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2, LT Z _
/}‘/"ZZ / Complete in This issue!

By John T. Frye

Plus 3 Special Tube Projects:

Updoted ‘Ri-American” Receiver
20-Watt Stereo Amplifier
License-Free FM Transmitter
<« & K
Color TV You Can Build
Hhose Intriguing € §8 Riviizs
STWL Special: Diversity Reception
Ultra-Sensitive FSM for VHF Hams
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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 training
kits . . . an unparalleled
example of the value of
NRI home-study training.
What's in it? Your first
group of lesson texts; a
rich vinyl desk folder to
hold your study material;
the industry’'s most com-
plete Radio-TV Electronics
dictionary; valuable ref-
erence texts; lesson an-
swer sheets; pre-address-
ed envelopes; 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-
dustrial Electronics and
Communications or select
one of seven NRI! courses
in specialized subjects.
Mail coupon for NRI cata-
log. Find out how you can
train at home this excit
ing, rewarding way.

DISCOVER THE EXCITEMENT OF
NRI ELECTRONICS TRAINING

Founded 50 years ago—in the days of wireless—NR! pioneered the
doing” method of home-study. Today,
tronics school, offering the kind of ins
You build, test, experiment, explore. Whatever your interest, your need,
education, investigate the wide variety of NRI training plans . .

‘‘learn-by-

NRI is the oldest, largest home-study Elec-
truction that makes learning exciting, fast.

your

. find out about the

NRI Achievement Kit. Check and mail the coupon now. No salesman will call.
NATIONAL RADIO INSTITUTE, Washington, D.C. 20016.

90 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING

www-americanradiohistorn2com
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new!
Courier 23
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~ 23CHANNELS
23 FEATURES

DUAL CONVERSION
TRANSISTOR POWER SUPPLY
including all crystals, mounting brack-
1 $ 18 9 5 O ,::; L ;));:);:e cords and noise-cancelling

slightly higher west of Rockies
Send for details . . . dealer inquiries invited

¥ ".-v

e.c.i. electroni icati inc. dept. EI-7
325 no. macquesten pkwy., mt. vernon, n. y.

Gentlemen: Please send all information concerning the COURIER 23,

BAOTESE oo v yacve s oioorane # 08 5 iia s wivare g 0 o bibus dinid 3 oimns b ol e s o] 2 B s

CIY oeeiiineeeebinaiaaa.-. Zone (oo State Lo

@@H electronics communications, inc. 325 no. macquesten pkwy., mt. vernon, n.y.

July, 1964
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roken Electrical Appllanc

By J. M. Smith President, Nationol Radio Institute

HE COMING OF THE AUTO created a

multi-million dollar service industry,
the auto repair business. Now the same
thing is happening in the electrical ap-
pliance fleld. But with this important
difference: anybody with a few simple
tools can get started in appliance repair
work. No big investment or expensive
equipment is needed.

The appli repair b is boom-
ing — because the sale of appliances is
booming. One thing naturally follows the
other. In addition to the 400,000,000 ap-
pliances already sold, this year alone will
see sales of 76 million new appliances.
For example, 4,750,000 new coffee mak-
ers, almost 2,000,000 new room air con-
ditioners, 1,425,000 new clothes dryers.
A nice steady income awaits the man
who can service appliances like these.
And I want to tell you why that man
can be you — even if you don’t know a
volt from an ampere now.

A Few Examples of What | Mean
Now here’s a report from Earl Reid, of
Thompson, Chio: “In one month I took in
approximately $648 of which $510 was clear.
I work only part time.” And, to take a big
jump out to California, here’s one from

And I mean profits for you — no matter who
you are, where you live, or whot you are
doing now. Do you realize that there are
over 400 million electrical appliances in the
homes of America today? So it's no wonder
that men who know how to service them
properly are making $3 to $5 an hour — in
spare time or full timel I'd like to send you
a Free Book telling how you can quickly and
easily get into this profitable field.

J. G. Stinson, of Long Beach: “I have
opened up a small repair shop. At present
I am operating the shop on a spare time
basis — but the way business is growing it
will be a very short time before I will devote
my full time to it.”

Don't worry about how little you may
now know about repair work. What John D.
Pettis, of Bradley, Illinois wrote to me is
this: “I had practically no knowledge of any
kind of repair work. Now I am busy almost
all my spare time and my day off — and
have more and more repair work coming in
all along. I have my shop in my basement.”

We Tell You Everything
You Need to Know

lt you'd hke to get started m this fas-
ble, rapidly g g fleld —
let us glve you the home training you need.
Here's an excellent opportunity to build up
“a business of your own” without big in-
vestment — open up an appliance repair
shop, become independent. Or you may pre-
fer to keep your present job, turn your spare

time into extra money.

You can handle this work anywhere — in
a corner of your b t or even

on your kitchen table No technical experi-
ence, or higher education is necessary. We'll
train you at home, in your spare time, using

thods proven st ful for over 45 years.
We start from scratch — fell you in plain
English, and show you in clear pictures —
everything you need to know. And, you will
be glad to know, your training will cost you
less than 20¢ a day.

FREE BOOK
and Sample Lesson

1 think that our 24-page Free Book will
open your eyes to a whole world of new
opportunities and how you can “cash in”
on America's “Electrical Appliance Boom.”

I'll also send you a Free Sample Leason.
1t shows how simple and clearly illustrated
our instruction is — how it can q\uckly pre-
pare you for a profitable future in this big
field. Just mail coupon, letter, or postcard
to me: Mr. J. M. Smith. President, National
Radio Institute, Dept. KG4, Washington 16,
D.C. (No obligation, of course — and no
sal will call on you.)

| e e e e e e o o e e e e e e e

EARN WHILE YOU LEARN

MAIL THIS FOR FREE BOOK ond SAMPLE LESSON

Mr. . St

. President

NATIONAL RADIO INSTITUTE
Dept. KG4. Washingten 16, D.C. |

Tell me how T can “cash in” on the *‘Elec- By .
trical Appliance Boom.” Send me your illus- (25

trated FREE BOOK that outlines the whole L, |
NRI Course, tells wh-t opportumheu o2 i
'N‘K‘ﬂum,‘

with this APPLIANCE TESTER

— Yours at No Extra Charge

Your NRI Course comes complete
with all the parts to assemble a
sturdy, portable Appliance Tester
that helps you earn while you learn.
Easy-to-follow manual tells how
to assemble and use the Tester
right away. Locate faulty cords,
short circuits, poor connections, etc.
in a jiffy; find defects in house wir-
ing, measure electricity used by ap-
pliances; many other uses.

With this Tester you save time
and make money by doing jobs
quicker, making sure appliances
operate correctly after repairs.

open to me,
success of other studenh and much more.
Also send me the FREE SAMPLE LESSON
s0 I can see how clear and easy your instruc-
tions are. 1 am particulerly interested in: ]
[ Spare Time Earnings [ Business of My Own [] Better Job
1 understand there is no oblmnon on my part;
and no salesman will call on me.

J ’,’ e

Accredited Member National Home Study Council

[ —— — |

e e e e e e S — — — G — — T S — — —— —— —
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send for NEW FREE

CRYSTAL CATALOG
with NEW TRANSISTOR
OSCILLATOR CIRCUITS

Citizen Band Class "D” Crystals

CITIZEN BAND CLASS ”"D” CRYSTALS
3rd overtone — .006% tolerance — to s 95
meet all FCC requirements. Hermeticaily 2
sealed HC6/U holders. %~ pin spacing. ERCH
.050 pins. (Add 15c per crystal for .093
pins).
All 23 channels frequencies in stock: 26.965, 26.975, 26.985,
27.005, 27.015, 27.025, 27.035, 27.065, 27.065, 27.075, 27.085,
27.105, 27.116, 27.126, 27.135, 27.155, 27.165, 27.175, 27.185,
27.206, 27.215, 27.225, 27.255.
Matched crystal sets far ALL CB units (Specify equipment
make and model numbers) - . $5.90 per set

CRYSYALS IN HC6/U HOLDERS

SEALED .486 pin spacing — .050 diameter — .006%
OVERTONE tolerance
15 to 30 MC .......$385 — 30 to 40 MC ... ..
$4.10 — 40 MC to 65 MC ... $4.50 —
66 MC to 100 MC .........3$6.00 sa.
FUNDAMENTAL From 1601 KC to 2000 KC $5.00; from 2001

FREQ. SEALED KC to 2500 KC $4.00; 2501 KC to 5000 KC
$3.50; 5001 KC to 7000 KC $3.90; 7001 KC

to 10,000 KC $3.25.

Specify frequency. .05 pins spaced %~ (Add
15¢ for .093 pins). ... . .. $2.95 ea.

QUARTZ CRYSTALS
FOR EVERY SERVICE

All crystals made from Grade “A”
imported quartz—ground and etched to
exact frequencies. Unconditionaily
guaranteed! Supplied in:

FT-243 holders MC-7 holders
Pin spacing %" Pin spacing 3~
Pin diameteg .093 Pin diamet2r .125

CRIA/AR holders FT-171 holders
Pin spacing 14~ Pin spacing %~
Pin diameter .125 Banana pins

MADE TO ORDER CRYSTALS . . . Specify holdor wanted

1001 KC to 1600 KC: .006% tolerance .. ]

1801 KC to 2000 KC:..006% tolerance

2001 KC to 2500 KC: .005% tolerance

2501 KC to 9000 KC: .005% tolerance .. g

9001 KC to 11,000 KC: .005% tolerance... ....$3.00 ea_
Amateur, Novice, Technician Band Crystals

.01% Tolerance . . . $1.50 ea. — 80 meters (3701-3749 KC)
40 meters (7162-7198 KC), 16 meters (7034-7082 KC), 6 meters
(8335-8650 KC) within 1 KC

FT-241 Lattice Crystals in all frequencies from 370 KC to
540 KC (all except 4556 KC and 500 KC) ... ... . $1.25 ea.
Pin spacing %" Pin diameter .093

Matched pairs _ 15 cycles $2.50 per pair

200 KC Crystals, $2.00 oa.; 455 KC Crystals, $1.25 ea.; 500 KC
Crystals, $1.25 ea.; 100 KC Frequency Standard Crystals in
HC13/U holders $4.50 ea.; Socket for FT-243 Crystal 18c ea.;
Dual Socket for FT-243 Crystals, 18c ea-; Sockets for MC-7 and
FT-171 Crystals 25c ea.; Ceramic Socket for HC8/U Crystals
20c ea.

NEW TWX SERVICE—48 HR. SHIPMENT
3 PLANTS TO SERVE YOU BETTER
ORDER FROM CLOSER PLANT

TEXAS CRYSTALS

DEPT.E-74

1000 Crystal Drive

FORT MYERS, FLORDA

Phone 813 WE 6-2109

TWX 813-334-2830
AND

4117 W. Jefferson Blvd.

LOS ANGELES, CALIF.

Phone 213-731-2258

TWX 213-737-1315

RADIO
CONTROL
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Have You missed this Newer
World of Job Opportunities?

b )

MEN 717-55

HERE'S YOUR BIG  CHANCE..If you
can follow clear basic instructions, R % £ 75

leave the rest to Deviy Tech.

These Opportunity

Packed Fields , ) iy _
Need Skilled Men |8 DeVry Electronics Training Could Make

Your Future “The Story of Your Life”

Electronics is a newer world of opportunity, challenge, and excite-

ment to the man who wants to get somewhere and be somebody.
Why not send for facts which cost you nothing? Find out how

this 32 year old training organization can help you prepare at home

Space & Missile or in one of its big modernly equipped centers, in day or evening
Electronics { cl?_sfse§ for a career which could prove to be the opportunity of
Television & Radi : a lifetime.
MicrOW:ves 3 1 Here’s more BIG NEWS. In order to enter our practical HOME
Adtomation Elactronics STUDY DIVISION, a high sehool diploma is not necessary. No
" Rad ¢ previous technical experience is required. Let the man who is eager
i arlir | I to go places equal this opportunity if he can! When trained, you
Communications get the benefit of DeVry’s Employment Service to help you get
Computers | started or to advance in the field. Send for full facts NOW. We are
Broadcasting sure you will be glad you did.

Indiistrial Electronics

SE——

FREE!

2 Booklets

DeVRY TECHNICAL INSTITUTE
4141 Belmont Ave., Chicago 41, lll., Dept. EI-7-U

Please give me your two free booklets, “Pocket Guide to Real Earn-
ings” and "Electronics in Space Travel®; also include details on how
1o prepare for a career in Electronics. | am interested in the following
opportunity fields (check one or more):

" 3 §rpace & Missile Electronics O Communications
Mail Coupon Today [ Television and Radlo [0 Computers
[] Microwaves (0 Broadcasting
] Radar [] industrial Electronics
[] Automation Electronics O Electronic Control -~
Name.— Age.
Accredited Member of National Home Study Council Addr Apt
= 5 o City___ Zone. State
Devfy B = o Tops m E’ec"on'cs [J Check here if you are under 16 years of age.
Canadian residents: Write DeVry Tech of Canada, Ltd.
cnlcago == Toronto 970 Lawrence Avenue West. Toronto 19, Ontario
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FEEDBACK

from our readers

Write to: Letters Editor, Electronics lHustrated, 67 West 44th Street,

New York, N.Y. 10036

@ KOOL KOOKIE

MO

I thought you might be amused to learn
about the interest your magazine creates in
the breast of the average housewife, mother
or girl friend. I happen to be addicted to your
publication but the other night I was lying in
bed reading about SUPER-COLD SUPER-
MAGNETS in the May issue when my wife
looked over and saw the drawings and said,
“George, I'm warning you. You try to put
that radio junk of yours in the refrigerator
and I'll scalp you.”

PS—The U. in my name below just means
that 1 think it Unwise to put down my real
name. This is a small town.

George U.
Bolivar, Mo.

® MATING CALL

I am attempting to build a ham radio
transceiver which will operate on 2 meters
or 80 meters. Could you give me any advice?

Rodney Welton
Brewerton, N. Y.

Unless we missed an important point in
your letter, Rod, we’d suggest you first think
about a ham license. With that in hand, why
would anyone want 10 mate 2 and 80 meter
equipment? That's an extremely strange
hybrid because the bands have next 1o noth-
ing in common. For plans for an 80-40
transmitter-receiver, see the September '63

El. At this stage we'd suggest buying a low-
cost 2-meter transceiver because high-fre-
quency gear is hard for a beginner to build—
successfully.

® JUNIOR HAM

I read your article, WANT TO BE A
JUNIOR HAM? (March El), and found it
interesting. I know that it will help me get
my ham license. I hope you will put more
articles in your magazine for us junior hams.

Jeffrey Lenorovitz
Van Nuys, Calif.
Thanks, Jeff. We just might.

® IDEA DROPPER

Your ELECTRONIC NAME DROPPER
in the May issue might be quite a commercial
idea. You could make up great big sheets of
the Panelescent material and then build huge
flashing billboards for the highways at night.
How do you like my idea?

Archie Cox
Philadelphia, Pa.
In a word, ugh.

® THE WHOLE TRUTH?
Looking through your May issue of EI, 1

found of particular interest the feature IN-
[Continued on page 8}

Electronics Illustrated
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Do you WISH you
were EMPLOYED in

ELECTRONICS?

F.C.C. License — The Key to Better Jobs

An F.C.C. commercial (not amateur) license is your
ticket to higher pay and more interesting employment.
This license is Federal Government evidence of your
qualifications in electronics. Employers are eager to
hire licensed technicians.

Which License for Which Job?

The THIRD CLASS radiotelephone license is of value
primarily in that it qualifies you to take the second class
examination. The scope of authority covered by a third
class license is extremely limited.

The SECOND CLASS radiotelephone license qualifies
you to install, maintain and operate most all radio-tele-
phone equipment pt cial broadcast station
equipment.

The FIRST CLASS radio telephone license qualifies
you to install, maintain and operate every type of radio-
telephone equipment (except amateur) including all
radio and television stations in the United States, its
territories and possessions. This is the highest class of
radiotelephone license available.

Grantham Training Prepares You

The Grantham course covers the required subject
matter completely. Even though it is planned primarily
to lead directly to a first class FCC license, it does this
by TEACHING you electronics. Some of the subjects
covered in detail are: Basic Electricity for Beginners,
Basic Mathematics, Ohm’s and Kirchhoff’s Laws, Alter-
nating Current, Frequency and Wavelength, Inductance,
Capacitance, Impedance, Resonance, Vacuum Tubes,
Transistors, Basic Principles of Amplification, Classes
of Amplifiers, Oscillators, Power Supplies, AM Trans-
mitters and Receivers, FM Transmitters and Receivers,
Antennas and Transmission Lines, Measuring Instru-
ments, FCC Rules and Regulations, and extensive theory
and mathematical calculations associated with all. the
above subjects explained simply and in detail.

Our Warranty
If you should fail the F.C.C. exam after finishing our
course, we give additional training at NO ADDI-

TIONAL COST. Read details in our free booklet.

GRANTHAM F.C.C. LICENSE TRAINING OFFERED AT:

GET YOUR FIRST CLASS
COMMERCIAL

F.C.C. LICENSE
QUICKLY!

Learn by Correspondence or in Resident Classes
Grantham training is offered by correspondence or in
resident classes. Either way, we train you quickly and
thoroughly ~ teach you a great deal of electronics and
prepare you to pass the F.C.C. examination for a first
class license. Get details now. Mail coupon below.
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This free booklet gives
details of ovr training
and explains what an
© F.C.C. license can do for
your future. Send for©
yaur copy today.

HERE'S PROOF that Grantham students prepare for
F.C.C. examinations in a minimum of time. Here is a
list of a few of our recent graduates, the class of license
they got, and how long it took them:

License Weeks
i Robert J. Maickel, 520 Market St,, Havre De Grace, Md.  Ist 20
{ James D. Neidermyer, RD. 1, Leola, Pa. . . . . Ist 10
Denis Christopherson, 4402 Waite Lane, Madison, Wisc. 1st 12
Guy C, Dempsey, 1326 19th St., Washington, D.C. . . 1st 12

Charies Bartchy, 1222 S. Park Ave., Canton 8, Ohio. . 1Ist 10
William |. Brink, 12 Meade Ave., Babylon, L.I, N.Y.. . Ist 12

Earl ). Mahoney, Box 296, Newport, Vt. . 1st 12
Hall Blankenship, Route 2, Rockwood, Tenn. . . . . Ist 12
David Kaus, 5218 Canterbury Way S.E, Washington, D.C. 1st 30
John A. Cork, 3535 N. Utah, Arlington 7,Va. . . . . lst 12
Charles Deltze!, 342 Walnut St., Columbia, Pa. . . . Ist 8%

Norman Titley, Jr., 8613 Piney Branch, Silver Sprg, Md. 1st 30

of Electronics m

TR0

mail in lope or paste on postal M ecceme==

To: GRANTHAM SCHOOL OF ELECTRONICS

LOS ANGELES, CALIF.
1505 N. Western Ave., Los Angeles, Calif., 90027

NATIONAL HEADQUARTERS OFFICE
1505 N. WESTERN AVE., LOS ANGELES, CALIF., 90027

SOUTH GATE, CALIF.

9320 Long Beach Blvd., South Gate, Calif., 90280 564-3421

Ho 77727 / i

Please send me your FREE 44 page booklet telling how | can get my
commercial F.C.C. license quickly and can continue into advanced
electronics if | wish. | understand there is no obligation and no

GARDEN GROVE, CALIF.

12732 Garden Grove Blvd., Garden Grove, Calif., 92640  530-0795 Z

g salesman will call.

SEATTLE, WASH.
408 Marion Street, Seattie, Wash., 98104

MA 2-7227 /

Name Age
B (PLEASE PRINT)

Address

KANSAS CITY, MO.
3123 Githam Rd., Kansas City, Mo., 64109

WASHINGTON, D.C.

821 —19th Street, NW, Washington, D.C., 20006 ST 3-3614

JE 16320

July, 1964

City

State
| AM INTERESTED IN: (] HOME STUDY [J RESIDENT CLASSES 48-K
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Continued from poage 6

SIDE RADIO MOSCOW. Although I agreed
with everything the article said, Radio Mos-
cow is not the only clever user of half-truths.
How about an expose of the semi-facts used
in TV commercials today—in this country?
Clarence Martin
Salt Lake City, Utah
That’s a little out of our line. Maybe the
Federal Trade Commission could help.

® SOFT SOAP

I was pleased to see the Edison bulb in
your May GOOD READING. We who reap
the benefits of that invention too often forget
to say thanks. Our debt is partially paid by
tributes such as yours.

Bob Brady
Indian River, Fla.

MICRO TUBE FABULOUS LOW PRICES!

LARGE, SELECT STOCK!

® Every tube tested in our own laboratory for mutual conductance

and jife test

® We guarantee FREE replacement for one year of any tube purchased
trom us which falls to function efficiently under any or all oPerating

conditions. Prompt refunds on any defective merchandise
® Advertised tubes not necessarily new. but ma
fect tactory seconds or used tubes—each clearly so marke

3BX7 BK7 BW6EGT 7F8

0za 5C4 K8 5X4 TH7
1A7GT 6CS 6L7 6X5 N7
C6 6N7 6X8 Q7

/

B3GT
4G AY6G

TA4/XXL |[7Y4q

7AS 7

PER
HUNDRED
ASSTD

for

647 6V6
6KEGT 6W4GT

I'CRIO

ELECTRON TUBE CO.

DEPENDA BLE, FAST SERVICE!

ay be elec'rlcally Per-

ANY TUBE LISTED =

P.0. Box 55 Park Sta.
Paterson 3, N. ).

® THE CARTOONIST

I was quite struck with your article on
RADIO AT 100 BILLION CYCLES (May
'64 EI). I'd never realized that radio really
went up that high and, as a matter of fact, I
wasn’t quite sure previously how radio and
microwaves and infrared and visible light all
fit together in the spectrum. Now I have a
better idea, at least. If you publish this letter
why don’t you draw a picture to go with it
and show some radio waves to represent the
unknown frontier and some explorers, sail-
ing out in a ship like Columbus. . .

Richard Allen
Denver. Colo.
Or Lewis & Clark in a canoe? -§-

SPECIAL PURPOSE
and INDUSTRIAL
TUBES
1
§ AT SPEC.IAL SAVINGS! - SINCE 1957
ype Price | Type Price
0A2 §5 .60 | 8724 $6.95
0A3 .70 | 884 .80
0A4 .75 | 885 75
0B2 .45 | 954 .20
083 .65 | 955 30
oc3 .50 | 957 .30
D3 .40 | 2050 .90
2024 .55 | 2051 .90
2E26 1.95 | 5643 .75
4X150A 5654 .75
New  18.00 | geae Ve
5R4GY  1.95 | geoo s
g:;“ ;:(')g 5703 1.50
304TL 3500 | 2720 e
4168 18.95 | °726 -40
5129 .50 | 975! -90
750TL 32.00 | 5763 .80
807 00 ;z;;‘ ;z Not Connected With Any
3:2‘ : ijif; 5881 RO Other Mail Order Tube Co.
8298 7.00 | 6146 2.45
832 3.00 | 6159 PR ALL TUBES SENT POST.
AGE PAID. Please send
e RED) |0 IRl 35 handling for orders
8664 2.5 (6900 195 EETRORTIIIRSTCN
EXTRA SPECIALS: g:pa o:p:ré)‘o‘ p%rsdérgse
6/12 volt VIB 89¢ n
6/12 voit New VIB $1.49 on Canadian and for-
50 watt 25K Sprague Resistors 30¢ [IACANCICAES

wriTE DePT. EIBA FOR OUR FREE
COMPLETE LIST OF TUBES &
SPECIAL PURPOSE TUBES

Electronics Illustrated
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LAFAYETTE (o
ELECTRONACS ™
. l’ N

»Y

-

422 GIANT SIZE PAGES

MORE STEREO HI-FI ¢ MORE C.B. EQUIPMENT
e MORE TAPE RECOROERS e MORE HAM GEAR
e MORE TEST EQUIPMENT e MORE TOOLS

“WORLO’S HI-FI & ELECTRONICS s MORE BOOKS e MORE P.A. EQUIPMENT
SHOPPING CENTER” e MORE RADIO & T.V. ACCESSORIES

MORE BUYING POWER—choose from Lafayette’s three Easy-Pay
Credit Plans. Up to 24 months to pay, as little as $5 monthly.

GIVES YOU MORE IN 64!

LAFAYETTE AMATEUR Y NEW! LAFAYETTE COMPLETE AM/FM
COMMUNICATIONS RECEIVER| STEREO RECEIVER

b e 645 | o [ e e
| L“}l\\ Q)| = 70 | 1997 '

LA = s
Sensitive AM/FM Stereo Tuner
12-Watt Stereo Amplifier with Front
Panel Stereo Headphone Jack
Just Add Speakers For

Compiete Stereo System
imported

LA-215WX

e 4-Band Coverage
e 8 Tubes plus Rectifier Tube
e Illuminated Slide-Rule Dial
e Built-in @ Multiplier
e Imported

___ HE-30WX

HL| (N ————

N
=== | AFAYETTE LAFAYETTE =

EUll| ALL-TRANSISTOR ©.8, 88N\ DELUXE C.B. 25 5 puuy
=) “WALKIE-TALKIE” 3 TRANSCEIVER |

= HA-70L
HE-20CWX "0950

s

1093
paoE,  MEowX
2-for-21.00

LAFAYETTE 4-TRACK STEREOQ
RECORD/PLAYBACK TAPE DECK

e 8 Crystal Receive and 8
Crystal Transmit Positions
o Built-in Selective Call

e Completely Wired—Not a Kit,
® Great Fun for Kids Too
® Sensitive Super-re-

generative Circuit @ Built-in Transistorized jreui

@ With Antenna, Record/Playback Preamps ':K'“owx 99 50 Cm:m;rz ae:gai’::k?:elay
Transmit ® 2 Level Indicator Meters ess case LAl
Crystal, e Records Sound-on-Sound Switching
Battery e Complete with Cables, Empty  RK-143WX ‘I‘l 450 e Push-To-Talk
imported Reel o Imported with case Ceramic Mike

Mail the Coupon for Your

FREE 1964 Lafayette Catalog- Box 10, Syosset, L. 1, N. Y. 11781
¥ Send me Stock No. ... .. .. shipping charges collect.

LAFAYETTE MAIL ORDER & L. 1. SALES CENTER ? ~ § . .. enclosed.

111 Jericho Turnpike, Syosset, L.I., N.Y. ‘:D 1 would like to order Stock No... .. ... on the Easy-Pay
PTHER LOCATIONS g Credit Plan.
Jamaica, N. Y. Newark, N.J.  Iname . .. W W e B -~
Scarsdale, N. Y. Plainfield, N.J. 1 “ i o : ' [] Send me the
New York, N. Y. Paramus, N.J. daqdress T | e ™ — g YT r e FREE 1964 1
Bronx, N. Y. Boston, Mass 1 Lafayette !
Natick, Mass. deity _State. Zip _ catalog 640}
July, 1964 9
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RIODE LASER . . . Just like

the familiar triode, a new gas
laser can be modulated simply by
varying the voltage on its grid.
Though the Bell Labs laser produces
light rather than REF, its vital organs
are exactly what you’d expect any
triode to have. Thing is, the laser’s
cathode, grid and anode are in the
form of parallel ribbons extending
eight inches along the tube’s hori-
zontal axis. Electrons from the hot-
oxide cathode trigger the device into
operation, while the grid controls
electron flow. Understanding laser
-operation promises to be less nerve-
wracking now that engineers can
calculate excitation simply by meas-
uring grid current and light output.
A tetrode laser just might be next.

...electronics in the news

Portable Radar . . . Ni-cad powered and as
carriable as they come, this hand-held radar
can pick up and track most any moving ob-
ject, whether it’s a tank in the woods, a ship
in a fog or a Labrador retriever in a coal
bin. And, since this is only a prototype, engi-
neers at General Dynamics/ Electronics think
they’ll be able to bring the weight down be-
low the present 8 Ibs., once they manage to
get some integrated circuitry inside.

Pico Welder . . . You could weld wings on
a model mosquito with this iron, though that
isn’t quite what its designers had in mind.
Instead, they made the Microwelder Mark II
for welding pico-miniature circuits, which is
exactly what is happening in our photo.
Though the hair-thin wires in the picture are
almost too tiny to see, that’s an honest-to-
goodness dime underneath. Mark II comes
from Aerojet-General out California way.

Electronics Illustrated
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Sit right down in this high-paying job
. . . after you get your FCC License

It’s true. There are hundreds of high-paying, challeng-
ing jobs for men with official proof of their electronics
skill and knowledge ... the Commercial FCC License.
And the quickest, easiest, most economical way to get
your license is Cleveland Institute of Electronics Home
Study. Will it work for you? Cleveland Institute is so
sure of it they make this exclusive promise: “Should
you fail to pass your Commercial FCC License examination
after completing one of our licensing programs, we will
refund all your tuition payments.” The offer is as straight-
forward as it sounds . . . you get your FCC license or your
money back!

You'll be amazed how fast, how easily you can learn
electronics with a Cleveland Institute Check-Point Plan
of Home Study. Facts and concepts are presented in
small, easy-to-understand segments, then reinforced with
clear explanations and examples. Through this modern,
proven method, you will learn at your own pace . . .
and remember what you learn!

So pick the program that fits your career objective,
mark your choice on the coupon, and mail it today. We'll

Cleveland Institute o~
of Electronics %g

1776 E. 17th St, Dept. Ei-52, Cleveland, Ohio 44114 A dited Memb

send you, without obligation, complete details on Cleve-
land Institute home study. Act right now. . . there will
never be a better time to start towards a high-paying,
interesting job in electronics.

Mail Coupon TODAY For FREE Catalog

Cleveland Institute of Electronics
1776 E. 17tb St., Dept. E1.52
Cleveland, Obio 44114

Please tend FREE Career Informa-
tion prepared to help me get abead in

How to Succeed

farther obli
CHECK AREA OF MOST
INTEREST—
[0 Electronics Technology [J First Class FCC License
O Indnastrial Electronics [J Electronic Communications
[J Brosdcast Engineering [J Advanced Engineering

Your poesent

Name Age.
(please print)

Add.

City. State Zip
Approved for Veteran's Training under Korean GI Bill. E(-52

July, 1964

H
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Fill in coupoa for a FREE One Year Subscription to
OLSON ELECTRONICS' Fantastic Bargain Packed
Catalog — Unaeard of LOW, LOW, WHOLESALE
PRICES on B-and Name Speakers, Changers, Tubes,
Tools, Stereo Amps, Tuners, CB, and other Bargains.

NAME

ADDRESS.
CIvy ZONE____STATE.

If you have a friend interested in electronics send his
name and add-ess for a FREE subscription also.

OLSON ELECTRONICS

ENCORPORATED

432 S. Farge Street Akron, Ohio 44308

studying entenne system in Tﬁ-State’s V
electronics lab

B.S.degreein 36 months

Small professionally-oriented college. Four-quarter
Year permits completion of B. S. degree in three Yyears.
Summer attendance optional. Engineering: Electrical
(electronics or power option), Mechanical, Civil, Chem-
ical, Aeronautical. Business Administration: Account-
ing, General Business, Motor Transport Administration.
One-year Drafting-Design Certificate program. Gradu-
ate placement outstanding. Founded 1884. Rich heritage.
Excellent faculty. Small classes. Well-equipped labs.
New library. Residence halls. Pleasant community.
Attractive 200-acre campus. Modest costs. Enter Sept.,
Jan., March, June, For Catalog and View Book,
write J. A. McCarthy, Director of Admissions.

TRI-STATE COLLEGE

4874 College Avenue » Angolo, Indicne

Pipe Down . . . Travelling-wave tubes aren’t
the quietest devices around, but scientists
have an idea that static doesn't have to be
one of the TWT’s trademarks. To enforce
the maxim that TWTs should be seen and not

heard, researchers at the U.S. Army's R&D
Labs placed very high magnetic fields close
to the source of the TWT’s electron beam.
The result is a TWT reportedly less noisy
than a parametric amplifier and almost as
sensitive as a maser.

Big Bavarian Ear . . . Part of the futuristic
face-lifting being given West Germany is
this satellite communications ground station
at Raisting, Upper Bavaria. Instead of warily
watching each other with radar, NATO part-
ners West Germany and the United States
hope to strengthen
cultural and eco-
nomic ties through
improved communi-
cations via Relay and
Telstar satellites.
Supplied by affiliates
of the International
Telephone and Tele-
graph Corp. to the
German Post, Tele-
phone and Telegraph
Administration, this
transportable station will rely on satellites to
proviae 12 two-way voice channels between
Raisting, Germany and Nutley, N.J,, U.S.A.
For the thriving business communities of
both countries, facsimile, teleprinter and
high-speed data communications also will be
possible. Extra-long distance dialing soon
may allow you to talk to Grandma even if
she chooses to vacation in the Black Forest.

Electronics Illustrated
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New 1964 Hihkii’ All-Channel” Color TV

Everything

GR-53A

*399%

(Includes chassis,
alt tubes, VHF & UHF
tuners, mask, mounting
kit, & special speaker)
Optional cabinet $49.00

you need for the best in color TV viewing-

Build it in 25 hours-S8ave hundreds of dollars!

*FCC Requires UHF As Of April 30! A new Federal
faw requires that all TV sets built or imported after April
30, 1964 be equipped to receive all VHF & UHF channels,
2 thru 83.

As a result, Heathkit now offers you a new model
consisting of chassis, tubes, mask; a new wall mount; a
new all-transistor UHF tuner; and a special 6” x 9" speaker
...everything for complete high fidelity all-channel color
and black & white TV reception for only $399!
Cabinet Or Custom Installation! After assembly,
just slip the complete unit into the handsome, walnut-
finished hardboard cabinet! Or mount it in a wall or
custom cabinet.

Anyone Can Build 1t! No special skills or knowledge
required! All critical assemblies are factory-built &
tested! Simple step-by-step instructions take you from
parts to picture in just 25 hours!

Exclusive Built-In Service Center Ends Costly
Maintenance! You align, adjust, and maintain the set
yourself with the degaussing coil, service switch, and
built-in dot generator! No other set has these self-servicing
features!

No Expensive Service Contract! Since you can
maintain the set, there’s no need for a costly service
contract. Heath warrants picture tube for 1 year, all other
parts for 90 days!

No Trade-In Required! Keep your present TV as a
handy *‘second” set!

Quality & Performance Comparable To Sets
Costing $600 & More! ¢ 26 tube, 8 diode circuit o
Deluxe Standard-Kollsman nuvistor tuner with “push-to-
tune” fine tuning ¢ RCA 70° 21" color tube with anti-
glare bonded safety glass o 24,000 volt regulated picture
power e Automatic color control & gated AGC e 3-stage
high gain video I.F. e Line thermistor & thermal circuit
breaker protection.

July, 1564

Enjoy Complete TV Reception Now! Order the
1964 Heathkit 21" High Fidelity Color TV!

Kit GR-53A, chassis, tubes, mask, VHF & UHF tuners,
mounting kit, speaker, 1321bs. . ............... $399.00
GRA-53A-1, walnut-finish cabinet, 70 ibs. .. ... .... $49.00

Limited Supply Of ‘“VHF Only’’ Models
Left! If you want a color set without UHF, hurry
& order now!

Kit GR-53, chassis & tubes, 118 1bs . . ... .. $349.00
GRA-53-1, walnut-finished cabinet, 70 lbs. . . $49.00
GRA-53-3, custom mounting kit (order for wall or
custom cabinet installation) 10 lbs. ......... $4.00

FREE 1964 HEATHKIT CATALOG
See these and over 250 other exciting
Heathkits avallable in easy-to-build kit
form. Save 50% or more by doing the
easy assembly yourselfl Send for your
free catalog today!

HEATH COMPANY, Dept. 39-7-1
Benton Harbor, Michlgan 49023
In Canada: Daystrom, Ltd., Cooksvilte, Ontario

dis§ plus freight.

r
|

|

| D=

I Please send model(s).
|

|

|

|

L

[ Please send my Free 1964 Heathkit Cataiog.

Name__

Addres:

City. State. Zip.
i iticati subject to change without ngtice
Prices and spectlicaions sublect 1o chane e "éiliar _ |

e e e e e

Il Iy T e Lt
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Telephone Lines of Light . . . A helium/
neon-gas laser beam replaces 3.3 miles of
poles and lines in ITT’s experimental voice
communications system. The receiver in the

photo listens with an 8-inch cassegranian
telescope and a special multiplier phototube.
Over on the other side of the tracks, a trans-
mitter uses Brewster windows and confocal
optics to transmit a voice-modulated beam
of coherent light on a 10-kc channel.

Trouble-Sniffer . . . An electronic blood-
hound developed by Honeywell can nose-out
a concentration of toxic gas as slight as one
part in a million. What’s more, the most
dedicated police pooch couldn’t be expected
to stand unlimited watches with the unflag-
ging dependability of this self-checking unit.
An ultraviolet lamp focused on a detector

tube contributes to the olfactory process by
emitting rays that dangerous gases tend to ab-
sorb. But let the ultraviolet to the detector
tube diminish, and the tube reacts by touch-
ing off an alarm. The perchlorethylene of
dry-cleaning fame. gasoline and tear-gas are
a few of the potential public enemies Lassie’s
latest competition will keep at bay. §-

F the heads on your tape recorder are con-
siderably the worse for wear, you can
select a suitable replacement from Nor-
tronics’ Tape Head Replacement Guide. Kits
for replacing more than 500 brands and
models are offered. A free copy of the guide
may be obtained from the Nortronics Co.,
Inc., 8105 W. 10th Ave., North Minneapolis,
Minn. 55427.

Or, if your recorder in toto happens to
be shot, you probably will be able to find a
substitute in the Audiotape Tape Recorder
Directory. This 32-page reference guide in-
cludes every sort of machine from a 2x412x
6Ya-inch portable to a full-size professional
job. Send 25 cents to Audio Devices, Inc.,
444 Madison Ave., New York, N.Y. 10022.

The marvels of epoxy, as they apply to
silver solders and conductive coatings, are
celebrated in Epoxy Products’ bulletin No.
7. Bond strength, joint design and field re-
pairs are a few of the subjects covered. For
free copies, write Epoxy Products, Inc., 133
Coits St., Irvington, N.J. 07100.

Scott’s stereo console catalog displays cab-
inets of walnut and fruitwood in French and
Italian provincial or contemporary styles.
The illustrated brochure is free from H. H.
Scott, Inc., 111 Powdermill Rd., Maynard,
Mass. 01754.

Although intended primarily for the engi-
neer, the Sylvania I&M CRT Handbook
offers valuable informition to anyone wishing
to know more about cathode-ray tubes. Both
quick-reference data and detailed informa-
tion are included on multi-gun, high-resolu-
tion and double-deflection CRT’s. Copies of
the booklet are free from Sylvania Electric
Products, Inc., 1100 Main St., Buffalo, N.Y.
14209.

The Classic Series of stereo/ hi-fi receivers,
amplifiers, tuners, tape recorders and pre-
amps is featured in EICO’s 32-page stereo
catalog. In all, more than 200 items are listed.
A free copy is yours if you write to EICO,
Inc., 131-01 39th Ave., Flushing, N.Y.

11300.§-

Klectronics Illustrated
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NOW!

t iee
S T thord!

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

BETTER... Training that is proved and tested
in Resident School shops and
laboratories. by a School that is
the OLDEST and LARGEST of
its kind in the world.

MORE COMPLETE... You Tearn ALL PHASES of

Television-Radio-Electronics.
LOWER COST... Other schools make several courses

out of the material in our ONE

MASTER COURSE . and you
pay more for less (rammg than
you get in our course at ONE

LOW TUITION'! e

Prepare
for your

F.C.C. LICENSE

Be prepared for secure future in
INDUSTRIAL ELECTRONICS
COMPUWTERS
GUIDED MISSILE SYSTEMS
ELECTRONIC CONTROLS
orgointo. ..

COLOR TV REPAIR

HI-Fl AND SOUND SYSTEMS
BROALCASTING STUDIOS
INSTALLATION

THESE TWO FREE
BOOKS TELL HOW

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

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

ILLUSTRATED BOOK AND
Nattonal schools suopmernon YU GET. .. RCTURE RSO T DIAY

lessons and equupment trains  you m * 19 Big Kits—YOURS TO KEEP!

your spare time at home, for these un-
limited opportunities, including many
technical jobs leading to supervisory
positions.

YOU LEARN BY BUILDING EQUIPMENT
WITH KITS AND PARTS WE SEND YOU.
Your National Schools course includes
thorough Practical training—YOU LEARN
BY DOING! We send you complete stand-
ard equipment of professional quality for
building various experimental and test
units. You advance step by step. perform
more than 100 experiments, and == == ==
you build a complete TV se'l

from the ground up that is yours

10 keepl A big, new TV picture

tube is included at no extraf
charge.

EARN AS YOU LEARN. We’lllv
show you how. Many students
pay for their course—and more,
while studying. t
GET THE BENEFIT OF OUR |
OVER 55 YEARS EXPERIENCE
y WTED 904!1

APPROVED FOR

f
Ungiue”

oy aro®
ACCREDITED
MEMBER

write to Dept. R4Y-64
4000 So. Figueroa Street
Los Angeles, California 90037

L S £ v g

® Friendly Instruction and Guidance

® Job Placement Service

® Unlimited Consultation

e Diptoma—~Recognized by industry

» EVERYTHING YOU NEED FOR
SUCCESS!

IMPORTANT
SEE. OTHER SIDE

Yes, | want ta.make more .money in Electronics-
TV-Radio. Send me your FREE Fully-lllustrated
Opportunity Book and Actual Lesson today.

RUSH TODAY—NO POSTAGE NECESSARY

Your own capy of “Your
Future In Electronics-Tele-
vision-Radio” will be mailed
to you at once. No salesman
will call; there is no obliga-
tion. Cut out card along dot-
ted lines, fill in and mail
today!

NO POSTAGE NECESSARY.

I

il

i {
DicTeoncs TELEwsM 240 ] ]

Nome Age

Address

City Zone State

7 Check here if interested only in Resident Training at Los Angel R4Y-64

Yeterans: Give date of discharge.

NO SALESMAN WILL CALL; NO OBLIGATION ON YOUR PART

. WWwWwW.americanradiohistorv com
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' Be a MASTER TECHNICIAN in

-
I

F

=.. Only N.T.S. offers you ALL 8 PHASES in
LN ONE MASTER COURSE

ALL 8 PHASES 1y ONE MASTER COURSE

: . PH,
SUCCESS IS THEIRS; ~ 4s field direc o o TELEVision PHASE 5
tor ?f Berean INCLUDING ¢00q - FCC Licensg
IT CAN BE YOURS TOQ! Mision inc. | 0% of homihon, Ty, FRERARATIGN
* have comfplete is bEc?)'llr(;.::l;ns,oe‘w v have ':"c::'ds: 'l;(')'lgd:'rs'
charge of our POPULar da; top job, g
| cannot praise radio work \d row in ::;r‘lyb.er',vnse?dmns Fcc',llcse:?:';;ﬁ lahem
N.T.S. enough. With the expert advice and ;:%h?éc‘a."s" Maintenance (':eaulrem'em.[o, Mmost
i o - B U pair offer OMmmMmunicatio
I've just gradu- training | am receiving from big 9pportunities n jobs,
ated and al- you | can do my own repairs ¥ PHASE ¢
J’ ready | have on our recgrc%ers un'd P.A. PHASE 2 :l‘:g;:g‘:x,%s
started repair- systems, besidés keeping our RADIO—AM g ppy These are the
ing radios and servicing TV's radios going. My training SRC?“"O‘S in homes, cars, Communicatigns systems
... At 53, I'm starting a new from N.T.S. helps keep us on “Dlgg:' ;:‘ need expery 35;‘;’7_ luture, already
life and my diploma from the air. | feel privileged to as FM >ec077:leos";°e"9'and com“’:];’:‘:‘tﬂg and
National Technical Schools is be a member of such o fine eh:fr"v transistors bog:.a" atellites.
my proudest possession. institution. 1@ field, :ngs';
William E. Eckenrod Rev. Enoch P. Sanford f':*okggrzm & comrJ'r%:s
ulomaiign
Compati Samouter lecironics
Thaunks to | have a TV. t focessings'"%a;;{ .nﬁ.,'s'}‘,",,":,::,“""s of
N.T.S. | have « Radio shop in ( Elqctlolliq Connolr:s' Skilled Iechn:':;'a",:ge'ce
business of my Yorkville, 1li- -~ "'L":'z‘:v“".‘slsile Systems l”l these fields are
ownrightin nois, about 4 r\ P E.'ecnonsc'f,‘,’,i;"g‘"* lopg";;;t demand at
my home. | miles from my l; vital rofe. . )
have paid for home, and it A B%Egcisn
all my equipment with money has been going real good. PHASE 4 COMMUN,CA;‘,%N"S
earned servicing TV sets. Yes, | started part-time but | got ,s‘?bmb SYSTEMS j‘:d'he entertainment
N.T.S. gave me my start in 50 much work that ! am S!erego‘;‘;":;” o' Hi-Fi. colr‘nlvlsv‘t:{v;'c:'t A merCep
television. Louis A. Tabat doing it full-time. Thonks to industria sounda:,st,_, 'Ploadcasﬁn;‘;,":v:';gd'e q
a4 National Technical Schools. 'm';kebltl:;'zesshgnterrcom'sm 2','.'3",,'.?;','.‘? ‘nsta”aﬁ;n
g Alvin Spera specializeg s L8Ny equipment once of
BEMEEE OTHER SIDE important s fained eennian
-how,

RESIDENT TRAINING
AT LOS ANGELES
If you wish to take your train-
ing in our famous Resident
School in Los Angeles—the
oldest and largest school of its
kind in the world—check
special box in coupon.

FIRST CLASS
Permit No. 3087

Los Angeles, Calif.

NESS REPLY MAIL

STAMP NECESSARY IF MAILED IN THE UNITED STATES

Approved for G Traiming

ATIONAL GEEED SCHOOLS

ING SINCE 1908

Address correspondence to Dept. JEEAGY]
4000 So. Figueroa Street -

Los Angeles, California 90037
ok,

fers Complete Ho

— POSTAGE WIL BE PAID BY —
NATIONAL G SCHOOLS

WORLD.WIDE TRAINING SINCE 1905

4000 So. Figueroa Street
Los Angeles, California 90037

ing Programs in Auto

Diesel, Air Conditioni
frigeration-Elggirical Appl
and Home ftances Ropair,
information and FREE'BOOK write
the School, Dept. RDC, stating
course~desired.
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LL IN ONE . . . An all-mode, all-tran-
sistor receiver in kit form is just the
thing for hobbyists who enjoy building their
hi-fi equipment almost as much as listening
to it. Two 20-watt power amplifiers, two pre-
amps, plus a wide-band AM/stereo-FM tuner

make the finished AR-13 a lot of receiver.
And, besides that, there are inputs for a stereo
pickup and two auxiliary sources. Outputs
for 4-, 8- and 16-ohm speakers and a low-
impedance tape recorder are provided. $195.
Heath Co., Benton Harbor, Mich. 49022.

Quiet, Please . . . If your two-way mobile
radio has more crackle and pop than your
breakfast cereal, the Band Spanner 6400-AGl1
noise-suppression kit may provide a cure. It
is designed to eliminate generator whine and
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popping interference from the car’s voitage
regulator—two noisy nuisances in most in-
stallations. $11.50. Webster Mfg., 317 Roe-
bling Rd., So. San Francisco, Calif. 94080.
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BECOME A RADIO TECHNICIAN

For ONLY $§26.95

BUILD 20 RADIO

CIRCUITS AT HOME

with the New
Progressive Radio "Edu-Kit"'®
ALL Guaranteed to Work!

A COMPLETE HOME RADIO COURSE

BUILD
¢ 12 RECEIVERS
® 3 TRANSMITTERS
* SIGNAL TRACER
* SIGNAL INJECTOR
® CODE OSCILLATOR
® SQ. WAVE GENERATOR
* AMPLIFIER

® No Knowledge of Radio Necessary
® No Additional Parts er Tools
® Excelient Background for TV

FRE

WHAT THE “EDU-KIT” OFFERS YOU
The 'Edu-Kit’> offers you an outstanding PRACTICAL HOME
RADIO COURSE at a rock-bottom price. You will learn radio
theory, construction and servlclnﬁ You will learn how to build
radios, using regular schematles; how to solder and wire in a pro-
fessional manner; how to service and trouble-shoot radios. You will
learn how to work with punched metal chassis as well as the new
Printed Ci lrtul'. chassis, You will learn the principies of RF and AP
and rectifiers, test equipment.
You will learn nnd‘sr-cuc: code, using the ssive Code Os-
cillator. You will b 20 Receiver, Transmitter, Code Oscillator,
Signal Tracer, Square Wave Generator, Amplifier and Signal In-
jector cireuits, and learn how to operate them. You will recelve an
excelient ound for TV. In brief, you will receive a basic
education In Electronics and Radle, worth many times the small
price you pay. only $26.95 complete.
PROGRESSIVE THE KIT FOR
TEACHING METHOD EVERYONE
The Progressive Radio °*‘Edu- You do not need the slightest
Kit” 1is the foremost education- § background in radio or science.
al radio kit in the world. and is § The ‘‘Edu-Kit"’ is used by young

TrarnnghE .
Technicians Since 1946

Set of Tools, Pliers-Cutters, Tester, Soldering
tron, Alignment Tool, Wrench Set.

universally accepl as the | and old, schools and clubs, by

standard in the field of electron- | Armed Forces Personnel and

Scs training. “‘Edu-Kit” | Veterans Administration for
the modern educational | training and  rehabilitation.

One of the most important as-
pects of the ‘Edu-Kit'’ is the
Consultation Service which we
provide. We welcome students
to send us their problems,
whether related to any of the
material covered in the ‘Edu-
Kit'* course, or encountered in
heu curcuuh opeuu on your § other experiences in the field
regular AC or DC house current. | of electronics.

THE *“EDU-KIT” IS COMPLETE
You wi]l receive all parts and instructions necessary (o bulld

20 different radio and elmronlc cireuits, each guaranteed to
ate. Our kits contain tubes, tube socketa, variable, eleclrolyt.lc.
mica, ceramic and paper s, tie strips,
coils, hardware, tubing. punched meta ehassis. Instruction Man-.
uals, hookup wire, solder, selenium rectifiers, volume controls,
switches, etc. In addition, you recelve Printed Circult materials.
including Printed Circuit Chassis, special tube socket hardware
and instructions. You nlm receive a useful set of looh pliers-
cutters, an P! i 1 electric soldering iron,
wrench set, and self-powered. mic Radio and Electronics
Edl:‘l(l(" also includes Code instructions and the

You

grlnclple of ‘‘Learn by Doing.”
ou begin by bullding a s(mple
radio. Graduslly, in a

sive manner, and at
rate, you construct more
vanced multi-tube radio clrculls.
learn more advanced theory and
technlques and do work llke a

Tester. The ‘*

Prog will also receive lessons for serv-
icing with the Progressive Signal Tracer and the Progressive Sig-
na) In)ecmr, a High Fidelity Guilde. FCC Amateur License Training
Book. and a Quiz Book.

00
11 rts, components, etc., of the ‘‘Edu-Kit’’ are 100% uncon-
ditionally guaranteed, brand new, carefully selected, tested and
matched. Everything is yours to keep The complete price ol un
practical home Radic and Electronics course is only $26.9
T E TING LE
You will learm to trouble- J. Stasaitis, of 25 Poplar Pl..
shoot and service radios. using 4 Conn 61
the professional Signal Tracer,
the unique Signxl Injector, and
the dynamic Radio and Electron-
ics Tester. Our. - Consultation
Service will help you with any
technical problems.

have repa ired several
my friend and mad
Th: “l'idu—l(ll"

a course,
and sent for your kit.'’
FREE EXTRAS

Set of Tools e Radio Book Radio and Electronics Tester »
!Iedne Soldering 1ron ® PI n-cuuen o Alignment Tool e
Tester Instruction Book o TV Book e Quiz Book
® Membership in R-ilo-TV Club: Conlulﬂhoﬂ Service e FCC
Amateur License Training e Printed Circuitry e Certificate of

Merit ® Valuable Discount Card © wnnch Set

b= —— ~——UNCONDITIONAL MONEY.BA

ORDER FROM AD—RECEWE FREE BONUS
RESISTOR AND CONDENSER KITS WORTH $7.00
O **Edu-Kit closed full payment of $26.95,

aid,
D "uu-Klt" C 0 D (] WIII pay $26.95 plus postage.
{ Send me FREE additiona) information d:scnblng “Edu-Kit.**

) 1186 Broadway Dept. S54AE Hewlett, N. Y.
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MARKETPLACE

Conference By Telephone . . . Whether it’s
a board meeting with a missing member or
just the family chatting with a relative, a new
transistorized telephone amplifier can let ev-
eryone in on the conversation. Instead of
putting the phone to your ear, lay it in the

amplifier’s convenient cradle and it will
sound as though the caller were sitting in the
same room. This self-powered device also
can serve as that extra hand you’ve always
wanted if you happen to sort resistors while
youre on the phone. $8.88. Burstein-
Applebee Co., 1012 McGee St., Kansas City,
Mo. 64106.

Boost Your SSB . . . A 1,000-watt linear
amplifier can promote most single-sideband
transceivers straight into the kilowatt class
without problems. The SB1-LA covers the
80-, 40-, 20- and 15-meter bands, combining
small size (5% x 113 in.) with high power

. /Ilh--

| /3

in a package well suited for mobile use. The
unit offers a 52-ohm resistive match to any
SSB exciter; output is a conventional pi-net
with all switching from the panel. Added at-
tractions include built-in antenna relays and
provision for remote on/off switching.
$279.50. Sideband Engineers, 317 Roebling
Rd., So. San Francisco, Calif. 94080.

ANY WAY YouU

LOOK

AT IT!

There’s only one magazine —
ELECTRONICS ILLUSTRATED — that's the
best for all electronic hobbyists. And there's
only one way to make sure you don’t miss
a single feature-packed issue of El. ..
by subscribing now! Take advantage of
our special get-acquainted subscription
offer—six issues of El for only $1.98.
Fill in the coupon and mail it today!

6 isues for only 41.98

20

ELECTRONICS ILLUSTRATED 7-64 —.i
Circulation Department
Fawcett Building

Greenwich, Connecticut

YES ! 1 want to lake advantage of your special
get-acquainted offer. Please enter my subscription
right away.

[J 1 enclose $1.98

[ Bitt me tater I

[J New order [] Re-order
N AT S S e 2138 setereee e et vt e S i T
IAD D RES S| jeeer: Srmrrrrrs oo -iereesrmrs s d-shwoemmer e mamerras f i
CIty.... =+ ZOIN]E s STATE...........
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MARKETPLACE

Skimny . . . An
8-inch dual-cone
speaker makes use of
a novel suspension
system to combine a
shallow profile with
a low resonant fre-
quency. A large ce-
ramic magnet boosts
efficiency, while me-
chanical damping of
diaphragm and sus-
pensions provides
relatively smooth re-
sponse for music and voice intelligibility.
Dustproof and corrosion-resistant, the F-858
is suited for indoor or outdoor PA-type
sound installations. All steel parts are plated
and painted for protection, and all radiating
elements are of one-piece molded construc-
tion. Jensen Mfg. Co., 6601 S. Laramie Ave.,
Chicago, Ill. 60638.

Loud and Clear . . . The Model HB-333
CB transceiver offers crystal control on all
of its 23 transmit and receive channels by
means of a frequency-synthesizing circuit (all
crystals supplied). Its dual-conversion re-
ceiver employs an audio-limiter circuit to in-
crease intelligibility of voice transmission,
even in fringe areas. And receiver sensitivity

is better than 0.2 microvolts for a 6db signal-
to-noise ratio, the maker claims. Added fea-
tures are automatic gain control and adjusta-
ble squelch. $209.50. Lafayette Radio Elec-
tronics Corp., 111 Jericho Tpke., Syosset,
L.I, N.Y. 11791.
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solid
state
reliability...

'\

g ke

(CB Transceivers)

Solid state circuitry means that Cadre CB receivers
can be bounced over rough roads in mobile installa-
tions; and can take plenty of rough use at base
stations and in portable field use.

Solid state circuitry means that Cadre transceivers
draw about as much power as an electric clock. Not
only do auto or marine batteries last longer, but
when batteries get low, Cadre solid state transceivers
operate where others might not.

Reliability is only one reason why Cadre solid state
CB transceivers are your best buy. Performance is
another part of the story—plenty of transmission
punch on b crystal controlled-channels—long dis-
tance reception with the dual conversion superhet
receiver. And unwanted noise and adjacent channels
are effectively suppressed.

FOUR POWERFUL SOLID STATE 5-WATT, 5 CHANNEL
MODELS for every possible application—base station,
mobile, field. New Cadre 510-A—AC/DC 23 channel
manual tuning $199.95. Cadre 515 same as 510-A
less manual tuning $185.00. Cadre 520 DC only with
battery cable and mounting kit. For mobile and port-
able use from 12 volt batteries $169.95. Cadre 525
model 520 in portable pack carrying case with built-
in battery/power supply, recharger, AC cord and
telescoping antenna for complete field portability.
$249.95.

FULL POWER, 1.5 WATT HAND HELD RECEIVER CADRE
C-75 Solid-state throughout. Two crystal controlled
channels. Sensitive receiver, powerful transmitter
with one watt output to the antenna. $99.95. Re-
charger and set of (2) nickel-cadmium batteries.
$28.06. Cartridge for (9) penlite cells. $2.65.

cao e NDUSTRIES CORP. COMMERCIAL PRODUCT
DIV. [J ENDICOTT, NEW YORK [J AREA CODE 607, 748-3373.
Canada: Tri-Tel Assoc., Ltd., 81 Sheppard Ave. W., Willowdale,
Ont. Export: Morhan Export, 458 B'way, N. Y. 13, New York.
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ANTICIPATION ¥

He's contemplating the strategy of-a summer’s day
a shallow stream . . . a supple rod . . . a smooth cast.

Each pool . . . each bank becomes a new test of his
artistry and ingenuity.

What tapered leader? . . .What sized hook?. .. Will it
be Royal Coachman or Whirling Dun...Brown Spider
or Gray Hackle?

Within these pages he finds information and prod-
ucts that enlarge his desires. . . enhance his prowess.

His fulfillment depends upon experience.. . .
tenacity . . . knowledge . ..

... and he reads this magazine, just as you do.

MﬂMIZINESIYOUR WORLD OF IDEAS AND PRODUCTS !
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TEREO

SCOTT ] ——
CUSTOM

STEREQ
GUIDE

New 24-page 1964 Custom Stereo Guide packed with
photos, descriptions, and specifications of all Scott
tuners, amplifiers, tuner/amplifiers, speakers, and kits.

Also . . . articles and pictures on decorating your home
with stereo, selecting a tuner and amplifier, and how
FM muitiplex stereo works. Send for your copy today.

i 1
| Rush ma the new 1964 Scott Guide to Custom Stareo. 130-04 |

| Name............ e eenons yagageesogesenpasmwaneses N |
| Mdress...................., SN N |
| ety e Zone......Shle......oov.en... |
| nn

LK. Scott, Inc. |
Ll SCOTT i
| EXPORT: Mortan Exporting Corp., 458 Broatway, M. Y. €. |
i CANADA: Atlas Radio Corp, 50 Wingold Avenue, Tnmnt:J

Stereomnibus. . . Here’s a 60-watt stereo re-
ceiver that combines everything but speakers.
changer and tape deck in a 5%4 x 16 x 15-in.
cabinet. Model KN-360, the unit pulls in
AM or stereo-FM broadcasts on its own

built-in tuners and it incorporates a stereo
preamp and a stereo amplifier to boot. Inputs
are provided for tape head, magnetic phono
and auxiliary; controls include input selector,
mode, balance, bass, treble and volume.
$249.95. Allied Radio Corp., 100 N. Western
Ave., Chicago, Ill. 60680.

Versatile VOM . . .
A big (6-inch) meter
and a 20,000 ohms-
per-volt input resist-
ance on DC (5000
ohms-per-volt on
AC) are two reasons
to take a good look
at the TE-900 volt-
ohmmeter. It offers
a variety of ranges
for accurate meas-
urement of voltages
to 5,000 V; current to 10 amps; resistance

July, 1964

to 20 megs; and decibels to +50db. Fre-
quency response is within +£0.5db all the
way from 10 to 100,000 cycles, and a single
1.5-volt battery in the ohmmeter circuit pre-
vents burnout of low-current-drain devices.
Full-scale accuracy is =3 per cent, DC; =4
per cent, AC; and =3 per cent, resistance.
Meter sensitivity is 50 microamps, and 1
per cent multiplier resistors are used through-
out. Made of heavy-gauge steel and high-
impact plastic, the TE-900 comes complete
with test leads and batteries. $26.95. Lafa-
yette Radio Electronics Corp., 111 Jericho
Tpke., Syosset, L. I., N. Y. 11791.

Panic Pin . . . When one of the series
334000 fuses blows, an indicator pin pops
out to show which one’s guilty or to actuate
bell, buzzer, flasher or other alarm. The
1v4 xY4 -inch fuses are available in amperage
and voltage ratings all the way from % amp

at 125 volts through 20 amps at 32 volts.
Suitable for most any kind of circuitry, these
self-incriminating fuses come with built-in
red or silver pins that will either point the ac-
cusing finger or sound the alarm. Littlefuse.
Inc., 1865 Miner St., Des Plaines, 11.60016.-§-
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BEST BUYS IN STEREO AND MONO HI-FI

- - 70-Watt Integrated
Ly ©

Stereo FM Muitiplex Tuner ST97 = Stereo Amplifier ST70

Stereo/

FM-AM Stereo Tuner ST96
Kit $89.95* Wired $129.95*

Sterec Amplifier ST40
Wired $129.95

(transport assembled & tested)

$199.95; Wired $269.95 Kit $79.95

New
Classic
Series

36-Watt Stereo Amplifi

New Classic Series

36-Watt FM-Muitipiex
Stereo Recelver 2536

Kit $154.95* Wired $209.95*

New Classic Series
FM-Multiplex Stereo Tuner 2200

Rit $92.50°; Wired $119.95%  aou-2090 K. $92.50; W

Kit

Wired

70W HFBIA: $74.95 $114.95
100W HFBYA:$99.50 $139.50

2-way System 632'° woofer.
W. 329,95 ¢ 2-way system
HFS8. W. §44.95 «
woofer HFS-6. X, $59.95;

12-watt Mono Amp. HF.12A
K. $39.95; W. $59.95; Incl. Metal Cover
FM Tuner NF-S0A K. $44.95°; W. $69.95°

Duat Conversion CB Trans.
ceiveg 7;7. Kit $115.95;

W.$189.95 Hand held

Citizens Band

ééﬂ#::;ises Trar':sceiver #740
A 5 incl.

ceivers rechargeable

from Kit

$79.95; ©= 0. Transmitters from $59.95 ReReRypachatger;

Wired 50 wall CW transmitter 2720 ~  Kit $54.95.

$109.95 Kit $89.95. Wired $129.95 Wired $79.95,

Peak-To-Peak

Tube Tester #628 £565. Kit $24.95:,

#
Kit $39.95; Wired $49.95 Kit $89.95; Wired $139.95

mopo Kit $99.95*  Wired $149.95*  Kit $99.95  Wired $149.95
4-track $ —=
tapi | 2 e _—-ﬂ
de¢ - TR T =

e e e 9@
3 motors -
#2400 L L L | t d
Semikit 40-Watt integrated

Kit $79.95; Wired $109.95
. $129.95
80W-2080 K. $112.50; W, $159.95

3-way system 10"
W. $89.95

VIVM #232 .
& Uni-Probe® 0C—5 MC % s
(. fect 5” Scope #460 Y% @ o*
wli,ed 5;595'95 gﬁ;\:;g; ’ w}rfda%ngSQ.SO ‘i.. _‘1 2l 160 116N $I0EEITY TN,
VIVM §222 . 3’ Scope #430. General Purpose 5 Scope #427
Kit $27.95 Wired $42.9 Kit $65.95; Wired $99.95. Kit $69.95 Wired $109.95
Dynamic V-0-M
gogdu&ctance 7 - 1000
ube T m ohms
Transistor Y RF Signal = volt
Tester. Ggr;erator :’ ; fi?t“
#667 Kit £324 | e — INC.
$79.95; Kit $28.95 B g $lass: o e CCTRONIC INSTRUMENTED.
Wired Wired $39.95 S ¥9p o e 1 EICO ELEC T ave, Flushing. N- Y-
$129.95, : 4 30,6oo‘onms voit 131.01 39th AV €17

Kit $44.95; Wired $59.95 Wired §29,95 I 0 Send
Extra Low ‘
Rippie 6- & ‘ Name
12V Battery.
Elig\r{gator ¢ ! |
rger. . @b ress

Kir sas 05 Swatps oo k ) e

i .95; weep & v [-] 8
Vired $54.95 Post Injec. $© © s 2 | Zone..... State ot
£1050. Kit $29.95; Wired $38.95. tion Marker Deluxe Muiti-Signal 1 City ne West S U
£1060 for transistor equip. Generator #369 Tracer £147-A Add 5% in the

Kit $29.95; Wired $44.95) __ _

er 2036

A fine-up of the
bestbuys in stereo
hi-fi, tape record-
ers, test equip-
ment, CB & ham
gear.You can save
up to 509% by
building them
yourself, or buy
them factor

wired and still
have the best val-
ues available.
More than 230
Eico products
to choose from.

HFS-10.
8 woofer

1964 Catalog.

Listen to the EICO Hour, WABC-FM, N. Y. 95.5 MC, Mon.-Fri., 7:15-8 P.M.
24

Electronics Illustrated


www.americanradiohistory.com

&

OUR SPECIAL FEATURES
ON THE VACUUM TUBE

8asic Course In Vacuum
Tubes: John T. Frye ex-
plains the theory and uses
of the tube iIn Its major
forms.................page 2§

Three Ezperiments with
Vacuum Tubes........ page 37

AC/DC Rodio: Showing the
tube as o rectifier, local
oscillator, mixer, IF ompli-
fier, diode detector, audio
amplifier.............. page 38

Stereo Amplifier: Showing
the tube os a smali-signal
amplifier (preamp), phase
inverter, power amplifier
(output pentode)...page 42

FM  Transmitter: Showing
the tube as o half-wave
rectifier, preamplifier, re-
actonce modulator, Col-
pitts oscillator.......... page 47

July, 1964

BASIC COURSE IN

B8y JOHN T. FRYE,
W9EGY

ETTING TO KNOW vacuum tubes is, for some people,

a little like getting to know next-door neighbors. They

live right along with tubes and neighbors for years without

ever taking the trouble to lean over the fence and introduce
themselves.

Obviously, the vacuum tube can’t introduce itself to you,
so we've arranged this introduction to accomplish the job. To
prepare you, we’d best tell you first of all that the tube
comes in many shapes and sizes. And, though tubes have
been around for years, they aren’t necessarily wrinkled and
grey. Matter of fact, spanking new ones in a dozen different
configurations are being developed at this instant,

Bear in mind, too, that the vacuum tube appears in more
guises than a chameleon has colors. A tube can be, anmong
other things: a rectifier that changes alternating current into
direct current, a generator changing direct current into alter-
nating current of any desired frequency, a flawless magnifier
of varying voltages, a cross-breeder mating two frequencies
and producing an entirely new offspring frequency, or a
lightning-fast artist painting pictures rich in detail in a thir-
tieth of a second.

Ready to meet the vacuum tube? Come on, then—let’s go!

25
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The Ingenious Electron. “I owe
everything I have to spaghetti,” a
curvaceous, well-endowed Italian
movie star said recently. In a simi- i
lar vein the vacuum tube might A
confess, “I owe all my magic power :
to electrons.” This being the case,
let’s begin by brushing up on our
electron theory.

All matter is made up of atoms.
And an atom consists essentially of
a positive nucleus surrounded by
whirling planets of negatively-
charged electrons. The total charge of the negative electrons in Fig. 1 just
balances the positive charge of the nucleus so that the atom normally has
a neutral charge.

“Like charges repel; unlike charges attract.” Remember this, even if
you have to tattoo it on your chest. It explains why electrons keep circling
their nucleus, why they are strongly attracted to any positively-charged
object, why they are repelled by a negatively-charged object, and why,
having similar charges, they even repel each other.

Consider what happens when a wire is connected from the electron-
starved positive terminal of a battery to its negative terminal, just oozing
with a surplus of electrons. The positive terminal steals electrons from the
near-by atoms of the wire, leaving them with positive charges. They, in
turn, grab electrons from neighboring atoms; and this bucket-brigade
thievery goes on until it reaches the other end of the wire. There the atoms
replenish their raided electron complement from the negative battery
terminal.

The directed movement of electrons through the conductor constitutes
an electric current. But what would you say if we proposed to create an
electric current without a conductor? Sounds like asking a tight-rope walker
to do his act without a rope, doesn’t it? Let’s try it, anyway.

The first step is somehow to persuade the electrons to leave their con-
ductor. We do this by giving them a hot-foot. A certain amount of random
electron-swapping always is going on among the atoms of a conductor
even when no current is flowing through it. But at ordinary temperatures
the atom-hopping electrons do not have sufficient kinetic energy to breach
the surface. Heat, though, affects them the way it does Mexican jumping
beans; they become livelier and friskier until some manage to go through
the surface like leaping carp. As the temperature goes higher, more of them
accomplish this feat until the heated conductor is surrounded by a cloud
of escaped or emitted electrons.

We can do two things to aid their emission: (1) select a conductor for
good emitting qualities or coat it with oxides, such as barium or strontium,
that have these qualities; and (2) place the conductor inside a glass bulb
and pump out the air. This last step is necessary so the truant electron will

A=NUCLEUYS B=ELECTRONS |
Fig. |
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not have to shoulder aside atoms of air or gas 1,800 times its mass in
leaving the conductor. Surrounding the hot filament—that’s the alias our
heated conductor assumes when it becomes a tube element—with lots of
nothing has another advantage. It keeps the filament from burning up or
“oxidizing” the way the tip on a soldering gun does in the air.

Passing an electric current through the emitter is a good way to make
it hot enough to emit electrons, but there are times we do not want heating
current going through the emitting material. In that case, we simply form
the material into a sleeve and slip it over the filament as has been done
with the tube shown in Fig. 2. The temperature of this sleeve, or cathode,
is raised by heat radiated from the filament. With this arrangement, the
filament is called a heater since it has the job of heating up the cathode
to make it emit electrons.

Current Without Wires. You probably have heard of diode, triode, and
pentode tubes (that’s a pentode in Fig. 2); but did you ever hear of the
monode one-element vacuum tube? That’s odd; it’s the most common type.
Every incandescent lamp bulb is a monode vacuum tube! It has a heated,
electron-emitting filament inside a vacuum, doesn’t it? Admittedly, though,
it’s not much good for working vacuum-tube magic. The emission of nega-
tive electrons leaves the filament with a positive charge that tends to draw
them back to it; furthermore, the electrons already emitted are pretty
repulsive to would-be AWOL electrons. (Like charges repel, you know.)
The end result is a kind of fountain-in-a-fishbow! action in which electrons
are constantly leaving the filament or cathode and returning with no really
significant change in the electronic status quo.

I my e

= =

e
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What we need is some way to
collect the emitted electrons and
keep them from returning to the
filament. This is as easy as pie for
us hindsighted scientists! We simply
put a metal plate inside the tube
and use a battery to place a strong
positive charge on it with respect
to our cathode (see Fig. 3). Now
many emitted electrons, instead of
going back home, will be lured to
the plate by its stronger attraction.
Their places on the cathode will
be filled from the negative terminal of the battery. Note the arrows in
Fig. 3 and you will see that this movement of electrons from cathode-to-
plate, plate-to-battery, and battery-to-cathode constitutes an electronic
current flowing through the cathode-to-plate span without the aid of a
conductor. We did it!

The tube is called a diode because it has two elements. The filament, or
heater-and-cathode combination, counts as one “emitting” element. The
positively-charged plate, or anode, is the other “collecting” element.

AC to DC.“So what good is a diode?” you ask. For one thing, a diode
is a rectifier that can change zig-zagging alternating current (AC) into
pulsating, one-way, direct current (DC). Look at Fig. 4. Transformer
winding L1 furnishes current to heat the filament of the diode. Winding
L2 connects between the plate and filament through the load resistor. The
AC induced in this winding makes the plate first positive and then nega-
tive sixty times a second with regard to the filament. When the plate is
positive, it attracts electrons from the filament and current flows in the
direction indicated by the arrow. But what happens when the plate is
negative? Not a thing! A negatively-charged plate is great big nothing to
electrons, and they stay home. In other words, our diode is an electronic
check-valve that permits current to flow freely through it in one direction
but stubbornly bars movement in the opposite direction. No wonder the
British call a vacuum tube a “valve”!
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Fig. 4 shows how pulses of current through the load resistor correspond
to excursions of the AC voltage applied to the plate. Now we see why this
arrangement is called a half-wave rectifier. The tube loafs while its plate
is negative, and we get no current output during that half of the AC cycle.
We can fix that! We just put another plate in our diode, making it a
duo-diode, and connect the plates to the ends of a center-tapped trans-
former winding as shown in Fig. 5. The resulting full-wave rectifier puts
out current during practically the whole AC cycle. When one plate is
negative, the other is necessarily positive, and current is kept flowing
through one half or the other of the transformer winding as indicated by
the arrows.

Though both the half-wave and the full-wave rectifier perform the same
task—that of changing AC to DC, the full-wave version obviously does
a much better job. Assuming that our rectifier is operating from a standard
60-cycle AC line, the half-wave setup will deliver DC pulses 60 times every
second. But a full-wave circuit will furnish 120 DC pulses every second,
and, more importantly, there will be almost no gaps between them. This
means that the output of a full-wave rectifier can be smoothed into pure
DC much more easily than can that of a half-wave hookup. As a result,
the simpler, half-wave version appears primarily in inexpensive elec-
tronic equipment—AC/DC radios, for example.

The graphs of Fig. 4 and 5 show that the amount of current flowing at
any instant depends on the plate voltage at that time. Why don’t all
the electrons the filament is capable of emitting flock to the plate the instant
it becomes slightly positive? The answer is space charge. While some of
the emitted electrons are attracted to the slightly-positive plate, others
just stand around, doing nothing, in the space between the filament and the
plate. And electric charge exerts force according to its distance. Therefore,
electrons trying to escape from the filament hear the negative “Stay put!”
of the space charge much louder than the positive “Come on!” of the more
distant plate. Increasing the plate voltage gradually cuts down this distance
advantage of the space charge, and more electrons are drawn to the plate.
A forthright way to reduce the current-limiting effect of the space charge
is simply to move the plate closer to the filament so that there is less room
for the space charge to exist!
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The Piggy-back Rider. Before we discuss the diode detector that re-
covers modulation from a radio-frequency carrier, we’d better examine
a modulated carrier as shown in Fig. 6. Here the modulating signal “A”
operates on unmodulated carrier “B” to produce modulated carrier “C.”
Notice modulation affects the amplitude of the carrier with regard to time.
The carrier develops bulges and dips that correspond, both in frequency
and amplitude, to the respective positive and negative peaks of the modu-
lating signal. And, since the modulating signal would not go far without
the carrier, you might say it’s really stealing a ride, piggy-back fashion.

Unfortunately, this modulated carrier will not operate an earphone
directly, either. We need an AC current surging back and forth through
the earphone coil to vibrate its diaphragm. The voltage of our modulated
carrier is increasing and decreasing, all right, but it goes two ways at
once. Every increase or decrease on the positive side is countered per-
fectly by a similar change on the negative side. This is like two men
trying to operate a
crosscut saw by
both pulling or
pushing at the same
time. If one yells,
‘““Please . . . I'd
rather do it myself!”

and the other lets

UNMODULATED
go, the saw starts canein B

MDOULATING
SI6NAL

working. There’s an
idea! Let’s use our
half-wave rectifier
to get rid of half the . +
modulated carrier. NODULATED o

Replace the AC = =
transformer of Fig. ;
2 with an RF or IF 7. O
transformer, substi-
tute a pair of earphones for the load resistor, add capacitors Cl and C2
and you have Fig. 7. The diode doesn’t care if the frequency has gone up
from 60 cycles to 455,000 cycles per second or better and that the voltage
of this high frequency is varying all over the place. It just goes right ahead
chopping the negative half off each carrier cycle and passing the positive
half as a pulse of current. We're not interested in the individual pulses of
carrier current; so capacitor C2 is added to blend these pulses together.
Its size is such it cannot charge and discharge during the time of a single
carrier cycle; therefore the voltage across it follows the average height of
the positive pulses, as shown in Fig. 8. Now the voltage across our ear-
phones, and consequently the current through them, rises and falls exactly
in step with the carrier modulation. Our rectifier has become a diode
detector right before our eyes!

Controlling the Flow. Something about a flowing current of any kind
invites interference; so before long an engineer stuck a loose grid of wire
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in the stream of
electrons flowing
from cathode to
plate. He quickly
discovered small
variations in a nega-
tive bias voltage ap-
plied to this grid
had tremendous ef-
Fig. 7 fect-ofi plate cur-
rent. A few negative
grid volts com-
pletely nullified the attraction of many positive volts on the more distant
plate and entirely cut off the flow of electrons. As the grid voltage was
reduced, an increasing number of electrons slipped between the grid wires
and reached the plate, causing plate current to rise. In other words, the
grid voltage exerted a smooth, control-valve action on plate current.
This is shown in
Fig. 9 in which
plate current is
plotted against grid
voltage for a typical
triode tube.

If you imagine
the electrons in the
tube as a group of
cars or people, the
control grid be-
comes a sort of
traffic policeman. It
not only tells elec-
trons to stop or go, but it also decides how many can pass by at any given
instant. Thing is, the control grid is so fast even the best of policemen
could not even begin to keep pace. For the grid can stop or start its electron
traffic with the speed of light—186,000 miles per second! Furthermore,
it does not matter one bit to the tube whether the voltage on its grid is
steady DC or AC

CURRENT THRU PHONES
- S Frg, 8

v - that’s varying from
[,4 ﬂ i soup to nuts. The
5 /2 tube will go right on

controlling electron
flow in precise ac-
cordance withwhat-

®
PLATE CURRENT MA

4
I ever voltage hap-
i _,¢4/_3 5 —q = 0 pens to be on its
w{l GRID BIAS VOLTS grid at a particular
Fig. 9 time.
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We can put our new triode to work immediately as a plate detector. Fig.
10 is the circuit. Enough bias voltage is placed on the grid to reduce the
plate current to nearly zero. A modulated carrier from a broadcast station
is introduced in series with this bias voltage so positive and negative swings
of the signal voltage add to or subtract from the bias voltage, as shown in
Fig. 10. Negative excursions of the signal voltage, making the grid more
negative, have no effect on the already-zero plate current; but positive
swings reduce the bias voltage and cause plate current to flow. Thus, plate
current responds only to variations in the positive half of the carrier and
will work earphones in the plate lead. What’s more, the plate current
variations are stronger than the feeble carrier-current variations producing
them.

This last fact is very important because it hints at the real advantage of
a triode over a diode: the triode can amplify a signal. We need such
amplification because the signal delivered by a detector is ordinarily quite
weak and must be beefed up a great deal before it can fill a room with
sound from a loudspeaker.

The Artful Amplifier. Fig. 11 shows the basic circuit and operation of
a voltage amplifier. Grid bias from the battery sets the no-signal plate
current near the center of the straight portion of the characteristic curve.
Current through R produces a voltage drop across it directly proportional
to the plate current. Making the grid less negative increases the plate
current and the voltage drop across R, but it also decreases the plate
voltage. Making the grid more negative decreases plate current and
voltage drop across R, but increases plate voltage.

Now let’s start our grid-circuit signal generator, which serves as a
stand-in for a signal fed from the detector, and see what happens. The
output of the generator is a low-voltage, AC, audio-frequency signal.
The varying, reversing voltage of the generator output combines with the
bias voltage to produce a resultant voltage on the grid that bobs up and
down equally on either side of the fixed bias voltage. The plate current
“twists” right along with the dancing grid voltage; and so, consequently,
does voltage drop across R. But since the instantaneous voltage on the
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plate equals 300 minus the voltage drop across R, the plate voltage goes
more positive as the grid goes more negative, and vice versa.

Most interesting is the amount the plate voltage changes compared to
the grid voltage change. Using Ohm’s Law (Oh, come on now! You
know about Ohm’s Law!) to compute the voltage lost across R will con-
vince you a change in plate current of only ! milliampere will cause a
plate voltage change of 47 volts. In Fig. 11 a peak-to-peak grid voltage
swing of 4 volts causes a peak-to-peak plate-current change of about 1.6
ma and a peak-to-peak plate-voltage change of 70 volts. The output
signal is a curve-by-curve mirror-image of the input signal, but it is 17%2
times greater!

Our voltage amplifier is no more frequency-conscious than was our
diode. If we replace the input and output circuits with tuned circuits, as
shown in Fig. 12, it will amplify RF or IF voltages just as readily as
it does audio voltages. The tuned circuit in the plate lead takes the
place of resistor R, and a varying voltage drop occurs across its high
impedance just as
happened across
the high resistance
of R. By trans-
former action, this
voltage is induced
in the secondary
of the transformer
for use by the
following stage.
Tuned circuits not
only deliver high-
frequency signals to
our amplifier and take them away after they are amplified, but they also
serve to select particular frequencies to be amplified and to reject others.
Our tube, meanwhile, merrily amplifies anything that is fed into it, silently
but efficiently performing a well-nigh invaluable task.

Frg. /@
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The Weight Lifter. Voltage amplifiers before and after the detector can
take a weak signal and build it up to a peak value of several volts, but
such a signal still lacks the power to drive a speaker. Electrical power
equals voltage-times-current, and the plate circuits of our voltage ampli-
fiers have only two or three thousandths of an ampere flowing in them.
We must use another tube, as shown in Fig. 13, to transform our amplified
signal voltage into power.

A power amplifier resembles a voltage amplifier the way Gina Lollo-
brigida resembles a skinny weight-watcher; there’s just lots more of every-
thing. In fact, the power tube is the weight lifter of the tube family. Its
plate is larger and heavier; its huskier filament or cathode puts out more
clectrons; its bias is many volts more negative; its resting plate current
is much greater; and the signal applied to its grid has much more swing.
The impedance of the transformer primary in the plate circuit usually is
a fraction of the resistance of the load resistor of a voltage amplifier, but
much heavier current surges through it develop equal or greater voltage
drops across it. The combination of high voltage and heavy current in
the primary produce several watts of power to drive the speaker connected
to the secondary.

More and More Grids. Great as it is, the triode is not a perfect tube for
all applications. For one thing, its grid and plate form a small capacitor
that sometimes permits power from the output circuit to leak back into
the input circuit and cause trouble. A second fault with the triode is that
an increase in signal to the grid produces an increase in plate current that
causes a droop in plate voltage that tends to decrease plate current.
You better read that again—slowly. Now do you understand that any
change in plate voltage usurps and opposes some of the grid’s rightful
control over plate current? When the grid has only partial control, the
tube’s ability as an amplifier is impaired.

Both of these defects were solved at one stroke by placing another grid
in the tube between the control grid and the plate, thus making the tube
a tetrode. But this new screen grid created other problems all its own,
which, in turn, were solved by adding still another grid—the suppressor,
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thus producing a pentode. Each of these various types of tubes has its
individual characteristics, of course, but all are variants on the simple
triode. They just make greater use of some wire-mesh grids, that’s all.

DC to AC.Now that we’ve learned something about how they amplify,
let’s see what else tubes can do. A very important bit of electronic magic
is turning DC to AC with a vacuum-tube oscillator.

Think hard about what happens when a charged capacitor is connected
across a coil of wire. Electrons from the negatively-charged plate race
through the coil toward the positive plate, creating an expanding magnetic
field around the coil. As charges on the capacitor plates begin to equalize,
the current tries to slow down; but then the collapsing magnetic field
drives the electrons on into piling up on the plate that was originally
positive. Eventually the crowded electrons start back through the coil,
and the whole process is repeated. Electrons keep sloshing back and forth
through the coil the way water in a tipped dishpan sloshes back and forth.
But each “slosh” of this damped oscillation (no pun intended!) is a little
weaker than the previous one—unless carefully timed bits of energy are
fed into the circuit to replace the energy losses.

In the case of the water, this energy can take the form of one-per-slosh
nudges of the dishpan; but no one can work a switch fast enough to inject
a bit of electrical help into each half-cycle of an oscillation rocking back
and forth millions of times a second. A tube is fast enough, though, when
it is connected to our oscillating circuit as shown in Fig. 14. Any tiny
disturbance that makes the grid a bit positive causes plate current to
increase and the magnetic field about L2 to expand. Voltage induced into
L1 by this field drives the grid more positive, producing more plate cur-
rent. The self-inflating process stops only when the voltage drop across
the impedance of L2 is so great that the reduced plate voltage no longer
will support an increase in plate current. At this point, the magnetic field
about L2 starts to collapse, reversing the voltage induced in L1, and
starting the grid voltage in the negative direction. It keeps going, pushed
by the induced voltage from the collapsing field, until plate current is
cut off. Then the grid moves in the positive direction, and we are back
where we started.

Do you see how cleverly
the vacuum tube succeeds
in feeding just the right
amount of energy into the
oscillating circuit at just the
right time to keep it going?
And do you also see that a
vacuum-tube oscillator ac-
tually is a special, dog-
chasing-his-tail application
of a vacuum-tube amplifier?
Good! You’re thinking
while you read.
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Now let’s talk about the tube that rubs two frequencies together and
produces a new one. We call it a mixer, and Fig. 15 is the diagram of a
simple circuit. Here, the carrier from a broadcast station (1200 kc) is
connected in series with a signal from a local oscillator (1655 kc) between
the grid and cathode of the triode. What happens? The 1200-kc carrier
modulates the 1655-kc signal to produce a frequency equal to the differ-
ence between the two original ones—in this case, 455 kc. ,

Think first of the grid as the plate of a diode, and you can see that
the demodulated signal of 455 kc will appear across the load resistor R,
and consequently on the grid of the triode. Since it is the grid of a triode,
the triode will amplify this 455-kc signal, and it will appear across the
primary of the IF transformer tuned to that frequency. The carrier of
any broadcast station can be converted to 455 kc simply by parking our
local oscillator 455 kc above or below the broadcast frequency and allow-
ing our mixer to extract the difference frequency. That is how the front
end of a superheterodyne receiver works.

Pictures Yet! The most spectacular of all vacuum tubes probably is the
kinescope or picture tube. You certainly already know about this creation,
since every TV set uses one. It’s a wing-ding of a tube and, by controlling
electron flow with a grid, just like most any other tube, it succeeds in
painting a picture made up of shaded horizontal lines. What's more, by
making minute changes in that picture 30 times a second, it's fully capable
of producing the illusion of movement!

A detailed explanation of a picture-drawing tube would be as hard to
follow as a talking dog; so reluctantly we bring down the curtain on the
vacuum-tube’s one-man show. Many more characters are in his repertoire:
the phase inverter, the thyratron—but just listing all the roles takes up too
much space. You're not chicken, though, or you would not have held on
this long; so the following list of books is appended to help you keep right
on grappling with the protean vacuum tube and wringing answers out of

him. Don’t forget: he has the answers to all your -electronic problems!
Basic Radio Course, by John T. Frye. Gernsback, $5.75
Electronic Technology Series. Rider
Radio & TV Circuitry and Operation, by A. A. Ghirardi.
Holt, Rinehart & Winston, $9
Radio Amateur’s Handbook. American Radio Relay League, $3.50
RCA Receiving Tube Manual. Radio Corporation of America, $1 "-
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EXPERIMENTS
with vacuum tubes
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BOTTON VIEW)
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Diode Detector e
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L2 ! =~ WATER-PIPE
k GROUND
— PHONES "Fu 18 Chrcuit is wired in breadboard fashion and will

receive local stations. Knob can be odded w0 C).

Oscillator
(74
L] A~
L&/
L2
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A g iliator prod unmodulated RF sig-
nal which can be picked up on nearby AM set,

RS = s L Sk s

S50’

7 i - it
b t WATER-PIPE
Al GROUND
PHONES 82 8/ Broadcast signal induced imto oscillator circuit
forms mixer. Beat frequency is heard in phones.
PARTS LIST mmf or greater Phones—Magnetic earphones
€2—0.005-mf mica capacitor with impedance of 500 ohms
B1—1.5-voit battery (Type D LI, L2, L3—60, 20 and 5 turns or greater
flashlight cell) respectively of #22 enameled R1—220,000-ohm, Y;-watt
B2—67.5-volt battery (Burgess wire closewound on 3-inch resistor
XX45 or equivalent) dia x 5-inch long cardboard V1—1H5-GT tube
Cl—Variable capacitor with tube (Y4-inch between wind- Misc.—Octal socket, grid cap,
maximum capacity of 250- ings) wire, solder, etc.
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By DICK FLANAGAN and HERB FRIEDMAN

Four tubes, new circuit and as hot as its 5-tube forefathers!

YOU MIGHT SAY the All-American 5
did for radio what Betsy Ross did for
the flag. Why? Well, American flags came in
all shapes and sizes until a little seamstress
named Betsy stitched up a design that be-
came standard. And, in the days following
development of the first AC-operated tube,
radios came in every configuration under the
sun. Triodes were used for everything from
RF amplifiers to power tubes, and there were
enough transformers on those early chassis
to heat a five-room doghouse.

But the move toward line-operated re-
ceivers eventually dumped those trans-
formers.

In time, a five-tube hookup evolved that
proved all but unbeatable. Matter of fact, the
All-American S was top dog in the radio re-

38

Built on 5x7x2-inch chassis to fit in cabinet
above and at right, radio Is styled for living
room or den. The loopstick antenna is in front.
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