to heat foil and lead simul- 
taneously. By the same token, it's much 
easier to err on the side of `too much 
heat' in soldering to a printed- circuit 
board than it is when soldering hand - 
wired connections." 

"None of these requirements sound 
very tough to me," Barney mused. "I 
still don't see why otherwise good tech- 
nicians often make bad solder joints." 

"As I mentioned, many technicians do 
not look upon soldering as an art to be 
mastered through striving for perfection. 
To them, it's only a necessary nuisance. 
They simply place wire, solder, and the 
gun tip in the vicinity of the joint and 
pull the trigger of the solder gun and 
keep it pulled until they feel the solder 
melt. Then they yank on the lead of the 
component they have been soldering. If 
it doesn't pull loose, they figure the joint 
is `good enough.' After all, they think, 
who's going to see it ?" 

"Yeah, I've often thought that if radio 
and TV sets came in transparent cabi- 
nets, we'd see much neater component 
replacements than we do now. Anyway," 
Barney continued, picking up the solder 
gun and waving it about with graceful 
flourishes, "you've given me a new am- 
bition. I intend to become known as `The 
Michaelangelo of the Solder Gun'!" 

"You could do lots worse," Mac 
growled. 
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PRINTED - CIRCUIT 

REPAIR 
By LOUIS E. FRENZEL, Jr. 

THE repair of electronic equipment 
using printed -circuit boards is dif- 

ficult in that it requires special care and 
patience to remove a defective compo- 
nent without damaging the board. Dam- 
age is usually caused by excessive 
soldering -iron heat or mechanical strain 
produced while removing parts from the 
board. This trouble is due to the inabil- 
ity to remove all of the solder holding the 
component to the copper pads on the 
board. 

This is doubly the case when a multi - 
connection component like an i.f. trans- 
former, tube socket, or transistor must 
be removed. The technician often holds 
the iron on the connection to keep the 
solder melted while lie pries at the leads 
with the point of a knife or pulls heavily 
at the component on the other side of 
the board. With techniques like this, 
the board is sure to be damaged. 

This frustrating job can be eliminated 
by first removing all of the solder hold- 
ing the part. Then the part can simply 
be lifted from the board without damage 
to either. All that you need to do this 
is some small, tinned braided wire like 
Belden No. 8674 -50, some Kcstcr solder 
paste, and a low -wattage (less than 50 
watts) soldering iron. To remove the 
solder from a portion of the board, dip 
about two inches of the braided wire into 
the paste and lay it on the connection. 
Place the iron on the braid with a slight 
bit of pressure so that the heat through 
the braid melts the solder. 

Because of the action of the solder 
paste, melted solder will be drawn into 
the braid, leaving a perfectly clean hut 
tinned pad on the board. The leads can 
now be straightened with a small long - 
nose pliers and the component removed. 
Repeat this "wick- action" enough times 
so that all the solder is removed. Use as 
little heat as possible and work quickly 
to prevent heat damage. 

The solder -filled braid should be cut 
off and discarded and a fresh piece used 
each time. The braid and the paste are 
both needed for proper results. 

After the new component has been 
installed and the connection resoldered, 
be sure to clean the excessive solder 
paste and flux from the board. 

With practice, this technique can be 
perfected so that damage due to printed - 
circuit repair can be reduced to zero. The 
technique can also be adapted to re- 
move the solder holding a larger number 
of leads on tube socket pins or terminal - 
strip connections. With all the solder re- 
moved, the wires can be unwrapped and 
removed without damage. 
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IF THE RCA MARK VIII C -B TRANSCEIVER 

IS SO GREAT AT11495*... 

9 crystal -controlled transmit and 
receive channels 

Tunable receiver for reception of 
23 C -B channels; dial marked in both 
channel numbers and frequency 

Exceptionally good voice reproduction 

Highly selective superheterodyne 
receiver with one rf and two if 
amplifier stages 

Electronic switching -no relay noise 
or chatter 

Illuminated "working channel" feature 
Light and compact -only 31/2 inches 

high, weighs only 8 pounds with mike; 
fits easily under the dashboard of even a 
compact car 

Improved Automatic Noise Limiter 
to reduce effects of ignition and similar 
interference 

...HOW COME THE NEW MARK NINE IS 

WORTH 52000 MORE? 

It has all the Mark VIII features - 
PLUS these additional features... 

Combination "S" Meter and Relative 
RF Output Meter. "S" Meter indicates the 
relative strength of incoming signal in 
"S" units. RF Output Meter (EO) 
indicates relative strength of the signal 
being transmitted. 

Spotting Switch. Permits precise manual 
tuning of receiver without use of receiver 
crystals. Receiver can be tuned 
(or "spotted ") quickly to any incoming 
channel for which you have a transmit 
crystal. This means, when you 
buy crystals for extra channels. 

*Optional distributor 
resale price. 

you can (if you wish) omit the RECEIVE 
crystals and buy only TRANSMIT crystals. 
This feature alone pays the price difference 
if you use a number of channels. 

External Speaker Jack. Lets you connect 
an external speaker to the set, so incoming 
calls can be heard in remote locations. 
GET THE FACTS. Write for free 
descriptive folder on either the Mark VIII 
or Mark Nine to: Commercial Engineering. 
Department J41R, RCA Electronic 
Components and Devices, Harrison, N.J. 

AVAILABLE THROUGH YOUR AUTHORIZED RCA 

C -B RADIO DISTRIBUTOR 

The Most Trusted Name in Electronics 
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AUTOMATIC 

TRANSISTORIZED 

BATTERY CHARGER 
CHARGES 6, 8 or 12 V. BATTERIES 
FULL 6 AMP RATE 
HEAVY GUAGE ALUMINUM CASE 
BUILT -1N AUTOMATIC RESET 
CIRCUIT BREAKER 

$2019 
Mr Net 

Guaranteed for 5 Years 
Ask your electronic or automotive distributor for 

MODEL NO. BC2 
MANUFACTURED BY 

WORKMAN f ¿e OIII,C 
SARASOTA. FLORIDA r PRODUCTS, INC. 

CIRCLE NO. 86 ON READER SERVICE CARD 

Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS' Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name 
Speakers, Changers, Tubes, Tools, Stereo 
Amps, Tuners, CB, Hi -Fi's, and thousands 
of other Electronic Values. Credit plan 
available. 

NAME 

ADDRESS 

CITY ZONE STATE 

If you have a friend interested in electronics 
send his name and address for a FREE sub - 

,scription also. 

OLSON ELECTRONICS, INC. 

407 S. Forge Street Akron, Ohio 44308 
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Laser Photography 
(Continued from page 35) 

in a peculiar way, all the information 
necessary to recreate the original subject. 

The recreation, or reconstruction pro- 
cess, is carried out by placing the holo- 
gram in a laser beam. As the light waves 
pass through the plate, they interact with 
the recorded fringe pattern. Emerging 
from the plate are three sets of waves, as 
shown in Fig. 3. One of these sets, the 
one which is undeviated, is of no inter- 
est. The other two wave sets, which are 
analogous to the sum and difference fre- 
quencies that are generated in an elec- 
tronic mixer, are spatially modulated in 
accordance with the modulations on the 
fringe pattern. These waves thus re- 
semble the original waves which were 
recorded by the plate. One of the wave 
sets is in fact identical to the original 
waves and can be focused by a lens to 
form an image of the original subject, 
even though the original subject is no 
longer present. 

If the wave set is intercepted by an 
observer, he will interpret it as coming 
from a subject located on the other, or 
source, side of the plate, at the same po- 
sition relative to the plate as was occu- 
pied by the original subject. Thus, the 
observer looks through the hologram 
plate as if it were a window, and through 
it he sees what may be called a "ghost 
subject." 

The identity between the original 
waves and the reconstructed waves im- 
plies that the reconstructed image will 
be identical in all its visual properties 
to the original subject. The image will 
be completely three -dimensional, with- 
out the need for any of the usual stereo 
devices, such as stereo pairs, Polaroid 
glasses, etc. The perspective of the pic- 
ture will change as the viewer moves his 
head. The parallax effects which occur 
in real life will be present here. In par- 
ticular, if an observer were to find one 
object hidden behind another, he could 
move his head and look around the near 
object, thereby seeing the hidden ob- 
ject. All of these properties are indeed 
realized in wavefront reconstruction 
photography. 

The other set of waves, which is de- 
viated in the other direction, is similar 

Fig. 3. Reconstruction of the image is the 
reverse of recording process. Incident light 
is from a laser and after being modulated 
by the hologram, produces both real and 
virtual images suspended in mid -air. 

INCIDENT LIGHT 

to those waves which exposed the plate. 
but differ in having a complementary or 
conjugate property, which results in the 
formation of an image on the side of the 
plate away from the source. This is 
called a real image and appears to be 
suspended in space between the holo- 
gram plate and the observer. Although 
the observer often has difficulty focus- 
ing on this image, it can, under the 
proper conditions, appear even more 
dramatic than the other, or virtual 
image. 

Such a photograph is shown at the 
beginning of this article. 

Other Image Properties 
The reconstructed images have sev- 

eral interesting properties other than 
those pertaining to their three- dimen- 
sional nature. First, each part of the 
hologram, no matter how small, repro- 
duces the entire image. Thus, it may be 
broken into small fragments, with each 
fragment producing the entire picture. 
However, as the pieces become small, 
resolution is reduced since resolution 
is related to aperture and the fragment 
size is the aperture of the imaging proc- 
ess. 

This curious property can be under- 
stood by recalling the statement made 
earlier -that each point on the subject 
illuminates the entire plate. Thus, every 
point on the subject is contained in every 
part of the plate, and each part thus re- 
produces the complete subject. 

Another curious property is that the 
process does not produce a negative. 
The hologram, as made in the above - 
described manner, would ordinarily be 
regarded as a negative, but the image 
that it produces is a positive. If the plate 
were copied, for example, by contact 
printing, the image reconstructed from 
the copy would also be a positive. Nega- 
tives just do not occur. This phenome- 
non, upon further examination, be- 
comes less strange. The image is re- 
corded on the plate in the form of a 
modulated wave. Contact printing, for 
example, causes only a reversal of the 
polarity of the wave, just as does a 
vacuum -tube amplifier in typical cir- 
cuit arrangements. However, polarity re- 
versal of a waveform does not alter the 
detected signal, whether it be a sound 
wave or a television display. Similarly, 

OBSERVATION OF 
VIRTUAL IMAGE 

PHOTOGRAPHIC PLATE 

( HOLOGRAM) 

wie 

VIRTUAL IMAGE REAL IMAGE 
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the reconstructed image from a hologram is insensitive to po- 
larity changes in the carrier wave. 

Finally, the contrast rendition or gray scale of the recon- 
structed image is always very nearly that of the original sub- 
ject. This is true regardless of the gamma, or contrastiness, of 
the photographic emulsion. In particular, the hologram can 
be recorded on an emulsion which does not produce gray 
scales, such as the high- contrast emulsion for photography of 
line drawings. The resulting hologram will then have only 
two levels of photographic density- transparent and opaque - 
but the reconstructed image will have a complete gray scale 
which essentially matches that of the original object. 

Because no viewing optics are used, the usual optical limits 
and distortions do not apply in this method of photography, 
where hologram microphotos having resolutions of only one 
angstrom have been produced. 

Applications 
With the demonstration of high- quality, three -dimensional 

imagery, we have turned our attention to possible applica- 
tions. Certainly, simulation and training devices and general 
three -dimensional display systems are natural areas of appli- 
cation. Three -dimensional motion pictures and television 
seem obvious and exciting possibilities. It must be recognized, 
however, that application in these areas, while possible, is 
technically difficult. For example, bandwidth demands of a 
hologram television system would be enormous, possibly 100 
times that of conventional television, unless one were willing 
to compromise in attaining the dramatic effects inherent in the 
wavefront reconstruction method. 

Applications in microscopy have been proposed and dem- 
onstrated. Gabor, many years ago, proposed to improve elec- 
tron microscopy by making a hologram with electron waves 
and reconstructing it in the visible region, where one has 
better control of system aberrations. Several years ago, El- 
Sum and Baez, formerly of Stanford University, demonstrated 
wavefront reconstruction at x -ray lengths, with the recon- 
structions being made in the visible region. By this technique, 
it is possible to produce sharply focused images of objects 
illuminated with x -rays, even though it is in general not possi- 
ble to focus x -rays. The difficulty in achieving coherence in 
x -ray sources has been an obstacle, but this difficulty may in 
time be overcome. 

Other applications can be expected to develop, particularly 
as a result of advances in laser technology. 

Sea Stations 
( Continued from page 36) 

in catenaries to the sea bed. The object of the unusual shape 
is to achieve stability even in the roughest seas. Calculations 
indicate that for 95 percent of the time the roll would not ex- 
ceed 0.5 degree and the vertical motion 0.5 foot. Even in 
storms the movement of the antenna platform would be insuf- 
ficient to affect its use for air traffic control and possibly for 
passenger -to -shore telephone circuits. 

With secondary surveillance radar, which would offer 
substantial benefits, data could be transmitted along the 
ocean cables to shore -based air- traffic -control stations. 

The cost of the entire system is not more than about $40 
million, with an annual operating cost of about $1 million. 
Provision of Atlantic radio services is the prime responsibility 
of the United Kingdom, Eire, and Canada. Other countries, 
including the United States, would be involved mainly as 
users. 

When recently we took off from Kennedy International 
Airport to return to Europe, we relied on the skill of the flight 
crew to see us safely across that v.h.f. gap. Perhaps by the 
next time we make the trip, radio communications will be 
so good that not only the crew but also the passengers will 
be able to keep in touch with their offices. 

October, 1965 

New Jerrold 

ele amate 
cordless UHF converter 
$19.95 LIST 

Jerrold, originator of the famous Powermate antenna 
amplifier, now brings you the most compact, effi- 
cient, and high -style of UHF converters -Tele -Mate! 

All- solid -state with maintenance -free tunnel -diode 
design, the new Tele -Mate has a low noise figure and 
needs no warm -up. Works on unused Channel 5 or 
6 of any VHF receiver to bring in all UHF channels 
in the area. At only $19.95, Tele -Mate is by far the 
best value in the UHF converter field. 

See your TV serviceman for the Jerrold Tele -Mate 
or write for name of nearest dealer. 

SERRO LU 

JERROLD ELECTRONICS CORPORATION 
Distributor Sales Division 
15th & Lehigh Ave., Philadelphia, Pa. 19132 

The nation's leading manufacturer 
of television reception products 
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"Get more 
education 

or 
get out of 
electronics 

that's my advice" 
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Ask any man who really knows the electronics industry. 
Opportunities are few for men without advanced technical 
education. If you stay on that level, you'll never make much 
money. And you'll be among the first to go in a layoff. 

But, if you supplement your experience with more education 
in electronics, you can become a specialist. You'll enjoy good 
income and excellent security. You won't have to worry about 
automation or advances in technology putting you out of a job. 

How can you get the additional education you must have to 

protect your future -and the future of those who depend on 

you? Going back to school isn't easy for a man with a job 
and family obligations. 

CREI Home Study Programs offer you a practical way to get 
more education without going back to school. You study at 
home, at your own pace, on your own schedule. And you study 
with the assurance that what you learn can be applied on the job 
immediately to make you worth more money to your employer. 

You're eligible for a CREI Program if you work in electronics 
and have a high school education. Our FREE book gives 
complete information. For your copy, airmail postpaid card 
or write: CREI, Dept. 1110 C 3224 Sixteenth Street, N.W., 
Washington, D.C. 20010 

Founded 1927 

CREI 
Accredited Member 

of The National Home Study Council 
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A new type of computer combines digital and analog 

techniques to solve a variety of complex problems. 

Computers 
COMPUTERS are man's link between the formulation 

of a problem and the solution. They were developed 
to relieve man of the tedious task of computation, and 

this they have done admirably, with improvements not only 
in speed and accuracy but in versatility. Today it is possible 
to solve almost any problem that can be conceived by man, 
even those that previously were impossible because of their 
complexity or tremendous size. 

There are two basic kinds of computers -the analog and 
the digital. Both solve mathematical problems, but this is 
where the similarity ends. Each type is unique and has its 
own advantages and disadvantages. Both types have specific 
uses and in many areas their coverage overlaps. 

Now there is a new kind of computer -the hybrid, which 
promises to revolutionize the computer field and permit the 
solution of an even greater variety of complex mathematical 
problems. The hybrid uses essentially a combination of analog 
and digital techniques for solving problems that cannot be 
handled satisfactorily on the analog or digital computer alone. 
It is one of the most interesting and exciting developments 
in the computer field to date. 

Analog Computers 
Before we can understand the operation of the hybrid and 

fully appreciate its advantages, we must know something 
about analog and digital computers and their relative merits. 
Let's take a look at the analog computer first. 

An electronic analog computer solves problems by letting 
d.c. voltages represent the problem variables and parameters. 
It takes these voltages and manipulates them with electronic 
devices so that the necessary mathematics required by the 
problem is performed. 

The basic component of the analog computer is the opera- 
tional amplifier. This is a d.c. amplifier with an extremely 
high gain -usually several million. By adding feedback to the 
amplifier it is possible to use it to provide accurate addition, 

Fig. 1. Analog computer operational amplifiers connected as 
(A) a constant multiplier and inverter, (B) a summer, ICI an 
integrator, (E) track -store amplifier. ID) is a potentiometer. 
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By LOUIS E. FRENZEL, Jr. 

subtraction, inversion, multiplication by a constant, integra- 
tion, and differentiation. 

Fig. 1 shows several typical operational amplifier connec- 
tions. In Fig. 1A, the feedback and input impedances are re- 
sistors. The feedback connection causes the gain of the cir- 
cuit to be dependent upon external impedances rather than 
the amplifier itself. In fact, the gain of the circuit is the ratio 
of the feedback resistance to the input resistance (R, /R1). 
If Rf is 100,000 ohms and R1 is 10,000 ohms, the circuit gain 
is 10. The input voltage el will be amplified 10 times by this 
circuit. The amplifier also introduces a 180° phase shift which 
means that it inverts any input signal. The minus sign in the 
expression of Fig. lA shows this. This circuit is used for multi- 
plying by a constant and introducing inversion. 

By adding more input resistors to the basic circuit of Fig. 
lA, the circuit can be used for summation. This is shown in 
Fig. 1B. Here three input voltages can be added together. If 
all resistors are equal, the output will simply be the inverted 
sum of the inputs. If desired, each input can be multiplied 
by a different constant by properly proportioning the values 
of the input and feedback resistors. 

The circuit of Fig. 1C is an integrator. It produces an out- 
put voltage that is the integral of the input voltage. A capaci- 
tor is used as the feedback impedance. A differentiator can 
be formed by using a feedback resistor and an input capacitor. 
Differentiators are not normally used since they are unstable 
and tend to produce more noise than integrators. Since inte- 
gration is the inverse operation of differentiation, it is usually 
possible to arrange a problem so that only integration is re- 
quired to find the solution. 

Another useful component in the analog computer is the 
potentiometer of Fig. 1D. It is used to multiply a constant 
less than one. When used before or after an operational am- 
plifier it can give continuous control of the amplifier gain. 

There are other electronic devices in the analog computer 
that perform multiplication, division, roots, powers, log- 
arithms, and generate special or unusual signals. By combin- 
ing these components with the operational amplifier circuits, 
it is possible to solve a wide variety of problems. 

Analog computers find their greatest use in solving calculus 
problems, especially differential equations. Algebraic and 
trigonometric problems are also readily solved. An accuracy 
of from 1% to 3% is usually obtainable, but accuracies greater 
than 1% can be obtained at greater expense. The accuracy 
obtained depends on the problem being solved and the type 
and quantity of equipment used. 

Many of the problems arising in science and engineering 
involve differential equations. These equations are used to 
describe a physical system mathematically. Such equations 
may describe a mechanical device, an electrical circuit, a hy- 
draulic system, or a chemical process. The simpler problems 
encountered in an engineering design can usually be solved 
by hand, but the larger, more complex problems are usually 
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STEREO9HI-FI 11000 
DIRECTORY e-> 

How to go about selecting the best hi -fi equipment in 

your price range (avoiding all the nerve -racking guesswork, 
to say nothing of the costly disappointments)...in a nutshell. 
The "meat" in this nutshell is guaranteed to whet the appetite 
of every audiophile and music lover who plans to buy hi -fi 

equipment during the next twelve months. 

In over 172 fact -and -photo- filled pages, the new 1966 
STEREO /HI -Fl DIRECTORY gives you all the vital statistics on 

amplifiers, changers and turntables, cartridges, tonearms and 

accessories, receivers, tuners, tape machines, speakers and 

cabinets -on every hi -fi component being manufactured today! 

With this authoritative guidebook, you can compare similar 
items, feature -for -feature, dollar- for -dollar, before you buy! 

You'll avoid making even one costly mistake by making sure, 

in advance, that you get the best value for your money, on any- 

thing and everything you buy! 

STEREO/ HI-FI 
DIRECTORY 1966 

October, 1965 

First Time Ever Offered! 
A DELUXE, GOLD- EMBOSSED 

LEATHERFLEX -BOUND EDITION 

... just $3.00 postpaid 
This deluxe edition is a permanent, hand- 
somely -bound collector's item that belongs in 
your hi -fi library! Check appropriate box on 
coupon. 

The 1966 STEREO /HI -Fl DIRECTORY will help you select the 

finest equipment in your price range, so that you can derive 

greater pleasure than ever from your records and tapes. Now, 

(to ask a redundant question) where else can you get this kind 

of "satisfaction insurance" for a mere $1.25? 

FILL IN, DETACH & MAIL COUPON TODAY! 

I ZIFF -DAVIS SERVICE DIV., Dept. SD 
589 Broadway, New York, N.Y. 10012 
Yes! Send me the new, 1966 STEREO /HI -FI DIREC- 
TORY checked below: 

I! $1.25 enclosed, plus 15C for shipping and han- 
dling. Send me the regular edition. ($1.50 for orders 
outside U.S.A.) 

$3.00 enclosed. Send me the Deluxe Leatherflex- 
Bound edition, postpaid ($3.75 for orders outside 
U.S.A.) Allow three additional weeks for delivery. 

name 

address 

please print 

EW-105 

city state zip code 

PAYMENT MUST BE ENCLOSED WITH ORDER 
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when it's time to think of college 

you should read this 

FREE CAREER BOOKLET 

MSOE 
about electronics at 

MSOE 

MILWAUKEE MS -235 

SCHOOL OF ENGINEERING 
Dept. EN/ -1065, 1025 N. Milwaukee Street 
Milwaukee, Wisconsin 53201 

Tell me about an engineering career through 
residence study in: 

Electrical fields D Mechanical fields 

Name Age-.... _...... 

Address 

City, State 

fL J 
CIRCLE NO. 104 ON READER SERVICE CARD 

Identical 
twins 
Best way to bring out the best in 
your tape recording equipment, 
stereo or mono, is to use the famous 
Sonotone Ceramike® matched 
twins. Each set is a selected matched 
pair exhibiting similar coloration, 
frequency response and output 
characteristics within ±2 db. 
Ceramike models include a new low. 
impedance version, "CMT- 
1050WR," for use with transistor- 
ized tape recorders and Ceramike 
"CMT104" for tube tape recorders. 
A low priced series of microphones 
for tape recording is also available 
starting at under 
$10.00. 
SONOTON 
audio products 

Son otone Corp., Electronic Applications Div., Elmsford, N. Y. 
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BATTERY-OPERATED 
FLUORESCENT LAMP 

By NEVILLE W. MAPHAM /General Electric Co. 

Inverter circuit using unijunetion transistor along 
with inexpensive SCR supplies the operating power. 

THERE are a number of occasions 
when a battery -operated fluorescent 

lamp would be a real convenience. The 
advantages of fluorescents over incan- 
descent lamps are: higher efficiency (you 
will get about four times the light from 
the same battery current) , better distri- 
bution of light, and less heat dissipation. 

The high- frequency inverter to be de- 
scribed will find applications in lighting 
for automobiles, trucks, yachts, house- 
boats, buses, mobile homes, etc. 

The schematic diagram is shown be- 
low. Operation is as follows. When 
switch Si is closed, a pulse of current 
flows through T1, D1, L1, charging up 
C2, C3, and C4. This charge is kept from 
discharging by Dl. The pulse of current 
in the primary winding of T1 induces a 
high voltage across the secondary wind- 
ing which is applied to the fluorescent 
lamp via C6. The lamp lights. 

Meanwhile the voltage across C2 is 
applied to the emitter of the unijunction 
transistor Q1 via R3 and R4, charging up 
the capacitor Cl. When the voltage 
across Cl reaches approximately 5 volts, 
Q1 breaks over and dumps the charge of 
Cl into the gate of SCR1. SCR1 turns on 
and rapidly discharges C2, C3, and C4, 
via the small reactor Ll. 

More current is now demanded from 
the battery to charge the capacitors and 
so another pulse of current flows through 
the transformer primary. The current 
pulses are only about 200 µsec. apart, 
so there is no flicker from the lamp. 

Fuse F1 is included in case of corn- 

ponent failure which would otherwise 
discharge the battery at a high rate. 

Capacitor C5 and resistor R5 bypass 
the high -frequency transients which 
would otherwise cause uncontrollable 
triggering of SCR1. C7 allows the use 
of long (100 -foot) battery leads by by- 
passing the lead inductance. 

Resistor R3 may be switched out by 
S2 to give a high frequency of operation 
and so a brighter light, but at the cost 
of higher battery current. With S2 open, 
battery current drain is about ampere; 
with S2 closed, 1 ampere. 

Precautions 
The inverter will draw about 5 am- 

peres with the lamp out of the circuit. 
Do not run it for long periods in this 
mode as the fuse will blow after a few 
minutes. 

Connect both pins together at each 
end of the lamp. In cold weather the 
lamp may be difficult to start with S2 
open. Start with S2 closed. A good heat 
sink must be used, otherwise the fuse 
may blow repeatedly. Attach SCR1 and 
D1 directly to a metal block. Electrically 
insulate the block from the ground, not 
the semiconductors from the block. The 
two cores of Ti and Ll emit a certain 
amount of high -pitched noise. This may 
be made inaudible if the cores are im- 
bedded in some non -hardening sub - 

rubber (G -E stance such as silicone 
RTV) , "Playdoh®," etc. 

Make provision for a spare fuse, es- 
pecially on camping trips. 

R1 -220 ohm, ' «. res. 
R2 -47 ohm, 1/2 w. res. 
R3- 150,000 ohm, w. res. 
R4- 100,000 ohm, 1/2 w. res. 
R5-68 ohm, r/Z w. res. 
C1, C5 -.01 µf., IOU v. capacitor 
C2, C3, C4-1 µf., 200 v. capacitor 
C6 -0.04 µf., 600 v. capacitor 
C7 -60 µf., 15 v. tantalytic capacitor 
Si, S2- S.p.s.t. switch 
F1 -5 amp fuse (Type AGX2) 
L1 -11 t. #22 insulated wire wound 

on Arnold core 930157-2. 
(Arnold Eng. Co.. Marengo, Ill.) 

TI- Autotransformer, 35 t. #22 wire 
& 220 t. #28 wire wound in same di- 
rection on Arnold #930157.2 core.) 

Lamp -8 watt fluorescent lamp 1 G -E 
F8) 

D1 -20 amp. 200 p.i.v. rectifier diode 
(G -E A40B) 

SCR1 -7.4 amp, 200 p.i.v. silicon 
controlled rectifier (G -E C20131 

Q1- 2N2646 unijunetion transistor 
(G -E) 
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Fig. 2. Hybrid computer installation which employs Computer 
Systems 5800 analog and Control Data 160A digital computers. 

handled by the computer to save time and money. The engi- 
neer can actually see his system in action on the computer. 
He can change the problem variables and evaluate the re- 
sults. Thus he can predict with good accuracy what his actual 
system will do under different conditions. 

The process of writing the mathematical equations of a 
physical system and solving them on a computer to predict 
results and determine design values is called "simulation." 
This particular technique represents one of the more popular 
applications of analog computers. 

Digital Computers 
Digital computers are vastly different from the analog type. 

Instead of working with varying voltage levels, the digital 
computer works with numbers that represent the problem 
variables. These numbers are part of a special system known 
as the binary number system. In this system, any quantity or 
variable can be represented by a combination of two symbols, 
usually "l's" and "0's." For example, the decimal number 
22 is represented by 10110 in the binary system. The digital 
computer works with these binary numbers by allowing elec- 
tronic pulse and switching circuitry to represent the l's and 
0's. A closed switch may represent a "1" while an open switch 
may represent a "O." Another way to do it is to let the ab- 
sence of a voltage be a "0" and the presence of a designated 
voltage be a "1." 

The digital computer is a counter and it operates by add- 
ing or subtracting binary numbers. Since almost any mathe- 
matical operation can be simulated by successive additions 
or subtractions, the digital computer can, theoretically, solve 
any problem. Multiplication is simulated by successive addi- 
tions while division is a repetitive subtraction process. Other 

.r. s-. . 
October, 1965 

Fig. 3. Beckman -Scientific general - 
purpose hybrid computer console. 

mathematical operations, such as integration, differentiation, 
and square roots, are performed in a similar manner. This 
means of solving problems is practical only when the addi- 
tions and subtractions are performed at high speed, as they 
are in digital computers. 

Typical of the electronics circuits used in digital computers 
are binary multivibrators used in counters and registers, 
astable and monostable multivibrators used as clocks and de- 
lays, diode logic gates used for the and and or logic func- 
tions, and magnetic cores and tapes and delay lines used as 
memory or storage units. 

The biggest advantages of the digital computer over the 
analog computer are: versatility, wide dynamic range, and 
accuracy. Its disadvantages are: high cost, more complex 
programming, and its inherent lack of ease and speed in 
solving differential equations. 

The digital computer is truly a versatile machine and it 
can solve almost any mathematical problem. Of course it may 
be slower than the analog computer in the solution of differ- 
ential equations, for instance, but it can solve them. Accuracy 

Fig. 4. Applied Dynamics AD256 analog unit with digital controls. 

of the digita computer is limited only by the computer de- 
sign and is easily several orders of magnitude better than 
that of the analog computer. As for high cost and complexity, 
these factors are outweighed, in many cases, where flexibility 
and accuracy are important. 

Like the analog, the digital computer is also used for simu- 
lation. In addition, one of its prime functions in business and 
industry is data processing. The computer is used to process 
payrolls, keep inventory records, and do other repetitive, 
routine bookkeeping -type jobs. 

The Hybrid 
The hybrid computer was developed to solve problems 

that could not be handled by either an analog or a digital 
computer alone. The hybrid is formed by combining analog 
and digital computer elements and by taking advantage of 
the most desirable features of the two computers. The result 
is a computing system with tremendous capabilities. 

The problems that can be solved by hybrid systems are 
those that are either beyond the accuracy or dynamic range 
of the analog computer or require a computation speed faster 
than that available from a digital computer. The digital com- 
puter is very accurate and can be programmed to have a 
wide dynamic range, overcoming the limitations of the analog 
computer. The analog is extremely fast and can solve corn - 
plex, multi -variable problems instantly. This feature com- 
pensates for the slower, serially performed calculations of the 
digital computer. 

Some of the areas in which the hybrid has been found 
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Fig. 5. Model 2400 hybrid computer made by Electronic Associates. 

ANALOG 

COMPUTER 
MULTIPLEXER 

A/D CONVERTER 

TIMING 

AND 
CONTROL 

D/A 

CONVERTERS 

DIGITAL 

COMPUTER 
(INCLUDING 

MEMORY) 

Fig. 6. Block diagram of general -purpose hybrid computer 
showing the analog, the digital, and interface sections. 

useful include the following: 1. simulation of space vehicle 
guidance and control; 2. simulation of complex chemical 
processes; 3. study of biological systems; and 4. optimization 
of multi -variable systems. 

All of these examples involve the solution to complex math- 
ematical problems. The hybrid is useful because it can handle 
such operations as the solution to simultaneous differential 
equations with both low- and high- frequency characteristics, 
ordinary differential equations with transport delays, partial 
differential equations, statistical analysis problems, and any 
problems iii ölsing a combination of both continuous (ana- 
log) and discrete (digital) variables. 

Hybrid computers exist in a number of different forms. 
For example, the accepted definition of a hybrid computer 
is a general- purpose analog computer combined with a gen- 
eral- purpose digital computer with some form of conversion 
between them. Fig. 6 is a block diagram of such a computer. 
Part of the problem being solved is programmed on the ana- 
log computer and some of the answers derived from the 
analog section are fed to the digital computer via a multi- 
plexer and an A/D converter. The multiplexer repetitively 
and sequentially samples the analog voltages that represent 
answers or partial solutions and feeds them to the analog -to- 
digital (A /D) converter where they are changed to digital 
numbers capable of being handled by the digital computer. 

Fig. 7. TRICE digital differential analyzer by Packard -Bell (Raytheon). 

The digital computer processes the information it receives 
and, in torn, sends data back to the analog. The digital -to- 
analog (D /A) converters between the two computers con- 
vert the digital information into analog data compatible with 
the analog computer. A central timing and control section 
produces signals that keep all the units in the hybrid in syn- 
chronism. 

Fig. 2 shows a commercial hybrid computer installation 
similar to the one just described. The three units in the back - 
ground make up the general -purpose analog computer, while 
in the foreground is the control console for the general -pur- 
pose digital computer. The two large racks at the far right 
contain the A/D and D/A converters and the multiplexing 
equipment. This portion of the hybrid is generally known 
as the interface. 

Another hybrid computer of this type is shown in Fig. 3. 
In this installation both general -purpose analog and general - 
purpose digital computers are housed in a common enclosure 
with the interface equipment. 

A general- purpose analog computer with digital program- 
ming and controls is also referred to by many as a hybrid 
computer. Such a hybrid is essentially an analog computer 
that is controlled digitally while operating in either its repeti- 
tive or iterative modes and that uses digital techniques in 
programming, such as automatic pot set and check out. 

An important part of the analog computer when it oper- 
ates in these modes is the track /store amplifier circuit of Fig. 
1E. The circuit contains a conventional operational ampli- 
fier with input and feedback resistors that provide a gain of 
one. A capacitor is connected across the feedback resistor. 
A relay or electronic switch controls the operation of the cir- 
cuit. When the switch is closed and an analog signal is ap- 
plied to the input, the circuit produces an output that is 
simply an inverted version of the input. At the same time, 
the charge on the capacitor follows the input analog signal. 
If the switch should suddenly open, the output no longer fol- 
lows the input. Instead, the output is the voltage that was 
on the capacitor at the instant the switch opened. The cir- 
cuit stores analog voltage levels on command from the switch- 
ing system. Specially programmed pulse or digital signals 
usually control the switching. This is one of the most impor- 
tant circuits in a hybrid computer. 

Figs. 4 and 5 show two hybrid computers that are con- 
sidered to be digitally controlled analogs. In Fig. 5, the unit 
in front of the operator on the right is a general -purpose ana- 
log computer, while the unit in front of the other operator 
is the companion digital operations system. This particular 
installation is capable of being used in conjunction with the 
general- purpose digital computer shown at the far left in the 
photograph. 

Another form of hybrid computer is the digital differential 
(DDA) analyzer. This is an all- digital machine that is built 
in such a form that it is operated and programmed the same 
as an analog computer. It offers the capability of solving 
complex differential equations with ease of programming and 
speed of the analog computer and with an accuracy far 
greater than that of a conventional analog computer. A com- 
mercial version of the DDA is the "TRICE" computer shown 
in Fig. 7. 

Of course, many other forms of hybrid are possible but 
those shown and described here are the most representative 
of those hybrids in use today. 

It now appears that many future computer installations 
will be hybrids simply because of the tremendous, general - 
purpose problem -solving capability they have. Today, sci- 
entists and engineers are thinking in terms of hybrid solu- 
tions to their problems. By carefully considering all three 
forms of computation, the scientist or engineer can find the 
best type of solution to his problem and thus obtain the quick- 
est and most accurate answer for the available computational 
time and money. 
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'Round The World Cruise Only 5759.95 

DEPARTURE TIME: 
10 Hours After 
Opening The Carton 

Travel Anywhere In The World, First -Class, On Longwave, Standard AM, FM, 
and 7 Shortwave Bands with this New Heathkit All- Transistor Portable 

Tour The Voice Capitols Of The World. Your 
round -trip ticket to unsurpassed global listen- 
ing is always ready when you own this superb 
new Heathkit 10 -Band Portable Radio. You 
are there when it happens, experiencing the 
high -key drama of shortwave listening. Seven 
bands tune 2 to 22.5 mc, offering thousands 
of daily broadcasts by foreign stations, ships 
at sea, amateur radio operators, weather sta- 
tions. The longwave band of 150 to 400 kc 
brings you the informative broadcasts of air- 
craft beacon and marine weather stations. 
The entire FM band of 88 to 108 mc, with 
rare sensitivity and fidelity in a portable, 
affords the quiet, crystal -clear beauty of good 
FM music. And, of course, the standard AM 
broadcast band is always ready with pop 
music, news and sports, presented with a 
sharpness of tuning that permits receiving 
stations you never before were able to hear. 

16 Transistors, 6 Diodes, 44 Factory -Built 
And Aligned RF Circuits assure cool, instant 
operation, superior performance, long life, 
and easy assembly. Two separate AM and FM 
tuners are ready to drop into place (the FM 
tuner and IF strip are the same components 
used in deluxe Heathkit FM Stereo equip- 
ment). 

Two Built -In Antennas ... one, a powerful 
ferrite rod for longwave and AM reception, 
is neatly housed in the easy -carry handle. The 
other, for FM and Shortwave, extends to a 

7 

full 5 feet and tilts in any direction for peak 
reception; conveniently telescopes into the 
cabinet for traveling. In addition, connectors 
for external AM and FM antennas are pro- 
vided. 

Convenient, Versatile Controls. Like the Bat- 
tery -Saver Switch that reduces power to 150 
milliwatts for normal indoor listening (cuts 
battery drain as much as 35%), or boosts 
power to 500 milliwatts for strong, outdoor 
reception. The handsome rotating turret dial 
scale is directly driven by a 10- position selec- 
tor, permits easy viewing of any single band 
(a log scale is provided for re- locating un- 
known stations). There's a battery saving 
Dial Light Switch for nighttime use; Auto- 
matic Frequency Control with on -off switch 
for drift -free, accurately tuned FM; a big, 
81/2 revolution Tuning knob easily separates 
stations; a combination on- off -volume con- 
trol; and a continuous Tone Control for lis- 
tening as you like it. 

Big 4" x 6" PM Speaker, specially designed 
to match cabinet acoustics, insures "big set" 
sound. In addition, an earphone is included 
which plugs into the built -in jack for private 
listening. 

Inexpensive, Flashlight Battery Power. Uses 
6 "D" size batteries to operate the radio, plus 
1 "C" battery for the dial light (batteries not 
included). Also operates on 117 VAC with the 

FREE! 1966 Heathkit Catalog 
HEATHKIT 1966 

11 
108 pages ... many in 
full color . . . describe 
this and over 250 easy - 
to -build Heathkits. Save 
up to 50%. Mail coupon 
for your FREE copy. 

HEATH COMPANY, Dept. 15 -10 
Benton Harbor, Michigan 49023 
In Canada: Daystrom, Ltd., Cooksville, Ontario 

Enclosed is S plus shipping. 
Please send GR -43 portable. 
Please send FREE Heathkit Catalog. 

optional converter /charger available (plugs 
into built -in jack to "float- charge" batteries 
while you enjoy good listening without bat- 
tery drain). 

Deluxe Styling Matches Its Deluxe Perform- 
ance. Jet black extruded aluminum front and 
back panels contrast with luxurious chrome - 
plated, die -cast end pieces to present a rugged, 
handsome unit you'll be proud to take any- 
where. Hinged front and back panels open 
and close easily thanks to special magnetic 
edges . no cumbersome snaps or latches. 
Inside the front panel you'll find a hard -bound 
"listener's guide" book containing frequencies 
of worldwide Shortwave and U.S. FM stations 
plus a special map for easy conversion of 
world time zones. It travels snugly in its own 
special slot in the front panel. 

Build It In 10 Hours Or Less! Since the two 
tuners and all R.F. circuits are preassembled 
and factory -aligned, you merely mount this 
entire section on the chassis and wire 3 small 
circuit boards. The lucid Heathkit Construc- 
tion Manual and thoughtful design make it 
easy to complete without special tools or 
instruments. 

Send For Your World Tour Ticket Now . . . 

use the coupon below to order your new 
Heathkit 10 -Band Portable. 
Kit GR -43, 17 lbs $159.95 

Name 

Address 

City State Zip 

Prices & specifications subject to change without notice. 
GX-143 

J 
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Look What's 
NEW LOW PRICES 

Kit AR -13A 
Now Only 

$18400 

ALL -TRANSISTOR STEREO RECEIVER 
Just add 2 speaker, for a complete stereo system. AM /FM /FM stereo 
tuning; 46- transistor, I7 -diode circuit for cool, instant operation & 
natural transistor sound; 66 watts music power e ±-1 db from 15 to 
30,000 cps; walnut cabinet. 35 lbs. 

w o. 
Kit Al -33A 
Now Only 

$945° 

TRANSISTOR AM /FM /FM STEREO TUNER 
Features 23- transistor, 8 -diode circuit; built -in stereo demodulator; auto- 
matic switching to stereo; stereo indicator light; stereo phase control: 
filtered outputs for beat -free recording; walnut cabinet. 17 lbs. 

OTHER NEW LOW -PRICE COMPONENTS 

* Kit AJ -41 (tube), AM /FM /FM Stereo Tuner... Now Only $112.50 
* Kit AJ -12 (tube), FM /FM Stereo Tuner... Now Only $65.95 
* Kit AJ -13 (tube), FM /FM Stereo Tuner... Now Only $47.00 

* Kit AJ -63 (tube), Mono FM Tuner... Now Only $37.50 

New Low Price On Deluxe 21" Color TV 

Kit GR -53A 
Now Only 

$37500 
(less cabinet) 

Ends costly color TV servicing . . . only set you adjust and 
maintain yourself. Only Color TV you can install 3 ways . . 

wall, custom or Heathkit cabinets. Tunes all channels for 21" 
of the best color pictures in TV plus true hi -fi sound. Assembles 
in just 25 hours . no special skills needed . . . all critical 
circuits preassembled and aligned. 1 -year warranty on picture 
tube, 90 days on all other parts. 127 lbs. Also new low prices 
on preassambled Heathkit cabinets: GRA -53 -7, walnut cab. 
(illust.) 85 lbs...$108; G RA-53-6, walnut- finish hardboard cab., 
52 lbs.. . $46.50 

Now Install Any Of 3 Ways . . . 

Wall, Custom Or Heath Cabinets! 

Kit Al -43D 
Now Only 

$109°° 
(less cabinet) 

Deluxe Transistor 
AM /FM/FM Stereo Tuner 

25- transistor, 9 -diode circuit: automatic switching to 
stereo; stereo indicator light, stereo phase control; 
filtered outputs. 15 lbs. Optional cabinets, (walnut 
$12.95), (metal $6.95). 

Kit AA-21D 
Now Only 

$131 °° 
(less cabinet) 

Matching 100 -Watt 
Transistor Stereo Amplifier 

70 watts RMS power at ±I db from 13 to 25,000 
cps; 26- transistor, 10 -diode circuit; inputs & outputs 
for any source; 4, 8 & 16 ohm speaker impedances. 
Opt. cabinets, (walnut $I2.95), (metal $6.95).2_3 lbs. 

New Low Prices On 
Heathkit' /Thomas Organs 

Kit GO -983 
Now Only 

$19900 

The Heathkit /Thomas "Coronado" Transistor Organ, ( illust.) 
boasts 17 organ voices, two 44 -note keyboards, Leslie plus 2 -unit 
main speaker system, 28 notes of chimes, 13 -note heel & toe 
pedalboard, color -tone attack & repeat percussion, matching 
bench, plus many more professional features. 242 lbs. Also the 
Heathkit /Thomas "Artiste" Transistor Organ with 10 voices, 
two 37 -note keyboards, repeat percussion, etc. now at only $332. 
154 lbs. Both organs have all genuine Thomas factory fabricated 
components. 
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NEW At Heath! 
NEW KITS 

New Transistor FM Stereo Tuner . . . 

Build In 6 Hours! 

World's easiest to build stereo /hi -fi kit . . . 

takes 6 hours or Ie,sl I4- transistor, 4 -diode cir- 
cuit for cool instant operation, natural tran- 
sistor sound. Phase control assures best stereo 
performance. 4 -stage IF for high sensitivity. 
Filtered outputs for direct stereo recording. 
Automatic stereo indicator light, preassembled 
& aligned "front -end." Install in a wall or 
either Heath cabinet; walnut ($7.95), metal 
($3.50). 6 lbs. 

Kit AJ -14 

$4995 

(less cabinet) 

New 23- Channel, 5 -Watt Transistor 
CB Transceiver 

23- channel transmit & receive capability. All - 
transistor circuit for instant operation, low 
battery drain ... only .75 A transmit, .I2 A 
receive. Only 27/8" H x 7" W x l01/2" D .. . 

ideal for car, boat, etc. ! uy sensitivity for 
10 db signal plus noise to noise ratio. Front - 

panel "S" meter, adjustable squelch, auto- 
matic noise limiter, built -in speaker, ceramic 
PTT mike, charcoal gray aluminum cabinet. \ 81bs. 

Kit GW -14 

$8995 

(Assembled 
GWW -14, 
$124.95) 

New Deluxe Shortwave Radio 

0... ....X...... . ^-.' ,. 

.... 

Compare it to sets costing $150 and more! 5 

hands cover 200 -400 kc, AM, and 2 -30 mc. 
Tuned RF stage, crystal filter for greater selec- 
tivity, 2 detectors for AM and SSB, tuning 
meter, bandspread tuning, code practice moni- 
tor, automatic noise limiter, automatic volume 
control, antenna trimmer, built -in 4" x 6" 
speaker, headphone jack, gray metal cabinet, 
and free SWL antenna. Assemble in 15 hours. 
25 lbs. 

Kit GR -54 

$8495 

New 6 -Meter SSB Ham Transceiver 

Full SSB -CW transceive operation on 6 meters. 
180 watts PEP SSB -150 watts CW. Operates 
fixed or mobile; PTT and VOX. Switch- selec- 
tion of upper sideband, lower sideband, and 
CW. Covers 50 -52 mc with crystals supplied, 
total coverage 49.5 -54 mc. Famous Heath SB 
series Linear Master Oscillator for true linear 
tuning. Built -in 100 kc calibrator and antenna 
switching. Accessory mobile mount SBA -100 -1 
...$14.95. 23 Ills. 

NEW! 
1966 CATALOG 
HEATHKIT 1966 

Free! 108 pages...many 
in full color ... describe 
these and over 250 easy - 
to -build Heathkits. Save 
up to 50 %. Mail coupon 
for your free copy. 

October, 1965 

Kit SB -110 

320°° 

... Buy Now -Use This Order Blank ... 
HEATH COMPANY, Dept.I5-10, Benton Harbor, Michigan 49023 
In Canada: Daystrom, Ltd., Cooksville, Ontario 
L! Please send FREE 1966 Heathkit Catalog. 

Model Description Weight Price 

Name 
(Please Print) 

Address 

City State Zip 
SHIP VIA: Parcel Post Express Collect Freight 20% Included, C.O.D. Best Way 
All prices & specifications subject to change without notice. CL -216 / 
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A MULTIPLEX 

ADOPTER 

FOR FM STEREO 
By DAVID A. WILLIAMS 

A solid -state design using new inexpensire silicon 
transistors. Method of subcarrier generation used 
results in high stability and ease of adjustment. 

T HIS multiplex adapter is a simple, solid -state design 
that uses silicon transistors for stability and a method 
of subcarrier generation that is easily adjusted and very 

stable. The result is a unit which gives excellent stereo quality 
over a wide range of operating conditions. 

The 2N3638 transistors used are from a line of economical, 
but high quality, silicon transistors made by Fairchild Semi- 
conductor of Mountain View, California. They are available 
from many local distributors or can be ordered direct from 
the manufacturer. The advantages of silicon transistors are 
greater temperature stability and more reliable operation. 
Silicon transistors have been around for some time, but it 
is only recently that the price has become competitive with 
germanium types. The 2N3638 is 46 cents in small quantities. 

Subcarrier Generation 
There are several ways of generating the 38 -kc. subcarrier 

required to demodulate the stereo signal. Most manufacturers 
employ circuits which amplify the 19 -kc. pilot carrier and 
use it to sync either a 19 -kc. or 38 -kc. oscillator. If a 19 -kc. 
oscillator is used, the output is fed through a frequency 
doubler to obtain a 38 -kc. carrier. A major difficulty with 
these circuits is the stability of the oscillator. It is important 
not only that the oscillator be synced, but that a definite 
phase relationship be maintained between the pilot carrier 
and the subcarrier. It is difficult to maintain this phase re- 

The circuit is built on a 31/2-inch by 41/2 -inch perforated board. 
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The entire adapter is contained in a small aluminum box. 

lationship in the presence of temperature changes, voltage 
changes, and changes in the amplitude of the pilot carrier. 

One circuit which has been largely ignored in the past 
nullifies these disadvantages. This technique does not re- 
quire an oscillator. The pilot carrier is simply amplified and 
put through a frequency doubler to obtain the subcarrier. This 
method of subcarrier generation, as embodied in the adapter, 
results in a unit which is very stable with respect to temper- 
ature, voltage, and input amplitude. In addition, it eliminates 
the need for switching when changing from mono to stereo 
reception. There is no audible interference or "birdies" when 
tuned to a mono station transmitting SCA programming since 
there is no subcarrier present. To the best of the author's 
knowledge, there are not enough stations broadcasting both 
stereo and SCA that they need be considered in a design in- 
tended for home construction. If SCA interference should 
become a problem, the circuit of Fig. 2B can be incorporated 
in the design to take care of it. 

A possible disadvantage of this method is that the sub- 
carrier amplitude is subject to variation since it depends on 
the amplitude of the pilot carrier. With some detectors this 
would be critical, but the switching scheme used in this par- 
ticular adapter is not affected by the subcarrier amplitude as 

long as the input to the doubler stage is large enough for the 
frequency doubling action to take place. 

Circuit Description 

Fig. 1 is the circuit diagram and parts list for the adapter. 
Q1 is an emitter -follower used to avoid loading the FM 
tuner. Its input impedance is a function of the current gain 
of the transistor and will generally be greater than 200,000 
ohms. Even with a transistor on the manufacturer's lower 
tolerance limit with respect to gain, the input impedance will 

be greater than 100,000 ohms. The bias circuit for this stage 
is not the most stable configuration. but is adequate here 
because of the inherent stability of the silicon transistor and 
the fact that the supply voltage is large compared to the 
signal amplitude at this point. 

Q2 is a 19 -kc. amplifier with a tuned circuit in both the 
base and collector circuits. The use of two 19 -kc. tank cir- 

cuits gives a high degree of selectivity and assures a clean 
subcarrier. Q3 is a doubler circuit which provides d.c. isola- 
tion and a push -pull output. R6 -C6 and R8 -C7 are decoupling 
circuits. 

Several other detector circuits were tried, but none 
achieved the performance of the diode circuit used. Briefly, 

the purpose of this circuit is to ground points C and D during 
alternate half -cycles of the subcarrier. The relative size of 
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RB 

18 V. 

R23 

C16 
R22 

-18 V 

R16 RIB 

C13 

04 - 
2N3638 

C15 CI 

R29 R30 
R17 

R1- 510,000 ohm, 1/2 w. res. 
R2 -6800 ohm, 1/2 w. res. 
R3- 68,000 ohm, ! = w. res. 
R4,R7,R8,R9 -1000 ohm, )z w. res. 
R5,RI1- 10,000 ohm, 12 a. res. 
R6 -680 ohm, 1/2 w. res. 
R10- 150,000 ohm, 1 w. res. 
R12 -820 ohm, 1/2 w. res. 
R13,R18,R20,R25- 10,000 ohm, 1% w. res. ±5% 
R14,R21- 56,000 ohm, !-z w. res. H-5% 
R15,R22- 33,000 ohm, 1/2 w. res. ±5% 
R16,R23- 18,000 ohm, 1/2 w. res. +5% 

Fig. 

817.1124- 39,000 ohm, 1,2 w. res. 4-5% 
R19,R26 -2200 ohm, 1/2 w. res. +5% 
R27,R28,R29,R30- 22.000 ohm, !2 w. res. 
Cl -.5 µf. capacitor 
C2 -.O1 µf. capacitor 
C3 -.0015 µf. silver mica capacitor 
C4 -.01 µf. silver mica capacitor 
C5 -.047 µf. capacitor 
C6,C7 -.1 µf. capacitor 
C8 -.005 µf. silver mica capacitor 
C9 -1 pf., 6 v. elec. capacitor 
C10 -4.7 12f., 15 v. elec. capacitor 

J3 
RIGHT 
OUTPUT 

C14 

C11,C15 -.003 µf. silver mica capacitor 
C12,C16 -2 µf., 6 v. elec. capacitor 

±5 %o C13,C17 -50 µf., 25 v. elec. capacitor 
C14,C18 -50 µf..6 v. elec. capacitor 
D 1,D2,D3,D4,D5, D6,D7,D8 -1 N34 
L1- Bandpass filter, shunt element (J.W. Miller 

1353) 
L2- 19 -kc. locked ose. coil I.I.W. Miller 1354) 
T1- 3S -kc. output trans. IJ.W. Miller 1355) 
,11,J2.J3 -Phono jack 
Q1,Q2,Q3,Q4,Q5- 2N3638 silicon trans. (Fairchild 

Semiconductor) 

1. Circuit diagram and parts listing for adapter which employs five inexpensive silicon transistors. 

the associated resistors (22.000 and 10,000 ohms) and the 
amplitude of the signal relative to that of the subcarrier as- 
sures that the voltage at points E is solely dependent upon 
the subcarrier and is independent of the signal. Thus, whether 
the diodes conduct or not depends upon the subcarrier. One 
of the advantages of this circuit is that the magnitude of the 
subcarrier passed to the output is very small and therefore 
little filtering is required. 

The degree of subcarrier suppression depends partly on 
how well the diodes are matched. A bad match can be rem- 
edied somewhat by placing large (330,000 ohm) resistors in 
parallel with diodes D1 through D4 while watching points C 
and D with an oscilloscope. An audio oscillator set to 19 kc. 
can be used for an input. Point F should be grounded during 
this operation to keep the 19 -kc. signal out of the switching 
circuit. You probably won't need to bother with this adjust- 
ment unless you get interference with the bias oscillator of 
your tape recorder. 

The switching circuit is followed by a de- emphasis filter 
and an output amplifier in each channel. The amplifier re- 
covers most of the amplitude lost in the switching circuit 
and the filter and limits the insertion loss to about 3 db. 
R15 and R22 are used to isolate the filters from the ampli- 
fiers. The output impedance is about 10,000 ohms. This is 
low enough to drive several feet of shielded wire, but the 
amplifier should be followed by an emitter -follower stage as 
shown in Fig. 2A if longer cable runs are required or if you 
want to drive a set of stereo headphones. 

The coupling between the emitters of Q4 and Q5 compen- 
sates for the mixing of left and right signals that is inherent in 
the demodulation process. When both channels contain iden- 
tical information there is no current flow between the emitters, 
October, 1965 

but when they differ, a portion of the signal present in one 
channel is introduced 180° out of phase into the opposite 
channel to cancel the unwanted component. The capacitors 
(C14 and C18 ) could be eliminated and a single emitter resis- 
tor used in the interest of economy, but the stability of the 
operating point would suffer since any d.c. unbalance which 
occurs in one channel will be amplified in the other. For the 
same reason Q4 and Q5 should be the best matched pair of 
transistors available to achieve the best possible a.c. balance. 
This also accounts for the tight tolerance on the resistors in 
the switching and de- emphasis circuits. A separation control 
can be added to the circuit by placing a 5000 -ohm pot in 
series with C14 and C18. 

A stereo indicator circuit was not provided because, in the 
author's opinion, it is unnecessary. If one cannot tell the dif- 
ference between stereo and mono broadcasts by listening, 
why bother with a stereo receiver in the first place? Secondly, 
most people who are interested know which stations in their 

Fig. 2. IA) Emitter- follower circuit. (B) SCA suppressor. 
-I8V. 
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Tllc lircly sound! The more- than -you- 
pay -for big speaker performance of Uni- 
versity's lively new Ultra -D. 

Enjoy it -the lively sound. Put it any- 
where - everywhere! No matter where, 
the Ultra -D fits! 

Enjoy it - listen to the lively sound of 
the Ultra -D at your University dealer to- 
day. Bring your favorite record, too! Listen 
to something you know - you'll agree 
University Sounds Better! Desk K -55. 

(e) UNIVERSITY SOUND 

ULTRA.D SPECIFICATIONS: Components - 
10" ultra-linear high compliance woofer, 4" 
direct radiator midrange, 31/4" direct radiator 
tweeter. Response -35 to 19,000 cps. Size - 
23 13/16" h x 11%" w. x 93/4" d. Finish 
Oiled walnut. Selling Price - $87.25 

9500 W Reno Oklahoma Coy Oklahoma 

CIRCLE NO. 89 ON READER SERVICE CARD 

VALUABLE books from E. &E. 
great "how -to- build "data in the famous 

RADIO HANDBOOK (16tí1 Ed.) 

Tells how to design, 
build, and operate the 
latest types of amateur 
transmitters, receivers, 
transceivers, and am- 
plifiers. Provides ex- 
tensive, simplified theory on practically every 
phase of radio. Broadest coverage; all origi- 
nal data, up -to -date, complete. 816 pages. 
Order No. 166, only $9.50 

RADIOTELEPHONE LICENSE MANUAL 
Helps you prepare for all commer- 
cial radiotelephone operator's 
license exams. Provides complete 
study -guide questions and answers 
in a single volume. Helps you un- 
derstand fully every subject you 
need to know to obtain an opera- 

tor's license. 200 pp. Order No. 030,only $5.75 
LEADING BOOK ON TRANSISTORIZED 

COMMUNICATIONS EQUIPMENT 
TRANSISTOR RADIO HANDBOOK, by 
Donald L. Stoner, W6TNS, Lester 
A. Earnshaw, ZL1AAX. Covers a 
wide range of communication uses 
for both amateur and commercial 
applications. Includes audio and 
speech amplifiers, VHF transmit- 
ting and receiving equipment, SSB exciters, 
and complete SSB transceivers. 180 pages. 
Order No. 044, only $5.00 

Order from your electronic parts 
distributor or send coupon below. e 

r EDITORS and ENGINEERS, Ltd. 

P.O. Box 68003, New Augusta, Indiana, Dept. EW -10 

Ship me the following books: 
No. 166 No. 030 No. 044 $--encl. 

Name 

Address 

City State Zip J 
CIRCLE NO. 81 ON READER SERVICE CARD 
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Tri -State College's electronics tab 

electronics degree 

now in 36 months! 
Small professionally- oriented college. Four - 
quarter year permits degree completion in 
three years. Summer attendance optional. En- 
gineering: Electrical (electronics or power op- 
tion), Mechanical, Civil, Chemical, Aeronau- 
tical. Business Administration: Accounting, 
General Business, Motor Transport Administra- 
tion. One -year Drafting and Design Certificate 
program. Graduate placement outstanding. 
Founded 1884. Rich heritage. Excellent faculty. 
Small classes. Well- equipped labs. New library. 
New residence halls. Attractive 300 -acre cam- 
pus. Modest costs. Enter Jan., March, June, 
Sept. For Catalog and View Book, write Di- 
rector of Admissions. 

II II 

TRI -STATE COLLEGE 
16105 College Ave., Angola, Indiana 

area broadcast in stereo and the stations 
themselves are not reticent about men- 
tioning the fact. When a stereo station 
does broadcast a mono program, the 
pilot carrier usually stays on anyway so 
that a stereo indicator circuit would be 
none the Wiser. 

The unit was built on a 33'2"x 4h" piece 
of perforated circuit board and mounted 
in an aluminum box as shown in the 
photos. Parts placement is not critical 
and other layouts should Nvork as well. 
Some parts substitutions can probably be 
made to take advantage of junk -box 
items on hand, but there are certain crit- 
ical points that should be observed. The 
over -all stability will suffer if the silver 
mica capacitors are replaced by other 
types. The components which are dupli- 
cated in each channel should be closely 
matched to preserve balance between 
channels. All of the non -mica capacitors 
can be replaced by larger values if they 
are available. The usual care must be ex- 
ercised to protect the components from 
heat during solclering operations. 

Ad justnlent 
After the adapter is assembled, check 

the wiring carefully for errors. Transis- 
tors are very reliable when used within 
the limits of their ratings, but they are 
most intolerant of overloads even for 
short periods. Next, check the Voltages 
shown on the circuit diagram With a 
\.t.v.nl. if one is available. A v.o.nt. may 
also be used, but Will give inaccurate 
readings at some points in the circuit. 
The readings shown were taken With a 

supply Voltage of 18 volts, but any value 
between 15 and 20 volts will vork as 
well. The voltages are dependent on the 
individual transistors used. If a voltage 
is considerably different from that shown 
on the diagram try switching transistors. 
The voltages at the collectors of Q-1 and 
Q5 should be equal to about half the 
supply voltage to avoid clipping large 
signals. Other voltages are not critical as 
long as the adapter is working. If it is 

not, they may indicate trouble. 
Next, connect the adapter to the multi- 

plex output of an FM tuner and tune in 
a stereo station. Tune L1, L2, and T1 for 
maximum subcarrier. An oscilloscope is 

best for this. but a meter may be used. 
After the maximum subcarrier is ob- 
tained, L1 should be tuned for best sep- 
aration. 

This adapter should work with any 
vacuum -tube tuner that has a multiplex 
output taken directly from the detector. 
Transistor tuners will require a stage of 
amplification between the detector and 
the adapter. Some older tuners not spe- 
cifically designed for multiplex may give 
satisfactory performance if the de-em - 
phasis circuit is disconnected. The lead 
length between the tuner and the 
adapter should be as short as possible or 

three feet long at the very most. 

ELECTRONICS WORLD 
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RADIO 

TV NEWS 

PRODU color-TV of colo -TV receivers in April, 1965 was 
nearly double that of April, 1964, while the output of 

black -and -white sets remained just about at last April's level, 
according to a report from the EIA. 

The report also showed April production and distributor 
sales of radios up by a substantial margin and distributor 
sales of monochrome TV sets just above those of April of 
last year. 

Producers turned out 179,321 color sets in April, an in- 
crease of 94% over the 92,318 produced in April, 1964. 

April production of monochrome TV sets fell off 7% to 
577,450 from the 620,351 recorded in April of last year and 
dropped a sharp 27% under the March figure of 790,379, this 
year's best month for black -and -white output. 

Combined total for color and monochrome production was 
756,771 in April, compared with 712,669 in April, 1964. 
Total output during this year's January -April period was 
3,348,669, up 9% from the 3,073,068 registered for the first 
four months of 1964. 

Infrared Circuit Tester 
One of the major problems with microcircuits is that if 

one component heats up due to a malfunction, it can easily 
destroy other components located in close thermal proximity. 

Researchers at the Naval Electronics Lab in San Diego 
have developed a high -speed infrared mapper consisting of 
a cryogenically cooled infrared detector, a mechanical scan- 
ning mechanism, electronic circuitry, and a modified fac- 
simile machine. At present, the equipment uses 600 scanned 
lines, each .0014 inch wide per inch of surface scanned. The 
scientists claim that a thermal map of a one -inch square cir- 
cuit surface can be made in 30 minutes with mapping resolu- 
tion clown to a .001 -inch square circuit area. Infrared energy 
change would disclose the presence of a faulty component 
and indicate it on the thermal map. 

Japanese Transistors 
The other day we came across a brief description of 

Japanese transistor types that we would like to pass along. 
Those transistors prefixed 2SA are p -n -p types for high - 

frequency (above audio) use; 2SB indicates a p -n -p tran- 
sistor for low -frequency ( audio) use; 2SC indicates an n -p -n 
transistor for high -frequency use: while 2SD indicates an 
n -p-n transistor for low -frequency use. The number following 
the prefix has no special significance, while any suffix letters 
indicate an improved version of the original unit. 

Our thanks to the Kings County TV Service Association 
and their "1'V Service Association News" from which this 
information was extracted. 

Industry News 
The EIA recently took steps to increase its participation 

in international. standardization activities and to implement 
its cooperation with other industry associations. 
-- During their recent- n eetinrg, members of EIA heard its 
president Harper Q. North forecast a year of increased busi- 
ness activities that are expected to move the value of elec- 
tronic production upward to $16.9 billion, a 4.7% increase. 
October, 1965 

Us.i it... mobile. . . 

base... 
I or portable! 

Cape Horn to Fairbanks, Alaska 
"Messenger III" goes all the way on Mercury 
Comet 16,10 mile durability run! Comet 
drivers report: Over 40 continuous days 
and night ;, through rain, fog, sleet and 
snow ... on washboard roads, some 
scarcely pore than a trail ... in tropic 
heat and frigid Arctic weather -the 
"Messenger Ill" never let them down! 

For unmatched quality 
and dependability-GO JOHNSON! 
The most popular CB transceiver in the world - 
the "Messenger III" offers everything you ever 
wanted in a CB transceiver ... compact size, a 
husky signal, extreme sensitivity, razor -sharp 
selectivity -and complete flexibility for base 
station, mobile, public address, or battery 
powered portable use! Double conversion re- 
ceiver- set -and -forget "Volume" and "Squelch" 
controls -11 channel coverage -"Tone Alert" 
Selective Calling System available as accessory. 

E. F. JOHNSON CO. 
1127 10th Ave. S.W. Waseca, Minnesota 56093 

WRITE TODAY for lull color brochure, or see your Dealer /oßlribulor and ask for a demonslrahon! 

PERSONAL 
MESSENGERS 

100 Milliwatt and l'/= 
Watt hand -held units. 
Twice the sensitivity 
and 40% more range 
than similar units with 
conventional circuitry! 

MESSENGER 
To date -one of She 
biggest sellers in the 
Citizens Band field. 5 
channels -long on per- 
formance, short on cost. 

MESSENGER TWO 
Ten channels and tune- 
able receiver. Excellent 
receiver sensitivity and 
selectivity. Plenty of 
features. Delivers a 

penetrating signal with 
solid punch! 
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revolutionary new semiconductor 

transducer breaks all barriers 

that limit existing 

phono cartridges 
TA -15 Low -mass 
Tone Arm 

U -15 Semiconductor 
Cartridge 

Easily installed 
Phenomenal 13 Octave Range. 
DC to 50 kcps. 
Silicon Semiconductor Ele- 
ments. 10,000 times the power 
of magnetics. World's most effi- 
cient, hum -free cartridge. 
Lowest Effective Tip Mass. 
Tracks 40 kcps 2nd harmonic 
pinch effects of 20 kcps funda- 
mental- stylus tip stays in 
groove at all frequencies. 
Elliptical Biradial Diamond Sty- 
lus. No playback loss from out- 
side to inside grooves. 
Energy Derived from 
External Power 
Source. Saves 
record grooves. 

See your distributor or write for 
"The Story of Euphonies Min iconic" 

CuphoniCS MARKETING 173 W. Madison St., Chicago, Ill. 60602 
Dept. EW -10 FACTORY: GUAYNABO, PUERTO RICO, U.S.A. 

TK -15 -LS Lab Standard Phono System. TA -15 low- 
mass arm, with U -15 -LS plug -in cartridge (biradial 
diamond) and PS -15 power source. For magnetic or 
auxiliary inputs. USER NET 87.50 
TK -15 -P Professional Phono System. As above, but 
with U -15 -P cartridge and .5 mil tip conical diamond 
stylus. USER NET 71.50 
CK -15 -LS Lab Standard Phono Conversion Kit U -15. 
LS cartridge (biradial diamond) for standard heads, 
and PS -15 power source. For magnetic or auxiliary 
inputs. USER NET 55.00 
CK -15 -P Professional Phono Conversion Kit. As 
above, but U -15 -P cartridge with .5 mil tip conical 
diamond stylus. USER NET 39.00 
MADE IN U.S.A. SEUPHONICS CORP. 1965 

CIRCLE NO. 84 ON READER SERVICE CARD 

NOW! Solve Electronics Problems 
fast with New Patented Slide Rule. 

I 777 

That's right! This amazing new Electronics 
Slide Rule will save you time the very first 
day you use it. It's a patented, all -metal 10" 
rule that features special scales for solving 
reactance, resonance, inductance and cir- 
cuitry problems . . . an exclusive "fast - 
finder" decimal point locater ... widely - 
used formulas and conversion factors for 
instant reference. And there's all the stand- 
ard scales you need to do multiplication, 
division, square roots, logs, etc. 

Best of all, the CIE Electronics Slide Rule 
comes complete with an Instruction Course 

78 

l 

of four AUTO-PROGRAMMED lessons. You 'll quickly 
learn how to whip through tough problems 
in a jiffy while others plod along the old - 
fashioned "pad and pencil" way. 

Electronics Slide Rule, Instruction Course, 
and handsome, top -grain leather carrying 
case ... a S50 value for less than S20. Send 
coupon for FREE illustrated booklet de- 
scribing this Electronics Slide Rule and 
Instruction Course and FREE Pocket Elec- 
tronics Data Guide. Cleveland Institute of 
Electronics, 1776 E. 17thSt., Dept. EW 114, 
Cleveland, Ohio 44114. 

*TRADEMARK 

GET BOTH FREE! Cleveland Institute 
of Electronics 

1776 E. 17th St., Dept. EW -114 Cleveland, Ohio 44114 

Send 
coupon 
today -0 

Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail 

promptly and get FREE Pocket Electronics Data Guide too! 

NAME 

ADDRESS 

CITY STATE 

(Please PrintU 

COUNTY 

ZIP 

A leader in Electronics Training...since 1934 

CIRCLE NO. 122 ON READER SERVICE CARD 

Transistor I.F. Amplifier 
(Continued from page 33) 

47,000 -ohm resistor, and automatic gain 
control through a 2200 -ohm resistor. 
The collector supply for the transistor is 

connected directly to a tap on the pri- 
mary of i.f. transformer Ti and no neu- 
tralization is used. The second i.f. stage 
(Q2) is connected in exactly the same 
manner as the first i.f. stage, except that 
it receives no automatic gain control 
voltage. 

The third i.f. stage (Q3) has to de- 
liver power. It is connected directly 
across the major portion of the complete 
primary of T3 and a 33 -pf. capacitor is 

used for neutralization. A 1 -pf. capacitor 
is used to provide a small amount of 
additional coupling between the wind- 
ings. This stage delivers power to drive 
both the automatic gain control diodes 
and the limiter. The limiter is a two - 
stage cascaded circuit (Q4 and Q5) . It 
has a large amount of d.c. feedback 
from the junction of the two 330 -ohm 
emitter resistors of the second limiter 
stage back into the base of the first 
limiter stag,c. Therefore, any variations 
in gain of these two transistors with 
signal is compensated for and the two 
transistors are always operated with 
their best limiting characteristics. The 
last limiter stage drives a ratio detector 
(D3 and D4). This is a conventional cir- 
cuit with a 2 -arc. bandwidth except that 
both outputs of the detector are avail- 
able or either of the two may be 
grounded. 

All transistors in this circuit, including 
i.f. amplifiers and limiter stages, are of 
the same type (Fairchild SE 1001's). 
These transistors can be interchanged or 
replaced without affecting their per- 
formance in this circuit. 

The automatic gain control circuit 
operates as follows: The output voltage 
of the third i.f. amplifier is rectified by 
a peak -to -peak detector (D1 and D2) 
and provides reverse bias for the first i.f. 
amplifier, thereby reducing its gain. This 
negative voltage is also available for 
automatic gain control of the Fri front - 
end. The negative voltage applied to 

the base of the first i.f. transistor will, 
of course, lower its emitter voltage. The 
tuning meter is connected through 4700 - 
ohm resistors between this first emitter 
and the emitter of the second i.f. stage 
in a bridge circuit. The result is a zero 
current meter indication for very low i.f. 
input signals, where no a.g.c. voltage is 

developed, to full -scale indication for 
very strong signals. 

The over -all i.f. selectivity is 45 db or 
more on the adjacent channel, with a 

fully modulated FM signal, when tested 
according to the IHF -T -100 standard on 

tuners. An i.f. circuit of this type is used 
in all current tuners made by H.H. Scott. 
Inc. 

ELECTRONICS WORLD 
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THE gated- rainbow type of color -bar 
generator has been universally ac- 

cepted by the servicing fraternity for 
general shop and outside use. Gener- 
ators designed around this system can be 
as accurate and stable as their manufac- 
turers wish to make them. The techni- 
cian likes them because they are small, 
lightweight, and portable. In addition, 
TV manufacturers use them to establish 
reference color -bar patterns and wave - 
shapes for their published service notes. 

RCA's WR -64B color -bar dot /cross- 
hatch generator is the latest version of 
the gated -rainbow system introduced by 
this company in the 1950's. The WR -64B 
provides ten vertical bars of different 
colors simultaneously on the picture 
tube. Colors cover the spectrum at 30- 
degree intervals from yellow- orange 
through green and can be used to align 
any NTSC -type color set, regardless of 
the demodulation system. Close control 
of the carrier signals and bar phase 
angles make the generator a reference 
source for checking phasing and matrix - 
ing, and aligning color a.f.c. circuits. 

General output -which is fed into the 
receiver antenna terminals -can be 
switched to provide the ten simultaneous 
color bars or a dot or crosshatch pattern 
for convergence and linearity adjust- 
ments. A chroma control provides con- 
tinuous adjustment of color -bar pulse 
amplitude for checking color lock -in per- 
formance. Three front -panel switches are 
included for shorting color -tube guns to 
ground during purity and convergence 
adjustments. 

Stability and long -term accuracy are 
enhanced by crystal control of four crit- 
ical circuits and by use of iron -core in- 
ductors in frequency -divider circuits. 
Crystals are used to control the r.f. pic- 
ture- carrier circuit, the offset color sub - 
carrier (3563.795 kc.), the gating fre- 
quency (189 kc.), and the r.f. sound 
carrier, which is spaced 4.5 mc. from the 
picture carrier. The color subcarrier fre- 
quency is held within ±20 cps. 

Like its predecessors, the WR -64B 

vv 
I2AUL 
leg -.c. 
OSC 

VIA 
6CUe 

35G-MC. 
OSC 

VZ0 
*CUR 

SHAPER 

October, 1965 

V30 
I ZAUTA 
SHAPER 

V e 
6CUS 
REYES 

( SHAPER) 

n s-R.r C. 

COUNTER 

TEST 
EQUIPMENT 
YROUIiCT REPO RT 

r; 

RCA WR -64B Color -Bar Generator 
For copy of manufacturer's brochure, circle ,,. 29 on Reader Service Card. 

provides an r.f. sound carrier in addition 
to the picture carrier. The unmodulated 
sound carrier can be switched on and 
off and produces a beat pattern which is 
minimized when the receiver fine -tuning 
control is set correctly. Availability of 
both carrier signals provides the service 
technician with the means of verifying, 
in the customer's home, that tuner align- 
ment is correct. If the tuner is misa- 
ligned, and only a picture -carrier signal 
is available, it is possible for the techni- 
cian to align color circuits to province a 
perfect color -bar pattern, but at the 
wrong setting of the fine -tuning, control. 
In such cases, the receiver will not 

RF OUTPUT 

v6A 
PAUTA 
DI 

SHAPER 

VRA 
6CUe 
MIRER 

VHS 
6CG? 

IS 751TC. 
COUNTER 

VSS 
I ZAU TA 
SHAPER 

VORIZ 
OARS 

V 75 
IZAZ7 
SHAPER 

VERT SYNC 

I v.73 
69374 
SM:. 

i OS: 

VSA VSS r VOA v6S 
6CG? SCOT 6CG? 6C.? 

4500CPS 900 -CPS Ie0 -CPS 60 -CPS z4z 
COUNTER COUNTER COUNTER COULA TER 5+4+Ei 

, _S 

correctly reproduce a color program. 
The WR -64B has been designed to 

withstand the rigors of daily color serv- 
icing and to meet the needs of the serv- 
ice technician who must make color -set 
adjustments in the customer's home. The 
generator is supplied with attached leads 
for connecting output to the receiver an- 
tenna terminals and for shorting color - 
tube guns during purity and conver- 
gence adjustments. The gun -shorting 
leads have insulation- piercing clips for 
easy connection to picture -tube leads. 

Other features include a "standby" 
switch position for removing all r.f. out- 
put, and attached cable -holding brack- 
ets. The \VR -64B is housed in a steel case 
and measures 8" x 10" x 1:33". Price of 
factory-wired mlit is $189.50. 

Delco Radio 
Auto Radio System Tester 

For copy of manufacturer's brochure, 
circle No. 30 on Reader Service Card. 

THE Delco Radio auto radio system 
tester is a new tool designed for use 

by car dealers, mechanics, and techni- 
cians. This new tester eliminates guess- 
work in diagnosing auto -radio com- 
plaints by narrowing down the defect to 
a faulty antenna mast, antenna lead -in 
cable, speaker, or to the radio itself. 

The antenna test is a test of the leak- 
age resistance between the antenna mast 
and ground. This resistance measure- 
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"tiréd`° df . . hunting for~ 
"needles" in \ 
haystacks 

. 
. ? 

FIND THE 
PRECISE 
AUDIO 
ACCESSORY 
YOU NEED 

FAST! 
Jacks 
Plugs 
Adaptors 
Couplers 
Extension 
Jacks 
Speaker 
Controls 
"Mini -Mix " - 
mixers, etc. 

look for the 

AUDIO ACCESSORY SELF -SERVICE CENTER 

At last! All the confusion and "wait" gone. Fail -Safe 
quality. Packages factory sealed, precisely labeled 
by name, type, mating part, price. Guaranteed. 

Send for Complete Catalog: 
SWITCHCRAFT, INCORPORATED 
5577 No. Elston Ave., Chicago, Illinois 60630 

CIRCLE NO. 91 ON READER SERVICE CARD 

CRYSTALS 
are not all the 

same! 

If your dealer is temporarily 
out of stock or does not carry 
Texas Crystals, send us his 
name along with your order. 
Minimum order, check or 
C.O.D. is $5.00. Add 5e per 
crystal for postage, 100 for 
air mail. 

Texas Crystals quality is outstand- 
ing as evidenced by use in nu- 

merous government space projects 
where there's no compromise with 
quality, reliability or accuracy. The 
same dependable performance is 
yours for CB operation on all 23 
channels at only $2.95 per crystal. 

Send for Free Catalog with Circuits 

TEXAS 
CRYSTALS 

A Division of Whitehall Electronics Corp. 

1000 Crystal Drive 4117 W. Jefferson Blvd. 
Fort Myers, Florida Los Angeles, California 
Phone 813 WE 6 -2109 Phone 213 731-2258 
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ment will reveal the presence of rust, cor- 
rosion, or water inside the antenna which 
may be shorting a large portion of the 
incoming radio signals to ground. The 
meter scale indicates "Good" for those 
antennas leaving a leakage resistance of 
greater than 500,000 ohms. For those 
antennas having from 100,000 ohms to 
500,000 ohms leakage resistance, the 
meter indicates "Poor," and for all an- 
tennas measuring below 100,000 ohms, 
the meter indicates "Replace." 

The cable test is a measure of the an- 
tenna lead -in continuity. This is a meas- 
ure of the r.f. continuity of the cable 
rather than d.c. leakage. An r.f. oscillator 
sends a 3.5 -mc. signal through the cable. 
This is rectified and the d.c. meter in 
the tester will then indicate "Good" or 
"Open." In this way, all antenna lead -in 
cables may be tested, including those 
used in some rear- antenna installations 

in which a small series capacitor is used. 
The speaker test is merely a substitu- 

tion test, wherein a small, quality speaker 
is substituted for the front speaker to 
check for an open or for distortion. 

If the above tests do not disclose any 
trouble, it is assumed that the radio it- 
self is at fault. Then the radio must be 
removed and serviced on the bench in 
the usual manner. 

The circuitry for performing these 
tests is shown here and includes a radio - 
frequency oscillator, a half -wave recti- 
fier, and a d.c. ohmmeter. The tester also 
has external provisions for calibrating the 
meter and checking the condition of the 
tester batteries. The tester is available 
from Kent -Moore Organization, Inc., 
286:35 Mount Road, Warren, Michigan 
48092 at a cost of $23. 

Hewlett- Packard Model 414A Automatic Volt- Ohmmeter 

For copy of nlamlfactlrrc'r's brochure, circle No. 162 on Reader Serticr' Card. 

UNIQUE among analog meters (i.e., 
meters which present readings by 

means of a pointer on a scale ) is a new, 
all -solid -state d.c. volt -ohmmeter from 
Hewlett- Packard which "autoranges." 
Responding silently and swiftly -rang- 
ing takes less than :300 milliseconds -it 
automatically displays range and polarity 
with illuminated characters and gives the 
reading on a mirror- backed, individually 
calibrated taut -band meter. 

There are twelve voltage ranges, from 
5 millivolts to 1.5 kilovolts full -scale. The 
device will also measure resistance, auto- 
matically selecting and displaying the 
range and presenting the measured value 
On linear scales with full -scale ranges 
from 5 ohms to 1.5 megohms. More 

OHMS 9 

REF I 
VOLTAGE 

D.C. 

VOLTAGE. 
INPUT 

INPUT 
AT TENUATOR VOLTS 

accurate than conventional 1% meters, 
it will make measurements on the bench 
or on the production line as rapidly as 

the operator can probe from point to 
point and read the meter. 

For voltage measurements, the un- 
known voltage is applied to a chopper - 
stabilized d.c. amplifier through an in- 
put attenuator. The attenuator has two 
states, either straight through (0 db) or 
60 -db attenuation. The amplifier, which 
has a forward gain of more than 10", 
provides an output through the meter by 
means of a diode bridge to the gain 
attenuator. This attenuator is switchable 
from 0 to 50 db in 10 -db steps. The 
combination of the input attenuator and 
gain attenuator provides the full 110 -db 

LIGHTED DISPLAY 

POLARITY FULL -SCALE SENSITIVITY 
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D.C. AM PLIF IE R 
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ATTENUATOR 

UP- 
RANGE SIGNAL 

AMPLITUDE 
COMPARATOR 
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RANGE SIGNAL 

RANGE 

SWITCHING 
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INDICATION 

LOGIC 
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attenuation which is necessary for the 
twelve ranges from 5 mv. to 1500 volts. 

The second output of the amplifier 
is fed to two transistors which sense the 
polarity of the output voltage and cor- 
respondingly light the plus or minus 
sign on the display unit. 

A third output of the amplifier goes 
to the amplitude comparator, which con- 
sists of three sections: a converter, an 
isolator and comparator, and a multi- 
vibrator and Schmitt trigger. 

The converter circuit provides a re- 
sponse that is proportional to the mag- 
nitude of the amplifier output voltage. 
This unipolar voltage is then applied to 
the isolator and comparator circuits, 
which in turn sense the coincidence of 
the voltmeter's input voltage with the 
up- and down- ranging points. When the 
up- ranging point is exceeded, one corn - 
parator activates the Schmitt trigger, 
which in turn switches the instrument 
to its highest range (least sensitivity) . 

When the input voltage lies below the 
the down -ranging point, the other corn - 
parator circuit allows the free -running 
multivibrator to fire and subsequently 
to step the voltmeter toward more sensi- 
tive ranges until the meter reads upscale 
sufficiently to stop the ranging, or until 
the most sensitive range is reached. Both 
the Schmitt trigger and the multivibrator 
modify the state of a four -stage binary 
counter, which with the appropriate de- 
coding networks "defines" the twelve 
ranges of the instrument. 

Model 414A adds speed and con- 
venience to operations where a large 
number of analog readings of widely 
different values are wanted. Price of the 
instrument is $650. 
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for CB, Ham and 
Model 531 
A top performer at low 
cost. Response character- 
istic carefully calculated 
to give maximum clarity 
and intelligibility; mini- 
mizes interference in ad- 
jacent channels. 

other communications 
Model 539 
A high quality true noise cancelling micro- 
phone with lip guard positioning at low, 
low list. Features 360° differential cancel- 
lation of background noise for sharp, clear 
speech. Lip bar maintains uniform close 
spacing necessary for consistent modula- 
tion and maximum cancellation. 

Both microphones high output -50 db. Hi -Z ceramic element has wide temperature 
tolerance and immune to humidity. Completely shielded for minimum hum pickup. 
DPDT switch gives both signal and relay control. High impact case has rectangular 
hangup bracket - will not rattle or scratch mounting surface. 

See your distributor 
or write us for 

complete information. 

ASTATIC CORPORATION CONNEAUT, OHIO 44030 U. S. A. 

In Canada: Canadian Astatic Ltd., Toronto, Ontario 
Export Sales: Roburn Agencies, Inc., 431 Greenwich Street, New York 13, N. Y., U.S. A. 

CIRCLE NO. 123 ON READER SERVICE CARD - SUB CARRIER DETECTOR F- 
Adds programs of commercial - 

free music thru your FM tuner 
when plugged into multiplex 
output of tuner or wired into 
discriminator. Detector, self- 
powered, permits reception of 
famous background music pro- 
grams now transmitted as hid- 

den programs on the FM broadcast band from coast 
to coast. 
WIRED UNIT $75.00. KIT, with pretuned coils, no 
alignment necessary $49.50. Crystal -controlled re- 
ceivers available. 

MUSIC ASSOCIATED 
65 Glenwood Road 

Upper Montclair, New Jersey 
phone 744 -3387 area code 201 

IG 
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V.T.I. training leads to success 
as technicians. field engineers, 
specialists in communications, 
guided missiles, computers, 
radar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology and Elec- 
tronic Technology curricula 
both available. Assoc. degree in 
29 mos. B. S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Sep- 
tember, February. Dorms, 
campus. High school graduate 
or equivalent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 
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Cabinet and panel were made from 9" x 6" x 5" aluminum util- 
ity box. For compact construction, author used three small 
circuit boards. Conventional wiring techniques may be em- 
ployed but most leads should be kept as short as possible. 

UNIVERSAL 
SSB A . NE 

CONVERTER 

Designed especially for amateur and commercial communications 
receivers, circuit permits stable single -sideband reception. 

THERE are many commercial and amateur communica- 
tions receivers which are intended for AM and e.w. 
reception only. With the increasing trend toward SSSC 

(single -sideband suppressed carrier), more commonly known 
as SSB transmission, there is a need for a universal SSB con- 
verter for those receivers which do not have the SSB detection 
feature. 

Although one can, by careful manipulation, use the b.f.o. 
in a standard receiver for i.f. carrier re- insertion, this is a 
laborious, time -consuming, and often impossible procedure. 
Primarily this is due to the instability of the receiver's b.f.o. 
The time required to extract a clear conversation from an 
incoming SSB transmission frequently exceeds the duration 
of the transmission. The net result is that, generally speaking, 
this process leaves a great deal to be desired. 

Many circuits have been devised in the form of "product 
demodulators" which as a whole are no better than the b.f.o. 
insertion method, simply because they necessitate application 
of the drifting b.f.o. output. This article will describe a uni- 
versal SSB converter which eliminates the problems normally 
associated with run -of- the -mill product demodulators. It is 
so designed that it can be adapted quite easily to almost any 
standard communications receiver. 

Converter Requirements 
The prime criteria for an SSB converter are: 1. upper and 

lower sideband selection; 2. a sharp receiver i.f. carrier 
"notch" filter; 3. a highly stable, separate i.f. re- insertion 
oscillator; 4. separate converter a.g.c.; 5. no more than two 
connections to the receiver ( i.e., i.f. and a.f.) ; and 6. small 
physical size and low cost. 

These conditions are all net in the unit under discussion. 

Circuit Description 
Referring to the block diagram of Fig. 1 and the schematic 

of Fig. 2, the i.f. output signal (6 volts max., 1 volt average) 
is fed into the SSB converter via Ji. Here the i.f. signal di- 
vides between VIA, the input i.f. amplifier, and V1B, the 
a.g.c. input cathode follower. 

V1A is a broadband i.f. amplifier. It is followed by the 
(switched) upper and lower sideband filters, T1 and T2. 
These, in turn, drive the intermediate i.f. amplifier, V3. The 
crystal- capacitor combination, Xtal. 1 and C21 from the V3 

grid to ground, constitute the receiver i.f. carrier notch filter 
( trap ) . This filter, together with the converter's b.f.o., pro- 
vide the key to successful operation of the converter. 

V3 has as its plate load, 7'3, a broadbanded i.f. trans- 
former. The output of T3 connects to a balanced -ring type 
detector (demodulator), followed by audio preamplifier, V2B. 

V4 is a crystal -controlled b.f.o. which supplies the i.f. 
re- insertion carrier. Its output is fed into the detector via the 
junction of capacitors C25 and C26. 

Theory of Operation 
The i.f. amplifier, VIA, is choke- capacitance coupled by 

L1 -C4 to selector switch S1A. U.S.B. and L.S.B. filters T1 
and 1'2, respectively, are high -"Q" (iron -core) i.f. transform- 
ers. They are tuned to peak at approximately 4 kc. above and 
below the i.f. carrier value, respectively. Switch section S1B 
connects the output of Ti or 7'2 to the notch filter and grid 
of V3. The crystal Xtal. 1 should be ordered with a frequency 
high by about 25 to 50 cps from the i.f. carrier point. A 4 to 
30 pf. capacitor, C21, permits tuning the crystal frequency 
downward. 

The i.f. amplifier V3 is transformer -coupled to the demodu- 
lator consisting of diodes D2,D3,D4, and D5. Transformer T3 
is of the capacitively tuned variety. The inductance of its 
secondary must be such that it may still be peaked even with 
the shunting effect of capacitors C2.5 and C26 in series. 

The only purpose of these two capacitors is to provide a 
balanced input connecting point for the carrier re- insertion 

I.F. 
INPUT 

Fig. 1. Functional block diagram of the SSB converter unit. 
1/2 12AU7 

INPUT 
I.F. 

AMP. 

U.S.B. 

FILTER 

6846 

CRYSTAL 2ND DIODE 
NOTCH 
FILTER 

y I.F. 

AMP DEMOD. 

I/2 12AU7 T I/2 6U8 6AU6 I/2 6U8 

A.G.C. INPUT A.G.C. CRYSTAL A.F. 
CATHODE 
FOLLOWER AMP. B.F.O. r PREAMP. 

t 
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SPEAKER A.F. TO RECEIVER 

PWR. AMP. 
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INPUT 
JI 

I/O 124U7 
I,F INPUT AMP. 

VI,, 

OFF 

6846 
I F. 2ND AMP. 

V3 

us usa C22 73 

R23 

C23 

C29 R24 826 C25 C26 R27 

160V 

T4 

I/2 12ÁU7 
A.G.C. INPUT AMP 

VI. 

1/2 6U8 
A.O.C. AMP. 

V2, 

DIODE 
LOAD 

TC19 
A.O.C.) 

X TAL 2 , 

6AU6 
B.F.0. -V4 

CI7 

L2 

RI9 

18 

C13 
R17 

R15 

R31 
06 CHI 

a so 
C30 +!COI 

V4 

FI 

117V.A.C. 
C32 

C33 PLI 

42 

150V.A.C., 
70MA. 

RI,R6.R8.R15,R18,R22- 100,000 ohm, 1/2 w. res. 
R2,R7,R14,R17,R24 -1000 ohm. !Z w. res. 
R3,R5 -2200 ohm, 1;2 w. res. 
R4,R12,R21- 47.000 ohm, 2 w. res. 
129 -150 ohm, 1/2 w. res. 
R10- 12,000 ohm, IZ w. res. 
R11- 39,000 ohm, 2 w. res. 
R13 -410 ohm. I2 w. res. ( range 390 -470, see text) 
R16-56 ohm. I2 W. res. 
R19-6800 ohm, I í W. res. 
R20- 470,000 ohm, lz w. res. 
R23 -33,000 ohm, I í w. res. 
1225 -4300 ohm, 1 i w. res. 
1226,1227- -12011 ohm. 2 w. matched pair 
R28 -500,000 ohm audio -taper pot 
1129 -3300 ohm. I2 w. res. 
R30- 220.000 ohm, 1 í w, res. 
R31 -20 ohm, 5 w. wirownund res. 
Cl, C3, C4. C5. C6, C7. C8, C9, CIO, Cli, C12, 

+160V. 

T 
5 RIB 

C28 

R28 

I/O 6U8 
A.F. AMP. 

V2s 

R29 

6. 

OFF 

CO? 

OFF 
ulD 

sa 

LSB 

R30 

C29 

J2 

Fig. 2. Complete schematic diagram and parts list for converter. 

C14, C17, C18, C22, C23, C24, C28, C29 -0.01 At. 
disc capacitor 

C1C20 -470 pf. mica capacitor 
C13.C21 -4 to 30 pf. adj. ceramic capacitor (Centra- 

lab No. 822EN) 
C15,C25.C26 -100 pf. mica cap. (C25, C26- matched) 
C16 -360 pf. mica capacitor 
C19 -0.22 Af. capacitor 
C27 -0.005 Af. capacitor 
C30,C31-16 16 Ai., 250 v. elec. capacitor 
C32,C33 -0.02 Af. disc capacitor 
J1- Female panel -mount coax jack 
J2- Closed- circuit phone jack 
Fl -14 amp "Slo ß1o" 3AG fuse 
PL1 -Neon panel lamp assembly 
S1 -4 p. 3 -pos. ceramic wafer switch 
S2- S.p.s.t. toggle switch 
L1 -10 mhy. choke (J-W- Miller No. 9350 -42, 

molded) 

oscillator signal. This signal is actually balanced ont in the 
demodulator, leaving only audio output at the grid of V2B. 
Resistors R25,R26, and R27 provide damping and broad - 
banding of the detector input voltages. 

V2B, the triode half of a 6U8, serves as a conventional 
RC- coupled a.f. amplifier. Its output, also connected to a 
phone jack, f2, is switched by S1D. This audio output con - 
nects to the receiver a.f. power -amplifier grid through a 
shielded lead, utilizing a phono plug-jack combination. In 
lieu of using the receiver's a.f. power stage, one could in- 
corporate an audio power stage and output transformer in 
the converter itself. This, however, would also require an ex- 
tra speaker. 

The amplified output of V2A is transformer -coupled to 
a.g.c. rectifier DL This transformer, 7'4, has its secondary 
shunted by R12 to broaden the tuning characteristics. Re- 
sistors Rll and R1:3 form a voltage divider which provides a 
reverse (+ ) bias of about 1.75 volts on diode D1. R13 should 
be adjusted to give approximately this voltage, and should 
be between 390 and 470 ohms, depending upon the actual 
plate -supply voltage. This reverse voltage serves as a gate, 
below which the a.g.c output is ineffective. 

The a.g.c. rectifier will develop a negative bias of up to 
20 volts d.c. This converter a.g.c. bias operates into the grid 
returns of VIA and V3. The receiver a.g.c. should be turned 
off for SSB reception since in most sets it is too slow. SSB 
requires a fast attack and slower release time -constant. The 
attack time is governed by the a.g.c. amplifier components 
and the i.f. amplifier grid networks. It is approximately 1 

msec. The release time is a function of the diode load RC 
values, consisting of R20 -C19 and is about 100 msec. 
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L2 -270 Ally. choke (J.W. Miller No. 9350 -18, 
molded) 

CH1 -4.5 hy., 50 ma. choke 
D1- 1N48 ?B, 1N483ß, or 1N456Á (Raytheon) 
1/2,D3,D4,D5 -1N128 (G -E) 
D6- 1N1694 (G -E) 
Xtal. 1, Xtal. 2 -Texas Crystals TX -H (dash in- 

dictates i.f. value from 455 to 500 kc.) 
T1,T2,T4 -455 kc. i.f. trans. (J.W. Miller No. 012- 

C2 or No. 12 -C9. No. 612 -QI for 500 -kc. i.f.I 
T3 -455 kc. i.f. trans. J.W. I Miller No. 412 -C2. 

No. 612 -Q2 for 500 -kc. i.f.) 
T5-Power trans. 150 v. a -c. @ 70 ma.; 6.3 v. 

a c. at 1.5 amp. 
VI -12AU7 tube 
\2 -6U8 tube 
V3 -6BA6 tube 
V4 -6AU6 tube 

The beat frequency re- insertion oscillator is a conventional 
crystal- controlled type. This crystal, Xtal. 2, and also Xtal. 1 

are inexpensive stock items with a normal tolerance of ± 25 
cps. A small amount of crystal tuning for Xtal. 2 is obtained 
with C13. L2 -C16 in the plate circuit of the b.f.o. tube 
create a low -pass filter with a cut -off value of around 500 k 

The actual value of C16 can be adjusted if necessary if its 
commercial tolerance is such that the knee of the low -pass 
filter curve is below the i.f. carrier value. 

The built -in power supply is also conventional. It utilizes 
half -wave diode rectification and LC output filtering, with 
an output voltage under load of about -I-160 volts d.c. The 
total plate load is less than 20 nut. However, a higher current - 
rated transformer (T5) high -voltage secondary and choke 
CHI are used to insure good regulation. 

Mechanical Considerations 

Photos illustrate the outward physical layout. Three small 
circuit boards were made up and mounted in a vertical posi- 
tion using angle brackets. Boards 1 and 3 were phenolic sheet 
with copper backing on one side only. Holes were drilled with 
a =50 chill for all components. Connections were then marked 
out on the copper side with a grease pencil. The copper be- 
tween connections is removed using a small electric drill and 
a fine routing bit. Blank boards and tinned wire connections 
will work just as well. The latter method was followed on cir- 
cuit board 2. 

Except where leads are very short (less than 1 "), i.f. and 
a.f. leads should be shielded. The following wires use 3/16" 
o.d. plastic -covered shielded instrument coax: (a) VIA, V2B, 
and V3 input and output leads; (b) all S1A, SIB, and S1D 

83 

www.americanradiohistory.com

www.americanradiohistory.com


leads; (c) the lead from C17 (V4) to the junction of C25- 
C26; and (d) the plate lead from V2A to the primary winding 
of T4. 

The panel and cabinet consists of a 9" x 6" x 5" hammer - 
tone- finished aluminum utility box The aluminum chassis is 
7" x 5" x 2 ". Since the chassis protrudes at the rear about 
38 ", the rear box cover was cut off 2g" up from the bottom to 
clear the chassis top. Ventilation holes were drilled near the 
top edge of this rear cover plate. Both back and front bottom 
(3í" wide) cabinet lips were cut off to permit the chassis to 
slide in and out of the cabinet. The front panel is attached 
to the chassis by means of the various front -panel chassis com- 
ponents and by means of a single self -tapping screw. 

Converter and Receiver Alignment 
The first step is the matter of the two electrical connec- 

tions between receiver and converter, i.e., i.f. and a.f. 
If there is no i.f output jack (or set of terminals) on the 

rear of the receiver, this should be added. The receiver's final 
output i.f. secondary voltage should be measured with a 
v.t.v.m. A shunt voltage divider of several hundred thousand 
ohms should be added across the last i.f. transformer sec- 
ondary and tapped up from the ground end such that the 
maximum output at the tap will be no more than 6 or 7 volts 
signal level. A capacitor of 0.01 µf. should be placed in series 
with the tap and the output jack. 

With respect to the audio output from the converter, un- 
less a power output stage is added to the converter, a phono 
jack should be added to the receiver. This jack, in turn, should 
be wired, using shielded lead, to the grid of the receiver's a.f. 
output stage. 

The next step is rough alignment of the converter. First, 
the filters T1 and T2 plus transformers T3 and T4 should be 
peaked at the receiver's rated i.f., utilizing an r.f. signal 
generator with a range capable of covering between 450 and 
550 kc. This process should be done with crystals Xtal. 1 and 
Xtrrl. 2 removed from their sockets. The signal- generator out- 
put should be applied to J1 of the converter, using the lowest 
possible signal level. An a.c. v.t.v.m. (set for 1.5 -2 volts full - 
scale) or an oscilloscope should be connected across the in- 
put to the detector (across C25 -C26), making sure that the 
meter leads are floating, i.e., ungrounded. Generator input 
level should be increased until a meter reading of 3z to % volt 
is obtained. 

Crystal Xtal. 1 should now be installed. The generator 

Fig. 3. SSB converter selectivity curves are shown here. 

LSO FILTER 
CURVE 

CRYSTAL NOTCH 
FILTER CURVE U,S,B. FILTER 

CURVE 

1 I 

I0 9 8 7 6 5 4 3 2 I O I 2 3 4 

1 - RC. -L.SB.(A.F.) U,S,B,(A.F.) I C. 

5 6 7 8 9 IO 
I 1 I 

I.F. CENTER 
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should be very carefully tuned until the meter or CRO indi- 
cates a sharp downward dip. The generator dial should now 
be marked with a fine line at this point. This indicates gen- 
erator resonance with the crystal Xtal. 1, at the "notch" point. 

Leaving the generator set at the above mark, the receiver's 
oscillator and i.f. stages should be adjusted to this frequency. 
This may require complete re- alignment of the receiver if it 
was much out of alignment at the start. 

The converter's U.S.B. and L.S.B. filters should now be 
peaked in that order by the same amount ( about 4 kc.) 
above and below the marked i.f. point. 

Again, using the signal generator set at the point calibrated 
against crystal Xtal. 1 (Xtal. 2 still removed), transformers 
T3 and T4 should be re- peaked to exact resonance with the 
generator. 

This completes the alignment procedure. Crystal Xtal. 2 
can now be permanently installed and trimmer C13 adjusted 
for the best over -all operation. 

SSB Reception 
Step 1. Connect the converter i.f. input to the receiver 

i.f. output using a previously prepared coax connector cable; 
plug the converter's a.f. output plug into the receiver's a.f. 
input jack. 

Step 2. Switch off the receiver a.v.c. 
Step 3. Turn the receiver a.f. gain control to minimum. 
Step 4. Be sure the receiver b.f.o. is turned off. 
Step 5. Set the receiver r.f. sensitivity control about 90% 

full on. 
Step 6. Set the converter band selector initially to the 

U.S.B. position, and the gain control at about % full on. 
Step 7. Switch on both receiver and converter and allow 

them to warm up for at least 10 minutes or more. 
Note: At all times during SSB reception, the receiver's r.f. 

sensitivity ( gain ) control should be kept at its lowest pos- 
sible setting consistent with sufficient a.f. volume level. 

Now, tune across an SSB signal. When the lowest a.f. level 
point is reached, note whether this (distorted) signal in- 
creases in level towards a higher or lower frequency dial set- 
ting. If it is louder on the high side, this is an upper side - 
band signal. Conversely, if level increases toward the lower 
frequency side, this is an L.S.B. signal. The converter band 
selector switch S1 can be set accordingly, and the receiver 
tuned (carefully) until a clear voice is heard. Desired level 
can be set by using the receiver r.f. gain control in conjunc- 
tion with the converter a.f. gain control. 

An alternative and the quickest tuning method is to tune 
the SSB signal until clear reception is heard, then to switch 
between U.S.B. and L.S.B. for loudest reception. Normally it 
will be unnecessary to touch the converter a.f. gain control 
if it is left nearly full on. Best reception of SSB signals will 
be found in conjunction with the receiver's crystal or re- 
generative selectivity controls and phasing capacitor under 
conditions of QRM. 

Fig. 3 shows the SSB selectivity curves of the i.f. filters 
Ti and T2, plus that of the crystal notch filter. It can be 
seen that the inner skirts of the U.S.B. and L.S.B. filter curves 
overlap the i.f. center point. However, the very sharp skirts 
of the crystal filter cut into the inner filter slopes. This notch 
filter therefore serves not only as a trap for the receiver's 
actual i.f. carrier, but to give separation between the U.S.B. 
and L.S.B. filters as well. 

Like fringe FM broadcasts or u.h.f. TV tuning, SSB voice 
reception is somewhat sharper and more critical than conven- 
tional AM tuning. Nevertheless, it is not at all difficult. A 
little experience will make the process quite easy. All SSB 
reception is accomplished by adjusting the receiver tuning 
dial alone, due to the fixed crystal b.f.o. carrier re- insertion 
signal within the converter itself. The vagaries of normal re- 
ceiver b.f.o. carrier injection and the associated instability 
are thus eliminated by the unit described. 
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CURRENT - LIMITING 
POWER SUPPLY 

By HUGH L. MOORE 
Electronics Education, 

Los Angeles City School Districts 

Details on a circuit design that is safe for use 
in schools or small laboratories while performing 
transistor circuit experiments or breadboarding. 

WHEN transistors are operated near 
vv their limits, there is the constant 

danger of overheating or thermal run- 
away. This can happen so fast that the 
technician has no opportunity to discon- 
nect the circuit. Fuses are of little help 
because the sane action that melts the 
fuse also melts the semiconductor and 
changes its structure so that it no longer 
functions as originally intended. This 
problem can be overcome by using a cur- 
rent- limiting power supply, such as the 
one to be described. 

The power supply initially generates 
around 150 volts of d.c. This voltage is 
first filtered and then dropped through 
resistors of sufficient value to allow the 
supply to act as a constant -current 
source. A zener diode then terminates 
this voltage and will consume energy at 
a constant voltage reference. The current 
needed for operation of laboratory exper- 
iments is. then robbed from the zener at 
this fixed voltage. When the external cir- 
cuit current equals the current limita- 
tions of the power supply, then the volt- 
age falls below the zener voltage and the 
supply acts as a constant -current source 
under these conditions. 

117V. A.C. 

Since the transformer used in this de- 
vice puts out approximately 117 volts 
r.m.s., this winding may be used as an 
isolation transformer at 35 watts. 

The unregulated 150 volts d.c. may be 
taken off for vacuum -tube experiments. 
If regulation is needed, a voltage regu- 
lator tube may be used at somewhat 
lower voltage than 150. It is recom- 
mended that only one of these features 
be used at one time. A 6.3 -volt filament 
transformer may be added to make the 
supply more suitable for use with tubes. 

Due to the extreme simplicity of this 
unit, construction problems should be at 
a minimum. Care must be taken to pro- 
vide proper heat sinks for the zener di- 
odes. Two -inch square or larger piece of 
aluminum is drilled and bolted directly 
to each of the zeners, provided that the 
aluminum is mounted on insulated stand- 
offs. 

If all new parts are purchased, this 
unit can be built for under $25.00. This 
cost can be reduced by purchasing sur- 
plus transformers, diodes, resistors, etc. 
There are quite a few transformers on 
the surplus market that will meet or ex- 
ceed the requirements specified. 

Complete circuit diagram and parts listing for the power supply described. 
Current limiting is built in so as to protect transistors and circuitry. 

S3 D3 

SOI 

R2 

R3 R4 

1M00 
A. 

300 
MA. 

CI+ C2 

R1 -400 ohm, 50 w. wirewound res. 
R2 -1000 ohm, 25 w. wirewound res. 
R3 -2000 ohm, 10 w. wirewound res. 
R4 -2500 ohm, 5 w. res. 
R5- 10,000 ohm, 2 w. res. 
C1,C2 -100 µf., 150 v. elec. capacitor 
C3 -1000 µi., 50 v. elec. capacitor 
S1 -S.p. 5 -pos. rotary sw. 
52 -D.p. 3 -pos. rotary sw. 
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i0v. 

DI 

50 

--- 
10 
MA. 

SI 

RS 

O 30v. 

S2r 

I 20v. D2 + C3 

S3- S.p.s.t. toggle sw. 
SOI -117 v. female socket 
D1- 1N1593 zener diode, 10 v. @ 3.5 

w. 
D2- 1N1358 zener diode, 20 v. Qa 10 

w. 
D3 -1N539 diode, 750 ma., 300 p.i.v. 
Tl- Trans. 117 v. pri., 117 v. sec. a 

35 va. (Triad N -51X) 

0+ ISO V.D.C. 

0+LOW D.C. 

o 

) 

W 

The 

do- it- yourselfer's 

. 

newest 
catalog 
Here's your new catalog of quality elec. 
tronic kits and assembled equipment 
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fun and pride in assembly, mail the 
coupon. Discover why Conar, a division 
of National Radio Institute, is just 
about the fastest growing name in 

the kit and coNAR equipment 
business. 

MINIM. MAIL NOW 

CON AR KB5C 111 

3939 Wisconsin Avenue, Washington, D.C. 20016 I 
Please send me your new catalog. 

Name 

Address 

City 

111 State Z-Code 

CIRCLE NO. 121 ON READER SERVICE CARD 
85 

, 
, 

, 

www.americanradiohistory.com

www.americanradiohistory.com


ARE YOU CASHING -IN 

ON THE PROFITABLE 
2 -WAY RADIO SERVICE BUSINESS? 

* Motorola will train you for this rewarding, elite profession 

* Send for our FREE EVALUATION EXAM. Prove to yourself that 
you are ready to learn FM 2 -way radio servicing. 

Opportunities in 2 -way radio servicing are virtually unlimited. 
Just one of the hundreds of successful Motorola Service 

Stations writes, "we would be pleased to interview any graduate 
of your school that has received some training in 2 -way radio 
maintenance. We are an established firm, 10 years old, with 
a promise of expansion governed by our ability to obtain com- 
petent technicians." Get all the facts today. There is no 
obligation and no salesman will call. 

L'MOTOROLA TRAINING INSTITUTE 
4545 West Augusta Blvd. Chicago 51, Illinois Depl. AEF541 

Send me FREE entrance exam. 
Send full details on Home Study Course on FM 2 -way Radio 
Servicing 
Send me details on how you can help me prepare for an FCC 
License. 

Name Occupation 

Address 

City Zone State 
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number one source for 

NR4ME 
CORE SOLDER 

CEN- TRI -CORE'S 

CONSTRUCTION 
ASSURES GREATER CONSISTENCY 

REDUCES SOLDERING TIME BY 1/3 

Center wire is rosin coated prior to 
extrusion of outer sleeve 

CEN -TRI -CORE® REDUCES COSTS AND 
INCREASES RELIABILITY . . . 

Consistently reproducible results. 
No rejects due to lack of flux. 
Available in 8 precisely controlled flux percentages - 
each held to a tolerance of ± .2% by weight. 
Every inch of solder is usable - up to 331/3% more joints 
per pound of solder used. 
Special core construction provides for instant release of 
fast -acting, quality controlled fluxes. 
Exceeds Fed. Spec. QQ- S -571d - supplied with fully 
activated, mildly activated and pure water white rosin 
cores. 

Write or call for Bulletin A -103A, a generous free sample of Cen -Tri- 
Core, and information on Leak -pruf® acid -filled and organic flux - filled core solders. ,.s,OO 

ALPHA METALS, INC. 
56 WATER ST., JERSEY CITY, N. J. 07304 201- 434.6778 
Los Angeles, Calif. Alphaloy Corp. (Dlv.), Chicago, Ill. 
Alpha Metals, Inc. (U.K.) Ltd., London, England 

SEE US AT THE NEC BOOTH 524 

BOOK 
REVIEWS 

"SOURCEBOOK ON THE SPACE SCIENCES" by Samuel Glass - 
tone. Published by D. Van Nostrand Company, Inc., Prince- 
ton N.J. 908 pages. Price $7.95. 

This is another of the NASA -sponsored texts published by 
Van Nostrand and, like the volume "Space Probes and 
Planetary Exploration" reviewed in the September issue, is 
of interest to a large segment of the technical community. 
By definition, the author categorizes "space sciences" as those 
areas of science which can be expanded by means of space 
vehicles of various types. These include the fields of astron- 
omy, biology, geodesy, physics and chemistry of the earth 
and its environment, and of the celestial bodies. 

The text is divided into 13 chapters. Of particular interest 
to our readers will be chapters 4 and 5 on guidance, tracking, 
and information systems and applications in meteorology, 
communications, and navigation. 

The treatment is lucid and scholarly and since mathematics 
has been kept to a minimum, readers with only an elementary 
knowledge of the basic sciences will have no difficulty in 
understanding the material. 

c a 

"EVEREADY BATTERY APPLICATIONS AND ENGINEERING 
DATA" compiled and published by Union Carbide Corpora- 
tion. 720 pages. Price $4.95. Soft cover. 

This is a revised and expanded edition of a useful battery 
reference handbook which contains descriptions, specification 
listings, terminal sketches, and service life tables on all avail- 
able battery systems, with all types arranged in ascending 
order of service capacity within the voltage category. 

Separate sections are devoted to carbon -zinc batteries, pri- 
mary and rechargeable alkaline -manganese batteries, re- 
chargeable nickel -cadmium types, and mercury and silver 
batteries. A cross -reference of comparative and interchange- 
able battery numbers is included in the appendix -an espe- 
cially useful section for all those who design and /or service 
battery- operated equipment. There is also a valuable section 
on chargers and the recharging of batteries. 

Copies of the handbook are available from the Battery 
Engineering Department of the company at 270 Park Avenue, 
New York, New York 10017. 

n o * 

"ELECTRONIC INSTRUMENTS AND MEASUREMENTS" by Paul 
B. Zbar. Published by McGraw -Hill Book Company, New 
York, New York. 106 pages. Price $3.95. Soft cover. 

This volume is subtitled "Laboratory Manual for Elec- 
tronics Technician" and is another of the series of manuals 
sponsored jointly by the Electronic Industries Association 
and the Voorhees Technical Institute. 

The manual is divided into 15 "experiments," each in- 
volving a specific piece of test equipment. Each experiment 
includes a statement of the objectives; lists the materials, 
test equipment, and components required to perform the 
experiment; the basic principles and theory back of each ex- 
periment; a detailed step -by -step procedure; and a series of 
questions to check the student's grasp of the work. 

Both laboratory and service -type test equipment are 
covered and include v.o.m.'s, v.t.v.m.'s, capacitance and re- 
sistance bridges, impedance bridge, scopes, sine- and square - 
wave generators, r.f. sine -wave generators, sweep -frequency 
generators, linearity and color -bar generators; tube, transistor 
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and solid -state diode testers; plus other test instruments. 
Even the experienced technician could find much of value 

in this manual. 
* * a 

"FUNDAMENTALS OF ELECTRONICS" by Matthew Mandl. Pub- 
lished by Pren(icc -Hall, Inc., Englewood Cliffs, New Jersey. 
664 pages. Price $14.60. Second Edition. 

This is a revised and updated edition of a popular textbook 
written for those planning a career in any of the various 
branches of electronics, including industrial control, auto- 
mation, radar, microwave electronics, computer systems, 
communications, or allied fields. 

The material is presented in three major sections covering 
a review of electric fundamentals, the principles of electronics, 
and applications and components. Each chapter carries a 
list of review questions and a representative selection of 
practical problems on the material discussed. Answers to the 
problems are given in the appendix. 

a a a 

"INTRODUCTION TO ELECTRON TUBES AND SEMICON- 
DUCTORS" by C. Alvarez & D.E. Heckles. Published by 
McGraw-Hill Book Company, New York, N.Y. 285 pages. 
Price $6.95. 

This volume is still another in this publisher's "Technical 
Education Series" and, like the earlier books in the series, 
designed as a classroom text. Written for the technical insti- 
tute or the pre -engineering student, the only prerequisites are 
high school mathematics and a background in a.c. -d.c. theory. 

There are 14 chapters dealing with the various types of 
tubes (including CRT's, special- purpose, and gas -filled) and 
transistors and other semiconductors. There is a chapter 
devoted to the use of tube and transistor manuals, for which 
the authors deserve a medal, a periodic chart of the elements, 
and characteristic curves for selected tubes and transistors. 

a a a 

"THE RADIO AMATEUR'S V.H.F. MANUAL" by Edward P. 
Tilton, Al-1HDQ. Published by The American Radio Relay 
League, Inc., Newington, Conn. 314 pages, plus catalogue 
section. Price $2.00. Soft cover. 

This is another of the ARRL's excellent specialized hand- 
books -this one covering ham communications on the fre- 
quencies above 50 mc. Like the "ARRL Handbook," this 
volume combines theory and practice. Written at the be- 
ginner's level, there is still much material that may surprise 
the experienced v.h.f. operator. 

Thirteen chapters cover the history of v.h.f. amateur radio; 
allocations and their extent; reception above 50 mc.; v.h.f. 
receivers, converters, and preamplifiers; v.h.f. transmitter de- 
sign; transmitters and exciters; the complete station; antennas 
and feed systems; building and using antennas; u.h.f. and 
microwaves; test equipment; interference causes and cures; 
then finally a chapter entitled "Bits and Pieces" which con- 
tains all sorts of handy hints for the v.h.f. /u.h.f. experimenter. 

Since the book is so fully packed with essential informa- 
tion -some of it unavailable elsewhere -it would be consid- 
ered as a "must" book for all those operating above 50 mc. 

a a 

"FUNDAMENTALS OF DIGITAL COMPUTERS" by S.M. Wein- 
stein & A. Keim. Published by Holt, Rinehart and Winston, 
Inc., New York. 153 pages. Price $4.95. 

This is sort of a "do -it- yourself" course in digital computers 
with the presentation geared for those with no more than a 
nodding acquaintance with algebra. 

There are seven main sections to the presentation covering 
the history and philosophy of computers, number systems, 
basic computer operation, programming, computer logic, 
arithmetic and control units, and computer usage. 

The text is lavishly illustrated with photographs, line draw- 
ings, block diagrams, tables, and charts. For students whose 
appetite is whetted for further forays into the computer field, 
the authors have appended a "suggested reading" list. 

October, 1965 

Live Better Electronically With 

FREE! 
M UiatEllr 

OUR 45th YEAR 

tataytq 65ti 
wv-P.4a507 512 

Pages 

1966 

Catalog 

660 

Now BETTER THAN EVER 

Featuring Everything in Electronics for 
HOME INDUSTRY LABORATORY 

from the 

"World's Hi -Fi & Electronics Center" 

Stereo Hi -Fi Citizens 
Band Ham Gear 
Tape Recorders Test 
Equipment TV and 
Radio Tubes and Parts 
Cameras Auto Acces- 
sories Musical Instru- 
ments Tools Books 

CRITERION 10008 
4 -TRACK STEREO 

RECORDER IN 

TEAK CABINET 

"PRO -50" COMPACT SOLID 
STATE COMPONENT STEREO 

MUSIC SYSTEM 

50 -WATT SOLID STATE 
STEREO AMPLIFIER 

MODEL LA -248 

Mail the Coupon Today for Your 
FREE 1966 Lafayette Catalog 660 

LAFAYETTE Radio ELECTRONICS 
Dept. RS -5, P.O. Box 10 
Syosset, L.I., N.Y. 11791 
Send me the Free 1966 Lafayette Catalog 660 

Name 

Address 

City 

State Zip 
(Please Give Your Zip Code No.) 

CIRCLE NO. 106 ON READEIR ^' r7C CARD 87 

www.americanradiohistory.com

www.americanradiohistory.com


BALL /ED 
ELECTRONICS 
FOR EVERYONE 1966 

OUR 05íA YEAR 
CATALOG 250 
NYOf% VAff 501 

Yilpf14á 
SONO PAIS 
511510 RI[11515 

Orge 5 

,NC tvarnL rerf 

COMPLETE knight -kit CATALOG 

ALLIED RADIO 
100 N. WESTERN AVE. CHICAGO, ILL. 60680 NA 1 -6800 (Area Code 312) 

Satrs/actson Guaranteed or Your Money Back 

508 VALUE-PACKED PAGES 
including exclusive products and 
special values available only 

from /iL 1/Fil 

send today for your 

411/EU 
1966 CATALOG 

world's largest selection 

SAVE MOST ON: 

Stereo Hi -Fi 
Tape Recording 

CB 2 -Way Radio 

FM AM & AM Radios 

Short Wave Radios 

Portable TV Phonographs 

Amateur Gear 

Intercoms & P, A. 

Automotive Electronics 

Test Instruments 
TV Tubes & Antennas 

Power Tools, Hardware 

Parts, Tubes, Transistors 

MORE OF THE BEST IN ELECTRONICS FOR EVERYONE 

EASY TERMS 
Use the convenient 
Allied Credit Fund Plan 
-over 24 months to pay 

8 
i 

ALLIED RADIO 
The World's Largest Electronic Supply House i 

satisfaction 
guaranteed or 
your money back 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


speci aL i n your FREE 1966 ALLIED CATALOG 

see what's new in the wonderful world of knight-kits® 

9,1° Z4qL. 

MP O 
`,_ 

1 1 1 1 1 1 1 1 

KG -635 5 -Inch DC 
to 5.2 Mc Wide - 

band Oscilloscope 
Kit. $99.95 

i 
KG -895 Superba Series 
120 -Watt Solid -State 
Stereo Amplifier Kit. $149.95 

KG -371 Solid -State 
Auto DC Power 
Timing Light Kit. 
$19.95 

C -540 Low -Cost 
5 -Watt Citizens 
Band Transceiver 
Kit. $49.95 

ow aim w 

KG -375 Solid -State 
UniversalAuto Ana- 
lyzer Kit. $49.95 

KG -221 FM Moni- 
tor Receiver Kit 
(police, fire, ma- rine, weather 
bands, etc.) $39.95 

KG -201 Solid -State 
Motor -Speed /Light 
Control Kit. $9.95 

Knight -Kit GUARANTEE: Buy any Knight -Kit. 
Build it. Operate it. You must be satisfied or we 
refund your money. 

FREE 
Send today for your 
508 -page Allied 1966 
value- packed catalog 

A 

ALLIED RADIO 
October, 1965 

KG -964 Superba 
Series 64 -Watt Solid - 

State FM -AM Stereo 
Receiver Kit. 

$189.95 

Safari -I Deluxe 
23- Channel Citizens 

Band Transceiver Kit. $129.95 

KG -415 Superba 
Series Professional 
Solid -State Stereo 
Tape Deck Kit. 
$249.95 

THERE IS A knight -kit FOR EVERY NEED! 
easiest to build -enjoy big savings 

Stereo Hi -Fi CB 2 -Way Radio Short -Wave 
Hobby Kits Test Equipment Automotive 
Intercom Amateur Gear 

send for your 508 page 1966 Allied Catalog 

ALLIED RADIO, Dept. 1 -K 
100 N. Western Ave., Chicago, Ill. 60680 

Send FREE 1966 Allied Catalog 

Free! 

Name 
PLEASE PRINT 

Address 

City 

CIRCLE NO. 125 ON READER SERVICE CARD 

State Zip 

.. 
91 

www.americanradiohistory.com

www.americanradiohistory.com


REMOTE CONTROL 
SYSTEM 

By DONALD H. ROGERS / Mgr., Distributor Products Engr., Jerrold Electronics Corp. 

An interlocking relay arrangement permits switching ten 
circuits over a twisted pair up to ten miles in length. 

THE equipment to be described in this article was de- 
signed to provide multiple switching facilities over a 
single pair of lines connecting the remote antenna 

site of a CATV system to the town -based office. The system is 
simple, maintenance -free, and will operate through ten miles 
of surplus field telephone wire or through the coaxial cable 
if bypass filters are provided at any repeater amplifiers. 

The principle involved is that relays requiring a.c., positive 
tl. c., and negative d.c. may be operated independently over 
the sane line by proper selection of the applied voltage at the 
control point. Simultaneous operation by a.c. and either posi- 
tive or negative d. c. is possible if the two voltages are super- 
imposed and applied simultaneously at the control point. 

The receiver, shown in Fig. 1, accepts voltages from the 
line and sender to directly operate relays RL6, RL7, and 
RL8. The contacts of these three relays are interconnected so 
that ratchet relay RL1 operates when the transmitter "Minus' 
push -button is depressed, RL2 when the "Plus" push -button 

is depressed, RL3 when the "A. C." push- button is depressed, 
RL4 when the "Minus A.C." push -button is depressed, and 
RL5 when the "Plus A.C." push -button is depressed. 

Relays RL1 through RL5 are ratchet relays used because 
they draw power only during the moment of switching and 
cannot produce false transfer due to power -line failure. D.c. 
relays are used with their coils bypassed to introduce a time 
delay that prevents false operation by switching transients or 
line surges. A series resistor (R3) is used to reduce sparking 
and arcing and to increase the life of the line relay contacts. 

The transmitter is shown in Fig. 2. Push -button switches S2 
through S6 are used to place the desired voltages on the trans- 
mission line. Because the receiver uses latching relays, the 
transmitter need not be left on if only occasionally used. 
Bleeder resistors drain the filter capacitors to prevent acci- 
dental operation when the transmitter is supposedly off. 

Since the receiver requires 4.5 ma. into 10,000 ohms, and 
the transmitter delivers approximately 100 volts, the cony 

Fig. 1. Schematic and parts list for the receiving unit. The three upper relays control the operation of the five lower 
relays. These five relays, in turn, can be used to control the power being applied to operate ten external circuits. 

R1 -18 ohm, I/2 w. res. 
It2 -7500 ohm, 10 w. res. 
R3 -400 ohm, 5 w. res. 
Cl, C2, C3-80/80/60 µf., 250 v. elec. capacitor 

(Aerovox AFH -3 -21 or equiv.) 
C4, C5, C6- 40/40/40 µf., 150 v. elec. capacitor 

( Aerovox AFH -3.10 or equiv.) 

SI TI 

FI 

92 

POLARIZED 
SOCKET 

FROM LINE 
AND SENDER 

MINUS 

C7 -.05 µf., 600 v. capacitor 
F1 -1 amp "SIo -Blo" fuse (3AG) 
S1- S.p.s.t. toggle switch 
RL1 -RL5- Ratchet impulse relay. 110 v., 1350 

ohm coil res. ( Potter & Brumfield AP -11D -110 
v. or equiv.) 

RL6, RL7, RL8 -Plate circuit relay, 10,000 ohm s 
C7 

coil res. I Potter & Brumfield LM- 11 -10K or 
equiv.( 

l'L1 -No. 47 pilot bulb 
Dl -D7 -Rect. diode. 600 p.i.v., 750 ma. (1N2071 

or equiv.) 
T1 -Power trans. 160 v. @ 75 ma., 6.3 v. 12 

amps. 

D2 @03 

R2 T 
TC3 C4 

RL 3 

RLa 

D7 

CD 

RL4 

C6 

RL5 

POLARIZED SOCKETS 1101 
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plete control system will operate satis- 
factorily through transmission paths as 
high as 10,000 ohms resistance. Since 
line current flows only during actual 
signaling, the danger of false operation 
due to line intermittents is very slight. 

Shock hazard sloes exist but only dur- 
ing actual signaling, and then the cur- 
rent is limited by the relatively high 
source impedance. It can be minimized 
at the time of installation by building the 
line out to the maximum permissible 
value (10,000 ohms) by inserting resist- 
ors at the sending end. In many cases, it 
will be possible to add enough series re- 
sistance to reduce the shock hazard to 
that comparable with telephone- ringing 
current or coin- return pulses. 

N 
Arlir 

W 1966 GIANT CATALOG 

100's of 
new items 
listed for 
first time 

1 .s T 

T TI. 

lows C 

--'!!--f" I 
"T 

T T.0 
Ri -18 ohm, !i= w. res. 
R2, R4 -1500 ohm. 10 w. res. 
R3 -400 ohm, 5 w. res. 
R5. R7, R9, R10, R12 -1000 ohm, 5 w. res. 
R6, 128, R11, R13- 100,000 ohm, t= w. res. 
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FI -t -'', amp "Slo -B1o" fuse 13AG) 
SI- S.p.s.t. switch 
S2- S6- Snap -action push -button switch IGrashill 

2201 or equiv.) 
111.1)4 -Rect. diode, 400 p.i.v., 500 ma. I1N2070 

or equiv.) 
P1.1 -No. 47 pilot bulb 
T1 -Power trans. 160 v. @ 75 ma. 6.3 v. @ 1.2 

amps 

Fig. 2. Schematic and parts list for the 
transmitter unit described by the author. 
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New, Shielded Twin -Lead 
(Continued) from page 29) 

jacket of weatherproof polyethylene. 
(See Fig. 1.) No longer must a TV 
technician concern himself with the 
time- consuming installation of stand- 
offs or the careful twisting and routing 
of lead -in to minimize reflections. This 
shielded lead -in is designed to be taped 
directly to the mast or tower, to be 
routed through metal conduit, or to be 
buried underground. It can even be in- 
stalled in rain -filled gutters, if need be. 

Unlike coaxial cable, this shielded 
twin -lead does not require a copper wire 
braided shield for current -carrying pur- 
poses. A full -coverage aluminum shield 
may be used to enclose this twin con- 
ductor lead -in, because the shield of a 
balanced, two -conductor cable is not in 
the circuit which is carrying signal cur- 
rent. The excellent shielding character- 
istics of this new lead -in are illustrated 
in Fig. 2. While exposed to automobile 
ignition noise, the three lead -in types 
were alternately connected to a TV set 
where the effects were photographed. 

The very severe noise evidenced on 
the unshielded twin -lead is reduced to 
a minimum by switching to coaxial ca- 
ble and is eliminated altogether when 
shielded twin -lead is substituted in the 
TV receiving system. Although the pho- 
tographs indicate that coax can be used 
to decrease down -lead pickup of man- 
made electrical noise, it is significant 
that the shielded twin -lead delivers a 
bonus feature -a stronger signal. 

A review of the attenuation charac- 
teristics of popular TV transmission line 
emphasizes he transmission efficiency 
of the shielded twin -lead. Note in Figs. 
3 and 4 that all unshielded lead -in types 
require two curves of attenuation versus 
frequency. The first represents labora- 
tory data, or performance when a lead -in 
is new and clean, while the second rep- 
resents typical operation in a residential 
installation after encountering surface 
deposits, signal disturbances due to 
metal objects, and perhaps a coating of 
moisture. It is apparent that the actual 
performance of unshielded TV lead -in 
varies widely from the laboratory data 
supplied by the manufacturer. However, 
the performance curve for the shielded 
twin -lead is exactly the same when in- 
stalled as it was in the laboratory. The 
total shield completely isolates the TV 
signal from outside disturbances. 

The search for the best lead -in type 
for color -TV recently caused a brief re- 
vival of interest in the familiar coaxial 
lead -in, RG -59/U. This was, more ac- 
curately, a search for a shielded TV 
transmission line. Although the photo- 
graphs of Fig. 2 indicate that coax has 
shielding characteristics which approach 
the effectiveness of the shielded twin - 
lead, this advantage is offset by losses 

which may be intolerable in some v.h.f. 
and in many u.h.f. TV receiving systems. 

The signal losses in a coaxial lead -in 
(Fig. 5) are increased by additional 
losses of the two matching transformers 
required to convert the unbalanced 75- 
ohm cable to a balanced 300 -ohm im- 
pedance. Laboratory tests indicate that 
a pair of these components typically 
adds 2 db attenuation loss over the band 
of frequencies for which they are de- 
signed to operate. Also, the vast major- 
ity of matching transformers are de- 
signed for v.h.f. only, seriously limiting 
their use in today's over -all TV market. 

Shielded twin -lead delivers the same 
general range of signal levels on u.h.f. 
channels as a coaxial system delivers on 
v.h.f. channels. This shielded twin -lead 
delivers approximately 40% to 50% of the 
antenna signal through 100 feet of trans- 
mission line at u.h.f., while coax can 
deliver only about 15 to 25% of u.h.f. 
signal with the best matching transform- 
ers. Of course, matching transformers 
designed for v.h.f. only would make 
u.h.f. reception practically impossible 
because of their high losses at u.h.f. 

When we review the shortcomings of 
the conventional flat -ribbon twin -leads, 
and note performance variation with 
weather and, also, a tendency to pick 
up man -made electrical noise ranging 
from ignition noise to out -of -phase TV 
signals, we realize these are not the 
transmission lines for the growing new 
color and u.h.f. TV market. By the same 
token, coaxial cable may not be the an- 
swer, due to attenuation losses and the 
necessity of introducing matching trans- 
formers into the TV receiving system. 

Installation Notes 

Shielded twin -lead differs from con- 
ventional encapsulated lead -in only in 
that it incorporates a shield, a ground 
wire, and a jacket. The installation in- 
structions are few and simple. It is not 
necessary to use special fittings of any 
type. At the antenna end, clip off the 
jacket, shield, and ground wire and con- 
nect the two conductors to the antenna 
terminals. A similar procedure is fol- 
lowed at the TV set terminals although 
here the ground wire may be connected 
to a convenient point on the TV chas- 
sis. In most cases, connecting the 
ground wire to the TV chassis is not 
essential. However, additional shielding 
may be accomplished in some installa- 
tions by making this connection, since 
the signals intercepted by the shield 
will be routed to an r.f. ground. 

(On the matter of cost, the new 
shielded twin -lead line is expected to 
be priced above that of encapsulated 
twin -lead or coaxial line. When the cost 
of one or two matching transformers re- 
quired for coax is added, then the total 
cost for a typical shielded twin-lead in- 
stallation may be.sonrelchat less.- Editor) 
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NEW PRODUCTS 
LITERATURE 

Additional information on the items 
covered in this section is available 
from the manufacturers. Each item 
is identified by a code number. To 
obtain further details, fill in cou- 
pon on the Reader Service Card. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

"N "- CHANNEL FET'S 
A new "n "- channel FET providing low -noise 

capability extending from 10 cycles to more 
than 500 mc. has been developed and is now in 

volume production. The new FET is available 
in a four -lead TO -18 package, designated 
2N3823, and a dual matched -pair in a TO -5 type 
configuration, as the T1S25 -27. 

Advantages include low noise, superior cross 
modulation, low leakage, and high breakdown 
voltage. The 500 -mc. capability of the new unit 
opens many high -frequency communications ap- 
plications formerly restricted to conventional 
bipolar transistors. The device features sym- 
metrical geometry which means that the drain 
and source leads are interchangeable. This per- 
mits use in high -speed multiplex and sample - 
hold circuits and allows both mechanical and 
electrical replacement of older devices with non- 
standard lead configurations. Texas Instruments 

Circle No. 126 on Reader Service Card 

MAGNETIC REED RELAYS 
A new series of variable and fixed time -delay 

relays is now available in a variety of configura- 
tions and operating features. Contacts on the 
new relays are of rhodium, rated at ti amp; con- 
tact arrangements up to 3 poles n.o., 2 poles n.c., 

or a combination of 1 pole n.o. and 1 pole n.c. 
Fixed or variable delays from I to (its seconds on 
either opening or closing are available. Coil volt- 
age is from 2 to 50 volts. Other voltage and time 
delays are available on special order. Stearns- 
Lyman 

Circle No. 127 on Reader Service Card 

MATCHING- TRANSFORMER KITS 
I t", matching -transformer kits, NH 51 and 

are designed to provide improved per- 
formance, especially in color-TV installations. 
Each "Color- Match" kit includes an antenna 
transformer, an indoor transformer for the set, 
and all necessary hardware. The MT51 kit uses 
the outdoor- indoor \íT52 antenna transformer, 
no -strip terminals for easy connection to any 
3011 -obit antenna. and an integral "U" bolt for 
mounting to any antenna mast. 72 -ohm output fit- 
tings include a coax connector and matching 
plug. The \íT54 indoor transformer has a 72- 
ohm coaxial input connector and matching plug 
for the cable. 

The MT55 has an MT53 outdoor antenna 
transformer, and MT54 indoor transformer. 
There are two pair of built -on aluminum bus- 
bars for direct, low -hiss connection to the an- 
tenna take -off terminals. JFD 

Circle No. 1 on Reader Service Card 

POTENTIOMETRIC RECORDER 
A portable chart recorder in single- and dual - 

channel versions is available as the 850 Series. 
Both versions have multiple input range of 1 

Mv. to 100 V. in 10 ranges; 1, 5, 10, 50, 100 mv. 
potentiometric; and 1, 5, 10, 50, 100 volts, 1 

tnegoltnt. Accuracy is .3% on all ranges. 

October, 1965 

Features include "flip -top" chart loading, 81/2" 
wide charts, disposable ink cartridges, and solid - 
state circuitry. The recorders are 10" wide x 12" 
deep and produce a full 71/2" record. A com- 
plete spec sheet is available on request. CP In- 
struments 

Circle No. 128 on Reader Service Card 

SUBMINIATURE TIME -DELAY RELAY 
A low -cost static time delay, I\ lodel RST-2, 

measures only 113/4r" x t tc," x [t,,," and weighs 
approximately 1 ounce. It is capable of delaying 
d.c. voltages powering loads to 3 amps, such 
as converters, display tubes, machine -tool con- 
trols, photographic and other processing equip- 
ment. 

Life expectancy is 2 million cycles at full load. 
Delay time is continuously adjustable from 1 

to 120 seconds by the addition of an external 
t/ -watt resistor. It is hermetically sealed and de- 
signed for high reliability. utilizing silicon semi- 
conductors to operate over temperatures rang- 
ing from -200 to +71 -C. Arnold Magnetics 

Circle No. 129 on Reader Service Card 

PILOT LAMPS 
The Nest- German -macle "Liliput" pilot lamps 

are now ;mailable at OEM prices in the U. S. 
Developed for use in computers and other elec- 
tronic and telecommunications devices, the T5.5, 
T6.8, and B7 types with voltages from tì to 60 
volts and currents from 20 to 200 ma. are avail- 
able from stock. International Electro Exchange 

Circle No. 130 on Reader Service Card 

LOW -COST SCR'S 
The development of a unique .SCR which 

will be priced as low as 35 cents in high -volume 
production has been announced. This all- planar 
SCR is plastic encapsulated, is in a rectangular 
flat pack designed for high packaging ticnsiis 
on printed- circuit boards, and is of sufficiently 
high sensitivity to permit direct use. eliminating 

intermediate amplifying stages, with very low - 
signal, low -cost sensors. 

The CI06 ha; applications in motor speed con- 
trol, lighting. temperature control, pressure ap- 
plications, as a timer, in liquid -level measuring 
devices, remote switching, as a dryness sensor, 
and as a proximits switch. General Electric 

Circle No. 131 on Reader Service Card 

FUSES FOR ZERO -DEFECTS PROGRAMS 
l- sigh- rcliabilitt sersious of l'icofuses and Mi- 

cro -fuses hase been introduced to meet the re- 
quirements of military and industrial zero -defects 
programs. The new fuses are hermetically scaled 
and have gold -plated terminals for soldered or 
plug -in applications. Resistance values are closely 
controlled and time /current characteristics are 
certified to I AOL per MIL- Std -l05, Inspection 
level II. Identifications, test data, and traceability 
records are maintained and supplied to the user. 
Littelfuse 

Circle No. 132 on Reader Service Card 

TRANSISTORIZED FREQUENCY COUNTER 
Nominally 10 to 100,000 cps, the TLF -1 tran- 

sistorized frequency counter provides sensitivity 
of better than 0.5 v. r.m.s. with an input im- 
pedance in excess of 150,000 ohms. No sensitivity 
adjustment is required in the input range of 
0.5 to 250 v. r.m.s. A double -shielded case and 
floating input provide d.c. isolation in excess 
of ±500 v. 

The unit features simplicity of operation for 
convenient use by both technical and non- techni- 

cal personnel. Standard line or an optional in- 
ternal clock is provided for measuring accuracy 
in excess of 0.01%. A resolution of 0.1 cycle is 
provided over the full 7 to 120,000 -cycle Measur- 
ing range. A register overload indicator provides 
unambiguous 6 -digit resolution over 10 kc. 

The unit measures 10" x 6" x 6" and weighs 
less than 7 pounds. Power consumption is less 
than 8 watts. W. H. Clark 

Circle No. 133 on Reader Service Card 

WIRING HARNESS ACCESSORY 
Strap tying time on wiring harness can be re- 

duced by means of a new accessory called "Pan - 

Ring." a simple plastic device that ties "Sta- 
St'aps" quickly and with little effort. The new ac- 
cessory can be used on both point -to -point and 
harness board tying. They are available to tic 
bundles up to lyct" in diameter and are offered 
for both miniature and standard "Sta- Straps." 
Panduit Corp. 

Circle No. 134 on Reader Service Card 

CAPACITIVE IGNITION SYSTEM 
A new capacitive ignition system for all gaso- 

line, propane, or natural- gas -fueled engines is 
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now available as the "Mark 10 TI letbolt." 
The unit features an SCR system which stores 
voltage in a capacitor until needed rather than 
being built up by an induction coil. Applied bat 
[cry voltage is converted from 12 volts to 400 

volts by converter circuitry. The power supply 
will deliver full energy to the capacitor at en- 

gine speeds over 8000 rpm. The unit is being 
offered in both kit and lacUn\asscntbled ver- 
sions. Delta Products 

Circle No. 2 on Reader Service Card 

BATTERY CHARGER SOURCE 
A wide t.oige diffetelit t\ is, and ratings of 

battery i II.H g(1 ' Ior makcts of poi table appli- 
ances using \It.d and uthet iethaigcable bat- 
teries is a\ ailablc wilhout price. petItnutante. or 
deli\ el w pi e11ä11111.. 

I \I,ic il oI I units ai 1:1111C is the If(: series 
designed tu handle up tut I-,0 ma. and up to live 
Xi( :tl batt'ties in set its In add i41111 141 a wide 
range of clettr¡cal pet man( sperilitations 
available tu the designer. the new line is as ail 
able in a varlet\ of open halm and polled pb\- 
sical tonligmatioits and witIt I I. tords and plugs. 
.\ custoul liar is also a%.uLtide ill tnsi tu tri s 

spccilicuion.. prlonu Fie(' 
No. 3 on Reader Service Card 

SOLID -STATE PULSE TIMER 
The Sctics (:_ ̂_' solid stale pulse liuur can 

be progu I IuculIs or rcuwtcls Lis irsisiatwes 
for tinte sequences of by lined sit it( loi me- 
chanical control. Internal solid-state logic pro- 
vides a fixed, lnininunn 100 inset. pulse. 1 he 

pulse rate (from 0.2 to lilt seconds) is controlled 
be either the titter's contained potentiometer or 
by using [tumbled remote- control facilities. The 
pulse created is used to energize die coil of the 
timer's rcIac fur 1(1(1 mscc. minimum. I his elec- 
trical event causes cl e of the tinter relas's 
10-amp d.p.d.l. contacts for 1(111 mscc. prodding 
ample time to operate solenoids or to eh-c l i it ally 
lock çontrol (ir(uits. Electra -.Seal 

Circle No. 135 on Reader Service Card 

REGULATED POWER SUPPLY 
Designed far use in the t'ngincciiug lab and 

production test equipment, the \lode! 3711 regu- 
lated power supply features continuously variable 
output voltage of 0-32 volts d.c. n, 31111 ma., 
line regulation of 10 my. ntaxinnnn for line 
changes of 108 -132 volts a.c., load legul:ution 
of I0 utv. maximum for 311(1 ma. load change, 
50 µsec. response time lu input and load changes, 
ripple and noise 300 Av. typical and 3 my. maxi- 
mum, and automatic current limit and sbort- 
circuil protection sel at 3511 ma. 

The supply is housed in a f" x 13 ií" x 71/20 

aluminum car :utd weighs 3 potards. .ticnticun- 
dnclnr (.ittiiits 

Circle No. 4 on Reader Service Card 

PRECISION WIREWOUND RESISTORS 
Precision pound wire\cuund resistors. which are 

211 to 30 times smaller than cquiv :leni metal Blau 

unit. :ur available as the AS -1/2 and \ti I. De- 

signed especially for miniaturizing tia11asi"i cir- 
cuitrs due to their small size, high potter 
densit. and precise tolerances. the units are 

rated as Litz and I watt respectively at I25 °C, 

power ratings double at 25 C. These types are 
available wide i(sistanccs of 0.1 ohm through 
7500 ohms: initial tolerance 4-0.1% to ±5Ç, 
( ±0.(15', a\ ailable on special order). Interna- 
tional Resist:nmr 

Circle No. 136 on Reader Service Card 

SINGLE -WHEEL COUNTER 
A hinaus d,uidt "nowt', tic%clupcd for ttsc 

in solid -state .tems .where digital readout is 

required, has retcutls been introduced. The new 
unit measures II.I lath wide, 1.2 inches high, and 

25 inches deep and weighs only 1.:1 ounces per 
decade. Single decade modules nuts be custom- 
mounted in Iilai pat kagcs to .tchiese de- 

sired capacities and combinations. 
Each wheel is indepentletttls drisen by its own 

self-contained solenoid. and a bin:ts -coded 
switch indicates the position ul the curitspuntl- 
ing wheel for monitoring by the actuating com- 
puter. Each pulse on the solenoid adds one 
c . Willi a maximum speed ul 25 counts per 
second. Pourer consumption is watts maximum 
at 28 volts d.c. \'crdci !toot 

Circle No. 137 on Reader Service Card 

HIGH -VOLTAGE RECTIFIERS 
.\ new .elks of diffused .lutta high sultagc 

and high - oltage /liigh- frequency ieclifiets, de- 

signed for commercial and industrial applica- 
tions, is now available at pines ruulpetitise 
with selenium rectifiers. 

Termed the Scales 7715 and 77I5X. the new 
series is available with p.1.5. ratings l,nn 3 Ls. 

to 50 kv. and average d.c. lot o :ud tuluul front 
75 nia. to 15 lita. -I he 771'.X sel fies has a ieserse 
recovery time of 31111 nanostt. suas. ai I. 2 ma. 

and Ir 2 iuta. .kmbicnt opti:ting and stuiagc 
tempctaiiiie is rt to I,I25 (.. \ 

No, 138 on Reader Service Card 

INTERCHANGEABLE LABELER DIALS 
I ì tee sepal ate snap in dial pat Ls. Io, make 

embossed-letter labels in different sizes. tan 
be used with the new Rote\ Compati I :ubt'Itr 
I)ials are available for use is :tit I I . . and 
1/2,0 tap,. \ver\ Products 

Circle No. 5 on Reader Service Card 

HI -FI AUDIO PRODUCTS 

SPEAKER SYSTEM KIT 
A lots -coal kit scision of the \Judd R \I.1 

speaker 55stein Iras been 1,111 on the market for 
hill enthusiasts and hubb\ fists. I he Ili page cun- 
slruction booklel accolnlc:tnsinq ihr kit includes 
the -ohs." as well as the "Dose." of assembling 
the s\ stew. Irequtnts tespot is I1 lo 211,000 

cps .und the system \yill handle to raits ul' aser- 
age pntgiam material and SII wails peak. 

l he system includes one li" linear high-com- 
pliance woofer and one high -frequents tweeter. 
crossas eu is at - ,flou (Ts and impedance is it 

ohms. l he cabinet, which is supplied in unfin- 
ished birth seneer. me: 'i's I lI x 1111/2" x 7114" 

and weighs 12 pounds. Sonotont 
Circle No. 6 on Reader Service Card 

40 -WATT FM- STEREO RECEIVER 
The mode; I: I loon solid state 1 \I-sieleo re- 

ceiver (cause, ti'ushccl tuning. 111 -d1) stereo sep- 

aration. and is iatt'd at -10 watts. Its F \I section 
has a sensitivity of 2.5 µv. IHF; distortion is less 

than 11.5' at full output. Hutt and noise are 
rill db below IOW-, modulation. Frequlency re- 
sponse is I5- 3(1,1)1111 cps -t-1 db. Another feature 
of this 14" x 16" x 4541" receiver is a stereo 
minder indicator which automatically switches 
fr mono to stereo when the station broadcasts 
in stereo and indicates the change visually. Bogen 
Co m nuut i c:a ions 

Circle No. 7 on Reader Service Card 

CONTACT MICROPHONE 
A small size. debut, ma- gm-tit tuntact micro- 

phone that can be hidden under the user's collar, 
is now available as the "Larynx AC -77 ". 'I he 

unit is energized directly through the vibrations 
of the vocal cords and will not pick up sound 
watt.. from the outside. The unit is available 
from 50 ohms to 5000 ohms and comes equipped 
with a lightweight plug -in cord. Frequency re- 

sponse is 21111 to 3111111 cps. -I t'Icplione Its mimics 

Circle No 8 on Reader Service Card 

STEREO RECORDER LINE 
1 11 arty iIllil set ics ul nudium -ptiud sterra 

tape recorders for hone use includes Inn mod 
cis: II65 a walnut encased uecordei. Illlo iu a 

tan sins! ease. and the 1150 tape deck. \ II models 
tiller four track sterco and atono rt'curd; lour- 
[tack stereo and atono, half -track and full-track 

plat back. Speeds are 71/2. 3V-1. and I ; á 

ins. I ht.\ ako feature all -solid -state electronics 
including silicon tansisturs in the pie:mops; 

!hive heads: twin sit meters: automatic dais l- 

ing and le\crsing; automatic digital totuii.t; 
and dual capstan this c. .\ntptx 

Circle No. 9 on Reader Service Card 

80 -WATT SOLID -STATE RECEIVER 
An 80-watt si l íC1111 power transistor I' \I situeo 

receiver. the Model l K -811, is now available. 
Special features include speaker output uttnivals 
and power for two sets of stereo sleakeis plus 
stereo headset jack; front -panel switching it 

of either set of speakers, both sits. or 
earphones; a special power transistor protection 

circuit: suit attic mole switching: output se- 

lector switch; inlerstation muting circuit: illu- 
minated pinpoint Inning meter: illuminated pro- 
grain source indicator: and tape recorder output. 

Frequency response is 20- l'c0,000 this - 1 db 
:und I c 1 20.000 cps - 3 ill). F \I usable sensitit ils 
IHF) is 1.8 pv. and signal to ratio is lilt 

dli at 1110'; modulation I lity. input. The unit 
which masures 171c" x, 5t :air ;" X 14" is designed 
either fol tie, standing or cabinet mounting ap- 
plication,. kout usood 

Circle No. 10 on Reader Service Card 

CUSTOM SOLID -STATE AUDIO AMPS 
A nets see its of 211- tu 80ll -wall solid state 

amplifiers. tustont designed for the OEM mat Lei. 
is - available. There are five models asail- 
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able: AA -1000 (20 watts), AA -2000 (100 watts), 
.\A -3000 (20(1 watts), AA- -101)0 (40(1 watts), and 
. \A- 5000 (8011 watts). All units operate from a 

signal input level of I volt r.m.s. and have full - 
power frequency response from 20 to 20.000 cps. 
These completely transistorized units are light- 
weight, small sized, and cool operating. No vent- 
ing of cabinets is required. Power output tran- 
sistors drive the speakers and operation is free 
front distortion and mric ophonics. Jordan Elec- 
tronics 

Circle No. 139 on Reader Service Card 

SOLID -STATE STEREO TAPE RECORDER 
The Model 300 solid -state 4 -track stereo tape 

recorder has been added to the "Oki" line and 
features 4 -track mono /stereo record /playback, 
sound -on- sound, sound -with- sound, 4 -track stereo 
head, lever operation, instant pause control, auto- 
matic shut -off switch, two record buttons with 
safety lock, 3 -digit index counter. two record. 

level meters, detachable speaker sstems, and a 

fully transistorized OTI. amplifier. The unit op- 
erates at 71/2 and 33/4 ips and will handle reels 
up tu 7 ". Response is 4(1- 15,000 cps at 7112 ips. 
The recorder measures 12" x 81/4" x 111/2" includ- 
ing the speakers. Chancellor Electronics 

Circle No. 11 on Reader Service Card 

MOBILE STEREO UNIT 
A cartridge stereo tape player and an AM 

radio have been combined in a single unit de- 
signed for installation in any car, boat, or air- 
plane. The "Stereo 8" tape playback unit has 8 
tracks and plays at 33/4 ips. The program can 
be selected either automatically or by push- 
button. The transistorized AM receiver has a 

tuning range of 535 -1610 kc. and features 7 
tuned circuits, double -tuned i.f. coils, and r_f. 
stage. 

Three models are being offered: the ASR -830P 
(panel installation with radio), ASR -830H (add - 
on accessory with radio), and AS -830H (add -on 
accessory without radio). An extensive line of 
recorded tapes from major record companies' 
libraries is available. Lear jet 

Circle No. 12 on Reader Service Card 

AUDIO AMPLIFIER LINE 
First units in a new line of audio amplifiers 

are the Model MA -325 (25 -watt) and Model MA- 
216 (16 -watt) units. Both units feature THD of 
better than 1% at 1000 cps, output hunt and 
noise better than 70 db below tared output: solid- 

October, 1965 

state fall -wave power supply for operating volt- 
ages; three -position switch with standby posi- 
tion: visual indicators: inputs wired for choice 
of hi -Z plug or low -Z transformer: and seven - 
terminal barrier ship for all output choices: 4, 
8 ohms and 25 -volt and 70.7 volt systems. Both 
units are designed for use with background music 
systems and in commercial sound applications. 
Browning Laboratories 

Circle No. 13 on Reader Service Card 

REMOTE -CONTROL EQUIPMENT 
A new remote -control station and relay -control 

electronics designed to he used with the Models 
1021, 1022, and 1024 tape recorders have been 
made available. The relay -control transport con- 
verts the standard electro- mechanical button con- 
trol to touch- button control while the remote 
control station allows the remote control of all 
modes: rewind. record, stop, cue, play, and fast 
forward. Both of these new items are available 
as options on new equipment or can be purchased 
separately for use with the above model tape re- 
corders already in the hands of the public. 
Magnecorcl 

Circle No 14 on Reader Service Card 

AUTOMATIC /MANUAL TURNTABLES 
A new line of British-made autontatic /manual 

4 -speed stereo turntables is now available in the 
U.S. The three models on the market are the 
RCD -4 "Princess" deluxe which accepts any 
standard flip -under stereo /mono cartridge and 

lias a 4 -pole motor; the RC -2 model which comes 
complete with diamond stylus; and the RC -I. 
Each unit features removable center spindles for 
manual use, a patented built -in stylus cleaning 
brush, self -locking tonearni, and dynamically bal- 
anced heavy -duty motors. The units come com- 
plete with a.c. line cords and audio cables and 
will take a 10- record intermix for standard size 
records of the same speed. RFS Industries 

Circle No. 15 on Reader Service Card 

SOLID -STATE P.A. AMPLIFIER 
Both size and weight have been drastically re- 

duced in a new line of p.a. amplifiers currently 
available. Offered in models with outputs of 16, 
34, or 50 watts, they may be operated from 6 or 

Ìí,'///f 
rr/ Tf 

12 volt batteries or 117 -volt a.c. lines with an 
adapter. Separate volume controls are provided 
for microphone, phono, or tape. They have dual 
microphone inputs. American Geloso 

Circle No. 16 on Reader Service Card 

ELECTRONIC MEGAPHONE /SIREN 
A siren feature has been added to the high- 

powered, battery -driven electronic megaphone, 
MV -165. The high -powered siren is activated by 
a slide switch which closes the circuit. convert- 
ing the transistorized amplifier into an electrical 
oscillator. Rated at 16 watts, the megaphone is 

said to have a range of over 800 yards under 
normal wind conditions. 1 he amplifier is pow- 
ered by 5 transistors in a class B push -pull circuit 
and normally operates on 8 "C" cells. It can be 
operated from 12 -volt power sources by (means 
of an optional adapter cord which plugs into 
a car, boat, or truck cigaret lighter socket. The 
unit weighs 5 pounds and measures 9" x 14" 
over -all. Fanon 

Circle No. 17 on Reader Service Card 

PORTABLE TAPE RECORDER 
A portable dual -power tape recorder that op- 

erates on both a.c. and flashlight batteries has 
been introduced as the Model 320. A key feature 

of the solid -state unit is the remote- control micro- 
phone which permits start /stop operation front 
a distance. 

The six -pound unit provides 3?4 and 17,44 ips 
speeds. will handle standard 5" reels, will record 
up to 6 hours at Ws ips, has a frequency range 
of 50- 10.000 cps; and is powered by six "D" cells 
or external a.c. sources. Tite circuit uses 9 tran- 
sistors and 1 diode. The recorder measures 12" x 
84/4" x WI". Concord Electronics 

Circle No. 18 on Reader Service Card 

MIXER /PREAMP 
A new solid -state miser /prcamp is notv avail- 

able for p.a. applications. The LX -40 has an 
output level of +10 dbm at 600 obtus unbal- 
anced. It has four microphone inputs and a 

separate program input which are individually 
controlled. Such features as master gain and tone 
control and a cueing switch are provided. A 
phone jack has been incorporated for monitoring 
program material. 

Optional accessories include three- conductor 
niic connectors (male or female): phono, pro- 
gram, and tape -head preaurps: universal micro- 
phone -line input transformer; vu ureter; and a 

19" rack -panel mounting. McMartin Industries 
Circle No. 19 on Reader Service Card 

CB- HAM -COMMUNICATIONS 

INDUSTRIAL /BUSINESS RADIO 
A 30 -watt AM Industrial /Business Band two- 

way radio, the IBC 301, features an all- transistor 
receiver for low power drain, a solid -state power 
supply, illuminated function indicators, adjust- 
able squelch and pre -set noise limiter, muting 
switch, and a corrosion- resistant housing which 
measures 11" wide x 31/2" high x 81/2" deep. 

This new single -frequency radio can be in- 
stalled as a complete unit or the self- contained 
remote -control head may be slipped out of the 
main unit and installed independently with its 
own mounting cradle. The remote- control head 
weighs less than 21/2 pounds and is only 61" w. x 
21/2" h. x 71/2" d. Pearce -Simpson 

Circle No. 140 on Reader Service Card 

PANORAMIC ADAPTER 
An improved model "l':madapto- ", the Model 

PR -1, is now available for immediate delivery. 
It is designed for use with receiver i.f.'s from 
450 to 500 kc. and presents a graphical display 
of signal level versus frequency on a 3" CR1'. 
The PR -I permits instantaneous observation of 
the activity in the band. assists location of "CQ" 
replies and ORM -tree regions, as well as analysis 
of signal quality by detailed narrow -band sweeps. 

The trait displays signals up to 100 -kc. on 
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either side of the frequency to which the re- 

ceiver is tuned. Operating off the i.f. of the re- 

ceiver, connection is macle to the converter tube 
by a resistor with spring loop to fit pins of octal 
tubes or a capacitive pickup through a clip fitting 
over miniature tubes. Singer Company 

Circle No. 20 on Reader Service Card 

INDUSTRIAL TRANSCEIVER 
A new 85 -watt AM radio transceiver, designed 

to provide low -cost, two -way communications in 
the Business /Industrial band, is the "Messenger 
600 ". Interchangeable for base station or mobile 
use, the unit measures 5 rs" x I1" x 10" and 
weighs 19 pounds. With the base station antenna 

mounted well above surrounding obstructions, 
the "600" will maintain reliable base- mobile com- 
munications over distances up to 35 toiles or 
more. The transceiver is FCC -type accepted for 
use in Public Safety, Industrial, and Land Trans- 
portation Services in the 25 -50 mc. range. E. F. 

Johnson 
Circle No. 21 on Reader Service Card 

AM- FM -S.W.- MARINE PORTABLE 
The Model L638 portable radio incorporates 

AM, FM, marine, and short -wave coverage in a 

unit which measures 15í%6" x x 414" and 
weighs only 1314 pounds. 

Coverage includes the 150 -415 kc, aircraft band, 
517 -1622 kc. AM band, 1.6 -4.2 mc. marine band, 
three short -wave bands (including the 11, 13, 16, 

20, 25, 30, 40, 50, and 60 meter bands), and 
87.5 -108 nues FM band. The portable contains 
a 5" x 7" speaker and output is 1000 mw. The 

11111111111/111111111 
.11r /1111111.1 

i 
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unit k powered by 9 -volt, six dry cells, or Type 
R -20 cells. Output connections for tape recorder, 
record plover, and outdoor AM and FM antennas 
are included. Norelco 

Circle No. 22 on Reader Service Card 

MANUFACTURERS' LITERATURE 

RESISTORS & TRIMMERS 
A new, expanded "Quick Reference Guide" 

listing 144 different resistors and trimmer pots 
has been published, and covers military, com- 
mercial, and general -purpose grades. 

The listing includes wirewounds and film re- 
sistors in various categories. Dale Electronics 

Circle No. 141 on Reader Service Card 

ELECTRONIC COMPONENTS 
A 32 -page product catalogue (No. 765) has been 
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issued covering a wide variety of electronic com- 
ponents and lest instruments. The listing ranges 
from accelerotneters to variable transformers and 
covers products for commercial applications as 

well as military requirements. American Relays 

Circle No. 23 on Reader Service Card 

TRANSISTOR SELECTOR GUIDE 
A unkind s designed silicon transistor selection 

guide which permits the user to choose the high - 
frequency amplifier or switching device which 
most closely fits his exact performance require- 
ments has been published. 

The new guide covers over 100 different high - 
frequency silicon annular transistor types for 
both amplifier and switching service. Motorola 
Semiconductor 

Circle No. 142 on Reader Service Card 

SWITCH CATALOGUE 
A 10 -page Engineering Specification Catalogue 

No. S -323 covering Series 35000, 36000, 37000, 
and 38000 "Multi- Switches" is now available. 

Complete engineering specification informa- 
tion is provided about such items as illumina- 
tion, styles and shapes of push -buttons. stack 
module design, and many other "Multi- Switch" 
design requirements. Switchcraft 

Circle No. 143 on Reader Service Card 

MOLDED PLASTIC PARTS 
A catalogue and price list covering molded 

plastic parts for electronic packaging includes 
encapsulation shells, headers, covers, module 
packages, and sheet stock -all off -the -shelf items. 

A comparative chart describes the electrical 
and mechanical properties of epoxy, phenolic, 
alkyd, and diallyl- phthlate to assist the designer 
in selecting the proper material for his require- 
ments. Epoxy Products 

Circle No. 144 on Reader Service Card 

STOCK PANEL -METER SELECTOR 
A 20 -page quick -reference catalogue ( #Z -100) 

for panel meters and accessories has just been 
published. This detailed catalogue features a 

size -index tab guide which permits rapid selec- 
tion of the desired meter size. All types of panel 
meters are included in the catalogue which also 
carries a glossary of terms, conversion factors, 
and ordering information. \\'estop. 

Circle No. 145 on Reader Service Card 

PRECISION SWITCHES 
A comprehensive 12 -page catalogue /brochure 

covering the company's basic lines of sensitive 
precision subminiature switches is now available. 
The fully illustrated catalogue contains elec- 
trical and mechanical specifications and case 

and terminal diagrams on all models in the 
line. Milli- Switch 

Circle No. 146 on Reader Service Card 

REED SWITCHES 
An engineering design kit for custom build- 

ing and breadboarding prototype circuit appli- 
cations is described in a new six -page folder en- 
titled "Reed Switches." The kit contains an 
assortment of reed switches, magnets, and coils. 
Instructions for designing 10 devices are in- 
cluded in the kit. In addition to the kit, the 
folder cuveras the firm's complete line of reed 
switches, with specifications, actuating power 
sources, test circuits, and ordering information. 
New Product Engineering 

Circle No. 147 on Reader Service Card 

IGNITION- SYSTEM BROCHURE 
A 4 -page illustrated brochure giving complete 

details on the "Super 7" noise -free and water- 
proof ignition system for land and marine ve- 

hicles is now available. Mercury Enterprises 
Circle No. 24 on Reader Service Card 

BUSINESS COMMUNICATIONS 
A pocket- sized, 20 -page booklet entitled "The 

Modern Approach to Business Communications 
-Two -Way Radio" is now available on request. 

It answers in brief. non -technical ternis most of 
the questions businessmen are likely to ask re- 
garding the feasibility of two -way radio for their 
particular operations. In addition, the booklet 
carries brief catalogue data on a line of two -way 
radio equipment available from the manufac- 
turer. Pearce -Simpson 

Circle No. 25 on Reader Service Card 

MICROCIRCUIT MOUNTING BOARDS 
l.itcraUnrc covering its scre :ADC 13 -8 series of 

mounting boards, svhich are designed to sim- 
plify breadboarding and small production run 
problems associated with microcircuits, has been 
announced. The literature describes the over -all 
line, its applications, and information on in- 
dividual boards and patterns. Applied Des elop - 
men t 

Circle No. 148 on Reader Service Card 

ELECTRONIC PARTS & HARDWARE 
A 48 -page catalogue covering electronic parts 

and hardware is now being offered. It covers 
binding posts, contact and terminal strips, inter- 
locks, fuse and diode holders, lugs and terminals, 
anode connectors, tip jacks and plugs, alligator 
clips, phone and phono plugs and jacks, and 
many other items. National Tel -Ironies 

Circle No. 149 on Reader Service Card 

PRECISION WIREWOUNDS 
A 16 -page catalogue which provides detailed 

specifications on a complete line of precision 
wirewound resistors is now available. It includes 
full information on high- reliability units; epoxy 
cast resistors for military, commercial, and in- 
dustrial applications; printed- wiring resistors; 
ceramic resistors for commercial computers, in- 
dustrial instrumentation, and laboratory experi- 
mentation; and molded resistors and custom net- 
works. Hi -Q Div., Aerovox 

Circle No. 150 on Reader Service Card 

OSCILLOGRAPH PAPERS 
Bulletin 1639 -6 describes t!wee oscillograplt 

recording papers which cover virtually all modes 
of recording that utilize direct print or print -out 
techniques. 

Dataflash 54 is a high -writing speed paper de- 

signed for ultraviolet light- source instruments, 
Dataflash 55 features writing speeds in excess 

of 73,0110 ips and an extremely high latensifica- 
tion rate, while Dataflash 56 is formulated with 
a wide spectral response and is used in instru- 
ments utilizing xenon light sources. Consolidated 
Electrodynamics 

Circle No. 151 on Reader Service Card 

TUBE & SEMICONDUCTOR CATALOGUE 
An 8 -page, two -color catalogue listing oser 

2500 tubes by type with their prices is available 
as the "1965 Wholesale Electronic Tube Price 
Catalogue." Included are radio, TV, photomul- 
tiplier, magnetron, ignitron, klystron, micro- 
wave, photo, trigger, ballast, subminiature, tun - 
gar bulb, nuvistor, thyratron, voltage regulator, 
planar triode, vidicon, iconoscope, Al R, 'I R, 
traveling wave, backwave, storage, transmitting, 
and cathode -ray tubes and semiconductors. Thor 
Electronics 

Circle No. 152 on Reader Service Card 

SHIELDED TAPE, FOIL & TUBING 
Electromagnetically shielded tape, foil, and 

tubing are described in an 8 -page, two -color 
catalogue. The publication includes diagrams, 
alloy content tables, applications, available quan- 
tities, price lists, and ordering information. Rus- 

sell Industries 
Circle No. 153 on Reader Service Card 

FLAT WIRE HARNESSES 
A four -page, illustraled brochure covering 

"Plycon" flat flexible wire harnesses is now 
available on request. The catalogue gives elec- 
trical and physical data, as well as ordering in- 
formation on straight and retractable harnesses 
in single- and multiple -layer configurations. 

The harnesses are designed for use in drawer 
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or rack- mounted electronic equipment, and as 
jumpers between points on a chassis. Methode 

Circle No. 154 on Reader Service Card 

SWITCH TIPS FOR PRODUCTION 
Six prize- winning "tips" on using the proper 

switch to solve plant production problems are 
included in a four -page illustrated brochure, No. 
39. Since the ideas cover a variety of problems, 
the publication should have wide appeal. Micro 
Switch 

Circle No. 155 on Reader Service Card 

STEREO BROCHURE 
An 8 -page, full -color catalogue covering an 

entire line of hi -fi components -speakers, play- 
back systems, and cartridges -and ideas on "dec- 
orating with sound," is now available. Each 
component listed carries a complete specification 
breakdown and price structure. Empire Scientific 

Circle No. 26 on Reader Service Card 

GRAPHIC PRESENTATION MATERIALS 
A comprehensive 100 -page catalogue covering 

a complete line of time- saving tapes and com- 
ponents will be of interest to engineers, drafts- 
men, cartographers, architects, teachers, technical 
illustrators, and printers working in the draft- 
ing, art, and visual communications fields. 

The catalogue includes "how to" sections, 
product sections, and specifications on a wide 
range of supplies. Chart -Pak 

Circle No. 27 on Reader Service Card 

PRESSURE- SENSITIVE TAPES 
A "Select-A-1 ape" pocket catalogue describing 

a complete line of pressure -sensitive adhesive 
tapes has just been published. The 24 -page guide 
covers masking, packaging, printable, protective, 
electrical, and special -purpose tapes for high 
and low temperatures, chemical resistance, and 
other critical applications. More than 80 tapes 
are included with full information on physical 

characteristics, typical applications, sizes, and 
government specs on each. Mvaik Tape 

Circle No. 156 on Reader Service Card 

TRANSISTOR HARDWARE 
Now available is a six -page illustrated data 

sheet detailing a full line of sockets, holders, 
bushings and pads for transistors and semicon- 
ductor special devices. Bulletin 82B contains de- 
scriptive engineering drawings of 16 types of 
transistor holders, 14 types of transistor sockets, 
and 10 grommet-type chassis mounting transistor 
bushings. Sealectro 

Circle No. 157 on Reader Service Card 

SHORT -FORM POT CATALOGUE 
A short -form catalogue (No. 11) covering a 

complete line of military, industrial, and com- 
mercial adjustment potentiometers is offered 
without charge. I he 8 -page brochure also lists 
brief specs on precision pots, time delays, relays, 
microcomponents, and exponential resistors. 
Bourns 't rintpot 

Circle No. 1 58 on Reader Service Card 

CONNECTORS FOR COAX CABLE 
A complete line of connectors and adapters 

for use with shielded and coaxial cables is de- 
scribed in a new 12 -page illustrated brochure 
now available. A complete description, includ- 
ing a step -by -step installation guide, is featured 
in the T -60 catalogue. New tools for extracting 
leads and for compressing the connectors are 
also covered. Thomas & Belts 

Circle No. 1 59 on Reader Service Card 

TRANSFORMERS & COILS 
A 150 -page catalogue coscring mer I100 stock 

items which will replace in excess of 30,000 orig- 
inal manufacturers' parts has just come o0 the 
press. Coils and transformers for botta the service 
and industrial markets are included. A 60 -page 
section is devoted to direct replacement listings 

on a wide range of inductive components. Merit 
Circle No. 160 on Reader Service Card 

REAR -PROJECTION READOUTS 
A two -page engineering data sheet covering the 

new Series 340 microminiature rear- projection 
readouts is now available. 

Each unit will display up to 11 different mes- 
sages including numbers, letters, words, symbols, 
and colors. The data sheet provides engineering 
details, mounting dimensions, lamp specifications, 
and a chart of the standard displays that are avail- 
able, and a price schedule. Industrial Electronic 
Engineers 

Circle No. 161 on Reader Service Card 

1'11117'11 CREDITS 
Page Credit 

16 Euphonics Corp. 

29 Belden Mfg. Co. 

32 H H. Scott, Inc. 

34, 35. University of Michigan 

37, 41 Sonotone Corp. 

42 Union Carbide Corp. 

47 Mallory Battery Co. 

52 Nife Corporation 

65 (top) Kinotrol, Inc. 

65 (center) Applied Dynamics 

65 (bottom) Beckman -Scientific 

66 (top) Electronic Associates 

66 (bottom) Packard -Bell 

79 Radio Corporation of America 

80 Delco Radio 

81 Hewlett- Packard 

Back Issues Available 
Use this coupon to order 

back issues of 
ELECTRONICS WORLD 

We have a limited supply of back 
issues that can be ordered on a 
first -come, first -served basis. 
Just fill in the coupon below, en- 
close your remittance in the 
amount of 65 each and mail. 

ZIFF -DAVIS SERVICE DIVISION 
Dept. BCEW, 589 Broadway 
New York 12, New York 
Please send the following back issues of ELEC- 
TRONICS WORLD. I am enclosing to cover 
the cost of the magazine, shipping and handling. 

Month Year 
Month Year 
Month Year 

Name 

Address 

City Zone State 
EW 

No charge or C.O.D. orders please. 

October, 1965 

NEW 
from the World Leader 
in Soldering Technology 

"!PENCIL" 
SOLDERING 

IRON 
SMALL LIGHTWEIGHT 

HIGHLY EFFICIENT 

Ideal for miniature soldering, 
this new 25 watt, 115 volt iron 
weighs only 13/4 ounces. You can 
hold and maneuver it as easily 
as a pencil. Gets into tight places. 
Does the work of irons having 
much more weight, much higher 
wattage. Recovers heat rapidly. 
Maximum tip temperature is 
860 °F. Complete with tip C20 
and cord. Model WPS. list 
Now at your Electronic Parts Distributor 

WELLER ELECTRIC CORP., EASTON, PA. 

CIRCLE NO. 88 ON READER SERVICE CARD 
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ELECTRONICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 70C per word (including name and address). Minimum order $7.00. Payment 
must accompany copy exceot when ads are placed by accredited advertising agenc ies. Frequency discount: 5% for 6 months: 10% for 12 months paid in advance. 
READER RATE: For individuals with a personal item to buy or sell. 40C per word (including name and address). No Minimum! Payment must accompany copy. 
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 100 extra per word. All copy subject 
to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st.) Send order and remittance to: Hal Cymes 
ELECTRONICS WORLD, One Park Avenue, New York, New York 10016 

FOR SALE 

JUST starting in TV service? Write for free 32 page 
catalog of service order books, invoices, job tickets, 
phone message books, statements and file systems. 
Oelrich Publications, 6556 W. Higgins Rd. Chicago, 
III. 60656. 

GOVERNMENT Surplus Receivers, Transmitters, Snoop - 
erscopes, Radios, Parts, Picture Catalog 20C. Meshna, 
Nahant, Mass. 

INVESTIGATORS, free brochure, latest subminiature 
electronic surveillance equipment. Ace Electronics, 
11500 -J NW 7th Ave., Miami 50, Fla. 

CANADIANS -Giant Surplus Bargain Packed Catalogs. 
Electronics. HiFi, Shortwave. Amateur, Citizens Radio. 
Rush $1.00 (Refunded). ETCO. Dept. Z, Box 741, 
Montreal, Canada. 

RESISTORS precision carbon -deposit. Guaranteed 1% 
accuracy, 1/2 watt 8C. 1 watt 120. 2 watt 15C. Rock 
Distributing Co., 902 Corwin Road, Rochester 10, N.Y. 

NEW supersensitive transistor locators detect buried 
gold, silver, coins. Kits, assembled models. $19.95 up. 
Free catalog. Relco -A22, Box 10563, Houston 18, Texas. 

DIAGRAMS for repairing Radios $1.00. Television $2.50. 
Give make model. Diagram Service, Box 1151 E, Man- 
chester, Connecticut 06042. 

III 

LV PWR SPLY XFRMRS: 1I5/2:i0y Oii:y I ph prl. 
Four 6.3vet .see. -, , o get up to 25.2v m'. 
In steps of 3.15v o, _, ct p to 356 or 12.Hvct 
70Á 6.3vct 1 -i, I i,e mt. taps for closer adjustments. 

: : 

ents. W /d:r. ,r norms use to replace torold: ake LVn(' -,, I -.tote converter to 115v 
60 cy. Sealed, pop., Net 54.. 

24.50 hall Esc or Truck collect. tiein it 

ALL -BAND SSE; RCVR BARGAIN: Hallicrafters It -45 
ARIL?. 5511 kC to 4:t , continuous: Volee. CW. 
MCW. aligned and modified t also modified to 
Include PRODUCT DETECTOR. TOR 02 11F, 2 IF stages. 
S- Meter, Ytl, w /12ii /2:111 y 50/60 cy pwr spiv. 
Hot and SHARP A works like a 

199.50 charm! FOR Los Ang. 
TIME PAY PLAN, Ant' psycho =e totolll ng 100/ St 6(1.10 or more. down payment only... O 

R -23 /ARC -5 Command rcvr 190 -550 kc 14.95 
A.R.C. 12 #22 Command rcvr 540-1600 kc 17.95 
ARR -5 rcvr, 60 cy, am /fm, 38-140 mc 179.50 
Panadapter 5.25 mc for above, 60 cy 69.50 
APR -4Y AM /FM Rcvr mod. to 115 v 50/60 cy, with 
pwr plug, book, tuners 38 -1000 mc. 209.50 
P.U.R. for tuners 975 -2200 and 2175-4000 mc. 
RA -62 -B is AC pwr sply for SCR -522, only 17.95 
AN /URR -13( *) Rcvr. 225-400 mc 295.00 
TD2 60 cy xmtr 225 -400 mc 30 w Po, new ....PUR 
LM -14 freq. meter, .01% 125 kc -20 mc... 57.50 
TS- 323/ÚR freq. meter 20-480 mc.t .001 %.199.50 
Tektronix 541A scope w /preamplifier .... 795.00 
Tektronix 514AD scope dc to 10 mc 395.00 
LP Signal Generator 91/2 kc -50 mc 195.00 
G.R. #1001A sig. gen. 5 kc to 50 mc 495.00 
H.P. 608B signal generator 10 -400 mc 475.00 
H.P. 6088 modified to 10 -500 mc 525.00 
SG -66A /ARM -5 (A.R.C. H -14A) OHC 695.00 
TS- 418A /U sig. gen. to 0 dbm 0.4 -1.0 gc 395.00 
Borg -Warner High -Power sig. generators PUR 
SLRD sig. gen. 275 -2750 mc. 20 watts PUR 

LINE VOLTAGE REGULATION BARGAINS 
Largest selection in the WORLD! Ask for list, from Sola 250 VA to Sorensen 10.000 VA! 

REGULATED DC POWER SUPPLY BARGAINS 
Very large selection! Ask for list of these! 

HEWLETT -PACKARD & OTHER METERS, VTVMS 
Very large selection! Ask for list of these! 
AND MUCH MORE! We have 33 other types of Sign ,e 
Generators, Digital Counters. Vacuum pumps. DVM's. 

Cher scopes. Pulse Generators. Precision Bridges h Voltage Dividers, AC A DC. Gaivos, RF Wattmeters. Phase -Angle Meters. Spectrum Analyzers, Etc. WRITE 
. . . WIRE . . . PHONE . . . YOUR SPECIFIC NEEDS! 

WE RENT EQUIPMENT! WHAT DO YOU NEED? 

R. E. GOODHEART CO. INC. 
Box 1220 -A, Beverly H111s, Calif. 90213 

Phones: Area 213. office 272.5707, messages 275-5342 
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JAPAN & Hong Kong Electronics Directory. Products, 
components, supplies. 50 firms -just $1.00. Ippano 
Kaisha Ltd., Box 6266, Spokane, Washington 99207. 

TV CAMERAS, transmitters, converters, etc. Lowest 
factory prices. Catalog 10C. Vanguard, 190-48 99th 
Ave.. Hollis. N.Y. 11423. 

WEBBER Labs. Transistorized converter kit $5.00. Two 
models using car radio 3O.50Mc or 100- 200Mc, one 
Mc spread. Easily constructed. Webber, 40 Morris, 
Lynn, Mass. 

ELECTRONIC Ignition Kits, Components. Free Diagrams. 
Anderson Engineering, Epsom, New Hampshire 03239. 

BUILD TV Camera Cheaper Than Ever! Send 100 for de- 
tails. ATV Research, Box 396, South Sioux City, Nebr. 
68776. 

ACHTUNG! Das machine is nicht fur Gerfingerpoken 
und mittengraben. Is easy schnappen der Springen - 
werk, b!owenfusen und poppencorken mit spitzen - 

sparken. Ist nicht fur gewerken by das Dummkopfen. 
Das rubbernecken sightseeren keepen hands in das 
pockets. Relaxen und watch das Blinkenlights. This 
attractive, brass metal plaque only $2.00 ea. ppd. 
Southwest Agents, Dept. E, 8331 Hwy. 80 West, Fort 
Worth, Texas 76116. 

CANADIANS, transistors, all semiconductors and com- 
ponents. Free catalogue contains reference data on 
300 transistor types. J. &J. Electronics (Dept. EW), P.O. 
Box 1437 Winnipeg, Manitoba, Canada. 

NEED RESISTORS? Factory fresh, NAME BRAND, 1/2 

watt, 10% standard carbon resistors. Any regular 
value from 10 ohms to 2.2 megohms, $.05 each! Post- 
paid. Any quantity assorted. Minimum order $1.00. 
TEPCO, Box 508, Tullahoma, Tenn. 

CONVERT any television to sensitive, big -screen oscil- 
loscope. Only minor changes required. No electronic 
experience necessary. Illustrated plans, $2.00. Relco, 
Box 10563, Houston 18, Texas. 

TRANSISTORS- Miniature Electronic Parts. Send for 
Free Catalog. Electronic Control Design Company, 
P. O. Box 1432M, Plainfield, N.J. 

DETECTIVES! Free Brochures; Electronic intelligence 
devices for your needs and budget. SILMAR ELEC- 
TRONICS, 3476 N. W. 7th Street, Miami, Fla. 33125. 

ELECTRONIC Bargains -Free Catalog, Tubes, Diodes, 
CRT's Tuner Cleaner, etc. Cornell, 4213 -W University, 
San Diego, Calif. 92105. 

TELEVISION Cameras Transistorized also monitors. 
Spera Electronics, 37-10 33 Street, L.I.C., N.Y. 

FREE -FREE -FREE -FREE -FREE -FREE -FREE. Send 
in for your free one year subscription to Olson Elec- 
tronics' fantastic value packed catalog- unheard of 
low prices on brand name speakers, changers, tubes, 
tools, stereo amplifiers, tuners, CB and other values. 
Credit plan available. If you have a friend interested 
in electronics send his name and address for a FREE 
subscription also. Olson Electronics, Inc., 408 S. Forge 
St., Akron, Ohio 44308. 

MICRO SPECIAL TO ELECTRONICS WORLD READERS ONLY! 
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EVERY DEAL A FAIR DEAL 
LARGE, SELECT STOCK! DEPENDABLE, FAST SERVICE! 

Every tube tested in our own laboratory for mutual conductan 
and life test. 
We guarantee FREE replacement for One year of any tube purchased 
from us which fails to function efficiently under any or all operating 

Prompt 
Advertised tubes not eneces 

on 
anewt 

merchandise. 
new. but may be electrically per 

feet factory seconds or used tubes -each clearly 5o marked. 
OA2 
024 
1A7GT 
10307 
1H4G 
1H5GT 
ILA 
1L6 
1N5GT 
10507 
1R5 
155 
174 
1U4 
1U5 
152 
1X2 
2A3 
2AF4 
3BC5 
3606 
3BZ6 
3CB6 
3CF6 
3C56 

3044 
354 
3V4 
4Bq7A 
41327 
5658 
SATO 
5AV8 
5AW4 
50157 
5J6 
5T8 
5U4G 
SUS 
5V40 
5V6GT 
5%8 
5Y3GT 
5Y4G 
667 
668 

6AB4 
6AC7 
6AF4 
GAGS 
6607 
6AH4GT 
6AN6 
66155 
6ALS 
GALT 
6AM8 
6AN8 
6AQ5 
6606 
GAQ7GT 
64R5 
6655 
6AT6 
66T8 
6AU4OT 
6AU5GT 
6AU6 
6bU8 
6AV5GT 
6AV6 
6AW8 
6AX4GT 
66X507 
688 
60A6 
6BC5 
6BC8 
6806 
60E6 
6BF5 
6BF6 
6BG60 
60H6 
6BJ6 
68155 
613147 
6BL7GT 
61306 
6130607 
68Q7 
50556 
6826 

68Z7 
6C4 
6C5 
6C6 
6C86 
6C06G 
6CF6 
6C07 

6157 
6158 
61.7 
6157 
607 
654 
65807 
6567 

6W6GT 
6 %4 
6 %5 
6X8 
6560 
7A4 /XXL 
7A5 
766 

7F8 
7157 
7N7 
707 
7 %7 "X %FM 
754 
7Z4 
1268 

$35 
PER 

for HUNDRED 
ASSTD 

ANY TUBE LISTED 
6CL6 
6CM6 
6CM7 
6CN7 
6056 
6CÚ6 
6DE6 
6006 
6F6 
6156 
6J4 
6J5 
6J7 
61(60T 

6507 
65F5 
6507 
6577 
65157 
65L7G7 
65N7GT 
6507 
6557 
674 
618 
6U8 
656 
6W40T 

7A7 
7A8 
704 
785 
7B6 
787 
788 
7C4 
7C5 
7C6 
7C7 
7E6 
7E7 
7F7 

CRO 

12AQ5 
12AT6 
12AT7 
12AU6 
12AU7 
12AV6 
12AV7 
12Ax4GT 
126X7 
12AZ7 
1284 
128A6 
128A7 
12BE6 
12BF6 
12BH7 
121306 
128R7 

126Y7 
12CA5 
12J5 
12157 
12L6 
1207 
12507 
12507 
125J7 
125157 
125N7GT 
12507 
125607 
12W6GT 
12%4 
12Z3 
14A7 
1287 
1406 

97 14 
19 
19AU4GT 
196060 
19.16 
19T5 
24A 
25AV5 
25896 
25DN6 
251.607 
7.5W4G7 
2525 
25Z6 
26 
3505 
3505 
35C5 
35L6GT 
35W4 
3554 
35ZSGT 
37 
39/44 
42 
43 
45 
50A5 
socs 
SOCS 
501.607 
50X6 

New at MICRO! 
25 -WATT POWER 

TRANSISTORS 

YOUR 79` 3 for $2 CHOICE 7 ea. 
Send for complete list! 

!ID 

New at MICRO! 

Transistor Radio 
Sun Glasses 

Small, high sensitivity all 
transistorized radio built 
into frames. Clear plastic 
ear plug, station selector 
button. Precision -made. 
Easily replaceable battery 
(incl.) 

$22éá. 

4111 

New at MICRO! 

GIBBS 

Stereo Verb 
Makes car radio sound like 
a concert hall! Write 
MICRO for complete liter- 
ature and low -low MICRO 
prices! 

P.O. Box 55 Park Sta. WRITE DEPT.EW -IOFOR OUR FREE 

ELECTRON TUBE CO. Paterson 3, N. J. ,COMPLETE LIST OF TUBES & 
SPECIAL PURPOSE TUBES 

Not Connected With Any I ALL TUBES SENT POSTAGE PAID. Please send 35c handling for orders under $5. Send 

Other Mail Order Tube Co 25% dep. on C.O.D. orders. Send approx. postage on Canadian and foreign orders. 

CIRCLE NO. 82 ON READER SERVICE CARD 
ELECTRONICS WORLD 
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Protect Your Family 
PREVENT "FLAT TIRE" 

ACCIDENTS PERMANENTLY 
Before They Happen 

CONVERT YOUR PRESENT TIRES 

INTO SELF -SEALING 

PUNCTURE -PROOF TIRES 
yY!; 

PERMANENT -For the Life 
of the Tire. 
SAFE -Harmless to Rubber. 
Will Not Cause Imbalance. 
Will Not Gum or Ball. 
CONTINUOUS -Works Punc- 
ture after Puncture. 

Stop Flats is a protective 
Sealing Force. Acts moment 
puncture occurs. Forms an 
immediate, air -tight and per- 
manent repair. Applies in a 
minute through valve. 
Acts continuously ... punc- 
ture after puncture. Protec- 
tion against all ordinary flats 
(up to 16 penny nails) regard - 

permanentY' less of road speed. One ap- 
plication will outlast any tire. 

stare they 11a IOT A REPAIR KIT! 
Good for ALL passenger car 
tires ... New and Used ... 
Tubed, Tubeless, Retreads! 

DW Avai!able at 
leciai Prices. 

SAVE $4 Kit for tire sizes 
up to 7.90 x 14 

$7.95 
reg. retail price $11.92 

SAVE $6 Kit for tire sizes 
8.00 x 14 & larger 

$11.95 
reg. retail price $17.88 

Independent Laboratory 
Report States: 
" 'Stop Flats' successfully filled 
the punctures without loss of 
air. The balance of the tires 
was not disturbed by the intro- ñ 

duction of 'Stop Flats.' Upon 
inspection of tires after the 
test, the 'Stop Flats' was 
evenly distributed along the 
inside of the tire and did 
not gum or ball." 

ú MONEY BACK GUARANTEE 

é 

, 
Address 

CONSUMER SERVICE COMPANY 
160 Mercer St., New York, N. Y. 10012 
Enclosed is $ Please ship me 
the following StopFlats Kits: 

kits for tire sizes up to 7.90 x 14 at 
$7.95 ea. plus 55c ea. for postage and III 
handling. 
kits for tire sizes 8.00 x 14 and over at, 
$11.95 ea. plus 80c ea. for postage and. 
handling. Foreign orders $1.25 additional. 
(N.Y.C. residents please add 4% sales tax.), 

Name 
(PLEASE Pn,..) EW10511 

I 
City _ - State Zip Code__ 
Sorry-No charge or C.O.D. orders. 

October, 1965 

TRANSISTORIZED Products Importers catalog. $1.00. 
Intercontinental. CPO 1717, Tokyo, Japan. 

SAFEGUARD Privacy! New instrument detects electronic 
-bugs ", wire tapping and snooping devices. Free in- 
formation. Dee Equipment, Box 7263 -E11, Houston 8, 
Texas. 

DIAGRAMS, servicing information; Radio, $1.00; Tele- 
vision, $2.00. SUPREME, 1760 Balsam, Highland Park, 
Illinois 60035. 

INVESTIGATORS- Subminiature Electronic Surveillance 
Devices. NEW 1966 Professional models ready NOW! 
Free details. Trol Electronics -EW, 342 Madison Avenue, 
New York, N.Y. 10017. 

NEW obsolete and other radio tubes. Send 30C for list. 
Burris, Rt. 1, Box 1015, Yucaipa, Calif. 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 

FCC LICENSE in six weeks. First class radio telephone. 
Results guaranteed. Elkins Radio School, 2603C, In- 
wood, Dallas, Texas. 

ELECTRONICS! Associate degree -29 months. Techni- 
cians, field engineers, specialists in communications, 
missiles, computers, radar, automation. Start February, 
September. Valparaiso Technical Institute, Dept. N, 

Valparaiso, Indiana. 

ELECTRONICS- F.C.C. License Training- correspond- 
ence. or resident classes. Free details, Write: Dept. 6, 
Grantham, 1505 N. Western, Hollywood, Calif. 90027. 

REI First Class Radio Telephone License in (5) weeks 
Guaranteed. Tuition $295.00. Job placement free. 
Radio Engineering Institute, 1336 Main Street, Sara- 
sota, Fla. 

HIGHLY- effective home study review for FCC com- 
mercial phone exams. Free literature! COOK'S SCHOOL 

OF ELECTRONICS, Craigmont, Idaho 83523. 

LEARN ELECTRONIC ORGAN SERVICING at home. All 
Makes including transistors. Experimental kit - 
trouble- shooting. Accredited NHSC. Free Booklet. 
NILES BRYANT SCHOOL, 3631 Stockton, Dept. A, 
Sacramento 20, Calif. 

ELECTRONIC courses. Industrial training programs 
now released to the public. Low tuition. Fundamental 
and advanced correspondence courses approved by the 
State of California, Superintendent of Public Instruc- 
tion. Huntington Institute, division of Lantec. Box 
2244B, Huntington Park, Calif. 

DRAFTING (Electronic, Mechanical, Architectural, Art). 
Home Courses $25.00. Send $2.00 first lesson. PRIOR, 
INC., 23 -09 169 Street, Whitestone 57, New York. 

B.Sc. DEGREE (Engineering) or College Entrance by 
home study. Send $1 for 1966 prospectus. GIST, Suite 
671, 263 Adelaide St. W., Toronto, Canada. 

WANTED 

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed. 
Free Circular. Mercury Terminal, Norwood, Mass. 

CASH Paid! Sell your surplus electronic tubes. Want 
unused. Clean radio and TV receiving, transmitting 
special purpose. Magnetrons, Klystrons, broadcast 
types. Want military and commercial lab /test equip- 
ment. Want commercial Ham Receivers and Trans- 
mitters. For a Fair Deal write: Barry Electronics, 512 
Broadway, New York, New York 10012 (Walker 5- 7000). 

CASH, SONY TRANSISTOR TV's etc. swapped for G -R. 
H -P, L &N etc. equipment, special tubes. manuals, mili- 
tary electronics. ENGINEERING ASSOCIATES, 430 Patter- 
son Road, Dayton, Ohio 45419. 

ARC -27, ARC -34, ARC -38, ARC -44; ARC -52, ARC -55, 
ARC -73, ARC -84, RT -220c /ARN -21, APN -22, R- 540 /ARN- 
14c, ARN -18, ARN -59, 51X- 2/17L -7, 17L -4. RT -68 /GRC, 
Test Sets With ARM, UPM, URM, SG, Prefixes. Top 
Dollar Paid. Slep Electronics, Drawer 178 -ZDEW, Ellen - 
ton, Fla. 33532. 

"CANADIANS: Tremendous Bargains Available in Elec- 
tronic Kits, Parts, Radio, HI -FI, Tubes of all Types 
etc...." Write for our value packed flyer to: CALMOR 
ELECTRONICS LTD., Dept. E., 480 Port Royal S.W., 
Montreal 12, Quebec. 

REPAIRS AND SERVICES 

TV Tuners Rebuilt and Aligned per manufacturers spe- 
cification. Only $9.50. Any Make UHF or VHF. We ship 
COD Ninety day written guarantee. Ship complete with 
tubes or write for free mailing kit and dealer brochure. 
1W Electronics. Box 51B. Bloomington. Indiana. 

METERS REPAIRED, VTUM. VOM. 90 Day Warranty. TV 
Tuner Service, Box 793 W. Twin Falls, Idaho. 

GREGORY ELECTRONICS 
Reconditioned & Used FM 
2 -WAY RADIO SAVINGS 

Partial list -Send for New '65 catalog 

"_ 

Same 
desired 
cluding 

SPECIAL PURCHASE 
RCA 25 -54 MC 

CMV2F 6/12 volt 30 
watt vibrator power sup - 
ply FULLY NARROW 
BANDED (TX & RX) com- 
plete with all acces- 

unit tuned to soties. 
frequency in- 
new antenna 

5128.00 

NEW LOW PRICE! 

1 II 
148 -172mc 

RCA CMC 60B 

6/12v dual dyna- 
motor 60 watt. Fully 

narrow banded complete 
with all accessories, less crystals & Q p 
antenna. $ O 
Less Accessories $128.00. Same unit 
tuned to desired frequency including 
new antenna 

; a lM;m M :. NEW 
LOW 

PRICE! 

LINK 6000 NW SERIES 
25 -50mc 20F3 Emission TX narrow banded 12 

volt, 50 watt. Complete with all ac- 
$98 cessories, less crystals and antenna. P 

Add $40.00 for tuning to desired frequency in- 
cluding new antenna. This unit also available in 
dual frequency TX and RX. Add $30.00 for tuning 
of second frequency. 

30 -50mc 
MOBILES 

GE 2 -Piece Unit 
6 volt or 12 volt r 4ER6 -4ET5 30w 

30 -40mc $68 -- 40 -50mc ß 
4ER6 -4ET6 60w 
30 -40mc $78 

Add $80.00 for unit fully 40 -50mc P 

narrow banded (TX & RX), Complete with all at- 
tuned to desired fre- cessories except an- 
quency, and new antenna tenna and crystals. 

Extra Special 
Reconditioned 

Voice 
Personal FM 

132 to 172 

-- - - 
-- - -` --` 

Purchase 
General Electric 

Commander 
Transmitter -Receiver 

MC, 1 W 9.5 "x5.3 "x1.7" 
PRICE, including Brand 
New rechargeable Nickel - 

Cadmium Battery Pack 

i $178 
If crystals and tuning is 
desired, add $40.00. 

We also have the proper 
charges for these 'wits, 

- GE Model #4EP27A10, 
Price: $18. 

If addft nickel cadmium 
batteries are required, 
$25. each. Lapel micro- 
phones at $5. ... or bat- 
tery pack. power supply 
bottom housing at $40. 

We Buy Late Model Equipment for Cash -Write: Wire or Phone! °- GREGORY Gip ELECTRONICS ----- ... CORPORATION 
249 Rt. 46 Phone 773 -7550 

Saddle Brook. N.J. Area Code 201 

CIRCLE NO. 112 ON READER SERVICE CARD 
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Rectifiers & Transistors 
750 MA- Silicon Diodes "Epoxy" or "Top Hat" 

PIV PIV PIV PIV 
50 50 300 120 600 210 900 400 

100 7C 400 140 700 250 1,000 550 
200 100 500 180 800 320 1,100 700 

Full Leads, all tests. Guaranteed. American made 
SILICON POWER DIODE STUDS 

AMPS 50 PIV 100 PIV 150 PIV 200 PIV 
3 SC 14C 160 22C 

15 25C 50e 65C 75c 
18 18c 40C 600 70c 
35 60e 80c 1.15 1.30 

AMPS 300 PIV 400 PIV 500 PIV 600 PIV 
3 250 28C 35C 40e 

15 90 1.30 1.40 1.65 18 85 1.25 1.35 1.60 
35 1.90 2.25 2.50 2.90 

"Press Fit Package for Alternators 
10 Watt Sil. Zener Stud 12 -200V 950 ea. 
1 Watt Zener Diode, axial leads 6v- 200v 500 ea. 
Sil. diode Stud, 1500 piv, 300 ma 500 ea. 
Sil. diode, 1500 piv, 50 ma, axial leads 35e ea. 
Hi- Voltage -- Silicon Epoxy diode, 21/2 "x3 /B "x1/2" 
Hoffman -3000 piv 200 ma $1.49 ea. 
Hoffman -6000 piv 200 ma $3.49 ea. 
Thermistor bead, 900 or 1200 ohms, 600` F.2 $100 

20 WATT GERMANIUM 
(internal & external heat sink) 

2n1038 280 2n1042 35C 
2n1039 350 2n1043 450 
2n1040 45C 2n1044 600 
2n1041 600 2n1045 800 
SILICON POWER TRANSISTORS, 85W, 2n1724.$1.50 
Philco Sil., NPN, 2n2479, New 3 for $1.00 
HF Silicon 2n702, 100 MC 400; 2n703 -150 MC 60C 

LIGHT SENSITIVE RESISTOR 
75 ohms - 10 meg, 100 volts, 150 mw $1.75 ea. 

Sil. diodes, 1N200 series, asst new..15 for $1.00 
Ger. diodes, glass, new, exceeds 1N34.15 for $1.00 
Nickel Cadmium Battery 91/2 oz. 8 amp hr.... $1.95 

-Voltage Variable Capacitor Varicap 
47 pf at 4v., 4:1, new $1.25 ea. 

2N1300 series, NPN or PNP 6 for $1.00 
2N1009, untested, miniature case 30 for 1.00 
50 Watt Zener, 12 Volts 2.00 
2N497 -600; 2N493 -800; 2N696 -500; 
2N699 -70V; 2N1252- -850; 2N650 -49C; 
2N243 -250; 2N1149 -200; 2N117 -200; 
2N2151- $1.25; 3N35 -750; 1N429 -500 
70 amp stud, 50PIV- $2.50; 100PIV $3.50 
Top Hat SCR, 400PIV, 750ma 1.75 
TO -5 SCR, 400PIV, 1 amp 1 85 
Precision Pots 4 for 1.00 
Comp. boards, dio, etc. free transistors ..060 ea. 
Sensitivity Amplifier, 7 ubes 5 "x4 "x3" ....1.75 

SILICON CONTROLLED RECTIFIERS 
PRV 7 amp 16 amp PRV 7 amp 16 amp 
25 .28 .48 200 1.05 1.70 
50 .48 .70 300 1.60 2.20 

100 .70 1.20 400 2.10 2.70 
150 .80 1.50 500 2.80 3.30 
All Tests Stud Type 600 3.00 3.90 
Money back guarantee. 52.00 min. order. include 
postage. Catalog 250. 

Electronic Components Co. 
Box 2902, Baton Rouge, La. 70821 

CIRCLE NO. 118 ON READER SERVICE CARD 

TUBES 

TUBES -TV, Radio Transmitting And Industrial Types 
At Sensibly Low Prices. New, Guaranteed, 1st Qual- 
ity. Top Name Brands Only. Write For Free Catalog 
or Call WAlker 5 -7000, Barry Electronics, 512 Broad- 
way, New York, N.Y. 10012. 

BEFORE you buy receiving tubes, Transistors, Diodes, 
Electronic Components and Accessories ... send for 
Giant Free Zalytron Current Catalog, featuring Stand- 
ard Brand Tubes; RCA, GE, etc. -all Brand new pre- 
mium quality individually boxed. One year guarantee 
-all at biggest discounts in America! We serve pro- 
fessional servicemen, hobbyists, experimenters, engi- 
neers, technicians. Why pay more? Zalytron Tube Corp., 
469 -W Jericho Turnpike, Mineola, N.Y. 11502. 

TUBES -330 each. One year guaranteed. Complete 
stock. Free list. Cornell, 4215 -W University, San 
Diego, Calif. 92105. 

FREE Catalog. Electronic parts, tubes, Wholesale. 
Thousands of items. Unbeatable prices. Arcturus Elec- 
tronics ZD, 502 -22 St., Union City, N. J. 07087. 

TAPE AND RECORDERS 

RENT Stereo Tapes -over 2,500 Different -all major 
labels -free brochure. StereoParti, 1616 -E. W. Ter- 
race Way, Santa Rosa, California. 

BEFORE renting Stereo Tapes, try us. Postpaid both 
ways -no deposit- immediate delivery. Quality -De- 
pendability- Service -Satisfaction -prevail here. If 
you've been dissatisfied in the past, your initial order 
will prove this is no idle boast. Free Catalog. Gold 
Coast Tape Library, Box 2262, Palm Village Station, 
Hialeah, Fla. 33012. 

TAPE RECORDER SALE. Brand new, latest models, 
$10.00 above cost. Arkay Sales, 1028 -B Common 
wealth Ave., Boston, Mass. 02215. 

STEREO TAPE. Save up to 60% (no membership fees). 
We discount recorders, batteries, accessories. We 
mail prerecorded tape, prepaid, anywhere that United 
States rates prevail. Free 60 page catalog. Saxitone, 
1776 Columbia Road, Washington, D.C. 20009. 

TAPE -MATES makes available to you -ALL 4 Track 
Stereo Tapes -ALL labels -at TREMENDOUS SAVINGS 
-also 3 HOUR Long -Play Stereo tape albums - 
CLASSICAL -POP- JAZZ -DANCE and VARIETY -Top 
recording artists -ONLY $9.95 -plus a complete CAR - 

STEREO music library and player -all POSTAGE -FREE 
to your door -FREE Tape -Mates membership with 
initial order -for FREE BROCHURE write TAPE -MATES, 
5280 -E W. Pico Blvd., Los Angeles, Calif. 90019. 

CLASSIFIED ADVERTISING ORDER FORM 
Please refer to heading on first page of this section for complete data concerning 
terms, frequency discounts, closing dates, etc. 

1 

6 

11 

16 

21 

26 

31 

2 3 4 5 

7 8 9 10 

12 13 14 15 

17 18 19 20 

22 23 24 25 

27 28 29 30 

32 33 34 35 

Words @ .40 Reader Rate 
@ .70 Commercial Rate 

Ç 

Insert time(s) Total Enclosed $ 

NAME 

ADDRESS 

CITY ZONE STATE 

SIGNATURE 
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one 
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does 
not permit.) Count each abbreviation. initial. single figure or group of figures or letters as a word. Symbols 
such as 35 -mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW -1065 

102 

NEW PORTABLE 
o 

1 CU WSE 
WITH FREE GIFT 

TO HOLD: 
Lightly hold Vacu -Vise 
in place. Turn down 
Vacu -Lever with finger -tip. 

TO RELEASE: 
Release Vacu 
Lever with 
finger-tip. Vacu - 
Vise lifts off. 

ONLY 
69. 5 

NO CLAMPS! NO SCREWS! 

ATTACHES INSTANTLY-HOLDS SECURELY 

Will not mar furniture 
or table tops! 

For The "DO IT YOURSELFER" 

For The REPAIRMAN 

For The MAN WHO NEEDS 
A THIRD HAND 

You'll wonder how you ever got 
along before you had the new 
VACU -VISE with "Super Vacu- 
um" Power that HOLDS . . . 

it's like having a third hand 
. . . anywhere . . . on the 
job . . . right where you need 
it. No Clamps -No Screws -the 
Super Vacuum base does it 
all for you! Just one turn of a 

Vacu Lever (use your finger- 
tip . . . no strength need- 
ed) and VACU -VISE holds 
firm and fast to any smooth 
non - porous surface such as 

Formica, Linoleum, metal, glass, 
etc. Large 21/1" jaws - with 
"V" grooves hold your work 

firmly to table top -bench. Com 
pletely portable - weighs only 
3 lbs. 

Holds firmly in 

any position. 

FREE 
GIFT 

Order imme- 
diately and 
receive FREE 

OR 
" 

a set of 

TEED F out . 
Vacu Vise 

WARRAN 
replaced 

wit slide on Rubber 

Will be 
the event of anY 

de. 
Jaws for use 

charge 
rn normal 

use when working 

fect 
arrsrng on fragile or 

delicate 
t ' materials. 

CONSUMER SERVICE COMPANY EW -105 

160 Mercer St., New York, N. Y. 10012 

Enclosed is $ for Vacu Vise 
at $6.95 ea. plus 55¢ ea. for postage and handling. 

(N.Y.C. residents please add 4% sales tax.) 
Foreign orders $1.15 additional. 

Name 
(please print) 

Address 

City State Zip Code 

Sorry-No Charges or C.O.D. orders. 
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www.americanradiohistory.com

www.americanradiohistory.com


/'/e.,1 l°t' t= .111CCe,., fire f(illy., 
n., i,,/ELECTRONIC EXPERT 

FOR CORNELL CUSTOMERS ONLY by 
speool o,rongemen, -.,h the pubh,her, these 

.mg borgo,,, ore ovodo6le 

COMPUTE SERVICING AND 

BASIC ELECTR ONICS COURSE ONLY 53.00 

NEWA PPA TICA,. lv ;PAINING COURSE 

, UrvIY S3.50 

Both above ;6.00 
courses 

DO -IT- YOURSELF 

JEEPS -WALKI ETALKI ES -Receivers -Osci lloscopes- 
Transmitters- Voltmeters. Uncle Sam's Bargain Prices. 
Write for latest exciting details. Enterprises, Box 
402482, Jamaica, New York 11430. 

PROFESSIONAL ELECTRONIC PROTECTS -$1.00 up. 
Catalog 250, refundable. PARKS, Box 25565, Seattle, ANTENNAS 
Wash. 98125. 

HIGH FIDELITY 

LOW, LOW quotes: all components and recorders. Hi -Fi, 
Roslyn 9, Penna. 

HI -FI Components, Tape Recorders, at guaranteed 
"We Will Not Be Undersold" prices. 15 -day money -back 
guarantee. Two -year warranty. No Catalog. Quotations 
Free. Hi- Fidelity Center, 1797 (L) lst Avenue, N.Y., N.Y. 
10028. 

HI -FI components, tape recorders, sleep learn equip- 
ment, tapes. Unusual Values. Free Catalog. Dressner, 
1523 Jericho Turnpike, New Hyde Park 10, N.Y. 

FREE! Send for money saving stereo catalog #E1OW 
and lowest quotations on your individual component, 
tape recorder or system requirements. Electronic 
Values Inc 200 West 20th Street, N.Y., N.Y. 10011. 

FREE -$1.00 Value ''Miracle" Record cleaning cloth 
with every quotation on HIFI EQUIPMENT. Our ''ROCK 
BOTTOM" prices on NAME BRAND amplifiers- tuners- 
taperecorders -speakers- FRANCHISED -59 YEARS IN 
BUSINESS. Write for this month's specials -NOW! 
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St., 
New York, New York 10019. 

INSTALL YOUR OWN TV OR FM ANTENNA -SAVE UP TO 

$50! Exclusive FREE booklet reveals secrets of an- 
tenna orientation, installation; tells how to get official 
TV /FM transmission data for your area. Plus prices, 
specs, of famous Channel Master Antenna Kits. Write: 
Dept. r'W,r" Jefferson -King, South Fallsburg, N.Y. 12779. 

EQUIPMENT 

MC GEE Radio Company. Big 1965 176 page catalog 
sent free. America's Best Values. HiFi- Amplifiers- 
Speakers- Electronic Parts. 1901 McGee Street (Dept. 
EW), Kansas City, Mo. 

PATENTS 

INVENTIONS: Ideas developed for Cash Royalty sales. 
Raymond Lee, 1606G Bush Building, New York City 36. 

RECORDS 

LOW LOW quotes: stereo ... components ... record- DISCOUNT Records, All Labels -Free Lists. Write Cliff 
ers. Send IOC. Dept. B, 901 8th, Rapid City, S. Dak. House, Box 42 -E, Utica, N.Y. 

GOVERNMENT SURPLUS 

JEEPS from $53.90 ... Trucks from $78.40 ... Boats, 
Typewriters, Airplanes, Electronic Equipment, 100,000 
Bargains "as is" Direct from Government in Your Area. 
Complete Sales Directory and Surplus Catalog $1.00 
(Deductible First $10.00 Order). Surplus Service, Box 
820 -K, Holland, Michigan. 

ELECTRONIC Bargains -Free Catalog, Tubes, Diodes, 
CRT's, Tuner Cleaner, etc. Cornell, 4213 -W University, 
San Diego, Calif. 92105. 

PHOTOGRAPHS 

PHOTOGRAPHS and transparencies wanted, to $500.00 
each. Valuable information free -Write IntraphotoEW, 
Box 74607, Hollywood 90004. 

HYPNOTISM 

FREE Hypnotism, Self- Hypnosis, Sleep Learning Cat- 
alog! Drawer H400. Ruidoso, New Mexico 88345. 

B' 
CATALOG 

rWorld's 
"BEST BUYS" 

in GOV'T. SURPLUS 
Electronic Equipment 

OSCILLOSCOPE 
USM -24: 3 Inch CR Tube 
3JP1; recurrent sweep. 8 
cyc. per sec. to 600 KC. 
Triggered sweep 1.25 -125 
M Microsec. vert. dellec. 
sensitivity .035 horn. deflec. 4.0 V.; Herz. response .5 
cyc. per sec to 700 KC; Vert. response 4 Cye. per 
sec. to 10 MC. Beam mod. 
response 50 cyC. per sec to 
10 MC. Nora. input Imped- 
ance 300.000 ohms. Vert. input resistance 300.000 
ohms. Beam mod. input re- 
5ist. 56,000 ohms. Operates 
from 115 Volt 50 to 1000 

cycle radio freq. & mod. Circuits use BCN series coaxial 
connectors. Sloe: 17x15x15 "; Wt.: 60 lbs. USED, serv- 
iceable. Prices given below are less blowers, probes, ca- bles coaxial fittings and as offered: 
05.51/USM -24 -Less Front and Back $59.50 Covers -with Delay Line 
OS- 26/U5M -24 -Less Front Cover and $49.50 Less Delay Line.. 
05- 26/USM -24 -With Front and Back Covers- $59.50 

Less Delay Line 

BC -221 FREQ. METER -per Aug, Ad: 
New: $125.00 -Used: $79.50 

TRANSFORMERS: 
SECONDARY: PRIMARY: NO.: PRICE: 

4800 VCT 1.7 A 220 V 50 -60 CyC 5214 534.95 
2000 VCT 500 MA 115 V 60 CyC 5204 16.95 
1000 VCT 400 MA 115 V 60 cyc 8894 8.95 
500 VCT 60 MA 8894 
840 VCT 255 MA 115 V 60 cyc 223959 7.95 
12.6 VCT 13 A 5 V 4 A 223959 
2.5 V 10A 120 V 60 CYC 9611.144 2.95 
5.7 V 21.8 A 115 V 60 Cyc 7469149 6.95 
6.6 V 10 A 115 V 60 cyc 9T35Y158 2.95 

12.8 VCT 20 A 120 V 60 cyc 1043 8.95 
24 VCT 6 A 115 V 60 cyc 3992 4.95 
36 V 12 A 115 V 60 cyc CON442 8.95 

SOLA CONSTANT VOLTAGE Pri.: 190 -250 V 60 CYC: 
Sec.: 115 V 2000 VA 30M811 75.00 

CHOKES: 
10 Hy- 75 MA..5 .89 10 Hy -110 MA ....$1.75 

8 Hy -250 MA.. 4.95 8 Hy -300 MA, (Oil) 5.95 
8 Hy -450 MA. 6.95 10 Hy -500 MA 6.95 

FOR BIG CATALOG -SEND 25 (stamps or coin) 
and receive 50C CREDIT on your order! 

Address Dept. EW Prices F.O.B. Lima, O. 
25 °', Deposit on C.O.D.'s Minimum Order $5.00 

FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 

With every $]0 Order 

I 

No Limit) from this Isst 

6AG5 65N1 
64116 616 654 
SAGS 6K6 6W4 

w PER 

TUBE 

100 TUBES OR MORE 

30, PER TUBE 

41fir TUBE 
RITOS CARTONS 

MEW. EASY TO USE! 7 
RADIO-TVITUBE TESTER ir 

'89 - ® 
01u5 30C ®®I©m 

1nnI 1®I I shrownr ®®©Eá 
all cat 

kA ®=A® I ,tIll om©áv 

TEST and REPAIR 
TV L RADIO SETS 
APPLIANCES 

\\\\ \\"g' 

HIGH GLOSS 
CLAY COATI 

.. rnl,. 
PAN., 

IDI 

oll 
slit 

'lilt 
PH 10 

CANTONS 
PI 

PRICE 

PI IN 
Melts 

TUBES 
111. G11AliA\r17?I?l ) 

Mutual Conductance lab-tested, Indlvl dually 
Bo,ed, Branded and Code Dated 

OZ4 6AS5. 
1B3 6AT6 
1J3'1K3 6AT8 
1H5 6AU4 
114 6AU5 
1T4 6AU6 
1U4 6AV6 
1X2 6AW8 
3BZ6 6AX4 
30G4 6BA6 
5114 68C5 
SU8 6BD6 6CZ5 6SH7 7C5 
5V4 6BD6 6D6 6517 7N7 
5Y3 6816 60A4 65K7 7Y4 
6A6 
6A8 

6BL7 6D66 6817 12AD6 

6484 
68N4 6A 

65Q7 12AF6 
6ÁC7 6BN6 6E1Á7 

65R7 12ÁT7 6BA6 6EM5 

6AKS 6BQ7 6F6 6U7 12AÚ7 

68Z1í 6GH8 6U8 12AX7 
6ÁL5 

6C4 6H6 6V6 1211Á6 
6ÁN8 6C6 6J5 6W4 128D6 
6AQS 6C136 656 

6W6 128E6 

ether tubes at low prices_ tend fnr free 

6CD6 
6CF6 
6CG7 
6CG8 
6C M7 

6K6 
6K7 
607 
684 
6SA7 

6X4 
6X8 
7A7 
7A8 
786 

If not shipped in 24 hrs 
YOUR ORDER FREE! 

1213E6 
126117 
12BL6 
12BY7 
12C5 
12CA5 
12SN7 
12507 
25L6 
25Z6 
35W4 
35Z3 

50L6 
24 
27 
77 
78 

84/6Z4 
5687 
6350 
6463 
7044 

list 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION 

ICTURE 
816PROEITS EXPANDER 
ARE HERE IN Me., 

- 
....., wr.,. 

e e 
e e 

21 PICTURE 
TUBES 

Dollo,,I 
COD n S^nn Dlw 

0, 

all purpose 

ELECTRONIC 

CLEANER 

79= «nl 

IUC1°oRü 

cleaner 

IINRD.EONIRq 

CORNICI 

SILICONE 
Nil/ RECTIFIERS 

CHEATER 
CORDS_ 

NOISE FILTER 

STOP 
.010 
NOISI 

T 
COLOR 

TY REPAIR 

SOISTITITES . 

750 MA 

400 P.I.V. 

DIODES /RECTIFIERS 

v CI sensational 

KIT VALUE! 

SOLDERING GUN 

Sy To 

HOT SHOT 
EUCTEICEFE Gil 

1111411. /On 

IT AHEAD OF THE FIELD Ceo6taeuó SOLDE 
SOLDER 

CORNELL ELECTRONICS CO. 
Dept EW10 4217 University Ave., San Diego , Calif.. 9 2 1 0 5 

TERMS: Add 3e per tube postage. Send 25% deposit 

shipping. under 55.00 , 
or C.O.D. orders. No C.O.D. 

P orders under 55.00 or to 
add 3e per tube shipping Canada. No 24 hr. free offer 
plus 50e handling. Canadian on personal cheek orders 
orders add approximate 3-DAY MONEY BACK OFFER! 

October, 1965 CIRCLE NO. 120 ON READER SERVICE CARD 103 
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AN /APR -4Y FM & AM RADIO RECEIVER 
Shipment just received! High precision lab in- 
strument, suitable for monitoring and measuring 
frequency and relative signal strength of signals 
from 38 to 4000 Mc., in 5 tuning unit ranges. 
For 110 V 60 cycle AC operation, built -in 
power supply. LIKE NEW. SPECIAL . $87.50 
l'N -10, TN -17, TN -18, TN -19 and TN -54 
Tuning Units for above in stock. P.U.R. 

11Y1 
LORAN APN -4 

7.) FINE QUALITY 
7,,,,4t.e NAVIGATIONAL EQUIPMENT 

Determine exact geographic position of your boat 
or plane. Indicator and receiver complete with all 
tubes and crystal. 
INDICATOR ID- 6B /APN4, and RECEIVER R -9B/ 
APN -4, complete with tubes. Exc. Used....$88.50 
NEW! APN -4A Receiver -Indicator as above, changed 
to operate same as APN4 -B for improved perform- 
ance NEW $88.50 
Shock Mount for above $2.95 
INVERTER POWER SUPPLY for above APN -4. INPUT: 
24 V DC. OUTPUT: 115 V AC, 800 cycles. Like 
New $22.50 
We carry a complete line of replacement parts and 
accessories for above. 

LORAN R -65 /APN -9 RECEIVER 
& INDICATOR 

Used in ships and aircraft. Deter- 
mines position by radio signals from I, 
known xmitters. Accurate to within 
1% of distance. Complete with 
tubes and crystal. IN LIKE NEW Con- 
dition $88.50 
Used, with all parts, less tubes, crystal 
and visor Special $ 29.50 

INVERTER POWER SUPPLY for above APN -9. INPUT: 
24 V DC. OUTPUT: 115 V AC. 800 cy. Like New $22.50 
Shock Mount for above $2.95 
Circuit diagram and connecting plugs available. 

234-258 MC RECEIVER AN /ARR -2 
BRANI, NEW 11 -tube UHF 'tunable I tece i\! 
.c:c,nalie. Only a few at this low price! $10.95 ,n:plete with tubes. }.xc. used $7.95... 

SCR -625 MINE DETECTOR 
Complete portable outfit in erigi $2950 nal packing, with all accessories. L 
Excellent, Used 

IBC -929 3 -Inch Scope, with all tubes, E LIKE NEW $16.50 

:' ' Conversion instructions, with diagram, 
p evA- for 110 V AC operation $ .65 

LM FREQUENCY METER 
Crystal calibrated- modulated. Heterodyne, 125 KC 
to 20,000 Kc. with Calibration book. $79.50 Complete, Ilke new 
LM Frequency Meter as above, completely checked 

r 

out. with tubes and crystal. less C calibres $34.50 Lion hook. Exc. Used. clean 

BC -221 FREQUENCY METER 
Equipped with original Calibration charts. 125 Kc. to 
20,000 KC with Crystal check points in all ranges. 
Excel. Used with original Calibration Book. Crystal. 
and all tables. CHECKED OUT. 

Unmoduiated $89.50 Modulated $124.50 
A.C. Power Supply for BC221, checked out...524.50 
BC-221 1000 Kc Crystal Brand New $8.95 
BC221 FREQ. METER CASE, aluminum with volt. 
reg. cupply. Shock mounted. BRAND NEW ....$2.95 

SCR -274 COMMAND EQUIPMENT 
ALL COMPLETE WITH TUBES Like BRAND 
Type Description Used New NEW 

BC -453 Receiver 
190 -550 Kt. 514.95 $18.95 P.U.R. 

BC -454 Receiver 3 -6 MC. $15.95 P.U.R. 
BC -455 Receiver 6.9 Mc. $13.95 $19.50 P.U.R. 
BC946 Receiver, 550 -1500 Kr. Complete with all 
tubes. Brand New, In original packing ...... P.U.R. 
1.5 to 3 MC. Receiver Brand New $21.50 

110 Volt AC Power Supply for all 274 N and 
ARC -5 Receivers. Complete with metal case. in- slructlons. Factory wired, tested, ready tooper- 
ate $12.50 
SPLINED TUNING KNOB for 274 -N and ARC -5 
RECEIVERS. Fits BC -453, BC -454 and 490 others. Only 

2.1 to 3 I11c. Transmitter. Brand New $12.95 
BC-457 

l 

105 s and 
crystal. BRAND NEW 

pl... $11.95 
like New 57.95 
BC -458 TRANSMITTER -5.3 to 7 Mc. Complete with 
BRAND NEW 

crystal $13.95 
Like New 58.95 
BC -459 TRANSMITTER -7 to 9 Mc. Complete with 
Ihhes & crystal $19.50 1,1ke New 
BC -696 TRANSMITTER 3 -4 Mc Complete with $14.95 All Tubes & Crystal. Brand New 
Exc. Used 58.95 
lIC -456 Modulator USED 3.45 NEW $5.95 

ALL ACCESSORIES AVAILABI.1'. FOR ABOVE 

Please include 25% Deposit with order -Balance 
C.O.D., or Remittance in Full. 50e Handling Charges 
on all orders under $5.00. All shipments F.O.B. Our 
Warehouse. N.Y.C. All Merchandise subject to Prior 
Sale and Price Change. 

G & G RADIO SUPPLY CO. 
Telephone: (212) CO 7 -4605 

77 Leonard St. New York 13, N. Y. 
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RECHARGE 
USED 

Fai7 

BATTERIES 

AUTO E BOAT 

Recharge 
Your Batteries 
Up To 15 Times! 
Charges All Common Types And 
Sizes - D, C, Penlight, 9V. 
For Radios, Toys, Flashlights, 
Cameras. 

ADAPTER 
Recharge 12 Volt Car and 
Boat Batteries ... Keep Them 
At Peak Efficiency! 

()Nis $ 95 M 
INCLUDING 

CO 
AUTO ANO 

BOAT ADAPTER 

Now for the first time a new improved (- - -- 
battery charger not only gives many 
extra hours of crackling power and 
performance for radio, toy, flashlight, 
tape recorder batteries, etc.... but 
also recharges car and boat bat- 
teries! In excessively cold weather, 
you can keep your auto battery charg- 
ing overnight and be sure of starting 
in the morning! 

Model 888 Universal Battery Charger 
charges THREE TIMES as fast as any 
other charger. An approved trans- 
former guarantees protection from 
shock and prevents over -charging. 

For just pennies a month keep EVERY 
battery operated device - including 
auto and car - at peak performance. 
Absolutely safe. So safe a child can 
use it! U.L. Approved plug and cord. 

L 

MAIL THIS COUPON TODAY! - - -- 
CONSUMER SERVICE COMPANY 
160 Mercer St., New York, N. Y. 10012 

Rush _ Model 888 Universal Battery Charg- 
ers. Each $6.95 plus 50c shipping and handling. 

Enclosed is check or money order for $ 
I must be completely satisfied or my money will 
be refunded immediately. 

Name 

Address 
EW -105 

City 

State Zip 

SORRY, NO. C.O.D.'S 
SATISFACTION GUARANTEED 

ELECTRONICS WORLD 
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SURPLUS 
TEST 

EQUIPMENT 
EXCELLENT CONDITION LOW COST 

Collins 5KW. iO Chan, Autotune 
XMTR A -1, A -2. A -3 2 -26MC $Low 

I:. terline -Angus A W. Recording Armmeter 
2.3 Ma s 249.50 

Hewlett-Packard 330E Distortion Analyzer 325.00 
Marconi. LCR Bridge. TF -808/1 325.00 
Boonton 170A "Q" Meter 5 2110.00 
Teletype Test Set TS -2 /TG Q 
Gertsch F515 Frequency Divider 300.00 
General Radio 1203A Power Supply, New 210.00 
General Radio 12088 Oscillator 65 -500 mc 140.00 
General Radio 1021A Sig. Gen. Q 
Hewlett Packard 1528 Dual Tracer 

Amplifier 150.00 
Boonton 160A Q Meter 290.00 
Boonton 207G Univerter 300.00 
Collin, 8.388 /51.13 Receivers P U R 
15. 4I9/U Sig. Gen. 900- 2100MC 349.50 
131' 233A Audio Generator 375.00 
I[P 60811 Sig. Gen. IOMC 40051e, Ilke new 525.00 
G.R. Unit Oscili's 1211E1 5 to 50mc. New 210.00 
LIP 212A Pulse Generator. Excellent 325.00 
'1'S 418,U Sig. Gen. 400rnc. to 1OOmc. 

Like new 495.00 
TS.323/UR, Freq. Meter 20MC- 4SOMC, 

.002% 159.00 
Measurements Corp. 31 Intermodulation 

Monitor. New 150.00 

Empire Devices RF1 Test Set NF- 105'205 IMO 
Type, AN'URM -71. Like n,w with two tuning 
units and antennas- 2OMC.400MC. Price On Re- 
quest. 

\N /LOIN 14 Mike Simulator Q 
AN /URM 25 Sig. Gen. 10Kc.5OMe. Q 
Ballentine 30R1 VTVM 99.00 
7'S- 20811 /U Extol Rectifier Test Set 17.50 
TS -5117 Analyzer for -l'TI' 175.00 
Measurements 8o Sig. Gen. Q 
SP -600 d\ 540 Kc- 5451c /s 450.00 
12.1190 iii;!I lai .fob 500 32mc /s Q 
111311 I:I 225 to 40000c /s 320.00 
1i1' 6111), Sig. Gen. 1.8 -4.2 KMC P U R 
LIP 3112\ Wave Analyze 995.00 
III' 713.1 Klystron Supply 125.00 

WANTED: III IN'TIt1' -2'4 Material. AM -012. AM- 
!I I:I, 'l' -3112 :111,1 - . Also RT- 2, 94 /ARC.. t, Irr -21:/ARC -3 -, AN /GIU'. 
1 ' . t h C. AN /ANT 1 3. 14, and all Military :11,,1 

c 
Equipment ial Test Equipment as well as Comnerci1 

\ ,,'raft Communication- Gear. 

SPACE 418 Park Ave. 

ELECTRONICS (212) 
, 

CN. 9 -0300 

CIRCLE NO. 92 ON READER SERVICE CARD 

AUTHORS' SERVICES 

AUTHORS! Learn how to have your book published, 
promoted, distributed. FREE booklet "ZD," Vantage, 
120 West 31 St., New York 1. 

WANTED WRITERS! Short stories, articles, books, plays, 
poetry. Will help place, sell your work. Write today, 
free particulars! Literary Agent Mead, Dept. 37A, 915 
Broadway, New York 10, N.Y. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

MEDICAL FILM -Adults only -"Childbirth" one reel, 
8mm $7.50; 16mm $14.95. International W, Greenvale, 
Long Island, New York. 

SCIENCE Bargains- Request Free Giant Catalog "Cl" 
-148 pages -Astronomical Telescopes, Microscopes, 
Lenses, Binoculars, Kits, Parts, War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey. 

BUSINESS OPPORTUNITIES 

INVESTIGATE Accidents-Earn $750 to $1,400 
monthly. Men urgently needed. Car furnished. Busi- 
ness expenses paid. No selling. No college educa- 
tion necessary. Pick own job location. Investigate 
full time. Or earn $6.44 hour spare time. Write for 
Free Literature. No obligation. Universal, CZ -10, 6801 
Hillcrest, Dallas 5, Texas. 

PHOTOGRAPH accidents for Insurance Companies. 
$10.00 hour, spare time. Not a school. Free Informa- 
tion. Underwriters ZDG, 7400 Pershing, St. Louis, 
Mo. 63130. 

SELL CB Equipment -Dealerships available to aggres- 
sive people who can sell Citizens Band Radio full or 
part time. Knox Electronic, Dept. 194, Galesburg, 
Ill. 61401. 

MAILORDER. No Investment in products. Free Brochure. 
Methods, 1403 -FD, Lafayette Hill, Pa. 

FREE BOOK "990 Successful, Little -Known Businesses." 
Work Home! Plymouth -845M, Brooklyn, New York 11218. 
I MADE $40,000.00 YEAR by mailorder! Helped others 
make money! Start with $10.00 -Free proof. Torrey, 
Box 3566 -N, Oklahoma City, Oklahoma 73106. 

October, 1965 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep, hypnotize with your recorder, 
phonograph. Astonishing details, sensational catalog 
free! Sleep- Learning Association, Box 24 -ZD, Olympia, 
Washington. 

LEARN while asleep. Remarkable, scientific. 92% ef- 
fective. Details free. ASR Foundation, Box 721, Dept. 
e.g., Lexington, Kentucky. 

USED Correspondence Courses and Books sold and 
rented. Money back guarantee. Catalog free. (Courses 
Bought). Lee Mountain, Pisgah, Alabama. 

HELP WANTED 

YOUR own Business. Sell matchbook advertising - 
part or full -time. We tell you how. No experience 
needed. Earn cash commissions. Sales kit furnished. 
Matchcorp, Dept. MO -105, Chicago 60632. 

INVENTIONS WANTED 

INVENTORS. We will develop, help sell your idea or 
invention, patented or unpatented. Our national manu- 
facturer clients are urgently seeking new items for out- 
right cash sale or royalties. Financial assistance avail- 
able. 10 years proven performance. For free informa- 
tion, write Dept. 42, Wall Street Invention Brokerage, 
79 Wall Street, New York 5, N.Y, 

INVENTORS. Outright cash sale or royalties for your 
inventions. Patented. Unpatented. Active demand from 
our client manufacturers. Financial assistance avail- 
able. Write Dept. 48, United States Invention Broker- 
age, 78 Wall Street, New York 5, N. Y. 

WISCONSIN State Inventors Association Welcomes You. 
Investments earn 5 %. Development Loans Available. 
Box 162, Sheboygan, Wis. 53082. 

IMMEDIATE cash, for Patent Applications, free Patent 
Searches. Write for details, Universal Patents, 184 -Y, 
Marion, Ohio. 

STAMPS 

PHILIPPINES 100 different stamps $1.00. 12 different 
uncirculated coins $1.00. Afran, Box 2313, Manila, 
Philippines. 

REAL ESTATE 

FLORIDA WATER WONDERLAND -Home, cottage, Mobil - 
sites. Established area. $590 full price, $9.00 a month. 
Swimming, fishing, boating. Write: Lake Weir, Box 
KE38, Silver Springs, Fla. AD 6 -1070 (F -1) 

NEW! FREE! -FALL CATALOG Bigger, 176 pages! Se- 
lected Best thruout the U.S. Thousands of properties 
described, pictured -Land, farms, homes, businesses - 
Recreation, Retirement. 476 offices, 35 states coast to 
coast, "World's Largest." Mailed FREE! STROUT 
REALTY, 50 ZD East 42nd St., New York, N.Y. 10017. 

EMPLOYMENT INFORMATION 

FOREIGN Employment. Construction, other work proj- 
ects. Good paying overseas jobs with extras, travel 
expenses. Write only Foreign Service Bureau, Dept. D, 

Bradenton Beach, Florida. 

JOB resumes. Foot in the door to higher earnings. 
Only $2.00 for professional Resume Writing Instruc- 
tions. S. Felt, 225 East 36th, New York, N.Y. 10016. 

TECHNICIANS, Cape Kennedy and Island Tracking Sta- 
tion Employment Information $1.00. Research, Box 
334B Cape Canaveral, Fla. 32920. 

MISCELLANEOUS 

WORLDWIDE Export and Buyers Guide $1.50. Burke 
Associates, Manchester, Mass. 

STOP EYEGLASSES SLIPPING FOREVER! Invisible At- 
tach -O -Bands make glasses fit snugly in 10 seconds. 

Ideal for Sunglasses! Send $1.00 for 10 pair, $2.00 
for 25 pair. J. Ross, 80 -34 Kent St., Jamaica, N.Y. 
11432 Dept. EW. 

ic 
CONDENSERS 

RESISTORS 
TRANSISTORS 

AMP RECTIFIERS 

REFERENCES 

HAT RECTIFIERS 

ZENER 
100MC 

PLANARS 
TETRODE 

TRANSISTORS 
"SUN" 
2N705's 

RECTIFIERS 
STUD 

NPN SIL. 
-IN DIODES 

PWR TRANSISTORS 
SWIG 

/60c TO 6.3A, 

SALE! 
[11 

r j 

:J ,] 
¡_Ì 

_-. l 

J 

DISC 
PRECISION 
PLANAR 
25 
SWITCHING 
ZENER 
GERMANIUM 
TOP 
TRANSISTORS 
10 -WATT 
2N1613 
4W 
3N35 
40 -WATT 
SOLAR 
200MC 
MICRODIODES 
EPDXY 
10 -WATT 
20W 
CLIP 
STUD 
IGNITION 
115 

. 30 for $1 60 for 1.01 
30 for $1 60 for 1.01 

..4 for $1 8 for 1.01 
2 for $1 4 for 1.01 

TRANS 15 for $1 30 for 1.01 
6 for $1 12 for 1.01 

DIODES 25 for $1 50 for 1.01 
25 for $1 50 for 1.01 
30 for $1 60 for 1,01 

30V ..1 for $1 2 for 1.01 
TRANS ...1 for $1 2 for 1.01 

2N497 -98 ..2 for $1 4 for 1.01 
TPANS ...1 for $1 2 for 1.01 

3 for $1 6 for 1.01 
CELLS 4 for $1 8 for 1.01 

2 for$1 4 for 1.01 
RECTFS 50 for $1100 for 1.01 

20 for $1 50 for 1.01 
ZENER 1 for $1 2 for 1.01 
2N1647 1 for $1 2 for 1.01 

15 for $1 30 for 1.01 
2 for $1 4 for 1.01 

TRANS 1 for $l 2 for 1.01 
3A XFMR I for SI 2 for 1.01 

I 

$ 

I FREE 
Tr nsis ors 
Diodes 

Kn bslers 

Coils, ere. 
Condensers 

25(; for handling 

DOUBLE 
BONUS 

P 

u 
S 

$ FREE 
POLY PAK 
OF YOUR 
CHOICE Include 

BOTH FREE WITH EVERY $10 ORDER 

TESTFACTED 

ORY DOLLAR POLY PAKS 
3 TRANSISTOR AUDIO AMP, tiny, wired $1 
MAGNETIC REED SWITCH, glass sealed $1 
40 WORLD'S SMALLEST COND., to ,05mí $1 
4 TRANSISTOR TRANSFORMERS, asst. worth $25 $1 
1 FILAMENT TRANSFORMER, 117 to 6,Ivct, SA $1 
$25 RELAY SURPRISE, scaled, tiny types 1 

3 INFRA -RED DETECTORS, with leads . $1 
$25 SURPRISE PAK: transistors, rect, diodes, etc.$) 

60 TUBULAR CONDENSERS, to .5mf, to 1Kv, asst $1 

8 
30 CORNING "LOW NOISE" resistors, asst. S1 

60 TUBE SOCKETS, receptacles, plugs, audio, etc $1 

30 POWER RESISTORS, 5 to 50W. to 24 Kohms $1 
50 MICA CONDENSERS, to ,1mf, silvers too! $1 , 10 VOLUME CONTROLS, to 1 meg, switch too! $1 
10` ELECTROLYTICS, to 500mf, asst FP A tubulars$1 
50 RADIO 6 TV KNOBS, asstd. colors A styles . $1 
10 TRANSISTOR ELECTROLYTICS: 10mí to 500mf$1 
50 COILS 6 CHOKES, if, rf, ant, osc, A more $1 
35 TWO WAITERS, asst inch A.B., 5!'o too! .. $1 
75 HALF WATTERS, asst inch A,B., 5 '1, too! $1 ] 60 HI -O RESISTORS, t':, . 1, 2R', 1 Co A 5 °c values $1 

' 10 PHONO PLUG d JACK SETS, tuners, amps . $1 

50 TERMINALSTRIPS, 1 to ..1 solder lug types $1 
H 30 "YELLOW" MYLAR CONDENSERS, asatd val $1 
f-H 60 CERAMIC CONDENSERS. discs. nno's, to .05 S1 

3 GEIGER COUNTER DETECTOR, tubes, assorted $1 

I-1 3 TRANSITRON TRANS'TRS. 2N341, 42,1W, npn $1 
85 WATT 2N424 PLANAR, .silicon, TO -53 nen,.$1 
85 WATT 2N1212 PLANAR, drift, 10mc, npn $1 
1 CONTROLLED SCR SWITCH. Transaron, TO18 $1 

CONTROLLED 
ï 

100 
150 
200 
250 
Sap 
350 
100 

NE tóó 

SILICON 

RECTIFIERS 
7 

2° 
AMP 

JUMBO PAKS 
soo DISCS ..4 ÓÁ 500 DISCS 

CERAMIC, 4.88 PRECISION5,7U6 5ovAMS 
1.60 
1.50 

0 1.25 2.25 
02.95 U25 
o° .a3.4o 

1.25 
1.95 
2:ís 
2.95 
3.1rá 

3.50 

n 4.35 

O TRANSISTORS 

for 100 $298 
Power, Audio, RI, untested 

10 1000 MC -1N251 GERMANIUM DIODES .$1 
u 2- CLAIREX PHOTO ELECTRIC CELL, í'L007 . $1 

2 500MC TRANS'TRS, 2N'.1R4, mesas, pap, TO18 $1 
4 PIN HEAD 2N790 NPN SILICON transtrs, T018 $1 
4 2N43 OUTPUT TRANSISTORS, by CE, pnp, TO5 $1 
4 2N333 NPN SILICON transistors, by GE, T05 $1 

i 8, 2 -6Amp RECT's, stud., silicon, 50 to 400V .$1 
4 -2N155 TRANSISTORS, or equals, TOT cases $1 
2 -800 MC, 2N709 NPN Silicon planar TÓ46 . .$1 

ri 3 2N711 300MW. 300 MC, PNP MESA, TO18 $1 
2N998 TYPE, 1000 GAIN, non silicon, planar S1 
"MICRO -T" TRANSISTOR, like TMT -1613, $1 
4 2N35 TRANSISTORS, npn, by Sylvania, T022 .$1 
4 "MICRO" TRANSISTORS, 2N131's, 1/16 ", rf $1 ri 4 CK721 TRANSISTORS, pun, aluminum case ..S! 
5 2N1o7 TRANS'TRS, by GE, pnp, pop. audio pak $1 
10 PNP SWITCHING TRANSISTORS, 2N1305,T05 $1 
10 NPN SWITCHING TRANSISTORS, 2N338, 440 $1 
15 PNP TRANSISTORS, f'K722,2N35,107 $1 
15 NPN TRANSISTORS, 2N35, 170, 440 $1 

100 FOR OUR " XMAS " BARGAIN CATALOG ON: 
Semiconductors Poly Paks Parts 

O 
`/ TERMS: send Check, money order, 

LYS Include postage -avg- wt. per oak 
I Ib. Raton net 30 dans. CODs 

AB/ /s 257 P -o. Box 942w 
K J SO, LYNNFIELD, MASS. 

"PAK- KING" of the World i 
CIRCLE NO. 101 ON READER SERVICE CARD 
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THE 1966 
PHOTOGRAPHY ANNUAL 

PHOTOGRAPHY 
ANNUAL 1966 

212 MAGNIFICENT 
PAGES!. 

24 IN GLORIOUS 
FULL-COLOR 

. 

PHOTOGRAPHY ANNUAL - the favorite photogra- 
phic showcase of camera enthusiasts the world 

over! It's an issue you'll enjoy and learn from 
...one you'll want to add to your collection of 
valuable photographic editions! To receive your 
copy by mail, thereby avoiding any chance of dis- 

appointment, be sure to send your order today! 

PARTIAL CONTENTS include these portfolios 
Ralph Morse -"Biographer of the Space Age." 

Book Preview! John Rawlings' figure studies. 
Gary Winogrand's amusing "Look at the 
Animals." 
Story of the Year -dramatic Civil Rights photos. 

An extensive International Portfolio. 
Best News Pictures of the Year...and more! 

PLUS...the full story behind each photo 

Enjoy the convenience 
of having this year's edition L 2 5 

delivered directly only 
to your home! 

GET THE EXQUISITE 

LEATHERFLEX- COVERED 

EDITION 
for just $3.00- POSTPAID! 

FILL IN, DETACH & MAIL 
- THIS FORM TODAY! - 

ZIFF -DAVIS SERVICE DIVISION Dept. EW -10 

589 Broadway New York, N.Y. 10012 

Please send my copy of the 1966 PHOTOGRAPHY 
ANNUAL as I've indicated below: 

Send me the regular edition. My $1.25, plus 
15C for shipping and handling (250 outside 
U.S.), is enclosed. 
Send me the Deluxe Leatherflex- Covered edi- 
tion, postpaid. My $3.00 is enclosed. (Or- 
ders outside U.S. add 750 to partially defray 
postage and handling costs.) Allow three 
weeks additional for binding and mailing. 

name please print 

address 

city state zip -code 

I.- (Payment must be enclosed with order.) --I 

ELECTRONICS WORLD OCTOBER 1965 
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Some plain talk from Kodak about tape: 

Noisemanship...modulation noise... 
and how to get extra dbs. of silence 

Noisemanship is a very hip subject. 
The more noise your sound system has, 
the muddier your reproduced signal. 
Which brings up the subject of defin- 
ing tape noises, how they occur, how 
they are measured, and what can be 
done to reduce them. Like at the start 
of Salome's dance, there's a lot to 
uncover. 

Starting at the beginning 

Kodak tape is mighty quiet when it 
leaves the factory. Because of special 
milling techniques and our now -famous 
"R- type" binder, the gamma ferric 
oxide particles are more uniform in 
size and shape and more uniformly dis- 
persed than was ever before possible. 
Result : a superior degree of magnetic 
randomness, and thus, built -in quiet- 
ness. To make sure that the roll of 
Kodak tape you purchase is as "quiet" 
as possible, we also bulk erase each 
roll. By "randomizing" the particles' 
polarity in all dimensions, foreign 
signals picked up during manufacture 
are eliminated. 

This fairly pristine state doesn't last 
long. Once the tape has been subjected 
to the erase field and record bias from 
your recorder, a certain degree of 
randomness is lost. So -called zero - 
signal noise results because a recorder's 
erase system is not as efficient as a bulk 
eraser. Whereas bulk erasers cause 3- 
dimensional decay of the remnant sig- 
nal, an erase head causes decay in one 
dimension only -along the length of 
the tape. This explains why zero -signal 
noise is always higher than bulk -erase 
noise. 

Blue plate special -noisewise 

Noise in the presence of a recorded 
signal -modulation noise -is the real 

meat and potatoes of tape performance. 
Testing for modulation noise is a bit 
tricky, however, because both ac pro- 
gram and noise get mixed up in the 
amplifier. And if we are to determine 
the amount of noise in a system, it's 
imperative that we distinguish between 
one and the other. One way to do this 
is to use what our scientists refer to as 
a dc equivalent in r.m.s. milliamps of 
an ac signal. 

Simply explained, we select the ac 
signal level that represents the prac- 
tical limit for linear recording -2% 
third harmonic distortion. Then we 
apply a dc signal to the record head 
and increase the record current until 
it reaches the same level as that of the 
above ac signal. On the tape we have 
recorded a "zero frequency" program 
plus the modulation noise contributed 
by both equipment and tape. Since the 
reproduce amplifier filters out dc sig- 
nals, only the modulation noise comes 
through, and this can be measured by 
an output meter. 

Strike up the band pass 

Final proof -of -the- pudding is to ex- 
amine the total noise spectrum through 
band pass filters. Fun ! One could, for 
example, measure the noise that cómes 
through a 1 -cycle band pass filter - 
even get a signal -to -noise ratio of about 
115 db. But this really tells nothing 
about the tape's practical performance. 
For as the graph shows, there is much 
more noise in the lower frequencies 
than in the higher. For more meaning- 
ful evaluation, we specify two signal -to- 
noise ratios ... one for the average low 
frequencies (20 -1000 cycles at 15 ips) 
and one for the high frequencies (1000- 
15,000 cycles at 15 ips) . We are happy 
to report that Type 31A (Kodak's 

general -purpose/low -print tape) rates 
as much as 6.5 dbs better in the low 
frequencies and 1.5 dbs better in the 
high frequencies. At Kodak, "shhh" 
is the word. 

TOTAL NOISE SPECTRUM 

KODAK Sound Recording Tapes are 
available at most electronic, camera, 
and department stores. 

FREE. New, 24 -page, comprehen- 
sive "Plain Talk" booklet covers all the 
important aspects of tape performance, 
and is free on request. Write: Depart- 
ment 8, Eastman Kodak Company, 
Rochester, N. Y. 14650. 

SOUND RECORDING TAPE 

EASTMAN KODAK COMPANY, Rochester, N.Y. 
CIRCLE NO. 117 ON READER SERVICE CARD 

© Eastman Kodak Company, MCMLXI 
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RCA announces a zero defects program 

through... 

ersonal 

uality 

erformance 

RCA's effort to apply some of the concepts of missile -type 

reliability to the production of commercial receiving tubes 

You lose time and money whenever a tube fails. 

To minimize such losses, RCA has initiated still another quality control measure to guard 
against tube failure and keep profits in your pocket. 

It's our ZERO DEFECTS program, an attempt to eliminate as far as possible the factor of 
human error from commercial receiving tube production. 
RCA personnel engaged in the production of RCA receiving tubes have voluntarily signed a 

pledge of PERSONAL QUALITY PERFORMANCE...a pledge to strive for error -free perform- 
ance in every task they undertake in the making of RCA receiving tubes. 

Their pledge is one more assurance to you of tube reliability and greatest possible reduction 
in callbaçks when you sell and install RCA receiving tubes. 

RCA Electronic Components and Devices, Harrison, N.J. 

The Most Trusted Name in Electronics 
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