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LET RCA TRAIN YOU
IN ELECTRONICS

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

ELECTRONICS FOR AUTOMATION

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

j Electronic Fundamentals : _ 1Electronics
: i or
Automation

" Television
Servicing

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

RCA lNSTlTUTES, INC. Home Study Schosl, Dept. EG-20

A Service of Radio Corporation of America

Send for our

64 page Home 350 West Fourth Street, New York 14, N. Y.
Without obligation, send me the FREE catalog of Home Study Courses. No
stlldy catalog salesmon will call.
FREE' Name ........cveveunnnnens pleleia oTie s e oo RO Age......0000 -
i Address . ... veeinceieinsrsmsrtaosreriasrercecnasnnnsoomssosoane
RESIDENT SCHOOL offers Tech- CHY i B E 00 B sioiminss o 8156 s o 4 o isa e e Zone..... State %

nical Institute and Vocational
School Courses in Electronics. Day
and Evening classes start 4 times - e
each year. Resident School Cata- A 2y
log sent free on request.

ANOTHER WAY RCA SERVES EDU- &
CATION THROUGH ELECTRONICS ]

Veterans: Enter dischargedate .............coioeunvaeeninnie eemans

=

ANADIANS — Take advontoge of these some RCA courses ot no
| cost. No p ge, no customs, no delay. Send coupon to:

RCA Victor Company, Ltd., 5001 Cote de Liesse Rd., Montreal 9, Quebec

To save time, posie coupon on polkold.




HOW WOULD YOU LIKE TO BREAK INTO
ENGINEERING STARTING NEXT MONTH?

Your start in Engineering could mean higher
pay, more interesting work, a real chance for
advancement. Here’s how to do it—fast!

A career in Engineering may be closer than
you think, whatever your age or education or
present job.

You know about the tremendous demand for
engineers and technicians. But do you know
how easy it is to get the training that will
qualify you for this vital work, and how
quickly you can advance?

First Step Wins Job Consideration

The moment you enroll for a course in
Engineering you’re in a position to change
your job. I.C.S: Engineering Courses, for ex-
ample, start you off with Basic Mathematics
and Drafting. Most employers are quick to
accept men who start technical training.

Your Advancement Is Rapid

Your interest, your determination, your will-
ingness to spend free hours improving your-

For Real Job Security —Get an 1. C. S. Diploma!

INTERNATIONAL CORRESPONDENCE SCHOOLS

self all work in your favor. But your mastery
of engineering subjects is what wins you the
biggest boosts,

The 1. C. S. method makes it possible for
you to learn while you earn, to qualify your-
self for upgrading step by step—from Drafts-
man to Detail Designer to Engineering
Technician to full-fledged Engineer. It’s a
plan fitted to your needs, with personalized
instruction and guidance, and, if you like,
regular progress reports to your employer.

Mail Coupon for Free Books

If you are seriously interested in a fresh
start in an opportunity-packed field, then mark
and mail the coupon today. We'll send you
three free books — (1) the 36-page career guide
“How to Succeed,” (2) Opportunity outlooks
in your field of interest, (3) sample lesson
(Math) demonstrating I. C. S. method.

Accredited Member,
I.C. S., Scranton 15, Penna’. Nationai Home Study Council

BOX 14586B, SCRANTON 15, PENNA,

Without cost of obligation, send me "HOW to SUCCEED"” and the apportunity booklet about the field BEFORE which | have marked X (plus sample iesson):

{Partial list of 258 courses)

O Good English O Industrial Electronics
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ENGINEERING
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In Spare Time at Home=Prepare for a Better Job=—or
Your Own Business in One of the Many Branches of

You build and

keep this velvable

Vacvum Tube
VOLTMETER

RADIO = TELEVISION = RADAR

If you are seeking a better job or a business of your own,
the appealing field of Television-Radio-Electronics offers
REAL PROMISE!

In this fast-growing field, trained Electronic technicians find
many good-paying, inferesting jobs in manufacturing, in-
stalling, operating, servicing. Equally important is the fact
that these are GOOD JOBS—offering the kind of a future
that an untrained man often dreams about.

No previous technical experi-
ence or advanced education
needed. Prepare for this profit-
able field in your spare time
at home, or in our modern
Chicago or Toronto Labora-
tories. Nothing else like it!
Send for FREE details.

EARN WHILE YOU LEARN
) After you get port of DeVry Tech's

You build and keep this 5-
inch COLOR OSCILLOSCOPE
— almost a “must” for TV
servicing.

HOME MOVIES . . .
.. moke important points crystal
clear. Speeds your lsorning. It's
olmost like having an instructor
at your side!

Tv MILITARY SERVICE

1 you are subject to military

4
D.vr' Tech’s service, the information we
ogram alsa have should prove very
includes training holpful. Mail coupon to-

in Colar Television doy.

Buitd ond keep this BIG
DeVry Engineered TV set—
easily converted to U.H.F
DeVry offers another home
training, but without

the TV set.)

training with equipment ot home,
you may then ip your spore time,
begin to earn real money servicing
Radio and Television 1ets.

to Profitable Job Opportunities

TV-Radio Broadcast Technician
Color Television Specialist
Radar Operator ¢ Laboratory Technician
Airline Radio Man ¢ Computer Specialist
Quality Control Manager
Your Own Sales & Service Shop
« .« PLUS MANY OTHERS

i some EMPLOYMENT SERVICE EEHRAIE

that has helped thousands of our graduates
toward fine careers in Electronics.

' Get Informotion-packed
A c T " w publication FREEL
) Mail toupon today.

1
Send for FREE BOOKLET TODAY! p !
Accredited Member of Nati ‘
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One of North America’s 3
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” s 1 oremost Electronics - I b .
af 1} ']81 B B EED B Troining Centers | Please give me your FREE booklet, ““Electronics and YOU,” ond
W m i i tell me how | may prepare to enter one or more bronches of
Al - - a Electronics.
' _ = | .
bl B iy i o ! 1 ﬁ BT 78 e Nome e .. Age _
Street - Apt. -
D E K s
City Zone State __ -
DeFore - 3 Canadian residents address DeVry Tech of Conada, Lid.
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WE'RE MAKING IT EASIER THAN EVER TO BECOME A WELL PAID
RADIO-TELEVISION SERVICE TECHNICIAN

NOW - Just ”6 Starts You Training in

ADIO-TELEVISION

the SPRAYBERRY ‘“Learn-by-Doing’’ Way...

2 81G, COMPLETE KITS
of PARTS & EQUIPMENY

To help you lesrn {{nt the practics! slde
of Radio -Television, we
wend you expertly engi-
neered training hits to
1oet and assemble for
interesti
valual
shop-bench
peactice!

sacf

k> 4
J\J- The new Sprayberry

Tninlni Television Re-
ceiver, built snd tested
in 5 sections.

o Now offered . .. this ine
modern oscilloscope.

@ You build this powerful
two-band superhetero-
dyne radio receiver,

new Speay-
berry tester
—a complete
i18.ronge
Volt-Ohm -
Miil-am-
meter tent

« « « « This great industry is begging
for trained men . . . to step into good paying jobs
or a profitable business of their own! Our new
plan opens the doors of Radio-Television wide to
every ambitious man who is ready to act at once!

Men by the thousands...trained Radio-Television Service Techni-
cians...are needed at once! Perhaps you’ve thought about entering
this interesting, top paying field, but lack of ready money held you
back. Now — just $6 enrolls you for America’s finest, most up to
date home study training in Radio-Television! Unbelievable? No,
the explanation is simple! We believe Radio- Television must have
the additional men it needa as quickly as possible. We are willing to
do our part by making Sprayberry Training available for less money
down and on easier terms '.Kan ever before. This is your big oppor-
tunity to get the training you need...to step into a fine job or your
own Radio-Television Service Business.

-
Complete Facts Free —Act Now; Offer Limited
Only a limited number of students may be accepted on this liberal
and unusual basis. We urge you to act at once.. .mail the coupon be-
low and get complete detaiis plus our big new catalog and an actual
sample lesson —all free. No obligation...nosalesman will bother you.

HOME STUDY TRAINING IN SPARE TIME

Under world-famous 27-year old Sprayberry Plan, you learn entirely
at home in spare time. You keep on with your present job and income.
You train as fast or as slowly as you wish. You get valuable kita of
parts and equipment for priceless shop-bench practice. And every-
thing you receive, lessons and equipment alike, is all yours to keep.

LET US PROVE HOW EASILY YOU CAN LEARN!

Radio-Television needs YOU! And Sprayberry is ready to
train you on better, easier terms, that any ambitious mancan
afford. Just $6 starts you! Mail coupon today ... let the facts
speak for themselves. You have everything to gain. Let us
prove the kind of opportunity in store for you!

SPRAYBERRY Academy of Radio-Television

Mail This Coupon Now—No Salesman Will Call

Sprayberry Academy of Radio-Television

Depnt. 123-H, 1512 W. Jarvis Ave., Chicago 26, Il
Please rush all information pn your ALL-NEW Radio-Tele-
vision Training Plan. | understand this doen not obligate me
and that no salesman wiil call upon me. Include New Cat.
alog and Sample Leson FREF

S
RadioTelevision
TRAINING Pian
- NAME Age

ADDRESS

CiTy ZONE . STATE

1812 Jarvis Avenue, Dept. 123-H, Chicago 28, linois
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THE WORLD OF ELECTRONICS

An introductory survey

British Information Services

Above is the control desk of the radio telescope at Jodrell Bank. High-speed computers solve the equa-

tlons which enable the track of a star or planet to be plotted and followed automatically. Designed to
receive radio waves from space, the telescope can be used as a huge celestial radar transmitter.

MILLIONS of miracles are performed
by the science of electronics every
day. This fact somewhat bedazzles our
vision, and we fail to realize that, broadly
speaking, electronics is really nothing
more than electricity. That’s all. Just plain
old electricity, which most of us have
known all our lives.

Purists may cavil at that statement, and
earnest young students may pooh-pooh it,
but the fact remains that it is increasingly
difficult to draw any clear distinction be-
tween electricity and electronics. That both
of them are concerned with the flow of
electrons is now agreed by all but the most
antediluvian reactionaries. But time was
when the two sciences did seem to have
little or nothing in common.

Radio Tubes

Electronics was once concerned solely

Bell Telephone Laboratories
Lee DeForest is shown holding his audion tube
which became the magic key for unlocking the
door of a great and new scientific-electronic age.




¢~ These men are getting practical training in NEW Shop-lubs of \|

ELECTRONICS in Chicago—prepare for today’s TOP OPPOR- |

ON R TUNITY FIELD. Train on real full-size equip-
M Otors-Gfrér,;to ment at COYNE where thousands of successf?xl'
'S men have trained for over 60 years—largest, l

aizgf:ﬂﬁ;ﬂz; oldest, best equipped school of its kind. Profes-
Appliances— sional and experienced instructors show you
Automatc how, then do practical jobs yourself. No pre-
Electronic vious experience or advanced education needed.

Employment Service to Graduates. |
START NOW—PAY LATER—Liberal Finance and Pay-
ment Plans. Part-time employment help for students. '
GET FREE BOOK—““Guide to Careers”’ which describes
all traininfg offered in ELECTRICITY and TELE'
VISION-RADIO ELECTRONICS—no obligation;
NO SALESMAN WILL CALL.

Control Units

Coyne Electrical School, 1501 W, Congress Parkway
Chartered Not For Profit o Chicago 7, Dept. 20-9C -

. R s
P, L RADIO ELECTRONICS
_ M ot ON REAL MAIL COUPON Zoo

’ COYNE ELECTRICAL SCHOOL s
- W TV Receivers— Dept. 20-9C —New Coyne Bullding L
SO Tas Black and White | 1501 W. Congress Pkwy., Chicage 7, IIl.

and Color i Send BIG FREE book and details of all the training
AM-FM and you offer. However, | am especially interested in:
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Transistors 1
Printed Circuits Name. -
Test Equipment § ., ..

City = _State

The future is YOURS in TELEVISION! Send Coupon of white to address below
A fabulous field—good pay—fascinating work—a
prosperous future in a good job, or independence in for Free 8001(
your own business!
and full details,

Coyne brings you MODERN-QUALITY Television Home Train- g\acludégg elz)algy

ing; training designed to meet Coyne standards at truly lowest cost ynL" R

—you pay for training only —no costly “put together kits."" Not an N°l v gcho'lr;, 1L

old Radio Course with Television “'tacked on.” Here is MODERN salesman will call.
TELEVISION TRAINING including Radio, UHF and Color TV. r——=——=—""="=—""=—="
No Radio background or previous experience needed. Personal I COYNE Television
guidance by Coyne Staff. Practical Job Guides to show you how to | Home Training Division

do actual servicing jobs —make money early in course. Free Life- | Dept. 20-H9, New Coyne Building
time Employment Service to Graduates. } 1501 W. Congress Pkwy., Chicago 7, lll.

| Send Free Book and details on how I can get
® N ;
ELECTRICAL SCHOOL

Covue
SLecTRGaL oHoo

[ Coyne Quality Television Home Training at
| low cost and easy terms.

] " ' Name. =B
v, ;
CHARTERED AS AN EDUCATIONAL INSTITUTION B W. CGOKE, Jr, President l
NOT FOR PROFIT Cone—tha Institution behind this train- Address
1501 W. Congress Parkway + Chicago 7, Dept. 20-HS, ;:fi;,;,;“.':f,f,“,,:‘;‘,'j’;“;,“‘,;‘;_“,;‘v;;g‘;;’;?,;;f | City_ State



Using a model of a new-type germamium crystal,
a physicist demonstrates how germanium atoms
attach themselves to form crystals in thin strips.

Ribbon-like germanium crystal rises from molten
pool in this crystal growing furnace. Strip is
same form as used in making of transistors.

Westinghouse

Westinghouse

with the vacuum tube, and the vacuum
tube was used only for radio broadcasting
and communications. But in time the tech-
niques of radio were applied to a variety of
industrial applications, in control, meas-
urement and computation. Thus the
vacuum tube found itself doing all sorts of
jobs never envisioned by its inventors.
During those growth years, the science
of electronics was synonymous with the
science of the vacuum tube. But a change
in thinking was in order when some new
types of tubes had gasses introduced inside
their glass envelopes, and these tubes
began doing jobs which the vacuum tube
couldn’t do as well, if at all. So the broader
term electron tube came into use, and the
study of electronics was widened to in-
clude the behavior of electrons in gasses.
Later, we discovered that a variety of
crystalline materials had the properties of
semiconductors, which also can do many
jobs as well or better than vacuum tubes.
So now we must concern ourselves not
only with the movement of electrons in a
vacuum, but also in gasses and solids as
well. Which brings us just about full circle
from where we began. For the flow of elec-
trons through a wire conductor is also
electron flow through a solid. Electron mo-
tion differs in the various mediums, but
whether it be a vacuum, a gas, a conductor
or a semiconductor, it’s still electrons in



1 am printing my message in 8 maga-
zine. It may come to the attention of
thousands of eyes. But of all those
thousands, only a few will have the
vision to understand. Many may read;
but of a thousand only you may have
the intuition, the sensitivity, to under-
astand that what I am writing may be
intended for you—may be the tide that
shapes your destiny, which, taken at
the crest, carries you to levels of inde-
pendence beyond the dreams of avarice.

Don’t misunderstand me. There is
no mysticism in this. I am not speak-
ing of occult things; of innumerable
laws of nature that will sweep you to
success without effort on your part.
That sort of talk is rubbish! And any-
one who tries to tell you that you can
think your way to riches without effort
is a false friend. I am too much of a
realist for that. And I hope you are.

1 hope you are the kind of man—if
you have read this far—who knows
that anything worthwhile has to be
earned! 1 hope you have learned that
there is no reward without effort. If
you have learned this, then you may be
ready to take the next step in the
development of your karma—you may
be ready to learn and use the secret I
have to impart.

| Have All The Money | Need

In my own life I have gone beyond the need
of money. I have it. I have gone beyond
the need of gain. I have two businesses that
pay me an income well above any amount
1 have need for. And, in addition, I have
the satisfaction—the deep satisfaction—of
knowing that I have put more than three
hundred other men in businesses of their
own. Since I have no peed for money, the
greatest satisfaction I get from life, is shar-
ing my secret of personal independence with
others—seeing them achieve the same
heights of happiness that have come into
my own life.

Please don’t misunderstand this state-
ment. I am not a philanthropist. I believe
that charity is something that no proud
man will accept. I have never seen a man
who was worth his salt who would accept

I'd like to give this to

my fellow men...
while I am still able to help!

I was young once, as you may be—today
I am older. Not too old to enjoy the fruits
of my work, but older in the sense of being
wiser. And once I was poor, desperately
poor. Today almost any man can stretch
his income to make ends meet. Today,
there are few who hunger for bread and
shelter. But in my youth I knew the pinch
of poverty; the emptiness of hunger; the
cold stare of the creditor who would not
take excuses for money. Today, all that
is past. And behind my city house, my

summer home, my Cadillacs, my Winter-
long vacations and my sense of independ-
ence—behind all the wealth of cash and
deep inner satisfaction that I enjoy—there
is one simple secret. It is this secret that
1 would like to impart to you. If you are
satisfied with a humdrum life of service
to another master, turn this page now—
read no more. If you are interested in a
fuller life, free from bosses, free from
worries, free from fears, read further.
This message may be meant for you.

By Victor B. Mason

something for nothing. I have never met a
highly successful man whom the world re-
spected who did not sacrifice something to
gain his position. And, unless you are will-
ing to make at least half the effort, I'm not
interested in giving you a “leg up” to the
achievernent of yoyr goal. Frankly, I'm
going to charge you something for the
secret I give you, Not a lot—but enough to
make me believe that you are a little above
the fellows who merely “wish” for success
and are not willing to sacrifice something
to get it.

A Fascinating and Pecullar
Business

1 have a business that is peculiar—one of
my businesses. The unusual thing about it
is that it is needed in every little community
throughout this country. But it is a busi-
ness that will never be invaded by the “big
fellows’. It has to be handled on a local
basis. No giant octopus can ever gobble up
the whole thing. No big combine is ever
going to destroy it. It is essentially a “‘one
man” business that can be operated with-
out outside help. It is a busineds that is
good summer and winter. It is a business
that is growing each year. And, it is a busi-
ness that can be started on an investment
a0 small that it is within the reach of anyone
who has a television set. But it has nothing
to do with television.

This business has another peculiarity. It
can be started at home in spare time. No
risk to present job. No risk to present in-
come. And no need to let anyone else know
you are “‘on your own”’. It can be run as a
spare time business for extra money. Or,
as it grows to the point where it is paying
more than your present salary, it can be
expanded into a full time business—over-
night. It can give you a sense of personal
independence that will free you forever
from the fear of lay-off, loss of job, depres-
sione, oy economic reverses.

Are You Mechanically Inclined?
While the operation of this business is
partly automatic, it won't run itself. If you
are to use it as a stepping stone to inde-
pendence, you must be able to work with
your hands, use such tools as hammer and
screw driver, and enjoy getting into a pair
of blue jeans and rolling up your sleeves.
But two hours a day of manual work will
keep your “'factory” running 24 hours turn-

ing out a product that has a steady and
ready sale in every community. A half
dollar spent for raw materials can bring
you six dollars in cash—six times a day.

In this message I'm not going to try to
tell you the entire story. There is not
enough space on this page. And, I am not
going to ask you to spend a penny now to
learn the secret. I'll send you all the in-
formation, free. If you are interested in
becoming independent, in becoming your
own boss, in knowing the sweet fruits of
success as 1 know them, send me your
name. That’s all. Just your name. I won't
ask you for a penny. I’ll send you all the
information about one of the most fascinat-
ing businesses you can imagine. With these
facts, you will make your own investigation.
You will check up on conditions in your
neighborhood. You will weigh and analyze
the whole proposition. Then, and then only,
if you decide to tske the next step, I
allow you to invest $15.00. And even then,
if you decide that your fifteen dollars has
been badly invested I'll return it to you.
Don’t hesitate to send your name. I have no
salesmen. I will merely write you a long let-
ter and send you complete facts about the
business I have found to be 8o successful.
After that, you make the decisions.

Does Happiness Hang on Your
Decision?

Don’t put this off. It may be a coincidence
that You are reading these words right now.
Or, it may be a matter that is more deeply
connected with your destiny than either of
us can say. There is only one thing certain:
If you have read this far you are interested
in the kind of independence I enjoy. And if
that is true, then you must take the next
step. No coupon on this advertisement. If
you don’t think enough of your future hap-
piness and prosperity to write your name
on a postcard and mail it to me, forget the
whole thing. But if you think there is a
destiny that shapes men’s lives, send your
name now. What I send you may convince
you of the truth of this proverb. And what
1 send you will not cost a penny, now or at
any other time.

VICTOR B. MASON
1512 Jarvis Ave., Suite M-176-B
CHICAGO 26, ILLINOIS



Radio Corp. of Americs

Right. Transistors, photovoltaic cells,
rectifiers and diodes employ a new-
compound semiconductor material
capable of very high temperatures.

Haytheon Co.

Above. Transistors shown range from
a type used in giant computers, left,
to the smallest, right, especially de-
signed for hearing aid applications.

Right. Eight tubes and four resistors
are sealed in one-inch capsule. Model
shown is a multiple element logic
module with two triple-input gates.

motion, and as far as we are concerned, it’s
all electronics.

Electronic Circuits

Every electronic device comprises one or
more circuits, the heart of which is usually
a tube or transistor. The complete circuit
also has other electrical components, such
as coils, condensers, resistors and connect-
ing wire. Thus the electronic circuit can be
roughly compared to a mechanical system
in which the tube represents a motor and
the other components act as the belts,
chains, pulleys, gears and shafts.

Not long ago engineers used to go
through a mental “shifting of gears,” think-
ing of an electronic circuit in terms of an
equivalent mechanical system, in order to
understand its operation. For example,
it was common to compare the flow of cur-
rent in a wire with the movement of water
through a pipe, to relate certain inductive
effects to inertia and momentum, and ca-
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pacitive effects to compression and elas-
ticity.

This practice led to some bad guesses,
however, and only a few unreconstructed

old-timers still hold to it. Electronic ad-
vances have been so rapid, furthermore,
that now it’s more common to find the me-
chanical engineer using electronic con-
cepts in solving his design problems.

The ties between electronics and me-
chanics are still strong, however. One of
the fundamental ideas in practical elec-
tronics is the varying voltage which stands
for some changing physical value. Sound
becomes an electrical voltage, for example,
through the medium of the microphone.
Light is converted into electricity by a pho-
tocell or video camera. Even changing
temperatures can result in varying volt-
ages.

Electronic Signals
Electrical voltages of this type are called
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Raytheon Co.

Powerful radio relay has 20-it. mast and 2%:-t.
reflector, is used by the U. S. Marine Corps. The
unit’s message band is designed extremely narrow.

Bell Telephone Laboratories

signals, and the device that generates them
after stimulation by an outside source is
known as a transducer.

In addition to the microphone and TV
camera, other transducers include the
phono pickup and tape reproducer.

It will be noted that all of these appear
at the input of the electronic circuit. That
is, they convert some other physical quan-
tity into a signal which is then fed into the
electronic circuit. Another family of de-
vices which is equally important is the
output transducers. These have the job of
converting the electronic signals back into
physical form, either the same as or dif-
ferent from the original. Examples in this
group are TV picture tubes, loudspeakers,
meters and various types of recorders.

All of the signal movement we have dis-
cussed so far is of the closed-circuit va-
riety. The signal, that is, has remained at
all times confined within the circuits of the
electronic devices. But this doesn’t have to
be so, for there is a way in which these
signals can escape the bounds of electronic
circuitry and shoot out in every direction
in space.

For this to happen, the electronic signals
must be converted again, this time into
electromagnetic waves. This conversion
as well as the reconversion from electro-
magnetic waves back into electronic sig-
nals, is the basis of radio, television and
radar. The transducers in this case are
transmitters, antennas and receivers. But

Brittsh Information Services

“Electronic lung” uses spectro-
graphic method of monitoring the

Photo taken in mid-thirties shows experimental electrical wave air for minute amounts of beryl-
guides. Similar systems may one day carry 200,000 telephone lium metal dust, is used in many
voices by means of radio waves of less than one-quarter inch. types of industrial installations.
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Leann Electronics

PREPARE FOR YOUR F. C. C. LICENSE —_YOUR. TICK‘ET
TO A BETTER JOB AND HIGHER PAY!

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. Em-
ployers are eager to hire licensed technicians.

WHICH LICENSE FOR WHICH JOB?

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

The SECOND CLASS radiotelephone license qualitics you to
install, maintain and operate most ail radiotelephone equipment
except commercial broadcast station equipment.

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

GRANTHAM TRAINING PREPARES YOU

The Grantham Communications Electronics Course prepares you
for a FIRST CLASS F.C.C. license. and it docs this by TEACH-
ING you electronics. Euch point is covered simply and in detuil,
with emphasis on making the subject €usy to understand. The
organization of the subject matter is such that you progress, step-
by-step, to your specific objective —a first class F.C.C. license.

CORRESPONDENCE OR RESIDENCE CLASSES

Grantham training is available by correspondence or in resident
classes. Either way (residence or correspondence), we train you
quickly and well—no previous training required. Even a beginner
may qualify for his first class license in a relatively short time.

FOUR COMPLETE SCHOOLS: To beiter serve our many students
throughout the entire country, Grantham School of Electronics
maintains four complete Dicisions located in Hollywaood, Calif.,
Seattle, Wash., Kansas City, Mo., and Washington, D.C. All Divi-
sions of Grantham School of Electronics offer the same rapid
courses in F.C.C. license preparation, either by hame study or in
resident classes.

GRANTHAM
SCHOOL OF ELECTRONICS

)
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HOLLYWOOD
CALIF.

1505 N. Western Ave.
Hollywood, Calif.
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for your future A
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Upgrade Your Income with a First Class

ICENSE

In resident classes or by home study, Grantham
training is the easy way to learn more quickly and to
prepare more thoroughly for F.C.C. examinations.
Andyour firstclass F.C.C. license is the quick, easy
way to prove to your employer that you are worth
more money.

If you already have practical experience in radio-
electronics, the Grantham course canadda knowledge
of theory and an F.C.C. license to that practical ex-
perience. This is most important in qualifying you
for higher pay and greater job security.

Our free booklet gives details of how you can pre-
pare quickly for a better job in the rapidly expanding
electronics industry. Clip the coupon below and mail
it to the Grantham School nearest you.

{Mail in envelope or paste on postal card)

1505 N. Westera & 408 Marion S 3123 Gillham Rd 821-19th, NW
Hollywood Seattle Kansas City ® Washington 5

Gentlemen:

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

Name Age

e

Address s
City.
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1 | am interested in: [ Home Study, (1 Resident Classes G=-0 !
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the wondrous thing is that between the
transmitting and receiving antennas, even
though they may be miles apart, there need
be absolutely nothing but empty space.
Radio transmission over long distances re-
quires Federal licensing, but the short-
range station shown in Experiment No. 1
will enable you to send code messages for
several hundred feet over the air.

Electronic Communication

One important branch of electronics,
then, is communications. Its purpose is to
send intelligence or information of some
sort from place to place: a telephone call,
TV show, police call or instructions from
an airport control tower to a plane. In
every case the information is converted
into an electronic signal by a transducer,
such as a telegraph key, a microphone,

[Continued on page 20]

British Information Services

Radar is used extensively as aid in navigation,
qir traffic control and in most types of defense
warning systems. The set shown above is British.

Probably the most versatile tool in the whole elec-
tronic field is the cathode-ray oscilloscope. The
model at left is available in kit form from Eicc.

Television is today widely used in closed-circuit
industrial application, as well as for entertain-
ment purposes. Below is latest type celor camera.

NBC Television

=




Building a Cddé

Transmitter
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Feedback coil is formed by winding 10 or 15 Key grip uses forefinger on knob, thumb and
turns of No. 26 wire on vari-loop antenna coil. second finger at sides, for best wrist motion.
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RADIO is one of the oldest, and still one of the
most exciting, applications of the science of elec-
tronics. So let’s begin our experiments by getting
you on the air right away. The code transmitter
shown in the accompanying illustrations is built
from readily available components or, as shown
here, it is one of the projects in the Lafayette
Transistor Experimenters 15-in-1 Kit.

The unused parts shown in the picture diagram,
such as the relay and potentiometers, are required
for succeeding experiments. Two transistors, type
2N107, are needed, although only one is used
for your transmitter. The battery voltage is 12
volts.

The circuit is a standard regenerative type, in
which tickler coil L. feeds a part of the output
from the transistor back to the input by inductive
coupling to L. This feedback coil is made by

winding 10 to 15 turns of No. 26 insulated wire
directly over the form of L.
Radio emissions are controlled by the hand

With radio tuned to quiet spot on dial, key is
depressed and transmitter tuned by varying Li.

key, which applies voltage from the battery be-
tween the emitter and collector of transistor TRu.
The transistor is conducting, and current flows
through the oscillatory circuit only when the key
is depressed. At the same time there is an audio-
frequency feedback circuit for tone production
comprising Cu, Ri, and a tap off part of Li. The
pitch of the tone is determined by the resistor and
capacitor, and may be varied by changing the
value of either of these components.

A wire ten feet or less in length serves as the
transmitting antenna when connected to terminal
A. A ground probably won’t be necessary, but a
wire from terminal G to a cold water pipe will
suffice if needed.

To operate the set, first tune a standard AM
broadcast receiver to any quiet spot on the dial.
Then hold down the key and adijust Li until you
hear o tone on the set. Now when you key the
signal according to the Morse code, you can send
messages or practice the code over the air.
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Addition of salt makes water conduct,
Current flows between detector wires,
making relay close and light lamp.
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Detecting element (above) can be made by stripping the
ends of a pair of wires, keeping them closely spaced.




THE detecting element of the electronic switch
can be used to sense the presence of any, material
having less than seven megohms resistance. When
the detecting leads are connected by such a
material, the relay contacts will operate an ex-
ternal circuit or actuate the lamp included here.

The circuit can be built up most easily from the
Allied Radio 12-in-1 Electronic Lab Kit. This is a
modified “‘breadboard” arrangement, with all of
the components mounted for easy interconnection.
The basic board with all components is shown on
page 32.

If you prefer, of course, you can build the set
from standard components which you may have
on hand.

Operation of the circvit depends upon a
change in the relative voltages between the plate
and screen grid. Veltage is sometimes referred
to as potential difference, which means that we
are always talking about a voltage existing be-
tween two points. Two ways of looking at this are
shown in the diagram, where we see on the left

N

that all voltages are referred to ground, whereas
on the right they are referred to the cathode.
Both of these scales say exactly the same thing,
but with only a changed point of reference. Thus
on the left we see that the cathode is three volts
positive with respect to grid 2 and ground. But
if this be true, then grid 2 and ground are three
volts negative as compared to the cathode. In
electron circuits it is conventional to use the sys-
tem at the right, with all voltages referred to the
cathode potential.

in the photos we are using the switch to demon-
strate how water becomes more conductive with
the addition of ordinary table salt. With the salt
water placing a partial short circvit across the
probes of our detecting element, grid 2 becomes
positive, more plate current flows, and the relay
is energized, thus extinguishing the lamp. The
sensitivity is controlled by the adjustment of Rq.
If you prefer the lamp to go on instead of off,
connect to the other relay contact, terminal 13.
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New lightweight high-power silicon rectifier comes
in nine peak-inverse-voltage ratings from 50 to
500 volts, provides up to 70 amperes of direct
forward current, weighs less than three ounces.

Westinghouse

[Continued from page 15]
a television camera or a teletypewriter.

The signal is then carried by wire line,
radio waves, or both. Depending on the
nature of the signals, electronic communi-
cation is called telegraphy, telephony, tele-
vision or telemetry. The first three are
quite familiar, but the fourth, the baby
of the family, is still showing off its great
potential,

Telemetering is also known as data
transmission, which means the sending of
information gathered by instruments from
an unnamed point. One of the first
devices to telemeter information back
to a control station was the radio-sonde
weather balloon. Now when we want to
know how high or how fast our last guided
missile went, or what the conditions are
aboard an artificial satellite or inside an
atomic reactor, telemetering gives us the
answers,

Electronic Instrumentation

This leads us to a closely related branch
of electronics. As we implied earlier, al-
most any physical effect such as heat, light,
sound, vibration, infrared and X rays,
can produce an electronic signal if a suit-
able transducer exists. One of the advan-
tages of electronic systems is the ability to
amplify, to strengthen very feeble signals.
Thus the transducer needn’t be very sensi-
tive, and it must not upset the physical
condition it is attempting to measure,

At the output of the electronic circuit
we have a readout device, which gives us
the desired information. In the engine
ignition analyzer the indicator is usually a
cathode ray tube. On a Geiger counter
it is an ordinary meter. The electro-
cardiograph may provide a permanent

20

Dynistor diode high-speed switch, 200 milliwatt,
is multijunction germanium switch that functions
in fractions of microseconds. Unit is triggered
by pulse which can be under one microsecond.

Westinghouse

photographic record. In Experiment No. 2,
a light goes on to indicate whenever you
are talking.

Other electronic instruments include the
photographic exposure meter and color-
imeter, the electron clock and the joniza-
tion gauge used in physics laboratories.
The chemist uses a pH meter to determine
the acid or alkaline state of a solution, the
engineer uses an electronic strain gauge,
the doctor an electroencephalograph, the
astronomer a radio telescope.

Electronic Controls

In any system involving the use of
power, there is also a need for controlling
this energy accurately and rapidly. The
hydraulic brakes on a car, or the switches
on an electric stove, are just two examples
of low power devices which control high
powered ones. It doesn’t take much work
to depress a brake pedal, yet this will stop
a car weighing well over a ton. And little
effort is required for turning on a stove,
yvet the voltages and temperatures con-
trolled are powerful enough to cause
death.

The idea of using a low-power device to
control a high power system is the basis
of the servo principle, and the devices
themselves are called servomechanisms.
Since they are in effect amplifiers of power,
they can be at least partly electronic in
nature. Electronic servomechanisms are
widely used in automatic pilots, artillery
fire control systems, and in many factory
production and assembly processes.

Since even the best servo system is in-
animate, it is still a slave to mankind and
must be told what to do. It can have a
“master” in constant attendance, pushing

w A . A A
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International Business Machines

buttons, throwing switches or turning
rheostat knobs. In this case the system is
called an open cycle control.

But in many cases the instructions are
prepared in advance, and recorded in some
way, such as on a punched or magnetic
tape. Or the system may be self-correct-
ing, such as the automatic pilot which
senses when the airplane is going off the
set course and automatically makes cor-
rection. This type of operation, in which
a human starts it off but then leaves the
system to take care of itself, is known
as closed cycle control and the process is
called automation.

Electronic Switching

Many electron tubes and circuits can
be adjusted so as to act as on-off de-
vices. That is, instead of passing vary-
ing currents as an amplifier does, they
will pass either a fixed amount of cur-
rent or no current at all. Thus they are
in effect electronic switches. They don’t
wear out mechanically, and when they
do fail, usually plugging in a new tube or
transistor will make the repair.

A huge number of electromechanical
switches and relays are employed in au-
tomatic telephone dialing systems, but
the handwriting on the wall says that
they are doomed for replacement by elec-
tronic switching circuits. Electronic data
processing equipment, better known as
computers or “electronic brains,” also de-
pend for their operation upon hundreds of
electronic switches.

Now that we know a few of the things
this art of electronics embraces, let us
study the source of this wonderment: the
infinitesimally small electron itself. ®

Briuigh Information Services
Above. Electronic high-speed sorting machine is
used to check length and diameter of steel roller
to 1/500,000th inch at rate of 5,000 per hour

Use of high-speed computers is widespread today
in scientific and business organizations. The IBM
705 data and processing machine is at left.

Hugtes Alreraft Co.

All-electronically controlled machine tools have
tape control which flows through this bank of
contact relay and blinker light master panel.

Spectroscopy and X-ray diffraction equipment is
used to test stress of materials; study of alloy
compounds, chemical reactions and identifications.

Radlo Corp. of America




Chapter 2

THE TINY ELECTRON

The nature of mattier —electron theory

Right. A physkist scans' screen of a cloud chamber, watching
the tracks of nuslear particles. The chamber makes paths of sub-
microscopic muklear particles vistble. A cloud is created in 3
confined vclums by the sudden e>pansion of air in the chambe-,
causing z super-saturation of tha: air with water vapor. Whea
nuclear >articles traverse this claid, droplets are formed along
paths of tke particles, due to icrization of the air molecules.
Path of droples can be photographed with strong light source,

g2



T isn't surprising to learn that .the

science of electronics depends upon
that tiniest particle of matter called the
electron. Not only that, but much of what
we experience in life is explained by the
electron theory of matter.

The scientist calls matter “anything
which occupies space, and has weight and
dimensions.” In a general way, then, we
can say that matter is anything which can
be detected by one or more of the five
human senses.

Nearly all objects of matter are thought
to be made up of a huge number of tiny
particles called molecules. Each substance
has its own particular molecular struc-
ture, and so there are as many types of
molecules as there are substances—an al-
most infinite variety.

Chemical Elements

We also know, however, that all matter
consists of elements, usually in combina-
tions of two or more. One of the elements
is hydrogen. Another is oxygen. Both hy-
drogen and oxygen are gasses, but when
they combine in a certain way a liquid re-
sults: common everyday water. Another
example is sodium, a soft putty-like solid,
and chlorine, a gas. Both of these are
poisons, yet they can combine to form a
new crystalline solid, sodium chloride, bet-

ter known as common table salt, which we
all eat every day.

If we take the salt or the water and start
to break it down, we can subdivide it fur-
ther and further until only one single
molecule of it is left. But if we break down
that molecule, we no longer have the salt
or the water. Thus we can say that the
molecule is the smallest possible part of a
compound substance.

Going even further we find that if we
break up the water molecule, it splits into
atoms, two of hydrogen and one of oxygen.
Remembering that hydrogen and oxygen
are both elements, we can gather that,
while the molecule is the smallest particle
of a compound, the atom is the very tiniest
part of an element.

Suppose we go even further and look in-
side one of the hydrogen atoms, the sim-
plest atom of all. If this were possible, we
would see that it looked like Fig. 1. Here
we see a central nucleus, with a satellite
revolving around it in orbit, just as our
planets swing around the sun. The nucleus
of the hydrogen atom contains a single par-
ticle called a proton, which is actually a
unit of electricity, sajd to be positively
charged. Similarly, the tiny planet re-
volving around the nucleus is called an
electron, the basic particle of negative
electricity.

At left js photograph taken with the help of a cloud chamber. When 2.2 billion electron volt protons
accelerated by the Brookhaven Cosmotron strike a graphite target, protons and neutrons flying out may
bombard cloud chamber containing hydrogen. The long streaks from top down are protons or mesons.
Neutrons remain invisible since they have no electric charge and thus do not interact with other atoms.
The three-pronged effect at right was caused by incoming neutron hitting a proton. While the invisible
neutron bounces off, proton shoots straight down to bottom of photo and two pi mesons carom off, one
downward, one to left. Other tracks in photo are caused by less energetic particles such as electrons.

Below, left, is Benjamin Franklin's electrostatic machine which, when wheel was turned, created static
electricity by friction. At right is an old historic print of Alessandro Volta (1745-1827), the Italian
physicist, inventor of the “Voltaic Pile,” which is the true forerunner of today’s modern electric battery.

&‘he Franklin Institute

Culver Service
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Neutrons, Too

Now let’s look inside a more complex
atom, that of carbon. As we see in Fig. 2,
this atom has six protons in its nucleus. It
also has six neutrons in the nucleus. Neu-
trons have no electric charge, but may be
thought of as a sort of nuclear cement,
holding the protons in space, as in Fig. 3.
Orbiting around this nucleus we find an
equal number of electrons.

This is the customary condition for an
atom, with the number of its planetary
electrons equal to the number of nuclear
protons. Since the positive charge of each
proton is exactly equal to the negative
charge of each electron, the two opposite
types of charges cancel out and the atom
is said to be electrically neutral. If all sub-
stances were always neutral, however,
there would be no science of electronics, as
we shall see.

All electrons are identical, as are all pro-
tons. And while the electron is about twice
the diameter of the proton, the proton is
about 1,840 times heavier. To get some idea
of how infinitely tiny the electron is, think
of the orbit the earth makes around the
sun, which happens to be around 186 mil-
lion miles in diameter. Then compare that
huge circle to an ordinary ping-pong ball,
of about an inch or so in diameter. Now
the ratio of the earth’s huge orbit to the
diameter of the ball is about the same as
the ball is to an electron.

All atoms, no matter what material they
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Drawing of Crookes’ Tube. a cathode-ray tube,
by Sir William Crobkes. At top is experiment of
diverting the tube’s rays with help of a magnet.

Photo, left: Georg Simon Ohm (1787-1854). noted
German physicist, who gave us Ohm's Law.

comprise, are made up primarily of pro-
tons, neutrons and electrons. And the dif-
ferences in characteristics of substances—
from gold, to silver, to the air we breathe,
to a pastrami sandwich—the only differ-
ences are in the number and arrangement
of the protons, neutrons and electrons
which go to make them up.

Electric Charges

Very interesting, you say. But what does
all this have to do with electronics? Well,
we shall see. Electrons and protons are
called electric charges because of the way
they react to one another. Electrons tend
to repel each other with relatively enor-
mous forces, and protons react against
other protons in the same way. But elec-
trons have an equally strong attraction for
protons, and protons feel the same way
about electrons.

This fact provides us with one of the
basic electronic laws: Like charges repel
and unlike charges attract. If this were not
so, atoms and molecules would be flying
apart in all directions. It is only the attrac-
tive force between positive charge of the
nucleus and negative charges of the plan-
etary electrons that holds them together.

Often, however, this delicate balance be-
tween charges within the atom or molecule
may be easily upset. The substance may be
of the type which will readily lose a few
electrons from its outermost orbit, or shell,
or this same shell may constantly be seek-
ing to add a few more.



The Bettmann Archive

Sir John Ambrose Fleming (1849-1945). English
electrical engineer. Inventor of the diode tube.

Madame Curle (1867-1934) won two Nobel Prizes.
one in physics in 1903. one in chemistry. 1911.

If either of these two events actually
occur, the body itself is said to be charged.
As an example, consider the old parlor
trick of running a comb briskly through
the hair, and then using the comb to pick
up bits of paper by static attraction. In this
case friction has caused the comb to gain
some electrons, and thereby to become
negatively charged.

If the comb had lost electrons, the nega-
tive charges out in orbit would no longer
have canceled the positive ones in the
nucleus, and the substance would be said
to be positively charged. Since the comb
has added extra electrons, their force now
exceeds that in each nucleus, and the sub-
stance is negatively charged. This leads us
to another fundamental electronic law:
A negative charge indicates an excess of
electrons, while a positive charge results
from an electron deficiency.

When a body becomes charged, the con-
dition we are discussing is actually one of
static electricity. And at this point we
should understand that man cannot gen-
erate electricity. We can cause electrons to
move from place to place, yes, but whether
we use friction to cause the mcvement, or
a dynamo, or a solar battery, we are simply
controlling electrons which are already
there. A battery or generator no more cre-
ates electricity than a pump creates water.

Culver Service
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FIG. 1. The hydrogen atom is the sim-
plest of the elements, having only one
proton in the nucleus, surrounded by
a single, negative-charge electron.

ONE PROTON

ELECTRON

Above, left, Professor ]. ]. Thomson (1856-1940), famous English physicist, Nobel Prize winner in 1908.
At right is a portrait of Lord Rutherford (1871-1937), who, in Cambridge, England, made the fundamental
discovery of the positively charged nucleus. which discovery eventually led to the splitting of the atom.

Radioactivity

There is another type of electron move-
ment within certain elements, wherein
they are constantly and spontaneously
shooting off protons and electrons. These
elements are very unstable, and their be-
havior is called radioactivity. Their char-
acteristics are constantly changing, but
since they have such a large number of
protons and electrons to begin with, the
noticeable changes occur very slowly.
Nevertheless, it is quite possible that in
time a radioactive element will actually
change into another element. Here in na-
ture is a transmutation of the kind the
ancient alchemists were attempting to per-
form by changing lead into gold.

Getting back to our hair-and-comb ex-
periment, the charge developed between
these two bodies can be easily discharged
by the simple process of touching the comb
to the hair without the earlier friction
movement which set up the charge. But it
is interesting to note that the bodies do not
actually have to touch.

The excess electrons on the negative
body may flow through another medium to
the positive body and so restore the equi-
librium. When this happens, the medium is
said to be an electrical conductor, and the
electron flow constitutes an electric cur-
rent.

The conductor is usually a metallic wire.
But it could be a liquid, such as an electro~
plating bath. Or it might be a gas, as in
a neon tube. It can even be nothing at all,
as in a vacuum tube, about which we'll
learn more in the next chapter. And now
we have new types of solids known as
semiconductors, which go to make up tran-
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sistors, and which we will discuss in Chap-
ter 4.

Electric Current

In Experiment No. 3 you have generated
an electric current by magnetic induction.
Anything which will cause an electron flow
in a conductor is called an electromotive
force. In Fig. 4 a battery is the source of
em.f. This flow does not mean that each
excess electron flows all the way through
the conductor to the point of electron de-
ficiency. It is something more akin to the
maneuver in croquet when you try to
knock your opponent’s ball out of the park.

In this case you hold your foot on your
own ball so it won’t move. But when you
smack it with the mallet, the opposing ball
which was lying next to it goes flying. You
could do the same thing with a whole string
of croquet balls in line if you wanted to.
Then you'd strike the blow at one end, but
the ball at the other end of the line is the
one which would take off.

This same kind of chain reaction occurs
in a conductor. An electron near one end
strikes another, that in turn hits still an-
other, and so on until the effect is felt all
the way down the line. Thus no one elec-
tron moves very far, but the effect of the
electron flow is felt at all points along the
conductor.

Now if we connect the ends of a copper
wire to the terminals of a battery, a fairly
sizable electron current will flow. But if we
connect a carbon rod to these same termi-
nals, the current will be much less. Obvi~
ously some materials are better conductors
than others. Why?

It appears that the better conductors are
those whose atoms will fairly readily give



ELECTRONS

\
SIX PROTONS PLUS SIX-NEUTRONS.

FIG. 2. The carbon atom has six planetary elec-
trons, each in its own orbit, surrounding a nucleus
which consists of six protons plus six neutrons,

up an electron from its outer shell or orbit.
The atoms of some materials, on the other
hand, hold on to their electrons so tightly
that it is difficult to free any electrons and
cause them to move along in a given direc-
tion. Depending upon how strongly the
atoms hold on to their outer electrons, they
are called resistors or insulators.

The Ampere

Any current flow, even the slightest, in-
volves tremendous numbers of electrons.
The unit of electric current is the ampere,
in which more than six quintillion (6,280,-
000,000,000,000,000) electrons flow past any
given point in the circuit in just one sec-
ond’s time. Even so, only a small fraction
of the electrons present in the conductor go
to make up the current flow. In the case of
a good conductor, it is estimated that the
ratio is only 1 in 5,000. And in resistors and
insulators, of course, the ratio is even
greater.

The electromotive force which drives
electrons through a conductor may be gen-
erated in a number of ways. Among them
are the following:

1. By friction between two bodies, as
in our comb experiment. This is called
electrostatic induction.

2. By chemical action, as in the dry cell
or storage battery.

3. By electromagnetic induction, as in
the dynamo in an electric power plant.

4. By thermoelectric action, when the
junction of two dissimilar metals is
heated.

5. By photoelectric emission, when cer-
tain types of sensitive surfaces are
struck by light.

6. By piezoelectric effect, in which cer-

{Continued on page 31]

NEUTRON PROTON

FIG. 3. Simplified drawing of the nucleus of a
helium atom. Two protons are ~“glued” together
by two protons. The two electrons are not shown.

Universtty of Callfornias

The first two chambers in which E. O. Lawrence
and N. E. Edlefson tested the magnetic resonance
accelerator principle, which later became the
cyclotron. Chamber at left was made of odd pieces
of window pane, scraps of brass and an overcoat
of wax. Both were built and tested in early 1930.

FIG. 4. A simple electrical circuit, with the bat-
tery as source of electromotive force (A). The
same circuit is shown as a schematic (B) at right.

—— i — — ]
CURRENT FLOW
{(ELECTRON DRIFT)

« NEGATIVE

BATTERY
(A)

(B)
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EXPERIMENT 3 et

FElectric Current

Parts required for experiment
are simple. Horseshoe magnet,
center-reading milliammeter and
length of wire will suffice.

Moving wire rapidly downward
(left) through magnetic field
causes momentary deflection of
meter, then return to zero.

Moving wire rapidly upward
(below) through magnetic field
causes meter pointer to deflect
same amount, opposite direction.

GALVANOMETER

~~ STRONG PERMANENT
U-SHAPED MAGNET

OF MOTION

Schematic  representation of experiment
shows conductor cutting invisible flux.

28



IN this experiment we learn the principles of
the electric generator, which impels an electron
current through wire conductors, ultimately mak-
ing up the electric power we consume in home
and industry. The materials required .are simple:
a fairly powerful horseshoe magnet (the odd-
shaped one shown here was picked up at low cost
from surplus); an inexpensive milliammeter, pref-
erably of the zero-center type; and a short length
of wire.

This experiment is based on a discovery of
Michael Faraday, which has since been accepted
as an electrical law: whenever a conductor cuts
across magnetic lines of force, a voltage is in-
duced in that conductor. Lines of force are con-
tinvally flowing out of the North pole and into
the South pole of any magnet. When a wire con-
ductor is moved down between the two pole
faces, a voltage will be induced. Similarly, when
the conductor is moved upward through the gap,
current will flow in the opposite direction, as

shown by the reverse deflection of the meter
pointer.

1f you hold the wire still, even right in the
middle of the magnetic flux, no current will flow.
Obviously the conductor can cut no flux lines
unless it is in motion (or unless the magnet is in
motion). Thus as long as the magnet and the wire
are both stationary, no lines will be cut and no
current will flow.

The magnitude of the voltage generated will
depend upon the rate at which the lines of force
are cut. If we move the wire more rapidly, the
voltage will increase. By the same token, two
wires would cut twice as many lines as one, and
so the voltage would seemingly be doubled.

But when we try doubling our wire, we find
that the voltage drops to zero. The reason is
that equal voltages are being induced in opposite
directions, and they cancel each other out. We
can double the voltage, however, by forming the
wire into a square loop, twisting so the two sides
move in opposite directions.

Folded pair of wires generates
no current externally, as two
currents flowing in opposite
directions cancel each other.

Wire in square loop form, when
rotated through field generates
currents which add together, as
in huge commercial dynamo unit.
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CHE COSMOTRON-
How Jt Works

2. REVOLUTION 1M MAGNETIC FIELD

Increasing magnetic field causes protons to
spiral in around Cosmotron making 350,000
turns per second.

1. INECTION OF PROTONS:-

ELECTROSTATIC
IMJECTOR
Y
\
COSNOTHON
P QUADRANT S
prOTONS. &%
\

INFLECTOR
PLATES

Protons from electrostatic gemerator "shot”
into metal vacuum tank of the Cosmotron
at an energy of 3.6 million electron volts.
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4. PROTONS ACCELERATED TG ABOUT 175,000 MALES
PER SECOND OR 30% OF THE SPEED OF LIGHT.

SAUSAGE SHAPED
BUNDLE OF PROTONS
BECOMES SMALLER
IN DIAMETER

THE OTHER

Each passage through accelerating voltage
adds 800 electron wolis of emergy to the
protoms. After about 3 million turns - the
equivalent of four trips around the earth -
these protons have acquired the emergy of
2.3 billion electron volts.

1. ALTERNATING YOLTAGE TURMED ON TO ACCELERATE
SOME PROTOMS.

L

OTHER PROTONS
WHICH aRE OUT OF
STEP AND HAvE 8EEN

ACCELERATING VOLTAGE

SLOWED DOWN 8y THE
VOLTAGE, SPIRAL ™,
STRIKE THE INSIDE

WALL ANG 8R€ LOST

AMALFIER PRODUCES ACCEL-
ERATING AND DECELE RATING

VACUN \
CHAMBER. CAUSING ABOUT ONE )
HALE TuE PROTONS TD SPEED
UP AND THE OTHER MALF TO \
SLow Doww \

The protons that have been speeded up by
accelerating voltage, stop spiraling in, group
together in a sausage shaped bundle and
continue to revolve at higher and higher
speeds.

5. TARGET INSERTED IN PATH OF PROTONS.

DETECTING
INSTRUMENT.

T THESE PARTICLES e

*  LOST THEIR CHARGE A!

1 ARISAT OF MITTING
[ TARGET, s DECOM-
o NG NEUTRONS TWEY

\ T4EN PROCEED DUT

'\ OF MAGNET N STRAGHT

UME

TARGEY INSEATED AaM-
IDLY - YO EVENTUALLY
INTERSECT ALL CiR -
CULATING PROTONS.

Detecting instruments, such as cloud cham-
bers, are used by scientists to study result of
collision of these neutrons and other part-
icles with various elements.



[Continued from page 27]

tain crystalline substances generate
voltages when subjected to mechani-
cal strain. The crystal or ceramic
phono cartridge is a good example of
this.

The Volt

The term ‘“‘voltage” was just used, be-
cause the volt is the unit of electromotive
force, just as the ampere is the unit of cur-

FACTS ABOUT THE COSMOTRON

The Proton Beam

Energy of protons (attained) 2.3 Bev
Time required to accelerate 0.8 sec
Time interval between pulses 5 sec
Number of

revolutions to full energy 3 million
Distance

travelled by protons 130,000 miles

The Magnet
Turning radius of magnet 30 fe
Vacuum chamber,
inside dimensions 36 inx 6 in
Weight of magnet steel 1800 tons

The Magnet Power Supply

Maximum power supplied

to magnet .. 40,000 horsepower
Energy delivered to magnet

in one pulse . 11 million joules
Energy returned

to flywheel ... ‘ 8 million joules

Injection System
Energy of injected protons . 3.6 Mev
Number of

injected protons ............ 1000 billion

Required energy control ... ... .. 0.1 percent
Accuracy of time to
inject protons ... 1/100,000 seconds

Radio Frequency Acceleration

Lowest frequency . 350 kilocycles

Highest frequency

(2.3 Bev) . 4100 kilocycles
Radio frequency power
(2.3 Bev) . 180,000 volt-amps

Frequency control .. 0.1 percent

Brookhaven National Laboratory

rent. Now if an e.m.f. of one volt will force
a current of one ampere through a conduc-
tor, that conductor is said to have a resist-
ance of one ohm. Every circuit element has
some resistance, since there is no such
thing as a perfect conductor, but when it
is specifically desired to limit the current
flow to a certain value, an element is in-
serted in the circuit, known as a resistor.
There is a very close and direct relation-
[Continued on page 34]

Columbia University

Uranium element is placed into graphite pile of
New York's Columbia University atomic reactor.

Below is photograph of the Alternating Gradient
Synchroton, Brookhaven National Laboratory. A
circular 840-foot diameter tunnel will accom-
modate housing for the magnet assembly. The
drawings on page 30 show how the cosmotron
Table at left gives facts and figures.

works.
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Tiny selenium rectifier above is dwarfed even by miniature tube. Rectifier is wafer stack under
left end of tubular capacitor. Cover plate (below) encloses complete power supply plus electron tube.
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THE energy required to opeiate the transistor
circuits used in these experiments comes from
batteries. For the electron tube experiments,
however, we use your house power, which is
developed from water power, coal and steam, or,
in the future, atomic energy. This house power,
however, must be changed into the form required
by the tube, and this is the function of the power
supply.

The power supply performs two important jobs:
first, it changes the value of the house voltage
to that required by the circuit (in this case, the
voltage is reduced considerably, for safe han-
dling); second, it rectifies the current by changing
it from alternating (AC) to direct (DC) current,
the same kind as is delivered by batteries.

Referring to the simplified schematic diagram,
the incoming house current at A goes through
variations from 0 to 4+ to zero to —, and back
to zero. This is one complete cycle. Similar wave-
forms B and C at the secondary windings of

7 g °
)
A
5 s
TO HOUSE )/

+

*]

] K(m CIRCUIT
cR (o i e

transformer T, are not as great as A, because
they have been stepped down by the transformer.

Selenium rectifier CR is a one-way crystal de-
vice, which permits electrons to pass through it
in one direction only. On the reverse halves of
each cycle it acts like a very high resistance and
effectively blocks off the current.

This rectifier is a two-section unit, however,
each of which passes opposite alternations of the
wave. That is, positive pulses can get through
one section while the negative pulses can get
through the other. But the two sections are so
connected that the opposite alternations of the
wave are in effect flopped over so that they are
now all in the same direction.

The result is that the negative pulses have now
become positive also, and the current now is
known as pulsating DC. This pulsating current
then goes through a smoothing filter comprising
R, R: and C., to come out as smooth DC.
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Brookhaten Natlonal Laboratory

The linear electrostatic accelerator. known as
the Van de Graaff Generator, accelerates sub-
atomic particles to a speed approaching 15,000
miles per second, bombarding targets for physical.
biological, medical or chemical research. Man
at left adjusts and tightens target chamber.

FIG. 5. The transformer permits the stepping an
AC voltage up or down, but it will not pass DC.

A-C GENERATOR
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e
OUTPUT VOLTAGE

The mass spectrometer, an electronic, high-vacuum
instrument. The sample in a vapor phase is ad-
mitted to the analyzer system where molecules
are bombarded with a stream of electrons. This
breaks the molecules to charged ions, which are
accelerated to a target where current is produced.

Rudie Corp. of America

Complex equipment is used for study of super-
high current density electron beams for micro-
wave gnd millimeter-wave radar techniques. Unit
extracts electrons from gas discharge of mag-
netically-confined mercury pool arc, accelerating
and forming them into high-current electron beam.

[Continued [rom page 31]

ship between resistance, current and e.m.f.
If the voltage increases, we would expect
the current to go up also. But if the resist-
ance increases, the current will drop.
These relationships were expressed in a
group of three little mathematical formulas
over 130 years ago by a German scientist,
after whom they are named Ohm’s Law.
This is one of the most important of all
electronic relationships.

Mr. Ohm adopted the letter symbol I
(intensity) for the current in amperes, E
for the e.m.f. in volts, and R for the resist-
ance in ohms. In one form Ohm’s Law tells
us that to find the current in amperes in
any circuit, we must divide the emf. in
volts by the resistance in ohms. Thus the
formula becomes I = E + R.

As an example of how this works, let's
find out how much current a light bulb
having a filament resistance of 12 ohms will
pass when it is connected to a source of
em.f, of 117 volts:

117
=7

Now suppose we want to determine the
resistance when the voltage and current
are known. For example, what is the re-
sistance of the windings of a 12-volt starter
motor when the current through them is 2
amperes?

= 9.75 amperes

E 12
S )
Finally, consider the case where the re-
sistance and current are known, and the
voltage must be found. Say we have a pilot

= 6 ohms

New York University



Radto Corp. of America

Electron diffraction chamber, shown at head
level, is inserted into the electron microscope
column in place of the intermediate lens, permits
operator to observe the fluorescence of a speci-
men being bombarded by an electron beam while
the picture of the difiraction pattern is taken.

lamp which has a measured resistance of 4
ohms. When lit to full brilliance it draws a
current of 1.5 amp. Can we use this lamp
in a 12-volt circuit?
E=1IXxR=15 X 4 = 6 volts

Since this is a 6-volt lamp, it would quickly
burn out if 12 volts were impressed across
it. So the answer to the question is de-
cidedly no.

AC and DC

The electrons which go to make up an
electric current can flow either in one di-
rection constantly, or they may move back
and forth in the circuit. A current which
always flows in one direction is called
direct current. Current which flows first
in one direction and then the other, back
and forth, is known as alternating current.
It is senseless to argue that one form of
current is better than another, as Thomas
Edison and George Westinghouse did
many years ago, for each type has its spe-
cial characteristics and important uses.

Because AC enables us to utilize the
transformer effect shown in Fig. 5, in which
a voltage may be stepped up or down with-
out loss in power, it has largely supplanted
DC for power transmission. But AC inher-
ently also has other types of opposition to
current flow in addition to resistance.
These new opponents are reactances, and
they may be either inductive or capaci-
tive. The total opposition to current flow in
an AC circuit, resulting from resistance,
inductive reactance, and capacitive re-
actance is called impedance.

Westinghouse Electric Corp.

Sometimes it is desirable to convert AC
to DC, as you did in Experiment No. 4,
using a device called a rectifier. And some-
times it is necessary to convert DC to AC,
in which case we use an inverter.

Although AC is the only type in which
the electrons slow down to a halt, and then
do an about face and head off in the other
direction, the rate of flow of DC need not
be constant. That is, the number of elec-
trons passing a given point in a DC circuit
may vary widely from moment to moment.
If it does, the current is called pulsating
DC.

It is important to understand this dis-
tinction, because the electron tube, which
we study in the next chapter, is essentially
a one-way device. This means that it will
pass only AC. It may therefore be used as
a rectifier, just like the semiconductor
diode in Experiment No. 4. But when the
tube is used as an amplifier of AC signals,
it also converts them to pulsating DC. But
we are getting ahead of our story. First
we must learn something of the inner
workings of the electron tube, the very
cornerstone of the art of electronics. ®

The heart of the first fullscale atomic-electric
generating station in the U. S. The 58-ton, multi-
million dollar nuclear core, or fuel charge, is
lowered here into position with its precious fuel
consisting of 14 tons natural uranium and 165
pounds highly enriched uranium. It is within
this core that the “hot” nuclear reaction, or fis-
slon process, will take place when the Ship-
pingport atomic power plant goes into operation.




Chapter 3

THERE WAS LIGHT

The Edison Effect and the tubes it led to

HOMAS A. EDISON, the inventor of

the electric light, made a very impor-
tant contribution to the modern art of
electronics way back in 1883. One might
even say he discovered electronics. Only
he didn’t know it. And it was nearly a
quarter century later before another man
in another country suggested the possi-
bility of using Edison’s discovery in the
then infant art of radio communication.

Edison’s historic experiment is illu-
strated in Fig. 1. Using one of his ordinary
carbon-filament light bulbs, he added a
metal plate inside the same bulb, but sepa-
rated from the filament. When the plate
was connected to the positive terminal of
the filament battery as shown, the meter
pointer moved up. Apparently there was a
flow of electric current right through the
empty space, from the filament to the
plate.

When the battery was disconnected from
the plate, the current ceased. And when
the plate was connected to the negative
battery terminal, there still was no current
flow. Obviously, current could flow in one

+Jl
1

I|F

FIG. 1. A positive plate placed In an electric
bulb will attract electrons from the filament.
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direction only in the bulb. From the heated
(filament to the positive plate, it traveled
with the greatest of ease, but from plate to
filament it was stopped cold.

The Diode Tube

Edison recorded his observations in his
laboratory notebook, but made no effort to
explain or use them. Neither did anyone
else at the time. And there matters stood
until 1905, when Prof. J. A. Fleming of
London suggested a practical application.
He proposed that a two-element tube or
valve, based on the “Edison Effect,” might
be better than the galena crystal then used
for the detection of radio waves. You’'ll
learn more about crystal detectors in
Chapter 4, when you actually build a crys-
tal set (Experiment No. 7).

As for the “Fleming Valve,” it is the
basis of today’s diode vacuum tube. Such a
tube is shown in Fig. 2, where we see it is
very similar to the experimental Edison
bulb in Fig. 1. The two elements are still
commonly called the filament and plate, or
more correctly, the cathode and anode.

][

FIG. 2. Diode powered by two batteries: leit one
heats filament, right charges plate positively.



Edison Laboratory National Monument
Thomas A. Edison, aiter whom the Edison EHect is named. is shown in this photograph in his laboratory
with some experimental light bulbs. rigged up to demonstrate filament-to-plate flow of electrons.

Most tubes today have more elements
than just these two, but before we study
them it is time for you to go “on the air,”
by building and operating your own radio
broadcasting station. Details for doing this
are described in Experiment No. 5.

The heart of your broadcast station is
the transmitter, which generates radio en-
ergy and radiates it out into space. The
radiation takes place through the antenna,
but first the radio waves must be gener-
ated, and this is done by means of a tube.
A four-element tube is used in your radio
station, because it not only generates radio
energy, but also superimposes sound sig-
nals on the radio waves. Let’s consider
those two actichs separately, and begin by
learning how a three-element triode tube
can create radio energy.

Yacuum-Tube Oscillator

A tube which generates electrical vibra-
tions is known as an oscillator, and one of
the simplest types of these is shown in Fig.
3 When electrons flow from the cathode
to the plate, they pass through the per-
forations in the third element, the grid. In
the external circuit they must also pass
through the feedback coil, L1.

The current through L1 develops a volt-
age in that coil, and by transformer action;
a voltage is also developed in the grid coil,
L2. This voltage also appears then on the
grid inside the tube, and this in turn alters
the flow of electrons between cathode and
plate.

The change in plate current flow will af-
fect the voltage in L1, and also the voltage
in L2, and the voltage on the grid. Thus we
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Edison Laboratory National Monument

Above are some pages from Edison’s notebooks dealing with the “Effect.” Experiment No. 1, February
13, 1880, shows electric light bulb with metal Pin ingerted, similar to the drawing of Fig. 1, on page 36.

Edison Laboratory Nationsl Monument
Made by Edison, here is what was probably the
first electron tube. Note metal plate inside the
carbon-filament bulb separated from filament.

Bell' Telephone Laboratories
DeForest's audion tube, developed in 1912, is
shown at left. At right is the high.vacuum tube
developed in 1913 for the telephone repeater.
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have a sort of “perpetual motion” machine,
in which energy is surging back and forth
continually between plate and grid.

The purpose of capacitor C, is to help de-
termine the number of vibrations or surges
in each second, known as the frequency.
Ordinarily the frequency of a broadcast
station is fixed by law, and you tune your
radio receiver to that frequency by varying
a capacitor in the set. But in Experiment
No. 5, you can also vary the frequency of
your transmitter by the adjustment of C8.

The triode tube is useful not only as a
generator of radio energy, but also as an
amplifier. The basic construction of a
triode is shown in Fig. 4. In the middle is
the electron-emitting cathode, which may
either be directly heated by current pass-
ing through it, or indirectly heated by a
separate element as shown here.

Surrounding the cathode is the grid. This
is usually a spiral winding of wire, whose
turns are so spaced that the grid places
almost no obstruction to the passage of
electrons from cathode to plate. Outside
the grid is the plate, usually a cylindrical
shaped piece of metal. Electrical connec-
tion to all these elements is made through
wires leading to the prongs in the base of
the tube.

The Control Grid

The grid may be thought of as a trigger
or gate, which can be varied electrically
to control the electron flow between cath-
ode and plate. For this reason, in tubes
having more than two grids, this one is



General Electrie Co.
Modern “‘signal-splitting” twin triode receiving
tube with four plates instead of two. performs
the same junction as two separate triode tubes.

known as the control grid. The unmique
value of this grid is the fact that any volt-
age change in the grid circuit will produce
a much larger change in plate current than
is possible with a large change in plate
voltage. Thus a small change in the grid
signal will cause a much larger change in
the output, with the result that the tube is
an amplifier of electrical energy.

The tube in your broadcast station of
Experiment No. 5 is actually a four-ele-
ment or tetrode type. But in this case it
can be thought of as two triodes in the
same enclosure, each sharing a common
cathode and plate. Thus one triode acts as
a radio generator, while the other triode
acts as an audio amplifier of the micro-
phone signals. Both the audio and the radio
signals are combined in the plate circuit,
and are together radiated from the an-
tenna.

The triode is an excellent audio ampli-
fier, but when used as a radio amplifier it
often forgets that it is supposed to be an
amplifier, and instead suddenly becomes
an oscillator again. The result in a re-
ceiver is the loud howl or “peanut whistle”
so familiay to old-time radio fans.

The villains are a trio of rascals having
the lengthy name of interelectrode capaci-
tance. They are shown schematically in
Fig. 5. Each of the tube elements acts as
the plate of a capacitor, with the “dielec-
tric” between the plates being the vacuum
within the tube. At low and medium fre-
quencies, the reactance (opposition to cur-
rent flow) of these little capacitors is so

[Continued on page 42]

General Electric Co.

This miniature tube, 6EZ8, is a triple triode with
three cathodes, can be used as BF amplifier,
oscillator and mixer in a single compact unit.

FIG. 3. The triode tube may be used as an os-
cillator. Above is a simple feedback type using
the transformer effect between coils L1 and Lo

CONTROL
GRID|

CATHODE
&

HIEETIERE ey

FIG. 4. Triode construction and schematic symbol.
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EXPERIMENT 5 [

Radio Transmitter

f Allied Radio Corp. certifies that the xNcET-RuT 12 in | Electronic Lab
Kit, 83 Y272, meets FCC reatricted radiation requirement for a low-
power communication device under rule 15.204 when bullt according
to the instruction manual and not more than 10 feet of wire fs used
a3y an antenna

23y
i i
»:‘\;~Ig:~i~ b=t 4
ik HTE : .""' 7]
gy
Post legal notice on transmitter; showing it meets Now you're on the air, broadcasting your voice
rigid Federal Communications Commission’s rules. without wires, heard on your standard AM radio.
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VENTILATED AREA

YOU have already built a radio code trans-
mitter in Experiment No. 1. Now let’s graduate
to an amplitude-modulated (AM) transmitter, on
which you can broadcast the sound of your own
voice.

The radio-frequency part of the AM transmitter
is similar to that of your code set. Although it
uses a tube instead of a transistor, the principle
of inductive feedback is used, through trans-
former T.. But whereas the code transmitter used
varying inductance for tuning, this time capccitfar
Cs is varied to set the transmitter on channel.

This capacitor will tune the transmitter any-
where between 700 and 1,300 ke, which is most
of the upper end of the standard broadcast band.
To tune the transmitter, first turn an o receiver
and tune it ta some quiet spat between 700 ond
1,300. Then depress the key on the transmitter
and adjust Cs until o whistle is heard on the set.
Then further adjust Cs carefully until the pitch of

-1 " “a—ANTENNA WIRE

the whistle drops to inaudibility. Now you aré
ready to broadcast.

The vibrations in air which are set up by your
vocal cords are converted to electronic signals by
the microphcne. This is the same type as is used
on the mouthpiece of a telephone. As the draw-
ing shows, the main parts of the mike are two
charged metal plates (electrodes) which contain
a loosely packed collection of carbon granules.

While the normal resistance of these granules
is around 500 ohms, it can drop to as low as 50
when they are packed together more tightly as
a result of air pressure on the diaphragm. Since
voltage is connected across the microphone elec-
trodes, the varying resistance will result in a
varying current.

When someone talks inta the micraphone, this
signal is applied directly to the first grid af the
tube. The plote current is therefare varied nat
only in accordance with the r-f ascillotians, but
also with the saund signal on the contral grid.
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¢

Westinghouse Electric Corp.

Light image intensifier tube produces an image
of reduced size with a brightness increase of
1.000 times for 2,870-degree Kelvin temperature.

[Continued from page 39]

high that they pose no serious problem.
But at the higher frequencies these
capacitors act almost like short circuits,
that is, direct electrical connections. Thus
the capacitance between plate and grid,
Cpg in Fig. 5, will permit direct feedback
between plate and grid, without bothering
with the external feedback coil used in Fig.
3. This is very fine if we want an oscillator,
and the principle is actually used in the
tuned-plate tuned-grid oscillator, but it
makes the triode almost useless as a high-
frequency amplifier. 4

Space Charge

Another phenomenon in the triode is the
space charge. When the cathode emits elec-
trons, not all of them get all the way to
the plate. Some will remain in a crowd
immediately surrounding the cathode,
where they will tend to repel other elec-
trons as they try to get to the plate.

The net effect of the space charge then
is to reduce the flow of electrons between
cathode and plate. Just how effective it
may be depends largely on the amount of
positive “pull” attracting the electrons in
the tube. In the tetrode we get more of this
pull by adding a second grid which, like
the plate, also has a positive voltage.
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Westinghouse Electric Corp.
This five-inch cathode-ray tube can be used as
flying spot scanner in video-signal generator.
Nearly 1,000 lines can be resolved over tube face.

The arrangement of the elements in the
tetrode is shown in Fig. 6. The construction
is very similar to that of the triode of Fig.
4, except that an additional grid appears
between the control grid and the plate.
This screen grid acts as an “electrostatic
shield” between grid and plate. A positive
voltage is maintained on the screen—
though often less than on the plate—but as
far as radio frequencies are concerned, the
screen is connected directly to ground.

This apparently contradictory statement
is a concept which turns up again and
again in electronic design, so we'd better
take time to give it a closer look. It can be
understood better by reference to the typi-
cal tetrode amplifier circuit of Fig. 7. Note
that any current flowing out of the tube
from the screen grid meets a “fork in the
road.” It can go either to the screen voltage
supply, or through the screen capacitor to
ground.

Direct current cannot pass a capacitor,
however, so any DC must follow the right
leg to the power supply. Radio frequencies,
on the other hand, can follow either course.
Now the by-pass capacitor has such a
value that its opposition to the flow of
radio-frequency current is practically nil.
The RF therefore takes “the path of least
resistance” and flows directly to ground.



(eneral Electric Co.

As clean as a hospital operating room is the controlled atmosphere area in this power tube plant.
Access is through a double airlock: air is filtered to keep out dust, lint and foreign matter of a size

down to 1/250,000th inch diameter. Workers wear

Secondary Emission

Adding the screen grid effectively pre-
vents and RF amplifier from slipping into
oscillation accidentally, but it also intro-
duces another interesting phenomenon
which is not always desirable. If electrons
arriving at the plate from the cathode
strike the plate with sufficient force, other
electrons loosely held in the plate material
may be knocked free, out into the space
between screen and plate. Electrons
emitted in this manner are known as sec-
ondary electrons. These electrons may
then come under the influence of the volt-
age on the screen and be attracted there
instead. The screen current will therefore
increase while the plate current decreases.
Here is a case where the solution to one
problem creates another, for while second-
ary emission undoubtedly exists also in
diodes and triodes, in these tubes it has
no undesirable effects.

There are a full half-dozen different
electron actions in the tetrode, as shown in
Fig. 8(A). When an electron is emitted
from the cathode, any of these things may
happen to it:

1. Remain suspended in the space charge

surrounding the cathode.

2. Bedrepelled by the negative control

grid.

lint-free garments, hair and finger coverings.

3. Strike the screen grid and form part

of the screen current.

4. Strike the plate and become part of

the plate current.

5. Strike the plate and dislodge second-

ary electrons.
And this secondary emission of item 5 sets
up a reverse current:

6. Flow from plate to screen grid and

add to the screen current.

This reverse current results in a lower-
ing of the efficiency of the tube as an am-
plifier, for this current in effect subtracts
from the normal plate current flow and
thus limits the overall voltage amplifica-
tion of the tube. It may also cause the tube
to be erratic in operation and make for dis-
tortion.

Suppressor Grid

The most common cure for this problem
is an additional grid, known as the sup-
pressor, placed between the plate and
screen. The suppressor is connected di-
rectly to the cathode, often inside the tube
itself. The voltage on the suppressor is
therefore negative with respect to the
plate.

Now the electron action within the tube
is a little different, as shown in Fig. 8(B).
The first five types of movement are the

[Continued on page 46}
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WHEREAS the microphone in the preceding ex-
periment had its resistance varied in the presence
of a sound wave, the photo-conductive cell in
this circuit shows a varying resistance in the
presence of light.

Referring to the drawing, when light strikes the
photocell, some of the electrons within the cell
absorb energy from the light. This additional
"kick’’ is sufficient to free some of the electrons
from their orbits, and if a voltage is applied
these electrons will drift toward the positive ter-
minal. The result is an electron current.

Since the current increases, the effect is the
same as if the resistance decreased. [n darkness
at room temperature the resistance of this cell
is around 100,000 megohms (millions of ohms).
But in strong light this resistance falls to as low
as 1/100 megohm.

When the photocell resistance is high (no light),
this resistance is between grid 2 and the B4~
voltage. The result is that the voltage on grid 2

VENTILATED AREA

is small, and actually negative with respect to
the cathode. Under these circumstances little or
no plate current will flow, the relay is not ener-
gized, and the indicating lamp stays lit.

But when light shines on the photocell, the
resistance drops to a low value, permitting more
of the B~ voltage to be applied to grid 2. This
in turn causes the plate current to increase, to the
point where the relay contacts flop over.

Sensitivity of the circuit is determined by the
setting of R.. The higher its clockwise setting, the
higher the voltage applied to grid 2. Less light
therefore will be needed to make the tube con-
duct and actuate the relay.

To use the relay, aim a beam of light at the
cell and slowly turn R; clockwise until the relay
pulls in and the indicator lamp goes out. Then
when the light beam is stopped off, the lamp
should go on again. The relay contacts may also
connect to an external circuit.
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FIG. 5. A triode has capacitance between its
internal elements, indicated here by broken line.

CATHODE ONTROL
GRID
a5
all
|
SCREEN ]
GRID —PLATE

N2 Y

FIG. 6. Internal construction of the tetrode tube.
Electrons from the cathode travel through the con-
frol grid, to the screen grid, and then to plate.

SCREEN

/—'GRID
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p

Il
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FIG. 7. Screen grid in the tetrode tube reduces
interelectrode capacitance by a shielding effect.
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[Continued from page 43)

same as in the tetrode, but item 6 now
becomes:

6. Secondary electrons are repelled by

the suppressor and return to the plate.

Another method for eliminating the un-
desirable effects of secondary emission is
space-charge suppression, in which an
electron beam provides the negative force
for repelling secondary electrons back to
the plate. This method is employed in the
beam power tube, of which the 6L6 is the
classic example. The internal structure of
this tube is shown in Fig. 9.

As the drawing shows, the beam power
tube has a cathode of flat cross section,
surrounded by two oval-shaped grids. The
two grids have exactly the same number
of turns. In construction they are lined up
directly opposite one another, so that as
far as the electron stream is concerned, the
scrgen grid is in the shadow of the control
grid.

Two solid metallic beam-forming plates
are placed at the ends of the grid struc-
tures and electrically connected to the
cathode. They should not be thought of as
the equivalent of a suppressor grid, how-
ever, as the principle is quite different. Nor
should they be confused with the anode
plate, which is circular in shape in the
region where it is struck by the electron

eam.

As the electrons are emitted from the
flat cathode, they are naturally attracted
by the positive charges of the screen and
plate. But instead of scattering in all direc-
tions as in other tubes, they are confined
to two wedge-shaped beams by the elec-
trostatic effect of the end plates.

These two beams, which are emitted
from opposite faces of the cathode, are
composed of a series of lateral “sheets” of
electrons, formed as they stream through
the spaces between the in-line grid and
screen wires. Because of the very high
speed of the electron beam, plus the fact
that the screen grid is effectively “shaded”
by the control grid, nearly all the electrons
fly right on by the screen. Thus the screen
current is quite small, even though the
screen voltage may equal or even exceed
the plate voltage.

Voltage Drops

When the plate voltage drops below the
screen voltage, here is where we run into
trouble from secondary emission in the
tetrode, and where space-charge suppres-
sion is most effective in the beam tube. To
understand this, we must first consider
what causes the variation in plate voltage.

The amplified plate current signal is



useful only if it is used to develop a voltage
across a suitable load device, such as a re-
sistor, coil or transformer. But this voltage
drop across the load acts against the DC
plate supply. That is, the voltage applied to
the plate at any moment is the supply volt-
age less the drop across the load. And since
this drop will be constantly varying as the
plate current varies, so, too, will the actual
voltage on the plate be changing similarly.

Although there are ways of minimizing
this effect, in power tubes especially it is
desirable that the plate be able to go
through wide voltage swings without dis-
tortion. At the same time, the screen grid
is most effective in doing its job when its
voltage is as high as possible. So it is in-
evitable that at times the plate voltage will
swing below the screen potential.

It is at these times that the screen grid
in the tetrode is most active in drawing
off the secondary electrons and adding
them into the screen current. But in the
beam power tube quite a different phe-
nomenon occurs. Here a space charge is
set up between the plate and screen, to
form an electron barrier against the sec-
ondary electrons.

As the electron beam moves out of the
region of the screen, it slows down when
the plate voltage is less than the screen
voltage. There is then a low-velocity
region between screen and plate, where
the electrons pile up into a high-density
space charge. This region is shown by the
heavy dashed lines between screen grid
and plate in Fig. 9. And since electrons
themselves are negative charges, this dense
space charge cloud is intense enough to
repel the secondary electrons back to the
plate where they belong.

Both pentodes and beam tubes have
greater output, sensitivity and efficiency,
as compared to tetrodes. As a result, they
are used extensively for audio amplifica-
tion, and almost exclusively for video and
radio applications.

Photoelectric Cells

The photocell relay of Experiment No. 6
is an interesting application of photoelec-
tric principles. Photocells are special types
of tubes, quite different in their behavior
from the electron tubes we have been
studying. There are three basic types of
cells. The photo-conductive cell, which is
the type used in Experiment No. 6, changes
its resistance to the flow of current as the
amount of light falling on it is varied. The
photo-voltiac cell generates a voltage
across its terminals when its face is struck
by light. The photo-emissive cell is similar

WESTON MASTER TN
UNIVERSAL CAPORLAL METER

Weston Instruments

Front and rear view of photographic exposure
meter shows, top, the rear hinged batfile which
opens to admit exira light to photocell. Closed
batile admits light through holes in strong sunlight.

Diagram below shows function of photocell in
light meter. Light striking cell acts on the indi-
cator needle which registers on value scale.
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General Electric Co.
Ceramic clrcults, “TIMMs.” for space electronics.
include vacuum tubes, resistors and capacitors.
Photo shows comparison with standard tube.

Woestinghouse Electric Corp.

“Match Box” tube envelope, a new design, will
probably result in Improved circuits. Tube stem
is eliminated and all leads are in one plane.

"Stacked-tubes-in-glass,” shown here without
glass envelope, feature all elements around
one axis., with ceramic spacers replacing mica.

S¥lvania Electric Co.

HEATER
CATHODE

CERAMIC
BASE WAFER

RCA - NUVISTOR TRIODE
{ DEVELOPMENTAL ),

Radto Corp. of America
The Nuvistor uses ceramic walfer platform sup-
porting an array of electrodes., is about 1/10th
size of regular tube. The triode is shown above.

to a,diode vacuum tube, except that its
cathode emits electrons when it is struck
by light, rather than heat as in conven-
tional tubes.

The most common use of the photo-con-
ductive cell is in a relay circuit as in Ex-
periment No. 6. The relay can be used to
control a warning device, or to operate an
electric motor, as in a garage door opener.
It is also an integral part of some types of
color-matching instruments.

A very familiar application of the photo-
voltiac cell is as a light meter. The pho-
tographer’s exposure meter is an excellent
example of this. Another is in the control
of automatic wrapping machinery. Guide
marks on the edges of the paper coming off
of huge rolls are “read” by the cell, which
in turn tells the shears when to cut. The
resulting wrapper is then exactly the right
size, with the cut at the edge of the print-
ing, not through the middle of it.

Although magnetic sound recording has
made great inroads in the motion picture
field, the original system of photographing
a varying light beam is still widely used.
This optical track is invariably scanned by
a photo-emissive cell in the projector.

A fixed light shines on the cell through
the sound track on the film as the film
passes through the projector. As either the
area or the density of the track varies, so



will the emission of the tube. Hence the
output current of the tube will vary at an
audio rate, exactly in accordance with the
signal recorded on the film.

The TV Camera

Another interesting application of
photo-emissive principles is in the televi-
sion camera. This instrument has an optical
system just like any ordinary camera, but
its image surface, instead of being a piece
of sensitized film, is instead a mosaic com-
prising many thousands of photo-emissive
“globules.”

Each of these globules will emit elec-
trons, the amount of emission depending
upon the brightness of the light striking
them. The electrical state of each of these
globules is then “read’” one by one, and a
video signal voltage thereby developed.
When this signal is superimposed on a
radio signal, it goes out on the air as the
picture part of a television program.

At the receiving end we need another
type of beam tube to perform the inverse
procedure. That is, the picture tube in our
TV set must reconvert electrical signals
back into light. The correct name for this
device is the cathode-ray tube.

This tube has three basic components.
The electron gun produces an electron
stream, accelerates it, and focuses it into
a narrow beam. It usually comprises a
cathode, control grid, an accelerating elec-

FIG. 8. Comparison of the electron flow in the
tetrode tube (A) and pentode tube, with iis
added suppressor (B). See text for detalled accounf.
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trode, a focusing electrode, and finally an-
other accelerating electrode. Thus it is not
too unlike the tubes we have already
studied.

But the cathode ray tube also requires a
deflection system, which permits the beam
to move around, just as a searchlight beam
scans the skies. Finally, the CRT has a
screen, which lights up whenever the beam
strikes it.

The brightness of the light spot on the
face of the tube is controlled by the video
signal received from the transmitter and
applied to the control grid. When the grid
is made more negative than normal, the
spot dims, while a positive-going signal
will increase the brightness.

At the same time, the spot sweeps back
and forth across the tube so fast that it
seems to cover the entire face of the tube
at once. The formation of the picture is
therefore the result of the combination of
signals which position the spot at any in-
stant, and give it the correct brightness at
that same instant.

Cathode-ray tubes are also extensively
used in electronic instruments for meas-
urement and analysis of electric waves.
The television color tube is essentially
three tubes in one, with three electron
guns and deflection systems, and with a
single sereen which will glow in any of the
three primary colors, depending upon the
angle from which the beam strikes. ¢

FIG. 9. In a beam power tube sheets of electrons
travel to the plate from the cathode in cenmter.
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Chapfter 4

TUBELESS TUBES

Transistors and other semiconductors

SEFUL as electron tubes are, they are
not essential to the successful opera-

tion of electronic devices. Indeed, probably
the very first radio receiver in your home
was a crystal set, with no tubes at all. If
crystal sets were before your time, you can

go back to this romantic era of radio

history simply by performing Experiment
No. 7, where you actually build a crystal
radio set.

The crystal used in your radio is galena,
an ore of lead, but as we shall see many
other crystalline materials are now used
in electronics. All of these substances have
one thing in common: their molecules are
always confined to a definite small space
relative to their neighboring molecules.
For purposes of visualizing what goes on
inside these crystals, they are often repre-
sented as comprising a lattice-like form.
Other substances, which have np regularly
spaced lattice are called amorphous.

Semiconductors

Another thing which many of these
crystalline substances have in common is
the fact that electrically they are semi-
conductors. As we learned previously,
there are no perfect conductors and no
perfect insulators. But until fairly recently,
most of the materials involved in electronic
current flow have been close to one of these
two extremes. Now, out in the middle
somewhere, we find semiconductors, which
are neither good conductors nor good
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insulators. But they have other qualities
which make them remarkably useful for
electronic applications.

With these applications, research into
still others has proceeded, to rapidly
accelerate the growth of that branch of
science known as solid-state physics. For
in crystalline semiconductor materials,
unlike tubes in which electrons flow
through a vacuum or gas, the flow of
electrons takes place through a solid sub-
stance. This in itself isn’t new, of course.
It happens every day in metallic conduc-
tors. But the way in which it happens in
semiconducting materials is quite a differ-
ent story.

Two of the materials most commonly
used for electronic semiconductors are
germanium and silicon. These are both
chemical elements, and what’s more, in
their pure state each of them is a very poor
conductor. It is only after deliberate
doping with an impurity that they take on
their rather marvelous semiconducting
properties.

You will recall from Chapter 2 that the
electrons in the outermost shell of the
atom are the ones which may be freed to
form an electric current. In the case of
germanium, there are four electrons in this
outer shell. To simplify our discussion, we
will ignore those in the inner shells, and
simply regard the germanium atom as
comprising a nucleus of four protons
surrounded by four electrons.



FI1G. 1. Germanium crystal structure. Pure ger-
manium is theoretically a perfect insulator be-
cause of powerful bond between outer electrons.
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Left. Arrangement of atoms in silicon is back-
ground for refined silicon and variously shaped
ingots of silicon. Transistor sits atop ingot.

The Crystal Lattice

Now, since germanium is normally a
crystal, its atoms assume the lattice
structure shown in simplified form in Fig.
1. Here we see that adjacent atoms share
each other’s outershell electrons, to tie the
whole structure together in a strong
cohesive bond. If this bond were absolutely
perfect, there would be no free electrons
available, and germanium would be a
perfect insulator. As a practical matter,
heat energy will occasionally dislodge a
few electrons, but it takes more than this
to achieve the semiconducting properties
that we want.

Suppose that we dope the germanium
with a controlled quantity of another ele-
ment having five electrons in its outer
shell. Either antimony or arsenic will fill
the bill. The fifth electron has no place in
the tight structure of Fig. 1, but is free to
roam at will. That is, it's a free electron.

The structure of Fig. 1 is then modified
to appear as in Fig. 2. Now each arsenic
atom becomes a donor of one free electron.
When a voltage is applied across this
crystal, there will be a flow of free elec-
trons through the circuit. Thus the
external behavior of the doped germanium
is the same as with any conductor. The
current flow is made up of free electrons,
or negative charges. The germanium is
therefore known as N-type.

You might infer from this that there is
another type of doped germanium, in

FIG. 2. When germanium is doped with a valence-
5 material. an electron flow can take place as
is the case in an ordinary electron conductor.
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FIG. 3. When germanium is doped with a valence-
3 material, the electron flow is effected by the
movement of “holes” toward negative terminal.
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Drs. W. Shockley, W. H. Brattain and ]J. Bardeen,
were awarded the 1956 Nobel Prize in Physics
for their invention of the transistor. They are
shown with model of semiconductor crystal.
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FIG. 4. When voltage of correct polarity is ap-
plied across P.N junction, current flows in ex-
ternal circuit from P layer around to N section.
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FIG. 5. When the voltage is reversed, with the
negative terminal to P and the positive to N,
the resulting current flow will be almost zero.

which there is a flow of positive particles,
and which might be known as P-type. And
astonishingly enough, you'd be very nearly
right. Suppose now that we dope pure
germanium with a material having only
three electrons in its outer shell, one less
than the germanium atoms have. Gallium
or 1indium will serve this purpose very
well.

Positive Holes

Using indium, as in Fig. 3, we see that
one of the electron bonds around each
indium atom has an electron missing. As
compared with the ideal structure of Fig.
1, there is now a “hole.” But since a defi-
ciency of electrons indicates a positive
charge, this is the condition of the
germanium with the indium impurity.
Going even further, however, the “hole”
in the lattice acts just like a real positively
charged particle when a voltage is applied
across the crystal.

Referring again to Fig. 3, when the volt-
age is applied, stresses are formed which
encourage electrons within the crystal to
move in the direction of the positive
terminal by jumping into the holes in the
structure. But since there are simply no
free electrons available, this means that
more holes open up near the positive
terminal. Thus, while the electrons tend
to move toward the positive terminal, the
holes in effect are simultaneously moving
toward the negative terminal.

Now we have an excess of electrons near
the positive terminal and a deficiency of
electrons near the negative terminal. This
is the classic condition for the flow of an
electric current through the external cir-

CRYSTAL STRUCTURE MODELS
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cuit, and such a flow does in fact take place.

Loosely held electrons, which had re-
cently filled holes near the positive
terminal, enter the external circuit. New
holes are thus created, which in turn are
filled as deficient indium atoms near the
positive terminal and rob their neighbors
which are closer to the negative terminal.
As the holes reach that terminal, mean-
while, they are filled by electrons entering
from the external circuit. The current flow
may thus be thought of as the movement
of holes from negative to positive within
the crystal, and of electrons from negative
to positive in the external circuit.

The indium atoms which are constantly
stealing from their wealthier germanium
neighbors are called acceptors. A crystal
doped in this fashion is called a P-type,
for although there is no actual movement
of positive charges, the holes act just as if
they were protons in motion. Current flow
by means of holes in P-type crystals occurs
at a much slower rate than that by means
of electron movement in N-types, but it
does occur nevertheless.

Two-Way Conduction

If we reverse the polarities of the bat-
teries in Figs. 2 or 3, current flaw will con-
tinue as before, but in opposite direction.
Rate of flow will be essentially unchanged.

Aside from the rather unique behavior
of electron flow by hole conduction through
P-type crystals, we haven’t as yet accom-
plished anything very useful. The useful-
ness of semiconductors becomes apparent
only when we can also give them rectifying
properties (see Experiment No. 4).

[Continued on page 56]
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FIG. 6. With negative voltages on both the P sec-
tions of the P-N-P transistor. there will not be any
current flow except for an initial surge. (See text.)
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FIG. 7. When the P-N-P transistor is correctly
biased, there is a flow of electrons in external
circuit, but a flow of “holes” within crystal

Crystal structure Models: 1. Zincblende; 2. Caesium chloride; 3. Cristobalite; 4. Potassium dihy-
drogen phosphate; 5. Diamond: 6. Pyrites; 7. Arsenic: 8. Sodium chloride: 9. Wurtzite: 10. Coppers
11. Niccolite: 12. Spinel: 13. Graphite; 14. Beryllium: 15. Carbon dioxide; 16. Alpha-quartz.




QI INER Building a Crystal Set

Simplicity of construction is
evident from open rear view
of diode receiver. Note
hearing-aid type phone.

LOOPSTICK
DIODE

.D"____

Set enclosed In case resembles miniature
portable, without volume control or speaker.
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WE have now built two radio transmitters, and
it seems time that we begin to experiment with
receivers. The one shown here is built from a
Superex kit, and uses a single semiconductor
diode, which serves exactly the same purpose as
the galena crystal of the early days of radio.

The Superex kit is unique in that no soldering
is required. All interconnections are made using
machine screws, washers and bolts, as the draw-
ing shows. Thus the only absolutely essential tool
is a small screwdriver.

The antenna wire has a small alligator clip on
the end, which may be clipped on the bare metal
of a bed spring, or the telephone wires will act
as additional antenna when you clip onto the
nickel-plated finger stop on the phone dial. A
ground connection is not usually necessary unless
stations are more than thirty miles away. Then
clipping onto a cold water pipe will make a solid
ground.

The radio signals striking the antenna are

coupled directly to the tuned circuit, where vary-
ing the capacitor will tune to the desired signal.
The output of the tuned circuit is connected by
means of a tap on the loopstick to the diode.

This diode is a one-way device, very much like
the rectifier in Experiment No. 4. The diode acts
only as a half-wave rectifier, however, and thus
passes only the positive-going signal pulses. At
this point the wave is still modulated radio fre-
quencies, while we need audio to drive the
headphones.

In a crystal set, the usual way of doing this was
to connect a capacitor in parallel with the head-
phones, with the r-f by-passing around the phones
through the capacitor. In this circuit we depend
upon the distributed copacitance in both the ear-
phone windings and in the diode to filter out the
rf. This type circuit is essential to any radio
receiver, the more elaborate ones merely having
the addition of amplifiers, r-f preceding and audio
following.

GROUND

Clear drawings make
this ideal beginner set.

VABIABLE CAPACINLOR

<
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[Continued from page 53]

Suppose now that we join together pieces
of P- and N-type germanium, as shown in
Fig. 4. As a practical matter, such a junc-
tion is obtained in either of two ways. The
grown junction is a single crystal which
begins with only one of the two types of
impurities. During the growth process,
while the material is in a state of melt,
impurities of the other kind are added, and
the remainder of the crystal takes the
opposite form.

The fused junction is formed by impress-
ing small quantities of indium into the
surface of an N-type germanium wafer.
The application of heat fuses the indium to
the surface of the germanium, producing a
P-type film over the N-type base. Thus
there is a P-N junction between this P
layer and the N-type wafer.

As we noted in Figs. 2 and 3, the N region
of the junction will have a supply of free
electrons, while the P area will have a
number of holes. When a voltage is applied
across the junction with the polarity
shown in Fig. 4, the holes are repelled by
the positive potential and the electrons by
the negative. Thus they both tend to move
toward the junction, where they combine.
This action is responsible for the high
forward current indicated by the deflec-
tion of the meter pointer.

The Junction Diode

Let’s examine this a little more closely,
to see what is actually occurring within
the junction. While normally there is a
barrier which prevents the free movement
of holes and electrons across the junction,
this is effectively broken as long as the
voltage is applied. Thus the holes move
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Automation in industry with all-electronically
controlled machine tools, is helped by printed

circuits incorporating transistors and diodes.
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FIG. 8. In the N-P-N ftransistor. above, internal
conduction takes place by movement of electrons
rather than by holes. See text for details.
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into the N area and the electrons move
toward the P area. When the electrons and
holes meet, they combine and effectively
cancel each other out.

But at the same time, an electron bond
near the positive terminal breaks down,
and for every combination of an electron
and a hole at the junction, there is a free
electron which enters the positive leg of
the external circuit. But this in turn
creates a new hole which must then move
toward the junction.

In the negative leg, meanwhile, free
electrons are arriving from the battery to
enter the N region of the junction. These
replace the electrons lost by combination
with the holes at the junction. Again we
have an excess of electrons at the negative
terminal, and these also tend to move
toward the junction to combine with new
holes arriving there. The result is a fairly
large current flow through the junction
and in the external circuit.

Now consider what happens when we
reverse the polarity of the voltage supply,
as shown in Fig. 5. The holes are now
attracted to the negative terminal and the
electrons to the positive terminal, both
away from the junction. Since there is no
effort to break through the barrier and
complete the circuit, almost no current
flows.

Thus we have a diode, which conducts
current in only one direction, behaving
very much like the diode discussed in
Chapter 3 and demonstrated in Experi-
ment No. 4 And semiconductor diodes
have exactly the same applications as
as electron-tube diodes, namely, as detec-
tors and rectifiers.
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FIG. 9. The basic forms and equivalent circuit
symbols of the two three-element transistors.
The N-P-N is at top with the P-N-P shown below.

The Transistor

And just as the triode tube evolved from
the addition of the grid to the diode, it
would seem that a semiconductor triode
might somehow evolve from its own diode
counterpart. And this is exactly what
happened in 1948, with the invention of the
transistor. The discovery was so momen-
tous to the electronic art that it earned for
its inventors the Nobel Prize in physics.

The junction transistor is a direct out-
growth of the junction diode we have just
studied. It comprises three sections of
germanium, in either a P-N-P or N-P-N
configuration. Transistors are used
throughout in the radio circuit of Experi-
ment No. 8. All functions normally served
by tubes in the usual superheterodyne
radio are here handled by transistors, plus
a semiconductor diode detector.

As we see in Fig. 6, the P-N-P transistor
is essentially a “sandwich,” with a section
of N-type germanium surrounded on both
sides by P sections. In actual practice, the
N layer is very much thinner than the P
sections. The double junction may be made
by either the grown or fused methods
already described for diodes.

Two voltages are applied to the transis-
tor, one to either leg. When the polarities
are as shown in Fig. 6, both of the P layers
are negative with respect to the N section,
which also means that N is positive with
respect to P. Under these conditions, the
free electrons in the N section tend to move
away from the junctions and toward the
positive battery terminals. The “positive”
holes similarly are attracted away from the
junctions under the influence of the nega-
tive battery terminals. Since this arrange-
ment affords no opportunity for the elec-

trons and holes to meet at the junctions,
current flows only momentarily and then
stops completely.

Transistor Bias

Now let’s reverse the polarity of just one
of the batteries, to give us the arrangement
of Fig. 7. The voltage on the left P section
is now known as a forward bias, while that
on the right P section is called a reverse
bias. The forward biased section is called
the emitter, while the reverse biased sec-
tion is known as the collector. The center
section is called the base. These designa-
tions hold for all three-element transistors,
whether P-N-P or N-P-N, and whether
their construction is of the junction or
point-contact type.

When the voltage is applied as in Fig.
7, the holes in the emitter cross the barrier
into the base territory. But the N section
is so thin that the holes find few electrons
to join with, and so they go right on across
the second junction to the collector. At this
point, electrons from the collector battery
enter the negative terminal of the transis-
tor and cancel out the holes.

But for each hole that is lost by com-
bination with an electron in the collector,
an electron bond is broken in the emitter,
and a free electron is permitted to flow
toward the positive terminal of the emitter
battery. The supply of holes is thus being
tonstantly replenished in the emitter, and
these holes in turn find their way toward
the collector.

Since the base in effect is hardly more
than a transparent window between the
two junctions, it might seem that the tran-
sistor is behaving much like an ordinary
diode, and is thus useful only for rectifica-
tion or detection. But you will see that
this is not so, as we observe still another
phenomenon of transistor operation.

Remember that the base is not com-
pletely transparent, for there will always
be a few electron-hole combinations
occurring in the base. That is, not all of the
holes pass through the base in their
journey from the emitter. This means that
the collector current will always be less
than the current in the emitter.

Furthermore, no current can flow out of
the collector unless electrons are also flow-
ing into the emitter. But only a small
voltage is required to develop rather large
emitter currents. At the same time, rather
large voltages can be applied to the collec-
tor. This means that for fairly small power
inputs we can have quite large power
outputs. The power gain of transistors can

[Continued on page 60]
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EXPERIMENT 8 [Rmmiichy

Transistor Radio

BODY SIZE AND
SHAPE MAY VARY
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Second 2N107 transistor is plugged
into lts socket (above) to finish
components installation. Tuning
(above, right) is accomplished by
varying position of slug in coil
since capacitor value is fixed.
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THE little transistor receiver here is o direct
descendent of the diode set you built in Experi-
ment No. 7. The first stage (TR.) is a detector-
amplifier, while the second stage (TR.) is an audio
amplifier. Note the similarity of this input circuit
and method of coupling to that of the diode set.
The only difference is that here we tune by vary-
ing the inductance instead of the capacitance.

The selected signal from the tuned circuit is
impressed on the base of the first transistor. Since
this component has three elements, rather than
only two as in the diode, it has the ability to
amplify as well as rectify. This particular circuit
is analagous to the grid-leak type of tube detec-
tor, in which the incoming modulated signal is
first rectified and then amplified.

The final process of demodulation or detection
occurs through capacitor Ci. The caopacitance of
this component is such that it offers little opposi-
tion to r-f, but effectively blocks audio. Hence
the radio component of the wave is shorted out

through C., while the desired audio passes on
through C, to the base of TRu.

The main job of TR. is to build up the audio
to a level satisfactory for headphone use, and it
therefore amplifies the signal many times more.
The level of the signal in the headphones is
adjusted by the volume control, R.. The head-
phones convert the electrical signals from TRy
into audible sound. The way in which headphones
operate will be described in Experiment No. 9.

Transistors are made 'in various sizes and
shapes, as shown in the drawing. Most of them
have three elements, and therefore three leads,
which usually are not equally spaced. In these
types the spacing of the leads is the key to
identifying the leads. In the equally spaced types,
vsually o red dot is used to identify the collector.
And in nearly all cases the base will be found in
the center. In the unequally spaced type the
emitter is closer to the base.
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FIG. 11. Sharp electrodes of point-contact tran-
sistors are reminiscent of “cat's whiskers” in
crystal sets. They may soon be equally obsolete.
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FIG. 10. Three modes of connection are possible
with each of the two transistor types. Circuit
connections are shown above with the P-N-P type
at left and the N-P-N transistor on the right.

[Continued from page 57]

in fact approach 1,000 or more. Transistors
can therefore be used as amplifiers and
oscillators as well, just like tubes.

We can also make a transistor by revers-
ing the sandwich ingredients, to come up
with the N-P-N transistor shown in Fig. 8.
The conduction process is similar to that
for the P-N-P, except that the internal
current is carried primarily by electrons
rather than holes.

Under the influence of the emitter bat-
tery, electrons leave the emitter, overcome



the barrier and enter the base area. Since
this P region is very thin, most of the elec-
trons go right through it into the collector.
At this point they are attracted by the
positive potential of the collector battery
and thus enter the external circuit. Elec-
tron flow therefore takes place continu-
ously in the direction shown in Fig. 8.

The electron flow within the N-P-N
transistor is very similar to that in the
conventional triode tube. But if this be
true, then we realize that the P-N-P con-
cept, in which the major charge carriers
are positive (for in effect that is exactly
what the holes are), is wholly new, for the
tube is yet to be built in which positive
charges flow through it. For this reason,
the two types of transistors have separate
circuit symbol designations, as shown in
Fig. 9.

Transistor Circuits

In the examples of Figs. 7 and 8, we have
used a common-base connection for the
transistor. Using circuit symbols, this is
shown for both types of transistor at the
top of Fig. 10. Other connections are also
possible, as Fig. 10 shows. To understand
these various types, it is convenient to
compare them to their counterpart tube
circuits. In doing so, we can consider the
emitter of the transistor as roughly
analagous to the cathode of a tube, the base
simjlar to the control grid, and the collector
as comparable to the plate.

The common-base connection we have
been studying is thus generally similar to
the grounded-grid triode circuit. While it
was convenient for examining transistor
physics, it is not the most commonly used
circuit. It is useful, however, as a high-
frequency amplifier, where ordinary cir-
cuits might tend to go into spurious oscilla-
tion.

The common-emitter circuit is compar-
able to the conventional grounded-cathode
tube circuit. It has the greatest flexibility
and efficiency of the three types, and also
the highest voltage and power gain. And
like the grounded-cathode, it is also the
most used.

The common-collector is roughly anala-
gous to the grounded-plate circuit, better
known as the cathode follower. It is not
an amplifier, for like the cathode follower,
it actually has a gain of less than one. As
a loss device, its greatest application is in
impedance matching or isolation between
two stages or devices.

The Tetrode Transistor

Transistor technology has not yet pro-
gressed to the point where we have the

counterparts of tetrodes, pentodes, and
more complex types of electron tubes.
There is, however, a so-called tetrode
transistor. This is really a misnomer, how-
ever, for the unit still has only three active
germanium elements.

The purpose of the tetrode is to improve
the rather poor high-frequency response
of transistors. This shortcoming has two
causes. One of them is collector capaci-
tance, which acts as a shunt for high
frequencies, very much like interelectrode
capacitance in a tube. Furthermore, there
is the problem of transit time, the actual
time it requires the charge carriers to move
through the crystal and arrive at the col-
lector. When the polarity of the collector
voltage changes so rapidly that the charge
carriers don’t have time to move all the
way across to the collector, then the
current and the gain will drop consider-
ably.

These troubles are partially overcome
by the tetrode transistor. This is really no
more than a conventional N-P-N transis-
tor, with a second connecting lead attached
to the opposite side of the base from the
conventional lead. With a common-base
circuit, with the usual base connection
grounded, a small negative voltage is
applied to the second lead. This tends to
have a repelling effect on electrons near
the wire, and to concentrate them in the
area of the regular base connection. This
effectively makes the P region smaller or
thinner, and the base resistance lower. The
result is a shorter transit time, with a con-
sequent raising of the upper frequency
limit.

The Point-Contact Transistor

All of the junction transistors were pre-
ceded by an earlier type, known as the
point-contact transistor. This is illustrated
in Fig. 11. While your crystal radio in
Experiment No. 7 had a “cat’s whisker,”
you will note that this transistor has two.

The transistor is formed in manufacture
by passing a current through these elec-
trodes. This results in two small areas at
their tips acquiring essentially P-type
behavior. The consequence is that we now
have effectively a P-N-P transistor.

Because of the small barrier areas, along
with low self-capacitance of the collector,
the point-contact transistor has somewhat
better high-frequency response than the
junction type. But the junction types are
constantly being improved, and because
they are simpler and cheaper to manu-
facture, they will probably eventually
supplant altogether the earlier junction
types. ®

61



C h_apfer S

ELECTRONS AT PLAY

Radio — TV — Hi-Fi

Photo right. “Electrons at play” in the home are typified by today’s modern hifi equipment. Shown
here iz a complete stereo component installation, including tape recorder, speakers and a television set.

By far the most popular form of electronic entertainment is the television show. Many cameras, micro-
phones plus miles of cables are involved in the production of the average network telecast, see below.

NBC Television
-
& 4
L 3 e

(WRcATV — 4

Whie




THE first widespread use of electronics
was in the opening up of whole new
worlds of entertainment. First came radio
broadcasting, then phonograph recording,
followed by soundfilm recording and, most
recently, television. Except for phonograph
records, which earlier were recorded and
reproduced by rather crude methods, each
of these arts was wholly new and unique.
Instantaneous transmission of sound over
great distances was wholly unknown be-
fore radio {(except for the telephone, which
was limited to private communications).
The motion picture was strictly a panto-
mime art until electronics gave it a voice.
And while a television presentation is
somewhat like sound movies, the factors of
instantaneous transmission and simul-
taneous reception were wholly without
precedent.

Microphones

In each of these arts, at the beginning of
the sound chain there must be'a transducer
for converting sound waves into electronic
signals. This transducer is the microphone.
The earliest microphones were essentially
sound-sensitive variable resistors, and
were derived from telephone practice. This
is the type microphone used in Experiment
No. 5, and again in Experiment No. 9.

Although the carbon microphone is still
used in telephones, for hi-fi entertainment
use there are many other preferable types.
One distinguishing characteristic of all of
these is that they generate their own volt-
ages, rather than varying an externally
supplied current. These newer micro-
phones have a number of advantages, but
probably the primary reason for their use
is the fact that they perform with much
higher fidelity.

Another characteristic of hi-fi micro-

phones is their low output. Although they
generate their own voltages, these signals
are rather feeble and must immediately be
boosted to a usable level. And this is where
the audio amplifier comes into the picture.
A simple type of such amplifier is your
construction project in Experiment No. 9.

The audio amplifier has one primary
purpose. It must reinforce the feeble
signals fed to its input without altering
them in any other way. Any alteration of
these signals is recognizable as distortion.

The high-level autput signals from the
audio amplifiers may be fed to any of a
variety of devices, depending upon specific
requirements. If they are required for a
broadcast network, they will now be fed
into high-fidelity telephone lines and sent
on their way to distant stations. If they are
to be stored for future use, they will go
into another transducer, in the form of a
disc recording cutter, a film recording
head, or a tape recorder. And if they are
to be broadcast immediately, they will be
fed into a radio or television transmitter.
But if they are to be heard directly, they
will be immediately reconverted to sound
by means of a loudspeaker or headphones.

Recording Systems

The cutter used to engrave a groove on
an original phonograph disc is a vibrating
motor, something like that in an electric
shaver. But instead of driving a pair of
shears, it moves a plow-shaped sapphire
stylus through a soft lacquer surface on an
aluminum disc. Film recorders today may
be either magnetic or optical. In the older
optical system, a light beam varies with
the audio signals along the edge of photo-
graphically sensitized movie film, to ex-
pose the sound track. Magnetic recorders,

[Continued on page 66]
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Building an
Audio Amplifier

EXPERIMENT
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Final steps in construction
comprise insertion of mi-
crophone and headphone
tips in the Fahnstock clips.

One-tube amplifier isn‘t
strong enough to power o
loudspeaker, but is loud
enough for phones (right).
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THIS little audio amplifier will build up signals
from a microphone or phono cartridge to ade-
quate level for headphone operation. Unlike the
tetrodes discussed in Chapter 3, the 12K5 tube
is here connected with the first grid acting like
the conventional screen accelerator, while the
second grid acts as the control grid. This rather
unconventional circuitry is used so that the operat-
ing voltages may be kept low, with all exposed
parts at a safe potential.

The audio signals are actually applied to both
grids, but only grid 1 has a positive bias as well.
The B4 voltage is blocked off from grid 2 by
capacitor Cu, while the audio readily passes right
through it. The plate current stream is therefore
caused to vary exactly as the voltage on the two
grids varies.

The microphone develops the audio signal as
was explained in Experiment No. 5. 1f a phono
cartridge is to be used instead, it should be of
the piezo type (either crystal or ceramic), with
on output of at least 0.25 volt. Disconnect the
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microphone, and connect one wire from the car-
tridge to MICROPHONE A, and the other wire to
either of the GROUND clips. Do not use the B
microphone clip, for this would put plate voltage
across the cartridge and possibly cause serious
damage.

The output from the plate circuit, the amplified
signal, goes to the headphones through C: and
R.. Headphones and loudspeakers are known as
electro-acoustic transducers, because they convert
electrical signals into sound, just the opposite of
what the microphone does. Most headphones
operate on electromagnetic principles and, as
shown in the drawing, contain a permanent mag-
net which is wound with electromagnetic coils.
Current through the coils causes them to generate
a magnetic field which will alternately add to and
subtract from that of the permanent magnet. The

diaphragm will therefore set up sound waves in
air as it vibrates back and forth in following
these magnetic variations.
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unmodulated radio-frequency
carrier wave

fLUs
. Major Edwin H. Armstrong, a prolific radio In-
audio-frequency modulating signal ventor. Is best known for his discovery of FM.
[Continued from page 63]
which may have either tape or film as the
recording medium, have electromagnetic
recording heads which magnetize the
f + metallic material on the surface of the tape

or film.

Radio transmitters for the broadcasting
of sound have three basic elements: a
generator or radio waves, a modulator for
combining sound signals with radio waves,
and a radiating system, or antenna. The
generator is an oscillator, as was discussed
in Chapter 3, and the antenna is a tower,
or a set of long wires, or some other con-
figuration depending upon the frequency
and other factors.

But the radio transmitter alone is of
little use without some means of applying
it to the transmission of information. The
simplest way of doing this is to turn the
transmitter on and off according to a pre-
determined code. This is analogous to the
Indian smoke signals, where a blanket
over a fire is used to release puffs of smoke
at stated intervals. As the electronic
counterpart of this, in Experiment No. 1,

resuttant am radic wave your transmitter may be likened to the
fire, and the key takes the place of the
blanket.

This arrangement will convey informa-
tion all right, and as such it is widely used
even today. But for the transmission of
electronic likenesses of sound waves, a
more subtle variation of the radio wave is
required. This procedure is called mod-
| ulation.

Audio Modulation

Any meéans of varying the radio wave
so that it follows exactly all of the com-
plexities of a sound wave will be a modu-

06

resultant Frm radio wave



The New York Times

New York radio station WQXR has complete stereo
broadcasting facilities, iz well known for its
programs of recorded and live classical music.

Above is an Eico AM tuner, available as a kit
or In assembled form. The kit, photo right, is
being assembled, following manufacturer’s in-
structions. Kit building is becoming more and
more popular, gives builder good experience in the
theory and practice of various electronic circuits.

lation. Many methods of modulation have
been used, but in broadcasting today
either of two characteristics of the radio
wave are varied. One of these is the am-
plitude, and the other is the frequency.

In the system of amplitude modulation
(AM), the frequency of the signal stays
right at its assigned spot on the dial, while
the power radiated from the antenna
varies, all the way from zero to twice the
unmodulated power. In frequency modu-
lation (FM), just the coriverse is true. The
power output of the system remains con-
stant while the frequency is varied above
and below its center assignment as dictated
by the form of the modulating sound
wave.

The transmitter you build in Experi-
ment No. 5 is the AM type, and as such
can be heard on any standard home AM

RCA Victor
Color television is the latest advance in this
field, is steadily gaining in popularity. Here.
cameras are being readied for final testing.

Fred Honig

radio receiver. FM radio is the newer type,
and it is superior to AM in reduction of
extraneous noise and in fidelity of repro-
duction. But FM has had toc buck the
long head start and solid entrenchment
of AM, plus some measure of public in-
difference. As a consequence, it will still
be some time away, if ever, that FM fully
supplants AM.

Now exactly half the job is done: the
sound wave has modulated a radio carrier,
or it has been recorded in the form of a
groove, or an optical or magnetic track.
At this point we must reconvert these sig-
nals or recordings back to sound.

In the case of radio, the instrument
which does the job is called a tuner. Of
all the many waves striking the receiving
antenna, the desired one is selected by a

[Continued on page T0]
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EXPERIMENT 10 Conveﬂérgget for Hi-Fi

Rear view of TV-ARudio switch before conversion.
Compare with lower left drawing on next page.

Rear view of TV-Rudio switch after conversion.
Compare with lower right drawing on next page.

Circuit diagram (below) of typical TV sound. Simplified conversion diagrams (below, right),
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HERE is a way for you to get some practical use
out of the audio jack and switch on the back of
most TV sets, a circuit which in its present form
is about as useful as a fifth wheel. This circuit is
reminiscent of the old “‘television adapter” jack
on pre-World War Il radio sets.

You may recall that in those dear dead days,
when the public thought that television was just
around the corner, this jack was concocted to
prevent obsolescence of the radios which just
then weren’t selling too well. The idea was that,
when television came in, you could buy a set
without an audio system, and just plug it in and
use the audio in the radio set. Nobody ever did
this, of course, because no such TV set was ever
built.

But the gimmick, has now been dusted off and
used again to ride in on the hi-fi craze. The idea
now is that you can plug in a phono cartridge,
tuner, or tape recorder into the jack, so that the
signal will be reproduced through the ‘“superb’
audio system in the TV set. Since this audio

Switch labelllng remains same. To hear
set's sound, use TV: for hifi, use Audio.

) TO TO OQUTPUT
PICTURE TUBE OF
CONTROLS DETECTOR

amplifier is in fact pretty junky, the idea is absurd.

But we can take the idea and turn it around,
to come up with a system which is truly useful.
The idea is that, instead of running other signal
sources into the TV set, we will instead take the
FM detector output from the set and feed it into
an external hi-fi system. This will give you TV
sound like you’ve never heard before.

The simple changes are shown in the accom-
panying drawings. The double-pole, double-
throw switch shown in the typical circuit diagram
now performs two functions: It selects the input
to the little one-tube audio amplifier from either
the TV detector or an external source; and it
disables the picture tube when the external
source is in use. The change involves simply
flopping the selector function over to the detector
output, and shorting out the picture tube switch
so it is continuously operative. Finally, if hum is
incurred, short out the capacitor between the jack
shell and ground.

DIST.
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Robert iertzhery

There were about 185,000 licensed radio hams in
the United States in 1958, accounting for a large
and honorable slice of the “Electron at play” field.

Radio Corp. of America
Over 46 million TV sets are found in U. S. homes.

with about 5 million new sets produced annually,
a growing number of which are color recelvers.

TV tape recorder handles up to 96 minutes of
black-and-white or color material, records and
plays back through a 14.inch magnetic tape reel.

Radlo Corp. of America

Mike Bonvino

One of the countless uses electronics can be
adapted for is radio control. Above is a garage
door being opened from a car by this method.

[Continued from page 67]

tuned. circuit. Then it is amplified elec-
tronically. Finally, the audio is separated
from the radio wave by the process of de-
tection or demodulation. Now we have an
electronic signal representing the audio
alone, and it should be almost exactly like
that at the output of the microphone.

Reproducers
For recordings, we must go to another

transducer. The disc recording transducer
is usually called a pickup or cartridge. It
is actually a small electric generator which
develops a voltage as a result of the side-
to-side movement of its stylus in the
groove.

The millions of tiny magnets drawn past

the head of a tape reproducer similarly
develop a voltage at its output terminals.
An optical film track is reproduced by
moving it between a fixed light source and
a photocell. The amount of light striking
the cell at any instant will be determined
by the area or density of the track. The
voltage generated by the cell will there-
fore be an electronic replica of the origi-
nal sound.

The audio signals must now be amplified

further in an audio amplifier, to make them
powerful enough to operate a loudspeaker.
The speaker is the final transducer, the
end of the chain. It is an electromagnetic
device, which converts electronic signals
back into vibrations in air, that is, into
sound.

The television system operates on the

same principles as radio, but it is more
complex because it must transmit picture
information as well as sound. The tele-
vision transmitter is really two transmit-
ters in one, sending out both audio and
video signals. In the present system in the
United States, the sound transmitter uses




Radio Corp. of America .

Magnetic 7-channel recorder. designed for the
motion picture industry, runs at variable speed,
records and plays back over seven separate tracks.

FM, while the picture transmitter uses
AM. The sound transmitter is generally
the same as any FM radio transmitter, and
the video transmitter operates on conven-
tional AM principles, but the modulating
signal itself deserves somewhat more
careful scrutiny.

Video Synchronizing

The transducer in this case is the video
camera, which was described in Chapter 3.
But the video signal must have some addi-
tional information for the receiver to syn-
chronize with the transmitter. Perhaps
this would be more clear if we likened it to
a teletypewriter system.

As this chapter is being written, the
original manuscript is prepared on a type-
writer, one character at a time. If a tele-
typewriter were used, with a slave ma-
chine at some remote point, that machine
would have to follow the original type-
writer movements exactly. It would have
put the same characters in the same places.
It would have to capitalize, indent, return
the carriage to the beginning, put the same
space between words and lines, and at the
end of this sentence put a period, just as
the original typewriter,

Just as the words and thoughts in the
writer’s brain are translated into type-
writing, and dissected so that they hit the
paper one letter at a time, so is the tele-
vision picture translated into electronic
signals, bit by bit. But in television this
happens so fast, the dissection in the
camera, and the reconstruction in the pic-
ture tube on the TV set, that we never
see the picture as a series of dots or lines.

If the picture tube, however, failed to
keep right in step with the scanning in
the camera tube, the picture would be-
come a hopeless jumble of disconnected

Transistorized multichannel mixer for motion
picture sound recorder (shown at left) contains
23 amplifiers, plus one oscillator, is portable.

elements. And this is exactly what you
have seen happen when something has
gone wrong in the scanning or synchroniz-
ing circuits in your TV set.

Another piece of information which the
video signal must carry is the blanking.
When the end of a line is reached in typing,
the line space lever—which returns the
carriage over the left side for the begin-
ning of the next line, and also turns the
cylinder—is touched so that type does not
go directly over the line just finished.

During this carriage return and line
spacing no keys are depressed, as they
would only make meaningless marks on
the paper. Similarly, the electron beam
in the cathode ray tube in your receiver
must refrain from making a glowing line
on the face of the tube during the retrace.
And it is the blanking signal from the
transmitter which tells the beam to shut
down during this time.

Composite Signal

All of these additional pieces of in-
formation are included as a part of the
composite video signal. The audio and
video transmitters are separate, as we have
noted, and the two types of signals are
again separated in the receiver.

Following the audio detector is the
audio amplifier and loudspeaker. The only
difference between this audio system and
a hi-fi audio system is that the hi-fi is of
much better quality. If you have a hi-fi
system, therefore, it is much better to use
it for your television audio. This can be
done with the Experiment 10 conversion.

Although electronics has played an im-
portant role in entertainment for years, it
has gone on to perform more serious and
important jobs. Some of those are described
in the following chapters. ®
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Chapter 6

ELECTRONIC BRAINS

Computer systems

HE AGE of the electronic computer is

often referred to as the Second Indus-
trial Revolution. The first one, which oc-
curred between 1800 and 1850, replaced
human brawn with mechanical power.
Now some people are wondering if the
human brain is about to be put out of busi-
ness by an electronic intruder.

To understand whether man is really
on the way to making himself obsolete, we
must consider what computers do today,
how they work, and what they may accom-
plish in the future. The major role played
by computers today is in the large busi-
ness office, where mountains of paper work
can be processed within hours rather than
weeks or months. No longer must the
lonely bookkeeper sit on his high stool,
green visor on his head and quill pen in
hand, slaving over his journals and ledgers
far into the night.

High-speed digital computer is distinguished by
its small size and low power, can be used as
a test model for research on other computers.

Bell Televhone Laboratortes

Console of IBM 705 machine is installed here
at one of the nation’s leading dairplane makers.
Boeing Airplsne Co.




Computers Today

In the factory we already have the be-
ginnings of automation, as we will note
further in the next chapter. Machines of
many types have their operations con-
trolled by a computer. Some controlled
machines can even be connected to an elec-
tric typewriter to “discuss” with an opera-
tor the progress of the work being per-
formed. The fully automated factory is still
a thing of the future, but scientists know
how it can be done. As soon as someone
comes along who wants to pay the price,
he shall have it. '

Military demands during World War II
caused computers to take great strides
ahead. Special types were devised to per-
form the ballistics calculations necessary
for aiming guns, bombs and other projec-
tiles. Extensions of these techniques are
used today in the guidance systems of mis-
siles and rockets.

Computers are also used widely in re-
search, in such fields as astronomy, elec-
tron optics and weather forecasting. An
especially wvaluable application of com-
puters is as simulators, which will give
results otherwise obtainable only after
elaborate tests and experiments. This
solves design problems in aircraft and mis-
siles, without the building of models or
prototypes. There is even a nuclear simu-
lator reactor, which recreates inexpen-
sively the operational characteristics of a
multimillion-dollar reactor.

There are two main families of com-
puters today, one called digital and the
other referred to as analog. In the analog
computer, a number is represented by the
size of a physical quantity, such as a volt-
age. In a digital computer the number is
coded as a succession of signals. In every-
day life we have examples of both types
of computers in nonelectronic form. The
ordinary slide rule, which represents num-
bers in terms of lengths on a stick, is a sim-
ple analog computer. The dial telephone
system, which converts a telephone num-
ber into a sequence of signal pulses, is ac-
tually a digital computer. The seven spins
given to a telephone dial result in seven
groups of up to ten pulses each. From this
information the central-office equipment
is able to select any one of over five mil-
lion different telephone numbers. This
very principle is employed in the computer
you build in Experiment No. 11.

Computer Functions

Every computer actually comprises sev-
eral operational ‘“departments.” One of
these handles the arithmetic operations:
addition, subtraction, multiplication and
division. Not all of these are essential, how-
ever, for even the most complex mathe-
matical operations are simply repetitions
of simpler ones. Squaring or raising to
higher powers, for example, is simply re-
peated multiplication, just as multiplica-
tion is repeated addition.

Many leading universities here and abroad design and build their own computers which they use in
a great number of research problems. The unit shown here is located at New York University.

New York Unlversity
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Radie Corp. of America

All-transistor data processing sys-
tem, designed for business, industry
and government, can also handle any
paper work for smaller business firm.

Below are two examples of some of
the earliest types of “computers.”
Not shown is what is probably the
very first computer, the abacus.
International Business Machines
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Also we have the memory or informa-
tion-storage department, The memory may
be either temporary or permanent, de-
pending upon the service it must perform.
Permanent storage is used for whatever
information the computer needs to solve
the problems it regularly encounters. This
could include such facts as multiplication
tables, the number of seconds in a minute,
or metric equivalents of English units.
Temporary stores, on the other hand, are
used as parking places for sub-totals and
other partial results.

There also must be some prior planning
of the computer’s job, so that it will carry
out the computation in proper sequence.
Before attempting to solve any complex
mathematical problem, one first must
analyze it to determine where to begin,
and then what to do next. This part of the
operation must still be accomplished by
the human mind. The computer must be
told what to do and how to do it, by a pro-
cedure known as programming. Having

74

complete instructions, the computer can
then proceed on its own to perform the
endless drudgery of involved calculations.
In a rudimentary way it might be said to
“think,” but it is still beholden to a humarr
master, who does much of its thinking for
it.

Number Systems

In the decimal system of numbers we
normally use, the basis is the number 10,
and there are ten digits, ranging from 0
through 9. A certain combination of these
digits would be used to represent a specific
number, such as 32,894. Reading such a
number is so familiar to us that we never
stop to consider that these five digits indi-
cate that the number comprises 3 tens of
thousands, plus 2 thousands, plus 8 hun-
dreds, plus 9 tens, plus 4 ones.

Electronic counting of numbers such as
this might be done with signal pulses feed-
ing into a capacitor and an electronic
switch. As shown in Fig. 1, each incoming



One of the latest IBM machines has
a cathode-ray screen, extreme right,
which shows .the operator graphical-
ly the performance of the computer.

International Business Machines

square wave pulse (A), raises the voltage
across a capacitor in staircase fashion (B).
On the tenth incoming pulse, the critical
firing voltage of an electronic switch is
reached, and one pulse appears at the out-
put (C). At the same time, the capacitor
voltage drops back to zero to start the
whole cycle over again.

Now suppose that the output pulses (C)
are fed into a succeeding counter which
also fires only on every tenth shot. Then
the output of the second counter would fire
only after one hundred pulses had hit the
preceding counter. Similarly, still another
decade counter following that would indi-
cate thousands, and another one would
read tens of thousands.

But when we get up into these big num-
bers we are putting a lot of faith in the
characteristics of a capacitor and a diode.
If it occasionally takes eleven shats to fire
the tube instead of ten, the count is off by
ten thousand. Much more reliable would
be a system having only two states, either

A - .

International Business Machines

Techniclans, photo left, are seen inserting some
of the standard component cards into the “works”
of computer. Cards contain the circuit sections, are
replaced or changed in case of any malfunction.

on or off. Such an arrangement would be
practically foolproof, since it would be
virtually impossible not to distinguish be-
tween those two conditions. The only
trouble is, it-requires a new system of
numbers.

All numerical information fed into a
digital computer must first be translated
from our conventional decimal system into
this new system, known as the binary code.

Decimal vs. Binary

The left half of the chart of Fig. 2 shows
the arrangement of whole numbers in the
decimal system. The chart could, of course,
be extended at both top and bottom to in-
clude decimal fractions of less than one, as
well as numbers greater than one million.
But for purposes of simplicity, we'll con-
fine our analysis to the limits shown.

Note that whenever a number is shifted
one place to the left in the decimal system,
it is in effect multiplied by ten. Thus in

[Continued on page 78]
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Schematic of telephone dial and Input and
output connections, above. Flip-flop circuit,
above right, is same for all six.

Problem is fed to computer by telephone dial.
To add 7+ 7, dial number 7 twice in succes-
sion. Jack colors simplity programming,




ONE thing we may as well face at the outset
is the fact that the electronic computer is a
highly complex device which simply doesn’t lend
itself to any basic little experiments. But if you
would like to build your own complete computer,
here is one you can have for around $35 and a
few evenings of your time.

As we have pointed out in this chapter, all
mathematics, including the so-called higher
type such as calculus and differential equations,
ultimately boils down to many, many repeated
operations of addition and subtraction. The
more complex operations, from multiplication
and division right on up, are simply short-cuts
devised to circumvent the tedium of these many
repetitions.

But if addition and subtraction were all we
knew how to do, and if we could perform re-
peated operations quickly enough, and without
ever tiring, then this would be adequate for
arriving at the desired solution. And this in
effect is what the digital computer does.
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The heart of this computer is a counter, oper-
ating on binary principles described in this
chapter. The counter comprises a number of
stages of flip-flops connected in cascade. The
flip-flop has the two states we have noted as
necessary for binary counting. But instead of
an on-off display, this computer uses an either-or
system. That is, each flip-flop has two lights con-
nected to its output, and either one or the other
is on at all times the computer is in operation.

To perform a problem in addition, one simply
dials the digits involved on the telephone dial.
The contacts of the dial generate positive pulses
which actuate the six flip-flop stages, permitting
direct reading in binary notation of totals up
to 63. This is arrived at through the sum of
six columns:

2 4 2 4 2 4 P 4 2 4 28
Higher numbers can be handled with more flip-
flops. Full construction details on this project

are to be found in the January, 1960 issue of Elec-
tronics [Hustrated.
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A pair of indicator lamps is used with each
flipflop. Six Identical circuits shown in block
form above are detailed on preceding page.

Compact cabinet with sloping panel houses
computer, left. When telephone dial feeds prob-
lem, answer is in binary form.
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[Continued from page 75]

the number 43, the figure 4 means that
there are four tens. But shifting one place
to the left, in the number 430 it indicates
now that there are four hundreds.

Since the base of the system is ten, we
are in effect talking about ten multiplied
by itself. Thus 100 is ten times ten, or ten
squared (10°). And 1,000 is ten times ten
times ten, or ten to the third power (10°).
There is no reason, however, why the base
of a numerical system couldn’t as well be
two instead. This in fact is the basis of the
binary system. Instead of ten digits, 0
through 9, we use only two, 0 and 1.

In the decimal system, when we get
above 9, we shift left to a second column
starting with 10. Then we stay in two col-
= umns until 99, and then move to three
g columns for 100, and so forth. In the binary
system, since we have only two digits, we
International Business Machines must shift left one column as soon as we
Above is one of the main “memory” units of a go above 1. Thus while in the decimal sys-
computer: the tape machine. To its right is shown tem the symbol 11 means a ten plus a one,
a plece of magnetic tape with imprinted signals. or eleven, in the binary system it means a
two plus a one, or three.

Referring again to Fig. 2, let’s see if we
can work out a binary number, using the
same approach as we did with the decimal
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Another memory unit is the IBM’s 650 magnetic
drum. It tums at the rate of 12.500 rpm and
has magnetized spots on its surface. The drum
holds up to 20,000 digits at 2,000 “addresses.”
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number. Since there are only two digits
available, a binary number might look like
this: 1011001. Thus for each of the columns
shown in Fig. 2, the digits indicate the
presence or absence of the number as-
signed to that column. You might there-
fore think of it as a yes-no system.

The first digit of the number 1011001
tells us yes, there is a 64 (or 2°). There is no
2° Yes, there is a 16 (2) and an 8 (2%).
There is neither 2° or 2'. There is, yes, a 2°
or one. The final number then comprises
a 64 plus a 16 plus an 8 plus a 1-—convert-
ing it to decimal figures—or 89.

Binary Disadvantage

This, of course, points up the big disad-
vantage of binary numbers for ordinary
work. It took a string of seven digits to ex-
press a number which in the decimal sys-
em is stated in two. And more places in
the number means more tubes or diodes in
the computer.

If numbers up to 9,999,999 are to be han-
dled, for example, those seven columns
in the decimal system stretch out to
twenty-four columns in the binary code.
But remember that each of those seven
columns has ten different possibilities,

FIG. 1. Below. In the serlal counter the voltage
of a capacitor rises in steps until it reaches
a critical point where it drops back to tzero.
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