CORRESPONDENCE

FOR

YOUR

GUIDANCE

You are about to commence a course of training which can have a
tremendous influence for the good upon your'future career.
I know that you
are enthusiastic to make the very most of your training,
guidance booklet has been written.
In the pages which follow,

I want to

and that is why this

set out clearly before you

all the ruin advantages and facilities the Australian Radio College offers you.
I want to go further than this, I want to show you how you can use these facilities to get the very most out of your association with the College.
Before you commence studies, read right through this boOklet,
from beginning to end - make sure that you are thoroughly acquainted with wt
it contains.
When you have finished, do not place it where it may be lost,
but keep it carefully filed, for preference, with your lessons.
Keep it where
you can refer to it at any time.
This booklet can mean F.—S.D.

to you in every way,- because it

is

the fingerpost to all those extra A.R.C. Services which will help you to spell
"SUCCESS" after your name.
Finally, I want you to feel that even after you have completed
your training we continue to be interested in your welfare.
All the A.R.C.
Services will be gladly extended to you at all times.

They are not

just for

the period of your training, but are lifetime services, which will be always
available to help and guide you in all radio matters.
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STUDY

PROCEDUR E.

To obtain the greatest benefit from this course of radio training and
in order to master it rapidly and easily. you should carefully follow
these simple rules. Throughout your course you should make frequent
references to these 'guide posts'.
rapid and thorough progress.

In this way you will make more

This course has been carefully planned and prepared.
The practical experience of many famous engineers has contributed to make this the most
up to date and thorough radio training available.
1. First,

take one lesson at a time and read through it easily,

as if you

were reading an interesting book.
This will give you a general idea
of what the lesson is about.
But - it is not enough to just read your
lessons.
You must study them.
So read through it again, this time
studying it carefully, and, if necessary, taking notes of the most important points.
Just half an hour of concentrated and uninterrupted
application to your lessons will benefit you more than three or four
hours of half-hearted application.
NOTE:
When you have answered the examination questions to the first
lessons, post them to the College in the envelope provided.
In the
meantime, carry on with your study of Lesson No. 2.
When we receive
your answers to Lesson 1, they will immediately be corrected and
returned to you with your next lesson.
2. Make sure that your whole mind is on your subject.
Never be careless
in your study.
Habits are made merely by doing one thing three or four
times.
Therefore, every time you carelessly study your lesson you are
strengthening a habit that is bad for you.
On the other hand, if you
study your lessons properly by giving your full attention to them $ you
are strengthening a good habit.
Always keep your mind on the subject in the lesson under review.
Do
not read any part of your lesson while you are thinking of something
else.
3. A certain time set aside each day will benefit you more than two hours
to-day, none to-morrow and one the next day and so on.
Be systematic
in your work and your progress will be more rapid.
Learn a little at
a time.
Retain what you learn by not trying to cover too much ground
immediately.
A little each day will result in surprising progress by
the end of a few weeks.
4. Never lay aside a lesson to pick up the next one unless you are sure,
in your own mind, that you understand everything taken up in that lesson.
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That is the most important thing I can tell you at this time.
It's so
important that had I room, I would print these few words in letters the
size of this page.
It's so important that nothing I can say would be too
strong on this point .... You will, I am sure, read your lesson sheets
carefully, just as I have asked you to do.
5. There are questions at the end of each lesson sheet.
These questions are
based on subjects covered in that particular sheet.
Should you find yourself unable to answer any question, don't give up and let it go at that.
Instead, go back over the lesson sheet until you locate that part of the
lesson covering the question you can't answer --- there you will find the
information that will enable you to answer the question that was bothering
you ... But answer the question tomorrow, not at the moment of reference.
This information is always there.
No questions are ever asked that are not
fully covered in the text of each lesson, and by reading or studying each
lesson carefully you will always be able to answer each and every question
easily and correctly.
So, again .... read each lesson sheet carefully.
6. When doing examinations write out the question on your answer sheet before
you write your answer.
Make sure that your name and address are clearly
shown at the top right hand corner on the front or first sheet.
While
neatness and spelling are not essential,
as neat and correct as you can.
that we reach it.

it will be , of benefit to you to be

It is only by striving towards perfection

7. Finally, I want you to look on us as friends.
The aim of every member of
the staff is to assist you.
Do not hesitate to write in if you require
help and advice with your studies.
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What television, frequency modulation and facsimile are.
Source of television signals.
Cathode ray tube.prindiplós and oporation.
Electronic scanning and television camera tubas.
Video amplification.
Transmission of television signals.
Aerials.
Tolovision receivers.
Imago reproduction.
Boom deflection synchronisation.
•
Receiver power supplies.
Colour tolovision.
Rocont television dovolopmonts.
amoral characteristics of frequency modulation.
Froquoncy modulated transmitters.
Froquoncy modulatod receivers.
Audio froquoncy systems and typical receivers.
Alignment und servicing of frequency modulation rocoivors.
Facsimile transmission.
Facsimile receivers.

PLEASE NOTE.
'TELEVISION

UENCY MODULATION AND FACSIMILE COURSE.'

It is brought to the notice of studonts engaged upon the
aboyo gOurso, that this guidance booklet was originally compiled as a
prolix for the studont about to commence our Radio Service Engineering
Courso.
Howovor, with tho exception of minor details, all information
containod heroin, is applicable to students engaged upon our Television,
Frequency Modulation and Facsimile Course.
Minor altorations aro
Paso Roforonco.
Pogo 6....Tho Te F.M. and F. Course is comprised of one section only,
therefore the ono original sot of sorvico covers le oupplied
for the comploto courso.
rago 8. e,,Avorago rato of study .is two lessons por month.
Pago 12...Sinco the A.R.C. Fault Finder rofors to servicing work, it is
not supplied with the T. F.M. and F. Course.
However, if you
roquiro ono, thoso aro available from the A.R.C. Sales
Dopartmont.
Pago 12...Two sots of stiff covers aro required if you wish to bind the
comploto coursa.

POSTAGE ON TESSONS
The College pays postage on all lesson matter and correspondence sent to
you.

You pay postage on all lesson matter and correspondence sent to the College.
The Post Office allows a special rate on lesson matter sent by students to

the College provided it is unsealed.
The rate for unsealed lesson matter is
only 3d. for the first 2 ozs.
For each additional 2 ozs. an extra amount of 2d.
is charged.

This means that all average lesson examination papers you return,

which normally weigh under the 2 ozs., will only cost you 3d.
Any sealed matter must be paid for at ordinary postage rates.
With every lesson, you receive
a printed return envelope for your examination answers.
There are two methods of
treating these envelopes when taking advantage of the special unsealed postage
rate.
1.
You can fold the flap over the contents of the envelope.
This method makes
it possible for the contents to be shaken out and cannot, therefore be high recommended, although it is used extensively.

Be sure to fasten your return
envelope carefully.
Also never
send your fees with lessons,
unless you seal the envelope
and for preference, register
it.

2.

You can fasten the back of the envelope and the flap together with a round

edged paper fastener.
pointed one,

Make

sure it is a round edged paper fastener, and not a

because the latter are banned by the Post Office through their habit

of cutting the Postman's hands.
When your examination questions reach the College,

they are corrected the

same day, or at the latest the day following, and immediately returned to you with
another lesson and return envelope.
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TEE A.R.C. BADGE.
The College badge is given to every

student, free of

charge, when he enrols.

It is designed to screw into the buttonhole on the lapel of your coat.
You should
wear this badge always because it will help you in many ways.
The wearers of
this badge are joined in a bond of fellowship which extends around the world.
You
will find A.R.C. students in all parts of Australia and the Empire ---- they are
recognised by the blue and gold badge.
Many a student who has successfully applied for a radio position has at•
tributed his success in becoming placed in large measure to the fact that he was
immediately recognised, by means of the badge, as a Student of the Australian Radio
College.
It helps in many ways too.
ive customer's door for the student
This badge
hall mark of all

The A.R.C. badge has opened many a prospectin business for himself.

is recognised by the Radio Industry and public alike,

that

as the

is excellent in radio training.

EXAMINATIONS & AWARDS.
Your first lessons reach you in the special

service covers supplied with

each Section of the course.
You will notice from the training syllabus that there
are three Sections to the Course.
When you commence a new Section, you receive
another pair of service covers, making in all, three sets of covers.
The purpose
of these service covers is to help you keep your lessons always fresh and clean.
When you have finished studying all the lessons in your Course, and all your lesson examination papers have been returned to, and corrected by the College, it
mill be necessary for you to thoroughly revise right through the entire course.
r
However,

you will be notified of revision procedure when you reach that stage.
After you have completed your revision, a Final Examination paper will be sent to
you.
Note, you do this examination in your own home, it is not necessary to
travel to the College for the Final Examination.
It is left to the student's
own sense of honour not to refer to his lessons when doing the Final Examination.
In any case, the fellow who copies from his lessons in any examination, however
insignificant that examination miet be, is definitely defrauding only himself.
It proves beyond doubt that he has not absorbed the knowledge, and sooner or
later it will prove fatal to whatever object he had in view when commencing the
Course.

If by any chance there are any points upon which you are not quite clear,
do not hesitate to communicate with the College immediately.
We are always only
too pleased to give you any advice and co-operation you require with your studies.
A.R.C. Instructor Engineers are helpful, friendly and completely reliable men.
They all have mawyears'
in particular.

experience of radio engineering work - student's problems

Call on them always,

for advice and assistance with your lessons.
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Upon successfully passing the Final Examination to the "Radio Engineer's &
Serviceman's Course",

you are awarded the A.R.C. Certificate,

and Certification

Card.
The Certificate should be framed and hung upon the wall of your study or
workshop.
The Certification Card should be kept in your pocket and produced when
you are making Service Calls or at other times when certification of your technical
qualifications might prove to your advantage.
The Diploma, which is the highest recognition made by the College,
is only awarded after the student has successfully studied the A.R.C.
Advanced Radio & Television Courses.

At Right:

The A.R.C. Certification Card.

Below:

The A.R.C. Diploma,
Certificate & Lessons.
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it,- • th, —

km

completed with Mictinetion the lull mum of
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WHEN SENDING MONEY.
Be very careful when you are sending money for fees, etc. to the College.
First, it should definitely not be included with your lesson examination answers,
unless the envelope containing them, is sealed.
If there is any possibility of
the letter going astray, it is far better for you to register it.
Make all money orders, postal notes, cheques, etc, payable to
AUSTRALIAN RADIO COLLEGE PTY. LTD.
Broadway.
and see that your envelope is addressed to the College, and not to individual members of the staff.
We make a practise of returning all receipts immediately we receive a remittance.
Therefore, if you do not receive your receipt within a reasonable time of the despatch of your remittance, please notify our accounts department, and the necessary
search will be carried out.
Make sure your name and address accompanies your remittance.

RATE OF STUDY.
So that you should see exactly where you stand with the amount of study your
fees payments will allow you to do, the following should be noted carefully.
1.
Students paying cash in advance for the whole course, may progress through
their training at as great a speed as they wish.
2.
Students paying for the course by the alternative cash payment plan of
three cash payments within six months, may progress through the First Section as
fast as they wish after their first cash payment.
After their second cash payment
they may progress through the Second Section, as fast as they wish, and after their
third and final cash payment, they may complete the course as fast as they wish.
3.
Students paying for their training on the monthly plan, will, if they progress at a good average pace, complete the course at about the same time as they
finish paying for it, namely in about sixteen months.
Under this payment plan,
students may be trained at the rate of approximately three lessons per month.
This
is quite a good speed for anyone who is employed during the day time and only has
his spare tima to devote to training , Actually, one lesson per two weeks would be
a medium pace.
The monthly fees payments were arrived at after due attention had been paid
to the average fellow's rate of progress, and were designed so as not to retard his
rate of progress in any way.
In the case of a student who finds that he has much more than the average
amount of time to devote to lessons, and wishes to progress quickly with his training, it would be to his advantage to pay either cash in advance for the balance of
his course, or meke the three cash payments within six months.
Either of these two
plans will save him money.
If he cannot
see his way clear to pay according to
either of these two plans, he can arrange with the College to increase his usual
- 8 -

monthly payments to a figure which will enable him to progress at the pace he
wishes.

Everyone will agree that this is quite a fair and equitable basis of fees

payments.
In any case, no matter what your problems, if any, might be in regard to
fees, you will always find us ready to co-operate with you in a sincere effort to
see that you get the very most out of your training.
Just as some students wish to progress at a faster rate than average,

SO

there are some who through illness, pressure of work or some other urgent reason
can only proceed at a slow rate.
Although the majority of students can comfortably complete the Radio
Service Engineering Course in the normal time of 17 months
(complete Radio & Television Course, 26 months) the College is happy to allow an
extra 6 months (complete Radio & Television Course, 9 months) without any extra
charge.
However, if a student is so slow that the normal period plus the extra
free period is exceeded, then a smell extra charge will be made, the extent of the
charge depending upon the amount of the course remaining to be completed at the
time.
The reason for this surcharge will be readily understood in these days of
rapidly rising costs, when it is realised that the fees for the course are determined prior to enrolment and the College

is committed to supply instruction and

material for a period of two years or so ahead;
regardless of the way costs inCrease during this period.
However, if a student wishes to prolong his course beyond even the extra free period granted by the College, then obviously a small
charge will be necessary to cover the increases in the cost of labour and materials for the uncompleted part of the course.
If you regularly complete two and a half or three lessons per month you
will net have to pay extra, so endeavour to study regularly.
PAYING FEES
We ask students wherever possible to have their monthly fees payments sent
to the College on or about the 15th of each month.
This helps us to keep our records efficiently by recording all fees payments at about the same time each month.
A few days before the 15th of the month, we send a fees reminder statement,
mind the student that the month's fees day is approaching.

to re-

To save confusion and delay, please make all fees payable to "Australian
RadiO College Pty. Ltd."
In the Case of postal notes, money orders, etc., they
should be made payable at BROADWAY, which is our nearest Post Office.
Do not, under any circumstances, make the money payable to individuals,

but always to the

College.
FREE EMPLOYMENT SERVICE
If you aim to become placed

in a radio position,
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the College will give you

•every co-operation to find a job, both whilst you are a student,

and at any time

after you have finished your course.
Naturally, we cannot guarantee to find a position for any student because so
much depends both upon the manner in which a student progresses with his training,
and the number and variety of positions available when he has completed his training.
However, many hundreds of students have been placed in worthwhile jobs in the past,
and the demand by employers on the employment service is increasing.
A point to be
a student shortly after
case of junior students,
of senior students, the

kept in mind is that employment cannot necessarily be found for
commencing the course.
Quite frequently, especially in the
we are able to place them after a short period.
In the case
rule is, that a student must have a thorough knowledge of

the principles of radio engineering before any employer would consider an application for employment.
These engineering principles are only obtained by the student
absorbing his training right to

the final lesson in his course.

Throughout your training, you are urged to endeavour to apply the knowledge
we give you in every possible manner.
This can be done in various ways.
To engage
in radio set building, and spare time radio service work are the two most profitable
that can be suggested.

employment

When you reach a stage of proficiency in your training, make enquiries foi
in suitable radio quarters in your district.
Quite frequently, students

are able to find good positions without the assistance of the College.

One thing

the College does guarantee is to give students every assistanóe and co-operation in
finding suitable Radio Employment.
Thousands have been placed in the past, and the
efficiency and scope of the Employment Service is actually increasing.
You stand
an even better chance than those who have been placed by the College in the years
that have passed.
FREE BUSINESS ADVICE SERVICE.
If you have any radio business problems, do not hesitate to seek the advice
of the College Business Executives.
They will at all times, gladly extend to you
their sound advice which is based upon many years experience of all radio business
matters.
You may intend commencing a radio business of some description, maybe you
have a plan drawn up for a sales campaign; perhaps you have some special mailing
pieces in mind, - no matter what your business problems might be, the College is always ready to assist and co-operate in any direction if required.
This Service
also operates for the lifetime of the student, and not just for the period whilst he
is stuenge

FREE TECHNICAL CONSULTATION SERVICE.
If you require any technical advice or information,

the College engineers

are always at your service.
It frequently happens that when a student first starts in a radio position,
or commences a service business he comes across a knotty problem which may puzzle
- 10 -

him for the time.

A.R.C.

students never need worry about such problema because the

Free Technical Consultation Service
This Service

is always ready to help them out.

is as close to you as your nearest telephone or letter box.

All you

need is to give us full details of your problems, and your queries will be answered
immediately.
This Service

is a lifetime Service - which means that you may use it, not only

whilst you are training, but even after you have finished your Course,
for the rest of your life.

- in fact

You should gain confidence from the knowledge that such a service exists, confidence to tackle each and every technicality that may come your way.

"SERVICE"

OUR COTIME MAGAZINE

This is a magazine originated and produced
by Members of the College, Business and Technical
Staff.
In "Service" you will find articles
on business management, sales campaigns,the
latest technical improvements, vocational
and employment aids.
From time to time details of new circuits and how to build them
are given, the latest
in test equipment,
what other Countries are doing in Radio, Refrigeration notes, and indeed any articles
which are considered of value to A.R.C. Students
are included in "Service".
It is
YOUR paper, designed to keep you up to date
with trade and technical matters.
There

is no charge for "Service", the College

sends

it to you post free as each edition is produced.
When you have
finished your course, you may continue to receive "Service" by paying
the small annual subscription of eight shillings (8/-d).
You should keep your copies carefully filed, because you will find it extremely useful at all times.
A.R.C.

FAULT FINDER

The A.R.C. Fault Finder is a series of bound foolscap size service sheets,
dealing with all faults found in radio receivers.
It folds into quite a small
chart and is designed to slip into your pocket.
Originally designed by the College
engineers, this Fault Finder is printed and compiled specially for the College. Its
purpose is to supply the serviceman with a quick reference chart which can be carried with him when he

is "on the

job".

Each fault common to radio receivers is taken in turn, it's probable cause
given, how to locate it, and finally how to rectify the trouble.
There's not a
radio service engineer can afford to be without this pocket
given to you free when you enrol.

service aid.

They are

EXAMINATION WRITING PAPER.
You will find it an excellent plan to carefully file all of your corrected
lesson examinations.
They will prove of distinct benefit to you later on for reference purposes.
The handiest and perhaps best place to file them, is with your
lessons,

for preference,

immediately following the lesson to which they refer.

At the same time it is nice to have them clean and uniform, - it gives an
air of efficiency of the manner in which you go about your training.
The A.R.C. printed examination writing pads will help you do all this.
They are punched precisely the same as your lessons, to allow you to file them with
the lessons.
The pads are appropriately printed at the top, with special provision
for your name, address, percentage of marks, etc.
In addition to the punched
printed pads, plain pads, similarly punched are available for use as plain follower
pages for your examination answers.
Filll prices are shown on a separate sheet.
REPLACEMENT LESSONS.
If you have the misfortune to lose or damage any of your lessons, you can
obtain replacement copies from the College Lesson Department.
See separate list
for prices.
STIFF LESSON BINDERS.
After using the special flexible service covers supplied
with your lessons, you will want to keep your lessons
fresh and clean for future reference.
Various types of
•
binders can be used, but the College has designed covers
ideally suited to the purpose.
These covers, finished in attractive leather grained fabric,
are designed for filing your lessons.
Nickel plated
Screw type binding posts fasten than to the inside
flaps.
These flaps are punched to coincide with the
punch holes in the lessons.
Three sets of covers are
required to bind the complete Course, which,
as you know is divided into three sections
namely, Lessons 1 to 18A - 19 to 34 - and .
35 to 50.
(See Price List)
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A.R.C. Buying Service.
If you are interested in building radio receivers,

experimental apparatus,

or

in radio business activities of any kind the College can save you pounds.
The
A.R.C. Buying Service will introduce you to Firms which will supply your requirements at the very lowest prices.
Arrangements have been made with a well known
Trade Distributor to specially cater for A.R.C. Students requirements.
Should
you anticipate commencing either a full time or part time radio business, the
Buying Service will advise you of the best agencies to take on, will help you
obtain them, and will gladly give you any information upon running such a business.

Flexible Study Covers.
If you wish to keep your lessons clean and tidy whilst studying than, you should
obtain one of the special flexible covers produced for the College.
These
covers are made of strong imitation leather fabric with two press studs at the
top.
The studs are spaced to suit the punched holes in your lessons.
Up to
three lessons at a time can be accommodated in these covers.
They are ideally
suited for studying purposes whilst travelling, and allow the lessons to be
conveniently rolled up without damage or creasing to lessons or covers.
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E. S. & A. BANK BUILDINGS, Corner CITY RD. and BROADWAY, SYDNEY
Telephones: M 6391 and M 6392.

Post Lessons to Box 43, Broadway

This lesson sheet is published for the exclusive use of
students of the Australian Radio College Pty. Ltd.
(All rights reserved)

TELEVISION,

FREQUENCY MODULATION AND FACSIMILE COURSE.
LESSON No

WHAT TELEVISION,

I.

FREQUENCY MODULATION AND FACSIMILE ARE.

Time in retrospect is ever an .absorbing study - just as occurrences in past years
are affecting our lives and activities at the present, so many happenings of today provide a pointer to the future.
Our parents remember, perhaps more vividly
than we, the advent of the motor car (so-called "HorseJeso Carriage), aeroplane,
telephone, tolegraph - all milestones marking the road of civilisation's progress.
1
720M
the turn of the 20th Century, almost every branch of the sciences
has made what may only be called amazing
strides,due in no small measure to
the tremendous fillip given to these matters by the stern requirements of the
two Great Wars.
This is unfortunate, and reflects badly on the weaknesses and
shortcomings of human nature as a whole.
Facts remain however;
and it is
probable that this 20th Century of ours will go down in history as the period of
greatest and most rapid scientific progress!
It is hopeful to reflect that (during his allotted span of life) each of us in
his own way contributes something to the well-being or otherwise of his fellows good or bad, important or insignificant, depending on the character, abilities
and intelligence of the individual.
The calibre of men like Marconi, Baird,
Armstrong, de Forest, Fleming and Hertz, is well-known, for these names, together
with many others, are those of the pioneers in the particular branch of the sciences which interest us so much.
So, in our badkaard glance at the early workers
in the field of Television, we encounter a German gentleman named Nipkow, who
virtually made this business of "seeing by wireless" possible.
Paul Yipkow's
contribution to the art was the avowedly simple device known as a "UiPkow Disc",
of which he completed a first experimental model in 1884 5 Just how it works will
be told later on.
As the years rolled on, many another name was added to the
ever growing list of experimenters, engineers and scientists, each adding,
own way, to the progress of Television towards the goal of perfection.

in his

It is logical to assume that any intelligent person who has the necessary fundamental knowledge of Television could, in time, contribute to the art, and this
course has beer. prepared to provide a thorough grounding, not only in Television,
tut in Frequency Modulation and Facsimile as well.
Although these three services
are more or 13ss in commercial use at the present time, much ::emains to be done,
T.
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and in this direction,

individual experiment and research are likely to prove

the most fruitful sources of discovery.
At this juncture, we must all realise, quite obviously, that in general, academic
schooling of a very high order is essential to understand fully the complex mathematical treatments which all engineering sciences involve, Television, Frequency
Modulation and Facsimile being no exception,
Equally, on the other hand, much
useful work may be done by we humbler folk with practical ability, and the right
kind of basic and thorough training, as will be imparted to the diligent and
conscientious student, by this course.
Further, in this latter regard, unbounded opportunities will be available in this entirely new industry of Television
as it becomes established in this country.
The phrase "new industry" is used
advisedly above, and applies also to Facsimile to some extent, and to an obviously lesser degree to Frequency Modulation.
Personnel requirements, for the factories set up to manufacture Television apparatus, will be met mainly by local
resources, so the future holds promise, not only on the manufacturing side as a
tester or assembler, but in the service and maintainence of these new types of
apparatus, and possibly in the laboratories associated with the factories.
In
addition operators and servicemen will be required on the transmitting side.
'
It is refreshing to note that in 1938, in London alone, there were over ten
thousand television receivers--the thought occurs here that for "sales minded"
technician, a very large field will present itself.
In answer to a question, as yet
unasked, it is considered appropriate to explain here, why the
three subjects of Television,
Frequency Modulation and Facsimile, have been incorporated
into a single course of study.
Well, in the main, all three
have a measure of common ground.
First, and perhaps foremost, an
ultra high frequency carrier
wave is utilised in each case,
(for reasons you will appreciate
as the course unfolds) and so
the practice and principles involved in working at these frequencies are the same.
Then,
there is the consideration that
Television and Facsimile differ
only in the basic fundamental
that, whereas the former deals
with an image or scene in motion,
the latter concerns only "still"
pictures or objects in an inert
state, such as post cards, photographs, or pictures and newsprint
in a newspaper or magazine--in
effect the difference between a
motion picture and a photograph.

Fig. 1.
View of Television Transmitting Aerials at
Alexandra Palace, London.
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After this short preamble, let us digress a little, divide the following text
into three sections, "A", "B", and "C", and treat in some detail the history
and progress of Television, Frequency Modulation and Facsimile up to the present day.

.

SECTION "A".

TELEVISION.

First, what is televisimn to the man in the street?

Definitions a-plenty are

given by various authorities with slightly divergent viewpoints, but we can safely say here that "any means whereby a scene in motion, such as a football match,
may be seen in intelli4ble detail at a point remote from the actual scene itself"
is a system of Television.
Of course, the inference is that the scene must be
reproduced at the remote point at the same time as it occurs at the first place,
whence it is transmitted.
It is possible to take a moving picture of a cricket
match, and after the film is developed, this could be shown in a picture theatre
a year after it actually happened!

Need we say that motion pictures are not
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Television!

Just imagine sitting at home in front of a Television receiver,

and seeing a surf boat riding the waves at Bondi,

and you have grasped the idea.

It is quite clear that Television will open up a very pleasurable new.era in home
entertainment.
Settled comfortably in our favourite chair, we will be enabled
to watch any sporting event of sufficient importance to warrant its Televising,
and it is probable that our great sportsmen will prove the most effective salesmen for Television equipment.
The motion picture industry is watching the development of Television very closely, as it has many uses in conjunction with the making of "talking pictures".
For instance, it may be inconvenient to take a Television camera on a small boat,
to capture the thrills of a yacht race--but, a small movie camera, the accepted
thing on these occasions, could record the scenes and these items of interest may
be retaken with a Television camera, and broadcast to
people's homes shortly after the race.
The only time
,--.-delay here, would be due to developing of the film, and
this, in these enlightened days, is a matter of a few
.
\.‘,
\ '
short minutes.
Take another example of how Television
ties in with motion pictures.
Perhaps you are, perhaps
..
/ I
,,
you are not aware that a movie is not made in one con. ----,
tinuous film, but of countless "scenes", taken one at a
01
'
14;.
.,.,,.
-"
time and lasting maybe two or three minutes.
This
enables the scenery to be suitably arranged for every
'..h,
j i)
,I
I
"shot", and eliminates the necessity for actors and
actresses to memorise an entire play.
7ell now, if

(-) '-,

plays and serial stories are to be successfully telecast
it is logical to assume that something of the same process outlined above, will be followed.
It would be
very convenient to film a play in short pieces, and
telecast the completed film.
In this way it is readily
seen that the film makers will give the progress of
Television a helping hand, and also, in its turn, Television will prove of assistance to the movies.
For
the sake of completeness it may be useful to add, that
in the normal broadcasting of a radio play or serial
story, the players do not have to dress for the part e
and neither have they to memorise their lines, as these
may be read direct from the script.
Obviously, if we
are to see the actors, as in Television, the above technique is out of the question.
Enough, then for the
"man in the street".
Let us now take in something of
the history of this great new science of Television,
holding, as it does, such promise for us all.
Initially, we have to thank nature for . her happy thought
which makes Television, and in fact motion pictures,
possible.
This chance, if chance it is, of nature
is called "persistence of vision", and is reasonably
self-explanatory.
Simply it means, that, after our
eyes have seen some object, the image persists for a
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short space of time after we have ceased to look at it.
This period of time,
almost constant, irrespective of difference in age or sex in different individuals, is 1/10th second.
If then, we can present a series of pictures to the
eye at the rate of 10 per second, a continuity is obtained.
Hence moving pictures function by the expedient of filming a moving scene in ten or more fixed
pictures per second, each
one differing slightly from
its fellow.
Actually, 10
pictures per second is not
a very satisfactory rate as
all persons who saw the first
efforts at movies are aware,
as a great degree of flicker
was evident.
Remember how
once we talked of going to
the "flicks"?
The modern
motion pictures are shown at
the rate of 24 pictures per
second, and this practice
accounts for their excellence
to-day.
Mr. Paul Nipkow, of whom we
spoke earlier, knew about the
eye's characteristic of persistence of vision, and he
realised that if a moving
scene could be captured in
terms of 10 or more stationary
pictures per second, it would

Nipkimf's Patent of 1884.
S. Selenium cell.
P. Polarising prism.
G. Flint glass.
A. Analysing prism..

appear to the observer as a
moving picture; if reproduced
in some manner at this rate.
NIPKOW'S ORIGINAL PATENT OF 1984,
He also realised that it would
RELATING TO TELEVISION.
be impossible to transmit by
wire a picture as our eye sees it, that is instantaneously.
To our eyes, a whole
scene is encompassed or taken in at a single glance.
If you look at a house on
a hill, you see at once, not only the house, but the surrounding country, every
detail of the trees and flowers, as well as the windows, chimney, doors and the
hundred and one other items that mny be in the picture.
Now, Mr. Nipkow could
not see any way of transmitting such a scene to a remote point, unless it was
divided up in such a way as to provide some form of varying electrical current.
Incidently, no-one else has thought out a way to transmit a complete scene either,
right up to the present day.
New, let us imngine our house cn the hill and
sundry horses and dogs together with the people who inhabit the house, moving in
and around the place in the course of their day's activity.
It is only necessary to adopt the scheme used in the movies to take a film and when shown on a
screen, all the movements are apparently reproduced.
Take as a start, one of the
still pictures comprising the film and let us see how it could be resolved into
electrical current impulses.
T, FM & Fl - 5
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SUI:TING A SCENE.
Look carefully at the portrait on the side of Pig.
across it which effectively divide it into strips,

5 and notice the lines drawn
one of which is shown in an

enlarged form at U.".
It is at once seen that any picture can be so divided
to provide a number of narroy strips, each of which present varying degrees of
liait and shade throughout its length, depending, of course, on the subject matter
of the picture in question.
Shown at "A" in Pig. 5, then, is a portion of the
man's head in which the hair is clearly indicated.
Going a step further, we may
_further dissect this strip into a number of smaller compartments, and at "i" we
have shown 25 divisions, four of these being shown in greater detailat "3".
The
adoption of a numbering system for the strip gives a clear idea of just what has
been done so far.
The next step is to focus a beam of light Onto each little sub-division in turn,
or, in other words, arrange for a light spot to travel the length of each strip
(into which the picture is divided) and then return to travel in turn over the
next strip lower down the picture, and so on until the whole has been covered by
the spot.
It is fairly readily apparent why this process is called "scanning"
a picture,

as that is precisely what our moving spot of light does.

Next we introduce a device called a photo-electric cell, which is so placed as
to catch the light reflected from the picture as the spot passes over it. Varying intensities of reflected light, caused by the shadings in the strips as the
light spot scans them, cause current to flow in sympathy in the electrical circuits connected to the cell.
Of course, a pure white portion such as No. I in
Fig. 5B will reflect the most light, and a dark portion such as No. 7 will reflect
the least.
Operation of the photo-cell and its associated circuits will be detailed in following lesson work, but it is considered essential to grasp concisely, even in
this early lesson, the necessity for scanning a picture in order to convert a
reflected light into the form of alternating or pulsating current.

11,/I
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Harking back to our old friend, ir.r, ripkow, we now know just what his problem
was — a means for accomplishing the scanning of a picture had to be found.
His
answer to the question is diagrammed, somewhat.crudely, in Fig. 6, but if this is
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studied closely, more will be conveyed to you than several pages of the written
word,
As can be seen, the disc is caused to revolve in such a manner as to cause
a beam through hole No. I to sweep across the top strip of the picture.
Light
through hole No. 2 sweeps across the second top strip and so on.
Well now, it is
only necessary to revolve the disc once to accomplish a complete scan of the en—
tire picture, and were we to stand in front of the disc whilst this process was
taking place, the individual spots of light would merge into a continuous blur,
conveying an impression to our eyes of having seen the complete picture directly.
If the man portrayed in Fig. 6happened to be 'a live artist rendering the "Donkey
Serenade", or some such number, we would like to see his lips and face move as he
sang his song.
This may be accomplished by rotating the disc more than ten times
Per second (remember — persistence of vision?) and we have it!
The reasons behind the fairly lengthy exposition of the virtues of Mr. Nipkowls
scanning disc, particularly at this early stage of the course, are chiefly in the
cause of analogy.
By this is meant that it is vitally important to hava fixed
firmly in your mind th,_ necessity for, and the principle of, scanning.
No Jadays,
as will be told later in .;11.e course, the scanning disc is considered obsolete, as
electronic means achieving the s'ame result have been developed.
But, and we labour
this point, the principle remains.
Having established this process of scanning a scene in our minds, we may pass on
to the most interesting subject of Television's historical progress. saying no
more about Paul Nipkow, but examining the contribution made by other pioneers.
About the year 1900 Weiller took out patents for a mirror drum scanning device,
consisting basically of a drum with many mirrors set at different angles around
T.

7.E & 7./1

—

7.

its periphery, light from an
aperture being projected from
the revolving drum, through
-pHOT ri 4CTR/c OEIL
a magnifying glass or lens,
onto a screen,
The staggered
AleL/F/E1
placing of the mirrors caused
erri:
the light spot to traverse
••••
the screen in à series of.
adjacent lines.
Then in 1907
REFLECTED
two eminent scientists conceived the idea, quite indeLIGHT
pendently, of using a cathode
ray tube in conjunction with
the mirror drum scheme of
Weillerls,
Thesc men were
Ç.
Doris ROsl.ng and Campbell
LEN':
Swinton„
Now, the examples
/1/f/R-PC.)/P
given are some indication ofDR0/14
the host of systems, some of
them little more than suggested methods
it forward by
these early workers,
All
LIGHT
these schemes had a common
s
failing - they were simply
theories and suggestions, and
it was impossible to present
any practical results.
This
FIGURE 7,
lack of tangible result was due,
MIRROR DRUM SCANNING DEVICE INTRODUCED ABOUT

R,4rs

N

N

"N.

ouRcc

almost entirely, to the absence
1900‘.
of some means of amplifying the
minute currents caused to flow through the early, crude photo cells or selenium
tubes, by the light reflected from the action of a scanning device, The diffi
culty was overcome when, in 1913, de Forest and Fleming produced the first radio
valve which could be used for amplification.
With the advent of this device, it
occurred to one, John Logic Baird (often called
the father of Television") that
the essentials for a successful Television system were now at hand, and in 1923
he had some success,with the simplest of apparatus, in transmitting shadows.
By
1925, his apparatus had reached a stage where it was capable of sending the
(ratlines of simple objects over a short distance by wireless, and in this year
a demonstration was staged in the London emporium of Selfridges.
Prom here on,
progress became more rapid, and about the time of Bairdls demonstration, C. F.
Jenkins in America successfully transmitted an outline of a simple object.
Them
in 1926 Baird televised a crude image at a demonstration before the Royal Society.
'71:h the coming GI' 1930 the standard of Television had improved to such an extent
-bat fac3s could sucessfully be recognised .at the receiver,
and in 1932 the 3.3.0.
London
reualar transmission, However, the pictures were lacking in detail, and, moreover, had the severe drawback of flickering due to the low repetition rate of I25 i
pictures per second.
In America the interest in Television
became intense, and the old Telephone and Telegraph Co, gave a demonstration in
1927, causing numerous people to become interested in the new art, and to commence
cxperimental transmission,
All these early systems were mechanical in their

72, Pm &
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operation, but improvements finally enabled the B.B.O. to increase the number of
lines (strips of picture shown earlier in Fig. 5A) from the early 30, to 90, then
120, 180, and finally to 240, and this rate of scanning was used with a picture
repon rate of 25 pictures per second, making for a fairly reasonable overall
definition.
We come now to the trend towards electronic rather than mechanical
television, with the cathode ray taking the place of the scanning arrangements
as discussed so far.
The tendency is to avoid cumbersome mechanical methods,
as electronic systems are much more flexible and in every way more desirable.
The cathode ray tube has made this electronic approach to Television possible,
and the sketch of Fig. 8 indicates the essentials of the stracture and gives an
inkling also of how it functions.
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The cathode emits electrons as in any normal radio valve, and these are formed
into a beam by the focussing and intensifying effect of the accelerating cylinder
or anodes.
This narrow beam is then shot through' a small hole in the end of the
cylinder furthest from the cathode, passes through the two pairs of plates for
deflection and finally impinges on the fluorescent screen at the end of the tube,
causing a tiny spot of light to show.
Now, if it is required to deflect this spot
o-.-er the face of the screen, it is merely necessary to swing the beam in either a
vertical or horizontal direction, by making one plate in each pair positive with
respect to its fellow, the value of this voltage determining the degree of deflec—
tion,
Here then, is the perfect solution to Television reception.
7e have a ready
made spot of light, a means of moving it anywhere on the screen at almost any
speed required. added to which its intensity may also be varied at will by suit—
able adjustment of the anode stracture.
All this, and no cumbersome mechanical
parts!
The cathode ray tube principle '111,s also been applied to the transmitting end in
the guise of a television carrera
So called an "Iconoscope" or "Orthocon" in
America and an "Emitron" or "Saper Emitron" in England, the basic principle is
'51le same, and these names are trate designations by various manufacturers for
I.
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what may be correctly styled a "picture tube".
a modern picture tube looks like.

Fig.

9 gives an idea of what

FIGURE 9.
A TYPICAL TELEVISION CAMERA TUBE.

It is not intended that the student should study the operation
of this tube at the present
stage, for the technical details
will be dealt with at a more appropriate point later on in the
course.
Let it be sufficient to
note here that the tube does the
complete job of scanning the
scene and converting the light
variations to electrical impulses,
which are then passed to the
transmitting apparatus.
The
picture tube is introduced to you
at this stage, however, because
its development (which has taken
place in both England and America)
has been a most important and substantial step in the history of
television.
It has made possible
the raising of the quality of
television broadcasts to a point
where the art, from an entertainment and commercial point of view,
is here to stay.
The tube is incorporated into a self-contained

FIGURE 10.
MODERN TELEVISION UMERA - EMPLOYING
A PICTURE TUBE.
T.FM,FI - 10.

and compact unit together with lens to view the scene.
In this form it is
known as a television camera.
Its advantages over older scanning systems lie
in its sensitivity - its portability - and its ability to "scan" a scene in
very great detail.
Its comparatively great sensitivity has eliminated the
necessity for excessively powerful lighting in studio scenes, and made possible
the efficient televising of outdoor scenes, even on dull days.
In this connection the camera fitted with a tele -photo lens has been specially developed as
a portable unit, being connected to the main apparatus by a cable up to 1,000ft.
and more in length.
In this way pictures of sports events, processions, etc.
having real entertainment value, as distinct from mere novelty appeal, have been
transmitted.
With respect to its ability to scan a scene with great detail, it
is interesting to note the claim, in the case of the latest Emiscopes in use in
the London Service immediately prior to the war, that these tubes had the capability of producing an electrical picture signal containing very much greater
detail than could be handled by the remainder of the apparatus then in use
(amplifiers, modulators e etc).
This is an important and interesting point for the reason that the chief defect
of television pictures has been the lack of detail which could be reproduced,
and one of the greatest, if not the greatest, factor which resulted in this state
of affairs had been the limitations of the older mechanical methods of scanning
the picture.
But now, with the development of the electron camera type of tube,
the position has been virtually reversed.
Speaking of the period immediately
prior to the War, the situation was one whereby the clarity and detail of the
received picture was limited mainly by the inability of the circuits in both
transmitter and receiver to handle, without distortion, the wide band of frequencies which (as the student will appreciate after studying later lessons) is necessary for reproduction of a high quality picture.
Then came the War, causing the
closing down of television services in Europe.
For six or so years, very little,
if any ; direct research or development was carried on in connection with television.
But remember the saying; "It's an ill wind that blows nobody any good",
With the war came a tremendous impetus to the development, in all major countries, but mainly in England and America, of that miracle of modern science, Radar
(or Radio Location).
In England, secretly, research had been carried on in
connection with Radio Location for several years, and the device was in practical
operation around that Island's coast before the war commenced.
But up till this
time more or less conventional components and amplifying circuits were in use.
With the immediate peril to England on the outbreak of War, the best brains in
electronics and physics in England (and slightly later e in America) were mobilised, working with almost unlimited funds to develop Radar to the highest pitch
possible.
Now the general principle of Radar is quite different from that of
Television, but the point is, that those war years have seen the development, in
connection with Radar e of just those types of components (particularly amplifying,
oscillating and cathode-ray tubes) and circuits for which we have been waiting
for the further perfection of television.
And so the future appears to hold great
promise from the technical viewpoint.
With the application of these new circuit
techniques at both transmitting and receiving --T.FM.F1 - 11.

ends, the full potentialities of the electron camera type of television tube (which
itself will undoubtedly undergo further development) will be realised.
We can
look forward to the day (probably sooner than most of us might expect) when television pictures will be equal to the best ever thrown on to a cinematograph screen.
In tracing the history of television, we have kept our eye (as have most of the
experimenters and scientists engaged in the science) on the development of a clear
black and white picture for the home receiver.
There have been, however, several
other aspects of television which have claimed the attention of many of the notable
pioneers, including Baird.
These include large screen television (whereby the
imsge is projected onto a large screen such as in a cinema theatre), television in
natural colour, television giving pictures having a stereoscopic effect in giving
the effect of depth in the image, wired television for telephones, and finally
Baird's Noctovision.
We shall take those developments in turn, and say a few words
about each.
Large Screen Television:-

The main difficulty here is to find means

of project-

ing the image with sufficient illumination on to a screen of picture theatre
dimensions.
Some success however, had been achieved before the war.
At least
one London theatre provided television on the normal motion picture screen.
The
Coronation procession was televised and screened thus in London in 1937.
The
apparatus is very costly, and the trend will probably be to fit out one theatre
in each large city in which only scenes of great national interest

or importance

will be screened.
Colour and Stereoscopic Television:
Baird has achieved some success in
obtaining pictures in more or less
natural colours.
AB in technicolour films, three basic colours
are used,
those when blended in
varying proportions are made to
produce an almost unlimited range
of shades.
Stereoscopic television produces "3 dimensional" images
similar to those which you may have
seen on the films as a novelty
(remember wearing the coloured
glasses?).
This development is
still well within the experimental
stage only.
Television Telephone Service:
This was developed in Germany before the war, and enabled persons
miles apart, not only to converse
with but also to see each other.
Whether the utility of such a
service, once the novelty appeal
had worn off, would be sufficient
to claim the demsnd of the public

Fig.
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Reproduction on the screen of a
London Theatre.
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(an essential in all commercial propositions) is doubtful.

One could visualise

many objections to such a service.
How much easier it is to "tell off" a person
over .the phone when you cannot see him (or her)!
Think, too, of the delay you
would be occasioned should you phone your latest lady friend when she was in the
bath!
Probably the greatest usefulness for the service is its ability to enable
the signing of a legal document 'to be witnessed at a remote point.
Bairdls Actovision:
.About 1928, Baird succeeded in televising a subject while
sitting in darkness.
He made use of the fact that most photo—electric cells are
affected by infra—red rays, which, however, have no effect on the eye.
Of course
the picture was reproduced at the receiving end in visible light rays.
This idea
may have possibilities from the point of view sof navigation in fog.
Infra—red
rays will penetrate fog of sufficient density to blot out completely the visible
light rays upon which ordinary sight depends.
Elements of a Simule Television System:
Before temporarily leaving television
to introduce you to Frequency Modulation Radio, let us attempt to give you an
overall view of a simple television system.
7
,7e will not attempt to explain the
detailed operation of any section of the transmitter or receiver, but will simply
state its purpose and what it does.
Here an excellent analogy or comParison may
be drawn with an ordinary radio communication system.
There Television is like Radio Telephony.
The easiest way to get a clear insight into television is to compare its workings
with the workings of sound radio.
It is fortunate that there is nothing to "un—
learn", that all the rules and laws applying to sound radio apply also to tele—
vision or to

"sight" radio.
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FIGURE 13.

The difference between sound. radio and television is that we deal with sounds in
the one case and in the other we deal with lights and shadows which make up a
Dictu2e.
In radio telephony we take the sounds apart.

For examnle,

a voice consists of

changes in air pressure which might be represented as at the left in Pig. 12.
These changes in air pressure produce corresponding changes in electric current
T
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through the microphone and the currents are represented as at the right in Fig.
12.

The sounds have been broken down into changes of electrical current.

These current changes persist throughout the whole system until they reach the
loud speaker.
In all parts except the microphone and the speaker we are concerned
with changes in electrical current and voltage - we are not concerned directly
with sounds.
We don't transmit sound; we transmit nothing but electrical effect.
In television we actually take the pictures apart.
If the objects or the people
are in motion, this motion corresponds only to a series of rapidly changing pictures, so it is possible to consider each picture separately and take it apart
separately.
Whereas the voice in Fig. 12 is made up of numerous changes in air pressure or air
"density", the picture of Fig. 13 is made up of various degrees of light and shadow or of various densities of shading,
The first problem in television is to change the lights and shadows of the picture
into rises and falls of electric current.
Then the picture has been made to take
an electrical aspect something like that in Fig, 13 at the right.
Earlier in this lesson you got an inkling of how the Kipkow disc together with a
photo-electric cell created a varying electric current corresponding to the varying light and shade of different portions of the picture.
The current graphed in
Fig. 12 is, as you already know, called an audio current, because it is the electrical counterpart of a sound wave.
The current may be called a "picture" current,
but it is better known as a "video" current.
It is a current produced so as to
simulate or follow the variations in light as the scene is scanned.
Note that in
the television system, the microphone is replaced by the scanning disc and photoelectric cell (or in modern systems the television camera).'
Referring to Fig, 14, the audio frequency current representing the sound is amplified, and then caused to modulate the R.P. current (set up by an oscillator) by
varying the amplitude of the latter at the audio frequency.
The modulated R.F.
current is then amplified . and passed to the aerial where it sets up corresponding
radie .waves which travel through space.
These waves cause a modulated R.F. current
to be set up in the receiver aerial,
The R.F. current is amplified in the receiver
and then passed to the detector, which demodulates it, producing an audio frequency
current exactly similar in form to that produced by the microphone.
This
after amplification, then operates the speaker, which is simply a sound reproducer,
reproducing a sound wave exactly similar(i'n tbeor) to the original.
If you now compare the television system (Fig, 141) with this telephony system
you will see that all sections do exactly the same type of job, except the "picture
current producer" in the form of the photo-electric cell, together with scanning
disc or electron camera (this taking the place of the microphone) and the "picture
producer" (taking the place of the speaker) which consists of a variable light
source and a scanning disc or cathode ray tube.

(Mere of this later).

The video

after amplification is made to modulate the R:F,

current from the oscillator.

current re-presenting the light variations from different portions of the picture,
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BLOCK DIAGRAMS COMPARING SOUND AND TELEVISION BROADCASTING AND RECEPTION.

This current in the transmitting aerial sends out into space a radio wave, modulated with the video (in place of audio) signai.
The television receiver also
follows closely the lines of the radio telephone receiver.
The detector here
demodulates the modulated R.F. wave reproducing a replica of the original video
frequency current in the transmitter.
This video current must now be made to
reproduce the original light variations and hence build up an image of the
original scene being televised.
This section we may here style 'the picture
reproducer" (corresponding to the sound reproducer - the loud speaker).
The picture reproducer in our simple crude syFtem under discussion is a Neon Lamo
together with a Nipkow scanning disc.
The Neon Lamp (see Fig. 15) consists of
two metal plates (electrodes) in a glass globe which has been evacuated of air,
but which contains a small quantity of the gas neon.
'Men an electrical potential is applied between the plates of the lamp, an electrical discharge takes
nlace through the rarefied neon gas, causing the more negative plate to glow
with an orange-pink right.
Now the electrical picture (video) signal from the
detector of the receiver is applied, after amplification, to this neon lamo in
FM & 7./1 -
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such a way that the brilliancy
of the illumination varies in
sympathy with the signal. In
this way we have reproduced
a replica of the light varia—
tions which fall on the
photo—electric cell as each
part of the picture or scene
is scanned al the transmitter.
Assembling the Picture:
The simplest method of recon—
structing the picture is by
the use of our scanning disc
set u7a somewhat as shown in
Fig, 16.
The television lamp
is placed behind the disc in
such a position that its
plate completely covers the
space which may be viewed by
an observer looking through
any one of the holes in the
UT01\7 1,PD AS USED 'IT OLD l'ELEVISIOU
disc.
That is, the height
RECEIVERS.
of the plate is such that it
FIGURE I5.
extends above the height of
the hole which is farthest out, and so that it extends below the hole which
is closest in towards the disc's centre.
A screen or umasku is placed in front of the disc and through this screen
there is an opening which is just the size of the picture to be reproduced.
Therefore, the observer's line of sight cannot pass either to the right or
left of the picture size or area.
The holes in the disc are sweeping across the space at the back of which is
the lamp's plate.
The observer will see the glow of the plate through the
screen opening and through the disc holes.
Therefore, his view is forced to
sweep across the plate's surface.
At least, his vision really does sweep
across the plate surface because everything is dark except the plate surface
which glows through the disc and screen.
The observer's line of vision is carried across the surface of the lamp's
plate about as shown at the right of Fig. IG Where the enclosed area repre—
sents the size of the picture.
One hole after another in the disc sweeps
across the plate surface until the whole surface has been covered just as it
was covered by the scanning beam of light at the transmitter.
If the

low from the plate does not change,

the picture area will appear as a

dull pink evenly distributed. The color is pink because that is the color
assumed by the lamp's plate. Dat if the amount of light from the plate is
T.
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changing,

then the amount of lint seen by the observer will change as the disc

holes move from place to place.
If the glow of the plate is bright with a given disc hole in a certain position

1.9/,C

FIGURE 16.
that particular position will appear bright to the observer.
Then if the glow is
reduced with another hole in another place that new 7Dosit;ion “ill appear darker,
Proper distribution of these light and dark places will make it appear that the
lights and shadows are distributed over the 73icture area in a definite pattern,
this pattern being that of the lights and shadows in the picture being transmitted.
Thus we have reconstructed the scene which is being scanned at the transmitter.
By using a simple lens system the light beam passing through the Wipkow disc holes
may be focussed onto a small screen, so that a spot of light scans the latter in
step with the scanning light spot at the transmitter.
In this way, as the light
spotls brilliancy varies in sympathy with the picture signal,
duced, and may be viewed indirectly on the screen.

the scene is repro-

7HY REPRODUCING- THE PICTURE 17 TELEVISIOK IS LIORE DIFFICULT THAU REPRODUCI7G
THE

soup

IN RADIO TELEPHONY.

'In the case of sound transmission each sound, occurring at any moment, even a
complex sound such as is produced by a large orchestra is represented by a single
current variation (at audio frequency).
In the case of transmitting a picture,
however, each light variation, causing a single current variation, represents only
a single part or element of each picture, a series of which constitute the whole
scene.

We have seen,

therefore, how the picture is scanned,
T.

FM &

so that the light

r./I

— 17.

variations, which make um the whole picture, are dealt with in turn.
In this
way, the original picture was broken into "elements" which were broadcast separately,and in order.
We have seen further how these separate light variations
were re-created at the receiver. Now, to produce an intelligible picture, it is
obvious that the picture elements be reproduced at the receiver in the same order,
and at the same speed. This means that the light spot, falling at any moment, on
the receiver screen should occupy the same relative position on that screen as the
spot or element of the original picture being scanned at the transmitter. To achieve
this state of affairs the receiver's scanning disc must rotate at the same speed
exactly as, und in step, with the disc at the transmitter.
The technique of ensuring this desired state of affairs is known as "synchronization".
To ensure that the receiver's disc does keep "in step" or "in synchronism"
special synchronizing signals are sent out by the transmitter, at regular intervals.
These synchronizing signals serve the purpose of slightly speeding up the velocity
of rotation of the receiver's disc, if it tends to become too slow, and vice versa.
In modern television systems using cathode-ray tubes, the scanning of the scene
is performed by beams of electrons.
The necessity for synchronising the electron
beam in the receiver's cathode-ray tube with that which scans the image of the
scene which is focussed on the television camera's screen,

still applies.

Synchronizing signals, which appear as a special regular modulation of the carrier
wave are therefore still used.
The methods of utilising these signals (which
methods are fully dealt with in a later lesson) are, however, purely electronic,
and the results achieved are much more reliable than those which could be obtained
with the older mechanical methods of scanning.
As a matter of interest Fig. 17
is included to show the type of trouble encountered when synchronization is faulty,
resulting in pictures drifting across the screen or from top to bottom.

FIGURE 17,
SHOWING ONE EFFECT OF FAULTY SYNCHRONIZATION.
T.

FM & F./I

- 18.

F-

TRAiv5m/FTE-P

1.,
IT.:INT S OF

PIC JUPE 7/-?ANSMITTPW,

0(3

Lf)

r-L1

\

T. FL,. & F.

0
'‹

Lf)

1 - 19.

LOUDSPEAKER

BLOCK DIAGRAM OF A MODERN TELEVISION 'SYSTEM:
Fig. 18 shows in block schematic form, the overall arrangement, from televised
scene to receiver screen, of a modern television system. The associated sound
transmitter and receiver are also included.
This diagram should be compared
with that of the simple system of Fig. I4b.
Note that the Kipkow disc and photo-electric cell have been replaced by a modern
picture tube, and the neon lamp together with its disc, in the receiver, has
given way to a cathode-ray tube.
Block (I) is a valve-oscillator which produces
alternating voltages, having a special waveform which, when applied to the picture tube, cause the electron beam to scan the image on the screen of the tUbe.
The special synChronizating signals are also obtained from this oscillator and
applied to the outgoing wave. Block (2) simply amplifies the electrical picture
(video) signal from the picture tube, and may be separated from the actual transmitter by a line of considerable length. Block (3) gives further amplification,
raising the level of the signal sufficiently to modulate in block (4) the R.F.
carrier produced by block (5).
Block (6) is a video (picture signal) amplifier
which operates a cathode-ray tube of the receiver type.
This gives a reproduction of the scene for monitoring purposes in the transmitter control room.
'nth reference to the receivers, note that both the vision and sound modulated
was are picked up by the same aerial and applied to the same R.F. amplifier.
(It might be remarked here that the sound carrier and picture carrier are not
identical, but usually occupy adjacent channels.
The first R.F. amplifier is
sufficiently broadly tuned to cover both).
The picture and sound carriers are
separated at Block (7) by using the heterodyne method to produce lower and distinct "intermediate" frequencies.
The two signals are henceforward treated
separately as shown.
Block (8) is the detector which demodulated the picture
carrier signal.
Note also that at this stage the synchronizing signals are then
used to synchronize the scanning generator (Block 9) which causes the electron
beam in the cathode-ray tube to scan the screen.
Returning to the picture signal
proper, this is amplified by Block (TO) and the varying amplified voltage applied
to the "grid" of the C.R.T. where it varies the intensity of the electron beam.
In this way the varying degrees of li ght and shade, which constitute the different parts of the picture are reproduced on the screen.
The sound carrier is
detected in Block (II), the audio frequency signals are amplified in Block (12)
and reproduced by the loudspeaker.
In passing, it is opportune to remark that although some technical matter has
been included in this, the first introductory lesson, such has been considered
necessary.
It will be found that a good basis has thus been prepared for the
ready absorption of the detailed lesson work to follow.
So now, we come more or less to the present time, when Television has reached
a stage where the definition is Comparable with that achieved by home movies of
the 16 millimetre variety.
Of course, there is still a long way to go before
the excellence of clarity of the modern 35 M.M. theatre projection film is
achieved.
T. FM & F./I
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The average picture size in a typical modern Television receiver is of
the order of 9" X 12" and this is adequate for most home users.
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TYPICAL TELEVISION RECEIVERS.
FIG.

19,

Fig. 19 has been included to illustrate the standard and appearance of
typical present—day Television receivers. It is noteworthy that in the ela—
borate "radio—phonograph..-vision" unit the screen of the cathode—ray tube is
not viewed directly, but is rather projected onto a mirror in the lid for
added convenience and styling. At this point we temporarily leave the fas—
cinating subject of Television, until future lessons, when its intricacies
will be revealed, and we come now to the second section of this lesson,
which is Frequency Modulation.
SECTION "B".

rUeVENCY MODULATION.

Most people who have ever owned a conventional radio receiver can recall the
annoying experience of having their favourite programme marred by interfer—
ence in the form of static. Additionally,through the years, a continuous
striving after greater fidelity of reproduction has been exhibited by
engineers engaged on the development and design of domestic radio receivers.
As far as "man—made" static is concerned, the position has steadily worse—
ned with the passing of time.
T. FM & F./I — 21.

Lore housewives are acquiring vacuum cleaners and refrigerators to ease their
domestic burdens, factories are becoming more numerous and thus interference
due to their electric motors and other devices is on the increase.
All this
is a good sign, in as much as it denotes the diversion of scientific activities
to a purpose beneficial to mankind - why, even the mere male may now have an
electric razor to remove his daily growth of stubble!
Radio reception, however, is on the losing side, as far as the above advances
are concerned, and it is not surprising that an effort has been made to devise
some scheme whereby the reception of radio programmes is possible with even
greater fidelity and with little or no static to impair the performance, even in
city buildings containing moving staircases and.alevators. Furthermore, in
country districts, reception is oftentimes impossible due to static of natural
Origin.
In non-technical language the results obtained by the use of a system
of Frequency Modulation are reduced static and noise together with an increase of
possible fidelity.
The whole matter of Frequency Modulation is an old one, as it appears to have had
its origin shortly after the invention of the "Paulsen arc", when it was found
impossible to 'key' the arc as in spark transmitter practice, and thus some new
method of modulation was required.
The idea of varying the frequency of the carrier wave, in order to modulate it,
was suggested.
Various proposals to achieve this were put forward, but no practical success came of those. Frequency Modulation was, therefore, discarded entirely in faveur of Amplitude Modulation, until the introduction of the vacuum tube.
+
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It is considered opportune at this juncture to explain the basic theory lying
behind the two most practical methods by which it is possible to impress intelligence at audio frequency, on a radio frequency carrier wave.
Firstly, we have the
means at present in universal use of Amplitude Modulation, in which the amplitude
or magnitude of the R.F. carrier is caused to vary in sympathy with the audio frequency modulation.
Fig. 20 gives us an idea of what this is all about.
This diagram should strike a familiar note as it has appeared in varyin
in most radio textbooks,

and has also been featured and explained in the

fo ries
'A., o.

Radio Service Course".
The following facts, however,

should be kept in mind.

Then a wave is amplitude

modulated, the carrier frequency is held constant while the amplitude only is
varied in sympathy with the audio signal.
The rate at which the amplitude (or
strength) of the R.F. wave is varied is the frequency of the A.F. signal (or
pitch of the sound note).
The extent to which the Amplitude is varied (i.e. the
depth of modulation) represents the amplitude of the A.F. signal (or the loudness
of the original sound).
Now
with frequency modulation,

A.
—
is\
i• —

i

the amplitude or

strength of the R.F.
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wave is held constant, while its frequency is varied or "swung" around 'its
nominal valve at a rate equal to the sound frequency (A.1.). The amplitude
or strength of the audio frequency current determines the extent (i.e, the
number of cycles/sec.) to which the carrier frequency is varied.
Fig. 21
illustrates the nature of a frequency-modulated carrier.
Note that the
amplitude of the R(P. Carrier remains constant until the A.P. modulating
voltage begins to modulate it at "a".
Thon during the positive half-cycle
of the A.r, the frequency of the carrier continuously increases until the
A.F. reaches its peak at "b".
As the A.F. cycle decreases towards zero at
"c" the frequency of the carrier is progressively decreased to its normal or
average value (point "c").
During the negative half-cycle of the A.F. modulating voltage a similar action occurs, except that in this case the freq. (R.F.)
of the carrier is reduced, for the duration of the half-cycle, below the
average or middle value (see "cd" of Fig. 21).
Note that the strength or amplitude of the R.F. carrier remains constant the whole time.
This allows the
transmitter moduIatád- and power amplifier tubes to be working at their maximum rated powers the whole time, whereas, with amplitude modulation, these
tubes are worked to the limit on the occasional peaks of modulation only.
A numerical example will serve to further illustrate.
Suppose the carrier has
an unmodulated frequency of 40 megacycles/sec.
For the loudest sound to be
handled (i.e. for I00% modulation), it might be decided to swing the frequency
of the carrier between 39.9 me/sec and 40.1 inc/see, around the mean value of
40 inc/soc.
This is a frequency "deviation" of .1 mc/sec (or I00,1(0/sec) on
either side of the average fréquency, or a band width of .2 inc/sec (200 KC/sec).
The rate at which the frequency is "swung" between these two limits is the
audio frequend: of the modulating voltage.
For example, if a note of 2,000
cycles/sec is "ooing broadcast, then the carrier frequency is varied around its
average value at 2,000 times per sec.
For a modulating voltage of one-half the
;Implitude (i.e. a weaker sound) of the greatest nhidh can be handled, the carrier
frequency would be varied between 39,95 me/sec and 40.05 mc/sec., i.e, a deviation of only .05 mclsec (50KC/sec).
This would represent 50% modulation.
Again, suppose the carrier is to be modulated with a lower frequency sound sig;.nal, say 1,000 c/sec., in this case the carrier's frequency would be "swung"
around its mean value (40 mc/sec) at a rate of I/000 times per second.
Summarizing,
such that:-

the nature of a frequency modulated (abbreviated F.M.)

carrier is

(I)

The number of cycles/sec. by which the carrier frequency is deviated from
its normal or mean value represents the depth of modulation (intensity of
sound).

(2)

The rate
at which the carrier's frequency is deviated between the two
limits on either side of its mean frequency represents the frequency of
modulation (i.e. the audio frequency).

7ith the introduction of the vacuum tube, the idea of Frequency Modulation was
revived. Dy this time the relationship between the band width required and the
T.
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frequency of the modulating current was well understood in connection with
amplitude modulation. It was realised, for example, that to modulate a ea-Prier
with audio-frequencies ranging from say 0 to 7.5 Kcisec, a band width of 15
Kc/sec. is required (due to the generation of side-bands).Now the idea occurred
that by using frequency modulation, the bond width could be reduced to only a
fraction of that required by the older method of modulation. The suggestion was
that the frequency doviation of the carrier could be limited to, say, 2 Kc/sec. t
giving a total frequency variation of only 4 Kc/sec.(as compared with the TO Kc/
sec. channel allowed with A.M. methods).
It was thought, as the student will
also probably think at this stage) that this limitation of band-width could not
limit the range of audio-frequencies which could be superimposed on the carrier;
for with P.M. a high audio freauency could be made to modulate the wave simply by
swinging the carrier frequency over a part or the whole of the 4 Kc/sec. band at
the desired rate - a rate to which there was no limit.
In this way, it was hoped
to obtain high fidelity transmission even though a narrow band-width was used.
In 1922, however, Carson published a paper showing, mathematically, that no reduction in band width was possible without a loss in fidelity.
Carson showed that a
band width of at least twice the highest modulating frequency was required, this
situation arising from the fact that frequency modulating a carrier resulted in
side-band frequencies being produced in much the same way as occurred with amplitude modulation,
This proved that F.M. conferred no advantages from the
point of view of fidelity for a limited band width - in fact, it demonstrated that
amplitude modulation was the best system from this point of view.
Carson finally
came to the conclusion that "Consequently this method of modulation inherently
distorts without any compensating advantages whatsoever".
As a result of Carson's conclusions P.M. was again practically forgotten until
1936, when Edwin Armstrong published a lengthy paper on the subject. This publication was the result of many years research carried out at Columbia University,
New York, and the construction of a complete system by R.C.A, in 1933-4.
Armstrong's work demonstrated that the chief merit - and this was a very substantial one - of 7.M. - was that noise due to "static", man-made electrical interference, and valve "hiss", could be virtually eliminated by the correct application of this new system.
This was an aspect of the question not previously
considered by other workers. Strangely enough, it was further demonstrated that,
although P.M. reduces noise, even when using the same band width as for A.M., the
greatest benefit was obtained in this connection by utilising a band width as wide
as possible. Consequently, Armstrong employed a frequency deviation as wide as
75 Kc/sec. on either side of the mean carrier frequency - a total band width of
150 Kc/sec.
Simple arithmetic will show that only six stations could operate in
our present broadcast band (550-1,500 Kc/sec.) if such a band width were universally employed,
Moreover, the band width would form too large a proportion of
the carrier frequency to allow of the efficient design of selective tuning circuits.
Armstrong's solution to these difficulties was to select a carrier frequency in
the ultra-high frequency band.
In the experimental system constructed 41 me/sec.
was used. 7orking at these high frequencies there is ample "room" for these wide
band widths.
T. FM & F./I - 25.

So effective did Armstrong's suggestions prove to be, that working with a transmitter of only 20 watts power on the Empire State Building in New York and a
receiver sixty miles distant, results comparable with the reception of 10,000
watt stations using the conventional system were achieved.
Armstrong's theoretical work (the results of which were borne out by practical laboratory tests)
shows that, under favourable conditions, F.M. will reduce noise by as much as
1,000 or more to 1.
A disadvantage of the system is a characteristic of all ultra-high frequency
transmissions, viz., the reception is practically limited to points which lie in
a straight line from the transmitting aerial.
This means that a transmitter has
a line-of-sight coverage, thus limiting the reliable range to 30-50 miles, depen3
ing on the heights of transmitter and receiver aerials, and the nature of the
land surface.
To overcome this a system of narrow band F.M. has been proposed
which may possibly find acceptance on the lower frequency bands.
Fidelity woillt
suffer here, but, on the other hand, some of the noise reduction properties would
be retained to a lesser degree.
Another advantage of the F.M. system which may prove a very important one, is the
almost complete immunity of a F.M. transmission from interference created by
another F.M. transmission operating within the same wave-band.
Provided the desired signal is more than twice as strong as the undesired one, this immunity is
practically 100 per cent complete.
With amplitude-modulated waves, on the other
hand, the desired signal must be at least 100 times as strong as the interfering
signal before the latter is effectively "swamped out".
To sum up, then, we can say that F.M. enables the reception of clearer signa]. less
effected by noise and static than A.M. signals, and because of this property of
the system small powers only are required.
As far as improved tonal quality is
concerned.this is incidental only and not due to any peculiar or distinct advantage
of F.M. over A.M.
The point is that A.M. stations are limited to a band width of
10 Kc/secs., so that the present broadcast band will contain the requisite number
of stations, and if this limitation did not prevail, there is no limit to the
possible frequency range of the conventional A.M. transmission.
Bear in mind
though, that to get a good clean signal through a bank of noise a very large
radiated power would be required if the system is working on the A.M. principle,
but only a small power is necessary to achieve the same thing if F.M. is used.
Here then, is a great advantage, as F.M. transmitters may be cheaply constructed
and will enable country folk to obtain clear and clean reception regardless of
local noise and atmospheric conditions.
Fig. 22 shows in block form the basic circuit arrangement for a F.M. receiver,
The similarity to A.M. systems will be obvious, except for the action of items like
the limiter and discriminator in the receiver, and the reactance tube in the transmitter.
Two separate transmitters have been shown in Figs. 23A and 23B, because
there are two schools of thought at the present time on the subject of modulating
the frequency of the carrier.
The reactance-tube method of F.M. is shown at "A"
in Fig. 23. together with the automatic frequency control unit necessary with the
reactance tube to maintain the average carrier frequency constant.
T. FM & F./1 - 26

The second scheme shown at "B" is somewhat more complicated in its action
in as much as instead of a reactance tube a complex 90°phase shifting network is employed in conjunction with a crystal oscillator.
This is the
Armstrong system at present in commercial use in America.
Purt ner details of these systems are contained in a later lesson.
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There will always be both Amplitude, as well as Frequency Modulation, and it
is merely confused thinking to assume that either one will entirely supercede the other - rather is it a matter of using the most suitable means to
achieve a certain end.
There are cases where A.M. has definite advantages
over F.M. and vice versa, which state of affairs ensures that both services
will develop to everybody's benefit.
SECTIOY "0".

FACSIMILE

TRIumissior.

Facsimile is a very simple thing to understand as it is almost self-explanatory,
in so far as it concerns the reproduction of a newspaper, photograph, postcard,
or any other similar item, in such detail that this aforesaid reproduction shall
be an exact copy or facsimile of the original.
Literally, any object which is
a direct and detailed copy of another may be styled a facsimile of it.
An
Australian pound note is a facsimile of another Australian nound note, and so on.
But - und it's a big But - here we are concerned with copying something by some
means in, say, Melbourne, and sending by wire or radio link related electrical
impulses, which when picked up by a receiver in, perhaps, Sydney, will reproduce
on a paper an exact replica of that something still down in Melbourne.
This is '
what is meant by Facsimile.
In America attachments are marketed, which, when
fitted to a normal radio receiver, enable the purchaser to have reproduced in
his own home, a news bulletin or paper.
Mr. Suburban American just turns on the
works before retiring for the night and "hey presto" when he wakes in the morning a neat roll of printed paper is located near his radio receiver.
As mentioned briefly earlier, it is not necessary to have the link between
sender and receiver a radio one;
in this application wired systems are often
used and prove very satisfactory.
Actually wè have hniî Facsimile services in
one form in use in this country for some time, for example, the Sydney-Melbourne
nicturegram service, and the overseas rnAio-gram service operated by the P.M.G's
Department and "A.7.A. Beam" service.
As in television, it is necessary to "scan" the picture or diagram in order to
set up a succession of electrical impulses corresponding to the various parts
or elements of the subject,
Mou in the case of television, remember, a whole
picture must be dissected and reproduced at the receiving end in a mall fraction of a second, this being necessary to create the illusion of motion. In
facsimile transmission, however, we are not burdened with this time limit, as it
is a still picture which is being dealt with.
7e may say that a facsimile
picture bears the same relation to a television picture as does a magic lantern
image to that of the cinematograph.
In practice a facsimile picture may take
anything between a few minutes to one hour to reproduce.
The picture or diagram to be reproduced is usually mounted on some sort of drum
as in Fig. 24.
Here the drum is mounted on a spindle having a screw thread.
A stationary spot of light is focussed on the one end of the drum.
As the drum
is rotated the spot of light traverses the picture in a spiral fashion, so
completely scanning it.
T,
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The light reflected from the picture will vary with the light and dark portions as the drum rotates.

This varying reflected light produces corres-

ponding current variations in the photo-electric cell.
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FIGURE 24.
In other arrangements the drum remains stationary,
tes around the picture in spiral fashion.

and the beam of light rota-

Of course,

the result is the same,

The electrical impulses are now àmplified and used to modulate a high frequency
carrier current which in turn may be carried over a line to the receiver (picture-gram or cable-gram) or caused to radiate a radio wave (radio-gram).
At the receiver,

the carrier is detected or demodulated,

the resulting current

being a replica of that produced by the photo-cell.
To reproduce the picture a similar drum is used as that shown in Fig. 24 at the
transmitter.
The picture-signal is caused to vary the brilliancy of a light
source which is focussed to a spot on a photographic film or paper around the
drum.
The receiver drum is rotated at the same speed, and exactly in step with
the transmitter drum.
In this way the light spot traverses the photographic
film producing, due to the normal chemical action of such a film, varying shades
of light and dark elements in sympathy with the picture current variations.
Where it is desired to send only prints or diagrams,

a simplified system is used.

Here it is necessary to reproduce two shades only - black and white.
The transmitter sends a current for white portions of the diagram, etc., and no current
for black.
The current used to modulate the carrier in such a system would look
something like that illustrated in Fig. 25.
At the receiver, the reproduced signal current is made to operate a stylus. Then
a current is being received, and for the duration of that current, the stylus
T. FM & F./I - 29.
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is lifted from or does not act on the paper, leaving it white. When no current
is received, the stylus is made to act upon the paper colouring it grey or
black.
In this lesson we have investigated the general principles of three interesting
tie' services.. Naturally, the comparitively brief and general description of
each will set you thinking and puzzling over some of the more intimate technical details.
The following lesson papers will deal firstly with television
equipment, and then later with frequency'modulation and facsimile equipment
in considerable detail,

so that, as you progress, any points which at present

are puzzling you, will be explained.
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EXAMINATION QUESTIONS.

1.

What characteristic of the eye makes television possible.

2.

Although feasible systems for television were suggested as early as
1880, no practical success was achieved until 1923.
Why was this
so?

3.

The following represent a list of components or sections in an ordinary radio telephonic system.
Name the corresponding components or
sections in a television system:(a) microphone, '(b) loudspeaker, (c) audio amplifier, (d) modulator.

4.

Explain briefly the meaning of "scanning".
in television transmission?

5.

What

*Why is scanning necessary

have television and the cinematograph in common as regards the

reproduction of moving pictures?

6.

Explain briefly the difference between frequency modulation and
amplitude modulation.

7.

What is the chief advantage of frequency modulation over amplitude
modulation?

8.

Name one advantage and one disadvantage of "wide-band" F.M.
with "narrow-band" F.M.

9.

What is the main point of difference between Facsimile transmission
and television?

10.

Describe a simple method of scanning the picture or diagram to be
transmitted by a facsimile system.

compared

PLEASE NOTE POSTAL ADDRESS - Cnr. Broadway & City Rd., Sydneyfor return of papers, correspondence etc.
NOTE g Write on one side of the paper only.
Always write down in full the question before you answer it.
Answer the questions as fully as you can, giving complete
explanations and sketches wherever possible.
Remember that you learn by making mistakes
so give yourself
an opportunity of having your mistakes found and corrected.
Don't hesitate to ask for further explanation on any point e
we are always ready to help you.
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OF

SIGNALS,

WHY TELEVISIW IS TE=CALLY URE DIFFICULT THAN SOUND TRAJSMISSION:
In Lesson J. we discussed some of the difficulties which faced the early
workers in television - difficulties which were long realised by many of
them before even the crudest of solutions were practically devised.
Nipkow, for example, in le4, clearly saw that it was not possible to
transmit in one piece a complete picture or scene (even though no motion
was involved).
It was his brain-child to dual electrically with each
portion of the picture in turn, by the method known as "scanning", which
was made possible by his famous disc.
Thus, the general principle, which
rules the operation of all modern television systems, was establishoti, at
least in a theoretical way.
Prior to this date
the photo-electrical
properties of selenium
Uncle use of in the
selenium photo-electric
cell) had been discovered.
Hence, a method
was immediately availablc to Uirkow and
others for converting
the varying light
impulses to corresponding electrical changes.

4

So, oven at this early
date, it appeared to be
theoretically possible
to transndt these oleotric current impulsos
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FIGURE I.
Two early typos of Light Sensitive Cells.
At
the loft, strips of selenium are placed across
two spirals of wire lying in grooves in an insu,
lating tube.
At the right, the wires are wound_
.over the strips of selenium placed on a flat card.
T.FE & F./2 - I.

at least over riires to a distant point where, if the current cha-Iges were
converted back into light variations, in the correct order or pattern, the
picture could be re-created, element by clement.
The reason vhy no success -vas achieved 17^,5 due to the fact that the "picturesignal" output from the photo-cell was too minute to serve an7 such useful
purpose.
It was not until some years after the invention of the amplif7ing thermionic
valve (in 1914) that practical success was achieved by Baird and others.
The
student should observe that the lack of means for amplifying an electrical
signal was the difficulty ,:hich for many years baffled all workers in the television field.
In the field of sound telephony, on the other hand, this absence
of amplifying methods did not prevent the realisation of practical success.
The electrical audio frequency output from the simplest of microphones is
sufficient, when transmitted through wires (at least for a short distance) to
Sound
Sound
Waves
;

1J(<

Battery

Wires
m,
•
Earphone

Microphone
A SI:.:PLE PRACTICAL TELEPEUE SYSTEM.
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Scanning Disc

operate an car-phono.
The problems in television, however, have deeper roots than those already
discussed.
These problems are bound up with the nature and characteristics
of the eye itself.
It is comparitivoly simple to "fool" the human car (or
rather the sense of hearing) by moans of an artifically reproduced sound.
For xample, although the human oar is sensitive to sound waves lying in
frequency between about 16 cycles/sec.
and 15,000-20,000 cycles/soc., the
sense of hearing is very well satisfied indeed if a radio loudspeaker
reproduces only those frequencies lying between 50 cycles/sec. and 7,500
cycles/sec. (this representing the performance of a high-fidelity wireless
set).
As a further example of the lack of discrimination of the ear, it is
of interest to note that ear detects no undesirable effect if the phase
relationship between different sound frequencies are altered during trans:mission.
In television, on the other hand, phase changes in transmitter or
receiver produce an effect in the reproduced scene which are readily perceived by the eye.
The position may be gummed up simply by saying that television apparatus (at
both transmitting and receiving ends) necessary to transmit a picture which
is reasonably good to the eye must be much more perfect technically than the
corresponding radio telephony apparatus used to transmit a sound with which
the less critical ear will find no fault.
One of the major technical difficulties in television is to Avise means to
produce at the transmitter an electrical picture signal of sufficient quality
to represent adequately the picture or scene to be televised.
It will be
the object, therefore, of this lesson, to discuss and explain the principles
underlying the generation of this picture signal.
Before we can intelligently study the technical aspects of this problem,
however, we must fully realise the nature of the job which we are tackling.
Ue must know what the human eye demands of an artificially reproduced picture
or scene if the desired degree of realism is to be experienced.
Now we all realise that the eye allows us to "see" by utilising light waves.
UJ are so familiar with light, or rather the effects and sensations which
light produces in our minds, acting per medium of our eyes, that we rarely
stop to contemplate its true nature.
The first question, therefore, is
"WHAT IS LIGET?": Light is an electromagnetic form of energy which travels
through space with a wave-motion.
This definition will be made clearer if
it is stated that light waves are of exactly the same tyro as radio-waves.
What then is the difference between light and radio waves?
The difference is
one of frequency and wave-length only.
This difference, however, is an
extremely great one.
Light waves bear a very much higher frequency and
shorter wave length than have radio waves.

T. FM & F./2 -
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For Radio communication purposes electro-magnetic waves lying in frequency
between 550,000 cycles/sec. (550 Xcisec.) and, say, 40,000,000 cycles/sec.
(40 mega-cycles/sec.) are in use.
The wave lengths of these range from
550 metres down to 7.5 metres.
The visible light waves, on the other hand,
have frequencies lying between about 400,000,000 mega-cycles/sec. and
g00,000,000 mega-cycles/sec.
The wave lengths corresponding to these frequencies are
.00000075 metres and
.00000037 metres.
Note how vastly different these are from the corresponding values for radio
waves.
It may bc of further interest to note that radio and light waves aro not the
only examples of electro-magnetic radiations.
We have, in addition:
Cosmic Rays (which have their source somewhere in space outside the earthls
atmosphere);
X-Rays (used for medical and industrial purposes);
UltraViolet waves (not visible, but to which most photographic plates are sensitive);
Infra-Red waves (used for special photographic and other purposes);
and ordinary Heat waves.
Fig. 3 will show clearly how all of these are
related from the frequency point of view.
It Should be noted that the
visible light waves form a comparitively small band of frequencies in the
whole range from the lowest (Radio Waves) to the highest (Cosmic Rays).
We
may say that the eye can see only the light-waves because its construction
is such that it is sensitive only to these particular frequencies.
WHAT IS COLOUR?
The colour of a light wave depends upon its frequency.
Fig. 3 Shows that the lowest frequency light-wave to which the eye can see
is red.
The highest frequency light-wave is violet.
The other main colours;
orange, yellow, green blue, have gradually increasing frequencies in that
order.
The strength or intensity of a light wave should not be confused with
its frequency (colour).
L. strong light of some particular shade of red will
have the same frequency as that of a wenker light of the sume colour.
WHAT IS WHITE LIGHT?
White light is a mizture of light waves of all colours
in the proportion they appear in natural sunlight.
The incandescent filament of an electric light globe sots up light waves of all colour
frequencies in approximately this proportion.

-Frequency)

WHAT IS BLACK?
Black is not really a colour at all, but the absence of all
light.
A black object is one which reflects to the eye no light whatsoever.
Since all objects reflect some light, no object is absolutely black.
The
proverbial black cat in the coal-mine at midnight would probably be the
nearest thing to a black object:
WHY DO DIFFERENT OBJECTS AFPEAR TO HAVE DIFFER= COLOURS? When white light
(a mixture of all colour frequencies) falls on a surface, that surface might
reflect equal proportions of all the colour frequencies, and we would say the
object is white,
Another surface might absorb all colours in the white light
except red, which it reflects.
Since the reflected light which strikes the
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eye is red, we would say that red was the colour of the object.
surface would absorb all colours in the white light except blue,
reflects to the eye, and so on.

A blue
which it

THE FUCTIOUS OF TEE EYE:
When we look at a picture or scene light waves
of different colours and intensities, which are reflected from the various
elements or details of the scene, enters the front of the eye, where a lens
(Fig. 4) focuses them on the retina to form an image of the actual scene.
This action is similar to that of a camera (see Fig.9 later in the lesson).
.The retina is a sort of screen covered with minute nerve ends, each of which
convey separately to the brain the sensation of light intensity and colour.
Thus all the details of the scene may
be taken in
simultaneously.
The
chief functions of the eye are::(I)

The ability to distinguiehbetween degrees of light and shade,
evaluate different light intensities;

(2)

The ability to distinguish detail in the scene, each detail being dealt
with by a sire°, or small group, of nerve ends on the retina;

(3)

The ability to distinguish colour;

(4)

The ability to distinguish motiTn in the image;

(5)

The ability to distinguish

li deTe"

WEAT DOES TEE EYE REGARD AS ESS=IAL

rz

i.e. to

in the scene.
All ARTIFICIALLY REPRODUCED PICTURE?

To achieve some sense of reality in reeroducing a scene by artificial means,
which is our problem in
television and in cinema,tography, we must give
attention to:(I) Reproducing considerable

Optic
/7erve

Iris
(2) Reproducing considerable
variations in light intensities, i.e. in light and
shade;
(3)

Creating the illusion
of motion.

The technique of generating
an electric current which can
be "carried !' to a distant
point where it can be used

Ocanma
Retina.
CRYSTALLINE LENS

THE Ett.
FIGURE
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to reproduce these essentials in an imago of the ,actual
subject matter of tho remainder of tL.is lesson.

scene, will form the

It will be noted that colour and Ildepth" aro not considered essential for
a sense of realism.
This statement is justified by experience in cinemr—
tography, where considerable realism can be obtained in ordinary
white" images.
Of course, colour, if natural, adds to the realism, as does
depth (as those of us who have seen the eiTerimental u steroscopic" films
will well realise).
It might be remembered here that both colour and depth
or stereoscopic effects have boon realised in television, but the technical
difficulties are considerable.
Some description of the methods used to
produce these effects will be given in a later lesson.

Area to be Scanned.

Rotation

suenuG
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DIEC
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FIGURE

j.
T. FM el F./2 —

7.

THE scx7JING DISC:
In Lesson I, we described briefly how the Uipkow Scanning Disc, in conjunction with the Photo-Electric Cell, could be used as a source of
picture signal.
We shall now examine in more detail the operation of
this disc, in order to assess its efficiency, and to give a better understanding of the technique of breaking up the picture or scene into small
sections or elements in the process of creating the electrical signal in
the transmitter.
A plan of a simple scanning disc is given in Fig. 5, showing the spiral
arrangement of the holes.
lTote that each hole is closer to the centre of
the disc compared with the previous one by a distance equal to the width
of the hole.
This is necessary in order that the strips of the picture
scanned by the spot of light from successive holes lie adjacent to each
other, as Shown in Fig. 6.
There Should be no overlapping of the scanned
strips, for this will result in a distorted reproduction at the receiver.
Zeither should there be gaps between adjacent strips as this will result
in portions of the picture being entirely missed,with consequent loss of
detail.
Since the first

(outermost)

hole of the disc

1st hote
?nd
e
}ru no e
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.
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\
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FIGURE
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scans a roughly horizontal
strip at the top of the picture
and the last hole scans a strip
at the bottom of the picture
it is evident that the whole
picture is scanned by a number
of strips exactly equal to the
number of holes in the disc.
Futhermora, a complete scan
will be achieved in one revolution of the disc.
These facts
will be made clear by reference
to Pjg. 5.
As or revolution
is being completed the innermost
scanning hole will be just
finishing its scanning strip
nt the bottom right hand corner of
the picture.
At this moment
the first scanning hole will be
about to commence its excursion
across the top of the picture,
beginning at the top left -hand
.
corner.

Another important point to
notice is :
that the distance between successive holes around

T.
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the disc is equal to the
width of the picture.
Sup ,lose we are scanning the
picture of Fig. 7, the light
spot from hole one has just
finished its sweepsacross
the picture and is leaving
the right hand edge.
At
this
instant
the
light
spot
LIGHT FROM
from
hole
number
two
is
just
-0.1 SOLE.
commencing its sweep at the
left hand edge.
The two
spots must not be on the
picture at one time, because
the photo-cell
.
must not be
affected by two areas at
one time.
On the other hand,
there must be no appreciable
gap of time between the leaving of one spot and the corrs.
ing of the next, for this

pc un
7i;g1C

—

would represent a waste. of
scanning time.
Therefore,
the separation between holes
is the width of the picture

FIGURE 7.
or of the frameas shown in Fig.
11 geometry!"
of the scanning disc.

5.

There is a final fact concerning the
The difference between the distances of the

first hole and the last hole from the centre of the disc is equal to the height
of the picture or "frame".
This is evident from Fig. 5, where a rectangle representing the frame is shown superimposed on the disc.
Fig. G will, perhaps,
make this point clearer.
The first hole is at such a distance from the disc
centre that it scans the top edge of the picture.
The distance of the last
hole is such that its light spot scans the bottom edge of the picture.
So
the difference between these two measurements must be the picture's height.
Summarising these points in the discls construction, the following should be
remembered as they will be referred to later in discussing the limitations and
disadvantages of mechanical methods of scanning:(I)

The number of strips or lines by which the picture is scanned is equal
to the number of holes in the disc.

(2)

The number of complete pictures or- "frames" scanned per second is equal
to the number of revolutions made in one second by the disc.
For example,
to tran s
mit, say 25 pictures per second, to give the illusion of motion
in the scene, the disc must rotate 25 revolutions per second, or 25
revolutions per minute.
T. FM & F./2
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6o = 1,5010

x

(3)

Adjacent holes must be separated by a distancecqual to the width of

(4)

The difference in the distances of the first and last hole from the
centre of the disc is equal to the height of the picture.

the ricture.

ETHODe. OF USIZZG Ti
SC.1:n7G DISC. AT TRISMITTER:
The method used for
scanning large pictures or scenes is illustrated in Fig. 8.
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FIGURE 8.
Here the picture
r scene is .focussed by means of a lens to form a mall
image on the disc as shown.
The action of the lens is similar te that of a
camera, whereby an image of the scene is th:c
.own on to the film at the back
of the box, as shown in Figure 9.
The image of the tree appears inverted,

this being a characteristic of the

lens' focussing action.
Returning to Figure 8, note that the image on the disc must be the correct
size for the positioning of the disc holes as discussed in the previous
section.
The disadvantage of this system is that the whole scene being televised must
be brilliantly lighted.
The amount of light falling on the photo—cell at any
instant is that passinghraugh one small disc hole, and, therefore,
from one mall point of the picture or scene being televised.
T.
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'rho whole scene, consequently, must be extremely brightly illuminated if the
photc-cell is to produce a sufficiently large amount.
This rules out the
possibility of televising outdoor scenes, except under the most favourable
c rcumst anc es of strong sunlight.
In the case of studio scenes extremely powerful arc lnnps must be used.
These
lamps give out so much light and heat that the conditions under which the
announcer and other -performers work are most uncomfor#ble.
on with ideal
lighting conditions, however, the electrical output from the photo-tube is
extremely minute.
The other system of using the scanningdi cc is that known as the "Plying- Spot"
method illustrated in Figure In.
There light from a powerful arc light is
focuszéd, by
means .of lensés
through each '
Pictur1- Scene
disc hole in
Ls

Soot of Light
Irmp rind
Reflector.

•
‘...-----.Photo

cell

\ Di sc

turn on to the
scene or picture
being televised.
With this system
rtl 1 the light
available from
a given source
is concentrated
on the small
part of the
picture or scene
being scanned at
a given moment.

FIGURE 10.
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The brilliancy of the scanled areas will, therefore, be much more intense
than in the case when the whole scene is "flood-lit".
In this way the
flying-spot method makes much more economical use of the available light
from the source.
Ln interesting advantage of this method, compared with the "flood-li.e-,-U"
system, is that, although the brilliancy of the light-spot may be intense,
the ap7earent lighting of the studio scene may be quite moderate, or even dim.
The reason for this is that the spot of light traverses the whole area in,
sly, only one twenty-fifth of a second.
Owing to the persistance of vision
effect the eye is consciou.s only of the average light spread over the rhole
area in that time.
This average brilliance will be much less than the actual
brilliance of the spot itself.
There are several disadvantages of this method of disc-scanning, howevr.
One is that the system is not suitable for dealing with large scenes.
second is that the scene must be in complete dar-lness except for the light
from the scanning spot.
J1n
-y external lighting covering the whole
scene rould
cause the photo-cell to receive light continuously from all parts of the scene,
and this would "mash" the effect of the flying spot.
This limitation, therefore,
rules out the possibility of televising outdoor scenes.
A third failing lies in
the difficulty of utilising all of the reflected
light from the scanned
spot.
...lthough the arrangement gives maximum
illumination for the
small area being scanned
at any instant, the situation is not as good as
it might seem.
The reason
for this is that a single
photo-cell would "collect"
only a small fraction of
the scene.
The reason for

,Light

Focussed Berms
cf
from Lens.

.71
P.E. Ce ll

Scattering of
Reflected Light.

this may be realised by
referring to Figure 114
FIGURE 11.
Light reflected from an
unpolished surface is
"diffused". The reflected
light spreads out in all directions, and only those light rays which happen
to be reflected in the direction of the -ehoto-cell will have the desired
effect of setting up an electric current.
T.F.D.". ea F/2 -.12.

Spot

This latter failing is
minimised in practice by
using a number of photocells clustered around
the scene, and all connected electrically in parallel.
Further, by using
large reflectors having
somewhat the same shape
as those used for a car's
headlights a better
effect may be obtained.
As shown in Fig. 12 all
reflected light rays
falling over the reflector's surface will be
concentrated or focussed
on to the photo-cell.
This reflection is acting
in the "reverse manner"
to that
lamp.

PHOTOCELL

.4

REFLECTOR

FIG. /2.

REFLECT-ED LIGHT
FROM OBJECT

of a car's headFIGURE 12.

Figure 13 is a photo of the
interior of an early television studio using the
flying-spot method of
mechanical scanning.
Note
the eight reflectors used
to gather the light reflected from the televised
object.
Of course, each
reflector is fitted with
a photo-tube.
The scanning
disc and lens system are
visible at the rear of the
booth.
CHANGING LIGHT ENERGY TO
ELECTRICAL ENERGY - THE
PHOTO-ELECTRIC EFFECT:
When light falls on the
surface of certain substances, a strange phenomenon
occurs - electrons are
set free from that substance,

in somewhat the

same way as they are emitted

FIGURE 13.
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by heat in a thermonic valve, and the surrounding space becomes
electrically charged.
This is the photo-electric effect upon which
the operation of the photo-cell, and also the Iconoscope television
tube, depends.
Two substances which exhibit this important effect
are potassium hydride (a combination of metal potassium with the
gas hydrogen) and caesium, a metal.
The former substance is commonly
used in photo-electric cells, while the latter is found in both P.E.
cells and the Iconoscope.
Before describing the construction and
operation of the photo-cell it will be helpful if we explain briefly
the main principles of this phenomenon.

All substances consist of tiny atoms which in turn are made up of a
central body or nucleus, around which move in orbits one or more tiny
particles called "electrons".
The nucleus containsone or more °protons",
which are the smallest particles of positive electricity, while electrons are the smallest particles of negative electricity.
Innumerable
different substances exist having widely different characteristics
(such as weight, colour, hardness, etc.) depending upon the various
numbers of protons and electrons which exist in each of their atoms,
and also upon the patterns or arrangements of these electrical particles.
An important point to remember, however, is that all electrons
are identical no matter from which substance they have been derived.
When some of the electrons of a substance are "free" to move from atom
to atom within a substance (as in the case of an electrical conductor)
and are made to flow, we have an electric pyrrent.

Now, when light falls on a surface and is absorbed, electrons in the
material are set into vibration or oscillation.
In those substances,
which are described as being photosensitive (i.e. light sensitive)
some of these agitated electrons receive sufficient energy from the
light wave to cause them to break from the solid's surface.
When this
occurs, the solid itself will have 5cquired a positive charge (due to
loss of negative electrons) and hence the "free" electrons will be
attracted back to it again.
Thus, if a steady light is shone on the
surface of such substance, electrons will be continually leaving that
surface, and eventually finding their way back to it again.
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At any given moment there will exist a "cluod" of "free" electrons in the
space just ouside the surface, as illustrated in Fig. 14.
If now we apply a positive potential to a metal plate placed near the photo:sensitive material, the "free" electrons which have boon omitted from the
latter by the action of light will be attracted to this plato.
,The metal
plate can be made positive with respect to oloctron-omitting body by using
a small battery as in Fig. 715

"Cloud" of
Free Electro
-Liet Sensitive
Surface

THE PHOTO-ELECTRIC EFFECT
FIGURZ 14.
As the positive plate collects the electrons a corresponding electric current
flows in the external circuit (i.e. in the wires connected to the battery).
If now the am.(Dunt of light falling on the surface wore increased, a greater
electron emission would occur, and a heavier current would flow in the circuit.
In this way, we have a means of controlling an eloc#ric current simply by
varying the intensity or amount of light.
THE PHOTO ELECTRIC CELL.
A commonly used typo of photoolectric cell or photo coil is shown in Fig.
16 along with its symbol.
This ell or tube consists of a glass bulb containing
two elements.
One element consists of a thin metal rod or ring called the
anode which corresponds to the plate in the radio tubes we have boon accutrmed to.
The other clement is the active material ap-:lied to a curved metal plate and is
called the cathode.
Zrao cathode active material corresponds to the cathode
or filament in the ordinary tube because it emits the electrons which are drawn
over to the anode or plate.

7.7M & 7./2 - 15.
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There are two genural -classes of photo-electric
cells.
In one tit,' ex'
has been exhausted and
a vacuum remains within
the bulb.
This is called
the vacuum type of cell.
In the other a small
amount of the gases argon
or helium is admitted
into the bulb after the
air is exhausted.
This
is called the gaD-filled
cell.
The gas cell is
more sensitive than the
vacuum type and was the
one generally used in
television work.
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FIGURE 15.
work as amplifiers or
detectors we apply a
positive volta(p or potential to their plates.
In the photo cell we likewise
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As soon as this voltage is applied to a photo cell
electrons from the cathode to the anode.
This is
in the ordinary radio tubes, but in those tubes we
cathode while in the photo cell we use the cathode
ordinary roam temperature.

there is a flow of
exactly what takes place
have to have a heated
in a cold condition, at

Were we to hook up a photo cell, a battery and a resistor as shown in Pig.
17, there would be a flow of electrons from the cathode to the anode and
this stream would pass through the resistor.
The amount of current flowing in the circuit of Fig. 17 depends on two things
for a given photo cell.
It depends on the voltage applied to the anode end
and on the amount of light entering the window of the coll.
This is not
much different from the amplifying tubes where the plate current depends on
the plate voltage and on the grid voltage.
Tho anode voltage of the photo
cell corresponds to.tho Plate Voltage of the radio tube, and the amount of
light entering the photo cell corresponds to the eid voltage in the amplifying tube.

The rise of anode current with increase of anode voltage (the amant of light
remaining constant) is about as shown in Fig. 17 fcr a gas cell.
The current
is extremely small in amount, being measured in microamperes or in millionths
of an ampere. •We have currents running between. I and ID microamperes under
ordinary conditions.
The steady anode current, which corresponds to steady
plate current, is fixed by the anode voltage for any given amount of light.
If vio apply an mole potential of 80 volts we will have some steady value
of current, say 3 microamperes, until the amount of light entering the cell
is either increased or decreased.
Most gas filled cells cannot operate with
moro than 90 volts applied.
If we admit more light through the window of aphot&-electric cell, all other
things remaining the same, the anode current will increase.
If we cut down
on the amount of light entering the cell the anode current will become smaller.
You might place a lamp at a certain distance from the cell and adjust the
anode voltage for a certain amount of current.
As you moved the light source
farther and. farther away from the cell, less and less light would enter the
collts window and the anode current would drop off as shown in Fig. 18.
Isringing the lamp closer would put more light into the cell and the current
would go up.
Increasing and decreasing the amount of light entering the
cell causes the cellis anode current to increase and decrease correspondingly.
The curve in rig. 18 does not show just how the cell current behaves with
change of amount of light because as a lamp or other source is moved further
from the cell the amount of light drops di' as the reciprocal of the square
of the distance between lamp and cell, not directly as the distance.
If 70
make the proper corrections, so that our curvo dhows the cell current or
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Anode Current

Anode Current

anode current with respect to the total amount of light passing through
the window, we will have a curve like that in Fig. 19.
The important
thing just now is that the amount of light affects the anode current of
the photo cell just as the grid voltage effects the plate current in an
amplifying radio tube.
If we work on a straighbpart of the curve in
Fig. 19 we will find that equal changes of light produce equal and corresponding changes of anode current.

Distance of Light
from Coll.
FIGURE _18.

Amount of tight

FIGURE 19.

PRODUCTIOW OF THE PICTURE SIGUAL:
As has been mentioned previously, scanning disc and Photo.
-electric cells
are not used in modern methods of television transmission, but it is far
easier to obtain a clear understanding of the principle of scanning from a
mechanical system than from the less tangible electronic system.
Por this
reason, we are examining in some detail the action of what might be regarded
as an obsolete television
ystem, but we are doing it deliberately so as to
impress the fundamentals and to lead gently up to electronic scanning
systems which will be described in following lessons.
We are now in a position to follow through exactly the manner in which a
scanning beam of light divides up a picture or scene into n large number of

T.
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small parts or elements, and how the photo-cell converts the varying
degrees of light and shade of these elements into a pulsating electric
current.
This current output from the photo-coll we have called the
t
i
«picturo-signal", and is used to modulate the outgoing wave from the
transmitter in the same way as the audio-frequency, or sound-signal
current, from a microphone is used in radio telephony work.
Let us consider the system of scanning known as the flying-spot method
illustrated in Pig. S.
Suppose the disc has 32 square holes, and the
picture of Fig. 20 is being scanned.
The whole picture will be covered
by the spot in 32 horizontal sweeps from left to right.
These paths traced out by the spot will in practice be slightly curved.
In Fig. 20, however, these paths, or "lines", as they are termed, have
been drawn perfectly straight.
This has been done partly for simplicity
in the explanations which follow, and also because it represents the
most desired state of affiUrs for efficient scanning, and, further, it
more truly represents the modern electronic method of scanning.
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The area enclosed in Fig. 21 might represent that of the picture in Pig. 20.
We start off by directing our light beam onto the small square at the upper
left band corner.
This may be considered as one of the small numbered divisions shown in Fig. 20.
If the surface illuminated by the beam is light in
colCurwe will have a great deal of reflected light, if it is very dark we
shall have but little reflected light.
The light beam gives us an amount of
light which represents the tiny area being illuminated.
In the illustrations
these areas have been shown as being of quite considerable size, but as a
matter of fact it takes up to 300,000 of such spots to make up the complete
area of the picture in a modern system.
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E.r.zEOI OF MOVING :YEE LIGET 3LM:
In Fig. 21 we begin operations by directing the light beam at the upper left
hand corner of the area to be covered.
Now we will move the beam towards
the right as shown by the arrow.
That is, we shall sweep the light beam
across one of the horizontal lines in Fig. 20.
As the beam moves over different parts of the object or picture there is reflected back a varying amount
of light, depending on the shade or color of the spot being illuminated at
one instant.
Were the beam to sweep over the line drawn out by itself in Fig. 20 we would
have a varying amount of reflected light as shown by the irregular curve in
Flg. 22.
We would have the most reflected light from the white spots, medium
amounts of light from spots of somewhat darker shade and the least light from
the darkest spots.
The curve of Fig. 22 really represents the -art of the
picture which has been illuminated by one sweep of the light beam, but represents it as rising and falling amounts of reflected light.
As the
little
sweeps
played
amount

beam comes to the end of the top strip in Fig. 21, it is lowered a
bit and swoops the second strip, then it is lowered still further and
the third strip.
So the action goes on until the light beam has been
over each part cf the whole picture or whole object being scanned.
Tho
of reflected light is continually varying as shown in Fig. 22.

1:iow we are ready to change, the variations of light into variations of electric
current.

T.
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This reflected light is allowed to fall on the photo-tubesl cathode.
Since
we have seen that the current flowing through the photo-cell is proportional
to the amaint of light, this currant will vary in a manner exactly similar
to the variations of the curve of Fig. 22.
The similarity between the
"light curve" and the current curve is brought out in Fig. 23.
'Ate that
maximum reflected light (i.e. when the scanning spot is directed on a white
part of the picture) causes maximum reflected light (when the spot is on the
darkest part of the line) results in the maximum current.
'Ate that the
photo-tubels current does not fall to zero at any point as the spot scans
this line.
This is because there is still some light reflected from the
picture, even at th c dnrkedtpext of the line Shown in Fig. 22.
If there
were a jet black part in the picture the tube's current *Would fall right
to zero as the light spot passed over this part.
It should be clearly understood that the
occur in the very small interval of time
traversing one line only of the picture.
of Fig. 20 will result in its own series
will cause more variations, others loss,
changes in the picture as the spot moves
The student who
has followed
carefully the
preceding notes
will probably
have realised
one important
fact, viz, that
the sualler the
size of the scanning spot the
greater will the
number of changes
in reflected
light be, and,
therefore, changes
in current produced in the
photo-cell.
IL
will, possibly,
also have guessed
that the amount
of fine picture
detail which will
be transmitted
will depend upon
the number of

current variations shown in Fig. 23
during which the scanning spot is
Each of the other thirty-one lines
of current variations.
Some lines
depending upon the number of light
horizontally across it.

Light Variations.

IS'Phota.
-Coll

rIGUE 23
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Current.

those current variations which can be generated in the photo.
-coll by the
scanning system.
TEE PICTURE RLEMENT
If we minutely examine a newspaper reproduction of a photograph, we shall
see that it consists of a large number of small black dots separated one
from the other by white paper.
If the dots are comparatively widely separated the effect produced when viewed at ordinary reading distance is a
light grey.
If the dots are more closely packed a darker shade is produced.
If the dots arc touching each other a practically black area results.
The
varying lights and shades which represent the picture are thus produced by
the distribution of those "elementary" dots which constitute the picture
structure.
Each of the dots is called the "picture element".
Now it is
evident that the smallest detail which will show Up in the picture will
be the size of a single dot. . Anything smaller than this will not appear as
separate and distinct detail.
For example, if the picture shows a mants
head the individual hairs cannot be seen, even if a magnifying glass is
used.
The thickness of a single hair is less than the diameter of a dot,
inc. a picture element.
Such details as the individual hairs in a man's
head, therefore, simply do not appear in the reproduction.
Now, if we were to procure the original photograph from which the newspaper
picture was reproduced, and we examined it under a microscope we would see
that it was also made of many minute dots, these actually being grains of
metallic silver which appear black.
Those dots, however, would be very
much smaller than those of the newspaper picture.
Hence we could say that
the picture-elements of the photograph were much smaller than those of the
newspaper print
The photograph would, of course, show very much greater
detail L. we might even be able to distinguish the separate hairs on the
manas head.
The important point to note is that the amount of detail which
appears in any artificial reproduction of a scone, i.e. in a picture, depends
on the smallness of the picture-elements, and, therefore, upon the number
of them used in the structure of that picture.
PICTURE ELEmErTS REPRODUCED IN A TELEVISIOIT SCANZIZQ SYSTEM:
Returning to the question of picture scanning with a disc system, the tiny
spot of light illuminates one fraction of the whole picture at any one
moment.
We would expect that the area of this spot would represent the
smallest portion of the picture, which would cause n current variation in
the photc:cell
i.e6 it would represent a picture-element.
In order to understand more clearly the above statement, it should be
remembered that the current flowing through the Photo-cell is proportional
to the total light falling on its cathode at any moment.
To illustrate, -consider Pie.

24, where the light

spot has an area equal to
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the square MOD, and is moving
along the line from left to
right.
In poeition 1 the light spot is
covering an area of the picture
which includes four black
squares, representing details
of the picture.
The light reflected to the photo-cell would come
mainly from the white parts of
the
tubes
area
current
ABOD, would
and the
assume a

FIGURE 24.
certain value.
When the spot had
moved to position 2 the tube's current would be exactly the same as for
position 1;
for the total light reflected from the area covered by the spot
would be unchanged.
In position 3, light is reflected from the whole area,
but the total light received by the photo-cell for this portion of the picture might be the same as before.
Hence as the beam scans the picture from
left to right no change in picture-current occurs.
At the receiver, all
three areas, 1, 2 and 3, would appear alike - i.e., a uniform grey.
The
picture details represented by the eight black dots in positions 1 and 2
would be completely missed out - because they are smaller than the pictureelement determined by the size of the light beam ABOD.
In order to observe how this all-important question of area of light spot
affects the amount of detail reptoduced, consider the scanning of the picture
in Fig. 25, using sixteen lines.
Say we have a light beam of the size indicated by the small square in the
upper left hand corner of the picture.
This beam will sweep across the first
or top line without change in light, 'since everything is white.
On the
second line we have the subject.b hair which is dark and which makes an
abrupt change.
The corresponding rise and fall of light might produce passable results and indicate the top of the man's head.
Bat supposing we continued on until the beam rested on the subject's right
eye.
The beam would be illuminating the part of the picture shown enlarged
over towards the right.
Here we have part of an eyebrow, part of the skin
around the eye, part of the eye's "white", also the iris and the pupil quite a collection of lights and shadows.
Bit, coming from this spot
which
is illuminated, would be a single beam of light for the window of the photo
cell.
The cell's anode currant ceild assume only one value at this instant;
it could not assume a whole collection of values all at once.
This one value
of anode current would represent the average shading of the area shown at
the right in Fig. 5.
In place of the various parts making up this eye, we
would have the same average current which would result if this spot did not contain n eye at all, but contained only a part of the subject's coat,
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which is an oven grey.
It is evident that our light spot is too large.
Say we make it one quarter
the size so that we have the division shown at "A" in Fig. 26.
As the beam
sweeps across in the direction of the arrow it is covering not only the eyebrow but also parts of the skin on both sides.
Once more the reflected
light would be of a value representing the average of the dark eyebrow and
the lighter skin.
Even though we were able to recognise that a face was
being transmitted, the subject would have no eyebrow - only a darker ulace
on his face.
When this smaller beam came along to the eyeball on the next'
line below the results would be even worse because there is a greater detail
to be transmitted.
Again cutting the size of the beam as at "Bu in Fig. 26, we would actually
begin to get some changes of shade as the beam travelled across the eyebrow
and would have corresponding changes for the eyeball below.
But to show the
eye's expression as denoted by the position of the iris and pupil with reference to other parts we would have to use a beam so snail it would give us
the areas Shorn at "C" in Fig. 26.
Then there would be a real change between
the white of the eye and the darker coloured iris and pupil.
In Fig. 25 we started with a light beam of such size that it would illuminate
the whole picture in 256 sguares.
At He in Fig. 26, we have divided these orig.,
inal squares into four parts each, making a total of 1024 areas.
This was not
small enough, so at "B" we made a similar division and would have 4096 511C:1 parts
inthe original picture.
To get any real detail we made a third division at "C",
which would give us a beam dividing the whole picture into 16,384 small elementary areas.
From this analysis of the picture in Fig.

26, you can see that the detail of
T.F.L.
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the picture or the amount of information ccnveyed in the changing electric
currents depends on the number of parts into which wa divide the picture.
The greater the number of parts the greater will he the amount of detail
brought cut.
The fewer the parts the less detail will ;31'= and the more
all the different features will tun together into even shades.
with modern
systems a scene may be represented by as many as 300,000 individual areas.
H07 :UEBER OF Lims A:D 17JiMER OF PICTURE-ELEMEZTS ARE RELATED:
It shnuld now be evident thr,
,t the all-importnnt factor in producing a
picture-signal containing a great amount of detail (i.e., a large number of
current changes) is the number of lines used in scanninp: the scene.
In order to obtain a large amount of these nicturo-olements and current
cnanges, we have found it necessary to work with a light spot of small size,
now the snaller the size of the light spot the greater the number cf times
4_____
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elements
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lines

200
lines

Ono element

(a)

FIGURE 27.

One element.

(b)

it will have to traverse the picture, i.e., the larer the number of linos.
Considering a square picture in Fig. 27 suppose at (a) we have 100 linos.
The number of elements in each line will also be 100.
The total amount of
areas equal to the area of the light-soot, i.e. the number cf elements in
the picture will be 100 X 100 = (100)

2- m

10,000

(number of lines)

2.

:Jew

suppose in Fig. 27 (h) we have increased the number of lines to 200.
The
number of picture elements will now be (200) 2
40,000.
This is four times
the number of elements when usine 100 lines, and will result in four times
the detail.
In present day television practice the picture is not square, but the width
is usually either four-thirds or five-fourths the height.
Referring to
T.
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•
Fig. 28 and comparing with the
100 line square picture of Fig.
27 (a), we see that the number
of elements in each line is one
and one third times as great.
Here the total number of elements
in the picture will also be increased in the ratio of 4/3 compared with the square picture.
The number of elements will be

100 X

3

elements

100
lines

(number of lines) 2 X Picture Width
Picture Height
The ratio Picture Width is frequenPicture Height
tly referred to as the Aspect Ratio.

Aspect Ratio =
FIGURp .2e.

3.

Hence we may write:-

Number of Picture Elements = (Number of Lines) 2

X Aspect Ratio.

NUMBER OUICTUREELEMENTS PER gupp.
In order to utilise the persistence of vision effect, and to produce the
illusion of motion, it is necessary, as explained previously, to scan the
picture at least ten times per second.
The number of complete scannings per
second is called the "Picture Frmlencv".
The number of picture elements
converted to current changes by the photo-cell in every second will, therefore, be the number of pic,ture-elements in the picture multiplied by the
picture frequency, i.e. No.

of Picture Elements per sec. = (No.

of lines) 2 X (Aspect Ratio) X
(Picture Frequency).

For example, in the case of 400 line scanning, 25 pictures per second, the number
of picture elements converted to picture-signal current changes in each second is:

(400) 2

X

4/3 X 25 = 5,333 9333 per sec. - an enormous number.

HOW MANY LINES?
When we speak of a "high-definition" picture we refer to a picture which is
clear-cut and contains a great number of sharp details.
A low-definition
picture is one which is indistinct and blurred due to lack of the necessary
detail.
Considering the formula given above the number of picture-T.F.M & F/ 2 - 26,

elements contained in the signal, it is seen that the number of lines used
in the scanning system is all-important in producing a high-definition
picture at the receiver.
In the early days of television, when revolving discs and other similar
mechanical devices were the only means of scanning the picture, a number as
low as 30 lines was used.
This gave a very poor picture - much too poor to
give any real entertainment value.
A reproduction of a 30-line picture is
shown in Fig. 29.
Note the extreme lack of detail, and also the marring of
the picture by the scanning lines (vertical scanning), which are clearly
visible.
(An original photograph is also shown for comparison).

FIGURE 29 - 30-LINE TELEVISION
The photograph at the right is of the screen of a
1932 model television receiver employing 30 line
scnnning in a vertical direction.

The British Broadcasting Commission's first transmissions in 1932 were of
30-lines.
As time went on, the number of lines was increased to 90, then
to 180, and, finally, to 240, using mechanical methods of scanning.
With the development of electronic methods of scanning,

the ambition immedia-

tely was born to reproduce pictures equal in quality to the home cinematograph
of the 16 m.m. variety.
Now the number of picture-elements contained in each picture of a 16 m.m.
film was known to be in the vicinity of 120,000-150,000.
If we consider a
400 line television picture of the same shape as a cinematograph picture,
T. FM, F.2 - 27.

i.e.

Aspect ratio

4 to 3,

the number rf picture—elements from our formula

above is:—
(400)

2

X 4/3 = 213,000 elements.

This would amtear to give considerably more detail than the 16 m.m. film.
However, in deriving the formula above from the simple theory explained a
number
f factrrs Jere not considered.
For exam7ole, it is found that, on
the avbrage, 400 lines will not produce 400 details or elements in a vortical
direction.
The latter point can be understood by referring to Fig. 30.
Here the object
being scanned is a vertical bar containing a number of alternate black and
7rhite segnents, the heights of which are equal to the width cf the scamling
lines.
As in Case A (Fig.30) the bar is so positioned that a scanning line -, N?,sses
directly over a black segment or element and the corresponding current ir
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-pulse reproduces a black element at the receiver.
passes directly over a white element,
the receiver.

The next

scanning line

and a white element is reproduced in

In Case B, however, the bar is so positioned that each element straddles
two scanning lines.
In this case, as the scanning spot 1
)asses across the
bar, the area illuminated will be half black and half white, and the amount
of light producing the picture-signal will be the same as if the whole area
were a uniform grey, intermediate between black and white.
The bar reproduced at the receiver will therefore be a uniform grey, and it will be
impossible to distinguish between the black and white spots, i.e., the detail
is entirely lost.
In the one case (Case A, Fig. 30) whore the picture-elements are passed di .
rectly over by the scanning lines, all of these elements show up in the
reproduced picture, i.e., the number of picture elements on a vertical line
contained in the signal will be exactly equal to the number of scanning lines
used, as assumed in our simple theory earlier.
In Case B, however, where each element "straddles" two scanning lines, it is
possible that the signal will contain no current changes whatever, and the
number of elements reproduced on a vertical line is zero.
In practice, of course, the subjects transmitted are not segmented vertical
lines, but whole pictures, containing a scattered, non-uniform, arrangement
of picture-elements, some of which fall directly on a scanning line, others
of which straddle two lines.
Theoretical investigations, and practical tests,
have shown that, on the average, on a vertical line the number of pictureelements which will show up is slightly mom than 75% or 3/4 of the number of
scanning lines.
In other words, when using 400 lines, about 400 X
300
or more details will be reproduced in a vertical direction in the picture.
Taking, then, our previously calculated number of 213,000 picture elements
in the whole picture for 400 line scanning, we should modify this figure by
multiplying by 3/4, giving an actual number of 213,000 X 1 or a little over
150,000 picture-elements.
Thus it is seen that 400 line scanning should
give a picture which compares very favourably with the best 16 m.m. cinematograph image.
For the reasons discussed above it was decided, before the War, to choose a
number of lines in the vicinity of 400.
In England the 3,3.0. chose 405
lines, and the number used in America was 441.
Later, in 1941, the standard
in the latter country was raised to 525 lines.
When treating electronic
scanning methods in abter lesson, it will be seen that not all the lines
actually scan the picture area.
Hence, assuming that 500 of the' lines are
"active" in scanning we have - No. of Picture-Elements= (500) 2 X 4/3 X
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250,000.
This is better than the 16 m.m. cinematograph (150,000 elements)
but not up to the standard of the full size (35 m.m.) cinema picture, which
contains about 500,000 picture elements.
INTER-LACED SOLO:TING:
As pointed out nreviously it is found, in order to produce the illusion of
motion, that it is adequate to transmit between 20 and 30 complete pictures
per second.
In cinematography 24 separate photographs, showing moving
objects and persons in slightly different positions, are Used per second.
This rate, however, is not sufficient to eliminate entirely flicker.
This
problem is solved in cinematograph projection by projecting each image twice
in rapid succession.
As each picture or frame on the film strip appears
before the projector a shutter interrupts the light, thus showing on the
screen two images for each frame.
This produces 48 separate impulses of
light to the eye, and flicker completely disaprears, leaving the effect of
continuous and steady illumination of the screen.
In a previous calculation we found that scanning at the rate of 25 pictures
per second (using 400 lines) the picture signal would contain roughly
5,330,000 current changes per second.
If we were to increase the scanning
rate to 50 pictures per second.in órdor to eliminate flicker, this number of
current changes would double, i.e. increase to 10,660,000.
Now, we would
find it impossible, using our circuits at present available, to handle this
enormous number of rapid current changes in each second.
Each pair of current changes, that is, an increase or decrease in current
followed by a decrease or increase respectively, would correspond to one
cycle of current at the output of the camera.
Consequently, our picture
signal containing 5,330,000 current changes would correspond in a way to an
alternating current of 2,665,000 cycles per second.
The amplifiers handling
the video frequency signals should be capable of amplifying all frequencies
up to 2,665,000 cycles per second with absolute uniformity and this is a
tremendous task compared with audio frequency amplifiers, which only are
required to operate at frequencies up to about 10,000 cycles per second.
A signal containing more than 10 million elements would involve frequencies
of about five million cycles per second, and the uniform amplification of
frequencies up to this value, while not altogether impossible,
difficult to be considered practicable.

is too

An ingenious scanning system has been devised, however, which allows us to
produce the flicker-free effect of 50 pictures/sec., without increasing the
frequency of picture-signal current changos.
This system is known as "Interlaced Scanning", and is now in universal use.
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Scanning is described as interlaced
when the picture
area is completely
scanned in two 51.1Ccessive steps as
illustrated in a
simple way in Fig. 31.
Here the scanning
beam covers the
picture in alternate
lines, 1,3,5,7, etc.,
leaving strips

1,
t
2

3

w4
o
' -ra6

,Y
,
r_I
!1o
tra

al.
equal in width to
one line between
each line of the
scan.
When the
Scanning Lines of First Frame
beam has reached
the bottom rightScanning Lines of Second Frame
IgeZeg
hand corner of the
frame, it shifts
FIGURE_31.
INTERLMED SCAUUrn.
back to the beginning and commences to
cover the strips omitted in the first scan, i.e., it covers alternate lines,
2,4,6, etc.
Thus all details in the picture will be covered in two operations - each operation using one-half of the total number of lines of the
scanning system.
If, for exnmple, 400 lines in all are used, the picture
area will be completely covered, in alternate strips, in 200 lines.
This,
in England, is called oneframe
in America it is called one field.
The
second frame or field is fonneà by the remaining 200 lines filling in the
gaps missed during the first field.

It ehotld be noted that a single field, consisting of only half the scanning
lines, will reproduce the effect of a complete picture, although such picture
does not contain all the detail.
The missing detail will, of course, be
supplied by the succeeding field, consisting of the other half of the scann,
ing lines.
This second field will also create to the eye, at the receiver,
the effect of a complete picture lacking full detail.
In this way, during
the time taken for a complete scanning, the eye receives the impression of
two complete pictures, as against one, if the scanning were done by adjacent
lines.
In other words the picture repetition rate .
would appear to be doubled,
and the flicker would be greatly reduced.
The student should te careto understand clearly how interlacing reduces
flicker, and shuald any doubt remain in the mind the following numerical
illustration should be studied where the question is tacklbd from a slightly
different angle.
Suppose 400 line, interlaced, scanning is used, the complete
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scanning process taking 1/25th of a second, i.e., n comploto rdcture froauencv of 25 pictures/soc.
After 1/50 second, 200 of the lines would hnvo
covered the picture along alternate lines (1, 3, 5, etc.).
At this
instant the spot would leave the bottom right hand corner of the picture
area and return to the top left hand corner commencing on line 2.
Zow the
point to which the spot has returned is only the thickness of one line
away from the position it occupied when commencing the first scan.
If the
receiver screen is viewed from normal distance this mall displacement of
the scanning spot will not be distinguished by the eye, and it appears that
the spot has returned to its original position, and the second scanning is
being repented Otter the same lines.
The amarent frequency (each picture
consistin
of the full 400 linos) is kept at 25 per second.
As far as
flicker is ,
çoncernod we have achieved an effect at least as good as the
48 pictures/sec. e the cinematograph.
LIMITATIZS OF MeEAITICAL
Mechanical rothods of scanning represent great difficulties, and have many
faults when nigh-definition pictures are.requiredl
Many of these could be
liL,tud, but we will content ourselves with considering the structure of a
simple Zipkow disc designed for 400 line scanning, and, in considering the
speed at which the scanning spot moves for a picture frequency of 25 per
second.
Such a disc would require, of course, 400 holes arranged in an accurate
spiral.
If the picture is 8" high, the width of each line, and, therefore,
the diameter of each disc hole, would be 5/400"
.02" (one fiftieth part
of an inch).
For a picture 10" X 8" an extremely large disc about 106 feet
in diaMeter would be required as will be evident by referring again to Fig.
4, where the relationship between picture and disc dimensions is shown.
The technical difficulties of constructing a disc with accurate positioning
of the holes to produce adjacent lines are considerable.
Consider now the speed at which the light spot would move - this being also
the speed of the outer parts of the disc.
If n picture is completely scanned
in 1/25 sec., each line will take 1/25
400 .0 1/10,000 sec.
If the picture is 10" wide, this is the length of each line, and the speed of the
spot will be 10" eVio, 000 . 100,000 inches per second.
This is a speed
of nearly 1 2/3rd miles per second.

4

It will be evident that working with these high scanning speeds, mechanical
methods become almost out of the question, and we resort to electronic
methods, where we uso
beams of electrons which can be moved about with the
required agility.

T.
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_SMEARY OF DEFINITIONS ..L7D
Picture Freauency:
25/sec. in England,

The number of conrlete rictures transmitted per second.
30/sec.

in America.

Line frequency
The number of lines scanned in one second.
multiplied
by
the
number
of
lines
in
the
picture.
= ricture frequency
Line Frecuencv:

Frnme CEneland) or Field (America):
In the case of interlaced scanning, a
coverage of the complete picture area by one—half of the scanning lines
along alternate strips.
There are thus two or more frames or fields per
complete picture. (N.B. in !erica the term uframe u is used to mean the
same thing as upicturo u).
Picture Element:
The smallest area of the picture which can be transmitted
as a complete picture.
The picture element is arrroximately the area of
the scanning spot.
(The number of picture elements is given approximately
by

(No.

of lines)

Dot Freauency:

2

X Aspect Ratio).

The number of picture elements transmitted per second,

divided by 2.
Asrect Ratio: The ratio of the length of the picture to its height.
England the Aspect Ratio is not. 5:4;
in America 4:3.
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LESSON 2.

EXAMINATION QUESTIONS.

1.

What do you consider the three most essential requirements which must
be fulfilled by a television system in order to produce a picture
having real entertainment value?
Give brief reasons for your choice.

2.

Explain why a certain object,
have a characteristic colour,

illuminated by "white light" appears to
say blue.

3.

The scanning light spot at the transmitter passes in turn over a black
area, a green area, and a white area of the picture.
Explain why
the photo-tube's current would rise from zero (or approximately zero)
to an intermediate value, and then to a maximum value.

4.

Explain the meaning of "Interlaced Scanning".

5.

What is the advantage gained by interlaced scanning?

6.

With the aid of a diagram,describe and explain the operation of a
photo-electric cell.

7.

A simple Hipkow disc containing 30 holes, is rotating at 900 revolutions per minute.
What is (a) the picture frequency (b) the line
frequency?
(c) Give two reasons for the poor quality or the reproduced picture.

S.

What is the purpose of the synchronising signals which are found in
the modulation of a television transmitter's wave?

9.

A television

10.

Interlaced scanning is carried out with a total of 405 lines and a
picture frequency of 25 pictures por second.
What is (a) the frame
frequency (h) the line frequency?

transmitter scans the scene with 180 lines at a picture
frequency of 20 per sec.
How many picture elements are dealt with
per second if the aspect ratio is 5:4?
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3.

CATHODE RAY Tb.a1S.
The Cathode Ray tube is perhaps the most versatile and useful of all electronic
devices.
As has been pointed out in our first two lessons, its functions in the
television field are:
(1) as the picture "reproducer" in the receiver and
(2) in the advanced and modified form, known as the 'Electron Camera", as the
source of the picture signal at the transmitter.
Its advantages over other
devices, used to serve these purposes, lie mainly in the fact that scanning may be
performed at very rapid rates, since no
mechanical movement is necessary, and also
in that all control (such as synchronising
the scanning of the screen at the receiver
with that of the scene at the trangnitter)
may be achieved by purely electrical
/on ,

methods.
In addition, however, to these functions,
the cathode ray tube may be used to serve
many other purposes.
For example, it may
be used as an "electrostatic " voltmeter,

- 0'

FIGURE L.
12" CATHODE RAY TUBE

which enables us to measure voltages (D.C.
or A.C.) when other types of voltmeters may
be useless due to the fact that they interfere with the normal operation of the cirelit under examination.
Again, the tube is
incorporated into the service instrument
known as the cathode ray oscilloscope or
oscillograph.
This device allows us actually to see n grnphical representation of
an A.C. voltage at any point in a radio or
television receiver.
The oscilloscope is
practically an essential in cnrrring out
service work on a television receiver, and
the time has come when engineers and serviceeen arc ronlising just how useful this
2.F.
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device can be as an nid in testing and checking ordinary receivers of sound
progra=es.
Por these reasons we shall deal, in due course, with the details
of circuits and operation of the cathode ray oscilloscope.
TEE DM4E OF A CATHODE RAY.
The cathedo ray tube is really a very special tyre of thermionic vacuum tube.
As is usual when approaching anything new in the field of electronics (which
includes television5, we can always go back to the things we learned about
radio in general.
We almost invariably find that we have only a different
adaptation of the same old princi-ples.
Here we are going back to the elementary 7principles of the vacuum tube.
When you first studied the bhaviour of vacuum tubes used in radio, you learned
that electrons, which are mitigte negatively charged particles, aro emitted from
the heated cathode and aro attracted towards the positively charged plate.
Now a "cathode ray" is essentially the same as the electron stream in the ordinary tube, except that the electrons are not allowed to spread out in all directtinns, but travel in a beam, more or less narrow, towards the positively charged
plate.

•

ra Figaro 2 we have represented an experimental type of "6athode ray" tube.
rote the cathode, which is heated to a high temperature in order to cause it to
.
tinrow off a "cloud" of electrons.
-s7oto also the anode or plate, to which a
iigh positivo potential has been applied, which causes it to attract the electrons from the cathode.
These electrons move at extremely high velocity, in
pencil-like stream or beam.
This is the "cathode ray".
Path,
Cath de

of Electron
Stream
Anode

JI

É
›—>

FIGURES 2 & 3

Electron
Stream

In Figuro 3 we have made a slight alteration in the construction of the anode.
The anode or plate has been made in the form of a ring or a short cylinder and
has been brought close to the cathode or filament.
The electrons are still
drawn from the cathode to the anode but they are travelling so very, very
fast that many of them fail to stop there and keep right on going through the
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anode opening and continue on towards the far end of the tube.
The greater the anode voltage, that is the greater the potential difference
between tne anode and cathode, the faster the electrons travel, and the more
of them that get up to such a speed that they pass right through the opening
in the anode.
Also, the more nearly perfect iÈ, the vacuum in the tube, the
faster the electrons travel, and the farther they go beyond the anode.
Under
certain cçhditions the speed of the electrons in the beam ap7roaches the sped
of light 77niCh iS 1S6,000 miles per second.
FOOUSIG TEE EDU4.
The simple tube cf Figure 3 produces a boam of electrons, bat this beam is not
"focused".
To focus the beam we mue "squeeze" all the electrons together so
that they do not spread out.
We want these electrons gradually to converge, so
that they all strne the far end of the tube at practically the same point.
The idea of focusing may be illustrated by reforenqe to the action cf a lens
system on light rays.
In Figure 4 the royo from the source are diverging, or
spreading out.
The first lens bends these rays, to some extent, towards each
other, that is, it produces a partial focusing effect.
The second lens con,
pletes the action by further bending of the rays until they all converge towards
a point "f", called the focal point.
Lamp

p

(Focal Point)

\\
Aperture

e 'Lens

/—

20OUSI7G LIGHT RAYS EY 1iS OF A LETS SYSTEM.
FIGURE

4.

Although two lens ara s",..own in Figure 4, light rays may be focused by means of
a single lens, although the effect is usually less perfect.
Farther, a lens
system consisting of mere than two is sometimes used, this producing still
mare perfect results.
In the case cf the electron be
in a cathode rey tube, a method of focusing is
necessary, because, no matter now narrow the beam is aie it leaves the cathode,
it will always tond to spend out.
This is due to thc fact that the electrons
are all negatively charged, and will therefore tend to repel each other

7./3 —
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outwards.
(a)
(h)
(c)

Throe methods may be used for focusing:
use of a trace of gas in the tube
Dy the use of electrostatic fields.
By the uso of magnetic fields.

D
V the

(a)
The method of gas-focusing, as it is called, used to be very popular for
laboratory work on account of its simplicity.
A small quantity of inert
(i.e. inactive, chemically) gas, such as argon or helium, is introduced into
the tube before it is sealed off.
This means that the space in the tube will
be filled with gas molecules, or particles, which will be in the way of the
electrons as they shoot up the tube.
The electrons will collide with the gas
molecules and 'ionise" them by collision.
This moans that when a collision
occurs the moving electron of the beam knocks off, or forces out, one or moro
electrons belonging to the gas molecule.
The molecule, being electrically
neutral in its normal state, is thus left with a positive charge, and is now
called a position ion.
After the electron beam has passed up the tubo we
can therefore imagine its path strewn with positive ions.
These will act as
kind of coro to the beam, and, being positive, they will therefore neutralise
the repulsion existing between the electrons.
As a result the beam will cease
to fan out and will eventually become narrower, i.e. it will be focused on the
screen.
The principal advantage of gas-focusing is the low anode voltage required, and
some tubes will operate on 300 volts.
On the other hand the beam is only
sharply focused for one particular value of beam intensity.
In television
receiver work it is necessary to vary the beam intensity to correspond with the
varying degrees of light and shade of tho picture elements.
We therefore require some different focusing method, one which will maintain a good focus of
the bean as its intensity, or strength is varied.
Again, when gas-focusing is
used, the focus is lost, and distortion occurs, when the beam is deflected or
moved about at high frequencies ever the screen.
Hence the method is unsuitable
for television scanning purposes, whore it is required to move the beam at the
line-frequency, which in the case of a 400 lino, 25 pictures per second, system
is 400 X 25
10,000 cycles per second.
For these reasons gas-focused. tubes
are not used in television, but are included here in order that the student will
have a picture, as complete as possible, of the most important device, the
cathode ray tube.
ELECTROSTATIC FOCUSING.
The electrode assembly for producing a focused electron
beam in an electrostatic type tube is shown in Figure 5.
Note, by the way,
that the glass envelope shape has been altered to allow of a longer screen.
As will be seen, there are now, in addition to the cathoic, rthree electrodes
within the tube.
These include two anodes, and a control electrode occasionally
called the grid.
The latter, to which a negative .potential is applied in
.
relation to the cathode, performs the same function as in an ordinary amplifying tube, i.e. it controls the value of the electron stream which flows from the
cathode towards the anodeD.
Note, however, that this control electrode has a
very different structure from the grid of the tubes you aro familiar with.
T.
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It consists of a
hollow cylinder
7thich almost con,
pletely surrounds
the cathode

Control
Cylinder

-2nd Anode
4•--••

cept for a small
-110
hole in its end.
Being negative, the
Cathode
Electrostatic
es of
walls of the cyl1st Anode
force.
inder will ,turn
back any electrons
which happen to be
thrown out towards
them by the heated
FIGURE 5.
cathode.
If the
anodes ara sufficiently positive, however, a thin stream of electrons will be drawn through the
control cylinders aperture.
In this way, the control cylinder serves the
additional function of aiding in the beam focusing action.
The two anodes are in the form of hollow cylinders (Fig. 5).
The one nearer the
cathode is called the "first", or the "focusing" or the "accelerating" anode.
The other is called the "second" or "main" anode.
33,,yth are given a high positive
potential with respect to the cathode, but the voltage on the second is usually
a'bout three to five times as great as that on the first.
For example, if the
first anale is at a potential of, soy G
OUT, the second would be in the vicinity
of 3,000 volts.
Th the case of tubes used in television receivers for picture
reproduction the final anode is worked at voltages ranging from 2,000 to 10,000.
These very high values aro necessary to produce on the screen a picture of
satisfactory brilliance.
Oscilloscope tubes usually work nt lower voltages
than these, although the potential cf the second anode is rarely below about
1,000 volts.
The anode assembly, in addition to performing the functions of forming the
electron beam (the "cathode ray"), also serves the purpose of focusing it to a
fino spot on the screen at the largo end of the tube.
To assist in exrlaining
how the focusing effect is brought about the student should refer to Fiare
eaaus in diagramatic form the electrode assembly.

6,

The first anode, by virtue of its positive potential, attracts electrons from the
cathode through the control oloctrodels aperture, so forming a fairly narrow
beam.
By the time these electrons have reached the vicinity of the first anode
they are travelling at high s-rcod and tend to shoot straight through this hollow
electrode.
Thoe. then como under the influence of the more positive second .
anode which accelerates then to an even greater speed, with the result that
they pass right on, finally striking the screen at the far end cf the tube.
:Tote that, after the electrons leave the grid aperture, they fan out, as
explained earlier.
On entering the electrostatic field existing between the
T.FM & F/3
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tv'' anodes, however, their paths are shown bent inwards towards the central
axis of the tube.
The not offecc is that, no matter in what direction the
individual electrons were travelling when they entered the field of the anode
assembly, they are all travelling in converging linos after leaving it.
These
paths are 5U-Cll that all the electrons in the beam will meet over a very small
area on the screenls surface, rrovided that the voltages are correctly adjusted.
In order to understand how the electron 7aths are "bent" to bring about this
focusing action, it will first be necessary to recall a few points about
electrostatic fields.
electrostatic field is the type of field set up between the plates of a
simple two-plate condenser when a potential difference is created between them,
as in Figure 7 (a).
The battery forces a negative charge on the loft hand
plate, and positive charge cm the oprosite rlato.
The lines drawn between the
plates are called "lines of electrostatic force" and simply represent the linos
along which forces will act u'mon any charged 7articles placed in the field.
For
example a negative electron at X will be impelled along the line in the direction of the arrow, for it will be attracted by the positive plate and simultaneously repelled

127 the negative.

The heavy linos in Figure 7 (h) represent an electrostatic field, the arrows
representing the direction of the force which would act uron a neativelv
charged particle.
Suppose mn electron travelling in a straight lino at high;
velocity enters the field at A.
Immediately the field is entered a force
T.FM & F/3 -
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Lines of Electrostatic Force.

;ef------ Path of Electron

FIGURE 7.
will act unon the electron in the direction of the lines of force, viz.,
horizontally to the right.
The result is that the electronss iath will be
curved to the right, i.e. in the direction of the field.
Referring again to Figure G, an electrostatic field exists between the first
and second anodes, since they are at different potentials.
The dotted lines
with the arrows re"prasent the direction of the forces which will act upon
electrons in the field.
/n electron which travels straight along the central
line or axis of the tube will not be deflected to right or left, because it is
travelling rarallol to the lines of force.
In the event, however, of an electron diverging from the central rath after
leaving the central cylinder, the case is different.
Suppose such an electron
enters the field between the two anodes at X, so that it is moving rartially
across the lines of force.
In this case the electrostatic field will exert a
force, acting in the direction of thedotted lines, with the result that the
electrcnss path is bunt so that it is turned back towards the central line as
shown.
The greater the extent to which the electrons have diverbd, or spread
out, before entering the anodes 1 field the greater will be the amount of bend,
ing of their paths.
The not result is that, providing this field is of the
correct stirength, all electrons will converge in such a way that they strike
the distant screen at rractically the some point, i.e. the beam is focused.
In practice the job of bringing the beam to a sharp focus on the screen nt the
end of the tube is achieved by using a ',potentiometer to vary the voltage on
the first anode.
Since the second anode is usually worked at a fixed
potential, any change to that of the first will alter the potential
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difference between the two, and hence the strong
of the electrostatic field.
If this field is not exactly the correct valuo the be
will tend to focus
at a point in front cf the screen, or beyond it.
In the former case the
electr,ons will converge to a point, and then diverge or spread out agafyn as at
(a) in Figure S.
In the latter case the screen will intercept the moving electrons before they reach their ncint cf focus, as at (h) in Figure S.
The result
will be the some in both cases - instead of seeing a small, shar
s-oot of light
on tho screen, there will a7pear a large area, of light with ragged edges.
Correct fOcusengis shown at

Incorrect Focussing

(c) Figuro S.

Inoerrect Focussing
11 3 11

. .0orrect Focussing
Holt

FIGURE Z•
Although we have assumed two anodes in discussing the focusing action, modern
electrostatic tubos for television purposes usually amploy three anodes.
This
all ,
ows of a more nearly perfect focusing of the beam for all degrees of beam
intensity.
When two anodes only aro used, alterations to the control cylinder
potential tond slightly to do-focus the beam.
This, of course, is undesirable.
A three-anode assembly may be comrarod with a three-lcns o-- tical focusing
system used for cinematograph or other rurposos when a sharrly focused light
beam is reouired.
In the case cf these tubes, focusing adjustments aro usually
made by potentiometer control of the notential cm the second anode, the
potentials on the first and third being maintained at fixed values.
Tho electrode assembly cf a modern three anode television tube is shorn in
Figure 9.
This picture also shows the "deflecting" plates, which have yet to
be discussed.
Although, in our explanations cf focusing - action above, the anodes wore
described as consisting of short hollow metal cylinders, their structure may
vary from this in the caso of a tube as illuiytrated in Figure 9.
One or mere
of the anodes may consist of a simple circular disc of metal having a central
hole or aperture.
(see Figure 10 (b))
Another common structure consists of a
cylinder fitted with one or two apertured discs as in Figure 10 (c).
In all
cases the theory of the focusing action is similar to that explained for sim.771y
hollow-cylinder construction.
It should be noted that in the case of a multipleanode, tube, each anode, or rather the electrostatic field existing between any
two anodes, forms an "electron lens" (analogoàs with a light lens) and helps
T.FM ea F.3 - S.

Th
e
in the focusing action.
1118
complete job of focusing is a
function of the whole assembly,
as in a multiple-lens light
beam system.
AD ELECTRO-IiiAGI.TETIC

PH1

It has long been I:nown that
moving electrons my be deflected
in their paths by means of a magH
netic field, and experimenters
hit upon this method of cathoderay focusing cuite early .in the
history of cathode-ray tubes.
As a matter of fact magnetic focusing was used before electrostatic
and .. -ence the order in which we
'nave dealt rith the subject here
is not identical with that of
its historical develoment.

3

A2

Let us summarise the immortant
facts in relation to the action
of a magnet field upon moving
electrons.
Firstly a magnetic
field is the field of force set
up by either a permanent magnet,
or a coil of wire carrying a
current.
Figure 11 shows the
nature of the fields of a
,;ptraight bar permanent magnet
and of a "solenoid tree of coil.
The

PH2

H

"lines of magnetic force" are

usually regarded as running, outsid_e the magnet, from Jorth Pole
to South Pole.
..L ,ote
.
that the
field outside the coil at (b)
Figure 11 is exactly similar to
that of the bar magnet at (a).
Hence the right-hand end of the
coil will act ms a 7orth Pole,
and the loft-hand end as a South.
Inside the coil, however, the
lines are parallel and concentrated and run in the opposite

INTERNAL STRUCTURE OF CATHODE RAY TUBE.
FIGURE 9.
T.FL & F/3
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(a)
FIGURE 11.
direction.

It is this

1
nrt

of the field in Which we are interested when

dealing with electro-madnetic focusing.
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Consider, now, the well-known action of a magnetic field on n, conductor, such
as a straight piece of wire carrying an electric current in a magnet field.
This is the underlying principle of the olectric-motor.
At (a) in Figure 12
the current-carrying conductor is lying parallel to the field - i.e. the
current is florin parallel to the field.
In this case there is no force
whatever acting on the conductor.
At (h) the current is flowing across the
field, i.e. at right-angles to it.
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(a)

(C)

(h)
FIGURE 12

We now find that a force will act on the conductor, impelling it out from the
paper.
At (c) we have depicted the situation at (b), but now viewed "end-on"
to the lines of magnet force, Which are therefore shown as dots.
The force on
the conductor is to the riebt as shown.
Zote, then, that when a•current
carrying conductor lies across a magnet field, a force acts upon it in a
direction at rieht-aneles to both the lines of force of the field and to the
conductor itself.
If we now remember that a current in a solid conductor is simply a flow, or drift,
of electrons through that conductor, we may deduce the action of a magnetic
field upon a stream of electrons, such as constitute the beam in a cathodo ray
tube.
Such a beam may be regarded as an electric current in space, and the
forces acting upon it when it enters a magnetic field will be exactly similar
to those which act upon a current in a solid conductor.
Referring to Figure 13, suppose we are viewing a magnetic field "end-on" (as
was done at (c) in Figure lâ).
The dotted line represents a stream of
electrons, travelling at high velocity, and entering the field from the
direction as shown.
These moving electrons, representing a "current" will,
when they enter the field, experience a. force acting always at right-angles
fe their direction of motion.
The result will be that each electron's path
will be turned, or deflected, continually to the right.
The path of an
electron beam will therefore be a spiral as shown.
T.
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The principle construction cf magnetically
focused cathale ray tube is shown in

•

e

Fi r
pre 14.
e

The cathode and grid struc'ture are as prey.
icusly described.
The anode here consists
of a sfmple disc with a central aperture.
,
Thq focusing coil is wound around and outside
thC tube.
The magnetic field produced inside
the tube is as shown.
A steady direct current.
is passed thrruh the coil.
After the electron
bor, M passes through the hole of the anode,
some of the electron oath's begi#'to fan cut.
Electrons .rich pass directly down the
central axis cf the tube mcvo parallel to the
lines cf magnetic force, and are therefore net
affected by the latter.
An electron whidh
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FIGURE 13.

has nfanned-out u however, will enter the field
at an angle.
Cutting across the lines of force it will experience a force at
right—angles to the lines of magnetic force and at right-angles to its
direction of motion.

Cross section of
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FIGURE 14
It will therefore, while in the field, move in a spiral path.
At the sf);me time
it also possesses a general movement down the length of the tube.
To visualise
the net path tnLen by the electron, imagine a coil of wire wound on a tapered
point cf wood as in Figure 15, a battery being connected so that an electron;,
stream
flows in the direction elkern.
In this way all electrons, which enter the coils field (Figure 14) at an anglo,
will commence tc rotate around the central axis of the tube as they continuo
their =tioh towards the screen.
Moreover, the ;711010 time, as a result of the
r2.111I ee P/3- 12.

spiral motion they will be getting
closer and closer to this central axis.
Of course, as soon as the electrons
leave the ieagnetic field the spiral
rotation will cease, but they all will
possess an inwards motion, which is
carrying them clo:per and closer towards
the central axis.'
It some distant
point, which Should be on the screen,
all electron paths will converge together, and we will have a sharply
focused beam.
The focusing coil is often enclosed in
FIGURE 15
a soft iron hollow ring-like case, in
which has been left an air-gap.
(Figure 16)
This confines the magnetic field
within the coil, except for th ese lines which "escap e through the gap.
In this
way a more concentrated field within the glass tubo is obtained, and "stray!!
fields, which upset the focus, aro avoided.
The factors which affect the focus aro the position of the coil in relation to
the anode, and the magnitude cf tho
current.
In practico, provision is .
Iron
made to adjust both of those.
A
ase
rolk;h focus is obtained by moving
Fe*eq.e-,4e0e,
the coil on the neck of the tube,
/
1
0.es.
and a final adjustment, to sharp=
the focus is carried cut by adjustNeck of
•Field
ing the value of the coil's current.
/tube
/
MA7IYG TEE ELECTRO: M.A:: VISIBLE.
We have so far seen how it is possible to produce a.high,velocity
Coil
stream of electrons which strike
the large end of the tube nt its
FIGURE 16.
central point.
We have discussed
the methods by which this beam may be narrowed down until its dimensions, at
the point of impact on the screen are almost as snail as we cheese to make
them.
If the "cathode-ray" is to replace the light beam of mechanical systems
for television scanning purposes, it romains t- render the beam visible by
causing it to give cut light waves as it strikes the screen.
FLUORESCE-0E.
As you lock at an amplifying tubo in action, you see no visible evidence of
the flow of electrons within the tubo -- at least you see no evidence when the
tube is being operated properly.
In the cathode ray tube, havin:,
;-a high degree
of vacuum, you likewise see nothing cf the ray as it travels through the length
T.
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of the tube.
The end of the ray is made visible by a preperty of certain substances which
is called Hflueroscence.
When n film cf such a substance is struck by the
cathode ray there is produced a bright glow where the substance is caused to
flueresco.
There are a number of such substances, among them being zinc
orthosilicate, called "willemite, also calcium sulphide and calcium tungstato.
Instead of describing these substances by their chemical names, we generally
refer tr them by number, such as 11 PhosPhor We. 111 and so on.
Phosphor No. 1
produces a groan light, Phosphor No. 2 produces a bluish white light, Phoshor
No. 3 produces a yellow light, Phosphor No. 4 gives n white light and Phosphor
No. 5 cives :1. blue light.
Phosphors 1, 2, 3, and 5 are used mainly in cathode

ray tubes intended for use as electrical test instruments, while Phosphor No. 4
has been specially developed for television purposes as it produces a black and
white picture similar to ordinary meving pictures.

In the cathode ray tube we new apply one of these fluorescent substances, preferably Phosphor No. 4, to the far end of the tube.
Then as the cathode ray
strikes this surface of prepared glass there is produced n bright spot of light
having a size proportional to the size of the ray and a brilliancy proportional
to the strength of the ray.
Just like the grid in a radio valve, the control electrode is given a negative
bias with re:12(C to the on thole.
The amount of bias determines the amount of
electrons which it allows to pass through to the rest of the tube and consequently determines the brilliancy of the picture.
Making the control electrode
moro negative, reduces the number of electrons and dims the spot of light, while
making the control electrode less negative increases the electron flow and makes
the spot more brilliant.
Just as the signal voltages are applied to the grid of an amplifying valve and
produce changes in plate current, so the signal voltages, from our television
receiver, arc applied to the control electrodo of the cathode ray tube and
produce corresponding changes in the brilliancy of the spot of light.
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We shall first consider the question cf supplying the various electrode potentials
and the heater current for a typical three-anode electrestatic type tube.
The majority of these tubes require 2,000 - 6,000 V on the final anode, and for
television purposes the latter figure is the most common.
The potentials
gradually increase from the mall negative potential (say 50 V max.) for the
control electrode to the high positive potential on the final anode.
These volt'ages are invariably obtained by a chain of resistances across an H.T. supply
from a rectifier.
These resistances form a voltage divider which allows us to
tap off the required voltage for each electrode.
A typical power sup:ly is
shown in Figure 17.
T. FM & F/3 - 14.

It will be noted that the final anode is at earth potential, while the cathode
is at a high (5000 V negative) potential -7ith respect to ground.
This is
common practice in electrostatic type tubes, and the reason will be fully understood after reading the section on "deflection" later in the lesson,
If should
be fully realised now, however, that the third anodqyalthough at zero potential
with respect to earth, is at a positive potential of 5,000 V withles -ect to
the cathode.

R1

vee\e•,, +,",/

NEGATIVE - 5,000 V.

R2

INTEI\ISITY
C.E.
1

1
f•-••••

3
.;
POSITIVE

FIGURE 17.
The current taken by the electrodes is very small, and the only drain on the
IT. gapply apart from the resistance load is the current which flows in the
beam itself.
This seldom exceeds 100 micro amperes (0.1 m.a.).
As a consequence the design of the power sur-1y is greatly simplified.
For example
resistance capacity filtering or smoothing may be used.
Condensers Cl and 02 ,
a Resistor R1 and the other resistors in the chain form the filter circuit.
In
practice Riand 02 may be mnited, 01 being simply a small capacity (.5 or .25mfd)
of high voltage rating.
The total resistance in the chain may be as high as
10 Megohms.
The Intensity Control is a potentiometer which allaws the negative potential on
the control erectrode, with respect to the cathode, to be adjusted.
This, as
has been explained varies the beam's intensity, and therefore the brightness of
the spot on the screen.
In a television receiver, the video signals are also
a7plied to the control electrode.
& P/3- 15.

The Focus control allows of adjustment to the second anodels (A2) potential.
Correct setting of this control produces a sharply defined srot on the screen.
In a two-anode tube the focus would be controlled by adjustment to the
potential of the first anode.
Note that the cathoie, and the heater, which is connected electrically to it,
are at a high negative potential with respect to the metal chassis.
The transformer heater winding for the cathode ray tube must therefore be insulated for
high voltages.
In the case ,a magnetically focused tubes there are usually only two voltages
to sup-ay -- that for the control electrode and for the single anode.
The
cathole is usually at ground potential, while the anode is at a high -Dotential
(positive) above ground.
The focusing coil is sup -lied with a low voltage
direct current from a separate supply.
DEFLECTION OF THE 'V=
The cathode ray tubes so far described are capable of producing a sharply
focused electron beam which will result in an intense spot of light which remains
stationary at the centre of the circular screen.
In order that the tube might
be a useful instrument either as a television picture reproducer or as an
oscilloscope, it will be necessary to provide means whereby the spot of light
may co moved to any point of the screen.
This is accomplished by bending, or deflecting the electron beam, within the tube,
sideways, or upwards, or in both directions simultaneously.
Deflection of an
electron beam may be brought about, as we have seen in principle when dealing
with focusing by moans of (a) an electrostatic field, or (b) a magnetic field.
Doth methods are in use in modern tubes.
ELECTROSTATIC DEFLECTIU.
Consider first the moving of the beam vertically across the screen.
This may be
done by two more or less fiat and parallel metal plates, called ndeflector n
plates, within the neck of the tube, and on the screen side of the final anode.
(Figure 1S.)
These plates are placed horizontally, and have connections which pass through
the glass walls of the tube.
Sometimes ono plate is connected internally to the
final anode, and is therefore at ground potential.
If both plates are connected to ground the beam will pass straight through them,
without deflection, and will strike the centre of the screen.
Suppose now we
apply a potential difference between the two plates by means of a battery as in
Figure 19.
The electrons in the beam will be attracted towards the positive
plate and repelled from the negative as the beam passes between them.
This
will cause a bending of the beam upwards as shown.
The spot will now be found
T.FLi & Ft-3.
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FIGURE 18.
at the point X on the screen directly above its central point'.
The amount of bending of the beam, and therefore the amount of movement of the
spot away from the centre of the screen will denend on several factors:...
(a) The potential difference between the deflect___,-----or plates. (b)
The length
of the deflector plates.
(c) The anode volt:age used in the tube.
Concerning (a),

the deflec-

ni
tion
deewill
exactly
be found
proportion
to be
al to the applied P.D. bet
wean the plates.
For
example if the voltage is
FIGURE 19.
doubled, the movement of
the spot away from the
centre of the screen is doubled, and so on.
It is this fact which allows the
cathode ray tube to be used as an electrostatic voltmeter.
If the number of
volts req ,:ired to produce say 1 cm deflection of the spot is known for a given
tube (operated under given conditions of anode voltages), an unl-:nown voltage
may be mdasured by applying it between a pair of deflector plates, and measuring
the actual deflection of the snot.
With reference to point (h) above, the longer the plates, then the greater the
length of time during which each electron is passing between them.
If the
electrons remain a longer time under the inflance of the plates the greater
will be amount of the bending of their paths.
The plates cannot, in practice,
be made too long, however, for this would limit the amernt of deflection 7:ich
could be obtained.
A large deflection might pmsibly result in the electron
T.
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stream nctually striking the plates before merging from between them.
To
avoid this the plates are often flanged out as may be seen by reference to
Figure 9.
The final
oint (c) is of importance.
If the anode
voltages aro increased
the electrons in the beam will be given an increased velocity.
For n given
deflecting force produced by the deflector plates, the actual amount of bonding
of the beam will now be decreased (and vice versa).
This effect may be understood. if one imagines a ball thrown across wind.
The faster the ball is thrown,
the less will be the deflection, or curving of its -nnth.
Deflection Sonsitivitz.
This term o
is used in order to compare the ease with
which the spot nay be deflected from the central point of the screen
of
different types of tubes, or for the one tube working under different anode
ratings.
The deflection sensitivity is defined as the amount of deflection,
measured in millimetres, produced by a potential difference of ono volt applied
between a pair of deflector plates.
This value, in the caso of high voltage
tubes, works out usually as a fraction of n millimetre.
Since 1 mm equals about
1/25 of an inch it will be seen that quite n large voltage will be required to
move the spot right to the edge of the screen.
For exnmple, sap7ose that the
deflection sensitivity for n
of plates of n tube is given as 0.25 mm/volt.
If the tube's screen is 12 inches in diameter, the spot must be moved .6 inches
to move it from the centre to the outer edge.
This deflection is 6 X 25
150 m.m., taking 1 inch
25 mm.
The potential difference required between the
deflector plates will be 150

f

25. volts i= 150

600 volts.

To move the

spot right across the screen from one side to the other, a distance of 12 inches,
a total potential difference chane of 1200 volts will be required.
It should be noted that the deflector plates of Figure 19, which are mounted
horizontally will produce only a vertical movement of the spot.
If it is
desired to move the spot horizontally across the screen as well, n second nair of
plates is required.
Those will be mounted vertically, but aro called horizontal

Verticz
Plates

Horizontal
Plates

___------

...me..

FIGURE 20.
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deflector plates because their action on the beam and spot is in a horizontal
rlane or direction.
EaetwoTairs of -lates are shown in Figure 20.
MAG:ETIO OR ELEOTRO-EAUETIO DEFLEOTI07.
The deflection of the benm explained in the last section was brouet about by
utilising the electrostatic field 7roduced between n pair of rlates, which mny
be regarded as forming a siml.)le condense:, when a rotentinl difference was
anTlied between them.
J1 mnpnetic field may, however, also be r_E;ed for deflection
of the beam.
The effect of a magnetic field was ex,21ained in same detail when dealing with
magnetic focusing, and this section should, if necessary, be re-rend.
The
luportetnt point to remember is that the bending of the electron is at right
angles to (not rarallel with) the lines of magnetic force.
Engnetic deflection is illustrated in Figure 21, where a horseshoe rermanent
magnet produces vertical lines of fore.° through the tube.
When the moving
electrons rass through this field, their raths will be bent outwards from the
raper towards the observer.
At (h) in this figure, the front view of the screenls
tube is shown, where a deflection of the spot to the left is indicated.
Of•

(a)

FIGURE 21

course, if the polarity of the magnet (and therefore the direction of the lines
of force) were reversed, the smot would be moved to the right.
Tile amount of
deflection obtained will depend upon the strength of the magnetic field, as well
as upon other factors mentioned under electrostatic deflection.
The magnetic field produced by a current carrying conductor is exactly the same
as that produced by a permanent magnet.
The two magnetic roles shown in
Figure 21 may therefore be rerinced by a pair of coils to rroduce a similar
field for deflection.
Such a Pair is shown in Figure 22. The coils, ara placed
on either side of the neck cf the tube and are shared like a saddle to fit the
rounded glie.:.ss surface.
In this caso the coils produce a horizontal field through
T. FE & F/3 - 19.

the tubo, and are therefore unea for vertical deflection.
To obtain horizontal
deflection a separate rair of coils would be required.
These would be placed
horizontally one above, and one below the tube.
The amaant of deflection occurring will depend on the number of turns in the
pair of coils concerned, and upon the current flowing (as well as the speed
of the electron beam which is controlled by the anode voltage used, as
explained above under electrostatic deflection).
The deflection may therefore
be controlled by varying the current in the coils.
Reversing the direction
of current flow will reverse the magnetic field produced and will therefore
cause a reversal of deflection of the light spot on the screen.

Direction of
Curren

Pair of Deflection
Coils

LIH
FIGURE
Cathode ray tubes which use magnetic focusing and deflection usually have but
a single anode, which may take the form of a disc with a central arerture as
shown in Figure 21.
In some cases the anode is simply a conducting coating on
the inside of the tube walls.
It will be al7prociated also that the internal
electrode strncture of an electroLmgnetically focused and deflected tube is
very much simpler than that of an electrostatic type tube.
This makes for
reduced mnnuf;,
,cturing cost, and also allows of a much shorter tube for a given
screen diameter.
This latter point is an important one when considering the
problem of incorporating a large screen tube in a television receiver, and the
tendency now is well in favour of the magnetic tube for picture reception.
SPOT POSITIOLTII7G.
Due to inaccurate alignment of the electrodes of a tube, the spot of light, when
no voltages are applied to the deflector plates (or no current to the deflector
coils), may not be in the exact centre of the screen.
It will be necessary to
c-rrect this defect by electrical methods.
On the other hand it may be desired,
under certain circumstances, to move the spot to some position other than the
centre of the screen.
T. Fii F/3 — 20.

In the caso cf electromagnetic tubes, this s-ot u shift ll , as it is called, is
achieved by altering br.dily the position of the focus coil on the neck cf the
tubo.
kjustments for moving the coil are provided.
Spot shift, in electrostatic tubas, is carried out by electrical methods.
Steady voltages, vau5se values may ho adjusted by means of potentiometers, are
ap -lied between each :air of deflector plates.
One method -- the method usually
used for television receiver tubes -- is shown in Figure 23.
The final anode, it will be
remembered, is usually grounded,
the cathode of the tube being
maintained at a high negative
potential ( say - 5,000 V).
In
figure 23, however, the final
anode is connected to the centre
point of a resistor across a
comrarativelv low voltage source,
say 300 V, the negative sido of
which is earthed.
This moans

R2
P1

esi N eselbr,/,/‘, 1/•

p2

RI

that the anode will be at a
potential of +150 V with resect
to ground and its potential with

P3

A3

respect to cathode will be
11111.7.
5,000:— 150 V e. 4,S5O V.
instead of the full 5,000 V, if
particn of the output from the
5,000 volt power sup -ly ap - ears
across the resistor R1Thi s
FIGURE 23.
slight reduction in anode working voltage will not, however, materially
effect the o-oration of the tube.
The voltage so urce in Figure 23 may, in
practice be the ordinary H.T. supply, -as distinct from the cathode rays tubes'
V.H.T. (very high tension) sup -Tly.
In this case the final anode voltage mny
be 5000 Hh 150 or 5150 volts positive with respect to the cathode ray tube's
cathode.
R1 is paralleled by two potentiometers R2 and R3 connected respectively to
deflector plates P2 and P4 of the tube..
Deflector plates PI and P3 are connected to the final anode, i.e. to a Point I
f 150 V above ground.
Inciacntally the
representation of the deflector plates in Figure 23 is -,larely a diagrammatic one,
and is usually used in circuit diagrams.
When the sliding contact of R2 is at its central point, the retential applied
to P2 is+ 150 V with respect to ground.
That is, nith this adjustment, there
is no potential difference bctueen Pi and P2.
If the sliding contact is moved
to the right, P2 will take up a steady positive potential with respect to P1 ,
and the snot will be moved to a new position on the screen.
Moving the sliding
contact of R2 to the left, will nrply a negative potential to P2 in respect to
T.
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P 1, and the

spot will be moved in the opposite direction.

The potentiometer E5 operates in an exactly similar manner on plates P3 and P4.
R2 is the horizontal shift control, and R3 the vertical shift control.
Iv
adjutment to both Ri and R2 the spot may be moved to any desired position on
the screen, limited only by the range of voltages which may be applied between
each pair of plates, in this case 300 4 2 7. 150 V.
A.C. VOLTAGE BET= DEFLECTOR PLATES.
If an A.C. voltage is applied between any one pair of deflector plates, or an
A.C. current passed through a pair of deflector coils, the observer will see
a straight line of light on the screen.
This effect will be explained by reference to Figure 24 showing at 17 .0 a front
view of the screen with the two vertical deflector plates of an electrostatic
tube.

Wave form cf
A. G. Vo tage
\/ R
12
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(a)

FIGURE 24.

(b)

The plates are connected to a potentiometer (R) and
ttory (E) circuit in such
n way that the voltage between them is zero when the sliding arm of R is at the
centre point.
As the arm is moved to the right the upper plate will take up a
positive pdential with respect to the bottom, and the snot will move from the
central position up the screen.
The farther the arm is moved from the centre
of R, the greater will be the P.D. between the plates, and therefore the greater
the spot movement.
Remember that the displacements of the spot is proportional
to the voltage applied, so that equal increases in voltage will cause -equal
displacements of the screen.
Loving the sliding arm 6e R to the left will
reverse the polatity of the P.D. between the platos, sd that the lower one will
& F/3- 22.
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become positive with respect to the upper.
ment of the light spot on the screen.

This will cause a downward move-

If now the sliding contact is moved nt a very rapid rate bacl_wards and forwards,
the spot will perform n correspondingly rapid movement up and down on the screen
and thebye will perceive n continuous and steady line of light.
The persistence of vision effect applied here, as well as a persistence of fluorescence,
whereby any point on the screen continues to glow for a short period after the
spot has passed.
It should be noted that this backward and forward motion of the potentiometer
arm applied an alternating voltage between the deflector plates.
If now the
circuit of Figure 24 (a) is replaced by source of A.C. having a sine-wave form,
the effect will be the same exce pt that the A.C. changes smoothly in the sino
wave shape.
Referring to Figure 24 (h) the voltages at 0, 6 and 12 are zero and leave the
spot in the central position.
The peak positive voltage at (3) produces the
maximum upward deflection, and the peak negative voltage at (9) produces the
maximum downward deflection.
Other positions of the spot, 1, 2, 4, 5, 7, 8,
10, 11, with the corresponding values of instantaneous voltages are shown, as
it moves continuously to fill in the solid lino of light.
Observe the following points:
(a) the thickness of the lino depends upon the
diameter of tlie spot, and this is determined by the sharpness of focus.
(h) Tho distance travelled between (2) and (3) or (3) and (4) is loss than
that between (0) and (1) or (5) and (6)
Since these represent equal neriods
of time, it means that the speed of travel of the spot is slower near the ends
of the line than near the centre.
The effect of this will be that the line may
nrear slightly brighter near the ends, than near the middle.
Tho spot movement is said to be non-linear, and this non-linearity is due to the fact that
the rate cf change of current of sine wave form is not constant, but is most
rapid near the points of zero current.
(c)
The length of the line is an
indication of the neak value of the A.C.
If the deflection sensitivity of the
tube is known the peak value of an unknown A.C. may be obtained byrpplying it
between a pair of deflector plates and measuring the length of the "trace", as
the line is called.
OBTAIIIIG A LI:EAR TRACE.
For television purposes it is necessary, as the student should realise at this
stage, to sweep the spot across the screen at n uniform rate in order to secure
correct scanning.
Further, having moved the spot in one direction, say left to
right, across the screen, it is necessary to return it to the left-hand side in
the shortest possible time.
As we have soon, a sine-wave voltage will satisfy
neither of these conditions.
The type of A.C. voltage required for this "linear"
Saw-tooth wave form (Figure 25).

sweep is that having a
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SW-TOOTH VOLTAGE
FIGURE 25.
Here the voltage rises from negative value at A, at a uniform rate, to some
maximum positive value nt B.
The voltage then returns, very rapidly to its
former value at O.
This completes one cycle.
The number of those cycles per
second is the frequency.
The effect of a-plying such a voltage between, say,
the horizontal deflector plates, of
tube is shown in Figure 26.
The spot will
move across the screen from X
to Xt at a uniform rate as the
voltage rises from A to B.
Then as the voltage is suddenly
returned to its negative value
nt C, the soot will rapidly
return to X, and the trace will
emmence again under the iníluence of the second cycle.
If the frequency is high enough
a continuous line of light will
appear.

1

Saw Toothl
Generator
-..,

APPLICATIOU7S OF SW-TOOTH
VOLTAGE.
Saw-tooth voltages are generated in special generator circuits, the operation of which
will be dealt with in detail in
a later lesson.

One Cycle of
A.C. Voltage.

• 1
I
L
.
2IGURE 26.

We are interested here in the use of saw-tocth voltages on the deflector plates
of cathaie ray tubes in two main connections:
(a) in oscilloscopes for obaerving
wave forms of voltages under test and (h) for scanning purposes in television
transmitter and receiver.
In relation to (a) above, thenw-tooth voltage is applied between the
horizontal deflector plates, and the unknown voltage (say the sine wave voltage)
between the vertical deflector plates.
When this is done the snot will trace
T.FD1 F/3 - 24.

out a graphical representation (in this case the well-newn sine curve) upon
the screen.
Further details of the oscilloscope circuits and operation are
dealt with in a later lesson.
Referring to (b) above, sup - ose it is requiired to scan, at the receiver, a
400 line picture, 25 pictures per second.
The line frequency is 400 X 25 =
10,000 cycles per sec end, this being the rate at 7hich the spot must trace out
horizontal aiee.s,
..A saw-tooth generator -- the horizontal scan generator -operating at this frequency 10,000 cycles per second is connected between the
horizontal deflector plates.
Another saw-tooth generator of frequency 25 cycles
per second (upicture" or "frame" frequency)

is apr7lied between the vertical

plates (Figure 27).
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FIGURE 27.
Each cycle of the horizontal scan generator sweeps the spot across the screen
from left to right in 1/10,000 =4 .0001 sec., and then almost instantaneously
returns it to the loft hand sido, when the next cycle begins a second sweep, and
so on.
Simultaneously With this action the vertical scan generator is slowly
(comparatively) moving the spot in a vertical SCe.Sc-.
down the screen.
This results in the spot finishing
each horizontal line slightly below (a distance equal
to the width cf the spot itself) the level at which
it commenced the line.
As a consequence the subsequent line will be adjacent to, and slightly below,
its predecessor, as shown in Figure 28.
It will be
observed also that this method of scanning results in
the lines being nt a snail angle to the horizontal,
this peculiarity being due to the continuous downward motion produced by the saw-tooth voltage on the
vertical plates, which notion acts simultaneously with
the horizontal scanning sweep.
Such angle, however,
is immaterial, and is so small in the case of a
FIGURE 28.
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400 line scan as to be unnoticeable.
After a time equal to 1/25 sec. the vertical saw-tooth oscillator will have
moved the s-oot down the screen a distance equal to the picture height.
In this
time the horizontal oscillator will have porfcrmod 10,000 X 1/25 (f z t),
400 cycles, i.e. 400 "linos" 'ill have boon traced cut.
At this instant the
"frame" frequency saw-tooth voltage will suddenly fall to its minimum value, and
the s-pot will "switch" to the top left-hand corner of the screen to commence a
new scan.
Constier n=themanner of re-oroducing the picture.
The picture (video) signal
from the detector of the receiver is ap7liod to the grid (or control cylinder)
of the tube.
The grid potential, varied at the signal frequency, produces
corrosr ,onCLing changes in electron beam intensity, and therefore in s7,ot brightness on the screen.
This mpthod of operating the tube is universally used, and
is 'mile= as "intensity modulation".
So we have the spot of light continuously
traversing the screen in the normal scanning manuel; while at the sane time its
brilliancy is varying in accordance with the light from the picture elements
at the transmitter.
In this wn.y, .asstming we flrovide means for maint4tgng
correct synchronisation of transmitter and receiver scanning, a rorroduction of
the original scene will appear on the screen.
The aver:a/Ye brightness of the
picture may be adjusted by moans of the intensity control, shown in Figure 27,
-hich adjusts the negative bias on the grid.
i/lanimum sharpness or clarity in
the picture is secured by adjustment to the focus control which operates on the
second anode.
If the picture is not correctly centred or "framed" on the screen
manipulation of the two "position" or "shift" controls (explained above) is
made.

T. 1
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EXAMINMION OUESTIOHS.

(1)

State briefly tho nature of a cathode ray.

(2)

A certain twc-anode electrostatic tube operates normally with 500 V
on the 1st anode and 2,000 V on the second.
If only 1500 V is available for the second anode what voltage (approx.) should be applied to
the 1st anode?
What will bo the result if this readjustment to the
latter's potential is not made?

(3)

Explain briefly the princiles underlying focusing of
static tube (b) and electromagnetic tube.

(4)

What is meant by "deflection sensitivity" as ap_lied to an electrostatic
tube?
How is this propertyaffectod (if at n11) by (a) increasing
anodes' voltages?
(h) Increasing negative potential on control electrode?

(5)

State two advantages of the electromagnetic type tube over the electrostatic.

(6)

electrostatic tube has a deflection sensitivity of 0.25 mm/volt.
The
spot is adjusted to be exactly at the centre of the screen, thon the
following voltages are applied in turn between the horizontal deflection
plates (a) a steady D.C. of 100V (h) •
A.C. of R.M.S. value 100 V.
State in each case the affect as seen on the screen.

(7)

Give two reasons why sine wave voltages (or currents) aro unsuitable
for television scanning purposes.

(S)

A tube has a horizontal deflection sensitivity of 0.3 mm/V and a
vortical of 0.25 nm/volt.
State completely the characteristics of the
trio . voltages (waveform, frequency, peak value) required to '-reduce a
400 line picture 4" high, at 25 pictures per second, aspect ratio being

5:4

(a) an electro-

(take 1" ra 25 mm).

5 employed

(9)

What coloured light is produced by Phosphors 1 to
ray tubes?

in cathode

(10)

State briefly the purpose of the following controls, mentioning the
electrode upon which they operate:(a)
Focus control, (h) Intensity control, (c) Vertical position (or
shift) control.

••••••••••..
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TELEVISIO7 ELECTRU CALERAS.

Having studied in the last lessen how a narrow electron beam may be formed,
focused, made to give out
and deflected at practically any desired speed
for scanning purposes, we propose now to deal with developments of cathode-ray
bes for producing the electrical picture signal nt the transmitter.
It should
be understood that the tubes oxplained so far are only useful for picture reproduction at the receiver.
They provide means only for producing a spot of light
which may be moved in the usual scanning fashion, and which may be varied in
intensity by the incoming signal to reproduce the varying lights and shades of
the original picture element.
They do not, however, provide means of creating
an electrical signal from the varying lights and ehados of the scanned scene at
nd
the transmitter.
It is the purpose of this lesson, therefore, to describe
explain several types of tubes which have boon developed to produce the picture
signal at the transmitter.
All of these tubes mnite use of focussed electron
beams and are a special development of the ordin
cathode ray tubes.
We
consequently refer to all of them by the general term "Electron Cameras".

shall

TE FARZS7ORTH ULERA.
This ingenious device was thu first tubo developed to mnhe use of the great
advantages of electronic scanning.
It night be mentioned here that electronic
scanning at the receiver, i.e. the use of the ordinary cathode ray tube, was
put into practice while mach,nical methods were still relied upon nt the transmitter.
The improvement of picture definition, by increasing the number of
picture lines, and. therefore the scanning speeds, was thus largely hold up
pending the application of electronic

scanning nt the trasmitting end.

T.F.M.
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FIGURE 1,
Figure 1. shows the Farnsworth Camera.
At the left-hand end of the tube we
hexéa cathode in the form of a flat plate coated over its whole surface with
a photo sensitive material, such as caesium.
Light is focused,..;, by means of
a lens gysterr, onto this cathode, in much the same way as the lens focused.ahoptical image of the scene on to the plate in an ordinary camera.. Electrons are
liberated, due to the photo-electric effect, from the cathode surface.
These
electrons will be liberated proportionately to the amount of illuminationat
any point,
The light image is thus converted into an nelectron image near
the surface of the cathode, the density, or concentration, of the electrons
varying with the light and shade of the various marts of the picture.
Immediately the electrons are freed from the cathode by the action of light, they
are attracted up the tube by a hollow cylindrical anode, to which a positive pot.-.
ential is applied.
If these liberated electrons were left to themselves they would diffuse, that is
electrons in the regions where the density was high would spread out into the
less dense regions, so that very quickly we would have all ordinary Photo-electric
current, of uniform electron density, flowing up the tube.
If this occurred the
electron image would be lost, the electron current being simply proportional to
the, average illumination of the cathode.
To prevent this diffusion of the liberated photo-alectrons as they move up the
tube they are subjected to a magnetic focusing field of the type used in ordinary
cathode-ray tubes for focusig. the been.
The result is that when the electrons
have reached the far end of the tube they are still concentrated in their original
densities as when they were liberated from the cathode, i.e. thenelectron image
has been retained.

T.F.M & F.
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The magnetic focussing field is produced by a coil of wire wound around the
outside of the tube.
This coil carries n steady current.
It should be noted
that the action of the focusing field is not to produce a concentrated beam
of electrons as in an ordinary cathode-ray tube, but rather to form an electron:
image at the right-hand end of the tubo from the electron imago produced at the
cathode by the i-jhoto-olectric action.
he function of this focusing field might
be likened to the focusing effect of a lens where used to project n light imago
on to a screen, by controlling the diverging light waves reflected from an object.
At the far end of the tube is the collecter electrode which is surrounded by n
screun except for a small hole which corresponds to the scanning aperture.
As a
consequence, the collector will collect only those electrons which mass through
the hole, i.e. only the electrons of one point of the electron image.
Wow with
this arrangement the scanning aperture cannot be moved to scan the whole picture
(as -71.th the Wipkow disc).
Instead the electron image is moved, as a whole, in
such a way that the electrons massing through the hola to the collector aro ta7ken
from the image in a succession of scalining lines.
This is accomplished by two
sets of scanning coils Which act similarly to the deflecting coils of a cathode--ray tube.
One set of coils moves the electron image, bodily, in a horizontal
direction nt the "line" frequency while the other moves it vertically at the
slower picture or frame frequency.
These deflections are, of course, obtained
by using saw-toothed currents in the scanning' or deflector coils.
The useful output from the tube is the electron current flowing from the collector
electrode.
It will be seen that this current varies in sympathy with the varying
amounts of light reflected from different parts of the scene, as tho scnnning
action proceeds.
The Farnsworth Camera, sometimes called an "image disector", thus does away with
the difficulties of mechanical scanning, but its output in the form described
is no greater than that of the ordinary photo-tube.
This draw-back was overcome
by the use of the electron-multiplier described below.
HOW WEAK PICTURE SIG-WAL OUTPUTS HAVE RESTRICTED TELEVISIU.
The picture signal (video) current output from a 7Dhoto-electric cell (or from the
Farnsworth tube in its original form) is very minute -- much smaller than the
audio output from a microphone.
It might be thought, at first, that this position could be rectified by using more amplifying stages, or stages having greater
gain.
The student probabk ., however, realises that it is impossible to amplify
effectively, an extremely weak signal. In the case of audio amplification a very
weak signal would be drowned in "noise", no matter how great the overall gain of
the amplifier might be.
This "noise" is due to two causes:(a) the "shot" effect, due to irregular
emission from the heated cathode of the amplifying tube, (h) the generation of
irregular voltages across the resistor in the input circuit of the tube, due to
continuous random motions of the electrons in it.
Unless the signal voltage
T. F. lvi.
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is considerably greater than these "noise" voltages very high gain in the amplifiers will be useless, for the latter rill be amplified as well as the signal.
In the case of television signals the undeèired voltages which are generated in
all amplifying circuits will appear on the scene as flashes of light, and might
completely "mask" the signal if the latter is very weak.
These voltages will
therefore, be referred to as "masking" voltages where dealing with television wor.
It will be appreciated, then, that the photo-electric devices so far dealt
are uselss unless the scene can be very brightly illuminated.
Such illumination
requires very special studio arrangements, and the televising of outdoor scenes
would normally be impractical.
THE ELECTROU MULTIPLIER.
This device, first suggested in 1919, but
developed considerably by Dr. Zworykin and
Farnsworth since that date, largely overcame
the difficultiés associated with the amplification of the very weak outputs from the
phot
electric devices.
1,t is incorporated,
in various forms, in the very latest electron
cameras to boost still further the extreme
sensitivity of these tubes.

Path of high
velocity eleftron
Paths of emitted
"secondar-u electrons.

Various types of electron multipliers have
been developed to a high state of efficiency.
All types, however, operate on a common prinFIGURE 2
ciple -- they all utilise the phenomenon known
as "secondary emission", whereby a single elecSECONDARY EMISSION OF ETECTRONS.
tren striking a solid surface may liberate from
that surface a number of other electrons.
This
effect occurs, or tends to occur, at the anode of the ordinary amplifying valve,
where, since it is undesirable, a suppressor grid is included to reduce it.
Only one type of electron multiplier will be described here since the general
principle of operation of all types, and in particular the net result, obtained
is the same in all cases.
This is illustrated in Figure 3, where we show a
type of photo-electric tube into which an electron-multiplier has been incorporated between the photo-sensitive cathode and the collecting anode.
Light falling on to the photo-sensitive cathode at the left hand-ond of the tube
liberates a few electrons.
A number of pairs of plates are arranged at intervals
down the tube, the upper plates Pl,P3,P5, P7 being "staggered" with respect to
the lower ones P2,F4,P6 and Pg.
Gradually increasing potentials are applied to
the pairs of plates as they go down the tube.
The "photo"electrons thrown off
by the cathode are first attracted towards plate Pl, but a strong magnetic field
applied across the tube deflects them on to plate P2.
This plate is coated with
a substance which readily emits secondary electrons, and on impact of the electrons.
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ETECTRON MULTIPLIER,
arriving from the cathode a large number are emitted.
These in turn are attracted
towards P3 but strike P4, due to the deflecting magnetic field.
Here many more
If secondary" electrons are emitted,
and so on until the number which are finally
collected by the anode may be hundreds or thousands of times as great as;those
originally freed at the cathode.
Thus we have a comparitively large electron
current Mewing through the resistor R, across which corresponding voltage changes
appear.
The latter are then fed to the external circuit and amplified further in
the usual way.
The electron-multiplier is really an amplifier, but it possesses the advantage
over ordinary thermionic tube amplifiers in that extremely great amplification may
be obtained with very little "noise" or "masking" voltages. It will be noted that
there is no hot cathode to produce the "shot" effect, and no large resistors (as in
the input circuits of tube amplifiers) across which random voltages due to thermal
agitation would appear.
Et. 21vorykin's
Signal
electron multiplier gave an amplificatCurrents
ion of 5,000,000 -- an extremely high
figure.
The electron multiplier

was

introduced

into 7arnsworth's camera to increase
its sensitivity.
The multiplier was enclosed in the shield containing the
simple collector electrode of Figure 1.
The primaryelootrot9tream was that entering through .
giel shield's aperture.
These electrons' sot up a series of sec-_
ondNry missions from a number of plates
in a manner similar to that described in
connection with Figure 2.
In this way

Electron
Multiplier

_

Lens

i
-,
t2
.
-_
ei

.Photo
eppitiVe '

--.....4, ,.
--- 1

._!

\

21

Positive
Anod9
Coating_
-Scanning
FIGURE 4.
Aperture
A MODERN IMAGE DISSECTOR. TUBE.
T.F.M.
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the output of the camera was magnified many times.
A drawing of a modern image dissector is shown in Fig. 4.
This tube was specially
developed for the transmission of motion picture film images.
For this purpose,
where intense lighting may be used, the image dissector is eminently suitable,
as it does not introduce certain technical difficulties which are characteristic
of some of the "storage" type cameras described below.
These latter types,
however, have displaced the image dissector in the field of ordinary studio and
outdoor work.
LOW SENSITIVITY DUE TO INEFFICTUT USE OF AVAILIBTE LIGHT.
The extremely small current output from the photo devices so far discussed is
largely due to the failure of the systems to utilise fully all the light available
on the scene.
Considering mechanical scanning, the light spot remains on each
picture element for only a minute fraction of a second.
Suppose for example that
the picture contains 150,000 elements the area of an element being taken as the
area of the light-spot.
If the picture is scanned at 25 pictures/sec, these
150,000 elements are swept by the spot in -1- second.
The time for which the spot
25
rie on any one element will therefore be .L150,000 second =
1
25
3,750,000
sec.
Since the number of electrons emitted by a photo-sensitive surface is affected by the light, as well as the light intensity, the reason for the extremely
minute current outputs of photo-cells, and the like, will be apparent.
Summarising,
then, the light only affects a particular picture element for
1
th of the
150,000
total scanning period (i.e. time for 1 complete scan).
period,

i.e.

124:992
._

150,000

of it,

For the remainder of the

this particular element is remaining in darkness.

A somewhat similar state of affairs exists in the case of the image dissector,.
this device light from the entire scene illuminates the photo-sensitive surface,
but the light effectively used, at any moment, is that confined to producing the
electrons which are entering the aperture of the shield around the anode or electron
multiplier.
All the light producing other electrons, at the same instant is wasted,
since these electrons do not enter the aperture.
For a picture containing 150,000
elements,

1 --- th of the total number of photo-electrons
150,000
emitted during it:.scan period are utilised, the rest are wasted.
It will be seen
therefore, that the theoretical efficiency of these devices is very low -- only
1
15(24'000

as before, only

X

100 = .0007% (approx).

STORAGE TYPE ETECTRON CAMERAS -- THE "ICONOSCOPE" AND EMITRON".
'losing and Campbell - Swinton suggested, very early in the history of television,
that the great wastage of light explained above might be avoided by devising some
method of "storing" the photo-electric effect.
Practical success was first achieved by Zworykin in America, in 1925, when he applied for his patent on the
"Ioposcope".
Since then parallel work, following Campbell-Swinton's original
suggestion, was carried out by the E.M.I. (Electrical and Musical Instruments)
company in England.
The latter resulted in a camera similar to the Iconoscope
and called the Emitron.
T.FM & F.4 - 6.
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AN ICONOSCOPE-EMITRON
TYPE OF TUPE.
An "Iconoscope-EMitron" type camera is shown diagrammatically in Figure 5.
The tube contains an "electron-pie and beam deflection coil as in an ordinary
cathode-ray tube.
Electrostatic focusing, using two anodes is used, the second
anode being a metallic coating on the inside walls of the tube, as shown in
Figure 5.
The deflection of the beam for scanning purposes is achieved electromagnetically, :by-using two
pairs of deflection coils outside the tube neck.
The image to be televised is focused on to a special photo-sensitive plate,
usually referred to as the mosaic, because of the nature of its construction,
described below.
A photograph of anIcenoscrpe is shown in Figure 6.
1
The mosaic consists of a thin sheet of mica, about 1-,000 th inch thick, and
measuring about 5" X 4".
The front side of this sheet, i.e. the side upon which
the light image is focused is covered with millions of tiny globules of silver,
each globule being coated with a thin layer of photo-sensitive caesium.
The
globules are isolated and insulated one from the other.
The back of the mosaic
sheet is covered with a thin metallic Conducting layer (the "signal plate") to
which the wire band which conveys the electrical signal to the external circuits,
is connected.
Each silver globule may be regarded as the cathode of a tiny photoelectric cell, which emits electrons when light falls upon it.
The millions of
these tiny cells nil have a common collector electrode, which is the second anode
of the tube's electron gun.
Electrons liberated from the mosaic drift back
towards this second anode which collects and removes them.
A simple explanation
of the operation of the tube is given in the succeeding paragraphs.
ed F/4 --
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When a
light imp.ge is foIron laminations
cussed on
the mosaic
electrons
are liberated from
the su dace
proportionatoly to
the light
intensity
at any
point.
Each silver globule forms
a tiny
capacity
with the
metal sigFIGURE 6.
,
nal plate,
the mica
AN ICONOSCOPE TUBE.
being the
dielectric.
Thus the whole mosaic may be cosidered as consisting of millions of
tiny condensers, all of which have one common plate L- the signal plate on the
back of the mica.
This idea is illustrated in Figure 7.
Deflecting coils

FIGURE 7.
The effect of the emission of electrons from the globules will, thereSHOWING HOW EACH GLOBULE TOGETHER WITH
fore be to leave them positively
SIGNAL PLATE AND MICA DIELECTRIC FORMS
charged (with respect to the signal
A TINY CONDENSER.
plate).
Remembering that the amount
Sil or Glo uled
of electron emission is proportional
to the light intensity of the mosaic
Capacity
4'
at any point, it will follow that the
_
Mica
EffectS\
degree of charge over the mosaic sur-t• •t face will vary with the light and
1
elade.distribution of the light image
focused from the scene being televis,
Signal
ed.
We can therefore visualise the
Plate
light image building up an electrical
image or pattern on the mosaic surface.
In the absence of scanning, this electrical imago would remain indefinitely if
the insulation of the mica were 100% perfect.
It is for this reason that the
iconoscope is sometimes described as the "cathode- ray tube with a memory" .1
4

:

Now let us see what happens when the mosaic is scanned.
The scanning, of course,
is carried out by the electron beam which is formed,
focused, and deflected in
T.P.M. & F/4 --

the normal

scanning motion ,just as described in the previous lesson.

Of course interlaced scanning is used,

whereby the beam first

scans every other

line, thus covering one complete "frame".
The second frame scanning fills in the
1=0,sgmitted during the first frame.
How interlaced scanning is achieved electronically will becculained in a later lesson, but Figure S, will indicate how the
electron beam moves over the mosaic.
Here 405 lines are used.
The beam, in the
first frame scans the heavy lines marked
203.
The 203rd line only
FIGURE 8.
204
26

---

--

-----

-----

1203traversozhalf

_____

4------------------------- --------------

the screen, then the beam
204is jerked back, and scans the othdr half
2 205 of the 203rd line at the top of the
3
screen.
The next frame is now commenc4206i ng, and the dotted lines are
scanned,
filling in the gaps left by the first
frame. Zote that each frame consists of
2021- lines - a total of 405 for the
whole picture 'scan.

201

02

203 -----INTERLACED SCANNING.

405

Both line and frame deflection of the
beam is achieved by magnetic coils
which are symbolises, in Figure 5 (also
see Figure 6).
If the picture frequency
is 25/sec. the frame scanning frequency
will be 50/sec (2 frames per second)
and the line scanning frequency will be

202i X 50 ;
-z 10,125 c/sec.
As the scanning beam passes over any particular globule the positivo charge
caused by the emission of electrons from the latter is instantly neutralised,
with
a corresi5Onlin
electron mtvement -frrm
tia
bac1c. signal plate through
the external resistor (see Fig.5).
This currant will represent one part of the
"Picture signal" current, and its value will depend upon the amount of charge the
globule in question had acquired, and therefore upon the light intensity reflected
from the corresponding point of the scene.
As the scanning beam passes over the
mosaic all the globules will be progressively discharged in'turn, and hence the
current output from the tube will vary according to the intensity of the charge
of the "electrical image" on the mosaic

surface.

The electrical action involved in the foregoing explanation may be further elucidated by reference to Figuro

9.

Here a single globule on the mosaic surface is represented as the cathode Pc of
a small complete photo-electric cell P.
The anode of this cell, Pa, is the
collector electron, i.e. the second anode of the camera gun.
C. represents the
capacity effect existing between globule and the metal signal plate at the back
of the mosaic . Zight falling on the Photo-sensitive globule Pc emits electrons
which arc collected by Pa.
This leaves the left-hand plate of 0 positively
charged with respect to the right hand plate.
Remembei- that this charging action
is going on comparatively slowly, for the whole time, and the final charge reached
T.F.M.

& F/4 . 9.

////
Scanning
Electron Beam

depends upon the light intensity coming
from the particular point cf the picture
scene in question. When the scanning beam
passes rapidly over the globule the positive charge on the left-hnnd plate of C
is instantly neutralise,d,wfth a corresponding electron
movement
- away from the
right-hnud plate through R.
The voltage
developed across R will thus be proportional to the intensity of the light.

>
To Amp.
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TEE ADVA171AGE OF TEE "STORAGE" ACTIO.
The important point to note is that,

although the

L

FIGURE 9.
scanning beam is acting upon

each clement of the mosaic for only
1
(asgaming 150,000 picture elements)
of the total scanning period (say 1/27.7gâ, the light is effective for the
whole of this scanning period.
As soon as the mosaic globule is discharged by
the beam passing over it, the light gets busy in storing up a charge on that
globule for the next 1/25th second until the scanning beam returns again.
For
this reason one would expect that these "storage" type tubes would be 150,000
times as sensitive as devices in which no such storage action takes place.
In
actual practice the Iconoscope-Euitron tre of tube is only 5% to 10% efficient,
i.e. only 5- 10% of the output predicted from the above theory of operation is
actually realised.
Even so this gives a sensitivity from 7,500 to 15,000 times
as great as that of the old systems.
WE! TEE STORAGE ACTIU OF TEZ ICOZOSCOFE IS :OT 1005.
The storage, effecioncy of this type of tube is comparatively low for several
reasons: (a)
all of the electrons omitted by the light are not collected and
many return to the mosaic, (h) less of globule charge due to secondary emission.
(n.)
The Pheto-sensitive globules, together with the collector anode form very
inefficient Photo-cells, because the voltage difference between them is only
several volts, which does not produce an electric field to draw off from the
mosaic all of the omitted electrons, i.e. the photo-emission is not saturated.
The result is similar to that which would be obtained if an ordinary Photo-tube
were operated at n low collector anode potential.
.Of the electrons emitted frein
the mosaic then, many will retiirn to it, and the globules will not be charged
to the extent they otherwise might be.
This factor reduces the sensitivity to a
factor of about
or 1/3rd.
The student might wonder wily there is any potential difference at all between
the mosaic and the collector (second anode), since no voltage is applied between
theu from an external source.
The mosaic takes up n potential several volts
negative with respect to the second anode (which is at ground potential) due to
the electron beam continually .impinging upon it.
Consider the scanning beam
in operation when no light is falling upon the mosaic.
The latter will be collecting the electrons cf the beam, and its charge as n whole will tend to go more
and. more negative.
Eat the high velocity electrons will knock secondary electrons
out of the gurfnce nnd some of these will return to the collector.
The mosaic.
T.F.M.
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in practice, is found to take um an equilibrium potential of several volts negative
when, for every electron arriving to it from the beam, one secondary electron
leaves it.
This means that the collector (second anode) is several volts positive
with respect to the mosaic.
(b)
Loss of effeciency due to secondary electrons occurs thus.
Each beam electron
liberates, on the average, about D, or 5 secondary electrons, and, as explained
under (a) above, most of these eventually return to the mosaic.
At any moment,
therefore, there will emist a cloud of these electrons just outside the mosaic,
(Figure 10), forming a negative space-charge (similar to the space-charge surrounding
the cathode in an ordinary thermionic tube).
negative space charge will tend to repel,
bac': to the mosaic -.1hoto-electrons which are
emitted by the light image, so retarding the
building up of the desired electric charge image.
It is thought that this secondary electron effect reduces the tube sensitivity by..
another one-third.

Space charge
of Secondary
electrons.

Beam electrons.

Thus, as a result of the two factors discussed
SPACE CHARGE DUE TO SECONDARY
under (a) and (b) above it appears that the
EMISSION.
FIGURE
10,
sensitivity of the iconoscope-emitree type camera wculd be about 1/9th (in X 1/3)
or 1/12th (* X 1/3) of that which would be obtained if 100% "Storage° action were
achieved.
In practice a storage effeciency ranging between 5 and 10% is obta:_ned.
° SPURIOUS°

SI:ALS A:D HSEADI:G° CaRECITION,

E7y- these we mean electrical signal output from the tubo Which is not due to the
light image. Spurious signals appear in the output of the tube even when no light
at all appears on the mosaic, and are due to the secondary electrons falling bac':
on the mosaic in ah irregular, or ne:à-uniform manner.
We will not attempt to
explain the details of hew these spurious signals are generated, but will simply
note their nature, and discuss now they are compensated for.
If the mosaic were scanned by the beam in the absence of any light upon it, the
electrical outiNt, say measured in the plate
circuit of one of the transmitter!s video
White
amplifiers, should be a D.0, represented by a
straight line in Figure 11 at (a) (i.e. no
Black I
A. O. signal).
Instead, however, it is found,
due to the undesirable action of the secondary
electrons that, durinf:: the scanning of one
(a)
line, the current output varies as shown at
(b).
:ote that there is a curve or °bend" in
White
the graph of the current, as well as a gradual
Black

;
(h)
FIGURE 11.

upward "tilt" as the scanning proceeds from
left to right.
A similar effect occurs as
the scanning beam moves from the top of the
screen towards the bottom at frame frequency.
Since the effect of more light no=ally produces an increase in current, the effect of
T.F.M.
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those undersired signals would be to produce a shading on the receiver scene,
whereby the right-hand side of tao picture is light3r than tho left and the bottom
of the scene is lighter than the tOp.
When an ae,aal scone is scanned the real
video signal will be superimposed upon this spuTi ous signal as shown at (a) in
Figure 12.
Hero we have shown the out-out for three scanned linos.
These "bond" andnbilt" spurious signais ara compensated for in practice,
at the transmitter by generating equal
and "op7p sit o" signals (see Fig. 12 b)
in special "bond" and 'tilt" generators, and mining these -ith the c,
.eral
output.
One Tv.ir of "bond"
"tilt"
gon çrators
;
is necessary for the line
c(:mection, and another pair for the
frame correction. The re sult obtained
for line "shding" correction, as it
is called is shown at "c" in Fig. 12.
It will be 1.oted that the camera also
generate s a large amplitude signal
in the interval between the end of ono
lino and the beginning of the next (i o.
whore the beam is rapidly returning
from the right-hand edge of the screen

-

(c )

(d)

_

to the left).
This sy,íurious signal
(e)
r
would overload the amplifiers, and is
therefore soppressed., by means of special circuit s.
The result is now shown
at (d) Fig. 12.
It will be noted that
a tine-interval gap remains between
FIGURE 12.
successive scanning lines.
This gap is
made use of for carrying synchronising
voltage pulsos, shown inserted at (e)
(Pig. 12)
These are shown as sharp negative surges of voltage, and when separated
from the rest of the signal in the receiver, are used to ensure that the latter Is
line scanning saw-tooth generator keeps in stop with that at the transmitter.
It might be mentioned here that additional voltage pulses are inserted at the end
of each fr-me, for the purpose of synchronising the receiver frame scanning
saw-tooth generator with that of tho transmitter s electron camera.
T:

IIAG-E I00170SOOPE

LD ST-TPER-E1,21720:7 TYPE 0.à.12RA..

Those are similar cameras, the one hein a develo-oment
and the other a develotment of the Emitron in England.

of the American Iconoscore,

The operation of this type of tube combines that of the Farnsworth Mur,
,o Dissector and. the iconoscope (or Emitron).
The sensitivity is about 10 timos that of
the latter type tube s.
a.714 12.

Referring to the diagram of Figure 13, a lens system focusthe light image on
to a transparent photo-electric cathode Pc.
This emits electrons, proportional
to the light intensity at any noint, from its rear surface, thus forming an electron image as explained in
connection with the image
di ssectbr
., These
emitted electrons are accelerat4.-d up the tube by an
anode, tal..-ing the form of a
M
*EE
conducting coating on the
c
l
r
ik'
inside c=face of the tube,
and maintained at
high
>
positive potential (500V)
with resnect to the photoe;f/ i
l
nq
Le: 1 c
cathode.
The iron-clad
netic coil C. produces a

G

FIGURE D.
THE

ImAgjçouspou„.

magnetic field within the
tube, and this focusee#9.
electron streams, thus projecting the electron image
on to the "mosaic" or screen
M.
This is not photosensitive, and is not really
a mosaic at all, but simply
a sheet of insulatin mica
backed by a metal signal

When the photo-electrons from Pc impinge on the mosaic Pi n iîh-2. velocity they release
a larger number (about 5 times as large) of secondary electrons.
These latter are
drawn away to the anode, which is extended around the walls of the bulb.
Thus the
mosaicls surface is pozitively charged, in a nattern similar to that of the original light image.
:Tote that the charge distribution on the mosaic surface cannot
"spread" and wi?e, out the "charge image" because the surface is a good insulator.
The tube has an extension containing an electron-gun and deflector coils, which
produces an electron beam, just as in the iconoscope, which scans the mosaic.
The
action from now on is similar to the earlier type tubes.
The electrons in the
beam progressively dischargesthe various sections or elements of the mosaic,
causing current impulses in the circuit connected to the signal plate (SP).

thus

The gain in sensitivity over the older type tubes is due to two factors. Firstly
a powerful field is available (500V) to draw 'all of the electrons emitted by
photo-electric action away from the cathode. Secondly all electron multiplier effect
occurs nt the mosaic screen.
A single photo electron from the cathode impinging

upon this screen causes that particular point to loose, say 5, secondary electrons-a net loss of 4 electrons.
Remembering that a loss of electrons means a nositive
charge it will be seen that the charge distribution on the ucreen, corresponding
to the image, will be much stronger than in the case of the Iconoscope or Emitron.
An additional advantage gained by this type of tube is that the nhoto-cathode, upc.
which the light image is focused' , is q-,:dte close to the end of the tube, where a
T.F.M.
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ground glass window (W) Fig. 13 is provided. Tis allows lens:
of short focal
length to be used.
Thus it has been found possible to adopt miniature camera
technique, using the high quality lens. . specially developed for small cameras.
The tube is also particularly suitable for outdoor telephoto work because of its
high sensitivity, and also because of the fact that high quality telephoto lens
can be obtained to suit it.
The Image Iconoscone (and Super Emitron) also produce spurious "tilt" and "bend"
signals described earlier, these being due, as in the case of the Iconoscope, to
secondary emission caused by the scan:A.n beam. The student should take core not to
confuse this secondary emission with that caused by the "electron image" electrons
falling on the mosaic.
The latter is advantageous, since, as explained, it reuults
in an increase in sensitivity, due to the electron multiplication effect.
ORTZICO:OSCOPE.
Details of the Orthiconoscope (Orthicon for short) were released early in 1939.
The tube, unlike the iconoscope, has a "storage effecieney" of 100%, i.e. full
advantage is tn: ,
:en of storing the effect of t e light by building up the charge on
the mosaic during the whole scanning period.
Furthermore, since no secondary e:dss-ion occurs in the new tube it produces no spurious signals.
The sensitivity is from
10 to 20 times as great as the Iconoscope.
A sche:_latic diagram of an orthicon is shown in Figure 14.
Coil producing axial magnetic
Je - field
.............................................................................

Transparent
two-sided mosaic
Lens

7,1ectron
gun

A

- (Scanning
beam
Collectdr
electroce

i

t _ _..--—I
'-Image on mosaic

r-

'Scanning beam hits mosaic
,.
perpendicularly

/

MIS- 171e

Objet;

Signal output

Horizontal deflec—
ting

platus.

FIGURE 14.

Vertidal deflecting
coils.

PIAGRe_OF ORTHICON.
The secret of the success of this tube is that secondary emission at the mosaic is
avoided by using an electron scanning beam which strikes the former at very low
velocity.

This low velocity beam is achieved thus:-

an electron beam is produced,
T. E'.U.
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in the usual manner, by the electron gun, shown at the left of Figure 14.
In this
gun the anode is at a high potential in respect to the cathode. Hence as the electrons leave the gunts aperture they have a faf'rly high velocity.
After they leave
the gun, however, and as they -pass up the tube towards the target screen, or Eosaic,
the electrons are continually decelerated, or slowed down, to a low velocity.
Lie
reason for this is that the screen itself is at cathode potential;
hence between
the-screen and the final anode of the gun there exists an electrostatic field which
is continually acting against the electron stream.
This state of affairs
is illustrated in Fig.
15.
Wilen the screen
is at zero (or cathode)
potential the electrons in the scanning
beam will be stopped
just in front of the
screen. They will
then turn bad± and
will be finally collected,
removed by
a special collector
electrode shown as a
flat rectangular plate
near the electron gun
(Fig.

14).

Thus,

OV

-

Accelerating
field

_

>

Retarding field

ov.

Electron beam

-

Return beam
Electron speed continually
decreasing.

¡lilt'
—L
-

100V -<

Electron gun

"hen no light falls on the

FP 1.434
screen the latter collects no electron

The screen or mosaic itself is a transparent plate upon whose outer surface the
light image is focuse&;
The inner surface of the screen is photo-sensitivo, and
emits electrons proportionately to the light intensity at the various points on
its surface.
Hence, as in the iconoscope, an electric charge image is built up.
:ote that the charges on this surface are positive, since electrons have been lost
from it by photo-emission.
The

scanning beam is made to scan the screen line by line,

frame by frame.

Mien

the beam encounters an area which. is "blac'.?.:°, 1.e. no light, it is turned bac
as described above, and the screen collects no electrons..
an illuminated area
is encountered, however, this area will be slightly positivo, and electrons from
the beam will be collected, sufficient to neutralise the charge.
7hen this occ Jrs
a number of electrons -will'now'moV
elwilj from the signal plate to the external
circuit.
This current will represent the signal for that particular signal cren.
The greater the light intensity on any point, the greater will be the electric
charge produced, and hence the greater the number of electrons collected from the
beam, a:ud the greater the signal current.
Since there is no secondary emission from the screen no spurious dgnals are 7,roduced, and no hindrance is encountered by the photo-olectrons(due to the light) in
lenving the surface.
Purthermore a powerful field drawing off the emitted photoelectrons is available' (about 100V) between the screen and the collecting electrode.
(Remember that in the case of the iconoscope type tube this field was only several
T.F.L.
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volts, andesufficient to remove all the electrons released from the mosaic).
These two factors account for the substantial increase in sensitivity.
In the development of this tube it was found that great difficulties were encountered in focusibga low velocity beam when the latter was being contirio.117, - deflected for scanning purposes.
The chief of these was that the beam became de 7focused
when deflected to any point not near the centre of the screen. 7ow in an ordinary
cathode ray tube, as inthoiconoscope etc, the beam is rarely if ever, striking the
screen perpendicularly.
It was found that if the beam could be made always to far
on the screen in a perpendicular manner, despite the fact that it was being continually deflected, then node,-focusing occured.
For these reasons a special method of beam deflection, for scanning
rposes is
employed.
Aeon wound around the whole length of the tube
rod ces a magnetic
field parallel to the tube itself.
This coil focusses the beam, nnd guides all
electrons in parallel maths perpendicular to the screen (see magnetic focusdhg
lesson 3).
Pr horizontal or line deflection a pair of electrostatic plates are
used.
7ote, however, that the be-n is only deflected while between these plates;
Beam parallel

Undeflected
beam

it• to

undeflected beam

Diverging
'

Beam deflected
sideways
-7

beam

//
//

_
/
Magnetic

def]

td down r.

z
Ordinary Electrostatic
Deflection

Electrostatic Deflection
in Magnetic Field.
(a)

(b)
FIGURE 16.

after emerging from them the powerful magnetic field causes the electron beam
to travel -parallel to the tube again.
The nature of this deflection is shown
in Fig. 16 -(a).
As a result of the powerful anial magnetic field combining with
the electrostatic field of the plates a peculiar effect occurs. Instead of the beam
being délflt=cted in a dira .
ction perrendic -fiar to the plates, it is deflected parallel to them.
r
,howa - 011inh.riy
11j j, for rtoMpa --rison
n

s•
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er,

In this way the beam can be deflected right across the screen,
always stnes it in a perpendicular manner.

and yet it

The vertical deflection for frame scanning is brought about by a pair of magnetic
coils which produce a vertical field across, or transverse to, the tube (Fig.14).
Eere also the beam is deflected only while passing between these coils, and after
emerging from them moves perpendicular to the screen, as Shown in Fig. 14.
Eere the deflection occurs in two fields acting at right angles to each other,
and the deflection is found to be in a direction parallel to the lines of force
of the deflecting field.
(Remember that, normally, magnetic deflection is at
rieht-angles to the magnetic deflecting field.)
TEE IMAGE ORTE.ICW.
This is a very recent type of electron camera and is a development of the ordinary
orthicon.
The image orthicon separates the functions of converting a light image
into an electrical image, and of scanning the image.
Because of this division of
functions each component can be designed for maximum performance,
a high degree of sensitivity.

thus obtaining

Vigure 17 shows a somewhat simplified schematic diagram.
The image is focue
on to a transparent photo sensitive surface which emits electrons from its inner
surface, thus forming an electron image no' in the case of the Image Iconoscope and
Wall coating
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*. •
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(150+V)
41
-1.11 .1
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(0V)

--

-

/\
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Rays
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eabelf

MN ///1;;A"'"--
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,Surface
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14+++
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'

Electron
Image

Return Beam

•.

CD

OF

Lens

)Secondary
Emission

'Target Screen (CV)

FIGURE 17.

Farnsworth Image Dissector.
Referring to Figure 17, the phóto-sensitiva surface
is at a potential of -150V, while a wall coating further :Up the tube is at - 180V.
This provides a field which accelerates the emitted electrons towards the target
I.F.M.
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screen.
The electron image is focus ee by means of a magnetic field due to
coils Ci. Fae -photo-electrons of the electron image impinge upon the target screen,
and each one dislodges from the latter several electrons by secondary emission,
thus leaving the surface with a positive charge.
In this way the right-hand side
of the screen is covered with positive charges forming an electric charge image
as described in the case of the image iconoscope.
:Tow he target screen is avery thin semi-conductor, being a glass plato. 001 inc:
thick.
The ccnductivity of this plate is sufficient for the positive charges
formed upon the right-hand surface to seep through in the time required to scan
one picture (say 1/25th sec.), thus charging the left-hand surface with a similar
charge (positive) distribution (or image).
The conductivity over the surface,
however, is not sufficient for the charges to spread appreciably in this time and
wipe out theimage.
The scanning beam is formed in the conventional manner.
As in the ordinary orthicon coils CF provide a focusine: magnetic field which extends over practically the
whole path of the electrons.
The result is as .reviously described, viz, the beam
is only deflected while in the transverse (i.e. across the tube) field due to the
deflector coils GU4 and after leaving the latter travels perpendicularly to the
target screen, thus aveiding f.cufyle Two sets of deflector coils - one
for horizontal line scanning are provided - although one set only is shown.

ILA
C)

(a) No image output.

Value
of
Screen
Charge.

(b) Variation of Charge along a
line.

(c)

Signal output.
FIGURE 18.

set

As in the case of the ordinary orthicon a low velocity beam is used, due
to the fact that the target screen
is at zero or cathode -potential
(when no image is received).
As
explained earlier, in this condition
the beam will come to a halt just
before the screen and then rill turn
bac, almost exactly retracing its
original path.
Instead of returning
to the anode of the electron gun,
however, it will be attracted to the
more positive plates of the electron
multiplier.
Thus, when no light
image falls on the tube, the output
current is a steak- D.C. equal to
the f I value of the beam current,
as at
a) Fig. 18.
When a light image is received electric charges ara produced on the.
screen surface, the sizes of the
charges varying with the light intensity at the various points.
At (b)

in Fig. 15 is shorn the charge variation along one scanning line. As the beam scans
this line not all of the beam electrons will be reflected back from the screen,
but the latter will collect sufficient to neutralise the positive charges on its
A.
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surface.
Hence the return beam current will equal the forward beam curret less
those electrons collected.
The return beam current will therefore decrease in
value when the screen positive charge image is intense, i.e. when the light from
the scene is intense !
_
,
:nd vice versa.
This return beam current is shown at (c)
in Figure 1S.
It is this return current, collected by the electron multiplier
near the gun, which forms the signal.
Note that the electrical signal output is
an inverted or negative one, unli7:,:e that of other tubes.
The electron multiplier
produces an amplification of the signal current of several hundreds of
The charge imae on the target plate is built up for the whole time between euccessive scans, and since all photo-electrons are utilised 100% storage efficiency
is obtained.
The secondary emission effect from the target screen gives a further
gain, as of course does the electron multiplier.
Those facts, together with the
one mentioned earlier, that each component can be separately designed for maximum
efficiency results in an extremely sensitive camera.
It is claimed that the
sensirUvity exceeds that of a 35 mm super XX cinema film -- which means that
scenes may be televised with the most adverse conditions of
CA

Râ CONTROL APPARATUS.

Ha
to
of

ng reviewed the various types of electron cameras which have been developed
reduce the picture signal, wo shall conclude this leson by a brief description
he circuits which are closely associated with the camera itself, and of the

ca

ra control apparatus.

Pi

re 19

shovs a typical

sot-up.

Th
first stages of the amplifiers are built into the camera itself.
Fig. 20
sh 's an Emitron Camera with four stages of amplification built in.
The signal
is .hen fed to the so-called "A" amplifier.
It is into this stage that the
"shading" signals, from the special generators shown, are fed to correct for the
spurious "tilt" and "bond" signals.
Of course with the later typo cameras, such
as the Ima goIconoscope, Orthicon and Image Orthicon, these generators are not
required, since no such undesired distortion occurs i 1the camera output.
A number of cameras,of which two are shown may be used.

The different cameras

may be focused on different parts of an outdoor event, such as a cricet match,
and the operator can, nt will, fade one picture into another by means of the
fading cohtrol shown.
The "B" and "C" Amplifiers are video amplifiers,

the former having a variable

gain.
The "Suppression generator" provides voltage pulses, at line scanning frequency,
and, these fed into the sopprossio
bloc
out the spurious signals formed
between successive scanning lines.
The sync. generators provide the synChronising voltage pulses, which are fed
into the signal, between SUCCOSsive scanning lines and successive scanning frames.
These pulses partially fill the gaps left after suppressing the spurious signals
eliminated in the previous stage.
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FIGURE 19.
The final signals are taken, by means of special lines,
lesson) to the transmitter and monitoring units. •

or links (described next

The camera scanning gonerators provide the line and frame frequency saw-tooth voltagez.
T.F.M.
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(or currents) which deflect the camera
beam for interlaced scanning purposes.
Here the framefrequeney is 50/sec, giving
a picture frequency of 25/sec; (remember
two frames per picture with interlaced
scanning.)
The line frequency is, with
405 lines equal to 405 X 25 ::: 10,125/sec.
Ill of the generators used are fed from
a single master oscillator, in order .to
eh sure correct synchronisation. This
nester oscillator is "locked" to thc
frequency of the power mains (50c/sec).
The signals in the various stages of
the equipment are shown by their wave—
form graphs.
In the next lesson we will follow the
passage of the video signals through
the transmitter.

FIGURE 20.
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LESSON N.Q.,_LA

EXAMINATION QUESTIONS.

(1)

Why are the current impulses from a photo-electric cell so very weak when
used as a source of picture signal?

(2)

What is the chief advantage of the electron-multiplier as a pre-amplifier
of the picture signal compared with an ordinary thermionic tube?

(3)

Upon what effect or phenomenon does the operation of the electron-multiplier
depend.

(4)

Describe the nature of the mosaic in an iconoscope tube.

(5)

What is meant when it is said that the "storage" efficiency of the
iconoscope is between 5 and 10%;

(6)

Explain the difference between the electron image and the charge in the
Image Iconoscope or Super-Emitron type of tube.

(7)

What is meant by "spurious" signals in an electron camera's output?
briefly the chief cause of spurious signals.

(8)

What is the chief characteristic in the operation of the Orthicon tube?
What was the idea behind the development of this design?

(9)

State three reasons for the great sensitivity of the Image Orthicon tube.

State

(10) How does the signal output of the Image Orthicon differ in nature from the
outputs of all other tubes discussed in this lesson?
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AMPLIFICATION

We are all familiar with the term "Audio Signal" or "Audio Frequency Signal"
used in connection with radio telephony.
This Audio signal (Latin-Audio = I hear)
cannot, of course be heard directly.
It is in the form of an alternating voltage
or current, which, however, has the required frequency and wave form necessary
to reproduce the desired sound when passed through the appropriate renrcJucing
device, vizi the loudspeaker.
In the case of the vision side of televisi.on transmission, it is the "video"
signal (Latin - Video = I see) which corresponds to, or is analogous to, the
audio signal of sound transmission.
This video signal is not itself visible,
being also a varying electric current or voltage whose frequency and wave form
are such that when passed into the television receiver reproducer, the cathode
ray tube, it re-creatas a visible picture or scene.
If we consider carefully a complete sound transmission and reception system we
will realise that the audio signal is not to be found throughout the whole of
the circuits.
Referring to Figure (1) (a) the signal voltages are generated
by the microphone, and persists throughout the amplifying circuits to the modulated
Fami): - ..
These ara the audio amplifying stages of the transmitter.
Once passed
into the mod. anp. the audio signal, as such disappears.
From this stage onwards,
the signal is of radio frequency, although, of course, it is"modulated" in such
a way that the audio signal may be caused to reappear again in the receiver.
This re-âppëàrance: t..e0S:placeein,er after, the detector.
From the latter stage
the audio signal persists right through the audio amplifier stage to the speaker.
In a similar manner, the video signal is generated by one or another of the
electron cameras described in the last lesson and is passed through the various
transmitter stages to the modulator, where it "modulated" a much higher (radio)
frequency signal.
T.FM & F 5./ 1.

The video signal reappears again after the detector in the receiver.
It then
persists through the final stages until the cathode ray tube is reached (see(h),Fig.1
\ /4,7'V

Mie

A.F.
Ampr.

Mod_
R.F.
Ampr. -- Ampr

A.F.
Ampr.

R.F.
R.F.
Ampr. - Ampr.

Sc'

A.F.

Det.

Ampr. -1_
Audio Signal

Audio Amplification'
(a)

amera

Simplified Sound
24flpsmission System.

Video
Ampr,

R.F,
psc.

V
Iylod4

Video
Ampr.

R.F.

AmPrT-Ampr.

Video Amplification
Sync.
ulses

R.F.
Osc.

\V
R.F. _j R.F.
Ampr,
! Amor.

Det,.

'Video'
- IAmp.

Videl Tube
Ampr.

1

2

Video
Amplification

(h) Simplified Vision Transmission
System.
This lesson, then,

FIGURE_ 1,
will deal with the problens associated with those stages between

the electron camera and the modulator in the transmitter, and, in the case of the
receiver, the stages existing between the detector and the cathode ray reproducing
tube.
The modulated radio-frequency signal, which cannot be used directly to
reproduce the scene, we shall henceforth refer to as the "television" signal.
The
transmitter and receiver stages which handle the latter will be dealt with in
subsequent lessons.
THE NATURE OF THE VIDEO SIGNAL,
The video signal consists of a series of current or voltage changes, as shown in
Figure 2.
Each change in current or voltage corresponds to a change in light
intensity reflected from the scene as the latter is scanned.
The changes are
shown as occurring in groups, each group separated from the next by a short gap
or time interval.
Each group corresponds to the signal generated in one scanning
line.
The gaps represent the short intervals taken by the scanning spot to return
from the right hand side of the picture to the left.
Figure 2 shows the signal
for three complete lines.
The frequency of the video signal varies over a very wide range indeed, and upon
the ability of the video amplifiers to handle this range of frequencies will depend
the quality of the reproduced signal.
T.FM & F/5 - 2.
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FIGURE 2.
VIDEO SIGNAL F6R— ,. LINES.
THE FREQUENCY OF THE VIDEO . SIGNAL.
We shall first discuss the upper frequency limit of the video signal.
This
will depend primarily upon the amount of picture detail which the electron
camera can handle.
In Lesson 2 it was explained how the performance of a
scanning system could be measured in terms of a number of "picture elements".
This section should be re-read if necessary.
It was pointed out that the
number of those elements, and therefore the picture detail which could be
reproduced depended mainly, but not entirely, on the number of scanning lines
used.
This also determines the number of changes in the signal current
occurring in one second.
The formula given for the number of picture elements
per second was:Number of Picture Elements per sec. = (No. of Lines) 2 X Picture Frequency
X Aspect Ratio X -2-

10: -

This formula e however, does not give the frequency, measured in cycles/sec.,
by
of the camera output current.
The reason why this is so may be understood
referring to Figure 3.
Here we suppose the scanning beam is scanning
a line consisting of a number of alternate
black and white squares, each aqearsa element
being equal to the size of the spot.
This will
represent a pattern giving the greatest amount
of picture detail, since, as we have already
White
seen, (Lesson 2), picture elements which are
smaller than the scanning spot cannot be reBlack
produced as separate details.

Illuminatl

,Video
Max.
Camera
As the leading edge of the scanning beam passes
Current
from the beginning of the line onto the first
black spot the reflected illumination from
the spot will be gradually decreasing.
The
video current will therefore decrease from
FIGURE
3,
some maximum value to a minimum (from (a) to
SHOWING HOW Th% SCANNING BEAM GIVES
(b)).
RISE TO A. FREQUENCY OF HALF THE NUM
BER OF PICTURE ELEMENT$.
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The word "illumination" here refers to the coverage of the scene by the
scanning beam and may be the illumination by light through holes in the
scanning disc, in the older disc system, or the "illumination" by electrons
of the mosaic or target screen in the modern electron cameras.
Then as the leading edge of the spot moves off the black onto the next white
square the current will rise.
When the white square is completely covered the
current will have attained its maximum value again at (c).
Note carefully two
facts: (1) the scanning beam has travelled a distance equal to two picture
squares or elements, (2) the video current changes represent one cycle only.
When the beam has moved a-distance equal to the length of the scanning line,
and is lying over the last white square, six picture elements will have been
covered.
In this' time however, the video current has performed three complete
cycles only.
From the above considerations it follows that the frequency of the video current,
measured in cycles/sec., will be one-,half of the number of picture elements
scanned in one second.
This fact enables us to alter the formula repeated above
to give this frequency instead of the number of picture elements per second, thus:
Frequency of Video Signal = (No.

of Lines)

X Picture Freq„X Aspect Ratip,X
2

10

The frequency of the signal, using the above formula, will be in cycles/second.
Notice that we have divided the right hand, side of the equation by two.
Remember
that the factor _2_ was a figure arrived at by theoretical considerations, and
10
practical experiments, to account for the fact that some picture elements are not
reproduced even though they be no smaller than the scanning spot (see Lesson 2).
The formula still requires a certain amount of modification, on account of the
fact that the original result for the number of picture elements was based on the
assumption that no time was lost between successive scanning lines, i.e. that
each new line was commenced immediately after the end of the previous one.
In
actual fact, however, a time interval of 15% of the total time for the line
trace occurs between successive lines.
This short interval occurs as the
scanning beam is returning rapidly from the right hand side to the left hand
side of the screen, and is utilised for carrying the line synchronisation pulses
(see Figure 2).
This means that the actual scanning of each line must be done
in 85% of the time available in the ideal case.
In other words the scanning
speed, and therefore the rate of repetition of picture elements (and cycles in
the video current) will be increased by 1.Q.Q times.
Hence the corrected formula
for video froquency is:Video Frequency

85

=

(No.of lines) 2 X Picture Freq„X_Aspect Ratio
2

X

=

(No.of lines) 2 X Picture Freq. X Aspect Ratio

X

7
10

X

100

7 C/8ec.
17
Taking an actual case, consider scanning of 525 lines, 30 picture per second,
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aspect ratio being

4_

3,
7

Video Frequency = (525) 2 X 30 X '3- X 17
i.e. a frequency of 4.5 megacycles/sec.

= 4,500,000 C/sec.

(approx.)

Thls figure represents approximately the hip:hest video frequency dealt with in
the standard equipment for black and white reproduction at present in use in
America.
In England, nt present, where a total of 405 lines are used, with a picture
frequency of 25/sec, and an aspect ratio of —5—, the highest video frequency is
about 2.1 megacycles per second.
4
It should be remembered that these results obtained from the formula represent
the maximum video frequency which we will obtain in scanning the picture, no
matter how muçlidetaiJ
the picture might contain.
It is a frequency which
allows a horizontal resolution or definition equal to the vertical resolution
or definition.
It represents the most severe requirements.

Horizontal or

Vertical or
Frame
Scanning

Line Scanning

e

FIGURE

4,

FI(
1-7zUR.
E.J.,

If we were to transmit a simple picture having no fine detail and no sharp outlines from black to white or vice versa, we would not come anywhere near this
maximum or ulimiting' frequency.
The changes in current brought about by the
changes in light while scanning across the picture would be comparatively
gradual, and gradual changes of current are equivalent to a low frequency.
A
picture of this kind is shown in Figure 4.
Scanning across the line indicated by the arrow we find only comparatively
few changes from light to dark and from dark to light, and these changes are
comparatively gradual.
This means a low video frequency.
If there were any
sharp outlines or fine detail in the picture the light changes and current
changes would be more rapid, and would be equivalent to a much higher frequency.
We could say that in the average type of picture the frequencies produced would
be very much less than the maximum obtained from the formula above.
The video frequency obtained from the formula may be taken as the highest possible
one we shall have to handle.
What, then, is the lowest frequency?
If the
T.F.M.
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picture consisted of no changes in light and shade nt all, for example a white
wall (having no fly marks on it) as in Figure 5, it might be thought that the
video frequency from the camera would be zero.
This is not the case however.
Every time the scanning beam comes on to the picture area the camera produces
a sudden rise in current, and every time it leaves the area a corresponding fall.
This represents one cycle (one rise and one fall) in output current, and occurs
at the line frequency, say 10,125 cycles per second for 405 lines, 25 pictures
per second.
Tbis is, of course, by no means a vary low video signal. But in
addition to the line scanning we have the vertical frame scanning, seo Figure 5.
Wten the beam passes on to the frame at the top of the picture a•sudden rife in
camera current occurs, with a sudden drop when the beam leaves the frame
soc.
50
later (with interlaced scanning).
Hence the camera output will contain a frequency
of 50 cycles/sec.
Now it is important that the video amplifiers be able to handle a frequency as low
as 50 cycles/second.
In practice they are designed even better than this, to amplify
without loss of gain or distortion, frequencies down to 25 cycles/sec. which is the
Picture frequency.'

The necessity for this low frequency will be seen if a picture

containing a gradual increase (or decrease) in shading from top to bottom is considered.
To reproduce a complete picture containing this gradual shading (as well as
the super-imposed detail) it will be necessary for the amplifiers to handle effectively a frequency equal to the rate of repetition of the pictures, viz: 25 per second.
Our video frequency, then, will range from 25 cycles/sec. to between 2 and 4 megc'cycles/sec.
Compare this with the usual rango of audio frequencies, from about 100
cycles/sec to, say, 75500 cycles/sec. at the most.
It is immediately obvious that
a video amplifier must be much more carefully designed than its counterpart - the
audio amplifier.
REQUIREMENTS OF A VIDEO .AMPLIFIER.
The video amplifying stages of a television transmitter or receiver must satisfy the
following conditions:- (a)

Amplify equally well all signals whose frecuencies 9xtend over the video
range.
In other words there must be no variation in tain with frequency.

(h)

Produce no phase distortion in the signal.
Phase distortion means the
introduction of a time delay in the signal passing through the amplifier,
whereby different frequencies are delayed for varying amounts of time.
The idea of phase" and the meaning of phase shift and phase distortion
will be discussed a little later in the lesson.
WHAT TYPE OF .KPLIFIER?
It will be recalled that several methods of inter-stage coupling are used in audio
amplification work,
rose are:(a) Choke Capacity (Impedance)Coupling, (b) Transformer coupling and (c) Resistance capacity coupling.
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Of these, the first two are right out of the question.
Choke coupling, for
example, will not give a nflaturesponse over an extended range of frequencies.
The reason for this is that, as the frequency rises the reactance of the choke
increases, yielding an increased amplifier gain, until some particular frequency
is reached when the gain rapidly falls off.
The latter effect is due to stray
capacities, between the windings and in the valves,
shunting" the inductance
of the choke.
A somewhat similar result is obtained when using transformer
coupling.
Figure 6 shows a typical amplificatlon curve (gain plotted against
frequency) for a transformer coupled amplifier.
Using triode tubes, a fairly
flat curve may be obtained over a limited range for audio work.
In the graph
shown the useful part of the range is from about 200 cycles/second to about 2
or 3 thousand cycles/sec.
Note that the gain has falle
to a very low value
at about 11,000 c/sec.
for all frequencies over

For wide-range amplification
we must depend on the resistance-capacity coupled
amelifier.
The merit of this
type of amplifier lies in the
fact that the value, measured
in ohms, of a pure resistance
does not vary with frequency.
...E.U.APTERI$TÀC

Amplification

Remembering that we require equal
from 25 cycles/sec up to about
500,000 cycles/sec. it will be
realised just how far short of
our requirements this type of
amplifier coupling falls.
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The essentials of a voltage amplifier, with the necessary resistor and capacity
for developing the signal voltage, and passing the latter on to the next stage
is shown in Figure 7.
The load resistor RL in the plate circuit develops, or builds up, the A.C. signal
voltage, and the coupling condenser Cc passes the latter to the grid of the next
tube.
The greater the value of RL , the larger will be the output voltage from
the stage, that is the greater the gain.
The voltage gain (G) from such a stage is usually calculated from formula (1)
below, when a triode tube is used.
G = Amelification_Factor .X .Load Resistance
Plate Resistance
+ Load Resistance

(1)

When a pentode valva is used a more useful formula is:G = Mutual Conductance X Load Resistance

(2).
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In both of these
formulae there is
no factor which
appears to vary
with the frequency
of the signal.
It
would seen therefore that such an
amplifier would
amplify signals of
all frequencies equally well;
and,
in point of fact,
the resistancecapacity amplifier
does have a very
flat amplification
curve over a much
greater frequency
r,:alge than can be
handled by stages
using other coupling

,Cc
1
A!

RL

i

5

el
B
e

B—

FIGURE 7.

arrangements.
A
"frequency response"
curve (i.e. graph showing variation of gain,
shown,

or amplification, with frequency) is
for a typical audio resistance-capacity coupled amplifier, in Figure 8.
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This curve should
be compared with
that given for a
transformer coupled
amplifier in Figure
6.
Note that the
"response" over the
middle range of
frequencies is much
flatter, and that the
gain is maintained
i
!i
to a mua higher
frequency, compared
; with the former case.
1 The curve of Figure
1
8 is drawn for a
1,000,000 typical audio voltage

_I

amplifier -- a 6 J 7
operating with a .25

meg. plate load
resistor.
Note that
the responso is "flat"
At
over a range of frequencies from about 200 cycles/sec up to 30,000 cycles/sec
FIGURE 8.
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100,000 cycles (100 Kc/sec.) the gain has dropped off to about .7 of its normal
value, and thereafter there is a rapid deterioration.
Similarly at the low .frequency
end of the curve there is a serious loss of gain below 50 cycles/sec.
The high
frequency response of this amplifier is more than adequate for audio-amplification
work, but hopelessly inadequate for video amplification, where the response must be
flat up to at least 2.5 megacycles/second.
We have seen then that even a resistance-capacity coupled amplifier suffers from
a loss of gain at both high and low frequencies.
What are the reasons for these
losses?
We shall consider each case separately.
THE HIGH FREQUENCY RESPONSE.
The formulae(1) and (2) gimp above are accurate for the middle frequencies where
the only factor which appreciably affects the gain,apart from the characteristics
of the tube itself, is the load resistance in the plate circuit.
At high frequencies,
however, the load resistor is seriously "shunted" by the reactance of "stray" capacities, with the result that the total impedance in the plato circuit may be very
much less than the actual value of the resistor itself.
When this occurs, we should
replace the term "load resistor" in the formulae for gain (1) and (2) given above
by "Total impedance in plate circuit", and then a lower result for the gain will be
calculated.
This effect of stray capacities
shunting the load resistor is
illustrated in F.
__gure 9, where
the latter is represented by RL.
The "stray" capacities whose
total
CT arise
effect
from is
several
represented
different
by

RL

causes discussed below.
Notice
that CT is in parallel with RL ,

F--*

and remember that the total
affect of two impedances in
\
parallel is always loss than
<,
either impedance alone.
The
value of the stray capacities,
may be anything up to 100 micromicro-farads (100 mmfd), 50
mmfd being quite a representative
value.
Now this, measured by
FIGURE 9.
ordinary standards, is a very
small capacity and its effect in shunting RL at low and medium frequencies is
entirely negligible.
To explain this point remember that the reactance, measured
in ohms, of a capacity is given by
Reactance in ohms =

1
2e

Where 'II' = 3.14 (approx.),
Now,

ohms.
fc

f is frequency in cycles/sec.,

since CT (stray capacities)

and C is capacity in farads.

is small this reactance will be very largo (much
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larger than RL ) at low and medium values of frequency (f).
Hence, in this
case, the shunting effect of CT on RL will be negligible, and no loss of gain
will be suffered.
As the frequency of the signal increases, however, the reactance of CT becomes smaller and smaller.
When this reactance is reduced to a
value not very much larger than RL , the shunting effect becomes noticeable, and
the gain begins to fall off, as shown by the curve of Figure 8.
The gain for a pentode tube at any high frequency will be given by:G = (eutual Conductance) X (Total Impedance in Plate Circuit)
Where Total

(3)

Impedance in plate circuit = impedance of RL and reactance of CT

in parallel.
As the frequency increases further, the reactance of CT is further reduced, and
hence plate load impedance becomes smaller.
At very high frequencies the
reactance of CT may be only a small fraction of RL , and the gain as calculated
from formula (3) may be reduced to a value less than one.
This, of course
represents a loss in signal amplitude instead of a gain.
An interesting and
important case is the one when the frequency is such that the reactance of CT
exactly equals the resistance of the plate load resistor.

Then these conditions

obtain the total plate load impedance works out at .707 (1/Pà- ) of the value of
the resistor alone.
With a pentode this reduces the gain to .707 of its normal
value. (Note: in the case of two equal resistances in parallel, the effective
value of the combination is one-half of each branch.
With a resistance and capacity in parallel, however, the calculation is not so simple, and the effective
value works out as stated at .707 of each equal brench. See Figure 10).
In Figure 8, the
gain at 100 Kc/
sec, is about
.707 of that at
middle frequencies, this representing the
frequency where
the reactance of

)
r1S

R

)

C
)
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(

=1-1
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,l, 1,-.4.
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Reactance

lr
-(

1

1

the stray shunting capacities
Impedance (.2
,;) = .707 ohms.
equals the load
R = i7 ohm.
resistance.
As
the frequency is
FIGURE 10.
Increased. still
Éjel±:lier this reactance falls below the value of RL, and the response curve is
seen to fall off very rapidly.
The stray capacities, which cause the loss of gain at high frequencies, consist
of:
Tiring capacities to ground, i.e. capacity effects,e#sting between the
plate lead of the tube and ground, plus similar capacities beleen the grid lead
T.FM & F.5/ - 10.

of the next tube and ground.

These are represented by Cw in Figure 11.

(b)
The output capacity (Co) of the tube itself,
between the plate of the tube and cathode.
(c)

The input capacity (Ci)

i.e.

of the foljowing tube,

the capacity measured

i.e. the effective capacity

between grid and cathode of this tube.
V2

All of these capacities are
in parallel with each other,
and also in parallel with
the load resistor RL.
The
total stray capacity (ut) is
therefore the sum of Cw, Co
and Ci and in Figuro 9 has
been represented by the
"lumped" capacity Ct in
parallel with RL.

Cw

‘.%RL
e
>.

C

-

Rg

In addition to distributed
B+
capacity one must also consider the effect of the
plate load resistor of V1
FIGURE 11.
and the grid leak resistor
of V2.
The frequencyvoltage characteristic of a resistance capacity coupled amplifier is not determined
by any of these factors alone but by a combination of all three.
At middle and high frequencies the ultimate load presented to the plate of the
first valve, and thus the gain of the amplifier, will be equal to RL and Rg (Fig.12)
in parallel.
At low frequencies we can no longer afford to neglect the reactance
of the coupling condenser C (Fig. 12), which is in series with Rg.
The grid of the
valva is connected to the junction point of C and Rg, consequently as the reactinc:
of C increases, at low frequencies, the voltage supplied to the grid of V2 will be
reduced.
At extremely high frequencies the gain of the amplifier is limited not merely by thc
resistive combination of R1 and Rg but by the impedance of the paral=e1 combination
of R1, Rg and the circuits stray capacities.
The inter-electrode capacities of a triode tube are indicated in Figure 12, where
Cgk is the capacity between grid and cathode, Cgp is that between grid and plate,
and Cpk that between plate and cathode.
Tne latter represents the "output" capacity shown in Figure 11.
The input capacity shown in Figure 11 is not simply the grid cathode capacity, as
might be expected.
The inter-electrode capacities referred to are characteristics
of the tube itself, depending only upon the electrode sizes and spacings.
The
input capacity, which is measured under actual operating conditions between grid
and cathode capacity, and varies with the stage gain.
The reason for this is duo
to an important phenomenon, known as the "Miller Effect".
T.FM & F.
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THE MILLER EFFECT.
Consider first the input capacity of a tube when the tube is not operating, e.g.
when there is no load resistor in the plate circuit as represented by the broken
line short circuiting the plate load resistor in Figure 13a.
If an alternating
voltage is applied between grid and cathode as at (a) in Figure 12 an alternating
current will flow between the input terminals, its value depending upon the total
effective capacity between these terminals.
One capacity which contributes to this
current flow is the grid-cathode capacity (Cgk).
But since a capacity exists
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--Cathode

(a)
Triode not Amplifying

1

`NPla -Ée

(b)
Equivalent Input Circuit
FIGURE 12.

between grid and plate (Cgp), and since the plate is connected back to the cathode
by way of the B+- by-pass condenser (Figure 12 (a)), the input voltage will cause
an additional A.C. flow via this plate circuit path.
Now the total input alternating
current is the sum of these two branch currents which pass through Cgk and Cgp respectively.
In other words Cgk and Cgp must be regarded as in narallel with one
another as far as the input signal voltage is concerned.
Hence, in the case of
zero amplification or gain, the total input capacity (Ci) is the sum of Cgk and
Cgp, i.. Ci = Cgk
Cgp.
Nrw suppose a load resistor is inserted in the plate circuit and the stage gain is,
say, 20.
(Fig. 13).
Further, suppose that the input voltage has a peak value of
1V. This latter voltage is applied directly across Cgk, and an A.C. flows through
this capacity and has a value depending upon the size of Cgk.
In addition, there
still exists, between the input terminals, the path via the grid-plate capacity.
Now the A.C., due to input voltage, flowing through Cgp will be much greater than
what it was in the non amplifying state, due to the fact that the A.C. voltage
acting across Cgp is much greater than the 1V input voltage.
The reason is as fqllows:
Since gain is 20 times, the A.C. voltage, measured
between plate and cathode will be 20V. (peak).
The peak value of the A.C. voltage
between plate and grid will be the 1V (peak) between grid and cathode, plus the
20V (peak) between plate and cathode -- a total A.C. voltage of 21V (peak).
These
voltages are added because when, for example the grid voltage is at its negative
peak of
the plate A.C. voltage will have gone 20V positive (remember grid
T.FM & F.5 - 12.

Voltage
across Cgk
= 1V
IV
,

Equivalent Capaei .
f
equal to 21 X Cgp,

Voltage
across Cgp
= 21V
el
=1V

ei
=1V

Total C = Cgk + 21 Cgp.
Amplifying Stage.
(a)

Gain = 20.

Inpui
Equivalent of

Equivalent of ij2j_.

la).

(c)

FIGURE _13.(b)
and plate A.G. voltages out of phase).
between grid and plate will be 21V.

Hence,

at this instant,

the peak voltage

Now this 21V A.C. acts across Cgp (See (h) Fig. 13) an alternating current to
flow through this capacity 21 times as great as was the case when no amplification
was occuring (see Fig 13 (b)).
As far as the input signal is concerned the net
result is the same as though we connected a simple condenser, of capacity equal to
Cgk, in parallel with another condenser whose value is 21 times as great as Cgp.
This is shown at (e) in Figure 13.
The total input capacity is thus equal to grid-cathode capacity plus 21 times gridplate capacity, i.e.

or

Ci = Cgk + 21 Cgp.
Ci = Cgk + (20 + 1)

Cgp.

Now since 20 here represents the stage gain we may write:
Ci = Cgk + (G + 1 ) Cgp.
As an illustration, take the case of the 6B6-G (75)
Cgp = 1.7 mmfd and stage gain (G)
60.
Ci = 2.7 + (60 + 1) X 1.3
. 2.7 + 61 X(1...3
= 83
mmfd. approx.

tube, with Cgk = 2.7 m.m.fd,

mmfd.
mmfd.

It will be observed that in a case like this the grid-plate capacity causes far
more trouble than does that existing between the grid and cathode itself.
The electrical effect whereby the input capacity of a tube is greatly increased as
a result of the presence of capacity between grid and plate, is known as the
"Miller Effect".
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For practical purposes the best way of visualising the action is that an extra
capacity is "reflected" into the grid circuit from the plate circuit.
Note that
the amount of this reflected capacity depends directly upon the stage gain obtained.
From the foregoing it will be realised that the Miller Effect is an important
factor in adding to the total stray capacities which shunt the load resistor, and
cause a deterioration in gain towards the high frequency end of the video range.
The Miller Effect is not nearly so serious in the case of pentode valves as it is
in triodes.
The àcreen grid of a pentode shields the grid from the plate, and
thereby reduces the grid-plate capacity almost to zero.
For example in the case
of the pentode 6AC7 the Cgp = 0.015 mmfd compared with 1.3 mmfd for the triode 6136.
If both tubes are producing a stage gain of, say, 20, the "Miller Effect" capacity
for the pentode is only (20 + 1) X .015 = 21 X .015 = 0.315 mmfd. compared with
(20 +
X 1.3 = 21 X 1.3 = 27.3 mmfd. for the triode.
It must be remembered that with a pentode valve the "Miller Effect" and grid-plate
capacity are not the sole factors influencing the high frequency response of an
amplifier.
We have also to consider the effect of its grid-cathode capacity and
grid-screen capacity on the gain at high frequencies of the proceeding
These capacities would add to those due to "Miller Effect" and Cgp thus reducing
slightly the advantage which the pentode holds over the triode in the matter of
improved high frequency response.
INCREASING THE HIGH FREQUENCY RESPONSE.
Referring back to Figure 8 it will be realised that the frequency point at which
the gain of the amplifier commences to fall must be very greatly extended, if the
video range of 25 c/sec -- 2 or 4.5 mcbec is to be adequately covered.
This may be partially achieved by the following methods:(a) Reducing to a minimum the stray capacities across the load of the stage
concerned.
(h) Reducing the value of the load

resistor.

With reference to (a) above, wiring capacities may be kept down by careful design.
Long plate and grid leads should be avoided, particularly if they run close and
parallel to a metal chassis.
The wire should be as thin as:possible, consistent
with mechanical rigidity.
Tubes specially designed for video amplification usually
have the grid connected to a base pin instead of a metal cap.
This avoids the
necessity for using.a long lead passing through the chassis from the plate of one
tube to the grid of the next.
Secondly a tube should be chosen having a low output capacity.
Video tubes are
specially designed having this characteristic.
The miniature "acorn" tubes are
especially valuable in this respect.
Thirdly the input capacity of the following tube should he kept as small as possible.
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This generally involves the use of a following pentode on account of the very
small plate-grid capacity of this type of tube, as explained above.
In this way
the Miller Effect is minimised.
The Miller Effect may be further reduced by
reducing the gain of the following stage.
Another expedient which has the effect
of decreasing the input capacity is the use of negative feed-back (degeneration).
This feed-bhck is sometimes achieved simply by omitting the by-pass condenser
across the cathode bias resistor.
Concerning (b), above, the size of the load resistor in the plate circuit has a
very important bearing on the highest frequency which can be handled without loss
of gain.
Earlier in the lesson it was pointed out that with a pentode value the gain falls
to .707 of its normal value at that frequency which gives a reactance of the stray
capacities equal to the load resistance.
If thel.ond resistance is reduced to one-

Gain per Stage

half, the reactance of the stray capacities will also have to be reduced to one half before the gain in the new case falls to .707 of its value at middle frequencie
56 or
----- 56
or 6P5G
This means that the signal
frequency will be doubledP5G
C
(since reactance .
é
fc
t
ohms) before the response
,/
curve shows any serious
RL
drop.
This, of course, is
I
i_
f
assuming that the stray
B—
capacities remain equal in
16
the two cases.
Thus halv14
ing the load resistance
12
will approximately double
10
the high frequency range
8
of the amplifier, and so
6
on. Figure 14. shows the
4 l_fijejtjtï
_
effect of various values
e
of load resistor upon high
2
frequency response.
Of
0
7 --111iic
103Ï
1Kc
16Kc
course, reducing the load
Frequency
resistor will reduce the
normal gain of the amplifFIGURE 14.
ier for all frequencies.
GAZN-FREOUENCY RESPONSE CURVE OF A R-C COUPTED
AMPLIFIER SHOWING EFFECT OF EXTENDING RANGE AT
This is the price we pay for
the wide-band amplification
THE EXPENSE OF GAIN.
obtained.
When studying the
curves of Figure 14 it should be remembered that a logarithmic scale is used for
frequency, and that the improvement in high frequency response obtained by reducing
For
RL is much greater than a casual glance at the diagram would seem to indicate.
example when using a 50,000 ohm resistor the upper frequenc
limit of the amplifier
is about 80 Kc/sec.
Velen the load resistor is reduced to
of this value, viz
50
1,000 ohms the frequency response will be flat up to 2,000 Kc/sec. (2 me/sec.).
An even greater relative improvement would be obtained if a pentode tube were
used.
In the case of pentodes it may be taken as n rule that the upper frequency
limit increases proportionately to the reduction in plate load resistor.
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Referring again to Figure 14, we see that the amplifier will nearly cover our
reqnired video frecuency range by reducing RL to 1,000 ohms.
But when this is
done the amplification is reduced to nearly one.
This, of course is no good, since
it would mean that all signals would appear at the output of the amplifier with no
greater amplitude than they possessed at the input.
In practice we would require
a load resistor at least 5 or 10 times 1,000 ohms.
Since we desire to use a load resistor of the smallest possible value, and yet
still retain some appreciable amplification, the solution of this problem is to
choose a tube having a very high value of mutual conductance (Gm).
Formula (2)
given above for stage gain shows that loss of gain experienced by reducing RL may
be offset by increasing Gm.
Since Gm may be defined as
Gm

=

Change in Plate Current
Change in Grid Voltage

a high Gm will mean that a given signal voltage on the grid will produce large
changes in plate current;
and these will be capable of developing large signal
voltage changes across the (comparatively) sMall plate load resistor.
Now a high
Gm will involve a comparatively heavy d.c. plate current.
We find therefore that
a tube specially designed as a video voltage amplifier, with large Gm, carries a
very much larger plate current than does a tube used for audio voltage amplification.
In this respect a video voltage amplifier tube is more closely similar to a power
amplifier for audio work.
For example the 6AC7 pentode (designed as a video voltage
amplifier, as well as an I.F. amplifier) has a Gm of 9,00M1A/V and carries a normal
plate current of 10 m.a. - Compare this with the audio voltage amplifier 6J7, having
a Gm of 625 UOV. when its plate current is 0.56 m.a.
From the foregoing it will be noted that the most important characteristics of a
tube as a video amplifier are a higher value of mutual conductance and low values
of inter-electrode capacities.
The amplification factors alone are no criteria
whatever of different tubes' relative merits as video amplifiers; for a large value
of amplification factor might (and often does) mean a large value of plate resistance, with comparatively low values of plate current and mutual conductance.
Since
tubes designed as output power amplifier for audio work usually have high values
of Gm, they are sometimes used for voltage amplification of video signals.
For
example the beam power tetrode 6v6 having a Gm of 4,100
/Volt makes quite a good
voltage video amplifier if the video range is not too wide.
Since large values of Gm mean close spacing of the grid wires and close spacing
between grid and cathode within the tube, it is unfortunate that this results in an
increase bf inter-electrode capacities.
It requires very careful design in order
to obtain large Gm's and low values of these capacities.
The term "Figure of Merit"
is sometimes used to denote the efficiency of a tube as a video amplifier.
Figure of Merit =

Mutual Conductance
Total Electrode Capacities

This figure should be as high as possible.
HIGH FREOUENCY COMPENSATION.
We have seen that it is impossible even when using specially designed tubes,
T.FM & F.5 - 16.

to

extend the frequency range of an ordinary resistance-capacity coupled amplifier
to that required in television.
The problem is solved in practice by "boosting'
the higher frequencies, where the amplifier gain begins to fall off due to the
shunting effect on the load resistor by stray capacities.
This process is known
as high frequency compensation.
This compensation is achieved by connecting a small inductance, or two inductances,
in the plate circuit of the tube.
The principle of the various schemes depends
upon two important facts, viz-(1)

The impedance of a parallel tuned circuit rises as the resonant
frequency of the circuit is approached, and is a maximum at the
resonant frequency.

(2)

The voltage developed across either L or C in a series tuned circuit
increases as the resonant frequency is approached, and is a maximum
at the resonant frequency.

In Figure 15 is shown at (a) a parallel tuned circuit, consisting of L and C,
across which an alternating voltage of variable frequency is applied.
As the
frequency of the voltage is varied, the impedance of the circuit varies, and is
a maximum at the resonant frequency of L and C.
This is shown by the graph at
(3), where fr is the resonant frequency.
At (a) in Figure 16 is
shown a series tuned
circuit, consisting of an
inductance L and capacity
C in series.
A variable
frequency voltage is applied across this circuit.
Here the current through
the circuit increases as
vani
the resonant frequency is
f.
approached, and becomes a
maximum at resonance.
When
the current through C (or L)
is a maximum the voltage
(A.C.) developed across C
(or L) will also be a maximum.
o
J) I

,C

L _

FREQUENCY
(a)

PARALLEL TUNED CIRCUIT.

(b)

FIGURE 15.
The manner in which the voltage across C increases
to a maximum as the resonant
frequency is approached is
shown at (h) Figure 16.

0

"SHUNT PEAKING" COMPENSATION.
V rid151e
T

0

,

I

H
•

o 1

'tfr

Frequency
(a)

(b)
SERIES TUNED CIRCUIT.
FIGURE 16.

Figure 17 shows how a small
"peaking" inductance coil
may be inserted in series wit
the load resistor to compensate for the effect of stray
capacities at high frequencie,
T.FM & F.
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The condenser CT dotted in represents the total stray capacities.
Inductance L and capacity CT form a parallel tuned circuit with the resistance RL
in one branch as shown at (h) in Figure 17.
Remember that the B+ end of L is
connected to ground, i.e. to the lower side of CT, by means of the high tension
by-pass (or filter) condenser C, as shown at (a).
In Figure 17(b) this condenser
is omitted since its reactance is negligible at all signal frequencies, and it
therefore acts as a short-circuit.
The value of L is chosen so that the
resonant frequency of the parallel
circuit lies a little above the
RL highest frequency it is desired to
amplify.
As this frequency is
2
r
approached the impedance of the parCT
r
allel circuit tends to rise, as
CT
L
explained above.
Since this circuit
now forms the effective load in the
plate circuit, the effect described
compensates for the loss of gain
Effective' Load
which otherwise would occur due to
CT shunting RL.
(a)
(b)
SHUNT PEAKING COMPENSATION
FIGURE 17.
The effect of the compensation is
shown in Figure 18.
Here, with no compensation the gain is shown as dropping off
at about zoopoo c/sec.
The compensation
has maintained the gain curve "flat" up
1
to a frequency of 1,000,000 C/sec (1mc/
Comipensated
sec).
Note that the gain actually rises
1

RL1

-I
I--

c_7

1

Uncopensat d
CT

< RL

S.

-1-

loo

‘`,)

lboo

lo,000 lea) 4 00000
lo,boo,c

< RL

FIGURE 18
slightly after this as the resonant frequency of L and CT is reached.

(a)

(h)
Figure 19 shows a slightly different arrangFIGURE 19,
ornent of "shunt peaking" compensation, where
the "peaking" coil L is placed between the tube's plate and the load resistor.
The effective plate load is shown at (b), and is seen to be electrically equivalent to that of the first arrangement.
It should be remembered that the peaking coil is a very small inductance, and
its effect is entirely negligible in the circuit, until the very high frequencies
are reached.
Tho same, of course applies to the stray capacities Cs.
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SERIES PEAKING COMPENSATION.
Here (Figure 20) the peaking coil is placed in the lend to the grid of the next
valve. Note that L separates the output capacity (Co) of the first tube from
the input capacity (Ci) of the next tube.
L and Ci form n series tuned circuit
which resonates at a frequency just outside the desired video range.
In deriving
the "equivalent" circuit, shown nt (h) the coupling condenser has boon omitted,
since nthigh signal frequencies it is, in effect, a short circuit.
Note that the
output .voltage to be applied between grid and
cathode of the next stage is taken
from across Ci, see (h) Figure 20.
As explained above, as the resen,J
ant frequency of the series cir71
Cc
/
cuit L and Ci is approached, an
:-.\1_9 V
_J
G
,-.-_-)1,
.\(:)
(____-_- \
increased voltage is obtained
Co
:
-i
,'›across Ci. This compensates for
\\,(---\ ) :1-.7n.
RL
1
!
1_L/i ' the loss of gain due to the shunt—
ing effect of Co upon RL.
Ç -3_,.
;"
--,
...L.. 1
7(a)

-

(h)
FIGURE 20.

This series peaking has the advantage that it divides the total
stray capacities into two parts,
shown as Co and Ci.
It will pro-

vide a flat response to a much higher frequency than can be attained with shunt
peaking.
COMBINATIONS OF SHUNT AND SERIES PEAKING.
A very effective arrangement is shown in Figure 21.
Compare this circuit with
that of Figure 19, and note the difference.
Here the output to the grid of the
next tube ib taken from the lower (B+) -nd of L.
The equivalent plate load is shown •.
at (h) Figure 21.
Note that as in
series peaking the inductance separates the output capacity of the tube

I

--- L
r
...3

ff

>G

L/

(Co) from the input capacity of the
RL
.
R
<
.
next tube (Ci).
This capacity Ci
T Ci
i
-k
is in series with Le thus tending
to produce a voltage step-up to
off-set any loss of gain due to
(a)
(h)
the shunting effect of Co.
The
FIGURE
21.
latter shunting effect, in addition
is minimised as a result of Co forming a parallel tuned circuit- with the combination of L and Ci.
Thus the characteristics of series and parallel pnnking are
-

combined in this circuit.
By making use of two inductances, a direct combination of shunt (parallel) peaking (Figure 22) and series peaking (Figure 20) may be obtained, as shown in
Figure 22.
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COMPARISON OF SHUNT,SERIESAND SHUNT -SERTES COMPENSATION.
It is found that the characteristics of series compensation are such that, for the
same high frequency response, a larger load resistor may be used than for shunt
compensation.
This of course means a higher stage gain.
If, series-shunt is used
L sor.
a still higher load may be inserted,
Hence the
r
shunt-series combination is the best method from
the point of view of gain for a given frequency
response, or of frequency response for a given
gain.
In the following table the relatpo gains
for the three methods, covering the same frequency

Cc
‹›-

I

RL

›.G

range are shown.
Tyne

Leh,
‹

Gain

Uncompensated
-Shutt
Series
Shunt-Series (Fig. 22)

1

.707
1.0
1.5
1.8

FIGURE 22.

LOSS OF GAIN AT VERY LOW FREQUENCIES.
Referring back to the frequency-responso
curve (Figure 6) of an uncompensated amplifier, we have seen that below a certain
frequency the amplifier gain falls off, slowly at first, then rapidly.
The reasons
for this effect are:(1)
(2)
(3)

Reactance of coupling condenser Cc increasing and becoming appreciable
to very low frequencies.
Inefficient by-passing of cathode bias resistor by by-pass condenser
at low frequencies.
Inefficient by-passing of screen dropping resistor by screen b7 -p a s
condenser at low frequencies (in the case of screen-grid tubes)

e

e
,

1

R2

e2

(c)
At (a)

FIGURE 23
in Figure 23 the signal voltage developed by the stage is applied between

the points A and B- (ground across the combination of the coupling condenser (Cc)
and grid resistor Rg.
These form. an A.C. voltage divider and only that fraction
of the total voltage which is developed across Rg is applied between grid and cathode of the next tube.
This idea is illustrated diagramatically at (h) Figure 23.
A simple resistance voltage divider is shown, for comparative purposes at (c).
At all but the very low frognPnnien the reactance of Cc is neglià-Fhly cmnli c,mpul.cA
viih Ug. nnfl preA0F.innlly nll the klignnl
Rg.
At very low
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frequencies, however, the reactance (measured in ohms) might become large.
When
this occurs the total voltage divides between Cc and Rg, as in the divider shown
at (c).
Now, only that A.C. voltage developed across Rg
is utilised as the output
of the stage.
That appearing across Cc is lost.
As the frequency falls further,
the reactance of Cc is further increased, and the output voltage across Rg, and on
the grid of the next valve, suffers a further reduction.
In this way the loss in
gain becomes more and more serious as the frequency of the signal is lowered.
At
the frequency at which the reactance of Cc equals Rg only ,707 of the voltage
applied between A & B will reach the grid of the following tube.
Concerning the effect of the cathode by-pass condenser, refer to Figure 24(a).
The
purpose of the by-pass condenser Ck is to provide a low impedance (low reactance)
path for the A.C. signal component of the plate current,
in order that the cathode
potential might remain at a steady positive value with respect to ground. (i.e.
so that the grid bias might remain steady).
At all except the very low frequencies, the reactance of Ck is very small, and this
purpose is realised. At some very low frequency, however, the reactance of Ck is
no longer negligible, and. the A.C. component of plate current is forded to flow
through the impedance of Rk and Ck in parallel.
In other words Rk is not completely
by-passed.
An un-by-passed cathode resistor is shown at (h) Figure 24.
The
result will be that the cathode potential will rise and fall with the plate current
variations due to the signal.
When the grid goo., positive, plate current rises,
cathode also goes more positive.
When the grid goes negative, plate current falls,
and cathode potential also falls (i.e. loss positive or more negative).
The effect
of these cathode potential variations is thus partially to cancel the A.C. signal
voltage applied between grid and cathode.
This means a weaker signal, or a loss cf
gain.
NeI A.C. voltage
between grid& cathode
;

Csg
Voltage

Rg

j
-

.

A.C.
Voltage on
Cathode

Rk.e;
- irCk

(a)

+

(b)

(c)
FIGURE 24.

The A.G. voltages on grid and cathode (measured in respect to ground) and the net
P.D. between grid and cathode, are shown at (c) Figure 24.
Note that this P.D. is
always the difference between grid and cathode potentials.
The by-passing action of the screen by-pass condenser (CSG) shown at (a) in Fig. 24
is similar to that of CK.
Its purpose is to maintain the screen grid at a steady
D.C. potential.

At lcw frequencies,

when the reactance of CSG becomes large, the
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by-passing action becomes ineffective, and the screen's potential rises and falls
in a similar manner to that of the plate.
The screen-grid tube then operates in
a similar manner to a triode, with a consequent loss of gain.
MINIMISING LOSS OF GAIN AT VERY LOW FREQUENCIES.
The low frequency loss of gain due to the coupling condenser Cc may be minimised by

(11)

Increasing value of grid leak Rg.
Increasing the capacity of coupling condenser Cc.

Bearing in mind the voltage-divider action of the grid circuit as shown at (h)
in Figure 23 it will be seen that, in order to obtain the maximum value of output
voltage across Rg, the resistance of Rg should be as largo as possible and the
reactance of Cc as small as possible.
The reactance of Cc can only be reduced, for
a given frequency, by increasing the condensbr's capacitv.
Thus for a good low
frequency response we require a large grid-leak and a large coupling capacity.
The
product Cc X Rg will therefore be a measure of the low-frequency response of the
coupling circuit.
This product is sometimes called the circuit's "Time-Constant"
for a reason which will become apparent in later lessons.
There is a limit to the value of the grid leak for any particular type of tube.
For most tubes this limit is 1 megohm or less.
The question then arises, is there
any limit to the value of the coupling condenser we might use?
In practice, we
are limited here too, for two reasons.
In the first place, larger condensers
usually have a greater leakage across the plates.
If the coupling condenser is
made too large the effect of any leakage will be to cause an incorrect value of
grid bias, due to a leakage from the plate (at high potential) of the previous
tube.
This will produce a distortion of the signal causing a distorted image on
a television screen.
Again, a large capacity condenser is bulky in size, and will
therefore add to the stray capacities to ground, causing a loss of gain at highfrequencies.
The poor response at low frequencies may also be improved by using cathode and
screen by-pass condensers of the maximum practical capacities.
A point to remember
here is that the smaller the resistor being by-passed the greater must be the
capacity of the by-pass condenser.
Sometimes we find the cathode by-pass condenser
omitted entirely.
The result, of course, will be a reduction of gain e but this
occurs at all frequencies, and the flatness of the frequency-response curve will be
improved.
LOW FREQUENCY COMPENSATION.
Even though the precautions dealt with above are carried to the limit, we find
that the low frequency response is not good enough.
This is particularly the
case when a number of video stages are used in cascade.
Under these conditions
any "drooping" of the response curve at low (or high) frequencies will be magnified
by the number of stages used.
Low frequency compensation is achieved as shown in Figure 25.
T.FM & F. 5- 22.

An extra resistor RF is placed in series
with the normal load resistor RL.
RF is
1
shunted by a condenser CF.
The capacity
of the latter resistor is such that, at
all but the very lowest of frequencies CF
j
RL
effectively by-passes RF, and the load in
the plate circuit Is simply RL.
At very
1\
--//
low frequencies hdever, when the gain
/
commences to fall off due to the causes
/
/
/
previously discusnd, the reactance of CF
/
RF
, -(
rises and forces part of the A.C. component of plate current through RF.
In this.
B+
way the total impedance in the plate circuit
increases as the frequency becomes lower.
Remembering that the gain depends upon the
load in the plate circuit it will be seen
FIGURE 25
that the amplification will be boosted where
it tends to fall off due to other causes.
By careful design of the amplifier,
choosing correct values of RF and CF in relation to RL, Ck, Rk, CSF and Rsg, the
response curve may be maintained flat down to a few cycles/sec.
PHASE DISTORTION.
Lack of phase distortion was mentioned earlier in the lesson as a requirement of
a good video amplifier.
When an A.C. voltage is applied across a pure resistance the current remains "in
phase" with the voltage as shown at (a) Figure 26.

OlQ
f

E

ri

c

I

E

(c)

(a)

(d)

FIGURE 26.
When however the circuit contains reactance (either due to an inductance or a
capacity) a difference in phase between voltage (E) and current (I) occurs.
If
the circuit contains "pure" reactance, i.e. either a condenser or an inductance
alone, E and I are out of phase •
rily-41- cycle, as shown at (b) and (c) Figure 26.
This represents a 'phase "differeLce" or phaseZpf 90 ° (1 cycle = 360 ° ).
In the
case of the inductance the current °lags" behind the applied voltage, since, as
T.FM & F. 5 - 23,

the graph at (b) shows, I reaches a peak value
cycle or 90 ° later than E attains
its corresponding peak.
When capacity is in the circuit, as at (0, E and I aro
also 90 ° out of phase, but here I is in advance of E by
cycle or 90 ° . In other
words the current "leads" the voltage.
If the circuit contains a combination of
resistance and reactance (e.g. for a capacity in parallel with a resistance as at
(d)) a phase difference also occurs, but the current and voltage are now less
90° out of phase.
The phase angle in such a case as this depends upon the relative values of reactance and resistance.
Now the reactance of a IgiivenC:aefiCoi,ty
changes with frequency.
Therefore if the frequency of the voltage across the
circuit shown at (d) changes, the phase angle will also change.
Summarising we may say that, if reactance is present in a circuit, a phase displacement of current occurs.
The graphs of Figure 26 show that this phase displacement
represents either a time lag or a time advance in the signal.
In a video amplifier the reactances are negligible at normal frequencies.

At very

high, and very low frequencies the xeifs-26tte
of stray capacities, coupling
condensers etc. become appreciable, and these signals suffer a phase displacement,
or a time lag or advance.
This will result in the picture elements, corresponding
to these frequencies, being reproduced a little later or early (usually the former)
on the screen.
Such a displacement will obviously result in serious distortion
of the image.
Both the high-frequency and low-frequency compensation circuits described tend
to correct these phase displacements, as well as the amplifier gain.
A good
video amplifier may therefore be designed to yield uniform gain, without serious
phase distortion, over a wide frequency range.
THE CATHODE FOLLOWER.
This is an "amplifier" in which the load resistor is placedentiroly in the cathode
lead, i.e. in the lead from B- to cathode.
The tube's plate is connected directly
to B+ (or sometimes through a filter circuit to exclude the last traces of 50 or
100 cycle/sec. power voltages or "hum".
The circuit is shown in Figure 27.
The
input voltage Ei is applied between
grid and ground as is normal.
The
r
B+
output voltage, however is that
developed across the cathode resistor Rk.
The tube may be either
a triode or a pentode, providing
Cc

r--•2

high.(
The word "amplifier" was inserted in inverted commas, because
the cathode follower's gain is
always slightly less than 1, i.e.
it produces no real gain at all,
but rather introduces a slight
loss.
What then are its advantages and its uses?
We may state
that the stage has a very high
input impedance and a very low

1
eid
•!

(.

Rg)
/
N
(

(eo (output)
'2Rk= 5,000n)
.?,

!
•B7
:
-

FIGURE 27.
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ouLput imedance,

and proceed to explain the meaning of these terms, and how they

may be turned to our advantage.
OPERATION OF THE CATHODE FOLLOWER.
Referring to Figure 27.
Suppose the input signal voltage (El) applied between
grid and ground is 10V.
This A.C. voltage causes the plate current to vary accordingly, and develops a varying (A.G.) P.D. across Rk.
The result is that the cathoL
potential will rise and fall (at signal frequency) in respect to ground.
For
example when the grid goes 10V positive (with respect to ground), plate current
will increase, developing a larger voltage across Rk, i.e. cathode potential will
also rise.
Suppose the increased voltage across Rk is 9.8V +.
Although the grid
potential has increased by 10V with respect to mpund, the increase in respect
to cathode is only 10V- 9.8V = 0.2V.
On the other hand when the grid goes 10V
negative with respect to ground, plate current will fall, the voltage drop across
Rk will decrease by 9.8V, and the cathode will go 9.8V less positive (i.e. more
negative).
Once again the grid-cathode potential has changed by only .2V.
Notice that the cathode potential follows that of the grid, and nearly, but not
quite, completely cancels the signal voltage.
Only a small fraction of the latter,
i.e.

10

= -1-, is effective in driving the tube.
50 "

Difference between
(a) & (h)
Grid-Ground Voltage.
'

The grid,

(a)

cathode,

Cathode-Ground Voltage
(b)
FIGURE ?8.

Grid-Cathode Voltage.
(c)

and grid-cathode voltages are shown in Figure 28.

The first important point to notice from this explanation is that the gain of the
stage must always be less than one.
The output voltage (Eo) is that taken across
Rk (i.e. it is the cathode A.C. voltage shown at (h) Figure 28) and this is 98V e
compared with an input of 10V.
The cathode, and output voltages cannot equal or
exceed the input voltage, because if it did the latter would be completely cancelled, and the tube would not operate at all.
In the case given the stage gain is
9.8 = .98.
10
Secondly notice that the effective A.C. voltage operating across the tubes grid'
cathode capacity (Cgk)

is only .2V,

i.e.-1- of the total input voltage.
This will
50
mean that the A.C. current through Cgk will be only 53
(y - of the value it would normally be.
The result is that the reactance of Cgk mpears
to be increased by 50
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1
times,
of its normal
or in other
value.words
This
theis effective
what we mean
electrical
when we value
say the
of Cgk
inputis impedance
reduced to
of the
cathode follower is very high.
It is obvious that the shunting effect on the
previous amplifier stage, at high frequencies, will be greatly reduced, with an
improved high frequency response.
OUTPUT IMPEDANCE OF THE CATHODE FOLLOWER.
With regard to the term "output impedance" of n device, we mean here the resistance
or impedance across which the output voltage is developed.
For example in an
ordinary pentode amplifier with a plate load of 5,000 ohms, the output impedance
is 5,000 ohms.
7e have previously seen that the s
*hunting effect of given stray
capacities on the amplifier gain is less if the load resistor (output impedance)
is reduced.
In the circuit of Figure 27 the load resistor (Rk) of the cathode follower was
shown as 5,000 ohms,
Due to the electrical action of the circuit, however, the
output impedance is very much less than this.
This may be seen in a general way
as follows.
Suppose Rk (Fig. 27) is reduced to 2,000 ohms, i.e.
.
The output
2
5
voltage will not fall to --- of its former value, because any reduction in output

5

voltage (i.e. cathode voltage) releases a greater amount of the total input voltage
to drive the tube.
For example the result might be that the output voltage falls
only to, say, 9.5V.
If this occurs the A.C. voltage acting between grid and cathode will increase to .5V (10V- 9.5V), as against .2V before.
Thus, a small reduction in output (cathode) voltage - from 9.8V to 9.5V- will increase the active
grid-cathode voltage bY

5 times.

2
the voltage curves of Figure 28.
will correspondingly increase,

This may be seen clearly by referring back to
The result will be that the AC. plate current

i.e. by

times.

This increase in A.C. component

of plate current, flowing through the cathode load resistor (Rk), will easily offset the reduction of this resistor from 5,000 to 2,000 ohms, as far as the stagets
output voltage is concerned.
Actually in the case taken, the output voltage would
not quite be reduced to 9.5V.
Thus we see a reduction of load impedance of 80%
(5,000 ohms to 2,5000 ohms) causes a reduction in gain of less than 0.3V in 9.8V,
i.e. a reduction of about

3% only.

Now as previously explained the effect of stray shunting capacities is to reduce
the effective load impedance of a stage.
Since, as we have seen, the output
voltage of a cathode follower is practically independent of the value of this load
impedance it will be appreciated that this type of circuit will show up to advantage when it has to feed into a circuit which introduces large values of stray
capacities.
It may be shown mathematically that the output impedance of a cathode follower
equal to

is

-1- ohms, where Gm is the mutual conductance of the tube.
For example s
Gm
in the case of the 6AC7 tube, with a Gm of approxp-9,000pAbolt, (i.e. -SL o A/Volt)
1 65
-=
l
erox)
-Gm
9/
1-L222
110
ohms
(apa
the output impedance will be
is000
9
An extremely low value, when we say the cutput impedance is 110 ohms we mean that
the electrical action of the circuit is such that the output voltage appears
T.FM & F. -7- - 7F.

as though it were developed across only 110 ohms, instead of the actual 5,000
ohms used in the circuit.
This idea is illustrated in Yiguro
where Re
equals the output impedance
1 = 110 ohms as calculated.
Gm—
SUMMARY OF CHARACTERISTICS OF CATHODE FOLLOWER
29,

(1)

Stage gain less than unity.

(2)

Output Impedance very low (=-1.- ohms.
Gm approx.)

(3)

Input impedance very high.

(4)

Output voltage in rhase,with input
voltage (see Figure 28).

USES OF CATHODE FOLLOWER.
A cathode follower is sometimes
used between successive amplifying
stages to reduce the shunting effect
of the input capacity of one tube on
the load resistor of the previous
Ro = 110

stage.tee
`-/Rk= 5,000
)

eo

In Figure 30 V1 and V3 are ordinary
pentode amplifying stages, incorporActual output circuit of
ating low- and high- frequency compenCnthoje
2•
2,
_• 77—
•- ,
• kOlrusation. V2 is a cathode follower,
rfIGURE
29.

E__quivalent ou:
Circuit,

(11)._

acting as a type of trouffer" between
V1 and V2.
The shunting
at high frequencies, upon the load of V1 is greatly
reduced on account of the
very high input impedance of V2.
Also the input
Cathode
Follower
.\1

V1

!

V3

V2

!---

-I
—

...1.

L3U...ri
I

<
t

)

RF

CF

i

i ___ , --,1
) ...- ----i ! .
..:L
1 1
.,
1Iii
1 I

FIGURE 30.
capacity of V3 is unimportant, since it is across the low output impedance of the
cathode follower V2, upon which it has, as we have seen, very little effect.
In
this way the overall high frequency response of the amplifier is greatly improved.
Another typical use of the cathode follower is as an output stage when the amplifier has to feed into a low impedance cable, as shown in Figure 31.
Here the
cathode follower V2 acts as an impedance matching device between the amplifier V1
(of high output impedance) and the cable whose impedance may be very low.
The
T.FM & F. 5 - 27.
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purpose here may be compared with that of the output speaker transformer in a
sound receiver, where it is necessary to match the high output impecRece of the
speaker's voice coil.

•

THE ELECTRON MULTIPLIER.
In this lesson we
have discussed the
problems of video
amplification, and
how the ordinary
resistance-capacity
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them. In the future
it seems very probFIGURE 31.
able that the electron-multiplier, discussed in relation to electron cameras,
might find general application for video amplification purposes.
The electron
multiplier has the virtue that it can yield considerable amplification, without
the introduction of appreciable masking (noise) voltages, over a very wide range
of frequencies.
In the meantime, however, the thermionic tube can, as we have
seen, perform the task of amplifying our picture signals very well indeed, even
if the stage gain is low compared with that which can be achieved from the same
tube as an audio frequency amplifier.
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TESSON NO. .2.

EXAMINATION QUESTIONS.

(1)

State approximately the rango of video frequencies which will be present
in a television system operating with 400 lines at 25 pictures per second.

(2)

What will be the effect on the reproduced picture if the video amplifiers
have an inadequate high frequency response?

(3)

Why does the gain of an amplifier with resistance-capacity coupling fall
off when the frequency of the signal becomes high?

(4)

State three methods of improving the high-frequency response of a r-c.
amplifier (without applying high-frequency compensation).

(5)

What is meant by high frequency compensation?
Draw simple circuit diagrams
illustraing three methods of high-frequency compensation.
Name the method
illustrated in each case.

(6)

State three different ways in which the low-frequency response of a pentode
amplifier with cathode bias may be improved.

(7)

Draw a simple circuit diagram illustraing an amplifier incorporating lowfrequency compensation. Explain very briefly how the low-frequency "boosting"
is brought about.

(8)

What are the three most desirable features to look for in choosing a tube
for video amplification?

(9)

Draw a circuit diagram of a cathode-follower stage,
input and output terminals.

showing clearly the

(10) State the approximate gain figure for a typical cathode-follower stage.
What is the main characteristic and use of such a stage?
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T.FM & F. LESSON NO

6.

TRANSMISSION OF TELEVISION SIGNALS
If one is interested purely in the reception side of telephonic communication
a study of details and techniques of transmission can be largely dispeted with.
A knowledge of the general principles involved, and in particular a clear picture
of the nature of the final product of the transmitter, viz: the modulated Wave
will usually suffice.
In the case of television, however, this does not apply.
A
television transmitter has a much more exacting job to do than that of the ordinary
broadcast sound transmitter.
The former must produce and avadiato a wave carrying
the exceptionally wide range of frequencies involved in the picture signal.
In
addition the transmitted signals must be modulated in such a way that the receiver
can reproduce not only the video frequencies corresponding to the picture details,
but also the average light or shade on the original scene.
Further the signal
must contain the "pulses" which accomplish the complicated and difficult syheronisation of receiver with transmitter.
It should be realised, then, that the design and operation of a television
receiver is very closely bound up with the nature of the particular transmitter
radiating the signal.
It is unfortunate that any radical improvement or re-design
of the transmitter necessitates a re-design or complete scrapping of the receiver.
For example suppose it is decided to improve the picture definition by an increase
in the number of lines.
The old receiver, without undergoing substantial operations,
would be quite useless for receiving the improved signal.
The functions and mode
of operation of many of the receiver circuits are so closely related to the -corresponding techniques in the transmitter that a study of one without the other would
be rather a fruitless undertaking.
The above observations are made lest the student who feels that his interests lie
entirely in the field of reception should underestimate the importance of this
particular lesson.
THE FREQUENCY OF THE VISION CARRIER WAVE.
In the earlier days of television transmissions were carried out on frequencies in
T.F.M. & F.6 - 1.
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the low or medium bands, i.e. on frequencies similar to those with which we are
so familiar in connection with ordinary broadcast work.
With the development of
higher definition pictures, however, it was soon realised that carrier waves lying
within the ultra-high frequency band were an absolute essential.
By the ultrahigh frequency band we mean the region above about 30 megacycles per second and
upwards.
This corresponde to wavelengths of 10 metres and less.
For comparison
purposes it should be remembered that our broadcast transmitters operate on frequencies ranging from 550 Kc/sec to 1.6 megacycles/sec. (the medium-waves).
The
regular short-wave transmissions extend from about 1.6 me/sec up to 23 mc/sec.
The graph of Fig. 1 will show clearly how these various frequencies are related.
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REQUIRED BAND WIDTH OF A TELEVISION SIGNAL.
The question now arises why are these high (comparatively) carrier frequencies
used?
The reasons are several.
In the first place it would be a technical
impossibility to use medium wave frequencies if we are to carry all the "information"
contained in the video signals generated by our modern electron, cameras using
400 or more scanning lines.
In the previous lesson we have seen that with a 40
lines 30 pictures per second system, as at present used in America, the video
frequencies range up to a figure in the vicinity of 3 megacycles/sec.
It is this
frequency, of course, which corresponds to the audio frequency in radio telephony,
and which modulates the outgoing carrier wave.
With regard to the subject of
modulation the followine
important facts should be recalled.
When a carrier signal is amplitude modulated, the amplitude (strength) of the carrier signal is
caused to vary at a rate corresponding to the frequency of the modulating signal.
When a carrier signal of varying amplitude is analysed, it is found that the
effect of modulation is to generate additional signals having frequencies above
and below the carrier frequency.
These additional signals are known as "sideband" frequencies.
Each frequency in the. modulating signal will produce two side
frequencies -- one above and one below the carrier frequency.
The side-frequencies
T.FM & F.-6 - 2.

differ from that of the carrier by an amotint exactly equal to that of the modulating
signal itself.
For example, suppose a carrier of 50 megacycles/sec. is modulated
by a video modulating frequency of 2.5 megacycles per second.
Two side frequencies
52.5 (50
2.5) me/sec. and 47.5 (50-2.5) mc/sec. would be produced.
The other
Clower frequency) modulating video signals would each result in a pair of side-bands
lying within these limits -- 47.5 and 52.5 mc/sec.
Keeping these facts in mind it is seen that for a video signal ranging up to 2.5
mc/sec. a band-width of 5 mc/sec. would be required.
Obviously it would be
theoretically impossible to use a carrier of frequency less than 2.5 mc/sec. for
this would involve lower side-bands extending down to zero frequency.
Practical
considerations require that the carrier frequency be many times -- preferably at
least 10 times -- the band-width involved.
This will mean a carrier in the ultrahigh frequency range.
In England, at the present time a video signal ranging up to 2.5 mc/sec.is used.
This requires a bandwidth of 5 mc/sec. for the vision channel.
The radio frequency
of the carrier wave is 45 me/sec. which corresponds to a wavelength of 6.6 metros.
The accompanying sound is broadcast on a separate carrier of frequency 41.5 mc/sec.
(i.e. 7.2 metres).
The sound channel allows for audio frequency modulation up to
10 Kc/Sec, a band-width of double this figure, i.e. 20 Kc/Sec. being provided.
Figure 2 shows the range of frequencies for the complete vision and sound transmission.
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FIGURE 2.
Note that a gap of .75 mc is allowed below the lowest side-band frequency and the
sound channel.
This is to prevent the vision signals being picked up by the sound
section of the receiver.
A margin of ;25 mc is allowed at the upper frequency end
of the channel to separate it from the next television channel.
The whole television system thus occupies a channel 6 mc/sec wide as shown.
Note that nearly all
of this 6 mc is occupied by the vision signal.
A characteristic of high-definition television broadcasts is the width of the
frequency channel required.
Unless the ultra-high frequencies were used, very
few stations could operate within a region without interference to one another.
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SINGLE SIDE -BAND TRANSMISSION.
In America the N.B.C. makes provision for a video signal ranging, theoretically,
up to 4 me/sec.
This would normally require a vision channel 8 mc, wide, which
is too great,even with a carrier of the order of 40-50 me/sec.
The channel would
form nearly
of the carrier frequency, rendering it difficult to design tuned

5

circuits to accommoda
all the side-band frequencies without distortion, and,
addition, leading to other technical difficulties.
The problem is solved by
utilising "single sideband" transmission.

in

Since each modulating (video) frequency generates a pnir of sideband frequencies
one above and one below the carrier frequency -- it is obvious that the upper sidebands contain exactly the same information as the lower side-bands.
Hence, by
eliminating one set of sidebands the channel width may be halved, and perfectly
good communication obtained.
In America, most of the lower side-band frequencies are eliminated, after modulation,
by means of a band-elimination filter circuit.
The first 1.25 mc. of this sideband is transmitted, because if it were attempted to cut out all of these frequencies the carrier frequency itself would be reduced in strength and distorted.
Since, however, the remaining 3.75 mc. of the lower sideband is not broadcast,
the width of the television channel is reduced by the latter figure.
This type of transmission is sometimes called "vestigial" or "quasi-single-sideband"
transmission.
A typical channel is shown in Figure 3.
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Note that the vision carrier
is displaced towards the lower
end of the television channel.
The total width of the latter
is 6 mc/sec., as before, but
the wave carries video signals
up to 4 me/sec, as against 2.5
me/sec, when using double
sideband transmission.

Frequency - 3
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FIGURE
.
In the case of carrier frequencies at present in use 47.1 Epeland'are :America, viz
Ur50 me/sec, single sideband transmission confers the important advantage of
considerably reducing the width of the channel required.
The system, however,
involves technical difficulties, and with the introduction of higher carrier
frequencies of the order of hundreds of megacycles (as seem certain in time) the
question of band-width will become less important, and the method will probably
be discarded.
CHARACTERISTICS OF ULTRA-HIGH FREQUENCY WAVES.

Radio waves having frequencies above about 30 or 40 me/sec. behave, in many respects,
very differently from those with which we have been acquainted in ordinary sound
transmission on the medium frequencies.
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The chief of these differences are:(1)

They provide little more than "line-of-sight" communication.

(2)

They are practically free of natural "static", although particularly
susceptible to "man-made" static (e.g. automobile ignition interference).

(3)

They are more readily directed in a beam.

This point will be left to the

next lesson.

Considering the line-of-sight characteristic it should be remembered that communication over a distance, say a hundred miles or more, is made possible by the
wave being reflected back to the earth from the ionosphere -- an electrified
layer of particles in the upper atmosphere.
The direct wave is blocked, beyond
a certain range (depending on the height of the transmitting aerial), by the
curvature of the earth.
(See Fig. 4.)
Ultra-high frequency waves are not reflected by the ionosphere, but pass into the
the latter and are either absorbed by it
NOSP
or lost in space.
Communication, with
such frequencies is therefore dependent
entirely upon the direct -- (or ground)
wave.
Referring to Figure 4 the maximum
range of the direct wave would be about
the point D, where the distance TD is, T
in a typical case, about 30 to 60
/
/
The line-of-sight distance depends upon
the height, above the land surface, of
the observer, and also ,the nature of the
FIGURE 4.
country (whether flat or mountainous etc).
It is important, therefore, that a
television transmitter aerial be situated as high as possible above the ground.
In New York the N.B.Cls aerial is atop the Empire State building -- well over
19000 feet above ground, and a coverage of about 60 miles radius is easily obtained.
This limitation of the range of a television signal is due only to the ultra-high
frequency characteristic of the signal -- a characteristic which is required for
other reasons already discussed.
The fact that the signal of one transmitter is
contained entirely within a limited area is in several respects, a decided advantage.
In the first place indirect reception (from a sky or reflected wave) involves
phase distortions, particularly when a wide range of side-band frequencies is
involved.
Phase distortions in the case of amplitude modulated sound reception does
not affect the quality of the signal to any great extent.
The effect of such distortions on a television signal, however, is so serious as to render the reproduction practically useless.
Hence, even if we could use medium waves for television,
with the greater range obtained, the reception at points distant from the transmitter would not be worth while.
Secondly the restricted coverage of the ultra-high frequency wave reduces the
problem of interference between different transmitters situated in different
cities.
The question of such interference is an important one, on account of thc.,
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road channels required by television transmitters, and the consequent scarca
the number of separate channels available.
Transmitters situated perhaps only
100 miles apart, may, in some cases be operated on the same frequency, since the
wave of one would not extend to the region covered by the other.
THE VISION TRANSMITTER.
In tracing the passage of a picture signal from its source -- the original scene -through the television system until it finally reaches the receivcrts reproduction
tube, we shall now take up the story from the point reached in Lesson 4 . It was
explained how the electron camera generated the video signal, how the latter was
amplified, and how the synchronising pulses were inserted.
Figure 19
of the
lesson showed in block form, the main studio equipment.
Now the actual transmitter
may be situated at some distance from the studio, and it will be necessary to discuss how the video signal is transferred from one to the other.
LINKING STUDIO AND TRANSMITTER.
The video signal from the studio is a very complicated affair, weth a frequency
range from 25 c/sec up to several megacycles/ sec.
Ordinary telephone lines or
cables are quite inadequate for transferring such a signal, for the higher frequencies would be lost, and phase distortion would be introduc 6
.d.
The usual link used between studio and transmitter is a special concentric cable
of low loss.
The construction of such a cable is shorn in Figure 5.
A hollow
cylindrical sheath encloses a solid conductor or wire, the two being separated by
insulating material.
The sheath acts as one
conductor, and the central wire as the other,
This type of cable is also sometimes called
a "coaxial" cable.
Insulating Material
The linking cable must be designed to carry,
currents of all frequencies in the video
signal, say from 25 cycles/sec up to 3 or
4 me/sec., without attenuating, or reducing,
one current more than another.
This requires special insulating materials, since
most insulatórs used in ordinary radio
work absorb much more electrical energy
when the frequency is high than they do
at low frequencies.

n-
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Conductor

Outer connecting
sheath

Insulation
Separating
Conductors

FIGURE 5,
An important characteristic of the coaxial cable is that the outer cylindrical
conductor also acts as a shield.
For this reason the video signal is free from
electrical interference from outside sources.
Another use of the concentric or coaxial cable is for linking the television camera
with the studio equipment.
In the previous paragraphs we have been discussing the
task of carrying the complete video signal to a distant transmitter for radiation.
Now we are going back in the system to the original camera signal.
When outdoor
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events are being televised the camera may be some distance from the actual studio.
Providing the distance is not too great a coaxial cable may be used.
Used in this
connection a complete coaxial cable is required for each camera, together with a
number of ordinary wire conductors to operate camera electrode circuits, deflection
circuits etc.
Usually all these conductors are included in the single cable, the
coaxial cable (for the camera video signal) and other wires being separated by
insulating material .
Figure 6 shows a typical cable of such a type.
Note that
two concentric cables, together with auxiliary wire circuits are provided.
Returning to the question of
linking studio with the radiating
transmitter, a system which is
gaining favour, particularly when
considerable distances are involved
is the radio link.
This system
involves the use of a complete low
powered transmitter , at the studio.
The main high powered transmitters,
some distance away are provided with
receivers to pick up the signal
from the studio -- one receiver for
the vision signal and the other for
the sound.
The linking Ifision
transmitter (low powered) is usually
operated on a very high frequency -up to 200 me/sec.
At the main
transmitter this frequency is redFIGURE 6.
uced by means of a converter to a
comparatively low or intermediate frequency of the order of 20-30 me/sec. This,
of course, is still a llcarrierll frequency carrying the video modulation.
The
intermediate frequency is then amplified, and finally the frequency is stepped up
to that of the station's normal channel, usually between 40 and 70 me/sec.
At
this frequency it is radiated at high power.
Note that the transmitters vision
receiver consists only of R.F. and I.F. sections.
No detection or demodulation
is carried out.
Figure 7 shows a typical radio link as used in one of the New York stations, where
the main transmitter is distant 12 miles from the studio.
Note, in addition to
the points discussed in connection with the vision signal, that the sound signal
uses frequency modulation.
The transmitter's receiver which picks up the linking
signal demodulates the wave, thus re-producing the original audio signal.
The
latter is used to modulate the high power wave generated at a frequency adjacent
to that of the vision signal.
GENERATION OF ULTRA-HIGH FREQUENCY CARRIER.
The generation of stable radio frequencies in excess of about 30 me/sec. presents
considerable difficulty.
The reason for this is that, in order to maintain the
constancy of frequency required for the allotted channel, crystal control of the
oscillation is essential.
Now quartz crystals, used for this purpose, cannot be
ground for higher frequencies than 30 me/sec.
T.FM & F.6 - 7.
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The system in more or less general use cbmpris es:. a low-powered oscillator (say

to

5

10 watts) controlled by a crystal grouna for a frequency of about 5 mc/sec.
Remember, in this connection, that the frequency is determined by the thickness
of the crystal, the latter acting as if it were a tuned circuit.
The thicker the
crystal, the lower the frequency, and vice versa.
Although, as stated above,
a crystal may be ground thin enough to produce a frequency as high as 30 mc/soc,
this comparatively low frequency is preferred to obtain the advantages of greater
frequency stability, which the thinner crystal lacks.
FREQUENCY MULTIPLIERS.
Sincd it is desired,
ultra high frequency
the frequency of the
the carrier chosen.

for reasons already discussed, to radiate the signal in the
region of 40 mc/sec or higher, it is necessary to step-up
lower powered oscillator from the 5 mc/sec or so to that of
This frequency multiplication is achieved by special amplify-

ing stages known as "Frequency Multipliers".
A frequency multiplier is simply an amplifier, operated so as to produce considerable
distortion of the input voltage, and with its plate Circuit tuned tó a harmonic
of thé original voltage.
Figure 8 illustrates the principle of the circuit.

Applied to the grid is an A.G.
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sine-wave voltage of, say, frequency 5 mc/sec.
The tube is heavily biassed
(near cut-off), so that the plate circuit current is greatly distorted compared
with the input voltage.
As shown at (h) (Fig. 8) the tubes output current
Tuned to 2nd or
H7rmonic.

r'

Distorted

h plate current
q containing
appreciable
harmonic
frequencies

B+

-z1
(a)

Sino-'ave Voltage
on Grid.

(b)

FIGURE 8.
contains an A.C. current of the same frequency as that of the input, but one
having practically all the negative half-cycles cut off.
Now, when a sine-wave
current is distorted, and the resulting current is analysed, the latter is found
to contain a number of harmonics, i.e. currents whose frequencies are multiples
.
(twice, three times etc) the original frequency (called the fundamental)._ These
harmonic currents are all of pure sine-wave form.
The greater the distortion, the
greater will be the number of harmonics generated, and the stronger they will be:
The plate tuned circuit (Figure 8a) is adjusted to have a resonant frequency
tuned either to the second or the third harmonic of the original input frequency.
When tuned to the second harmonic the stage is called a Frequency Doubler.
When
tuned to the third harmonic it is called a Frequency Tripler.
The plate tuned
circuit will emphasise the harmonic frequency to which it is tuned, and will
virtually eliminate all other frequencies (including the fundamental, i.e. the
input frequency).
In this way, if a voltage of frequency 5 mc/sec
/
is applied to
the grid of the tube, the output voltage will be either 10 mc sec. (Frequency
Doubler) or 15 mc/sec. (Frequency Tripler)., By using a number of these frequency
multiplier amplifying stages the frequency of the low powered 5 mc/sec. oscillation may be stepped up to the final carrier frequency which is usuglly between 40
and 70 mc/sec.
Figure 9 shows in block-diagram form a typical 7.5 Kilowatt transmitter for the
vision signals.
The crystal oscillator operates at a frequency of 5.65625 mc/sec.
The frequency is then progressively increased bythree frequency multiplying stages,
producing an over-all frequency multiplication of eight times, yielding finally
the carrier frequency of 45.25 mc/sec.
The signal, at this final frequency is
then handled by three R.F. voltage amplifiers before being passed on to two power
amplifiers -- the Intermediate and the Final Power Amplifier.
The latter are
operated Class C and supply the antenna with the 7.5KW required.
T.FM & F.6 - 9.
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Note that the modulation of the radio-frequency carrier is carried out in the
final power amplifying stage.
This is called "High-level" modulation, and is
the usual, though not universal, practice.
The video signal from the studio,
consisting of camera signal plus synchronising pulses, at a level of about 1.0
volt (peak to peak) is built up by fime video amplifiers to a level of 350 volts
which are necessary to modulate the powerful final R.F. amplifier.
MODULATION OF THE CARRTFR WAVE.
Thus far we have discussed in some detail the generation of the video signal and
the generation of the radio frequency carrier current.
The time has now come when
we must consider the problem of how the video signal is superimposed upon the
carrier-wave -- that is the problem of modulation.
Amplitude modulation of the vision signal is universally adopted -- that is the
amplitude, or strength, of the carrier current is made to vary in step with the
video modulating current.
Two questions now arise.
The first of these questions
is:
shall we cause the amplitude of the carrier to rise or to fall when the picture brightnees increases?
When we arrange matters so that the carrier strength
increases with an increase in picture brightness, and to decrease as the spot traverses a darker area the modulation is called Positive Modulation.
When the reverse
action occurs, i.e. when the carrier amplitude decreases with an increase in brightness,and increases when the light from the picture decreases, the modulation is said
to be negative.
The second question is:
how will we insert the synchronising
pulses (already briefly mentioned in a previous lesson) so that the latter will
not interfere with the actual picture signal?
To answer both these questions we
must examine in more detail the nature of the complete video signal in the modulating
stage (see Fig.10) of the transmitter.
THE COMPOSITE VIDEO SIGNAL-POSITIVE AND NEGATIVE SIGNALS
Figure 10 shows at (a) a positive
video modulating signal for three complete
scanning lines.
Note that the signal is represented by a varying (or pulsating)
direct current, and not an alternating current as in the case of an audio modulating signal.
The video current is divided into two sections.
The upper section
T.FM & F. 6 - 10.
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FIGURE 10.
comprising about 70% (i.e. from 30% to 100%) of the maximum amplitude is devoted
to the camera signal.
Within this range the variations in current represent the
variations in light and shade as the picture is scanned.
Note that maximum current
represents a pure white portion of the picture, and 30% current represents puro
black, i.e. no reflected light from the scene.
The lower section of the composite
'video current, i.e. from zero to 30% maximum is devoted to the synchronising
signals.
These consist of s4obt duration downward (or "negative") pulses inserted
in the gaps between successive lines.
During each of the gaps or intervals the
scanning beams (at both transmitter and receiver) are returning from the right
hand side to the left of the screen, preparatory to commencing a new line.
The
synchronising pulses, representing sudden or abrupt changes in voltage are utilised
in the receiver to regulate the frequency of the saw-tooth oscillator which provides the horizontal movement of the electron beam (i.e. the line scanning).
The
gaps between the lines represent a time of about 15% of the line interval (i.e. the
time taken to scan one complete line).
Note that the synchronising pulses occupy
a time rather less than the total interval between the lines.
This is to avoid any
possibility of the pulses interfering with the picture signal.
The effect, then, of the synchronising pulses is to reduce th d video signal's
amplitude from 30% to zero.
Any current less than 30% of the peak represents
"blacker-than-black" or, as it is called, infra-black.
It is obvious that the
sync. pulses could not show up on the receiver screen, since they represent voltages less than that which produces pure black.
At (h)

in Fig. 10 a negative video signal is shown.

Here picture signals are
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represented by current variations extending from zero up to about 80% of the
maximum amplitude.
Zero voltage is utilised to represent pure white, and the
80% level pure black.
This means that an increase in voltage represents a decrease
in light intensity, and vice versa.
Hence the term "negative" signal.
In this
case voltages ranging from 80% to 100% of the peak represent the "blacker-thanblack" or ultra-black region.
It is this region that is occupied by the sync.
Inilses..
That is, the sync, pulses are represented by sudden increases in voltage
from the 80% peak level up to the max. (100%) peak level.
The 80% or black level
is sometimes called the "blanking" level, because all picture signals above it
are blacked out.
In the case of both positive and negative
the receiver will be able to separate the
picture signal, because of the difference
composite video signal.
Just how this is
rate lesson on receivers.

signals it should be appreciated that
synchronising pulses from the actual
in amplitude of these two parts of the
done will be dealt with in the approp-

POSITIVE AND NEGATIVE MODULATION.
The result of utilising each of the two types of video signal to modulate the
outgoing wave in the final power amplifier of the transmitter is shown in Fig. 11.
At (a) positive modulation is shown, and at (h) negative modulation.
Remember
when referring to this diagram that the radio-frequency carrier current is an
alternating one with both positive and negative half cycles.
The effect of the
modulation in either case is to vary the amplitude of this radio-frequency
alternating current -- both positive and negative half-cycles being similarly
effected.
Lines are shown joining the peaks of the r.f. half-cycles and these
lines are replicas of the modulating video signal.
Such lines represent what is
known as the modulation envelope.
Note that the envelope for the positive half.;
cycles is exactly similar to that for the negative half-cycles,
Henceforth, for
this reason, we shall only show the envelope for the positive half-cycles.
Referring to Figure 11 (a) note that the carrier amplitude is increased to 100%
(100% modulation) for a white element of the picutre, and reduced to 30% of peak
amplitude for jet black.
The sync-pulses, between lines, reduce the carrier
strength further, from 30% to zero.
In the case of negative modulation at (b) Fig. 11 pure white is represented by
zero carrier amplitude, and jet black by 80% of peak amplitude.
The carrier is
only increased to 100% by the sync, pulses occuring between lines.
POSITIVE AND NEGATIVE MODULATION COMPARED.
For positive modulation it is claimed that electrical interference is less liable
to cause synchronisation troubles.
Experiment has shown that such interference
causes sudden sharp increases in carrier amplitude, rather than reduction in this
amplitude.
Since with positive modulation, the sync, pulses cause a reduction
of carrier .çelit.uP (f:rPm 30% to zero) the latter will be relatively immune from
the effects of electrical interference.
Such interference, on the other hand,
T.FM & F. 6 - 12.
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100% Modulation_
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,

Black

causing sudden rises
in carrier amplitude,
will result in white
flashes on the screen,
marring the reproduced
picture.

80% Modulation
Represents Black

If negative modulation
is used the interfering
impulses
may carry the
k
l.Zero Modulation
carrier
amplitude
into
represents white
the infra-black region
of the carrier's modul!I
ation, which region is
Line Synchronising
occupied by the sync.
Pulses
FIGURE 11(b)
pulses.
The effect of
this is that the receiver could mistake an impulse above the 30% level caused by
interference for a true sync. pulse.
The result would be that the receiver's
scanning would lose syncronisation with that of the receiver.
From the point of view of the picture information, however, negative modulation has
the advantage.
Interference, resulting mainly in increases in carrier amplitude,
would result in dark flashes on the screen.
Dark flashes are much less noticeable
than bright (white) flashes.
With improvements in sync. equipment experience has shown that synchronisation is
not unduly affected by interference when negative modulation is used.
It appears,
therefore that the advantages of negative as compared with positive, modulation,
outweigh the disadvantages.
It seems certain that in future negative modulation
will be adopted everywhere.
It might be mentioned hare that, at present, positive
modulation is used in Englan4, and negative in America.
Henceforth we shall only
refer to negative modulation.
ELECTRONIC INTERLACED SCANNING,
To complete our description of the nature of the video signal which modulates the
T.FM & F.6 - 13.

carrier in the transmitter's output stage, we must also discuss the nature of this
signal during the frame retrace period, 1.e. the interval of time when the scanning
beam is returning from the bottom of the picture to the top.
No picture signals, of course, are transmitted during this frame retrace interval,
which is utilised for sending special pulses for synchronising the receiver's
frame (or vertical saw-tooth oscillator).
Since the method known as "Interlaced"
scanning is now in universal use, and further since the nature of the vertical or
frame sync, pulses are closely bound up with this type of scanning, it will now be
necessary to explain briefly how interlacing is achieved electronically.
The student should recall that interlaced scanning involves the tracing cf the
lines not in a consecutive fashion, but alternately.
That is, during any one
"frame" every other line is traced out over the whole picture area.
Similarly,
during the following frame, alternate lines are traced, but these are adjusted to
fill in the gaps missed during the first frame.
This -involves two complete frames
per complete picture.
The mode of interlacing the lines
for a complete picture is illustrated in Figure 12.
We are here

20

..1d

20

,
supposing that 405 lines per
207 4 L
picture afe used.
The lines traced out during the first frame
are shown by continuous black
lines in the diagram.
Those
traced during the next frame are
shown by dotted lines.
During
the first frame lines numbered
1 to 202 are completely covered,
and line No. 203 is half covered.
This is usually referred to as
403
201._
an "odd" frame.
The student
should recall that while the
,02
horizontal saw-tooth oscillator
413.
is moving the electron beam
across the picture, the vertical

Frame
Retrace

.....
a

saw-tooth oscillator is simultanFIGURE 12.
eously moving it down the picture,
but at a much slower rate.
This, of course, is responsible for the fact that the
lines are sloping slightly, instead of being perfectly horizontal.
In the time
that one line is scanned from left to right, the vertical saw-tooth oscillator
has moved the beam down a distance equal to the width or thickness of two lines.
This is achieved by operating the latter oscillator at twice the picture frequency,
viz: a frequency of 50 cycles/sec, instead of 25 c/sec.
In this way alternate
lines are missed.
When the 203rd line has only half traversed the picture, the vertical sync. signal
(acting upon the vertical saw-tooth oscillator) suddenly causes the spot to flick
back to the top of the picture (see a.b. Fig.12), completing the 203rd line there.
T.FM & F.
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This is the beginning of the next frame.
During this frame the lines 204 to 405
are traced out, covering those portions of the picture missed during the first
frame.
This is called an "Even" frame.
At the end of the complete 405th line the
vertical oscillator suddenly shifts the beam from the bottom to the top of the
picture, and the horizontal (line) oscillator moves it from the left to the right.
Hence the beam returns abruptly from c to d., to begin the next odd frame.
Note
the reason for using an odd number of lines, like 405, for scanning.
This gives
lines per frame, and the odd half-line gives the necessary shift to produce
the interlacing.
The diagram of Figure 12 represents an idealised case. Here, for simplicity, it was
assumed that the beam could return from the bottom of the picture to the top
instantaneously, i.e. that the retrace was zero.
In practice this time is very
short compared with the line taken for uniform downward motion, but still it is
sufficient for about 10 line oscillations to occur.
This means that at the end
of any frame 10 lines (or so) must be "blanked" out, otherwise the frame retrace
would show up as a zig-zag path on the screen.
Since there are two frames per
picture 20 lines (out of the 405) in all will not be used for sending ecturé
information. These are the so-called "inactive" lines.
Note that with 405 line
scanning only 385 (405 minus 20) are actually used to transmit picture information.
THE VIDEO (MODULATINgl SIGNAL BETWEEN FRAMES.
The synchronosing signals for timing the horizontal (frame) saw-tooth generator
in the receiver are transmitted, as a modulation of the carrier waves, in the
intervals between successive frames,

i.e. every

1 th second (50 frames/sec.).
50
The student will appreciate that the receiver must be able to distinguish between
the framesync. pulses and the line sync, pulses, these latter recurring every
10,125
1
of a second (405 X 25 = 10,125 lines/sec).

For this reason the frame

pulses must differ in some way from the line pulses. Further the intervals between
frames will differ, depending upon whether an odd or an even frame has just been
completed.
As mentioned above, an appreciable interval of time will elapse between the end of
one frame and the beginning of the next.
This interval is -asually 5% (j_ of
1_
1
20
50
sec. =
sec. or more.
The student should recall the method whereby (lesson 3)
1,000
the beam is moved for scanning purposes.
A voltage which rises and falls with a
saw-tooth wave-form is applied between a pair of deflector plates in the camera tube
or cathode ray tube.
These saw-tooth voltages are generated by special oscillators.
Figure 13 shows one and a half cycles of à saw-tooth voltage as used for the frame
scanning.
The frequency here is 50 cycles/sec, so that the time for one cycle (ac)
.
1
is --- sec.
As the voltage gradually rises from a, b the beam moves at uniform
5Q
speed down the screen.
During the whole of this time, of course, the horizontal
saw-tooth generator operating at the much higher frequency of 10,125 c/sec. is
moving the, beam across the screen for line scanning.
When the voltage has risen to
(b) Figure 13 the beam has reached the bottom of the picture, and one frame is
completed.
Now the voltage falls to zero, not instantaneously but along be.
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This moves the beam back to the top of the screen, for
the beginning of the next frame.
The time represented by do, during which the
beam is returning from bottom to top of the picture is called the "fly-back" time.
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Now the point is, that in designing saw-tooth oscillators of this
frequency it is difficult to
obtain a fly-back time lass than
about 5% or 1 of the period of
20
one cycle (a c in Fig. 13).
In

cl 'c--------

practice, therefore the fly-back
time, d c is, as calculated above,
1
FIGURE 13.
about -1--0-00
sec, or so.
This
,
interval which occurs between frames, gives us âmple opportunity to insert the
frame sync. pulses.
Note also that during this between-frames interval about
10 complete lines will be traced.
The first job then will be to suppress the line signals between frames.
This
is done by impressing a"blanking"signal on the video signal for the duration
of 10 complete lines.
The blanking signal simply raises the signal amplitude to
the "black" level for the duration of the interval_ (see (a) Figure 14).
This
of course will obliterate any camera picture signal (which occurs bete th0
80% black level).
The synchronising pulses are now superimposed on the blanking signal.
These pulses of course carry the modulation up to 100%.
The interval at the end of even
frames is shown at (h) Figure 14.
previous even frame.

Line 405 has just been completed during the

The camera signal is blanked out at this instant and 8 broad pulses for frame
synchronising follow.
These eight broad pulses (each having a duration of half
a line) form the frame sync. signal.
On account of the great difference between
the wave-form of this frame sync, signal and the line pulses, it is possible by
using special circuits at the receiver to separate the two.
Following the frame sync, pulses there are 6 lines which carry line sync, pulses,
but no camera signal.
This allows the line synchronisation to settle down,
before the next frame commences on line number 11.
The interval at the end of odd frames is somewhat different.
This is shown at
(c) Figure 14.
When line number 203 is half completed the blanking signal
cuts out the camera signals and the frame sync, signal commences.
This, as •
before, consists of eight broad pulses covering four complete lines.
Note that
the blanking signal persists as before for 10 whole lines.
The next frame
therefore commences at the latter half of line number 212.
The important point to realise is that provided the sync, signals get through to
the receiver undistorted, odd frames must commence at the beginning of a line e
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FIGURE 14,
and end half way through a line, while even frames must commence on the latter
half of a line and end at the finish of a complete line.
This, as explained in
connection with Figure
must automatically ensure correct interlacing.
Note
that the system involves the use of an odd number -- like 405 or 441 -- of
scanning lines per complete picture.
THE SOUND CHANNEL.
As explained earlier in the lesson the present system is to transmit the sound
on a seperate channel adjacent to that used for the vision.
The receiverts
aerial tuning may thus, if broad enough, bring in both vision and sound signals
simultaneously.
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Since the vision channel must, for reasons already discussed, be located
within ultra-high frequency range (above 40 mc/sec),this system also involves
the choice of an ultra-high frequency for the sound.
Now these frequencies
are eminently suited for frequency-modulation with its associated advantages
of freedom from interference and high fidelity.
For this reason the tendency
at present is to use amplitude modulation for the vision signal 4 and frequency
modulation, on a separate, but adjacent, channel for the sound.
The B.B.C. in
England, however, uses amplitude modulation for both.
SINGLE CARRIER FOR VISION AND SOUND.
With the development of a new type of modulation for sound, known as Pulse
Modulation, it has been found possible to transmit the sound on the same
carrier as ieisetl.fér thâ *Jsiofisignal.
In the case of this system the sound modulates the carrier only during the
brief intervals between scanning lines, which interval is also used for the
sync, pulses.
Instead of transmitting the sound programme continuously it is
found to be sufficient to transmit a larger number of "snap-shots" of the
sound every second.
The receiver may be so designed as to reconstitute the
programme from these snap-shots.
An analogy may be drawn here to a series
of cinematograph "stillg"which when passed through a projector at a sufficiently
rapid rate will produce the illusion of a moving picture.
Similarly a series
of sound "stills" when passed through a receiver can reproduce a continuous
sound programme.
Whereas, however, the eye is satisfied with 24 picture
snap-shots per second, the ear requires at least 6,000 sound snap-shots per
second if intelligible sound is to be received.
If a 405 line, 25 picture per second system is used, as in England, the line
frequency is 10,125 lines per second.
This allows us to send 10,125 "snapshots" of the sound every second, by inserting them during the line intervals.
A number of systems of pulse modulation have been developed. The most successful
for television purposes, seems to be that whereby the width of special pulses
(placed in the line intervale) is made to vary with the instantaneous amplitude
of the modulating sound voltage.
This is called pulse-width modulation.
In
pulse-height modulation the height of the pulse is caused to vary with the.
instantaneous value of the modulating voltage.
A third system is to vary the
repetition frequency of the pulses with the modulation (pulse-frequency)
modulation.
Still another arrangement is to vary the position of the sound
pulses -- the exact position of any one pulse depending upon the amplitude of
the modulating voltage at that instant.
This is called pulse-phase modulation.
The idea of pulse-height and pulse-phase .modulation is exemplified further in
Figure 15.
At (a) ieshorn the modulating (audio) voltage,
At (h) the pulses
vary about a mean height in accordance with the •amplitude of the modulation at
that instant.
At (e) the pulses have constant repetition frequency, and
constant height, but their width varies with the modulation as shown.
If pulse-width modulation is used

the maximum width of the pulses during the
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(a) Modulating Voltage

Pulses

(b)

Pulse height modulation.
Variable height.

Pulses constant repetition frequency.
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(c)

1
t
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Pulse-Width Modulation.
Pulses constant repetition - Frequency variable width.

FIGURE 15.
modulation must be somewhat less than the line sync, pulses between lines.
When
the line frequency is 10,125 sec, the gap between lines is usually about 10% of
the line interval, i.e. a time of only about
1
of a sec. (i.e. approx. 10
101,Z50
micro-seconds).
The widest sound pulses (i.e. those of longest duration) must be
considerably less than this, which means that the narrowest pulses are of extremely short duration indeed.
The wave from of a complete video signal together with sound-pulses (width modulation) is shown in Figure 16 at (b).
Here positive modulation is used.
The sync.
pulses therefore, as explained, reduce the signal amplitude to zero (negative
pulses).
The sound pulses, superimposed upon those sync, pulses, increase the
signal amplitude to 100%
A problem is to provide means of separation, at the receiver, of the sound pulses
from the vision signal.
Earlier it was explained how the sync, pulses could be
separated from the vision.
This was done e in the case of positive modulation,
by limiting the vision signal to the range of 30% to 100% modulation.
The sync.
pulses then operated in the range 30%--0% modulation. When pulse modulation is
T.FM & F.6 - 19.
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used for sound,oe'éqrethouPof aepomIntion is to further limit the vision signal so
that pure white is something less than 100% modulation, say 80%.
Then the vision
signal occupies the range 30% (black) to 80% (white) of peak modulation.
Since the
sound pulses extend to 100% modulation their upper 20% may be "sliced off" in the
receiver without interfering with the vision signal.
In this way separation is
achieved.
Advantagés claimed for pulse-modulation are many.
They include (1) a simplified
receiver (2) freedom from interference (3) total band-width of television channel
is reduced (4) mutual interference between sound and vision channels is eliminated,
(5) installation and maintenance costs of transmitter are reduced, for no separate
transmitter is required for the sound programme.
Experiment and theory show that the maximum frequency (audio)

of modulation is

(a)

Sound pulses
White
Black

1 I1

--

Sync. Puises

(b
Pulse -Width Sound Modulation on vision Carrier (Positive Modulationl.

16

one-half the frequency of repetirTM- Crtthe pulses.
In the case of a 405 line,
25 picture/sec. transmission this repetition frequency is 10,125 per sec. (i.e.
the line frequency).
Therefore the audio frequency transmitted is limited to about
5,000 cycles/sec.
This gives sufficient tonal quality for the average listener, but
falls short of high-fidelity transmission.
Of course if the number of lines of the
scanning system is increased, the repetition frequency of the pulses will be correspondingly increased, thus allowing of a high audio frequency modulation limit.
A
likely trend seems to be the introduction of very-high definition (600 lines) colour
television e .operating in the vicinity of 600 mc/sec
metre).
The line frequency
in this system would be 15,000 per sec., allowing of an audo frequency limit with
pulse modulation of 7,500.: cycles/second.
•
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EXAMINATION GUESTIONS.

1.

State two reasons for the use of ultra-high frequency carriers
for television purposes.

2.

What is meant by "single side-band"
advantage?

3.

In modern television systems why is the sound carrier channel
situated adjacent to (either just above or just below) the
picture carrier channel.

4.

State three characteristics of ultra-high frequency waves compared with medium and low frequency waves.

5,

Why is it unsatisfactory to use an ordinary telephone cable or
tine for the purpose of linking a distant television camera to
the studio?
Mention briefly the methods in use.

6.

What is the function of a frequency multiplier?
Explain briefly
the reason for using this method to obtain the ultra-high frequency
required for the carrier.

7.

Explain the difference between positive and negative modulation of a
picture-carrier.

8.

Explain carefully why, in the case of negative modulation, the picture modulation is limited to 80% of the total signal amplitude.

9.

In the case of interlaced scanning why is an odd number of lines
used?

10.

Why is no separate sound carrier required when pulse modulation is
used?
State the .advantages claimed for this system.

transmission?

What is its
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TE TEV IS ION, FREQUENCY MODULATION 8t. FACSIMI
LESSON NO. 7.

AERIALS.

The, question of aerials is relatively moro important in television work than it
is in the case of normal radio t lephony in thc broadcast band.
The student
well knows the lack cf attention usually displayed in the installation of an
aerial for the home-radio.
Certainly excessive carelessness is often shown in
this respect, the porf,rm-nce of a receiver being frequently marred to some
degree by failure to observe simple elementary principles.
The fact remains however, that the performance of the average broadcast receiver is net critically
aff_cted by the aerial installation under the greet majority of onerating conciticns.
And in only rare cases is any groat kn-wledge of aerial theory and
technique required by the serviceman.
When we are dealing, however, with ultra-short wave communication in general,
and in television in particular, the aerial installation looms much larger in
the picture.
The performance of a television receiver can to made or marred by
the type cf antenna system provided, and the manner of its installation.
The
term "antenna system" has been used hero purposely to include the so-called
"lead-in".
The design and adjustment of the latter is of at least equal importance as that of the aerial proper.
The underlying reasons for this stress on the antenna system of a television
receiver are bound up with the ultra-short-wave (high frequency) nature of the
carrier wave, and also with the necessity to avoid relative phase-shift (i.e.
time delay) in the handling of the different parts of the signal.
Those points
will be explained as the lesson progresses.
RESONANT AND NON-RESONANT AERIALS.
A resonant or tuned aerial is one which, like an ordinary tuned circuit, responds
best to one particular frequency.
As we shall see the resonant frequency of an
aerial depends upon its length.
This length, therefore, must boar a definite
relationship to the wave-length of the desired .signal.
In normal broadcast
reception the antenna usually shows very little resonant effect, and, in any
cas., rarely is any _attempt made to tune it to the received wave.
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THE HALF -WAVE DIPOLE.
The fundamental resonant aerial is that called
the Half-Wave Dipole.
This consists simply of.
a straight length of wire, or more usually a
rigid rad, having a length approximately eqpà1
4-- Line to Transto one-half of the radiated or recelived wavemitter or 1.1cclength.
In normal television practice the
elver.
antenna is broken at the centre and each part
is connected to one of a pair of wires forming
what is known as a transmission line or "feeder". HALF-WAVE DIPOLE "CENTRE-FED".
The arrangement is shown in Figure 1.
The transmission line or feeder serves, in the case of a transmitting antenna, to
feed the radio-frequency energy from the transmitter to the aerial for radiation.
In the case of reception the line feeds the received signal from the antenna to
the receiver's input cireuit.
"DISTRIBUTED" CAPACITY AND INDUCTANCE OF A CONDUCTOR.
The student may at first find it difficult to image how a simple straight conductor
can act aS a tuned or resonant cir-

•I-

,
a

'

N'

s'
s
ji
o b
(A)

B

Plates
.
e F

Ai— Dielectric

cuit.
We commonly regard as the
essential components of the latter a
coil of wire possessing the electrical property known as inductance,
togeti.ler with a condenser whose electrical property is that known as
capacifa or capacitance.
Inductance,
it will be recalled, is that property
whereby a circuit opposes or tends to .
oppose any change (i.e. increase or

Circuit
/Conducting
11-1
.

decrease) in current flowing in the
circuit,
Capacity is the property nf
a circuit to store an accumulated
electric charge, positive or negativo.
Now even a straight piece of wire,
_Lsolated in space, possessCsthose
(B)
two properties to some small degree
FIGURE 2.
The inductance and capacity, however, of such a simple conductor, are not "lumped",
or concentrated, as in the case of a coil and a cendenser respectively, but they
are distributed over the whole extent of the wire.
•
To understand this idea of distributed capacity refer to Figure 2 where a straight
conductor AB is shorn.
This wire may be regarded as consisting of a very large
,••••.

number of small sections, ornelements".
Two of such elements are shown labelled
"a" and "b".
These two elements form, in effect, a condenser, since they consist
cf conducting material and they are separated by the surrounding air which is an
insulator, and acts as a dielectric.
To be sure the two elements of the wire are
also connected by the intervening section of wire c, 7ihich is a conductor, but this
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does not destroy the capacity effect existing between a & b.
For comparison
purposes a condenser, consisting of twe metal plates separated by a dielectric
is shown at (h) Figure 2.
Although the two plates of this condenser are shown
connected by a conducting circuit this in no way affects the vapio of the capacity
formed by them.
Returning to the conductor of Figure 2(a) we can say 'that betwen every pair of
small elementary lengths of the wire there exists a small capacity effect, and
the sum total
or effective value
of all those small capacities is known as the
distributed or self capacity of the wire.
Dealing now with the question of the distributed inductance of a straight conductor several fundamental electrical facts and ideas should be recalled.
The first
of these is that whenever a current flows (i.e. a charge moves) fa magnetic ficIl
is created around the conductor involved.
This field is a circular one, the lines
of force forming a series of concenMagnetic Lines
tric circles or rings around the
- cf Force
conductor.
Figure 3 shows the way in
which these lines of force are distributed around the current-carrying
conductor;
a "side-on" view of which
is
shorn
at
(a).
At (b) a cross\
sectional,
or
"end-on",
view illus\•
trates clearly the circular nature
Curren
of the field.
Note that some of the
lines of magnetic force exist within
(b)
the cenducter, these being mainly due
(a)
to that part of the current flowing
FIGURE 3.
near the centre of the latter.
Now if the current is increased extra lines of
force are-breatiad.,, ,andl.thfield..exonndh'outwardsThus we have a moving magnetic
field, a part of which will cut across the metal of the conductor inducing an
electro -motive-force (e.m.f.) in it.
This emf. opposes the direction of current
flow, tending to prevent the increase of the latter.
Similarly if the current
flowing is decreased, the magnetic field is weakened, and lines of force collapse
inward into the conductor. This mevin
field (or part of it) again cuts the
conductor and induces the e.m.f., which, however, is in the reverse direction
to that of the former case.
The induced e.m.f. is now acting in the same direction as the direction of current flow, and tends to prevent the decrease in current,
i.e. to maintain it at its original value.
/

Note that in both cases the self-induced e.m.f. acts in such a direction to
smose any change in the intensity of the current.
It is this property of a
circuit which is known as its self-inductance.
Of course, in the case of a
closely wound coil of wire the effect is greatly magnified, due to the more
powerful magnetic field produced by the current, and also to the fact that a
greater percentage of the total field actually cuts the wire when the current
changes in value.
But the important point here is that a simple straight ccnductor possesses some inductance, even though its value, measured say in micro-henrys
is small.
At low and medium frequencies the effect of the inductance of short
lengths of wire is usually so small as to be negligible.
Working at ultra-high
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radio frequencies, however, the current changes are so rapid that the distributed
inductance may have quite an appreciable effect.
Thus we have seen that a straight conductor possesses the electrical properties of
inductance and capacity,
Now the student well knows that 'any circuit possessing
these two properties can act as a resonant or tuned-circuit, whereby either a
maximum or a minimum impedance is offered to the applied alternating e.m.f,depending upon how the latter is applied to the combination of inductance and capacity.
Parallel Circuit
In Figure 4 we have shown a source
of alternating e.m.f. (G) applied
Series Circuit
across a series tuned circuit at (a)
r--.r.
•*--1
and a parallel tuned circuit at (b).
Concentrating on the series case,
remember that when the frequency of
-%
G
-the appliedef.coincides with the
resonant frequency of the circuit,
Impedance Large
Impedance small
the reactances of the inductance and
Current small
current large.
the capacity are then equal, and
(b)
(a)
FIGURE 4.
instead of adding, as in the case of resistances, they cancel each other.
This
loaves only the resistance of the -vires to oppose the A.C.
In other words the
impedance of the circuit, at resonance, will be small, and the current correspondingly large.
series tuned circuit may allow a very heavy current to flow, even
though the appliede.m.f, is small.
In Figure 5 we have shown a
Inductive
straight
conductor AB, broken
coupling,
at the centre in order to
insert a source of alternating
0.m.f., directly applied as at
(a) or indirectly applied by
(a)
means of a transformer as at
• (b)
FIGURE 5.
(b).
It is fouild that an A.C.
--------will flow in the concluctor due to the fact that it possesses distributed -- or
self-capacity.

GI

The reactance of this small capacity, however will be very large, and therefore
the current may be very small. But remember that the conductor also possesses
inductance.
If the frequency of the generator is adjusted it will be found that,
nt some particular frequency (ultra-high) the reactances of the inductance and
capacity will cancel out ; end a heavy alternating current will flow.
Actually
the conductor acts like a series resonant circuit.
Since the inductance and
capacity of the wire are very small, the resonant frequency will be very high
(remember that resonant frequency of a tuned circuit is given by the formula.
f=
1
211'1M
RELATIONSHIP 'BETWEEN RESONANT FREQUENCY AND LENGTH OF A HALF-WAVE AERIAL.
It is found that the resonant frequency of an aerial of this type is indirectly
proportional to its length.
That is to say, the longer the aerial, the lower the
resonant frequency, and vice versa.
The actual thickness of the wire or rod of
T.FM & F.7 - 4.
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which the aerial is made has no bearing whatever upon this frequency.
In practice
the resonant frequency of a half-wave aerial is very easy to calculate.
This
freouency corresponds to a wavelength approximately double the total length of
the aerial.
In other words the aerialls length is one-half a wavelength of the
radiated wave corresponding to the given frequency.
The reason for the name
"half-wave" aerial is therefore obvious.
To illustrate, let us calculate the
resonant frequency of a half-wave dipole 3 metres long (1 metre
39.32 inch).
The frequency will be that corresponding to a wavelength of 6 metres.
Now:Frequency
(in cycles/sec.)

300 000 000.
Wavelength (in metres).
200,000.000.
= 50,000,000 c/soc.

6

= 50 msboc,

ALTERNATING CURRENT AND VOLTAGE DISTRIBUTION IN A HALF-WAVE AERIAL.
By utilising our knowledge of a tuned circuit consisting of capacity and inductancH
we have seen how it is possible for a straight conductor to resonate at some pari-dcular frequency.
It will be informative at this stage to consider the nature of
current flow and the electrical potential at 'different points in the conductors
when "excited" by a transmitter at its resonant frequency.
First of all it will be necessary for the student to recall that every substance
contains a large number of negative electrons and normally, an equal number of
positive protons.
The charges of these unlike electrical particles therefore
cancel each other, and the material is said to be electrically neutral, or uncharged.
In the case of a conductor a large proportion of the electrons are free to move at
random among the atoms of the material.
A net movement in one particular direction
of these "free" electrons is called an electric current.
If, by means of a battery,
or other means extra "free" electrons have been forced into a body, sothat the
electrons exceed the protons in number, the body is said to be negatively charged.
On the other hand if a deficiency of electrons has been craated, by removing some
of the latter from the body, a positive charge is built up.
This positive charge
is, of course, due to the minute positive charges of the protons, which are now not
completely cancelled by those of the electrons.
Remember, however, that the protons
are firmly fixed within the atoms, and cannot be moved by ordinary methods.
Consider now the conductor of Figure 6. excited at its resonant frequency by a
source of alternating e.m.f. applied at its central point, and acting as a halfwave dipole.
Before the voltage begins to act all parts of the conductor will
have zero charge as at (a), since the free-electrons are evenly distributed throughout its whole length.
If the voltage first begins to act in such a direction that
electrons are forced to the left, some of these will flow, or be displacedin
thelltdirection.
Those displaced electrons will build up a negative potential in,
the left-hand half of the aerial.
The right-hand half will become positively
charged, due to the fact that some electrons have i
l
iovee away from it.
This state
of affairs is shown at (h) Figure 6.
The ability of the conductor to store charcos
in its various sections is exactly what we meant previously when we 'said that it
possessed distributed self-capacity.
As the applied voltage now falls off to zero,

and then reverses,

electrons will
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move along the conductor to the right.
The charges shown at (1)) will first
disappear N, and then reversed charges will appear as at (
d).
This process
will continue indefinitely.

(a)

Negative charge
Positive charge
& potential
& potential
-- _
+ + ++++

'

Potentials Zero

Reversed Potentials
building up.
+++ + + +
--•

elecU:On -h ›Ów (maximum)
electron flow
Electron flow
FIGURE
6.
(c)
(b)
(a)
It will be evident that, at every point in the conductor an alternating flow of
electrons is taking place at the frequency of the applied e.m.f.
The size or
amplitude of this current will be a maximum at the centro of the conductor,
where the electrons have the greatest freedom of movement (back and forth).
Near the ends of the conductor, on the other hand, the current flow will be very
small, since electrons cannot leave these ends, and their motion is therefore
greatly restricted.
The potential (pressure) distribution is quite different from that of the
current.
The charges become most concentrated at the ends of the conductor,
as shown by the crowding of the + and-- signs in Figure 6.
The potentials,
which are built up by these stored charges will therefore be a maximum at these
points.
Note that the potential at any point on the aerial is of an alternating
character, since it continually changes in value and sign.
The potential at the
exact centre of the wire will always remain at zero (except for the small voltage
of the generatbr.).

A
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(a)
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Current Distribution
(h)
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Voltage Distribution
FIGURE 7.
(d)
CURRENT AND VOLTAGE CURVES FOR A RESONANT HALF-WAVE AERIAL.
The mode of oscillation of a half-wave dipole may be clearly illustrated by
drawing curves showing how the current and voltage vary in magnitude and sign
(direction) at all points along it.
In the diagrams of Figure 7. AB represents a conductor excited at its resonant
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frequency when behaving as a half-wave dipole.
is not actual7y shown in the diagrams.

The applied axcitin3 voltage

Wecmtildim%inethe current at various points along the conductor to be measured
by an A.C. ammeter (or series of ammeters) placed as shown at (a) Figure 7.
Remember that such a meter shows a steady reading, which is generally the R.M.S.
value, or the peak value, (usually the former) of the alternating current.
We
would find that the meter nt the centre (o) of the conductor would show the
maximum reading.
The deflections on the other meters would gradually fall af
as we go from the centre of the wire towards the ends.
At (h) Figure 7 we hove
plotted a curve showing how the current values vary over the length of the
conductor.
The diagram at (c), illustrates, at least in a theoretical way, how we may
measure the potentials at various points along the aerial, all potentials being
measured in respect to the central point (o) of the conductor.
(Actually, in
practice, it would be extremely difficult to measure the potentials in this wily,
owing to the fact that the impedance of the voltmeter would not be sufficiently
high to avoid "loading" of the aerial).
In the case of these potentials, which, r3member are also of an alternating
character, we would find that the maximum readings are obtained for the end
points of the conductor, with a zero (or minimum) reading for the central point.
A reading at any other point would have an intermediate value between the maximum and zero.
The Potential or Voltage distribution curve is plotted at (d).
The curve, as
drawn, actually conveys more information than the motors would show.
It indicates, in addition to the relative magnitudes of the voltages, the fact that,
at any riven instant the potentials of the two halves of the dipole are ofopl5es4:tee...jun.
At the instant shown, the left-hand half of the conductor is shown as
positive, and the right-hand as negative.
Of course, a fraction of a second
later, the potentials will reverse, so that the left-hand end would be negative,
and the right-hand end positive.
The state of affairs illustrated by the
rotential curve at (d) could be discribed by stating that the potentials of the
two halves of the dipole are "out of phase".
In a similar manner the current curve at (b) conveys more information than that
relating simply to the magnitudes of the current.
The curve is plotted entirely
on one side of the zero line to indicate that the currents at all points along
the conductor "are in_phase".
That is the currents, at any given moment, will
either be all to the left, or all to the right.
THE IMPEDANCE OF A HALF-WAVE DIPOLE.
Impedance is a measure of opposition to alternating .current flow,
alternating voltagp_
E
to the ratio :
alternating current
TiT
Impedance

(z)

and is equal

is measured in ohms.

By the impedance of an antenna we , mean the impedance presented by it to the
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transmitter (or rather to the feeder-line from the transmitter).
Now since, as illustrated by the curves at (h) and (d) of Figure 7, the values
of the current, and voltage vary at different points along the dipole, it is
obvious that the impedance will also vary, depending upon the point at *hich
the antenna is "fed".
The impdeance, at any point is equal to the ratio of
E
r
è- at that point.
At the centre, voltage is shown as zero, and current as a

'maximum. Therefore the impedance at the central point would appear to be zero

(Zero

Voltagel,

At either end the voltage is a maximum,and the current zero.
Max.Currentr
plax.Voltagey
therefore the impedance at these ends appears to be infinite
Zero Current
•

The impedance will thus increase from zero at the centre, to a very large value
as we move towards either end.
This variation of impedance along the dipole is illustrated by a curve in
Figure 8.
COMPARISON WITH SERIES FED AND PARALLEL
FED RESONANT CIRCUITS.

A

O

If the source of alternating e.m.f, i.e.
PIPEDANCE CURVE OF aLF-WAVE
generator or transmitter, is inserted in the
DIPOLE.
FIG. 8.
centre of the dipole, the latter is said to be ncentre-fed".
This method is
illustrated at (a) in Figure 9.
V

(tx(a)
Centre Fed Dipole.

t-93
.

(h)
Series Fed Resonant Circuit

di
(e)
End -Fed Dipole.

(d)
FIGURE 9.
Parallel-Fed Resonant Circuit
Here the antenna may be strongly excited by a lowz7C1fUeTgeneratorFair-fhe
current delivered by the latter will be large.
The impedance presented to the
generator will be zero (or at least small).
The conditions obtaining in this
case
may be compared with those of an ordinary series resonant circuit shown
at (b) where the impedance presented to the generator is (in the ideal case
i.e. no circuit losses) zero, the current through the generator is large, but
the voltage across it is very small.
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A very different state of affairs exists if the dipole is end-fed as shown
at (c).
Here one terminal of the generator is connected to one end of the
aerial, the other terminal being earthed.,
(Note's- the internal impedance
of the generator should be large, otherefse the normally large A.C. voltage
at the end of the dipole will be grounded, and the normal mode of oscillatien
of the antenna will be completely modified).
In this case the impedance presented to the generator by the antenna is very
large (theoretically infinite).
For efficient excitation of the antenna the
generator must be of high voltage, but it will be called upon to deliver only
a small current, as will be seen from the current and voltage curves. When
end-fed the dipole behaves as a parallel tuned circuit (see (d)) where the
impedance is high, and the generator current small.
RADIATION RESISTANCE OF AN ANTENNA.
So far we have considered only the properties of inductance and capacity of
the aerial conductor.
The latter will, of course, also possess resistance.
The D. C. resistance is normally negligibly small, but working at the ultrahigh frequencies, due to skin-effect, dielectric losses etc. it might amount
to several ohms.
Even so, this r.f. resistance certainly would never exceed
about 10 ohms.
Yet we find that the impedance measured at the centre of the
dipole (which is theoretically zero if resistance effects are neglected) is in
practice ground about 80 ohms.
Whence comes this extra resistance?
It must be remembered that resistance in a circuit results in the loss of electrical energy in the form of heat energy.
Conversely any loss of electrical
energy in the form of heat (for example in nearby dielectrics) or other energy
losses, causes an increase in the effective resistance of the circuit.
Now
a transmitting antenna is continuously losing
energy in a special way, namely
in the farm of the radiant energy of the outgoing wave.
This continual outpouring
or loss, of energy gives rise to an increase in the effective resistance of the
antenna.
This extra resistance, due to radiation, is known as• the Rildiatien
Resistance of the antenna.
The radiation resistance of all half-wave resonant
dipoles is 73 ohms.
Remember this figure.
If the centre-fed half-wave dipole is compared with a series resonant circuit,
see Figure 9 (a) and (b), the effect of the radiation resistance will be apparent.
If a resistance of 73 ohms were placed in series with the inductance and
capacity of the circuit shown at (h) Figure 9. the impedance presented to the
generator would be increased from zero to 73 ohms.
Similarly the effect of the
73 ohms radiation resistance will be to increrse the impedance of the dipole at
its central point by this amount.
Actually, in practice, the central-point
resistance of a dipole is usually taken at about 80 ohms, the extra 7 ohms allowing for ordinary radio-frequency resistance losses.
To understand the effect of the 73 ohms radiation resistance upon the impedance
offered by the dipole to the generator when "end-fed" consider the case of the
parallel tuned circuit of (d) Figure 9.
When the tuned circuit contained no
resistance, the impedance Treasured across it was infinite.
If a resistance
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were inserted in either arm (L or C) of the circuit the result would be to
lower the impedance presented to the generator.
Similarly the effect of the
73 ohms radiation resistance of the dipole is to lower the end-point impedance
from an infinite value to a much lower value.
The impedance of a dipole, measured at either end is found to be about 2,000 ohms.
Noto e;
:however,
that this
impedance is still much higher than that measured at the contre (80 ohms).
THE "ETECTRIGAL TENGTH" OF AN ANTENNA.
In an earlier section of the lesson it was pointed out that a half-wave dipole
of given length had a particular frequency at which it would resonate.
It was
therefore stated that this resonant frequency corresponded to a wavelength
approximately double the length of the antenna.
In other words the antonnals
length is approximately ono-half the wavelength of the radiated wave when excited
at its resonant frequency.
The reason for this inter-relation of wavelength with physical length of the
aerial may now be roughly visualised by reference to the current and voltage distribution curves of figure 7.
These curves may be regarded as representing
"standing" waves (of current and voltage respectively) upon the wire.
The idea
of "standing" waves, as distinct from "travelling" waves along a conductor, or
radiant, waves in space will be elaborated upon in more detail at a later stag
in the lesson, under the heading of transmission lines.
At the moment, however,
it is sufficient to note that "the standing-wave" (of frequency equal to the
resonant frequency of the aerial) gives rise to the electro -magnetic wave radiated
into space.
Furthermore, as the curves of Figure 7 show, exactly one-hal.f a
complete standing wave exists upon the antenna.
Consequently the wavelength of
these standing waves, and therefore the wavelength of the radiation is twice the
length of the wire.
In explaining the current distribution in such an aerial it was assumed that the
latter was completely isolated in space.
In practice, however, the aerial is in
more or less close proximity to surrounding objects.
The small capacity effects
which exist between such objects and the wire itself modify the form of the standing wave of current,, and result in the antenna acting as though it were roughly
5% longer than its actual length.
In other words, if the wavelength of the radiation from a half-wave dipole is measured, and the figure divided by 2e the result,
instead of corresponding exactly with the length of the wire, will be approximately
5% greater than the . latter.
Wavelength at resonance
The length
2
is called the "Electrical Length" of the
antenna.
Summarising, we may state that the "physical" (or actual) length of
a dipole is approximately 951 of the "electrical" length.
In calculating wavelength and frequency (at resonance), therefore, 5% must be added to the measured
length of the wire before applying the calculations illustrated at an earlier peint
in the lesson.

DIEE_WIDNAL BROPERTIU OF A_HÁLLE-VOE DIPOTE.
An antenna of this type does not radiate (or receive) equally well in all directions.
Referring, at the moment, to a transmitting aerial, the dipole radiates most strongly in directions perpendicular to its length. The radiation in directions parallel
to its length is practically zero.
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These directional properties of an antenna may best be illustrated by means of
a "Polar" Diagram,
Such a diagram shows at a glance the relative intensities
of the radied wave (or the received signal) for all directions around the
aerial.
The Polar diagram for a half-wave aerial is shown in Figure 10.
The diagram
ïbakes the form of t' circular "lobes", forming an idealised "figure-of eight".
Here AB represents the aerial,
The signal strength radiated in any given direction is proportional to the length of the line drawn from the point(o)in that
direction to the boundary of the polar
diagram. For example the radiations in
the directions OC and OD (perpendicular
to the wire) are proportionnl to OC and
OD, which are equal and are a maximurg.
The
signal strength in the direction OE
°law
is
proportional
to the length of OE which
// Diagram
is approximate]y one-half of OC.
Hence
A
///
B
the signal radiated in the direction OE

7

f
f

will be one-half the strength of that
radiated in the direction OC (or OD).
Note that the strength of the waves radiated in the directions OB or OA is zero.

Assuming that the antenna AB of Figure 10
is placed horizontally, (i.e. parallel to
the ground,) the paor diagram drawn is
FIGURE 10.
described as ahorizontal"polar diagram.
If it is imagined that one is observing the antenna from above, i.e. looking
down upon it, then the diagram shows the ralative signal strengths for all
directions taken in a horizontal plane.
If now the antenna e while still placed horizontally,

is viewed "end-on" as shown

in Figure 11, the relative signal strengths observed in all directions measured
outwards from the aerial, in the plane of the paper will be .Lgual.. The polar
diagram will therefore be simply a circle.
This is the "vertical" polar diagram e
because the plane token is perpendicular to the ground,
Actually the circular diagram would only be obser7ed
if the antenna were well pbpyq the ground,
When placed
horizontally and close to the earth the radiation
from a dipole is greatly modified by reflection from
the ground of those waves radiated in a downward
direction.
POLARISATION OF THE WAVE,
The "Polarisation" of a wave is determined by the
arrangement of the transmitting antenna, and depends
upon whether the electric field of the radiation is
parallel to the earth (horizontal) or perpendicular
to it (vertical).

FIGURE 11.
VERTICAL POLAR DIAGRAM
:HORIZONTAL DIPOTF,.
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The nature of an electro-magnetic (radio) wave should be recalled.
It consists of
two alternating fields -- an electrostatic field and a magnetic field.
The lines of
force of the electric field are at right angles to those of the magnetic field,
Both
fields move through space (with the speed of light), in a direction which is perpendicular to both the electric and the magnetic lines of force.
MM
A vertically placed dipole will radiate a wave having the
electric field in a vertical plane, and the magnetic field
in a horizontal plane.
This is called a vertically polarised wave.
In the case of a horizontally placed dipole,
on the other hand, a horizontally polarised wave is radiated.
The electric field will now be in a horizontal plane,
with the magnetic field in a vertical plane.
Both types of
polarised waves are illustrated in Figuro 12,

E
Direction of
fr
'Maw
(a) Horizontally
Polarised Wave.
E

Direction of
The nature of the polarisation of the wave radiated from
' Wave
a television transmitter is of utmost importance when
considering the erection of the receiving antenna.
If
vertical polaristion is in use, i.e. if the transmitter's
radiating conductor or conductors are vertical, the receiv(h) Vertically
er's dipole must also be placed vertically.
Conversely for
Polarised Wave,
horizontal polarisation and a receiving dipole placed parallel to the ground is required.
E = electrical field
= magnetic field.
ILE_RECIPROCAL RELATIONSHIP BETWEEN A T.R1NSMITTING AND
FIGURE 12.
RECEIVING AERIAL.
Both theory and practice show that, whatever property an antenna exhibits when used
for transmitting purposes, then the same property is exhibited in a reciprocal ) or
inverse, manner, when the aerial is used for reception.
For example it has been seen
that the half-wave transmitting dipole presents, at its centre, an impedance of about
80 ohms to the exciting generator, this impedance being due mainly to radiation resistance.
The aerial was found to act as a series resonant circuit, containing 80 ohms
series resistance.
Now, when used for reception purposes the aerial acts as a source
of e.m.f. ("e"), (which e.m.f, is induced in it by the "received" wave), for application to the receiver.
The antenna, still acts as though it possessed an impedance of
80 ohms at its centre.
The receiving aerial may new be regarded as a "generator" of
"internal impedance" 80 ohms, as illustrated in Figure 13.
As a further example of this reciprocal property, we may cite the case of the antenna's
directional characteristics.
The
Dipole
-Internal Impedance
polar diagrams of Figure 10 and 11
apply equally well when the aerial
E 'Y---v\Af\.---.
is used for reception as it does
when used as a radiator.
That is,
maximum signal strength is received
for waves arriving from directions
CO and DO (perpendicular to aerial)
(b)\
and zero strength from directions
AO and BO ( "End-on").
Thus a
To Receiver
horizontal television receiving
To Receiver
dipole should be placed at right
Receiving Dipola) & its Equivalent
angles to the direction from which
FIGURE 13.
Circuit (1?_.
the signals will arrive from the
transmitter,
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TRANSMISSION LINES.
Transmission lines are used, as far as television is concerned, for transferring
r.f. energy from the transmitter to the antenna or from the antenna to the
receiver.
In both cases the line most be carefully designed and adjusted, if
efficient operation is to be ensured.
In the case of ordinary broadcast radio
reception the receiver is usually fed from the aerial by mans of a single wire,
known as the "lead-in", possessing no particular electrical properties.
In thc
case, however, of television reception, operating with a resonant aerial, such
a casual arrangement would prove quite inefficient.
Improper design or adjustment of this important unit of the reception system would result, not only in
loss of sensitivity, but even more importantly, in serious distortion of the
received imago.
PHYSICAL CONSTRUCTION OF A TRANSMISSION LINE.
There are several types of transmission lines in use,
These, though differirg
considerably in physical construction, all possess similar electrical properties
The first type is that known as the parallel -- or twin-wire.
This consists,
usually, of a pair of parallel wires, of fairly heavy gauge (e.g. 14 S.W.C.),
separated and held in place by "spacers" of insulating material placed at regulàr
intervals, as shown in Figur -.
Insulating
14.
The spacers may be circu,. Spacers \ , \
',\
lar e as shown or simply flat

:, ,

i
i/

'

\ strips

-.'V
\-' «,1

‘..

/

.'/

Parallel
Wires
FIGURE 14.

Spacer
End-View

of insulating materir7,
,

to hold the wires the requ1rA
distance apart and parallel
to one another.
A second, and very common
type of transmission line in

television receiver installations is that known as the "twisted-pair",

consist'ng

of two rubber covered wires twisted together an enclosed by a covering of cotton
braid or other material similar to ordinary power flex.
A third type, used mainly in transmitting equipment,
line, illustration in Figure 15.
Here
one conductor, in the form of a wire, •
is run centrally through the other
conductor,the latter consisting of a
bylindrical tubo.
The two are sopar(,;#
ated by means of low-loss insulating
Inner
material.
Conductor

is the "coaxial" or concertic
Outer Conductor

Insulating Material
ELECTRICAL PROPERTIES OF TRANSMISSION
LINES.
FIGURE 15.
In order to explain the operation of
transmission lines a simple twin parallel wire line will be considered.
It will
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be understood, however, that the following explanation will unless otherwise
stated, refer to all types of line.
ELECTRICAL WAVES ALONG _ALINE.
Suppose we have a line consisting of a pair of 12 S.W.G. wires mounted upon poles,
as shown in Figure 16, and extending away an infinite distance.
The near end of
this transmission line is shown
leading into a building which
is supposed to contain a radiofrequency generator or oscillator feeding the line with an
alternating voltage of constant
amplitude.
The R.F. generator,
,•
t . .
.
is provided with a vacuum tube
•
••: ,'1 ,1
•
voltmeter to measure the sending potential, and a themeammeter indicating the current
passing into the line, as shown
in Figure 17.
FIGURE 16.
When
Now suppose the voltmeter reads 600 V (R.M.S.) and the ammeter lA (R.M.S.).
the output is connected (by mean s of the double pole-double throw switch shown) to
an unkown resistor R. The value of this resistor must by, by Ohm's Law, R

600 _

Further suppose that the test engineer, by throwing the switch
applies the output. to the line,
and the meters register the snme
readings as before, Viz: 600V
and 1A.
It is obvious that the
i600
line must present an impedance
-e
(A )
ohm
to the generator exactly equal
R.F. Generator
to the resistance of the resister,
Line
to
..,.
that is 600V.
InfinitY
There is one important difference,
however, between the case of the
R = 600--resistor and that of the line.
The energy output from the gonerFIGURE 17.
ator when connected to the resistor is being all dissipated in the latter (in the form of heat).
The transmission
line possesses comparatively little resistance, and therefore the energy from the
generator is not immediately dissipated as heat, but must pass continuously along
the line.
This energy is transferred down the line in the form of electrical
waves, which will, theoretically in this ideal cese, travel for an infinite distance.
The nature of these "guided" waves, and the manner of energy transfer may be understood more clearly by reference to Figure 18 where the distributed self-inductance
of the wires is indicated by small coils, and the capacities between small sections,
or elements, of the adjacent wires are shown by small condensers.
We may state the
600 ohms.
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inductance and capacity per unit length (e.g. per foot) of the twin-wire line
in micro-henrys and micro-farads or fliicro-micro farads) r-ctively.
If a potential is suppled to
the input end of the line the
first condenser C1 will charge
up through the firtt sot of
inductances L1 until the voltoge across its plates equals
that of the gqnerator.
C1

R.F.
----•,,y,._
Generator
7.-7
..--F
-c l
•te..._._7 .,,.) ....
'Ll

--f2
,
to infinity
12,u,) )4..,. 20,) _......>

L2
FIGURE 18.

then discharges through L2, charging 0 2, which in turn discharges through the
next set of inductances to the next capacity and so on.
In this way each part
of the line is, in turn, subjected to voltage and current surges, which passes
down the line with a velocity equal to a radio wave in space, viz t 186,000 miles
per second.
In actual practice, of course, the inductance capacity effects of the line are
not "lumped" as illustrated in Figure 18, but are evenly distribued over its
whole length.
If the line is fed by a generator supplying continuous r.f. voltage, the "wave"
motion will also be continuous, each capacity being, in turn subject to a continuous charge and discharge of an alternating character.
An important point to notice is that the currents in the two wires at any given
point on the line will, at any given instant, be in opposite directions.
Consider ,
for example the case where Cl (Figure 18) is charging through the two halves of Ll .
The direction of the charging current is shown in the diagram, and it is clearly
seen that the current in the upper wire is opposite to that in the lower wire. Of
course a fraction of a second later, during the next half-cycle of the r.f. voltage,
both currents will reverse, as Cl charges in the other sense.
The fact that the currents in opposite wires are opposed to each other at all
points of the line, means that there is very little electro-magnetic (radio) wave
radiated into space from it.
The reason for the latter staement is that the
electric and magnetic fields produced by the cUrrent in one wire will be practically
cancelled by the opposing fields s6t up by the current in the other wire.
This
desirable condition will only be realised, of course, if the spacing between the
wires is comparatively small (small, that is compared with the length of the wave).
THE CHARACTERISTIC OR SURGE-IMPEDANCE OF A TRANSMISSION LINE.
We have seen in connection with Figure 17 that a given line of infinite length
will present a characteristic impedance to a generator connected to it.
In the
case cited this was 600 ohms when the line consisted of twin-wires of 12 S.W.G.
separated by 8".
If either the thickness of the conductors (i.e. the gauge of
the wires), or the spacing between them, or both, were altered it would be found
that this impedance would have a different value.
It appears, then, that a line
constructed with a given gauge of wire, and a given spacing will have a "characteristic"
T.FM & F. 7 - 15.

impedance.
This characteristic impedance is sometimes called the "surge" impedance
of the line.
It should be noted that a line presents its characteristic impedance
to alternating voltages of all frequencies.
In other words the line show no resonant effect.
The only stipulation we have made is that the line in each case, is
regarded as of infinite length, or at least, in a practical case, of very groat
length compared with a wavelength.
A little later we shall see how this stipulation may be modified.
Factors Controlling the Characteristic Impedance of a Line.
As stated above the characteristic impedance, which we shall henceforth designate
by Zo depends only on the thickness of the conductors and the spacing of the wires.
It is obvious that these factors will determine the distributed inductance and
capacity per unit of length of the line.
If the spacing of the wire is increased Zo will be increased, (but not proportionately) and vice versa.
If the thickness of the wire, on the other hand, is increased,
Zo is decreased, and vice versa.
For the sake of those students who are familiar
with logarithms, the following formula for Zo is given:Zo
Where

=

276

log

(-7)

Ohms.

d = spacing between conductors, r = radius of each conductor,

In any actual case "d" may be measured directly,

(see Fig.19).

and "r" may be obtained,

given gauge, by referring to standard wire tables.

for any

d

In the case of a coaxial or concentric line, Zo depends upon the inner radius of the out= tube or cylinder, and upon the outer radius of the inner conductor or tube.
The formula is:) Ohms.
ri
r2 = inner radius of outerdonductor
outer radius of inner conductor.
(See figure 20)

Zo
Where

=

138 log (

END VIEW OF TWIN-WIRE LINE.
FIGURE 12.

In the case of the "t*istodelpair" type of line, the Zo is not easily calculated,
for the spacing between the wires is not uniform.
In this case, however, the
characteristic impedance may be taken as in the vicinity of 80 - 140 ohms.
Outer
r,
m
ce'' Conductor
For comparison purposes the Zo of the parallel twin-wire typo
is usually found to be in the range 200 - 600 ohms.
It is
2
difficult to reduce Zo below 200 ohms in this type, because
the spacing between the wires becomes too small for practical
convenience.
For the coaxial type, Zo is, in practice, usually
r1
found to be in the vicinity of 70 ohms.

Inner
Conductor

Insu atmng
Material
FIGURE 20.

TRANSMISSION LINE OF FINITE TENGTH-LOAD MATCHING.

In considering the operation of the transmission line earlier,
the line was considered to be of infinite length, so that the energy from the
generator could pass down the line continuously in one direction. This energy
T.FM & F. 7 - 16.

transfer was considered as a wave motion of current and voltage.
Its transmission
was seen to be due to each "elementary" condenser becoming charged through the
inductance of the corresponding "element" of the line, and then discharging through
the inductance of the next adjacent element of the line.
In this way the capacities
of succeeding sections progressively become charged, at the speed of an electromagnetic wave, viz: 186,000 miles/second.
Suppose now we consider the case of a piece of transmission line of definite length,
open-circuited at the end remote from the generator.
Such a line is represented as
consisting of small inductance and
capacity effects in Figure 21 at (a).
..--.---4 --.'.7.,,---(- --7----r---- ,
When the generator is switched on, a
I
IL
R.F.
7-L--wave passed down the line from left
-Generator
1
to right, as described;
the final
ç
lu.)e..r—t--...Q9J.,.7
,e
condenser becoming charged up.
This
Open-Circuited Finite Line,
.condenser cannot pass its charge fur(a)
ther to the right on account of the
open-circuit.
In discharging, thereD
H
fore, it sends a current back along
--!'
the line.
In this way a wave is
initiated from the right-hand end of
the line, and travels back as a reflected wave.
We now have two waves,Generator
R.F.
one passing from generator to the
right and the other (reflected wave)
in the opposite direction.

Forward Current Wave -thus/
Reflected

"

\

/

t?

.--- -„,
The net A.C. current and voltage at
Result ant (St anding)"
it /
\
/
the sending terminals may be greatly
(h)
modified, due to the reflected wave
FIGURE 21.
either adding to (if in phase) or substracting from (if out of phase) the initial
generator voltage and current.
The result is that the ratio of E at the generator,
I
and therefore the impedance presented to the latter, may be considerably different
•
from the characteristic impedance of the line, as measured when the line is of
infinite length.
Another important effect caused by the reflected wave is that, if the current is
measured at different points along the line, at some points it will be very largo,
and at other points it will be zero: (or at least very small).
This is due to the
reflected wave reinforcing the forward wave
at certair) points, and cancelling it
at others.
The forward current wave, the reflected current wave, and the resultant
(or net) current wave are illustrated at (h) in Figure 21 (b).
The waves are shown
for one wire only.
Those on the other wire will be similar but opposite in phase.
The important thing to notice is that at certain points (A,B,C,D and E) on the line
the current is always zero, due to the forward and backward waves always pancelling
at these points.
Ammeters inserted at A, B, C, De and E would never show any reading of current.
Meters inserted at points F, G, H, I, on the other hand would record maximum readings, because the forward and reflected waves reinforce each other
at those points.
The resultant wave obtained is called a Standing Wave.
T.FM & F. 7 - 17.

The idea of standing waves may be illustrated by citing the case of a wave motion
along a rope.
Imagine a boy shaking the end of a rope which extends to infinity,
as in Figure 22 at (a).
A wave motion will travel continuously down the rope from
-4
left to right.
All points of the rope will be
To Infinity
affected by the motion.
This is a travelling
wave, and is analogous to the case of the
infinite transmission line.
Now consider a
finite length of rope tied to a wall as at
(b).
If the rope is continuously shaken a
standing wave will be created, whereby certain points on the rope (A,B,C) will remain
(comparatively) at rest.
Other points, (D,E,
F) will be in a state of continuous oscillat,Ç
ion or agitation. The motions of the points

n

B and C due to the forward wave are cancelled
by the wave reflected from the wall, at all
instants.

-

(b)

FIGURS:22";
The above description is for the case of an open-circuited line. If the line is
short-circuited as in Figure 23 a reflected wave will also be found, resulting in
the formation of standing-waves as before.
R. F.
Generator

MATCHING A LINE TO A LOAD.

FIGURE 23
Consider now ail infinite line of characteristic
impedance Zo, fed by an R.F. generator (Fig 24 (a)).
The actual impedance experiJncod or "seen" by the generator will be Zo.
Imagine a wave reaching the point A on
the line.
This wave will "see" ahead of it an impedance of Zo (for the line is
still of infinite length measTo Infinity
ured
from A).
Suppose now the
A
same line is broken at A, end
R.F.
the remainder of it replaced
Zo
by a resistor of value Zo, as
shown at (h) Figure 24.
The
(a)
wave on reaching A will still
A
"see" an impedance of Zo.
(viz: the resistance Zo of RL)
as if the remainder of the
line extending to infinity
(b)
were still there.
Hence the
energy of the wave will pass
FIGURE2L1
into the resistance, without
reflection.
As far as the generator is concerned the line in case (h) will
appear exactly as at (a), i.e. of infinite length.
Therefore the- actual impedance
"seen" by the generator will be the characteristic impedance of the line.
The reason no reflection occurs at A is that the resistance of RL (= Zo) is just
right for the normal discharge of
capcity of the last element of the lino
preceeding the point A.
The result is that the wave will therefore proceed to
the right as in the case of the infinite line at (a).
Where the line is terminated by resistance equal to Zo, however, the energy of the wave, instead of travelling on forever, is quickly dissipated in the form of heat in RL.
This is just
T.FM & F. 7 - 18.
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what we require.
All the energy passed into the line by the generator,
down the line and is received by the load.

travels

If RI, is greater or less than Zo e reflected waves will be set up.
The strength
of these reflected waves will depend upon the amount of ris -matching.
The reflected
wave will reinforce the forward wave at certain points, and oppose it at others,
resulting in the formation of standing waves.
If a meter is moved along the line
points of minimum current and others of maximum current will be found.
The current
will never by zero, however, as in the ease of an open-circuited or short-circuited
line, because the reflected wave will be ranker than the forward, so that complete
cancellation can nover occur.
The ratio:Max,
Min.

current at points of reinforcement.
current nt points of cancellation.

is called the "standing-wave ratio".
This ratio may be measured in practice and is an indication of the amount of
mis -matching.
If the standing wave ratio. is 1 it indicates that the current is the
same for all points on the line.
This means no reflected wave is sent back by the
load,

and the line is correctly matched (R1 = Zo).

The current (or voltage) at different points along the line may be observed in
practice by using one of the devices as shown in Figure 25.
These aro called
Standing Wave indicators.
The indication may be moved along the line,
maximum and minimum readings being
noted.
No variation in reading as
the indication is moved down the line
indicates correct load ratch 4_71g.
LOAD MATCHING OF A TRANSMISSION LINE
AT THE SENDING END.
It is a well known fact that if an A.G.
generator is to deliver maximum power
into a load, then the load impedance

•

- Capacity

must equal the internal impedance of
Néon Bulb
Crystal or
the generator.
In the case of a transdiode detector
mission lino, therefore, it is importand meter
ant to ensure correct load matching at the
FIGURE 25,
" sending" end as well as at the receiving and.
The load imposed on the generator
is e of course, the characteristic impedance (Zo) of the line (assuming the line
is correctly terminated by an impedance of value Zo).
For correct matching at
the sending-end, therefore, the internal impedance of the latter should equal Zo ohms.
Mis-matchinF
at the sending end will mean that the maximum amount of power is not
accepted by the line, and passed by it to the final "load" at the receiving end.
An
importait (undesirable) effect occurs if both ends are incorrectly matched.
The
energy of a wave reaching B (Figure 26) is partially absorbed by the load RI.
The
rest of the energy is reflected from B back along the line to A, where some of the
reflected energy is again reflected down the line.
In this way a reflected wave may
pass backwards and forwards along the line until it is all absorbed partly by RL
and Ri (internal impedance of generator) and partly by the losses of the line
itself.
Such a state of affairs means that of the total energy fed into the line
T.FM & F. 7 - 19.

at A at any given moment only a fraction will
be received in the load RL when the wave first
passes the length of the line.
A small interval of time later, after the reflected wave has
had time to pass back along the line and down
again, RL will receive a little more of this
energy, and so on.
This effect as explained
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to a television receiver.
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FIGURE 26.

In the problem of transmission of television signals there are two, important
considerations to be dealt with.
The first concerns the directivity of the radiation.
It is desirable to direct as large a proportion as possible of the radiated
energy towards the area of population to be covered, and to prevent radiation in
the direction of the sky, where it serves no useful purpose.
If vertical polarisation is used, a single dipole has desirable properties, in that it radiates no
energy vertically upwards, and a maximum of energy in the direction of the horizon.
On the other hand it radiates equally well in all horizontal directions, and cannot
be used, therefore, to concentrate the horizontal radiation towards a particular
city.
If horizontal polarisation is used, the dipole radiates no energyiin the
horizontal line which coincides with the length of the dipole, and maximum energy
in a direction perpendicular to that line, both horizontally and vertically upwards,
Hence, by placing the dipole broadside on to the direction of the area of population, maximum signal strength will be directed there.
The sky-ward radiation,
however, is wasted in this case, but it may be suppressed by employing special
multi-element radiators.
A system of "crossed" dipoles, designed for more or less uniform radiation in
all horizontal directions, but which suppresses sky-ward radiation, is shown when
viewed
from above, in Figure 27.
Here 4 dipoles forming the sides of a square
are fed from a central "junction' box", via
1\
short-lengths of coaxial cable.
The dipol4
es are fed so that the current in any one
Î.
is of opposite phase to the current in ito
opposite 'fellow.
If a point in space above
the system be considered, the wave arriving
14
A
from any dipole will be cancelled by the
4 '
4
equal and oppositely phased wave from the
opposite dipole. -Note that such a point
7Raiatien
43
in space is 'equidistant from all the dipoles, so that out-of-phase waves setting
A
out from a pair of dipoles will still be
out of phase when they reach the given
NTunctio
point.
This means that the net radiation
Boxi1
upwards is zero.
In other words the ver) 4
4
tically radiated wave is entirely suppressed.

4

4

In the case of a wave radiated horizontally
TELEVISION TRANSMITTER RADIATOR the situation is different.
Consider a
!!CROSSED" DIPOLES AND COAXIAL LINES.
point in the same horizontal plane as the
FIG.
22..„
dipoles, say to the right of them.
At any HORIZONTALLY POLARISED WAVE.
T.FM & F. 7 - 20.

instant the waves radiated by dipoles A and B are 180 ° out of phase.
A fraction
of a second later the wave radiated to the right by dipole A will have reached
dipole B.
Now the distance between the dipoles is exactly one-half a wavelength.
Hence in this time the wave from A will have changed its phase by an amount equal
to
wavelength, i.e. 180 ° . The result is that the wave radiated from A at the
original instant will be exactly in phase with the radiation from A as it passes
the latter dipole.
This means that the two waves will reinforce each other at all
points to the right of A.
Figure 28 will show clearly how this additive effect
occurs.
Here the plane of the paper is sup,'7osed to represent a vertical plane, the dipoles
Direction of
being viemedtbnd-on".
Propogation

/

,

Figure 29 shows the horizontal polar diagram

u

A /

X

`.B
o

•Waves
Adding

Wave from A

,r2i °

Wave from B
Re

of the system at (a).
Noto that radiation
is roughly uniform in all horizontal directions.
Such a radiator would be used when the transmitter is situated near the centre of a populated area to be covered.
At (h) is shown the
vertical polar diagram. Note thatthe energy is
concentrated into a horizontal radiation pattern, the skyward wave being reduced to a mini-

•
The dipoles of this type of radiator are sometimes curved, so that the four of them form the
circumference of a circle.
The appearance of
such an arrangement is shown by the upper rod -

J.tant Wave.
FIGURE 28,

i& at on the mast depicted in Figure 30.
Actually in this figure the electrical
arrangement is that known as the "folded" dipole system, which is somewhat different from that described above.
The second problem
to be considered in
transmitting antonnae concerns the

----_
F ._

-4 Dipoles

antenna impedance
over the frequency

—

band of the transmission.
This band,
as
me
have
seen in
\\•t
HORIZONTAL POLAR
VERTICAL POLAR DIAULM.
an earlier lesson
DIAGRAM.
is usually wide
up
FIGURE
22.
.
(b)
to
6
mc.
sçc.
forth°
(a)
video cq rier
As explained in this lesson a dipole is resonant at one frequency only, when its
impedance (measured at the centre of the radiator) is a minimum and purely resistive.
At frequencies on either side of this resonant frequency the impedance
rises and becomes partly'reactive.
In this respect the dipole behaves exactly
like a series resonant circuit.
If the sidebands are not to be appreciably weakened or distorted this de-tuning effect must be made negligible over the width of
the transmission channel.
The problem is solved in practice by heavily "loading"
the radiator elements with resistors, and by special shaping of them.
The lower
radiator of Figure 30 shows one system.
Hero four radiators protrude from a curved
\

Dipoles

T.
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collar-like conductor.
The radiators themselves,
instead of being simple straightconductors, are 6f
an ellipsoidal shape.
In the figure the upper radiation (previously referred to) is used for sound
transmission (ultra-high frequency F.M.), while the
lower, just described, is used for the picture transmission.
RECEIVING ANTENNAE.
The antenna system of a television receiver requires to be much more critical than that of a broadcast receiver.
This applies equally as much to
the lead-in arrangement as it does to the actual
aerial itself.
In the first place it should be made clear that
usual practice is to use a single receiving aerial
for both the picture signal and the sound.
The two
signals, lying in adjacent frequency ehannels, are
esorted out" in the early stages of the receiver.
Television receiving antennae are usually of the
simple dipole type.
Sometimes special arrangeFIGURE 30.
ments of several dipoles (multi-element "arrays")
TETEVISION TRANSMITTING
are used, when special directional properties are
ANTENNAE..
desired.
In erecting an antenna the first point to coneider is the polarisation characteristics of the transmitted wave.
In England vertical polarisation has been in favour,
and in this.ease the receiver dipole must be placed so that its length is perpendicular to the ground.
If the wave is horizontally polarised, as in America the dipole
is erected parallel with the ground.
Secondly, the direction from which the signal arrives must be cr.nsidered.
Remember
the dipole has directional properties such that maximum signal strength is absorbed
when the dipole length is at right-angles to the direction of the wave.
In other
words, the dipole must be placed "broadside-on" .to-'the line joining transmitter tn
receiver.
If it is desired to operate upon more than one transmission, a crpremise must be decided upon in this respect.
Figure 31 shows the necessary orientation of antennae for vertically polarised wave
at (a)

and horizontally polarised wave at (b).

DISTORTION DUE TO REFLECTIONS.
Ultra-high frequency waves are particularly susceptible to reflection from large
objects such as city buildings.
In this way waves from a transmitter may arrive
at a receiver from different directions, and having covered paths of different
lengths.
Figure 32 shows a receiver antenna R receiving a "direct" wave from the
transmitter T along the path TR.
A wave is also received having travelled the path
T.
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(a)

FIGURE 31.
TOR, due to reflection from the building B.
The effect is to produce a blurred
image on the receiver screen due to the reproduction, twice, of each picture element.
The reproduction of a particular picture element due to the
N .
11
reflected wave will not appear on the screen in
exactly the same spot as
that produced by the
direct wave.
To understand this remember that the
picture elements are superimposed on the r.f, wave
in succession, and in the form of modulation.
Now
imagine that at the present moment a particular
picture element appears as modulation on the wave
just leaving T.
This picture element will be reproduced on the receiver screen a short time
later -- the time the direct wave takes to pass
directly from T to R.
The same picture element
will be reproduced a second time -- a little later
EIG.URE_2a.
still -- by the wave travelling the route. TOR.
This path is longer than TR, and
hence the time taken will be longer.
The result will be that two identical picture
elements will appear on the screen side by side, since the scanning beam is continuously moving, at high velocity, over the screen.
A 'blurred imago Will redUlt.
Such reflections can be discriminated against by turning the dipole until it is more
ore less end-on to the direction from which the reflected wave is arriving.
Of
course this may involve orientating the dipole so that it is not square-on to the
direct wave, with a resultant loss in signal strength.
In practice a compromise in
this respect must be effected.
TENGTH OF RECEIVER DIPOTE.
Aspreviously discussed, the dipole, to be resonant, must have an electrical length
equal to one-half of the wavelength of the desired signal.
(Remember that the
Physical length is only about 95% of the electrical length).
If a single transmission

only is to be considered the problem, then, is simple.
Suppose, however, a number
of stations, with a frequency band of, say, 44 mc/sec. to 108 mc/sec. are to be
received.
Once again a compromise must be resorted to.
It is usual to design the
antenna in this case so that it is resonant at a frequency known as the "geometric
centre" of the range.
This is calculated by multiplying the two extreme frequencies and taking the square root, thus:geometric centre

=

,V44

108

70 mc/sec.

The dipole is designed so that it is ie wave-length long at 70 inc/sec.
A certain
amount of de-tuning effect will be experienced for frequencies on either side of
this, but since the losses in the antenna system are usually fairly heavy, the
antenna, considered as a tuned circuit, is vary broadly tuned, and it is found in
practice that the band of frequencies can adequately be convered by a single aerial.
FEEDING THE SIGNAL MOM DIPOTE TO RECEIVER.
The "lead-in" is almost invariably a transmission line, properly "matched" at
both ends.
It should be noted that here the dipole itself may be regarded as an
A.C. generator supplying the input to the line.
The internal impedance of this
"generator"
is about 80 ohms (the "radiation" resistance and ordinary resistance
of a dipole).
Hence the line must be matched to this 80 ohmsimpedance, if maximum
energy is to be transferred to it from the antenna.
Again, if the receiver input
(aerial circuit) is to absorb maximum energy from the line, and if reflections in
the line are to be avoided, the load imposed upon the line by this input circuit
must be equal to its characteristic impedance (Zo).
Transmission lines used in practice are of the parallel (twin) wire, coaxial cable,
or twisted-pair types.
The parallel-wire type usually has a higher impedance (Zo)
(usually hundreds of ohms) and therefore requires special matching devices at the
centre of the dipole (impedance 80 ohms).
One matching method is that known as
the Delta-match illustrated in Figure 33.
The dipole is unbroken nt the centre,
and the transmission line is flared out, the dimensions being shown for a 600 ohm
line.
The theory of this matching method is
.48
....
rather complicated and will not be discussed ;
+1
in detail here.
The effective load on the other end of the
line must also be equal to its characteristic
impedance -- 600 ohms in this case.
The transformer effect is usually used for matching purposes here.
The load imposed on the line will
depend upon the natural impedance of the input
circuit of the receiver and the turns ratio of
the transformer.
The arrangement is shown in
Figure 34.
Note that the centre point of the
primary coil is grounded.
The reason for this
is to cause cancellation of any signal pick-up in
the two wires of the transmission line.
These signals will cancel out in the two halves of the primary
coil, so that all signal fed to the receiver comes

.16

\
4

/

600

IA

line

j

DELTA-MATCHING.
( X = 1 Wavelength)
FIGURE 33.
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from that absorbed in the dipole itself.

V

This precaution is called "balancing

the line.
Transmission Line

The twisted-pair type line has a lower characteristic
impedance -- usually 50 to 150 ohms -- so that direct
coupling to the dipole (Zo = 80 ohms) is in most cases
satisfactory (See Fig. 35).
The attenuation, due to. r.f.
losses, of the twisted-pair is, however, high.
Although
---jr
this results in loss of signal strength, the high atten34i Input
\
FIGURE
Circuit uation is actually an advantage in damping out reflections, due to imperfect load matching, as discussed below.
For these reasons the
twisted-pair is usually to be favoured above all other
Dipole
types for ord.ipary household reception purposes.

r
--
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DISTORTION DUE TO LINE REFTF.CTIONS.

Twisted Pair

If the transmission line from the dipole is not correctly matched at both ends, reflections, producing standing
o receiver
waves are set up, as previously discussed.
These line
reflect-ions cause exactly the same type of screen disFIGURE 35.
tortion as occurs when the antenna receives a wave reflected from an object, as
shown in Figure 32.
If the line is not accurately matched to the load of the
input circuit, a part of the energy, instead of being absorbed by the receiver, is
reflected back along the line.
If imperfect matching also occurs at the antenna
end, the wave is again reflected towards the receiver.
The reflected wave may pass
back and forth several times along the line.
Each time it strikes the receiver
end, a part of it is passed to the receiver screen.
In this way a picture element
may be "laid down", at adjacent points, several times on the screen, with consequent blurring of the image.
If the line is short, the time taken for the reflected
wave to travel twice its length will be extremely short, and in this case, the
distortion will be negligible ; since the picture elements will fall practically on
top of each other,
If a long line is used, however, the distortion can be very
serious.

4

The fault is largely avoided if a high loss twisted-pair line is used, because
the reflected wave is virtually wiped out, by attenuation, in travelling the
double-length of the line.
Obviously, however, the best method of preventing the
trouble is to design the antenna system, together with the receiver input circuit,
so that correct matching at both ends of the line is obtained.
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EXAMINLTIOLQUESTIONS.

1.

Explain with the aid of a diagram the meaning of the terms
distributed self capacity and inductance of a straight conductor.

2.

Draw a diagram showing a half-wave dipole.
Insert curves to
show how the magnitudes of the current and voltage vary over
the antenna length when it is operating on its resonant frequency.

3.

What is meant by the radiation resistance of an antenna?
What is
the value of the radiation resistance of a half-wave dipole
measured at its centre?

4.

What is the currect nLysical length of a half-wave dipole to be
operated on 90 mc/sec?

5.

What is a polar diagram?
Sketch a horizontal and vertical polar
diagram for n half-wave dipole placed horizontally.

6.

Give and explain one reciprocal property of a dipole when used
for 1
4eception and transmission.

7.

What factors determine the characteristic impedance of a twinwire transmission line?
Under what conditions would the input
impedance of the line equal its characteristic impedance?

8.

What effects may be encountered if a receiver's transmission line
is not correctly matched at both antenna end and receiver end?

9.

Explain the meaning of the term "polarisation of a wave".
Should
a receiver's dipole be vertical or horizontal to receive - vertically polarised wave?

10.

Why may the presence of large buildings, near n receiver aerial
result in a blurred picture?
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LESSON No 1 8.

TELEVISION RECEIVERS.
The broad general principles underlying the reception of television signals are
identical with those you have learned about in your earlier lessons on ordinary
sound broadcast receivers.
For this reason we shall concentrate here on elucidating the special problems which are characteristic of the reception, amplification,
and detection of the high frequency, wide-band wave which constitutes the television signal.
A great deal of this explanation can be illustrated by block diagrams
to replace full circuit diagrams.
Whenever this is done the student should be ever
ready to apply, in his own mind, the knowledge of electronic technique already
acquired in the study of broadcast reception.
He should understand that, unless
the contrary is stated, a "block", representing a stage, or section, of the receiver, operates in the same general manner as its counterpart in the more humble
broadcast set.
THE SPECIAL PROBLEMS OF TELEVISION RECEPTION.
As has been pointed out in an earlier lesson of this series the complete television signal as broadcast from the transmitter is rather a complicated affair.
In
the first place it consists, in the case of the system at present in general use,
cf two separate waves -- one carrying the vision signal, the other the sound -lying in adjacent frequency channels.
The first problem will therefore be that
of picking up and tuning in this "dual" signal, and thence separating the two in
order that each finally reaches its proper destination, viz: the cathode ray tube
in the one case, and the loudspeaker in the other.
Then again, as will be recalled the vision signal itself consists of two parts,
the true picture or video signal, and the synchronising pulses.
These must, by
special methods, be separated one from the other, and made to perform their allotted
tasks.
A third special problem is that of handling the ultra-high radio frequencies which
we have seen are characteristic of television signals.
For efficient tuning and
T.FM & F. 8 - 1.

amplification of these frequencies, extending up to many scores of megacycles,
requires somewhat special design for the amplifying circuits.
Finally, but of great importance, is the problem of handling the wide-band
signals which are characteristic of modern high-definition signals.
It will be
recalled that these band widths run up to 3 or 4 megacycles, as against several
kilocycles in sound broadcast transmissions.
The problem in this connection is
mainly one of the correct desj,gn of the I.F. amplifiers, and also, of course, any
stages of video amplification employed after detection.
In addition to the above mentioned problems of tuning, separation of vision and
sound, and wide-band amplification, there is of course the important function of
operating the cathode-ray tube to build up, from a series of picture-elements,
a re-creation of the original moving scene.
This part of the receiver incorporates,
such as "saw-tooth" oscillators which have no counterpart in the ordinary broadcast model.
The operation of the cathode-ray tube, together with its associated
circuits will be deferred until the next lesson.
Here we shall deal with the sound
and video tuning, mixing, amplifying (R.F. I.F. and video), and detection circuits.
TYPES OF RECEIVERS.
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FIGURE 1.
Just as it is possible to use a straightforward TRF receiver or a superheterodyne
for the reception of signals from broadcasting stations, so it is possible to use
either a T.R.F. or superheterodyne circuit for receiving either or both the vision
T.FM & F. 8 - 2.

signal and the sound signal.
Some receivers have employed superhet circuits for
both vision and sound signals.
Others have used a superhet circuit for sound and
a TRF circuit for vision.
Still others have used a TRF circuit for sound and a
superhet circuit for vision, while it is also possible to use a T.R.F. rircuit for
both.
Regardless of the type of reception adopted, the general principles are
exactly the same as those you have learned about in your earlier lesson papers.
Figure 1 is a "block" diagram of a television receiver employing a superhet section for the sound signal, and a TRF circuit for the vision.
The two sections
represent two entirely separate receivers except that they operate from a single
dipole.
Although this antenna is "resonant", its tuning is broad and will, due
to various "losses", amply cover the entire sound and vision channels.
In the diagram (Figure 1) the circles represent valves, while the rectangles are
tuning circuits.
The receiver is supposed to be operating upon a television signal consisting of a sound carrier of 41.5 mc/sec, and a vision channel of carrier
frequency 45 me/sec, with side-bands extending from, say 43.5 mc to 46.5 mc.
The
sound signal, picture signal, and sync. pulses are shown as per the key at the top
of the diagram.
Remember that the sync, pulses are superimposed, as modulation
on the 45 mc, vision carrier.
The sound carrier is separated from the vision carrier by a sharply tuned r.f.
circuit adjusted to 41.5 mc.
This signal is then reduced to the I.F. of 4.5 mc.
by means of the frequency converter (1st detector). Compare this I.F. with that
commonly used in broadcast reception (455 kilo-cycles).
The remainder of the sound receiver corresponds in principle exactly with any
conventional superhet-receiver.
The picture carrier, which contains the vertical (frame) and horizontal (line)
sync, pulses is fed into tuned circuits designed and adjusted to pass the band
of frequencies comprising the 45 mc, carrier itself together with its necessary
side-bands.
This band-pass "filter" cuts off rather sharply frequencies above and
below the.
vision channel.
In particular it eliminates, or greatly reduces the
sound signal which must be prevented from reaching the picture screen, where it
would cause interference to the reproduced scene.
In the case of the receiver
illustrated, the vision section is T.R.F. consisting of 2 stages of r.f. amplification.
Each stage is tuned to the picture signal, so that by the time the
latter has reached the detector, the last traces of the sound signal have been
suppressed.
The detector may be of any of the usual types employed in a T.R.F. receiver.
In
this stage, of course, the signal is de-modulated, i.e. the video signal is separated from its carrier.
This video signal, representing the picture elements, is
then amplified by one or more stages of wide-band amplificiation.
Video amplifiers were discussed in detail in Lesson 5.
The video signal is then applied to the
control grid, or modulating electrode, of the cathode-ray tube.
It will be observed that the two sync, signals, which were also separated from the
carrier by the detector, are "side-tracked" at this stage into that section of the
receiver which produces the saw-tooth voltages (or currents) for beam deflection.
The discussion of this part of the receiver will require considerable space, and
is therefore deferred until the next lesson, where it will be treated in detail.
T.FM & F. 8 - 3.
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FIGURE 2
Figure 2 shows another typical receiver layout, in which both sound and vision
sections employ the super-heterodyne principle.
In this case both signals are
passed through the one R.F. amplifier, which is sufficiently broadly tuned to
cover the entire television band.
For the channel cited, this will extend
approximately from 41.5 mc. to 46 ,5 me.
The two signals are then separated by
more sharply tuned circuits, and passed into their respective frequency converter
stages.
These reduce the frequencies to the I.Fis of 9.7 mc. and 13.2 mc. respectively.
The sound section then follows, in principle, the conventional superhet.
layout.
The picture signal passes through two stagels of I.F. amplification,
where the tuned circuits have broad characteristics to accomodate the wide band
of side-frequencies (e.g. 3 mc.).
The detector is normally of the diode type.
Such a detector if sufficient amplification is obtained from the previous R.F. and I.F. stages, will produce a video
signal strong enough to operate the cathode-ray tube directly.
Hence, as shown
in Figure 2, some receivers do not contain any stages of video amplification.
As in the first receiver described, the sync, pulses are diverted, at the detector
stage, into those cathode-ray tube auxiliary circuits which provide the beam
scanning.
It will be observed that no attempt is made to suppress the sync. sigT.FM & F.
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nais from the modulating electrode.
Such suppression is unnecessary; for, as will
be shown clearly in the next lesson, these signals, although serving no useful
purpose at this electrode, cannot cause any undesirable interference with the
picture formation.
The diagrams of Figures 1 and 2 will give the student some idea of the functions
to be performed by a television receiver, and of the number of valves and components required.
It would be as well to mention now that it is practically universal
practice to utilise the superhetodyne principle in both sound and vision sections
of the receiver as in Figure 2.
We shall now proceed with a more detailed discussion of the particular problems associated with the aerial„mixer, I.F. and detector
stages of such a typical receiver.
THE INPUT LAERIAL) STAGE.
The function of this stage is to accept the composite (sound and vision) signal
from the antenna (to which it must be matched --see previous lesson), and to transfer these two carriers either directly to the converter valve or valves, or firstly
to an R.F. amplifier.
The use of an R.F. amplifier has the advantage of improving the signal-to-mask
ratio (in the same way as it improves the signal-to-noise ratio in an ordinary
superhet).
It also results in a slightly improved over-all amplification and
selectivity.
The more usual practice, however, is to omit an R.F, amplifier, as
the number of valves in a typical television receiver is comparatively large.
Another reason for omitting this stage is that a considerable simplification in
the tuned (input) circuits is thereby achieved.
The input or aerial stage consists of a tuned circuit or circuits sufficiently
broadly tuned to cover the entire television channel, which, including the vision
and sound carriers (with sidebands) may be as wide as 5 mc.
If a single circuit
is used this broad tuning is mainly achieved as a result of the "loading" of the
circuit due to the antenna and transmission line circuits which are coupled across
it.
These losses have the same effect as a resistance connected in parallel across
the tuned circuit (See Figure 3).
The input circuit or circuits are usually inductively tuned, i.e. they
employ coils with adjustable iron cores.
The
tuning capacities then
consist of the stray wiring and valve input capacities.
If the receiver is designed to be tuned to a large
number of television channels it is usual to employ
a separate circuit for
each channel.
The stations
are then selected by a suitable switching arrangement

Antenna System
Losses
V
V

Aerial Circuit

Equivalent
Circuit showing effect
of Transmission Line
losses.
FIGURE 3.
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Station Selector

as shown in Figure 4.
Notice here that five channels are provided for.
The
primary of each coupling coil consists of a metal strap, stamped from sheet, and

C)

Band III

o
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FIGURE 4.
consisting of but a single turn, intended to match the impedance of a 75 ohm
transmission line.
The secondaries are tuned by means of powdered iron cores
which fit within the coils.
The five channels provided for are 44 to 50, 50
to 56, 66.to 72, 78 to 84 and 84 to 90 mc.
Coupled circuits, to produce a band-pass effect, are often used in preference
to a single circuit.
The idea here is not to increase the selectivity of the
receiver (the over-all selectivity of a typical receiver is due almost entirely
to the I.F. stages), but to improve the ratio of signal-to-mask (noise) ratio.
When a single circuit is sufficiently broadly tuned to cover a band of several
megacycles it has a very low "Q", and produces no voltage amplification of the
signal.
On the other hand it passes to the converter a maximum amount of "thermal
agitation" voltages.
Briefly it may be stated that the sharper the tuning of a
circuit (i.e. the higher its "Q" value) the greater will be its signal-to-random
voltage ratio.
The requirement of wide tuning range to cover the whole television
signal, 'together with the advantages of comparatively high "Q" circuits may be
obtained by using several circuits designed to produce a band-pass or "filter"
effect.
A comparison between the characteristics of a single broadly tuned circuit (at a) and a "band-pass" arrangement (at b), consisting of several
tuned circuits is shown in Figure 5.
In each diagram the dotted line represents the "ideal" selectivity curve
required for a 3 mc. channel.
At (a)
it is shown that, in order to cover
approximately this band using a
(b)
(a)
single circuit, the tcning has to be
FIGURE 5.
broadened (by resistance loading) to
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such an extent that frequencies well outside the channel are not greatly attenuated.
Even so there is some attenuation of the upper side-band frequencies of the signal.
The curve obtained at (b) is that of a band pass "filter" arrangement.
Here the
signal channel is adequately covered, yet frequencies outside the band are sharply
cut off.
When a receiver is designed to operate on a single station only (i.e. when no provision is desired for selecting one of a number of television channels) the input
circuit may be constructed to yield sharp resonance for the comparatively very
narrow sound channel.
In the case of the simple input circuits so far described
the sound signal, occupying a band of perhaps only 10 Kc. in width, is passed to
the converter grid through the common input circuit which will accept a band of
frequencies extending over several megacycles.
This results in a lowered over-all
amplification and signal-to-noise ratio as far as the sound section of the receiver
is concerned.
In Figure 6 is shown an input circuit which provides selective resonance for the
sound signal.
Separate converter valves are used for video and sound channels.
Video Converter

Sound Converter
FIGURE 6.
The input circuit which accepts the broad band representing the composite signal
consists of coils Li and L2 and condenser C.
Coils 1,12, Lil , and condenser dl form
a sharply tuned circuit of the band-pass type, adjusted to the frequency of the
sound carrier.
It allows only the comparatively narrow band of frequencies, representing the sound signal, to pass to the grid of the lower converter.
Circuit
LC forms a parallel resonant circuit, tuned sharply to the sound carrier.
This
circuit offers a large impedance to the sound frequencies, but passes comparatively
freely the wide band of frequencies representing the picture signal to the video
converter.
THE CONVERTER STAGES.
The function of the converter stage is, as in the case of an ordinary broadcast
T.FM & F.
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receiver, to produce lower frequencies, viz: "intermediate" frequencies, which may
then be more efficiently amplified and separated.
Note, however, that in the case
of television work, there are two separate carriers (vision and sound) to consider,
and two •separate intermediate frequencies to produce.
Systems which have been, and
still are, used to generate the two I.F.'s are several in numbers(1)

Separate converter valve for each channel, each valve functioning as both
oscillator and mixer for its own channel.

(2)

Separate mixer valves for each channel, but using a separate valve for
producing the local oscillations for both channels.

(3)

A single mixer valve for.both carriers, but employing a separate valve
for producing oscillations, and

(4)

A single converter valve which acts as both oscillator or mixer for both
channels.
(NOTE:- We are here using the term "converter" when a valve performs the dual
function of producing the locally generated oscillation and "mixing"
it with the incoming carriers.
The term "mixer" is used when the valve
is relieved of the job of generating the local oscillations, by the
employment of a separate valve for this purpose.)
Sound I.F.

Sound I.F.

(a)

Sound I.F.

(h)
comthned
cónv.

Ose.
circuit

FIGURE 7.

(d)

The four systems are illustrated diagrammatically in Figure 7.
In the case of
systems (1) and (4), at (a) and (d) respectively, the valves perform the double
function of mixer and oscillator.
Systems (2) and (3), (at (h) and (0) employ
separate valves for oscillator and mixer functicns.
From another point of view
T.FM & F.8 - 8.

(a) and (h) are similar -- in that the mixing of sound and picture carriers (with
oscillator frequency) is carried out in separate valves.
By the same token (c)
and (d) may be compared, for in both these arrangements mixing for sound and
picture signals is achieved within a single valve, the two I.Fls being thenseparated by selective circuits.
COMPARISON OF CONVERTER SYSTEMS.
Whether or not a separate oscillator va1Ve is used depends mainly upon the television frequency or frequencies the receiver is designed for.
It is found that
for carrier frequencies above about 70 Mc. it is virtually necessary to use a
separate oscillator valve. Working at these high frequencies (which are common
in the U.S.A.) it is very difficult to maintain a stable oscillator frequency,
independent of the signal frequencies, when a single converter type valve is used.
This is due to coupling effects occuring within the valve, between the different
frequencies involved.
In addition, a considerable loss of power in the oscillator
frequency is involved.
When operation is on the lower frequencies, however, as in the case of the B.B.C.
transmissions on 40 odd M.C, the use of combined converter type valve is quite
satisfactory(See Fig 7 (a) and (d)), and has the advantage of reducing the number
of valves in the set.
With regard to the question of the mixing of the sound and picture signals within
separate valves (as at (a) and (h) -- Fig. 7), or within a single valve (as at (c)
and (d)), the problem again depends largely upon the intended purpose of the
receiver.
If operation is to be confined to a single television transmission
advantage may be taken of separating the sound and picture carriers in the input
circuits, whereby selective resonance, particularly for the sound signal, may be
employed, as described earlier in this lesson.
This plan necessitates the use of
separate mixer valves.
When, however, the receiver is designed for switching to
different television channels, as is commonly done in America, it is virtually
impossible to carry out any separation of seund and picture carriers in the input
(aerial) circuits.
In this case, as explained each input circuit (for each television channel) is a simple tuned circuit, and separation of sound and picture
signals is carred out after the single mixing stage, by means of the circuits tuned
to the separate Intermediate Frequencies.
Summarising, we may state briefly that in America the arrangement at (c) Figure
(System 3) is most favoured.
English receivers, on the other hand seem to prefer
the arrangement illustrated at (a) in this diagram.
SOME OSCILLATOR AND MIXER CIRCUITS.
The oscillator tuning is one of the most critical adjustments in the entire receiver.
The oscillator must therefore be designed to operate at a very stable frequency, i.e. the latter must not vary appreciably with supply voltage or temperature
changes.
Two circuits which seem to show the highest degree of freedom from
frequency instability are the "floating-cathode" type shown at A in Figure 8 and
the tuned plate circuit, two versions of which are illustrated at B and C in the
same figure.
All these circuits are really modified versions of the Hartley
oscillator.
The condenser Cv in each case is used as a trimmer.
T.FM & F.8 - 9.
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FIGURE 8.
Simple tuned-grid oscillators, as found in broadcast receivers are rarely used.
A Push-Dull type of oscillator, with grid-tuning may be used when the receiver
operates with separate converter tubes for each channel.
An example of this
arrangement was given back in Figure 6.
Here the triode sections of the two
converter tubes, acting in push-pull maintain in oscillation the single tuned
circuit which is connected in their grid circuits.
With reference to this circuit note that the function of the hexode section of
V1 is limited to the generation of the video I.F, the hexode section of V2 being
used for the sound I.F.
Observe also that the picture I.F. which occupies a
broad frequency band, is transferred to the following stages by means of an
untuned (r. f,) transformer.
The sound I.F. on the other hand, is amplified selectively by means of tuned coupled circuits, as is common practice in broadcast
receiver design.
An example of a complete converter stage employing a single mixer valve for both
picture and sound channels, together with a separate oscillator is shown in Fig. 9.
t---4

e:

Video I.F.

E >

Mixer
Audio

Input
*

Oscillator
m
CT
FIGURE 9.

I.F.

Here the oscillator consists of the Hartley
circuit with a triode
valve.
The oscillatorls
tuned circuit consists
of the tapped coil Ll ,
and trimmer condenser CT.
The mixer value is a
pentode of high mutual
conductance. The oscillator frequency is injected directly into the grid
by means of the coupling
coil L2 . This arrangement gives the highest
sensitivity.
An interesting point
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about this circuit is that while the picture I.F. signal is taken, as usual, from
the plate of the mixer, the sound I.F. is taken from the screen-grid, which is
not by-passed.
THE TWO INTERMEDIATE FREQUENCIES.
At this stage it should be clearly understood how the two I.F's are produced from
a single oscillation with the receiver.
Suppose the sound carrier has a frequency
of 49.5 mc. and the picture carrier is of 45 mc.
If an oscillator frequency of
58 mc. is "mile& with both these carriers a number of frequencies will emerge.
One of these is the difference between 58 Mc and 49.5 Mc., viz: 8.5 Mc., and this
is the sound I.F. Another frequency produced is the difference between the oscillator frequency and the picture carrier frequency, viz. 58 -- 45=
13 Mc. This is
the video I.F. 'As will be explained fully a little later it is always desirable
to arrange matters so that the sound F.F. is below the picture I.F., as in the
case cited.
Now if the transmission is such that the sound carrier is below the picture carrier,
then the oscillator frequency must be adjusted to a value below both carriers if
sound I.F. is to be below picture I.F. (Read this once again t)
The student should,
at this juncture consider a number of hypothetical cases for carrier frequencies
and oscillator frequency, and on each cccasion figure out for himself what the
I.F's will be.
If this is done the fbllowing points should be clear.
Assuming
that it is desired to produce a sound I.F. below the picture I.F, then
(1)

If sound .carrier is above picture carrier,
be above both.

oscillation frequency should

(2)

If sound carrier is below picture carrier,
be below both.

oscillator frequency should

(3)

In all cases the separation between the I.F. channels is equal to the
separation in the carriers.
It follows, therefore that while the
frequencies of the two I.F's may be varied by adjustment to the receiver's oscillator circuit, the difference between the two is fixed for
any given transmission.

With reference to points (1) and (2) above, it is desirable, from the transmitter's
point of view to generate the picture carrier at the lower frequency.
The reason
for this is that, when operating in the region of U.H.F 1s. the lower the actual
frequency the greater the efficiency and power which may be obtained.
Greater
difficulty is experience in generating sufficient power to override interference
in the case of the picture signal than in the case of the sound.
From the point of view of receiver design however it is better to have picturecarrier above sound carrier, since this results in a lower receiver oscillator
frequency.
The point here is that it is much easier to design a converter oscillator of sufficient frequency-stability and power when the frequency is kept to
a minimum.
So it appears to be six of one and half-a-dozen of the other: In the English B.B.C.
transmissions it has been the practice to operate on the picture carrier-abovesound-carrier-system, involving an oscillator frequency below both.
The oppoete
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system is in use in America.
REASON FOR THE HIGH INTERMEDIATE FREQUENCIES.
The Intermediate Frequencies used in Television are of a much higher order than
those with which you are familiar.
In an example given above the Figures 13 Mc
(for picture) and 8.5 Mc.(for sound) were quoted.
Note that these are still high
radic. frequencies
-- in fact they approach in value the carrier frequencies used
in the communication short-wave band.
The question may well be asked:
why not
"convert" the television carriers to much lower frequencies, where amplification
may be effected with greater efficiency?
The answer to this question is, in the main, bound up with the great width of
the band necessary to incorporate all the video components in the picture signal.
As we have seen previously this band is usually several megacycles in width.
Remember that when the converter reduces the carrier signal to the lower intermediate frequency, the width of the band should in no way be reduced.
If such a
narrowing of the band were introduced in the converter or I.F. stages, it would
mean a loss of the higher video frequencies in the picture signal, with a resultant deterioration in picture detail and sharpness.
Suppose then our picture channel extends over a'frequency range of 3cm.c. › Ituld
be clearly impossible to design tuned circuits having a "centre" frequency of
less than 3 mc, and yet still pass this frequency band. Even with an I.F. of 13
mc. the band pass required is nearly one-quarter of the centre frequency of the
I.F. circuits, Figure 10 illustrates the problem here.

Band PaQs
(3 m.c.)

o

Frequency (M.C.)
FIGURE 10

A second reason for choosing frequencies like
8 - 13 mc for the television I.Fls, is that this
particular section of the electro-magnetic frequency spectrum is in very little demand for
other servic'es.
If an I.F. corresponding to the
carrier frequency of some other broadcast were
selected, the television receiver would suffer
.
from serious interference;
for its I.F. circuits
would readily pass the interfering signal from
direct pick-up and insufficient selectivity in
the R.F. stages of the receiver.

The student may still be wondering why the sound I.F. is not operated on something
like, say 465 KG, since the band-width argument does not apply to it.
The point
here is that, as explained earlier the separation between picture and sound I.Fts.
must, of necessity, be equal to that existing between picture and sound carriers,
as radiated from the transmitter.
And remember that picture and sound are transmitted on adjacent carriers, separated by something like 4.5 m.c, in the u.h.f.
range.
Hence, if 13 m.c. is the lowest practicable picture I.F, the sound I.F.
must be either 13 + 4.5 = 17,5. mc. or 13 -- 4.5
= 8.5 mc. As has been stated
earlier the sound I.F. is always fixed at a value lower than the picture I.F.
The
reason for this arrangement now emerges.
In the interests of sound I4F, amplifier
gain, the latter I.F. might as well be as low as possible, since only a narrow band
of audio frequencies is carried by it.
THE SOUND I F

CHANNEL.

The I.F. stages for amplification of the sound signal follow very closely along
T. FM & F.8 - 12.

convent&onal lines, i.e. the inter-stage coupling oonsists of a pair of coupled
tuned circuits.
The operating frequency is, of course,much higher, as has been
explained.
This will necessitate coils and condensers having considerably lower
values of inductance and capacity respectively. •
There is one point of interest, however, in respect to these I.F. stages.
They
are designed to pass a band of frequencies having a width several times that of
the audio modulated I.F.
Whereas the audio frequencies extend only to a maximum
of 15 K.C. per sec., the tuned circuits are designed for a band-pass of anything
between 40 to 100 K.C. per sec.
This, of course, will ensure high quality in
the sound reproduction since there will be no possibility of "cutting" the higher
side-bands of the modulated signal.
The main reason, however, for this apparently
excessive band-pass in the I.F. stages, is not connected with fidelity, so much
as with oscillator design and adjustment.
The oscillator signal, which is used
to produce both the picture and sound I.F, has a frequency in the ultra-highfrequency range, say, for example 50 m.c.
Any variation in this frequency will
taupe aleoual variation in I.F.
An oscillator designed to operate so that its
frequency does not vary more than 0.1% represents a high degree of precision both
from the point of view of initial adjustment and that of frecffienoy stability.
Now
0.1% of 50 M.C. is 50,000 C. or 50 Kc.
Hence, if the oscillation frequency "drifts"
by this amount, the sound (and picture) I.F. will also change by 50 Kc.
It is
obvious, therefore, that if the sound I.F. stages were designed to pass a band of
frequencies only 10 or 20 Kc. in width, it would be impossible to maintain the
I.F. signal accurately in the centre of this pass-band.
The result would be that
oscillator adjustment would be much too critical to get the sound signal through
the I.F. stages;
and even if the correct initial adjustment could be made, the
sound would continuously tome and go, due to "drift" in the oscillator frequency.
This point will be appreciated more clearly, perhaps, by reference to Figure 11,
where the selectivity characteristic of
an 8.5 m.c. I.F. stage is illustrated.
Here the band-pass is 50 Kc.
The audio
I.F. signal, of say width 10 Kc. is
shown in two "positions" in respect to
the circuit's characteristic.
The figure shows how the actual I.F. may vary
by approximately 25 Kc. below or above
its correct value without any loss in
signal strength or cutting of side-bands.

One position
of Audio
I.F. signal

2nd position.
50 K.C.

f Audio I.F.
signal

USE OF THE DOUBLE -SUPERHETERODYNE PRINCIPLE.
FIGURE 11.
A sound I.F. of the order of 455 Kc. may be obtained by the use of a second
converter for the sound signal above.
The first converter lowers the signal
frequency to, say, 8.5 m.c.
The second converter, producing an oscillation
differing in frequency by 460 K.c.
above or below 8.5 m.c, causes a further
reduction in frequency.
The use of the double super-het, is not, however, in favour.
Due to interaction
between the two oscillators numerous whistles and "ghost-signals" are produced,
and only extreme care in design and shielding will prevent this.
In any case the
use ofa second frequency converter stage to reduce the I.F. to 455 Kc. would not
overcome the problem of oscillator frequency drift because any drift would pass
T.FM & F.8 - 13.

through the second frequency conveter and would be present in the new I.F.

A

drift of 25 Kc. in 455 Kc. would be an impossibly large amount for ordinary I.F.
transformers.
THE PICTURE I.F

CHANNEL.

Here we are referring to those stages (usually two or more) whose function is
to selectively amplify the modulated picture (video) signal passed on from the
converter.
This section of the receiver is, from our point of view oné of the
most interesting and important in the whole circuit.
Interesting, because the
inter-stage coupling circuits may appear quite unfamiliar to the ordinary radio
serviceman.
Important, because these stages have to meet such stringent design
conditions that the over-all performance of the receiver may be made or marred
by them.
First of all the student should have a clear picture of the job the picture I.F.
stages are to perform.
They are required to amplify an extremely wide range of
frequencies, all of which are higher than the radio-frequencies to which the
broadcast technician is accustomed.
The amplification must be uniform over this
wide band, i.e. the "response" characteristics of the circuits must be flat over
the given range.
Moreover, the circuits must "cut-off" sharply frequencies outside the lower and upper limits of the picture I.F. band.
For example a typical
case for a modern receiver would be a pic .
f.ure I.F. band extending from 8.75 mc.
to 12.75 mc.
a width of 4 m.ct.
Ampliiication over this band must be flat.
Now, in the case cited the sound T.F. would be on 8.25 mc. and this
-- only .5
mc. below thé lower limit of the picture I.F. band -- must be totally eliminated
by the picture "band-pass" circuits.
This means a high degree of selectivity
(see Figure 12).
Sound I.F.
And all this wide band uniform amplification sharp selectivity must be achieved
despite the fact that the band-width to
be passed forms a very large fraction
(--)
5

of the central frequency.

The student should r at this stage, have
observed an important point, namely that
selectivity is an essential even though.
the receiver has to cope with but a sing-

//
A

J.75 m.c.

12.45 m.c:

8.25m.c.
FIGURE 12.

le television transmission.
The reason for this is, of course, that each transmission employs two carriers.
The sound carrier must not be able to pass through
the picture I.F. carrier, for otherwise serious interference to the picture formation on the screen would result.
Of course if the receiver is located within
the coverage area of two or more transmitters the question of selectivity becomes
of even greater importance.
BAND-PASS COUPLING CIRCUITS.
The response characteristics required (as described above) for the inter-stage
coupling of the video amplifiers may be obtained by two general methods:A. Over-coupled circuits loaded with resistances.
B. Circuits based on band-pass "filter" design.
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Actually there is no sharp distinction between the two types, but for our purposes
we shall discuss them separately.
OVER-COUPLED CIRCUITS. RESISTANCE "LOADED".
The student should already be familiar with the general theory involved under
this heading, but we shall quickly review the subject.
Briefly the main points are as follows.
Suppose we have two tuned circuits,
tuned to the same frequenm (fo), and loosely coupled by mutual induction (m)

In
L
r3 ,r 1
,
2
T .
R2T c2
(C)

FIGURE 13.
between the coils (see A Figure 13).
The response curve will be like curve "a"
Figure 13(0).
If the coupling is now increased the peak of the curve will rise,
until at a certain value of coupling known as "critical coupling" or "optimum
coupling", a maximum peak is reached (Ourve b), still at frequency fo.
Further
increase's in coupling (m) will lead to the formation of two peaks, one below,
the other above the frequency fo.
This is known as "double-peaking" or "doublehumping".
See curve "c" Figure 13(0).
Still greater degrees of coupling would
cause the peaks to move further apart and to become more distinct.
Suppose now we connect resistors R1 and R2 either across (in shunt with) the
tuned circuits, as at By or in series with them, as at C.
The effect is to lower
the peaks, without appreciably reducing the response in the region between them.
A curve similar to "d" results.
Note that the amplification for frequencies
between the peaks is substantially uniform, but for frequencies outside them
considerable attenuation is experienced.
This is the band-pass effect desired.
The width of the band passed depends upon the frequency-separation of the "peaks";
and this in turn depends on the degree of coupling.
But if the band-pass is
further increased by tightening the coupling the hollow between peaks becomes
more pronounced.
To "flatten-up" the curve again we must increase the loading
or clamping of the circuits by means of the resistors R1 and R2.
The increased
loading lowers the over-all "Q" and dynamic impedance of the coupled circuits.
Since this dynamic impedance forms the plate-load of the valve it will be seen
that a loss in stage gain will be suffered.
Summarising, we may say that the wider the pass band for which the circuits are
designed, the lower will be the stage gain achieved.
With the modern tendency
towards wider band (higher definition) transmissions it appears that the loaded
over-coupled circuit method is proving inadequate.
For this reason the use of more
complicated coupling systems, designed upon the "filter" theory, and employing
perhaps 3 or 4 resonant circuits per stage, is becoming more and more common.
INTER-STAGE COUPLING CIRCUITS BASED ON "FILTER" THEORY.
The circuits referred to now usually dispense with mutual induction couplinF,
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between the two tuned circuits, and employ instead an impedance which may be
either inductive or capacitive in nature.
Figure 14 shows at (a) a pair
of tuned circuits, coupled
by the mutual inductance (m)
existing
coils L. between
This is the
the two
arran-

T

r R

e

gement already discussed.
At (b) is shown a band-pass
(a)
(b)
"filter" in which the mutual
inductance (m) is replaced
FIGURE, 14.
by a self-inductance (KL) equal in value to m.
The A.C. current in the first
LC tuned circuit flowing through the inductance KL develops an A.C. voltage across
it.
This ,voltage is then transferred into the second L.C. tuned circuit.
KL acts
as a "common coupling impedance", and serves the same purpose as the mutual inductance (m) in circuit (a).
Actually, the two circuits of Figure 14 are identibal in perFormance,. Circuit
(b), however, has the advantage over (a) in that the mutual inductance (m) of
the latter is too difficult to adjust and control with sufficient accuracy, in
production.
The constants (L,G. and K)of circuit (h) may be precisely designed,
using the nfilter" theory, starting from a known value of R, for any desired bandwidth.
The circuit of Figure 15 shows a typical band-pass filter for inter-stage coupling.
The two identical tuned circuits consisting of the component Li and Cl are coupled
by means of the series resonant circuit 12 C2.
The type of characteristic obtained is also shown in the figure.
Here
fl and f2 are the upper and lower freL1

Cl

Cl

(g-?\U
C2)
L2

f2

quency limits of the video I.F. band,
and fr is some frequency which it is
desired to reject completely.
At any
frequency lying between 21 and f2 (i.e.
the video I.F. band) the coupling circuit L2 C2 is not at resonance, and
therefore offer an impedance across
which a voltage is developed for application to the second tuned unit Il e L2.
This is impedance coupling. An advantage
of this type of circuit is that, by
proper choice of the components Ll,C1,
12 and C2 practically 100% rejection of
one particular frequency (fr) may be
achieved.
This frequency is usually
chosen to be that of the audio carrier.

A combination of capacitive and tuned
circuit coupling is shown in Figure 16.
By choosing Li and Co to resonate at
FIGURE 15.
the adjacent audio iarrier frequency
the latter may be entirely eliminated.
Note that Li and Co form a series tuned
circuit, which at resonance has practically zero impedance. At any video I.F.
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frequency there is considerable impedance across
the coupling branch (11,C1,Co) and the overall
characteristic of the circuit is such that
uniform response is obtained over the desired
range.
TYPES OF VALVES FOR VIDEO AMPLIFICATION.
In the discussion on loaded over-coupled circuits for interstage video I.F. coupling it
was pointed out that the heavy resistive loading lowered the "dynamic" impedance of the circuits.
FIGURE ],6.
The wider the band-pass required, the lower this impedance had to be.
The same
general principle applies to all the circuits just described.
Now the gain of a stage using a pentode valve in given by:Gain = Gm X Rd.
(Gm -..e mutual conductance of valve,

Rd = dynamic impedance of plate load.

The load in the plate circuit of a video I.F. amplifier is, of course, the overall
impedance of the coupling circuits used.
If ordinary pentodes were employed the
stage gain, on account of the low value of this impedance, might quite well be
negligible or even non-existant.
To compensate for the low value of Rd, valves having very high values of Gm have
been developed.
One such type has been mentioned in the lesson on Video Amp)ification, viz: the 6AC7 (1852), having a normal plate current of 10 m.a, and a Gm of
9.6 m.a. per volt or 9600 micromhos.
Actually, in practice the same types of
valves are used for r.f. and I.F. amplification as for video amplification (after
detection).
A recent development in the way of valves for I.F. amplification is the "secondary
emission" tube.
In this type the secondary emission within the tube is used to
augment the electron flow liberated by thermionic emission from the cathode.
In
this way a greatly increased plate current is obtained, resulting in unusually high
values of Gm -- e.g. 13,000 micromhos.
The use of these amplifier valves has made
it possible to reduce the number of stages of I.F. amplification to two where three
were used before.
THE SECOND DETECTOR (VIDEO) STAGE.
This stage serves a similar purpose to the cerresponding stage in audio work.
It
demodulates the modulated I.F. ( or R.F.) signal.
The output of the detector
should be substantially the same as the input of the modulator in the transmitter,
In other words this output is the real videà signal, consisting of voltage changes
representing both picture signals and synchronising pulses.
Although plate detection has been used, the only common type is the familiar diode
detector, and we shall here confine ourselves only to the latter.
LOSS OF DETECTOR OUTPUT FOR HIGH VIDEO FREQUENCIES.
In Figure 17 is shown a simple diode detector.

The rectified (detector) video
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voltage is developed across the diode load Re just as in audio work.
In video
detection, however, we are faced with an additional problem due to the high value
of those frequencies representing the fine
detail in the picture.
Across Re exists
various stray capacities consisting of wiring
diode
capacities to earth and cathode-earth capacity.
From I.F.
These are represented by Cs in Figure 17,
Stage
and appear in parallel with the load Re.
The
reactance of Cs is high at low and medium
Output to frequencies, and therefore the "shunting"
.!-Cs Video Amp.effect on Re is negligible.
However, at the
higher video frequencies (which may extend
up to 4 m.c., Cs seriously shunts Re.
The
problem here is identical with the shunting
effect of stray capacities across the plate
FIGURE 17.
load in video amplifiers.
The effect of the
shunting is to reduce the total impedance across which the video voltage is developed, with a consequent loss in high frequency output.
This effect is countered
in practice in exactly the same manner as was used for "high-frequency compensation"
in amplifiers, i.e. by "peaking" coils and/or tuned circuits.
The result is that
instead of finding a simple resistor, by-passed by a condenser for the dióde load,
we find instead all manner of complicated circuits consisting of Lp C and R.
Figure 18 shows one such arrangement.
In addition to the diode load resistor R, we have coils
Ll,L2 and condenser C, in addition, of course,
to the unavoidable stray capacity Cs.
The network of components is so designed that its impedance, between points A and B, remains practically constant over the entire video range
from, say 50 c/sec up to 4 me/sec.

From Video
Cs
I.F. •
- -I
Amp

1
I
L2
*-1 u

Ll

Another problem not so easily overcome in video
A
B
detection is the elimination of the r.f. or
detector output
I.F. component from the video amplifiers.
It
will be remembered that the r.f. or I.F. is
kept out of audio amplifiers from the detectors output by the simple expedient of connecting
FIGURE 18.
an r.f. by-pass condenser, of small capacity, from plate of the 1st A.F. amplifier
tube to earth.
In audio work this method is satisfactory since the I.F. is of the
order of 455 Kc/sec. compared with, say 10 Kc/sec. for the highest audio frequency.
Hence it is easy to choose a capacity which will effectively eliminate the I.F,
without attenuating the highest A.F.
In the case of video detection, on the other hand the I.F. (say 12 me/sec) may
be only 3 times as high as the highest video frequency. A simple by-pass condenser
of sufficient capacity to eliminate the I.F. would also seriously reduce these
higher video frequencies.
The problem is usually solved simultaneously with that of the loss of high video
frequencies due to stray capacities shunting the diode load. Actually the "load
circuit" shown in Figure 18 may be adjusted to have a constant impedance from zero
up to the highest video frequency, but an impedance which drops suddenly above that.
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The I.F. may be very effectively eliminated by use of a "filter" circuit of the
type shown in Figure 19.
The
filter consists of coils L,
condensers C and 20 and the
load resistor Plc, "terminating"
the filter.
This circuit
may be designed to have an
impedance characteristic as
shown -- constant from zero
frequency up to 4 m.c, and
cutting off sharply at 8 m.c.
Thus it is seen that the video range is covered without
high frequency loss, but the
I.F. (12 m.o.) is entirely
eliminated.
AUTOMATIC GAIN CONTROL.
m.c.
A.V.C. or A.G.C. is not exFrequency
tremely necessary, in teleFIGURE 19.
vision receivers, since very
little "fading" is experienced on the u.h.fls.
However, variations in supply
voltage will affect the receivers gain.
Any variation in the video output level
to the cathode-ray-tube has the effect of -varying the picture contrast.
The eye is
very sensitive to such changes.
Hence some receivers employ an a.g.c. circuit in
their picture sections.
An a.g.c. circuit in the picture I.F. amplifier is quite different from the a.v.c.
system for audio work.
This is because the a.g.c. voltage must not vary with the
average level of the picture r.f. signal.
The reason for this is that this average
level of signal is determined by the brightness of the scene being televised, and
it would not do for the a.g.c. to counteract the variations in picture brightness.
Now assuming negative modulation at the transmitter the peaks of modulation, (representing the sync, pulses) remain constant at the transmitter.
Hence any variation
in the peaks of modulation at the receiver's detector would mean either a fading of'
the signal or a change (unintentional) in receiver gain.
For these reasons the a.g.c.
voltage for application to the I.F. valves grid's is determined by the peak amplitude
of the signal.
To achieve this a peak-voltmeter arrangement is used as shown in Figure 20.
The
peak voltmeter is an over-biassed triode, with a load resistor in the cathode
circuit.
This triode normally carries no current.
On the signal peaks, the positivo
voltage developed across the diode load (Re), and applied to the triode's grid causes
the latter valve to conduct. :.This charges the condenser Cl, which is so large that
it cannot discharge appreciably through the resistors.
Thus Cl charges up to a
voltage whose steady value depends upon the amplitude of the peaks of the signal.
This a.g.c. voltage is amplified by means of a direct-coupled amplifier, and thence
applied to the grids of the picture I.F. amplifier.
Note that the a.g.c. amplifier
inverts the voltage to give correct polarity.
VIDEO AMPLIFICATION.
The video signal obtained„after detection, is similar to that produced by the teleT.FM & F. 8 - 19.

Diode

To Video Amp.
A.G.C.
Amp

AG

vision camera at the transmitter.
In some receivers no provision
is made for amplification of
this signal, the detector's output being applied directly to
the grid of the cathode-raytube.
When amplification of
the video signal is considered
To I.F. necessary, one, two or even
Grids three stages may be used.
These
\évvv%
)video amplifiers have been described and explained in detail
in Lesson 5.

1
5
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FIGURE 20.
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T.F.M. & F. LESSON NO. 8,
EXAMINATION QUESTIONS.

1.

Why is it that the aerial input circuit of a television receiver
usually has a low value of "Q" and poor selectivity?

2.

What explanation could you give for the fact that "ganged" condensers are not used for oscillator and aerial tuning in a
television receiver?

3.

A television signal consists of a 45.25 m.c. picture carrier and
a 49.75 m.c. sound carrier.
What should be the oscillator frequency for I.F.'s of 12.75 M.C. (picture) and 8.25 m.c. (sound)?

4.

Why does the use of a separate oscillator valve become virtually
essential when operating on carrier frequencies above about 70
m.c?

5.

Explain why considerable selectivity is required in the design
of both picture and sound I.F. stages, even though the receiver
is within range of but a single transmitter.

6.

What is the main reason for not using a picture intermediate
frequency below about 8. m.c?

7.

Explain briefly the effect of over-coupling a pair of tuned circuits, and then"loading" them with resistors.

8.

Why must valves having a high value of "Gm" be used in a picture
I.F. Amplifier?

9.

The diode load of a picture detector usually consists of one or
more inductance coils, as well as a resistor.
What is the purpose
of these?

10.

Referring to picture I.F. amplifier automatic gain control, what
would be the (undesired)
effect - of utilising a control voltage
proportional to the average value of detector output?
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TESSON NO.

IMAGE REPRODUCTION.
APPLYING THE VIDEO SIGNAL TO THE CATHODE RAY TUBE.
In Lesson 4 we studied the methods used to produce an electric current which varied
in sympathy with light variations as the picture was scanned.
Lesson 5 explained how
this video current could be used to modulate an R.F. carrier wave.
In the last
lesson (Lesson 8) we arrived at the stage where the modulated wave was "detected",
and a replica of the original video signal was re-created across the diode load.
We shall now, in logical sequence, proceed to explain the methods and techniques
involved in reproducing, on a cathode-ray tube's screen, variations in light
corresponding to those original variations as the Esene was scanned at the transmitter.
At this stage Lesson 3 on Cathode-Ray Tubes should be revised, paying particular
attention to the use of the control electrode for varying beam current and spot
brightness.
The idea of moving the beam for "scanning" purposes should also be
fully grasped, although the details of the "auxiliary" circuits used in a television receiver for this job will be deferred until the following lesson.
POLARITY OF DETECTOR OUTPUT.
In applying the detector output
to the control electrode of the
C.R.T. (Cathode Ray Tube) care
must be taken to ensure that
the polarity of the video voltage on this electrode is correct.
If correct precautions
are not taken in the design of
the detector and any video amlification stages used, a
"negative" picture may result.
The effect is shown in Figure
1. where at B a negative picture is illustrated.
Comparing
this with the picture nt A it

..‘'• '

c>•-•, :
—.
*,
.71"-

•

fl e e,

FIGURE 1
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is seen that light portions have become black and vice-versa.
The result may be
exactly compared with the negative (i.e. the originally exposed film) of a
photograph.
To obtain's. correct "positive" picture the video voltage on the C.R.T. control
electrode must be going positive as the transmitter scanner moves from a darker
to a lighter portion of the scene (and vice-versa).
Remember, in this connection,
that a more positive voltage on the C.R.T. control electrode will increase the
electron stream, and brighten the light spot on the screen. Conv-,rsely a negative
going voltage will reduce the electron stream, and the spot will become dimmer.
Now, when using a diode as detector there are two possible methods of connection
the conventional connection, known as "cathode-above-ground" connection shown at
A (Figure 2) and the "anode-above-ground" connection as shown at B.
I.F.

I.F.

Output

Input
Video Output
(7(incroased negative
voltage as carrier
amplitude increases)

Video Output
vlincreased positive
voltage as carrier
amplitude increases)
LA

+

CATHODE ABOVE GROUND
A.

A

ANODE ABOVE GROUND

FIGURE 2.
Referring first to the cathode-above-ground connection (Figure "2A") any increase
in carrier voltage applied to the anode will result in an increased electron flow
upwards through the loud resistor, i.e. in the direction from A. to B.
This
results in the voltage at B (detector output) going more positive.
Now if the
transmitter were using positive modulation of its signal, an increase in carrier
amplitude represents an increase in light intensity.
Hence in this case the
detector output would be correct for direct application to the C.R.T.
However,
if a single stage of video amplification wore used between detector and C.R.T.
a negative picture would result (since the output of an amplifier stage is
reversed in polarity compared with its input).
If two stages of amplification
were inserted the polarity would again be correct.
Summarising we may state that e
using a cathode-above-ground diode on a positively-modulated signal, either no
stages or an even number of stages of video amplification are required.
Reerring still to the cathode-above-ground connection (Figure 2A), but considering now a neRativelI-modulated signal, any increase in carrier amplitude applied
to the detector anode would represent a decrease in light intensity.
But, as
before, the detector output voltage, at Be would go more positive.
If this were
applied directly to the control electrode of the C.R.T. the spot would become
brighter.
The polarity is now incorrect.
A negative picture would result.
To
obtain a positive picture the polarity of the detector's output voltage must be
reversed before applying the latter to the C.R.T.
This may be dono by using one
or three stages of video amplification,

i.e.

an odp number of stages.

In the case of the anode-above-ground connection of Figure 2B, any increase in
carrier amplitude again results in an increased electron flow through the tube,
but this time, the electrons,

in flowing from cathode to anode, flow downwards
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through the load resistor from B to A.
This increases the voltage drop across
the load resistor with the result that point B (output) becomes more negative
than before.
The following results will be left to the student to figure out for
himself:For correct picture polarity anode-above-ground connection -A.
Positive Modulation -- an odd number of video stages required.
B.
Negative Modulation -- no stages or an even number of video stages required.
It should be noted here that with improved I.F. amplification, the tendency has
been to eliminate all video amplification, applying the detector output directly
to the control electrode of the C.R.T.
This means that when receiving negativelymodulated signals (as in universal in the U.S.A.) the anode-above-ground connection,
as shown in Figure 2B must be used.
THE DIRECT-CURRENT COMPONENT IN VIDEO SIGNAL
The D.C. component of the video signal refers to the average value of the current
(or voltage) about which the variations (representing the picture elements) occur.
The video signal consists of a pulsating direct-current or voltage as shown in
Figure 3 at A.
The varjations in current are caused by the variations in light
intensity as the scanning beam moves across the scene, and they represent the
elements or detail of the picture. A
direct-current as at Figure 3A may be
Avera ge
considered as consisting of an alternValue
ating current (positive and negative
half-cycles), shown at Be superimposed

o

A.

B.

Video Signal

A.C. Component

upon a steady direct-current as shown
at C (Figure 3).
This direct-current
component has the same value as the
avera2:e value:of the pulsating D.C.
representing the complete video signal.
The average value of this signal is
shown by the dotted line in Figure 3A.
Now suppose we consider two video signals as represented on the same graph
in Figure 4.
Both signals have identical A.C. components, but the D.C.
,\

D.C. com onent

A

O
C.

D.C. Component

O

FIGURE 3.
_
component of signal A is greater than that
FIGURE 4.
of signal B.
Now what has caused the difference between those two signals?
Since
they have identical A.C. components they represent the same picture elements, but
the average value of A is greater than the average value of B.
This means that the
average amount of light on the scene resulting in signal A is greater than the
T.FM & F.9 - 3.

average amount on the scene producing signal B.
For example signal A might have
been obtained from a scene bathed in bright sunlight, while signal B might have
been caused by the same scene when the sky was over-cast.
When at a cinema, we are able to appreciate how the brilliance portrayed on the
acreen varies. Bright sunshine, twilight, semi-darnkess etc, each has its place,
and in this way complete entertainment is obtained.
The importance, then, of
applying the D.C. component of the video signal, as well as the A.C. component,
to the C.R.T. control electrode will be realised.
The video signal first re-appears in the receiver across the diode load, after
de-modulation.
This voltage will be a D.C. one, varying about an average level
as the picture elements are scanned.

R.F. Input

R.F. Input

Control
dlectrode

Control electrode
1

<7D1

R
C.R.T.

C.R.T
"Bias

t\

Bias

1st line
j 2nd line 3rd line
1
----White level
O

1st line
1

1-

1 I

t

..Blanking

(Black)

A. Positive Modulation - Detector
Cathode above ground. Detector
Output Shown Below.

level

0
-

B.

J

2nd line
White level
line
-.Blanking
LJ

( (Black) -level

Negative Modulation - Detector
Anode Above Ground.
Detector .
Output Shown Below.

FIGURE 5.
In Figure 5 the two possible cases are shown.
At A we have a detector connected
with cathode above ground, operating on a positively modulated R.F. (or I.F.)
signal.
At B is shown a diode with anode above ground for reception of a negatively modulated signal when no stages of video amplification are used.
In either case
it is seen that the video voltage developed across the diode load is a zeitive
video signal (i;e. a positive-going voltage corresponds to an increase in light
intensity, and vice versa).
But note that in case A the average value (i.e. D.C.
component) of the output voltage is positive;
while in case B this D.C. component
is negative.
In both cases the detector outputs are shown for three scanning lines. The second
line has a higher average value than the first, representing a greater average value
T.FM & F.9 - 4.

in illumination.
The signal voltage for line 3 remains at the black (blanking)
level for the whole duration of the line. This line corresponds to an entirely black
strip of the scene.
APPLYING DETECTOR OUTPUT TO C.R.T.
It will be remeMbered that the control electrode of a C.R.T. functions in a very
similar manner to the control grid of an ordinary amplifying valve.
If given a
negative voltage in respect to cathode the electron beam (anode current) is reduced,
resulting in reduced brightness of the light spot on the screen.
If this control
electrode voltage is made sufficiently negative ."cut-off" occurs, as in an amplifying
tube.
This condition corresponds to black in a picture on the screen.
01
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Maximum current
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FIGURE 6.
Figure 6arepresents a control electrode-beam current characteristic for a typical
tube.
In practice control-electrode voltage is always maintained negative, by
the application of a bias voltage (as in the case of class A amplification using
triodes, pentodes etc).
The video signal from the detector is applied between control-electrode and cathdde
of the C.R.T. so that its black ("blanking") level corresponds to the C.R.T's
negative control electrode cut-off bias.
Now referring back to the detector output,
shown in Figure 5, it is seen that this black level is a 22sitive voltage in case
Ay
and a negative voltage, (though not necessarily the cut-off value) in case B.
These voltages must therefore be adjusted by the application of the correct values
of bias voltage in either case.
In Figure 5 the bias voltages are represented for
simplicity by simple batteries.
Figure 6B illustrates in a graphical way the net
result.
The bias voltage places the signal black level at the tubets cut-off
voltage.
Note that the sync. pulses carry the control-electrode voltage even more
negative, and therefore for the duration of these pulses the screen will remain
black.
During line scanning a beam current proportional to the signal voltage
flows.
The screen illumination is, of course proportional to this current.
Note
that during the scanning of any line, not only is the picture detail portrayed (by
the current variations) but the average illumination of the picture is brought out
also.
T.FM & F.9 - 5.
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LOSS OF D.C. COMPONENT OF VIDEO SIGNAL.
When employing one or more stages of video. amplification between detector and C.R.T.
This is .due to the capacitive coupthe D.C. ccmponent of the video signal is lost.
-ling normally used between stages.
Output Voltages
Input Voltages
(A.C. components only)
(A.C. plus D.C. components)

e ltage

)OutputN
,
17
Vo

Input
Voltage

e-

I
O

e

Detector

A

•••

Vidge_imp

D.C.
Component

E

D.C. component
(varying)

G

Blanking (Black)

Level

H

FIGURE 7.
It is important to understand clearly what happens when a voltage consisting of an A.C.
and D.C. component is passed through a network involving a condenser as in Figure 7A.
The condenser blocks the D.C. component, passing only the A.G.
At Band D are shown two examples of voltages containing D.C. oomponents.
The
corresponding output voltages obtained across R (Figure 7A) are shown at C and E
respectively.
These are pure A.C. voltages.
Note that the voltages adjust themselves so that the areas contained by the positive half-cycles
areas contained by the negative half-cycles.

are equal to the

At F (Figure 7) is shown a diode detector resistance-capacity coupled to a video
amplifier:
The detector output voltage, containing both A.C. and D.C. components,
is graphed at G.
Note that the D.C. component varies for the three scanning lines
shown, as the average illumination changes.
Since this D.C. component is completely
lost after passing through the coupling condenser Cc, the voltage on the grid of the
video amplifier is as at H.
The average illuminations of all the lines are now the
same. Hence a true portrayal of the picture will not be obtained.
Another important
point to note is that the voltage level corresponding to black varies as the average
illumination changes.
This will be seen by carefully examining graph H of Figure 7.
Summarising then, ve,"; may say that loss of the D.C. signal component: (1) Results in
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a flat, drab picture having no contrasts in over-all illumination, and (2) Renders
it impossible to maintain the signal blanking (black) level at the put-off value of
control electrode potential.
The seriousness of this latter point will be realised
later when dealing with scanning generators.
LC. RESTORATION.
The loss of the signal D.C. component, when using video amplifiers after detection,
is remedied by utilising a special circuit known as a D.C. Restorer.
Such a circuit
creates a D.C. voltage, proportional to the original voltage, representing the
average picture illumination, and varying with it.
This D.C. voltage is then applied,
together with the A.G. signal voltage from the plate of the last video amplifier,
to the control electrode of the C.R.T.
The process is sometimes also called D.C.
reinsertion.
2EARGE AND DISCHARGE OF A CONDENSER THROUGH A RESISTOR.
Before explaining the operation of a D.C. Restorer Circuit it will be necessary to
discuss the exact manner in which a condenser charges through a resistor when a
D.C. voltage is suddenly applied across the circuit, and also the nature of the
discharge of the condenser through the resistor. We shall go into this subject in
some detail, because the ideas developed will be necessary to explain, not only
D.C. Restoration, but also the manner in which the two sets of sync. pulses are
separated, and, again, the action of certain types of saw-tooth generators.
In
this way, we hope to at least partially kill several birds with the one stone.
Consider the circuit of Figure 8.
When the switch
S is closed the D.C. voltage E is applied across
C—
Ec
C and R in series.
Electrons will flow around the
circuit away from the lower plate of C, through R,
and onto the upper plate of C.
In this way C
commences to become charged.
The electron flow
E
will only cease when the potential difference
Er
across C equals the battery e.m.f. "E", the condenser then being "fully" charged. The charging
FIGURE 8.
action, however, will not occur instantly after
Closing Se for the resistor R limits
Opposes
the rate of electron flow (i.e. the
Charging
Charging
current).
This means that the vol Electronic
- ,currents
7
c, tage across C (Ec) doesn't jump up
[E
+)
+ Pe' to its final value instantly, but
E 7— —
rises more or less gradually.
The
lee""I
is
current
flowing
around
the
circuit
zero
«
e• )
i.
]
%. will have a maximum value the inEr
stant after s is closed. As time
.
e>
goes on, however, and C acquires a
A
FIGURE 9.
charge this current will gradually
decrease in value.
The reason for this is that as C charges it produces a back
"Lrusure" or voltage (ge) which opposes the applied e.m.f. "E" (see Figure 9A).
The greater the charge on C becomes, the greater this back pressure (Ec), and the
smaller the charging current.

the rate at which C is charging.
It follows that, as time goes on e after closing
the rate of rise in condenser voltage (Ec) decreases as the value of Ec approaches
the value of E.
Hence the condenser
E
will charge (i.e. Ec will increase)
in accordance with a curve something
like that in Figure 10.
It will be
noted that as C approaches full charge, the rate of further rise in Ec
becomes very slow indeed., The consequence is, theoretically, that it
!It"
will take an infinitd time for the
condenser to become fully charged.
For practical purposes, however, we
Time
could assume that the charging proFIGURE 10.
cess was complete after à time "t"
Sy

.ego,

shown on Figure 10.
When this occurs the voltage across C equals -the applied voltage E.
No further current flows because the two equal voltages in the circuit, E
and Ec, oppose and cancel each other (see Figure 9B).
The average slope or steepness of the curve in Figure 10 is a measure of the rate
at which C charges through R.
This rate depends upon two factors -- the value of the
capacity and the value of the resistor. •If either, or both of these are increased,
the rate of charging will decrease.
Conversely, a reduction in value of C or R, or
both, will result in a more rapid charging process. Actually the charging time depends upon the product C multiplied by
E
Curve
R (written C.R).
Figure 11. shows the
charging curves for different values of
C.R.
Curve A is for a medium value
of C.R.
Curve B, showing a more rapid
charging rate, is for a smaller value
Curve C
Ec
of C.R, and curve 0, for a larger value
EC = 63% of E
of C.R. shows a slower charging process.

1

= CR 1

The important product C x R is called
the Time-Constant of the Circuit. It is
Time
found that in a time (in seconds) equal
FIGURE U.
to 0 x R (C in farads, R in ohms) the condenser voltage Ec, rises, in all cases, to '
63% of the applied voltage E.
This in shown in reference to curve A in Figure 11.
where in the time T = CR, Ec has risen to approximately
of the value of E,
The
0

Time Constant, then, is given by the formula:

T = C.R.

3

Where T is in seconds, C in Farads, R in ohms.
The formula is also correct if C
is measured in microfarads and R in megohms (T still being given in seconds).
For example suppose a battery of 100V is connected across a resistor of 3 megohms
in series with a condenser of 2 microfarads.
The Time-Constant of the circuit is
T = 3 X 2 = 6 seconds.
This is the time required for the condenser voltage to rise
to 63% of 100V, i.e. to 63V.
The time-constant of a resistance-capacity circuit may be regarded as the time which
would be taken for the condenser voltage to rise to the full value of the applied
voltage, assuming that the rate of charging continued_gt its initial rate for the
whole time.
If this occurred the condenser voltage would rise according to the
T.FM & F.9 - 8.

dotted line OX in Figure 11.
The time taken to attain full charge is OY.
Note that
in a time equal to OY the condenser voltage actually only attains a value equal to
63% of E.
Equally as important as the rise in condenser voltage is the manner in which the
resistor voltage (Er) changes with the charging process.
When the switch of the
circuit in Figure 8 is first closed all of the applied voltage E instantly appears
as a voltage drop across R.
This follows from the fact that, at this initial instant there can be no voltage across C (since Chas not yet had time to acquire a
charge).
Now since the sum of the voltage drops around a circuit is always equal
to the applied e.m.f, i.e. since E = Ec + Er, and Ec is zero, therefore, at this
instant E = Er.
Then, as time progresses, Ec commences to acquire a continually
increasing charge, and Ec rises, with the result that Er falls in value.
When C
is fully charged, i.e. Ec = E, Er must have fallen to zero.
This fact can also be
seen by observing that now the current in the circuit is zero;
and if the current
through R is zero, the voltage drop across it (Er) must also be zero.
Figure 12 shows the changes in Resistor Voltage

(Er)

.

from the instant of closing the switch.
When S is
E
closed Er rises instantly from zero to the full value
4,4Er
E.
Then as time progresses Er falls off as shown by to
E
the heavy curve.
The dotted curve in this figurec
o
represents the rise in Ec.
A comparison of the two
o
curves will bring out a most important point.
When
0
the voltage in a CR circuit is suddenly changed,
Time
this change in voltage instanIly appears across the
FIGURE 12.
resistor.
No such sudden change can appear across
the condenser, because the condenser voltage can only be changed by altering the
charge on it -- and this takes time, i.e. time for electrons to flow around the
circuit.
Now consider the manner in which a charged condenser discharge

through a resistor.

O

-—
—
—
—
Condenser & Resistor Voltages
Switch closed C charged -- Switch
C begins discharge.
C.
open.
A.
B.
FIGURE 12.
In Figure 13A we will suppose that C has been previously charged to a voltage E.
With S open, no current flows and C maintains its charge.
On closing S electrons'
instantly start to flow around the circuit (Figure 13B).
The charged condenser may
be regarded as a source of e.m.f, such as a battery of voltage E.
Hence at the
instant of closing S the full voltage E is applied across the resistor.
Note,
however that the resistor voltage is of reversepolarity or sign to the condenser
'T.FM & F.9 - 9.

voltage.
This is seen from the + and - signs in Figure 13B.
Hence if we call the
condenser voltage (Ec) positive we must call the resistor voltage (Er) negative.
This fact may also be appreciated by considering that the total voltage around the
circuit must be zero (since there is no externally applied e.m.f. in the circuit).
Therefore e .Er + Ec
0, from which we deduce that Er = -Ec.
Thus, when S is first closed Er instantly jumps from zero to the negative value -E,
as shown in the lower curve of Figure 130.
Now as time progresses, the condenser gradually discharges, and the voltage across
it (Ec) falls towards zero according to the upper curve of Figure 130.
Since the
voltage across R is always equal in value to that across C, but of opposite sign,
Er gradually changes from the negative value -E towards zero, as shown by the lower
curve of Figure 130.
This curve is exactly the same shape as that for Ec, except
that it is inverted in respect to the latter.
In a time equal to the Time-Constant
of the circuit (CR) both voltages will have been reduced pz 63% of their former
value, i.e. to a value equal to 37% of E. Eventually, of course, the condenser will
become completely discharged, and both voltages will be zero.
D.C. RESTORER CIRCUITS.
A D.C. Restorer consists essentially of a condenser, a resistor, and a rectifier
(usually a diode) connected as in Figure 14.
For reasons which will be apparent
directly circuit A is called a "Negative" D.C. Restorer, while El is a "Positive
D.C. Restorer.

To explain the
action of the
negative D.C. restorer we shall
assume that a pure
A.C. voltage (zero
D.C. component) of
square wave-form,
as shown at A Fig.
15 is applied between the input
Positive D.C. Restorer.
Negative D.C. Restorer
terminals A and B
B.
of the circuit Fig.
A.
14A.
This voltage
FIGURE 14.
Since
the
lower side
is shown with an amplitude 2V, varying between +2V and--2V.
of
points
B
and Y are
of the circuit is earthed we may assume that the potentials

always zero.
When the input voltage between A
voltage instantly appears across
tor voltage in section on charge
This means that the potential of

and
the
and
the

B (Figure 14A) suddenly rises to +2V, this
resistor Re i.e. between X and Y, (see resisdischarge of a condenser through a resistor).
output terminal of the circuit also suddenly

rises to +2V (see rise cd Figure 15(b)).
Now this state of affairs will not continue for any length of time;
very rapidly the output voltage will fall to zero
as shown by the curve dg in Figure 15 (b).
The reason for this is that the anode
of the diode becomes positive with respect to its cathode.
The valve thus becomes
a conductor, and electrons will flow from cathode to anode, and thence on to the
right hand plate of condenser C (Figure 14A).
The condenser will therefore rapidly
T.FM & F.9 - 10.

charge till the potential difference between its plates is 2V.
Since the output
terminal X of the circuit is connected to the right-hand plate of C, its potential
will be 2V more negative than the input
terminal A.
That is point X will have
+2V: 11
e
zero potential as shown at "g" Figure
15 (b).
While the input voltage remains
OV
at +2V (see be, Figure 15(a)) the output
a
voltage will remain at zero.
When the
J.
-2Vf
input voltage suddenly changes from +2V
cl
to--2V, as shown by the fall e.f, Figure
(a) Input Voltage
15(a), the output voltage at X will suddenly fall from OV to --4V, -- see point
OV
"le Figure 15(b).
Note that the potential of output terminal X is always 2V
• D.C.
more negative than that of the input
component
terminal A.
This is due to the potential
(-2V)
drop from left-hand to right-hand plate
of the charged condenser.
Now while
(b) Output Voltage
the input voltage remains at--2V (see
FIGURE 15.
Figure 15(a)) the output voltage will
remain practically at --4V (see h.k. Figure 15(b)).
Actually during this time the
condenser ,may discharge slightly through R (Figure 14A), which would result in the
output voltage rising slightly in the positive direction.
In practice, however,
the time-constant C X R is made very long in comparison with the duration of half
a cycle of the A.C. voltage.
Hence we may assume that once the condenser was
initially charged by diode conduction on the first positive half-cycle of the input
voltage, this charge will be maintained indefinitely.
In any case any slight loss
of charge of C during a negative half-cycle will be almost instantly replaced on
the next positive half-cycle when the diode again conducts.
(It should be unnecessary to point out that C cannot discharge through the diode on the mative
half-cycles, for the latterTs anode will then be negative in respect to its cathode.)
111.11,TIM

The whole action of the D.C. restorer may be summarised thus:

on the first positive

half-cycle of the input voltage the condenser is charged by diode conduction, producing'a P.D. between condenser plates equal to the amplitude of the A.C. voltage
(2V).
From this instant the potential of the output terminal X (Fig 14A) of the
circuit will always be 2V more negative than the input terminal A.
Thus when the
input voltage is at +2V, the output voltage is at +2V--2V
OV.
When input voltage
is --2V, output voltage is --2V--2V = 4V.
Comparing the graphs of Figure 15, the
the input voltage were moved downwards
litude of the input A.C. voltage might
shifted, and held, or "clamped" on the
is often called a "Clamping" Circuit.
The output voltage

(Figure 15(b))

result is just as if the graph representing
a.distance equal to 2V.
Whatever the ampbe, the positive peaks of the latter will be
zero volts line.
For this reason the circuit

has no positive half-cycles -- it is a pulsating

D.C. voltage having a D.C. component equal to --2V (See Figure 15(b)).
Thus starting with a pure A.C. voltage we have developed or established a D.C. component without in any way losing the A.C. component.
Since the D.C. component which is developed is negative,

the circuit responsible is called a negative D.C. Restorer.

Considering now the Positive D.C. Restorer of Figure 14(b). operating on a squareT.FM & F. 9 - 11.

wave A.C., the diode first operates to charge the condenser on the first negative
half-cycle of the input voltage.
When input terminal A goes negative, this voitage
is applied across the diode, such that its cathode is negative in respect to its
anode.
This is the same as saying that anode is positive in respect to cathode.
The diode now conducts to charge the condenser so that its right-hand plate is
positive in respect to its left-hand plate.
This condenser charge is now maintained;
any slight discharge through R being replaced by diode conduction on the next
negative input voltage half-cycle.
The P.D. thus developed across C results in
the output voltage at X (Figure 14,) being always 2V more positive than the input
voltage, as illustrated in Figure 16.
Note that a positive D.C. component of +2V
is established in this case, and the mgative peaks of the A.C. input voltage
aro "clamped" to the zero volts level.
ACTION OF D.C. RESTORERS

ON TYPICAL

VIDEO SIGNALS.
+2V--

(a)

Input Voltage.

+4V

+4V
+2V D.C.
Component
OV

-2

(h) Output Voltage

ACTION OF POSITIVE D.C. RESTORER:4
FIGURE 16

In a television receiver the D.C.
restoration is achieved either in the
anode circuit of the final video amplifier, or in its grid circuit. Now
the video signal in the anode circuit
of this stage must be a positive one,
and here a positive D.C. restorer is
used.
On the other hand the signal at
the grid of this final amplifier is a
negative video signal, and negative
D.C. restoration action is required if
inserted at this point (See Figure 17).
At the left of Figure 18A is graphed
a negative video signal which has lost
its D.C. component.
This a pure A.C.,
whose graph takes up a mean position
about the zero line.
The result of
Positive
,e(Signal
Negative

negative D.C. restoration is shown
at the right.
Note that the positive peaks (peaks of sync, pulses)
are now héld or "clamped" on the
_Fl
ri
zero volts line.
The result is
that a D.C. component of signal
is established replacing that lost
by the blocking action of coupling
Final/e
condensers.
Note also how the
video amp?
value of this D.C. component
varies as the average illumination
of the lines changes.
A third
important result achieved is that
FIGURE 17.
the blanking (black) level now
remains at a constant voltage for all ten scanning lines.

) To control
electrode of
C.R.T.

The action of a positive D.C. restorer on a positive video signal is shown at B
in Figure 18.

The results are similar to those described above.
T.
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TYPILL D C
CIRCUITS a

RESTORER

D.C. (Negative)
A.C. (Negative)
video signal
In some television
video signal.
receivers the use of
rit
e
a separate diode for
D.C. restoration is
OV
avoided by operating
the final video ampBefore D.C. restoration.
D.0 .component
lifier with zero grid
After D.C. restoration.
bias. (See Fig. 19).
Here grid current
A.
ACTION OF NEGATIVE D C RESTORER.
will flow whenever
the signal voltage
carries the grid
D.C. (Positive) Video
more positive then
Signal.
the cathode.
The
grid, together with
D.C.
the cathode of the
A.C. (Positive)
amplifying valve
in---- Component
video signal.
acts like a diode.
Hence the condenser
O. "\AA/
Cc, resistor Rg and
:LI
Li
the grid circuit of
the valve (acting
After D.C. restoration
as a diode), constBefore D.C. Restoration
itute a D.C. restorer (negative type)
B.
A2TION OF POSITIVE D.C. RESTORER.
similar to that of
FIGURE 18.
Figure 14A.
The
graphs of Figure 19 show at (a) the A.C. signal voltage (no D.C. component, and
varying black level).
The voltage on the grid, due to the "clamping" action of the
circuit will be as at
b.
Here the positive
peaks (the tips of the
sync, pulses)have been
L
held to the zero volts
line.
The black level,
at this point in the
RL
circuit will be a
negative voltage, equal
to the amplitude of the
sync. pulses (which
Black level remain of constant
amplitude for a given
signal and given receiver amplification.
The signal at the tube's
anode, which is applied
Of
or
T
directly to the control
4t,v1/v
,
electrode of the C.R.T,
(0) Plate and
(a) Signal Voltage ,
is shown at (c) Fig. 19.
C.R.T. control
(b) Grid Voltage
electrode voltage. eote that the signal now
FIGURE 19.
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is a positive one due to phase reversal action of the amplifying tube.
The black
level of the signal will be fixed at some positive voltage.(Remember that for
every voltage on the grid of a given tube there will be a corresponding anode
voltage.)
The control electrode of the C.R.T. requires negative bias, such that the black
level of the signal corresponds approximately to the cut-off value.
This bias
is provided by the voltage drop across the anode load resistor (RL)(Figure 19).
due to the D.C. flow of anode current through it.
This drop is e of course, such
that the upper end of RL is more negative than the lower.
Hence control electrode
is more negative than cathode of the C.R.T.
If the circuit is correctly designed, the effect of signal voltage on the control
electrode will be as in Figure 20.
This circuit has two serious defects:
the video tube draws heavy plate current in the absence of a signal (since
it has no steady bias), and the control
electrode of the C.R.T. assumes cathode
potential in the event of the plate
current of the video tube failing.

1

Beam current

(or light intensity)

Y

Contro
Electrode V
These defects are avoided by the use
of a separate diode for D.C. restoration as shown in Figure 21.
Here V1
is the final video amplifier, RL and
Cc being its plate load resistor and
coupling condenser respectively.
The
positive video signal developed across
Blanking (Black) level
RL is applied across Cr and Rr in series.
Rr is shunted by the diode V2.
FIGURE 20._
It will be noted that Cr, Rr and V2
The video signal
form a positive D.C. restorer exactly like that of Figure 14B.
voltage at the point X (upper end
Cc
of Rr) will therefore be "clamped"
or held such that the lower tips
of the sync. pulses are always
on the zero volts level.
The
picture pulsations will, of course,
go positive in respect to this
zero voltage.
In other words the
diode circuit is acting as a positive D.C. restorer.
Now the D.C.
voltage on the control electrode
of the C.R.T. is identieal with
that at point X, since there is no voltage drop across R1 (R1 carries no direct
current).
C.R.T. control-electrode bias is obtained by applying a positive voltage (with respect to ground) to the tube's cathode as shown.

N/

BRIGHTNESS AND CONTRAST CONTROLS.
A television receiver,

like a broadcast receiver,

incorporates a number of variable
T.FM & F.9 - 14.

controls, to allow adjustment of the equipment for best reception.
The television
receiver is, of course, a "dual" receiver consisting of two sections -- one for
sound and one for picture reproduction.
Each section has, in general, its own
separate set of control knobs.
It might be mentioned here, however, that in the
case of a receiver designed for operation on several different channels, the "station
selector" is common to both picture and sound sections.
This, as explained in the
previous lesson, usually takes the form of a selector switch which brings into
circuit the appropriate antenna and oscillator coils for the television transmitter
it is desired to receive.
Of those controls directly concerned with picture reproduction, it will be convenient
at this point to deal with those usually described as the "Brightness" and "Contrast"
controls.
These are dealt with together, for their actions are inter-dependent;
that is an adjustment to one of them usually necessitates an adjustment to the other.
The Brightness Control allows adjustment of the C.R.T. Control electrode bias
(in relation to the tube's cathode).
In other words it allows us to set the "black"
level of the signal on this electrode to about the cut-off value of bias (see Fig.22).
At A (Figure 22) the setting of the
Brightness Control is correct.
The
"blanking" level (Vase of sync..
pulses) of the video signal corresponds to cut-off tube bias, and
therefore to zero illumination of
the screen.
The sync, pulses themselves lie entirely in the "infrablack" region.

0

Black
\t
Control

\v

I

electrode voltagt
Black
H

If the control is set too high, as
H
at B (Figure 22) the over-all brightL /iFABlanking
ness or illumination of the screen
I
Level.
EiControl
lectrode voltagE
will be increased, but pure black
+
will be represented by g2me screen
A. Setting of Brig.htnesd _
illumination.
This, of course is
Control Correct.
undesirable.
In addition the scanning "retrace" will be visible.
It will be remembered that, during
the line sync, pulse intervals the
o
light "spot" is moving back rapidly
from right to left on the screen,
B. Setting of BrightnesE
before commencing a new scanning
Contrdl too high.
line.
The screen should be ”blackedH
out" during these short intervals
H
when no picture detail_ is being
A4-0-^v1
received.
If the brightness control
electrode voltage
c: Control
is set too high the retrace lines
+
will be visible on the screen,
thus marring the picture.
C. Setting'of Brightness
The effect of setting the brightness
Control too low.
control too low is illustrated at C
(Figure 22).
Here the black level
FIGURE 22.

.,1
9
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of the picture signal is set beyond cut-off.
This will mean that dull (though
not black) sections of the original picture will be portrayed by black on the
screen (i.e. no screen illumination).
It will result in loss of shadow detail.
The correct setting of the brightness control is such that the retrace lines just
become invisible on the C.R.T's screen.
The Contrast Control varies the receiver's amplification and consequently the video
voltage applied to the cathode-ray tube.
It corresponds to the volume control in
a broadcast receiver. .Whereas the latter operates by tapping off a portion of the
detector's output, however, the contrast control usually adjusts the bias on the
picture I.F. amplifier tubes.
These tubes are of the remote cut-off (i.e. variable=
"mu") type.
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1
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B. Same as A, but increased
amplification.
D.C.ComponentI
Black
— Black
level
Level

A.C. Signal

1‘

o

-
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The effect of increased
receiver gain is shown in
Figure 23.
At A is graphed
a typical video signal (2
lines).
B shows the effect
of turning up the contrast
control, i.e. increased
?.mplitude of the A.C. signal.
C and D show the signals
after D.C. restoration. A
comparison of 0 and D will
show. thatAncroased receiver
gain not only increases the
amplitude of the A.C. component of the signal, but it also
increases the D.C. component.

D. Same as C, but
C. Same as A, but
increased amplification.
after D.C. restoration
Increase of the amplitude of •
FIGURE 23.
the A.C. component means that
the difference between the light spots and the darker spots on the screen is
accentuated.
This, up to a point, augments the clarity of the picturerdetail.
We say, "up to a point", because if the control is turned too high, control electrode current will flow on the positive peaks of the picture signal, resulting in
"distortion" which results in a lack of detail in the bright areas.
This offec't
corresponds to overloading in a sound receiver by turning the velum control too
high so that grid current flows in ono of the amplifying tubos.
It will be observed that actually the contrast control also alters the over-all
or average brightness of the picture, but it is reiterated again that the br•ightness control should always be set so that the "retrace" lines are just obliterated.
This involves adjusting the black level of the signal approximately to the C.R.T 1s
cut-off bias.
Now if graphs C and D of Figure 23 are compared it will be observed
that an increase in contrast control raises the black-level (tops of sync. pulses),
Hence each adjustment to the contrast control will, in general involve a re-.
•
adjustment of the brightness control in order to bring this black level back to
the cut-off value of C.R.T's control electrode bias.
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T.FM & F. LESSON NO..
EXAMINATION qgESTIONS.

(1)

State the polarity ("positive" or "negative")

of the picture obtained

in each of the following cases:(a) Cathode-above-ground detector, positive modulation, one video stage.
(b) Cathode-above ground detector, negative modulation, two video stages.
(2)

What is meant by the D.C. component 61 a video signal?
represent in the picture reproduction?

(3)

That components in a receiver cause a loss in the D.C. component?
Why?

(4)

A battery of voltage 10V is

What does it

3onnected in series with a switch S, a

condenser C of .05 mfd and a resistor R of value 3 megohms.
the following questions:On closing S what is,
•
(a) the initial current in the circuit
(b) the initial voltage across R,
(c) the initial voltage across G?
(5)

After what period will the voltage across
6.3V (approx)?

(6)

Draw graphs showing how the voltages across C €c R(in question 4)
change from the moment before S is closed.

(7)

Draw a circuit diagram of a positive D.C. restorer, showing graphs
of a pure A.C. input voltage and the corresponding output voltage.

(8)

State two defects which would appear in the picture reproduction if
the D.C. component of the signal were not reinserted.

(9)

That voltage does the Brightness Control vary?
What is the effect
of having this control (a) too "low" (b) too "high"?

(10)

C

Answer

(in question 4) be

What is the function of the Contrast Control?

At what point or

points in the receiver does it usually operate?

T.FM & F.9 - 17.
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T. 1
11 & F. LESSON NO. 10.

BEAM DEFTECTION &

SYNCHRONISATION.

The sections of the receiver to be dealt with in this lesson concern the formation of
the scanning pattern on the C.R.T. screen.
Scanning, it will be remembered, is
achieved by simultaneous horizontal and vertical movements of the electron beam in
the picture tube.
Such movements are brought about by the application of saw-tooth
voltages (or currents) to two pairs of "deflection" plates (or coils) within the
tube.
This lesson, then, will cover those stages or circuits of the receiver whose
final outputs are applied to these deflection electrodes.
The problems associated
with the application of the video signal to the control electrode have already been
fully dealt with.
The circuits concerned, and their proper relationship to each other, and to the
receiverts detector and video amplifying stages (if any), are shown in Fig. 1.
They include the horizontal and vertical scanning generators (followed by suitable
amplifiers), the sync. pulse "clipper" circuit sync, amplifier, and two circuits for
separating the horizontal sync, pulses from the vertical.
It must be remembered that the scanning generators, known also as "sweep circuits" or
"Time Bases", are really self-maintained oscillators, which produce electrical oscillat:
.*mshaving a "saw-tooth",
or modified saw tooth, waveform.
The vertical scanning oscillator operates at a much lower frequency (the "frame" frequency) than does the horizontal
ecanning generator (tile Ictter operates atthanline" frequency), The problem of "interlaced"
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scanning should, at this stage, be revised, if necessary.
To give an example
illustrating how these two frequencies are related, suppose we are operating upon
a system using 405 "lines", 25 pictures per second.
If interlaced scanning is used
the C.R.T's electron beam must trace out 50 frames per second ( 2 frames per complete picture ).
The vertical scanning generator will therefore be required to
generate 50 complete cycles of saw-tooth voltage per sec.
Since the horizontal
generator must cause 405 horizontal lines to be traced out for every complete picture,
its frequency will be 25 X 405 = 10,125 cycles/sec.
The example shows that the vertical scan generator operates at the frame frequency
(not the picture frequency).
The horizontal scan generator has a frequency equal
to the picture frequency multiplied by the number of lines per complete picture,
Now the student well knows that it is an impossibility to design any oscillator to
run continuously at any exact frequency.
Such factors as variations in supply
voltage, temperature changes etc. will always lead to a certain degree of frequency
"instability".
This applies particularly to the special types of generators used
for producing saw-tooth oscillations.
On the other hand it is especially important
that the scanning generators in a television receiver maintain, with a high degree
of accuracy, their allotted frequencies.
More important still, it is essential that,
in the case of the horizontal (line) scanning the generator commences each cycle at
the precise instant that the picture information for the beginning of that line is
being received on the incoming wave.
The student should be careful to note that,
even if the scanning generator is operating at its correct frequency, the receiver
line scanning may well be out of step with that at the transmitter.
This would
mean that each line on the receiver's screen would commence at any instant when
picture information corresponding to some portion of the scene other than the lefthand edge is being received.
The effect, of course, would be a displacement, in a
horizontal direction of the picture details, as shown in Figure 2.
For similar
reasons to these it is equally important that the vertical ("frame") scanning generator be controlled to commence each of its saw-tooth oscillations exactly in step
with those of the corresponding generator at the transmitter.

.„.

Again, it is important that an exact timing relationship
should exist between the actions of the two scanning
(horizontal and vertical) generators of the receiver.
This is essential in order to achieve accurate interlacing
of the lines.
In the discussion of interlaced scanning
in an earlier lesson it was pointed out that each vertical oscillation moving the beam downwards for "odd" frames
should cease on a half line, while each vertical oscillation for "even" frames should end at the completion of
a whole line.
This was essential in order that the lines
traced out during an even frame would fall on the spaces
"skipped" by the lines of the previous odd frame.

FIGURE 2
From the foregoing it will be realised that although the
HORIZONTAL DISPLACEMENT scanning generators are self-maintained oscillators,
OF PICTURE DETAIL AS RES-designed to operate approximately at their allotted froULT OF LACK OF CORRECT
quencies, it is essential that they be controlled and
LINE SYNCHRONISATION.
"governed", externally, so that each saw tooth cycle is
executed at the precise moment as required by the incoming signal,
This external
control of these generators is provided by the synchronising pulses which are
T.FM & F.10 - 2.

superimposed, at the transmitter, on the television wave itself.
In dealing with the television receiver so far, we have followed the received
signal through from aerial to detector, and thence, as far as the true video
signal, representing picture detail, is concerned, through the video amplifier
to the control electrode of the C.R.T.
Referring back to Figure 1 we note that at
a point in the receiver immediately following the detector there is a "parting of
the ways" as far as the "composite" video signal is concerned. At this point the
synchronising pulses (line and frame) are separated from the composite signal, and
side-tracked to the scanning generators for the accurate timing control required
for the latter.
Hence we come to the first of the special circuits or stages of
the receiver to which this lesson is specially devoted -- namely the ":ync. Pulse
Separator" or "Clipper".
MARATION OF SYNCHRONISING PULSES FROM VIDEO SIGNAL.
Although the sync, pulses and the camera signal are both superimposed (as modulation)
on the one carrier wave it is possible to achieve a separation of the former from
the latter owing to the difference in amplitude which exists between them.
Horizontal (
100%

il

e) Sync. Pulses
Maximum

(
ion

level.

Black level.

White level (25% or less)

FIGURE 3.
A typical "negative" video signal is shown in Figure 3.
Such a signal, of course,
is the result of "de-modulating" the R.F. or I.F. carrier wave by the receiver's
detector.
The maximum (100%) level shown represents the detector's D.C. output
when peak carrier amplitude is being received.
The 80% level is the D.C. voltage
across the detector's load when the carrier's amplitude has been reduced by 20% dueto modulation, and so on.
The actual value in volts of these levels will of course
depend upon the strength of the particular wave being received as well as the overall amplification of the receiver up to the detector stage.
Now, as has already
been explained, the picture information is conveyed by voltage variations between
the 25% (or less) level and the 80% level.
Here the 80% level represents a detector output which when finally applied to the control electrode of the picture
tube will produce no light (black) on the screen. Any increase in signal above
this black (80%) level will therefore have no effect on the screen.
Thus the
region between the 80% and 100% levels is referred to as the "infra-black" or
"blacker-than-black" region.
It should be observed that the sync. signals are
confined entirely to this particular region.
Sepazof the's,,-. pluses is brought about iby applying the composite video
signal to a tube (diode, triode, or pentode) so biased that no current can flow
through it until the infra-black region, ( which contains the sync. pulses ), is
T.FM & F.10
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reached.
This involves obtaining a value of negative bias such that the blanking
(black) level of the applied signal corresponds to the plate-current cut-off of the
valve.
"Fixed" bias methods, such as battery bias or "back" bias (derived as a
P.D. across a resistor in the power supply) are unsuitable for the purpose, for the
reason that the blanking level of the signal does not remain constant, but ordinarily varies with the average level of scene illumination, as explained under the
secion on D.C. restoration.
Instead, some method of self or automatic-bias must
be used.
Common types of "clipper" circuits using triodes (or pentodes) are shown in Figure
At A grid leak bias is obtained.
The positive peaks of the sync, pulses carry
the grid positive, and grid current flows.
This charges the condenser C with the
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(B)
polarity shown in the figure.
During the periods between the sync. pulses C will,
of course, begin to discharge through R.
The time-amstant R.C, however, is made
very large, and consequently this discharge will be negligible.
In any case, any
such loss will be made good the next time a sync, pulse carries the grid positive.
The net result is that the tips of the sync. pulses are "clamped" approximately to
the zero grid volts level, as in the action of a D.C. restorer.
The condenser C
is maintained in a charged condition.
The P.D. across this condenser constitutes
the grid bias, which is of such value that the blanking level of the signal is
fixed at a negative voltage equal to, or slightly greater than, the grid-volts cutoff point (see lower diagram Figure 4A).
Plate current can only flow when the
tube's grid voltage is less negative than this cut-off point, i.e. during the sync.
pulses.
The sync, pulses, and not the camera signal, will therefore appear in the
plate circuit.
At B in Figure 4 is shown a circuit using cathode bias.

The cathode resistor R is
T.FM & F.10 - 4.

very much larger than would be used for ordinary cathode bias purposes.
The bias is
obtained by the presence of the amplified sync. pulses in the plate circuit of the
tube.
These plate current pulses are "averaged out", as far as the cathode resistor
R is concerned, by the condenser, C.
The average of the plate current pulses is
shown by the lower dotted line in the graph of Figure 4 B.
This is the current
(steady D.C.) which flows through Re and creates a P.D. which constitutes the grid
bias.
The value of this average plate current multiplied by the resistance of R,
should give a voltage at least equal to the cut-off value of grid volts.
If this
condition is satisfied, then plate current will flow only when the applied signal
exceeds the blanking or black level, and only sync, pulses will appear in the plate
circuit.
Using tubes of high Gm a cathode resistor of about 10,000 ohms is required.
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(B)

Two circuits using diode tubes are shown in Figure 5.
The circuit of A operates in
a very similar manner to that of Figure 44
in that bias is obtained by building
up a charge on the condenser C as a result of plate current flow during the sync,
pulse periods.
To obtain a bias sufficiently large to ensure that plate current
flows only during these periods the time-constant R.C. is made very large.
The
electrical action will be clearly understood by referring to the graph of Figure 5A.
The anode is biased negatively to such an extent that the video signal must rise to
the blanking level before current flows through the valve.
The plate current pulses
develop corresponding voltage pules by flowing through the cathode resistor
(un-bypassed)' Re.
The operation of the diode circuit of Figure 5B should be compared with that of
Figure 4B.
In both, cathode-bias is used.
The condenser C averages out the pulses
of plate current.
The average current is shown by the dotted line in the graph.
It
is this average plate current, flowing through R, which produces the steady negative
T.FM & F.10 - 5.
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bias.
The bias is such that the blanking level of the signal corresponds to the
zero anode volts level, in order to ensure that sync. pulses only appear in the
plate current flow.
These pulses of plate current, flowing through the un -bypassed
resistor Rs, develop the required pulses of voltage for application to the scanning
generator.
SEPARATION OF LINE SYNC. PULSE FROM FRAME SYNC. PULSES.
The circuits described in the previous section separate the synchronising pulses
from the main video signal.
These sync. pulses, however, consist of timo types -those used to control the line (horizontal) scanning generator, and those whose
purpose it is to synchronise the frame (vertical) scanning generator.
These two
types must be separated one from the other in order that they might perform their
allotted tasks.
Referring to Figure 6, (a) shows a negative signal delivered from the receiverls
detector, (b) gives the positive video signal as applied (via the video amplifiers)
to the C.R.Tis control electrode, and (c) represents the sync, pulses as separated
from the rest of the video signal by the "clipper" circuit.
Concentrating upon
graph (e) of this diagram the first four pulses are line sync, pulses for application to the horizontal scanning generator.
These consist of a number of single
voltage pulses, of short duration, each occurring at the beginning of each horizontal line traced out by the generator. At the end of each frame (i.e. when the spot
reaches the bottom of the picture area) the screen becomes blacked out by the signal
returning to the blanking (black) level, as shown in Figure 6 at (a).
In addition,
there follow a number (six are shown) of pulses occurring at twice the line frequency.
These despite their higher frequency as explained later), will keep the
line scan
generator operating in correct synchronisation.
At the same time they
allow a short period for the frame (vertical) generator to settle down before commencing its next cycle, which lifta the spot to the top of the screen for the next
frame. These six pulses are therefore called "equalising" pulses.
Following the
equalising pulses the true frame sync. pulses occur.
The latter consist of a number
(six are shown) of broad pulses as shown in graphs (a), (b) and (c) of Figure 6.
(Notes- All pulses in graph (h) are of reverse polarity to those of graphs (a) and
(c).
This is due to the fact that graph (b) is a "positive" signal, while graphs
(a) and (c) represent "negative" signals).
At this stage it should be clearly
understood that each 11,112 is terminated (and the next line begun) by a single narrow
pulse. Each frame, on the other band, is terminated by a series (six as shown) of
the broad pulses.
As will be explained these six broad pulses are added or "integrated" to form a single large pulse as shown in graph (e) of Figure 6.
Graph (d) for this figure shows the output of the horizontal sync, pulse separator.
Note that for the whole time during the interval separating the frames this output
contains line sync, pulses, occurring at double the line frequency.
We now proceed to explain the circuits responsible for this separation of the two
types of synchronising pulses.
LINE PULSE SEPARATION.
The sync, pulses used for line scanning synchronisation, as shown in Figure 6(a)are
usually obtained by using what is known as a "Differentiating" circuit.
This consists of an R.C. combination, from which the output is taken across the resistor,
T.FM & F.10 - 6.
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as shown in Figure 7.
This is the circuit shown in block form in Figure 1, as
"Horizontal Sync. Pulse Separator".
Referring to Figure 7 we shall suppose that some sort of generator G is applying a
voltage of square-wave form to R and c in series, as shown in the accompanying graph
on the left.
Further, we will
suppose that the time-constant
(R multiplied by C) of the circuit is very short compared with
b

(G)

1

FIGURE 7.

R

c

the half-period of the applied
voltage (i.d. the time taken by
half a cycle -- b c in left hand
graph).
When the applied voltage suddenly rises from zero to its maximum
amplitude (a.b. in the graph) the
condenser immediately commences
to charge through the resistor.

Initially, the'full voltage a.b. will all appear across R (output) as shown by
in the output voltage.
Now, on account of the very short time constant of
R.C. the condenser will very quickly charge up to the applied voltage, and, as it
does so, the resistor voltage will accordingly fall to zero.
This fall in output
voltage is shown by curve"f.g" on the graph (figure 7).
For the remainder of the
input voltage half-cycle (ftb.c") C will remain charged, and the voltage across R
will remain at zero m- see "g.h".
When the input voltage suddenly falls to zero
at the end of the half-cycle ("c.d") C commences to discharge through r.
The full
voltage of C is suddenly applied across R in the reverse,or negative direction.
Hence, at this instant the resistor voltage suddenly jumps enegatively from h to i
as shown on the output voltage graph.
In a very short time the condenser becomes
completely discharged, and the resistor voltage falls from the negative value i to
zero at j, where it remains for the rest of the input half-cycle.
All of this process will be repeated on the next cycle of the square-wave input.
The effect of the differentiating circuit of short time-constant upon a square-wave
voltage should be carefully noted. Every time theinput voltage
.
idênly changes
T.FM & F.10 - 7.

in value, a sharp pulse, of short duration, is produced in the output.
A rise in
input voltage results in a positive output pulse, and a fall in input voltage causes
a negative pulse in the output.
Note that these negative pulses occur in the output,
even though the input voltage itself never goes negative.
For line sync, pulse separation in a television receiver the combined sync., pulse
signal, consisting of both line and frame pulses, and representing the.output orthe
"clipper" circuit, is applied across a differentiating circuit.
The output, taken
across the resistor, was shown at (d) Figure 6.
The sync, pulses of Figure 6 (c)
may be regarded as constituting a series of square waves having positive half-cycles
of short duration.
The time-constant of the line pulse differentiating circuit
should be even shorter than this short period.
The resultant output voltage graph
(Figure 6 (d)) shows that an extremely sharp positive pulse results every time the
input voltages takes a sudden rise (i.e. at the left-hand edge of a sync, pulse of
Figure 6(c)).
Likewise an equally sharp negative pulse results whenever an input
pulse suddenly falls to zero.
The output of this line sync, pulse separator as shown at Figure 6 (d) consists,
during any one frame, of a sharp positive pulse (together with its accompanying
negative pulse)at the end of each line, i.e. at line frequency.
During the period
existing between two successive frames a slight modification occurs.
The output
pulses occur at double the line frequency.
This is a result of the nature of the
sync, signal between frames, when the "rises" and "falls" in voltage occur at the
end of every half-line (see Figure 6 C).
As will be clearly understood later,
however, pulses at double the line scan. generator frequency are quite effective
in synchronising it at its correct line frequency.
Remember, by the way, that the
line generator continues to trace out lines even during the interval when the vertical (frame) séan generator is returning the spot to the top of the screen before
commencing the next frame.
It might be mentioned at this stage, that, although the differentiating circuit
produces u series of both positive and negative pulses at line frequency (or double line frequency), as shown in Figure 6 (d), it is only the positive pulses which
are effective in synchronising the line scan. generator.
INDUCTIVE METHOD OF LINE PULSE SEPARATION.
The well-known fact that a large counter e.m.f. is induced in an inductance whenever a current changes suddenly, may be utilised for developing a series of sharp
pulses occurring
only at line frequency or double
line frequency.
Input - Combin
Output Input Output - .
Either
Self - or
Sync. Signal
Line Sync.
Combined Syn
Lino Sync.
Mutual-Induction
Pulses
Signal.
Pulses.
may be used as
I.
shown in Fig. 8.
A.

in Figure

6(c)

B.

If the combined
sync. pulse
FIGURE 8,
signal as shown
is applied to the input of either of these circuits, the current
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through the coil suddenly changes at the "leading" 01.ntrailing" edge of a line pulse.
These sudden changes in current induce counter e.m.f.'s of self-induction in the case
of circuit A, and of mutual induction in the case of circuit B.
It is these induced
e.m.fls which represent the output line sync. pulses.
The outputs, as for the differentiating circuit, will be substantially, as shown in Figure 6(d).
Except of
reversed polarity, a sudden rise of current at the beginning of the pulse will produce a negative voltage peak: The succeeding fall of current will produce a positive
peak of counter E.M.F.
Only the negative pulses would be utilised for line synchronising in this case.
They would be converted first to positive pulses before
applyIng to the line scan generator eby passing them through a single valve stage
for phase reversal and amplification.
FRAME (VERTICAL) SYNC. PULSE SEPARATION.
The frame or vertical pulses occur at a much lower frequency than do the line pulses.
They occur only at the end of every frame, instead of at the end of each line. As
we have already 'seen, any two frames are separated by a number (usually six) of
broad pulses separated one from the other by negative pulses of short duration.
(see
graphs (a) (h) and (c) of Figure 6).
The question may well be asked:
why not have
a single broad pulse extending over the period occupied by the six?
The reason has
already been partly explained.
By breaking up the frame sync. singal by downward
or negative pulses ( at double line frequency ),
the output of the line pulse separator will continue to maintain the line scan generator in synchronisation during
the period in which the spot is moving from bottom to top of the screen between
frames.
This period of time, short though it is, is sufficiently long for the
horizontal (line) generator to trace out many cycles.
If the frame sync. signal
were not broken or "serrated" by these negative pulses of short duration, the line
scan generator could easily get out of synchronisation in the interval between frames.
The purpose of the frame sync. pulse separator is to "integrate" or add up the six
broad frame pulses into a single large pulse for application to the vertical scan
generator.
At the same time the separator must virtually eliminate the effect of
the higher frequency line pulses.
The circuit usually employed for this purpose is that known .as the "integrating" circuit.
The latter consists simply of a combination of R&C from which the output is
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taken across the condenser as in Figure 9.
entiating Circuit of Figure 7).

(Compare this circuit with the Differ-

The time constant of the R.C. combination is made

12nE

compared with the duration
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of the line pulses (and the negative pulses separating the frame pulses).
During the tracing of a frame the line pulses will have but little effect on the
circuit's output.
This is due to the long time-constant R C.
When a time pulse
is applied across the input the condenser will not have sufficient time to charge
up to any great extent.
What charge is acquired due to a line pulse will be
practically entirely lost, due to condenser discharge, in the period which elapses
before the next pulse arrives.
The net effect is that, during frames, a small
average positive charge is maintained on Ce as shown between A and B on the output
voltage graph of Figure 9.
The small "kicks" in this average voltage are due to
the time pulses.
Now when the first of the six broad frame pulses arrives, the
condenser voltage will rise to a higher level.
This is due to the fact that the
duration of the frame pulse is longer, and the condenser has time to acquire a
larger charge than that due to a short line pulse.
When the first broad frame
pulse ends only a small fraction of this extra charge is lost, since the "gaps"
of zero voltage separating the individual frame pulses are of very short duration.
The arrival of the second frame pulse, of comparatively long duration, will result in a further increase in condenser charge, with but small loss at the end
of this pulse.
The net effect is seen between B and C of the output graph (Fig.9).
The six broad frame pulses gradually build up a large voltage across C.
When the
last of the frame pulses passes, the condenser discharges to its former level.
The
action of the circuit has been to integrate the six separate frame pulses, occurring between any two frames, into one large pulse of sufficient amplitude to be
effective in synchronising the vertical scan generator.
Note that the line pulses
appear in the output only as a ripple of negligible amplitude.
This output, then,
will appear as a series of large pulses, occurring at frame frequency, i.e. the
frequency of the vertical scan generator.
TYPICAL PULSE SEPARATOR CIRCUITS.
Differentiatinà
Circuits

Line Pulse
Separator.

e(

Line Pulse Output
(To hor. scan. generator)

Combined Sy

•

Pulse Signal.
(From Clipper Circuit)

B+
Frame Pulse Separator.

Frame Pulse output
To vert, scan generator)

Integrating
Circuits.
FIGURE 10.
The Differentiating and Integrating Circuits for line and frame pulse separation
are usually included in the grid or plate (or both) circuits of amplifying valves.
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Figure 10 shows a line pulse separator and a frame pulse separator on a single
diagram.
For more efficient line pulse separation, two differentiating circuits
(one in the grid and the other in the plate circuit of the upper valves) are used.
Three integrating circuits (one in the grid and the other two in the plate circuit
of the valve) are utilised for the frame pulses.
GENERATION OF SAW-TOOTH WAVES.
For linear deflection of the C.R.TIs electron beam to produce the scanning pattern
it is necessary, as has already been explained, to generate voltages of "saw-tooth"
form. Assuming for the moment electrostatic deflection two such voltages are required.
The one, having a frequency equal to the line frequency is applied between
the pair of deflection plates producing horizontal movement of the beam.
The other,
at frame frequency, operates upon the remaining pair of deflection plates, causing
the much slower up and down movement of the scanning spot.
It should be understood,
consequently, that the two saw-tooth generators used are exactly similar in principle.
Their only difference is one of frequency.
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Most types of saw-tooth generators have one thing in common.
The shape of the
voltage generated in every case is obtained by alternately charging a condenser
through a resistor and then rapidly discharging it by means of a virtual short .
circuit.
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or "linear" one, but becomes less and less rapid as the condenser voltage approaches
the applied voltage E.

If, by some means, the condenser were suddenly discharged,by momentarily applying a
short circuit across it when the voltage reaches the point X (Figure 11B), thus
reducing the latter to zero, a single cycle of a modified saw-tooth wave would be
traced out.
This cycle would immediately be followed by a similar cycle, as the
condenser commenced to charge again.
The application of such a voltage to the
horizontal deflection plates of a C.R.T. would result in a non-uniform (i.e."nonlinear") movement of the spot across the screen (See Figure 11B), as the voltage
rose.
The sudden discharge of C (XM Figure 11B) would quickly return the spot to
its original point.
Two points emerge from the foregoing discussion.
Firstly, generation of saw-tooth
voltages may be achieved by making use of an R.C. circuit together with some means
of periodically discharging the condenser with great rapidity.
For the latter purpose a rotating mechanical switch could be used, but for high frequencies, mechanical methods are unsatisfactory.
Below we shall discuss various electronic arrangements which perform this function of condenser discharge.
The second point referred to above, is that, owing to the curved nature of the con..
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denser charging graph, a non-linear trace (as it is called) would be produced on the
screen with the result that the picture would be expanded on the left of the screen
and compressed together on the right.
This difficulty may be overcome in several
ways.
One way, would be to replace the resistor, through which the condenser
charges, by some "constant-current" device, ouch -as a pentode valve as shown in
Figure 12A.
To understand the function of the pentode,
Pentode
the reason for the non-linear rise in condenser voltage, when charging through a fixed resistor, should
be understood. As the condenser voltage rises, the
voltage across the resistor correspondingly falls.
E
This results in a decrease in the current flowing
through R.
(I =-P-).
It is this current which is
R '
responsible for the condenser charge.
Hence as time
progresses, the charging current, and therefore the
(A)
rate at which the condenser charge increases, falls
off, as shown by the curve of Figure 11.
Now it is
o
a well-known fact that the anode current of a peno
k`Linear voltage
tode valve remains substantially constant for a wide
Rise across C.
e
variation of voltage applied between an ode and cathode.
In Figure 12A the resistor has been replaced
by the anode circuit of a pentode.
The grid and
o Time -->
screen potentials are fixed at constant values by
(B)
means of separate sources of e.m.f., EB and Eg. As
FIGURE 12.
C becomes charged from the source E, the voltage across the pentode progressively
decreases, as explained for the resistor.
Despite this reduction in voltage across
the pentode, however, the condenser charging current flowing through it remains
constant. As a result the condenser voltage rises in a uniform manner, as shown
by the curve of Figure 12B.
This method of obtaining a linear "trace" has the disadvantage of introducing two
extra tubes(one for each saw-tooth oscillator) into the receiver.
A second method,
using an ordinary resistor as in Figure 11A, is to restrict the rise of condenser
voltage to a small fradtion of the full applied e.m.f.
Referring to the graph of
Figure 11B it will be observed that the early part of the charging curve is, for
all practical purposes, straight.
Suppose, then, that the discharging device used
is adjusted to discharge 0 when the voltage has risen to the point Y instead of X
(Figure 11B).
The voltage suddenly falls to zero and a new cycle commences.
It is
found that if the condenser voltage is limited to about one-tenth of the applied
e.m.f. (E) a substantially linear saw-tooth wave will be obtained.
The disadvantage of this method is that the amplitude of the paw-tooth voltage obtained is small.
The amplitude required for scanning purposes may be calculated by
reference to the deflection sensitivity of the C.R.T. used,
If this figure is
given as 0.5 mm. per volt, it means that a voltage of 1 volt applied between a pair
of deflection plates will cause a spot displacement of 0.5 mm.
If the screen is
20 ems. (200 mms) across we shall require 200
0.5 = 400V for full deflection.
In other words a saw-tooth voltage of amplitude 400V must be generated.
If linearity is obtained by limiting the condenser voltage to -1-th of the supply voltage,
10
the latter would require to be 4,000V.
This is a very wasteful method of obtaining
full deflection.
A better way would be to use a supply voltage of,say, 400V,
producing a saw-tooth wave of amplitude 40V, and then to follow the saw-tooth genT.FM & F.10 - 12.

erator by an amplifying stage of stage-gain 10.
THE GAS FILLED TRIODE.
The gas filled triode is the first of the devices we shall describe to perform
the function of periodically discharging the condenser when its voltage has
reached the required value.
The gas filled triode is actually a "soft" valve, i.e. a valve into which a trace
of gas has been purposely introduced before sealing off. The vulve goes by many
other names -- e.g. gas-filled relay, gas valve, gaseous discharge valve, thyratron
etc.
The tube contains a cathode, anode, and grid, although the function of the latter
is quite different from the control grid in an ordinary triode.
When the cathode is heated, the electrons emitted collide with the gas particles
and ionise them, as we saw in the case of the gas-focussed cathode ray tube.
The
positive ions move in the direction of the more negative cathode and neutralise
the negative "space-charge" which normally exists in the anode-cathode space.
As
a result the impedance of the valve is very much lower than that of an ordinary
triode being only a feu ohms, and the anode current when the valve is ionised is
very heavy, being only limited by the cathode emission.
If the grid is maintained at zero potential, and the anode potential of a gas
filled triode is gradually increased from zero, it is found that, at first, no
current flows through the valve.
When the anode potential has reached about 20
or 30V the gas becomes ionised, and a heavy anode current suddenly flows.
The purpose of the grid is not to control the anode current, but to determine the anode
voltage at which the discharge takes place.
For example if the grid potential is
maintained at say --5V, instead of at zero, the anode potential may have to be
increased to 100V before the tube "strikes", i.e. ionisation occurs and anode
current flows.
Once ionisation has taken place any variation in the grid bias
will have no effect on the value of anode current.
The most important point in the operation of a gas filled triode is the difference
between "ionisation" and "de-ionisation" anode potentials.
While it may be necessary to increase the anode voltage to, say, 100V (depending upon the fixed value
of grid bias used)before ionisation occurs, and anode current flows, this potential
may be decreased practically to zero before the current ceases.
The cessation in
anode current is due to the fact that, at some very low value of anode potential
(the "de-ionisation" value) negative electrons combine with positive ions to produce neutral gas atoms.
The use of a gas filled triode in generating saw-tooth voltages is shown in Figure
13.
The R.0 charging circuit is connected directly across the supply (H.T.) voltage.
The gaseous
discharge tube is across the condenser, which it periodically discharges as explained below. A constant negative voltage (bias) is applied to the
tube's grid through the resistor Rg.
The operation is as follows.
When the H.T.
is switched on the charging of C through R commences.
The output from the circuit
T. FM & F.10 - 13.

is taken from across the condenser.
Hence as C charges, the output voltage rises
as shown by "ab" on the graph.
As the voltage across C rises, the tubels anode
.4potential similarly increases.
When
this voltage has reached some given
Output - To C.R. value (the "ionisation" potential),
T.Deflectiou.
as determined by the grid bias Eb,
° 131E14"
the tube suddenly becomes ionised,
forming a very low resistance path
(practically a short circuit) across
C.
The result is that C quickly
Eb
discharges (see ebc" on the graph).
When condenser (and therefore anode)
potential has fallen nearly to zero
FIGURE 13.
(theilde-ionisation" potential) the
discharge suddenly ceases and C commences to charge again.
In this way a series
of saw-tooth voltage cycles are traced out, as shown by the graph.
Note that the
gas-tube acts as an automatic switch, discharging C periodically when the voltage
across it has reached a certain value.
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It is important to observe the function performed by the grid.
The potential
on the latter only determines the value of anode potential (which equals voltage
across C) at which the sudden discharge occurs.
The grid potential has no effect
either upon the value of discharge current, or upon the potential to which the
anode must fall before the discharge ceases (the "de-ionisation" potential).
It
is obvious that, by altering the grid bias, the condenser voltage at which discharge occurs, may be adjusted.
In other words alteration to grid bias results
in a control over the amplitude of the saw-tooth wave generated.
In practice
this bias is adjusted so that the condenser voltage can only rise to about onetenth of the supply voltage.
When this is done the saw-tooth wave will be substantially linear, as already explained.
The frequency of the oscillations generated is determined mainly by the timeconstant of the R.C. combination, since the latter determines the rate of condenser charge, and therefore the time taken fo.r each cycle.
By arranging for
variation in C (e.g. by using a number of condensers together with a selector
switch), or variation in R (by using a rheostat) the frequency of the oscillator
may be adjusted over a given range.
It should also be observed that any alteration to the amplitude of the saw-tooth
voltage, will also cause some change in frequency.
For example, if the amplitude
is increased, by increasing the grid bias negatively, each cycle will occupy a
longer period of time and the frequency is therefore decreased.
In practice the grid bias is frequently obtained by.means of an adjustable
cathode resistor (e.g. a 500 ohm wire-wound resistor) heavily by-passed by means
of a large condenser (e.g. 25 mfd. electrolytic).
This condenser acts as a reservoir, maintaining a current through the resistor, and therefore negative bias, during the periods when no current flows through the valve (i.e. when the charging
process is going on).
SYNCHRONISATION OF THE OSCILLATOR.
When used as a television receiver scanning gnnerator, the oscillator frequency
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is adjusted approximately to the correct value (line or frame, as the case may
be) by the choice of R and C.
The exact frequency is maintained, and each cycle
is commenced at the precise moment required, by utilising the synchronising
pulses coming from the sync, pulse separator.
Referring back to Figure 13 e it will be observed that provision is made to "inject"
these pulses onto the tube's grid via a condenser.
Providing the generator is working at approximately its correct

Volts across
Condenser

Discharge
i
ponts

frequency, the condenser (and
therefore anode) potential will
be nearing the discharge (ionisation) point when the sync. pulso
arrives on the grid (See Fig.14).

1

The effect of a positive sync.
Grid Bias
114,___Sync.Pulses
pulse is to reduce momentarily
_
_
the negative grid bias.
This in
turn reduces the tube's ionisation potential.
Since anode potential should, at this instant,
be nearing ionisation potential,
FIGURE 14.
the net effect will be that the
sync, pulse will immediately initiate the discharge.
In other words the sync.
impulse automatically discharges the condenser at the end of each line or frame,
and so causes the next line or frame to commence at the correct moment.
Earlier in the lesson it was stated that in the intervals between frames the horizontal pulses occurred at double the line frequency.
It was further stated that
the pulses occurring at the half-line points would not interfere with the scanning
of the line scanning generator.
The reason may now be understood.
Referring to
Figure 14, pulses occurring at the pointa marked X, could have no effect on the
tube's operation.
At each of these points the anode potential is still well below
the normal ionisation point, and such pulses could have no chance of reducing the
latter sufficiently to cause a discharge through the valve.
Only those pulses
occurring at whole-line periods, when the ionisation potential has nearly been
attained, can therefore produce synchronisation.
USE OF "HARD" TUBES FOR CONDENSER DISCHARGE.
Due to the irregularities whichoccur intheude-ionisation" process in a gas filled
tube, and also due to the fact that this process requires some small, though appreciable, time to complete, this type of "saw-tooth" generator tends to be unstable,
particularly when operating at high-frequencies.
Despite this, however, the tube
has been found to operate quite satisfactorily for both line and frame scan, generators in England.
In America, on the other hand, other methods of automatically
discharging the condenser were sought. Realising the precise manner in which the
ordinary hard vacuum triode may be controlled engineers there decided to abandon
the gas filled tube and to adopt the common triode for the purpose.
Now,as we know, the flow of current, or lack of it, through an ordinary triode,
must be controlled externally be application of voltages to its grid.
In the case
of a "hard" tube, anode current flows while there is any potential on the anode,
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Provided that the grid potential is not more negative than the cut-off point.
If the negative grid potential is made to exceed this cut-off point, absolutely
no current flows, and the tube acts as an open circuit.
Utilising these principles the triode may be adapted to function as a discharge
switch for the condenser in an R.C. charging cdrcuit.
The method is illustrated
in Figure 15.
Here R.C. is the
B+
charging circuit, connected across
the H.T. supply.
The triode is
connected across C as shown.
The
valve is biassed negatively, well
beyond cut-off, so that no current
Output
can normally flow through it.
If
the circuit is left to itself,
let us see what happens.
C gradTrigger.
ually charges up through R from
Pulses
Bias
Bthe source. As the voltage across
C increases, so does the anode
potential of the valve.
Now,
since the negative bias on the
grid of the latter is sufficient
FIGURE 15.
to ensure cut-off for all likely anode potentials, no discharge of C through the
tube can occur.
Hence C will finally charge up to the full supply voltage, and
no further action will occur.
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Suppose, however, that sharp regularly occurring pulses, of high amplitude and
short duration, are applied from some external source to the grid, as shown in
Figure 15.
The effect of a large amplitude positive pulse is to momentarily cancel the negative bias, and to allow a heavy surge of anode current to flow, as
shown in Figure 16.
This means, that, for the short period that each pulse
remains on the grid, the valve acts as a very low resistance (virtually a shortcircuit) across the charging condenser of Figure 15.
The net result is shown in Figure 16.
The condenser charges in the absence of a
pulse from the grid.
When a pulse arrives the valve becomes conducting, and the
condenser is rapidly discharged.
When the pulse passes, the value again becomes
in effect an open-circuit (due to cut-off bias) and C commences again to charge
through R (Figure 15).
Thus we see that a "hard" valve used to discharge the condenser does not act
automatically as does the gas filled triode.
To imitate the action of the
latter we must apply to the triode pulses from an external source.
These pulses
are called "trigger" pulses, since they imitate the discharge action. A separate
valve used to supply these trigger pulses is sometimes called the "triggering"
valve.
IMPULSE GENERATORS.
Whence do we obtain the regularly occurring pulses, necessary to cause the circuit of Figure 15 to generate a series of saw-tooth waves?
It might be thought
at first that these could well be the sync. pulses emerging from the appropriate
sync, pulse separator.
These signal sync, pulses, however, would vary in amplitude
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with the signal receive4,and normally would be of insufficient amplitude and sharpness for the purpose.
Furthermore, if we relied upon those for operation of the
generator, such operation would
only take place when an actual signal was being received.
In the
absence of a signal the scanning
generators would be inoperative, and
the scanning pattern would disappear.
This is undesirable, because the
stationary spot on the screen might
result in a "burn" to it, destroying
the normal fluorescence. What we
require is a "pulse generator, prod6.
ucing a regular series of large pulses of constant amplitude and short
duration.
The incoming sync, pulses
could then be used simply to synchronise the generator in a manner
similar to that described for the
gas filled tube.
There are many types of pulse generators, but we shall only describe
two types -- (1) The Blocking Oscillator and (2) The Multivibrator
used together with an R.O. Differentiating Circuit.
We choose these
two because they appear to be in
most common use, they are among the
mose reliable, and lastly, most other
types may be regarded as modifications of them.
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THE BLOCKING OSCILLATOR,
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More fully described as the SingleCycle Blocking Oscillator, this type
of Impulse Generator is illustrated in
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FIGURE 16.
figure 17.
The circuit resembles an
ordinary "feed-back" oscillator for
generation of sine-waves, except that
the coupling between plate and grid circuits is very "tight". An iron-cored
transformer is used, the coefficient of
coupling being practically unity.
The operation is as follows:
when the
supply voltage is switched on the circuit bens to oscillate in the ordinary
way, by virtue of the coupling between
anode and grid through the transformer T.
Suppose that the oscillation starts with
the grid at some negative point, (see
T.FM & F.10 - 17.

point "a" Figure 18A,)and going positive.
This causes an increase in anode
current, which in turn induces a "feed-back" voltage in the grid coil of the
transformer.
The sense of the windings of this transformer are such that an
increase in (anode) current through the primary induces a positively going voltage
on the grid.
This increase in grid voltage causes a further increase in anode
current, resulting in a still more positive
voltage on the grid.
The net result is
that; in an extremely short period of time
the grid is driven to a large positive potential with respect to cathode (see "a.b"
a
Figure 18A), while the plate current increases to saturation (see "a.b" Figure 18B).
Cut
Since the plate current cannot further inoff
crease, the positively going food-back vol.//
tage on the grid will now disappear.
At
the same time the grid will be collecting
A. Grid Potential.
electrons from the cathode, because of its
positive potential.
This grid current will
very rapidly charge up the condenser C (Fig.
17), the right-hand plate being negative.
The grid thus finds itself suddenly driven
Saturation
negative well beyond cut-off -- see "b.e"
Figure 18A.
The anode current will accordingly fall suddenly from saturation value
to zero -- see "be" Figure 18B.
0 a
B.
Anode Current.
Now the grid potential will remain negative
while the charge on the grid condenser .perFIGURE 18.
sists.
The only path available through which C may discharge is by way of the
grid leak R.
This discharge will be comparatively slow since R is large (i.e. the
time-constant R.C. is comparatively long).
As C discharges through Re the grid
potential "relaxes" from point "C" towards "d" (Figure 18A), according to the
discharge curve shown.
During this period, since grid potential is still more
negative than cut-off (dotted line) anode current remains at zero.
As soon as the grid potential reaches and just passes point "d" (Figure 18A) anode
current commences to flow.
The increase in anode current produces, by feed-back,
a further positive (or less negative) voltage on the grid, this, in turn, resulting in a further increase in current.
Therefore, as before, as soon as point "d"
is reached, grid potential virtually jumps to the very positive value "e".
The
process is then a repetition of the actions already described.
It is necessary that the oscillatory circuit comprising the transformer inductance
and distributed capacities, be highly damped so that oscillations in the coils
will abruptly cease when the grid is driven negative.
Referring to Figure 18A it will be observed that on the grid (forgetting the negative potentials) a series of short duration positive pulses are produced.
These
form the generator's output, and are used to "trigger" the discharge value in
the sync. generator, as previously described.
The rate of repetition of the pulses depends upon the time taken for the grid
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condenser to discharge through the grid-leak to the valve's cut-off potential.
Hence the "pulse repetition frequencyn will depend mainly on the time-constant
Re (Figure 17).
R and C have comparatively high values (long time-constant,
and therefore low repetition frequency) in the vertical (frame) deflecting circuit,
and smaller values for the horizontal (line)circuit.
SYNCHRONISING THE BLOCKING OSCILLATOR.
Correct Line period
The signal sync, pulses are applied, for timing
Pulse
Appearing .purposes to the grid of the valve as shown in
The synchronising action may be
too late. Figure 17.
understood by imagining that the pulse generator is running at too low a frequency, i.e. the
time between generated pulses is too long, as
illustrated in Figure 19.
If this state of
affairs exists the discharge of C through R
(Figure 17) is too slow, and by the time the
second zmu. pulse shown in Figure 19 arrives
the grid potential has not quite reached the
cut-off level at which plate current commenms
—I., Sync.
to flow.
The effect of the positive sync. pulse,
V«.-- Pulses
however, is to immediately lift the grid potFIGURE 19,
ential to this cut-off level, thus initiating
the next generator pulse (as shown by the dotted line in Figure 19) before it
would otherwise occur.
THE MULTIVIBRATOR.
The circuit of a simple multivibrator may best be visualised by regarding it as a
two-stage resistance-capacity coupled amplifier, in which the output from the
plate of the final valve is applied back to the input (grid) of the first.

9B+
Lpl

Rp2

Input

*BB.
Symmetrically arranged
Same as A, with output
Multivibrator
circuit.
Coupled Back to input.
FIGURE 20.
The development of the circuit is shown in stages in Figure 20.
The circuit at
(e) is identical with that at B, except the method of drawing it brings out more
clearly its symmetrical or balanced characteristic.
A
2 Stage R.O. Coupled
Amplifier.

In the explanation of the operation of the circuit which follows, we shall use the
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following symbols for brevity:Vgl
Val
Ial
Vg2

= Voltage on grid of 1st valve.
It
" anode " "
= Anode current of
tt
= Voltage on grid of 2nd valve etc.

Suppose, at any moment the anode current of the first value (Ial), owing to some
slight irregularity, increases slightly.
This causes Val to fall a fraction.
The
decrease in Val is applied through 02 (Figure 20) to the grid of the second valve,
with the result that Vg2 goes a little negative.
Hence Ia2 is reduced, causing a
rise in Va2.
This rise in Va2 is applied through Cl as a positively going voltage
on grid of 1st valve (i.e. an increase in Vgl).
The effect of this is to cause Ial
to increase still further.
The important point is, that any small change in current
or voltage at any point in the circuit gives rise to a series of changes which result in a further and larger change at the given point.
In the case cited an initial small chance increase in Ial initiates a series of cyclic changes around the
circuit with the result that Ial is almost instantly increased to saturation value.
At the same time Vgl is driven very positive, and hence grid current flows in the
first valve.
This grid current charges condenser Cl, the negative charge on its
left-hand plate (Figure 200) then driving the grid very negative, well below cutoff.
Thus we find V1 in a state of cut-off, while V2 is conducting heavily.
The anode
potential of V1 (Val) will be at full supply value, while Va2 will be at some lower
value, due to the flow of current through Rp2 causing a voltage drop across the
latter.
Now V1 will remain cut-off for some appreciable time, since its negative grid potential can only be reduced by the comparatively slow discharge of Cl through Rgl
(Figure 200).
(The time constant Rgl X Cl is fairly long.)
When the negative
potential on the grid of V1 has been reduced to the cut-off value, the first small
increase in Ial will give rise to a series of rapid changes around the circuit
whose net effect is to drive the second valve into a cut-off condition.
V2 will
now remain non-conducting, with V1 conducting normally, until 02 has had time to
discharge sufficiently through Rg2,
The important point which emerges from the above approximate description of the
circuit's operation is that, at any given moment, one valve is cut-off, while the
other is conducting, and that this state of affairs is periodically and abruptly
reversed.
Considering any one valve, the anode current will vary as at A, Figure
21, varying alternately between a normal value and zero.
The corresponding anode
potential is shown at B in the same figure.
This potential alternates between full
supply value or B+ (when the valve is cut-off) and some lower positive value (when the
valve conducts).
The output of the multivibrator is norMally taken from the anode of either valve.
Note that this output voltage is one of square wave-form.
Actually such a waveform is only obtained from a symmetrical circuit (i.e. when the circuit components
of one valve are equal to the corresponding components of the other valve), and
also when the plate load resistors are small in value compared with the grid leaks
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(See Fig.20C).
Waveforms of many varieties may be obtained by using unsymmetrical
circuits and by taking different values for resistors and condensers.
The frequency of the square-wave illustrated will depend upon the time that each
grid is held below cut-off, and
Valve Conducting

this in turn will depend mainly
upon the time-constants Rgl,C1, and
Rg2,02 (Figure 20C).

Valve

a

cut-of

It now remains to convert the square
wave obtained from the multivibrator
to a series of pulses of short duration in order to "trigger" the
discharge valve.

O
(A) ANODE CURRENT
B+ Value
Ea

(B) ANODE VOLTAGE

FIGURE 2.
Rd will be a series of sharp pulses as shown.

This is achieved by applying the
square-wave voltage from the anode
of one of the valves of the multivibrator across an R.C. differentiating circuit, as shown in Figure
22A.
The final output taken across
The "leading" edges (i.e. the rises

B+
J-111f1._

CL

Sync.
Control

O
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Output

(A)

FIGURE 22.
(B)
in voltage) of the square-wave produce positive pulses, while the "trailing" edges
(i.e. the falls in voltage) of the square-wave result in negative pulses (see
Fig. 22B).
Actually only the positive pulses are used for triggering the discharge
valve.
SYNCHRONISING THE MULTIVIBRATOR.
As shown in Figure 22A the signal sync. pulses are applied to the anode of Vi.
Actually this is equivalent to applying them to the grid of V2 (for 1st anode is
connected to 2nd grid by the coupling condenser).
The synchronising action is very similar to that described for the blocking oscillator.
If the multivibrator is running too slowly, a positive sync, pulse, arriving
before a cycle has ended, lifts the grid potential to the cut-off level, thus commencing the new cycle earlier than would otherwise occur.
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GENERATING SAW-TOOTH CURRENTS FOR MAGNETIC DEFLECTION.
The simple R.C. charging circuit together with its discharge valve, as described
earlier, produces a voltage of saw-tooth wave-form.
Such a voltage, however, if
applied to an inductance coil (such as the deflecting coil of a C.R.T. designed
for magnetic deflection) will not produce a saw-tooth current, which is necessary
for linear deflection.
The reason for this lies in the inductive property of the coil.
It may be shown
mathematically (and verified experimentally) that a saw-tooth current will flow
through a pure inductance (i.e. no resistance) only when a sauare-wave voltage is
applied across it.
Pure Inductance

Pure Resistance
V

V

O

O

Series Inductance & Resistance

o

O
A
FIGURE 23.
applied across it.
In Figure 23 at A is shown a saw-tooth voltage producing a saw-tooth current
through a pure resistance.
At B is the case for a pure inductance.
Here, in
order to obtain a saw-tooth current, the voltage must have the square-wave form
shown.
Now any practical coil contains inductance in series with resistance. The
voltage required to produce a saw-tooth current through such a combination will
therefore be a combination of the saw-tooth voltage of A and the square-wave voltage of B.
Such a combination is shown at C (Figure 23).
The saw-tooth part of
this voltage may be regarded as overcoming the resistance of the coil, while the
square-wave part overcomes the inductive effect.
A voltage having the wave-form shown in the upper diagram of Figure 23C may be
generated by modifying the simple R.C. charging circuit by including an extra
resistance.
Figure 24 shows a gas filled triode circuit to which this modification has been
made.
Comparing this diagram with that of Figure 13 it will be noted that an
extra resistor R2 has been added.
The output is now taken from across the series
combination R2 and C.
At an instant when the tube becomes non-conducting, the supply voltage is suddenly
applied across R1 and R2 and C in series.
Now we know that when a voltage is
suddenly applied across an R.C. combination, the full voltage instantly appears
across the resistance, and none initially appears across the condenser.
If the
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resistance in the circuit is divided into two parts, the initial voltage
will be
divided between them in proportion to their
values.
For example, if in Figure 24, R2 is
one-quarter of R1 + R2, then one-quarter of the
Ri
supply voltage will initially appear across R2,
Ghs Triode
and therefore in the output, when the cycle of
oscillation commences.
This abrupt rise in
voltage is represented by "ab" in Figure 25.
// Now as time goes on the potential across C rises
in the more or less linear manner as shown by
"bd".
This further rise, towards the full
supply voltage, will, of
d
course, appear in the
•
Boutput also, since the
latter is taken across
C as well as across R2
(Figure 24).
By choosing suitable values of R1 and R2 the output voltage from the scan generator may be modified to produce a
current of saw-tooth waveform in any pair of deflecting coils.
FIGURE 24.

FIGURE 25.

DEFLECTION AMPLIFIERS
The output from each scan generator is passed through an amplifying stage before
application to the deflection electrodes.
In the case of electrostatic deflection, push-pull amplification is used, in order
to obtain the large peak to peak output voltage required (400V and above) necessary
for full deflection. Push-pull amplification also avoids a de-focussing effect on
the beam which occurs when single valve amplification occurs.
In the case of electro-magnetic deflection a single valve output is used together
with a step-down transformer to increase the current output.
For full deflection
the square-wave current must rise to a value of the order of 250 m.a.
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T.FM & F. LESSON NO., 10.
EXAMINATION QUESTIONS.

(1)

Which receiver stage prevents the picture signal from entering the
scanning generators?
What would be the effect of picture signal
impulses upon the latter?

(2)

Why is fixed bias unsuitable for a "clipper" circuit?

(3)

Why is the vertical (frame) sync, signal between any pair of frames
broken up into a number of separate pulses?

(4)

State briefly the difference between a Differentiating and an Integrating Circuit.

(5)

Name two faults which could occur as a result of faulty scanning
generator synchronisation?

(6)

What function does the grid of a gas-discharge tube perform?

(7)

How would you vary (a) the amplitude (b) the frequency of a sawtooth generator, employing a gas filled tube.

(8)

What is the function of an Impulse generator in a television receiver?
Name two types of Impulse generators.

(9)

What determines the frequency of a Blocking Oscillator?

(10)

If the line scan, generator of a receiver completely failed, what
would you expect to see on the screen?
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T.FM & F LESSON NO. 11.
RECEIVER POWER SUPPLIES.
It is a much more complicated problem to provide sources of D.C. power for a television receiver than it is for an ordinary broadcast set.
In the case of the latter we simply require a power unit whose purpose it is to convert the 240 V. A.C.
from the mains into a supply of 200-300V D.C. for the "high-tension" (B+), a supply
of (usually) 6.3V A.C. for the cathode heaters of the amplifier valves, and a
supply of (usually) 5V A.C. for the rectifier filament.
The student is familiar
with the more or less standardised power unit which will fulfil these functions.
Now let us recall again the comparative complexity of the modern
television receiver.
In addition
to the sound receiver section
(see Fig. 1) we have the picture
receiver proper, the scanning generator (time-base) section, and
finally the C.R.T. itself. All
of these sections, excepting the
last mentioned, require two power
sources -- one at about 250V. D.C.
(the normal B+ supply) the other
being a low-voltage A.C. (usually
6.3V) for the heaters. At first
consideration it might be thought
that an ordinary power unit, making
use of a full-wave rectifier for
the B+, and a single low voltage
transformer winding for the heaters, could be used, without difficulty, to supply all these three
sections:

SOUND
RECEIVER

BA.C.Heater
B+

VISION
RECEIVER

BA.C.Heater
B+

[

TIME
BASES.

B
A.C.Heater
▪

e ,Very

▪ e

High

Voltages
A.C.Heater

Heavy D.C,
Current
(For Magnetic
A difficulty i however, arises in
FIGURE 1,
Focus Only)
the large current out-put which would be required.- The total number of valves
involved may be many times that used in the ordinary broadcast receiver. Nevertheless, in the case of the smaller television receivers a full-wave rectifier
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tube such as the 5U4G, having an output drain of 175 m.a, used in conjunction with
a suitable transformer, is adequate to supply the three receiver sections.
In the case of the larger receivers the difficulty may be overcome by utilising
two full-wave rectifiers in parallel. This will, of course, providim, the transformer is of sufficient current rating, double the available output durrent.
The power for the cathode-ray picture tube most be obtained from a separate source.
Here we require a high D.C. voltage of at least 2,000V, but perhaps as high as
10,000 V (or even 25,000V for the projection-type tubes). In addition we want a
low A.C. voltage (say 6.3V) for the C.R.T. cathode-heating. The latter must be
provided from a separate transformer winding, when the heater is connected internally to the C.R.T. cathode. The reason is that the latter is not, in general at
ground potential, (as are the heaters of all other valves).
If heater and cathode
of the C.R.T. are not internal], connected, then, n' course current may be drawn
from the one heater winding supplying all other tubes.
Finally, if magnetic
focussing is used, we require a comparatively heavy direct current (100 -- 200
m.a.) for the focus coil.
The latter is usually obtained by passing all, or part,
of the low-voltage B+ supply through this coil.
It appears, then, that we shall require a dual-power-supply. The unit supplying
the high voltages for the C.R.T, together with its heater current, is usually
referred to as the "High-Voltage" supply. The other providing the high-tension
(B+) at about 250 V. for all other tube, is known as the "Low-Voltage" supply.
POWER TRANSFORMERS.
It is possible to use but a single transformer for the two power units, all secondaries being wound, suitably insulated one from the other, on the same core.
These
secondaries will comprise: centre-tapped winding for the full-wave rectifier,
low voltage heater winding, low voltage filament winding for filament of the fullwave rectifier (all these belong to the "low-voltage" power unit), and in addition,
for the "high-voltage" unit, a winding of very many turns providing an A.C. voltage for rectification, and finally a low-voltage winding for the rectifier's filament.
These windings are shown in Figure 2.
ShleIrds

THE "HIGH-VOLTAGE SUPPLY".

To "Low
>Voltage"
lq.ect.Fil.

The high-voltage power unit usually makes
14
use of a half-wave rectifier (i.e. a single
To Valve
diode).
Full-wave rectification requires
eaters
a centre-tapped transformer winding, which
To High
is irpracticable when operating at several
I
Volt.Rect
thousandQ of volts. The difficulty lies in
Fil.
bringing out a centre-tap with sufficiently
To
good insulation to prevent a break-down
jj
C.R.T.
where it comes in contact with those turns
Heater.
of the winding which are at high-potentials.
To "High Volt!:
In any case half-wave rectification is quite
To "Low Volt':
Rectifier,
adequate for the purpose since the current
Rectifier.
FIGURE 2,
drain taken by the C.R.T. is extremely small.
The electron beam of the latter represents a current of only about one-tenth or so
of a milliamp. A bleeder circuit of very high resistance, taking only one or two
T.FM & F.11 - 2._

milliamps is usually used. With such small currents required there would be but
little point in using full-wave rectification.
HALF-WAVE RECTIFIERS.

(A)

Connections forB)
Positive Output.

(

(c)

Connections for Negative Output.

FIGURE 3.
HALF-WAVE RECTIFICATION.
Figure 3 illustrates various methods of connecting a single diode to the secondary
of a power transformer for half-wave rectification.
In all diagrams but the first
(A) the transformer primary, and the diodds filament winding, have been omitted.
This has been done in order to bring out more clearly the simple theory of the
circuits! operation.
The secondary of the power transformer should be regarded
as a source of alternating e.m.f, which is to be converted to a steady direct current.
The diode acts as an almost perfect rectifier, i.e, a device which permits
current flow in one direction only around the circuit.

Note the effect of the different connections shown in Figure 3. Circuits A and B
produce a positive output voltage (with respect to ground) across R. Circuits
C and D give a negative output. A slightly better filtering (smoothing) action
is obtained in cases A and C compared with that obtained in cases B and D.
When
a positive output is required the connections are almost invariably made as in
circuit A. When negative outputs, in respect to ground, are required, however,
circuit D is often used in preference to that shown at C. Although a greater percentage ripple could he expected from circuit D, this arrangement has the advantage
that the filament of the diode is at D.C. zero potential. The significance of this
is that, in certain cases, the filament current for the diode may be taken from
the transformer heater winding which is used for other values in the receiver.
The
heaters of the latter are, of course, always at ground potential.
In the other
circuits (AA and C) shown in Figure 3 note that the diode filament is at a high
D.C. potential (positive or negative) with respect to ground. Hence, in these
cases, a separate rectifier filament winding, adequately insulated for high potentials, must be used.
RESISTANCE-CAPACITY FILTERING.
Since the average student is accustomed to power supplies utilising a choke
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(inductance), together with one or more condensers for smoothing purposes, it will
be well to explain briefly the operation of a resistance-capacity filter.
A resistor, (or even a series of resistors) is a much smaller, lighter and cheaper
component than an iron-cored choke.
It may well be asked, therefore, why resistance-capacity filtering is not used in the "low-voltage" power supply. The reason
is connected with the fact that such power supplies are called upon to deliver
comparatively heavy current drains. Now the choke, or resistor, whichever is
used, must, for effective smoothing action, present a very great impedance to the
A.G. "ripple" component, which it is desired to eliminate from the output. If a
resistor is used this same high impedance (in this case pure pesistance) will be
presented to the D.C. component of the output.as well as to the A.C.
Hence it
is seen that the D.C. drain from the rectifier will be limited to a very small
value.
This does not constitute a draw-back in the case of high-voltage power
supplies used to operate cathode-ray tubes, since, as already pointed out, these
require only a fraction of a milliamp. for their beam currents.
In the case of the "low-voltage" power supplies, on the other hand, a current
output of several hundred milliamps is usually required. This means that the
impeLLDce of the filter system must be comparatively low. At the same time
we still require the high impedance to the A.C. ripple voltage. A choke may present an impedance of many thousands of ohms to the ripple frequency (100 cycles/sec
for full-wave rectification), while its D.C. resistance may be only several hundred
ohms.
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FriURE 4,
The theory of the resistance-capacity filter may be simply explained as follows.
An A.C. voltage, to be converted to a D.C. is obtained from the transformer secondary as shown in Figure 4A. At
we have shown a diode, in series with a condenser, connected across the secondary,
The diode passes current only on the
positive half-cycle of the voltage shown at A.
Hence on these half-cycles the
condenser C of Fig 4B will charge up. During the negative half-cycles the condenT.FM & F. 11 - 4.

•
ser must retain its charge, since no discharge path is provided for it, the yew)
being completely non-conducting. After a few cycles (depending upon the transformer
impedance and diode resistance which determine the charging rate) the condenser will
become charged to a voltage equhl to the 22.
24£ voltage of the applied e.m.f.
Thereafter the diode passes no further current, ànd the condenser remains charged.
This charging process is illustrated in the graph of Figure 4B.
When a bleeder resistance is connected across Cy as shown in Figure 4C, the condenser charges, as before when the diode conducts on the positive half-cycles of the
A.G. voltage. During the negative half-cycles, when the diode is non-conducting )
C discharges partially through R. This rate of discharge will depend upon the
time-constant C X R.
If the latter is long compared with the period of one-half a
cycle, the fall in condenser voltage will be very small during the time the diode
is not conducting (see lower graph Figure 4).
In any case the charge lost through
R will be replaced by diode conduction on the peak of the next positive half-cycle.
The net result is a D.C. voltage which rises and falls with the applied e.m.f. This
rise and fall constitutes the "ripple" voltage. Note thatthefrequency of the ripple equals that of the mains voltage (50 Cbec).
(In full-wave rectification the
ripple frequency is double the mains frequency). Note also that the amplitude
of the ripple will be negligibly small provided that the time-constant C X R is
long compared with the period of half one cycle of the A.C.
th of 1 second).
100
This follows since the drop in condenser voltage due to discharge through R during
a negative half-cycle will be very small.
VALUES FOR BLEEDER RESISTANCE AND FILTER CONDENSER.
The degree of filtering obtained depends, then, upon the time constant C X R.
For a given percentage ripple C may be large, and R small, or C may be small and
R large. Since the cost of a condenser designed to withstand voltages of several
thousands of volts increases fL?tor . than
the capacity it is desirable to keep
C as small as possible. On the other hand if C is made too small, R must be so
large as to reduce the bleeder current to too small a value. The effect of this
is to reduce the "regulation" of the power supply -- i.e. its ability to maintain
a constant output voltage for varying load-currents.
In a television receiver the
load current of the high-voltage supply is the beam current of the C.R.T. The latter current varies with the video signal applied to the control electrode. A typical compromise is to choose a bleeder of total value 2 to 5 megohms, and a filter
condenser between 1 m.f. and .3 m.f(q.
DOUBLE SECTION R-C. FI4TER.
An improvement on the simple R-C filter described is to add an extra resistot Rf
between the diode and the bleeder (Rb) and an extra condenser Cl (See Fig. 5).
The action is as follows. Cl charges on the
positive half-cycles as already explained. On
the negative half-cycles 01 dischargen (slightly) through Rf and Rb in series. Since Rb is
usually about ten times as large as Rf, most
of the discharge voltage, and therefore the
ripple, appears across Rb., and is thereby
FIGURE 5
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applied across 02. This condenser is charged to the peak value of the discharge
voltage, which in itself is partially filtered.
The discharge of C2 can take place
only through Rb -- the time constant 02 X Rb being long.
Hence the output voltage,
partially filtered by the RfOl combination, is further smoothed by Rb02.
The advantages of the double-section filter, compared with the single-eeetion, lie in
the smaller values of capacity which may be used for the same degree of filtering.
Typical values are.025 to .05 m.fd for Cl and 02, about .5 meg. for Rf and 5 meg.
for Rb. These condensers are very much cheaper than those of the order of.5 ed.
Again, the much smaller stored charges in the smaller capacities minimises the danger
of severe shock. A disadvantage of the double section filter .is that a slightly
reduced output voltage is obtained, due to the voltage drop across Rf. This voltage
drop is not effective in the output, which is taleen across Rb only. An example will
better illustrate this point. Suppose that Rf (Fig.5) is .5 megohms, and Rb 4.5
megohms. Rf is one-tenth of the total resistance between the rectifier cathode
and ground.
If the total voltage between the latter two points is 5,000 V, onetenth of this, i.e. 500 V, will appear as a voltage drop across Rf. The remaining
4,500 V, appearing across Rb will represent the rectifier's output.
Ir BLEEDER NETWORK.
The electron gun of a cathode ray tube requires several voltages of varying magnitudes, all being measured in respect to cathode.
These different voltages are
obtained by tapping off the required amounts from the total rectifier output. The
bleeder, represented by Rb in previous diagrams, is therefore composed, in practice,
of a series of resistors rather than a single component. One or more of these resistors is usually in the form of a carbon-type potentiometer, to allow a variable
voltage to be tapped off for C.R.T. control purposes.
Perhaps the most usual arrangement is to establish the C.R.T. control electrode at
ground potential, by connecting it directly
to the lower (ground) end of the bleeder
network, as shown in Figure 6. We are ref.
t.
To 2nd Anode
erring hereof course, to a rectifier producing a positive output. Resistors Rl e
R5
R3 and R5 are of the ordinary fixed carbon
To 1st Anode
type. R2 and R4 are potentiometers. Since
R4
(Focus
no current flows in the control electrode
Control
circuit (just as no current flows inthe grid
circuit of an amplifying tube when negative
Ifiput from
R3
bias is used), there will be no potential
rectifier
drop across Rg (Fig 6).
In other words
and filter.
To Cathode
the D.C. potential of the control electrode
R2
(Brightness
is maintained at ground level. A variable
Control)
tap is taken for the cathode at a higher
point in the chain, i.e. at a point which
Control
is positive in respect to ground. This
ensures that the control electrode is L
ugElectrode
ative in respect to the ,cathode. The
( Video
negative bias is varied by varying the
positive potential (in respect to control
Signal
electrode) of the cathode as shown. The
FIGURE 6.
resistor R1 ensures that some negative
bias is always on the control electrode.
Since the value of negative bias on the
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control electrode determines the intensity of the electron beam, adjustments to R2
will vary the average brightness of the picture. R2 is therefore described as the
Brightness Control.
The full positive output of the supply is applied to the second anode of the C.R.T.
A lower positive potential is applied to the first anode, by taking a tap at a
lower point down the bleeder voltage divider.
This tap is from the moving arm
of potentiometer R4 (Figure 6).
Provision is made here for a variable voltage
on the 1st anode for focusing, purposes as explained under the section on cathode
ray tubes.
Hence R4 constitutes the Focus Control. This control, of course, determines the size of the scanning spot, and hence the quality of the picture.
Since the correct setting of the focus control is, up to a point, a matter of individual taste, the knob, in some receivers is brought out to the front where
ready adjustments may be made to it. Generally speaking, however, the focus only
requires occasional adjustment, as when the receiver is first installed, or when
the C.R.T. is replaced. For this reason most manufacturers regard the control
as of the "pre-set" type, and therefore in most receivers it is accessible only
from the back or chassis of the set.
The resistors R3 and R5 serve to limit the variable voltage o which may be safely
applied to the cathode (for bias) and to the 1st anode (for focus).
OTHER METHODS OF OBTAINING CONTROL ELECTRODE BIAS.
Instead of earthing the control electrode it is sometimes found that the cathode
is at earth potential. With this arrangement it is necessary to provide some
variable source of negative potential (with respect to ground). This is usually
done by some method of back bias, usually in the negative lead of the low-voltage
power supply.
A very common arrangement is to place the control electrode at the same potential
as the anode of the final video amplifying tube, and to provide the negative bias
by applying some more positive potential to the C.R.T. cathode.
The advantage of this arrangement is that the final video amplifier may be dirsptly
coupled (i.e. without the use of a coupling condenser) to the control electrode.
A typical circuit is shown in Figure 7. The low-voltage supply is of 300V, from
which lower voltages are tapped off using a bleeder resistor R1,R2, R3.
The
full 300V. Is used for high tension for all values except the final video amplifier
6V6, which is operated from a tap giving about 260V. for plate and one giving
75V for the screen. The low screen voltage is used to prevent the tube from drawing excessive current when no signal is applied to its grid. Note that this tube
is operated without cathode bias.
The cathode of the C.R.T., is not at ground potential, but at some positive potential which may be varied from, say, 200V. up to 300V, the full B+ voltage. Since
the control electrode is connected to the anode of the 6V6, its potential is below 260V.
The net result is that control electrode is negative with respect to
the cathode.
The potentiometer R41 (which is in series with R5 across the lowvoltage supply) provides a means of varying the C.R.T's control electrodes bias,
and therefore constitutes the Brightness Control.
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FIGURE 7.
A further interesting point concerning the circuit is that the negative side of
the high-voltage supply is not earthed, but is practically at 300V.+, being connected, together with the C.R.T. cathode to the movirg arm of the potentiometer aaross
the low-voltage supply.
In this way, the full high-voltage supply is applied
between 2nd anode and cathode of the C.R.T.
It was stated above that the main advantage of this system, which operates the
C.R.T.'s control electrode at a potential equal to that of the anode of the final
video amplifier, is that direct coupling may be used for the latter's output.
This greatly simplifies the problem of D.C. restoration. The D.C. component of
the video signal is restored at the grid of the final amplifier. As shown, the
tube (6V6 in Figure 7) is operated without cathode bias. When no signal is being
received the video amplifier's bias is zero. As soon as the video signal is received the grid draws current, thus creating a negative bias which, if the grid
condenser and leak (Cg and Rg) are of correct values, will be of such value as to
maintain the grid potential always at the blanking level of the signal.
In other
words Cg, Rg and the grid circuit of the tube, acting as a rectifying diode, constitutes a simple D.C. restorer circuit.
Since the plate of the amplifier is
directly coupled to the control electrode there will be no further loss of the
D.C. component.
pITER-CONNECTION OF HIGH-AND-LOW VOLTAGE SUPPLIES.
It is possible to augment the high voltage available for operation of the C.R.T.
electron gun, by applying betwen final anode and cathode the total voltage of
both high-and low-voltage power units.
The manner in which this is achieved is
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illustrated in Figure 8.
Here the negative side of the high-voltage rectifier
unit is not earthed, but is connected to the positive (output) lead of the lowvoltage unit.
The result is that the two outputs are effectively connected in
series, so that the total voltage of the positive lead of the high-voltage circuit, measured in respect to earth, is the sum of the outputs of the two rectifiers. For example if the two outputs are 300V. and 2,000V., the potential of the
high-voltage output lead (in
High Voltage
respect to earth) is 2,000V.
+ 300V. = 2000V. Actually
Power Unit
the arrangement here is very
similar to that of Figure 7.
But in order that the increI
===I
p2,000V
ased high-voltage is effective
in operating the C.R.T, the
4
¿.z
cathode of the latter must be
earthed, as shown in Figure
Not
8. The question of bias now
gltage
.4( Earthed
becomes one of obtaining a
Prer Unit
negative voltage (in respect
3 OVB+
to ground) from some point
in the circuit, for application to the C.R.T.'s control
electrode. This may be acc--8.
omplished by means of a back
bias resistor included at point "X" in Figure 8.

+2,300V
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POTENTIAL APPLIED TO DEFLECTION PLATES

ND "SHIFT" CONTROLS.

Referring still to the electrostatic type of O.R.T e we must now consider the
D.C. (or average) potential at which the deflection plates are operated. So far
in these lessons we have simply stated that an alternating voltage of saw-tooth
wave form (from the scanning generator amplifier) is applied between each pair
of plates, for horizontal and vertical movement of the beam.
These A.C. saw-tooth voltages are, of course, applied from the amplifiers through
coupling condensers.
,
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FIGURE 9.
As a general rule each of the deflection amplifiers (amplifying the saw-tooth
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outputs from the scanning generators) is of a push-pull type, consisting of two
valves, producing output voltages from their plates 180 ° out-of-phase with each
other.
These out-of-phase saw-tooth voltages are shown at A, Figure 9, applied
through coupling condensers to a pair of deflection plates.
In this diagram the
plates are shown "floating", i.e. there is no D.C. path connecting them to ground.
Such an arrangement is unsatisfactory. Although the deflection plates form no
part of any circuit which carries a direct current, they can, and will in prac—
tice, collect electric charges.
Such charges can arise, for example, as the
result of slight leakage through the coupling condensers. The result will be
that the plates may build up large, and varieble ppotentials. This will lead to
unstable operation of the tube. The effect is similar to that obtained when an
ordinary amplifying valve is operated with a "floating" grid.
At B in Figure 9 the deflection plates are shown connected to ground through
resistors R1 and R2. These resistors are of large values (1 or more megohms)
and prevent the A.C. voltages being short-circuited to earth. At the same time
R1 and R2 will maintain the plates at earth potential, as far as p.c. voltages
are concerned. With this arrangement it should be noted that, even when the
A.C. voltages are applied to the plates, the average potential of the latter is,
ct all times, zero. This point will be clearer by referring to Figure 10. The
two saw-tooth voltages are 180 °
out-of-phase as shown at A and
B. The average of these is ob- Saw-tooth 4.
tained by adding, for all inVoltage ono
stants of time, the instantan1st Plate.
eous values of the voltages.
When voltage A is, say, positSae-tooth
ive, voltage B is an equal
Voltage .+
amount negative, and the averon 2nd
0
age or net voltage is therefore
Plate
zero for the two plates as a
whole.
Average +

(A)

(B)

In the case of a television
Voltage
Average of 2 Voltaes=0
(C)
"
receiver however, where the finalDef..
on
anode of the C.R.T. is operated
lection
at a high positive potential :
Plates
with respect to earth, there
is a serious objection in placing
FIGURE 10.
the deflection plates at zero potential. Between these plates and the final
anode there will exist a large potential difference (equal to the high-voltage
rectifier's output), and therefore a powerful electrostatic field. This field
will seriously interfere with the correct focusing of the electron beam.
It
will be remembered that this focusing action is brought about by carefully adjusted electrostatic fields between the cathode and the several anodes within
the tube. Any other field must be avoided.
To eliminate the electric field between the deflection plates and the final
anode, we must place both these points at the same potential, so that no potential difference exists between them.
This could be done by connecting the plates
to the final anode via high resistance à as shown at C, Figure 9. The tube would
now operate correctly.
The saw-tooth voltage from the amplifier would now simply
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carry one plate more positive than the average potential, while the opposite
plate goes an equal amount more negative.
This alternating potential difference
between the pair of plates will swing the beam backwards and forwards to produce
the scanning motionS. At the same time the average potential of the pair of
plates will remain constant at a value equal to the final anode potential, and
hence no de-focusing effect will occur.
The student should not forget that the C.R.T. contains two pairs of deflection
plates, (one fôr horizontal deflection, and the other for vertical deflection).
The foregoing discussion applies equally well for one pair as for the other.
PICTURE "SHIFT" ORICENTRING:" CONTROLS.
In the manufacture of an electrostatic type C.R.T. the job of mounting the comparatively large and heavy electrodes within the glass envelope proves a very
difficult one.
The result is that, in any particular tube, it is rarely found .
that the beam spot falls exactly at the centre of the screen when no deflection
voltages are applied.
This means that when the scanning system is operating
the picture frame will not be perfectly centred with respect to the tube's screen,
To overcome this difficulty we require two controls, one to mole the spot, if
necessary to left or to right, the other to shift it either up or down, as required.
These controls are called "Horizontal Shift" (or "Centrizág n) and
"Vertical Shift" (or "Centr Inr; ").
Beam Shift is brought about by making provision to apply, between each set of
deflection plates, a D.C. potential difference whose value and polarity may be
adjusted as required.
The usual method of doing this is as shown in Figure 11.
Included in the bleeder circuit, at its positive end is an extra resistor R1,
of such value that a P.D. of perhaps several hundred volts is developed across
it.
The final anode is connected to the centre point of this resistor, so that
the potential of this electrode is actually slightly less than the output voltage
of the rectifier.
Also connected to the centre point of R1 is the right-hand
plate of the horizontal deflecting pair.
This connection is made via the resistor R4 (of large value) which avoids short-circuiting of the A.G. saw-tooth
voltage.
In this way the right-hand plate is maintained permanently at a D.C.
potential equal to that of the final anode.
The resistors R4015,R6 and R7 are
the ones previously indicated in Figure 9,
Across R1 (in parallel with it) is connected a potentiometer R2, the moving arm
of which goes, via R5, to the other horizontal deflection plate.
Now when the
moving arm of R2 is in its central position the potential applied to left-hand
defl ,.3tor plate is equal to that of the centre point of R1, i.e. to the final
anode and right-hand plate potential.
In this position no potential difference
exists between the pair of plates.
Now suppose the moving arm of R2 is moving towards the upper end of the resistor.
The potential picked off will now be more positive than that of the central point
of Rl.
Consequently the potential applied to the left-hand deflection plate
will be more positive than that on the right-hand plate e and the beam will be
deflected to the right.
In this way the picture may be adjusted centrally upon
the screen, as far as horizontal position is concerned.
An exactly similar system is duplicated for action on the vertical defledtion
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Vertical Deflecting
Vol age
plates.
For this purpose
we have the potentiometer
R3, and the resistors R6
and R7.

Horizontal
R4
Deflecting Voltage
R5

Condensers Cl and C2 serve
to smooth out sudden fluctuations in voltage when
the shift controls are
moved, thus to give a
smooth motion of the picture to left or right, or
up and down.
HIGH-VOLTAGE PRECAUTIONS.

From
High
Voltage
Rectifier.

Special care must be exercised in the mounting of
all leads and components
in a television receiver
which are at the very high
voltages. Wiring, for
example, should be well
•
separated from the chassis,
and sharp turns and points
should be avoided, for the
latter tend to aid an electrical discharge.
00

Final
Anode

BLEEDER
NETWORK
Focus Control

Brightness
Control
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In particular it should be noted that potentiometers used for Focus Control and
Picture Shift are at very high voltages with respect to earth.
It would never
do to mount these potentiometers directly upon the side of the metal chassis,
even thofigh the component's resistor, and moving arm, are internally insulated
from the metal shaft.
Such insulation is inadequate to withstand voltages of
several thousands volts. The usual method is to mount these potentiometers on
a special panel of insulation within, and well separated from the main metal
chassis.
The shafts are long, and incorporate a length of insulating material
as shown in Figure 12.
In order to safeguard service mechanics, and atceiver.oesnere, all high-voltage
wirings are usually enclosed so that they are inInsulation
accessible without automatically switching off thf,
Bakelite
high-voltage power supply.
Shaft
Another important point concerns the coupling condensers through which the deflection voltages are
applied from the amplifiers to the deflector plates.
A pair of these condensers is shown back in Figure
9A.
The wires on the right-hand side of these condensers are at several thousand volts. Their leftChassis
hand plates, on the other hand are at comparatively
FIGURE 12.
low voltages, something lees than.the low-voltage B+ supply. Hence the condensers must be of a special high-voltage rating to withstand the large potential
differences between their plates.
Such condensers are much larger and more
T.FM & F.11
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costly than the more humble types, of similar capacity, having ratings of only
400-- 600 V.
MAGNETIC FOCUSING..
Since most of our space has been taken up in describing the application of the
power supplies to electrostatic type tubes it must not be concluded that this
type is more important, or even in more common use, than the electro -magnetic
tube.
Actually electro-magnetic deflection and focusing is becoming more and
more important, and will probably completely supersede the electrostatic methods,
particularly where a large screen is required. We are taking less space over
the electro-magnetic type simply because there is less to explain.
The circuits are much simpler, particularly from the point of view of highvoltage considerations.
When electro-magnetic deflectienis used we do not have to worry about operating
the deflection system at high voltages. The deflection coils, wound outside.
the tube are operated with low-voltage saw-tooth currents as already explained
in an earlier lesson. There is no question of defocusing effects occurring.
If magnetic focusing is also used, the problem is further simplified.
The electron gun then operates at fixed potentials, and it may involve but a singlerti ,.:
potential anode. Hence the bleeder circuit of the high-voltage power unit will
be less complicated.
The methods of obtaining control electrode bias are exactly the same as already
described.
EUCTRQ-MeGNETIC FOCUSING.
This type of focusing, it will be remembered, is 'achieved simply by passing a st-'
eady direct current of several hundred milliamps through a coil wound around the
neck of the tube. The current used is usually the total (or part) of the lowvoltage power supply.
The deflection coil is placed in series in the negative
(earth) lead of the supply. Since this coil is of low resistance there is but
little potential drop across it. Such potential drop would, of course, subtract
from the total output voltage of the power unit available for operating picture
and sound circuits.
The arrangement is shown
in Figure 13a.
The total current supplied from
B+ to the tubes, and
returning via the chassis
to the centre tap of the
transformer, will split
between the deflection
coil and the rheostat R1
in series with R2. By
adjusting R1 the fraction
of this total current
passing through the deflection coil may be varied,

Rl
_B..ts R2
I
ÇÉ)

I-

Deflection
Coil

''IGURE 13a.
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to produce fine focusing of the beam. The presence of R2, in series with the
rheostat, ensures that some current will pass through the coil for all settings
of Rl.
A modification of this system is shown in Figure 13b.

Rile
R2->

Here a resistor R3 has been
placed in the negative
lead of the low-voltage
supply. This resistor
is of such value that
a P.D. of about 30V
is developed across it
(similar to "back-bias").
This voltage is then
applied across the
deflection coil and
rheostat R1 in parallel.
R1 acts, as before, as
the focus control.

FIGURE 13b.
JUDI° FREQUENCY HIGH-VOLTAGE SUPPLIES.
High-voltage power supplies operating from the 50 Cjà mains are not particularly
efficient or suitable for operating C.R.T's.
In the first place they can invariably supply many times the current which is
necessary to operate the electron gun.
The latter requires only a fraction of a
milliamp.
The reason for this is that it is not practicable to wind the secondary
of the power transformer with thinner wire which would reduce the unnecessarily
high current capacity, and at the same time reduce the weight and size of the
transformer.
Furthermore the voltage step-up of a power transformer depends entirely upon the turns-ratio between primary and secondary.
To obtain the very
high voltage required we must have a large turns ratio; and since we must have at
Leas1 4 or 5 turns per volt in the primary (in order to adequately magnetise the
iron core), this means that the secondary winding must consist of a very large
number of turns. Such a transformer is very large, heavy and expensive.
Again the capacities of the smoothing condensers in the filter system of a rectifier depend upon the ripple frequency, which equals the supply frequency for
half-wave rectification.
Operating with the low frequency of 50 C/sec. these
capacities must be comparatively large (of the order .25 or .5 mfd).
Another difficulty to be overcome is the presence of stray magnetic fields.
The
electron beam is very susceptible to stray fields, and more complete shielding
of the power unit is necessary than in the case with the ordinary sound receiver.
Most of these difficulties and drawbacks would be reduced or eliminated if, instead of drawing our A.C. power for rectification from the 50 cycles main, we
had some source of radio-frequency power instead. Such a source cf .power could
In created in the receiver by using a special small r.f. oscillator.
If this were done, we could use a small and light weight r.f, transformer for
the necessary voltage step-up instead of a heavy iron-covered 50 cycle power
transformer.
T.FM & F.11 - 146

An additional advantage would involve the filter condensers to smooth the rectified
output.
The "ripple" frequency of, say, 1,000,000 Cbec. could be effectively
filtered by means of condensers of very low capacity, .005 mfd or less.
Since large
condensers of high voltaee rating tend to be costly, the saving would be quite
appreciable.
The shielding of an r.f. power unit is also much simplified.
Adequate shielding
is obtained simply by enclosing the unit within a can similar to that using for
r.f, coil shielding.
This is very much lighter than the heavy iron shields required for a 50 C. power transformer.
The circuit of a simple r.f. high-voltage
power unit is shown in Figure 14.

FIGURE 14.
The value (6V6, or similar type) is acting as an r.f. oscillator of the tunedplate type.
Coi/ Ll and condenser C form a tuned circuit. L2, together with its
stray and self-capacities also acts as a tuned circuit, having the same resonant
frequency as L1C.
All three coils Ll,L2 and L3 are wound on a former so that
coupling exists between them.
L3 provides the feed-back voltage to the grid,
necessary to maintain self-oscillations.
, An r.f. oscillation, at a frequency which mainly depends upon j2 and its stray
capacities is set up in the circuit L1C.
Li and L2 constitute a step-up transformer.
Hence whatever r.f. voltage is developed across Li is magnified many times
in L2.
The voltage across 12 is now applied to a diode acting as a half-wave rectifier.
This part of the unit is exactly as described previously, except that the filter
condensers C2 and C3 may be very much smaller in capacity tan would be required
in the conventional power unit for the same degree of filtering.
Although the unit requires an extra valve, it is very much lighter than one operating directly from the 50 cycle mains.
The power required to operate the oscillator value (at about 300V) can be supplied
by the ordinary low-voltage power unit of the television receiver.
The high-voltage output (D.C.) obtained is adjusted approximately with the screen
dropping resistor.
The screen voltage applied will determine the gain of the tube,
and hence the amplitude of the r.f. voltage across Ll. This in turn will determine
T.FM & F.11 - 15.
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the r.f, voltage developed across L2, and applied to the diode for rectification.
Fine adjustment may be made to the output voltage by adjusting Cl.
If the circuit
Li Cl is de-tuned from the operating frequency (as determined by 12 plus stray
capacities) the size of the oscillations will be reduced.
This, of course, will
affect the final D.C. output obtained.
Such units as these are usually operated at a comparatively low radio-frequency,
usually between 100 K.C, and 1 M.C. A higher frequency (which would still further simplify the filtering) is difficult to obtain, because L2 must have a fairly
large number of turns e to produce the necessary voltage step-up. Any increase
in 12 will lower the frequency of oscillation.
The figures given fr7: frequency
represent a practical compromise.
An additional advantage of the r.f. power supply, not mentioned earlier, lies in
its safety from the point of view of electric shock. Although the voltage output,
of course, may be very high, the power available is limited. This power is him
ited to the power output (r.f.) of the oscillator valve, which, though quite
adequate to operate a C.R.T. Is insufficient to produce in the human body a dangerous shock. Since, also, the filter capacities are small, the energy stored
in them is also quite small.
In this connection the student should be aware that
condensers (unless of very small capacities) in high voltage circuits can be very
dangerous things.
A field in which the high-voltage r.f. power unit may find extensive use is that
of portable battery equipment. An r.f, oscillator of the type described may
quite well be operated from ordinary radio batteries and this makes possible the
design of television receivers for operation in areas where A.C. power mains are
not available.
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EXAMZWITTCU QUESTIONS.

(1)

Why may half.wave rectification, with resistance-capacity filtering
be successfully used for the High Voltage power supply of a television receiver?

(2)

Draw a simple circuit diagram showing the connections required for
half wave rectification, with a negative output, and diode filament
earthed.

(3)

Upon what quantity does the degree of filtering of a simple resistancecapacity filter depend?

(4)

Name the controls in a television receiver which may take the form
of potentiometers in the bleeder circuit of the high-voltage supply.

(5)

What is the advantage of operating the grid of the C.R.T. at (or near)
the plate potential of the final video amplifier?

(6)

Why should the average potential of a pair of deflection plates in a
C.R.T. be fixed at a value equal to that of the final anode of the
tube?

(7)

Which power supply is associated with the control of focus in an
electro-magnetically focussed tube?
ptate briefly the method
usually used.
•

(8)

Give two reasons to explain why an r.f. type high-voltage power
supply may be much lighter in weight than the conventional type.

(9)

How may fine adjustment be made to the output voltage of an r.f.
power supply/

(10)

In what ways does the use of a mazneticallv controlled tube simplify
the circuits of a receiver.
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T.FM & F. LESSON NO. 12.
COLOUR TELEVISION.
In black-and-white or monochrome television the system reproduces only the varying
intensities (brightnese) of the different elements of the picture or scene, irrespective of their colours.
It does not differentiate between lights of the same
brightusses but of different colours.
The result is similar to that of a blackand-wh
,photo, where,
on the final print objects of all different colours,
(providing they reflect the same amount of light in the original scene) are reproduced by the same shade of grey.
At this stage the student should re-read the early lesson which dealt with the
MEGA-MEGA CYCLES.
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FIGURE 1
cd by glass.
COLOUR SPECTRUM.
fundamentals of light.
He should, in particular, make sure that. he understands the
following points:(
4
1) the brightness of light depends upon the amplitude (strength)
of the light-wave.(2) The colour of light depends upon the frequency of the light-.
wave. (3) The colour nspectrumn consists of the following colours (in order of
increasing frequency) red, orange, yellow, green, blue, violet). (4) White light
consists of a mixture of all colour frequencies in the proportions they appear
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in sunlight.
(5) No colour is pure.
For example a green light consists of a band
of frequencies of which those around the green portion of the spectrum predominateè
The frequencies present, however, may extend to the yellow, or even (in weaker proportions) down to the red parts of the spectrum,
Similarly, in "green" light, there
may be some light wave frequencies corresponding to blue or even violet light. The
narrower the band of frequencies, the purer will be the green light.
Colour television makes use of the same general principle as is used in colour
photography.
This principle involves the super-imposition of 2, or 3 separate pictures, each of different colours to produce a picture in natural colour (i.e. showing
all the colours of the spectrum).
The principle may be explained thus.
Suppose we view a coloured scene through a
red-coloured glass.
Such a glass (or "filter") will readily pass, or transmit, red
light, but it will tend to absorb, or block, light of other colours.
The .red glass,
however will not entirely block all other colours.
It will pass lesser amounts of
yellow, and still lesser amounts, perhaps, of green.
It may entirely block blue
light.
A scene viewed through such a filter will have a decided reddish tinge.
Blue objects will appear black (absence of light), since po light from them can
get through.
If now we view the same scene through a green glass, the light from
green objects will be readily transmitted, together with smaller amounts of yellow
and blue.
Finally we use a blue-violet glass, blue is readily passed with smaller
amounts of green, and perhaps still smaller quantities of yellow. Red, however,
may be entirely blocked.
The effect of each filter on passing, or transmitting the different coloured lights
is shown graphically in Figure la.
Suppose now, as in colour
+)
photography, 3 separate
Light
Intensity
From:eml
pictures were taken using
in turn the red, green, and
Red Filter
Green Filter
Blue Filter
e
blue
filters.
Without
\
d _ \
H
.......
ï
+)
delving into the details of
.
1_
•
colour photography, the
h
three
negatives so obtained
rC
a
are printed in their respective colours.
Finally
13Ïue
Violet.
Aed Orange Yellow
Greb14
the three pictures are
superimposed in such a way
EDIELlu
that the total light received by the eye from the composite picture is the sum
of the lights produced by each component picture.
The result is a picture in natural colour.
Red objects in the scene would be catered for entirely by the picture obtained when using the red filter.
Similarly greens would be reproduced from
the gree-filter picture, and violets from the blue-violet filter-picture.
Intermediate colours would be fully catered for, each of these colours having light
contributed from a pair of pictures.
For example, returning to Figure la, consider
3 objects of colours red, green and blue respectively.
The red filter would pass
a maximum amount of light (ab) from the red object.
The green filter would pass
the maximum light (cd)
from the green object.
Similarly the blue-violet filter
would pass the maximum light (ef) from the blue object.
Assuming that the three
objects were of equal brightness these amounts of lights transmitted by the respective filters (and therefore reproduced in the final picture) would be equal,
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i.e. ab = cd = of (Figure la).
green or blue objects, etc.

Note that the red filter passes no light from the

Now consider a yellow object, equal in brightness (light intensity) to the red,
green and the blue objects. Referring to Figure la, the red filter passes an amount
of yellow light from this object equal to gi.
The green filter passes an amount
equal to gh. Since the total light appearing in the final composite picture is the
emm of the lights from the separate pictures, the total yellow light appearing would
be equal to gi plus gh = gj.
Since gj is equal to ab or cd or of, the yellow object
would appear in the picture equally bright as the red, green or blue.
In a similar way all other intermediate colours would be catered for.
From the foregoing it is seen that the three colours red, green and blue-violet
can be combined to reproduce all the colours of the rainbow, and therefore, also,
white light (since "white" light is simply the effect on the eye of a mixture of
au colours).
Such colours (red, green, blue) are called "primary" colours.
If the student still doubts that the effect of adding these three primary colours
is white light a simple experiment should convince him. Cut out a disc of cardboard about 2 or 3 inches in diameter. Divide the disc into three equal segments
as shown in Figure 2. Paint these respectively red, light green and blue. Double
a length (about 18" or 2 ft) of thin
elastic and pass the end through two small
holes near the centre of the disc. (.Fig.2).
Tie the ends of the elastic together.
With the disc at the centre of the doubled
length of elastic pull in and out on the
elastic, so making the disc spin rapidly
in one direction, then the other. The
coloured lights reflected from the segments will mix in the eye, and the disc
will appear a uniform white. At first
a dirty greyish colour may be obtained,
but by experimenting with particular
Dise
Hold
Hold
shades of red, green and blue, something
Here
Here
approaching white, or at least very light
grey, will be obtained.
Elastic
Holes
Band
All natural colours may be simulated by
the use of but two colours.
For example
FIGURE 2
if a filter of yellowish-red, and one of
greenish-blue are used, a picture in more or less natural colour may be obtained.
In this case the filters would need to be of less pure colours than in the case
where three colours were used.
That is each filter would be required to transmit
some amounts of most of the colours of the spectrum. Two colours which when mixed
will produce all colours of the spectrum (and, therefore white light) are called
"complementary" colours.
The two-colour system han been used in television, but it is now generally considered that three colours are necessary for a high degree of colour naturalness.
TRANSMITTING COLOUR PICTUES.
In all systems of colour television it is first essential to analyse the original
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picture or scene into its "primary" 'colours by using colour "filters". The light
transmitted through each of these three filters is converted into a video signal
by allowing it to fall on a photosensitive surface (such as that contained in a
television camera).
In this way three separate video signals are generated, corresponding to the three primary colours.
These three signals must be conveyed intact
through the ether to the receiver.
There are two main systems whidh have been
developed with considerable success.
These are called the "Sequential" system and
the "Simultaneous" system.
In the sequential system the three pictures
(corresponding to the three primary
colours) are sent in turn, or in sequence, over the one carrier wave.
At the
receiver the three pictures are reproduced, in turn, as they arrive. At any one
moment only one colour is being sent and reproduced.
If the rate of alteration
of the colours is rapid enough, however, the three colours will merge into each
other as a result of the "persistence of vision" effect of the eye.
In the simultaneous system the three video signals representing the separate
primary colours are sent simultaneously.by using three separate carriers, or subcarriers.
The three primary colour pictures are reproduced simultaneously at
the receiver by utilising three separate picture tubes.
The primary colour pictures are mixed by projecting them on to a single screen.
Both systems produce pictures of similar standards of definition and colour quality,
if the same total bandwidths for transmission are used.
The essential different between Sequential and Simultaneous system is illustrated
in a purely diagrammatic way in Figure 3.
THE SEQUENTIAL SYSTEM.

We shall describe the details
of this system first, since,
cronologically, its initial development preceded that of the
Trans eRed Blue
Simultaneous system.
It has
mitte
been commonly described as the
GreenSINGLE/ARRIER
Receiver
mechanical system since, to date,
most apparatus used in its devEach Rectangle Represents a Frame.
elopment has made use of mechanRed Frame QS5
ically notated discs at receiver
Green Frame
and transmitter.
This, however,
Blue Frame Ea
is not a very good or significant
(A) SEQUENTIAL SYSTEM
term, since, as we shall see
later, these discs may be avoided
by
using techniques originally
Trans- '
'
''
.'
'
'" ee.
e..:!:»/"'fi
Receiv
•
m ie er
developed for the Simultaneous
system.
They are also eliminated
in
a
special
C.R.T. developed by
Blue Carrier
Baird.
If
this
is done the sysTHREE SEPARATE ADJACENT CARRIERS
tem
becomes
an
entirely
"electronic"
(B) SIMULTANEOUS SYSTEM
one.
FIGURE 3.
The Sequential system, recently demonstrated by the C.B.S. (Columbia Broadcasting
System )
; in America made use of a rotating colour filter wheel in front of'
the television camera, and a similar wheel rotating synchronously in front of
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the c-r tube at the receiver. These colour wheels:consist, in their simplest
form of three segments, each segment being a colour filter for one of the three
primary colours- red, green and blue (Figure 4). The filter material is some
coloured transparent material such as a coloured glass etc. The wheel is rotated
at such a rate before the television camera that the
latter "perceives" the scene for an interval of
time exactly equal to one field. Mote the terms
"field" and "frame" are now used in the American
sense; i.e. a "frame" means a complete scanning
of both "odd" and "even" lines; a "field" denotes
a coverage of the picture area by one set of linee
-- even or odd -- only.)
Thus while each filter
section is before the camera the picture area ià
scanned completely by alternate lines) and the
video signal generated represents the variations
of light intensity for the colour only. The
FUME 4.
camera output therefore represents a succession
of "fields", each for .a different colour.
At the receiver the c.r. tube screen 1s viewed through the rotating colour filter
wheel. This wheel rotates at the same speed as that at the transmitter, so that
each filter section covers the tube for an interval of time equal to onefull .
The two-wheels must further be synchronised so that when the transmitter is
scanning the scene through sgY, a red field; the,red filter is before the c.r tube
in the receiver. Similarly for the other filter sections. The system is illustrated in a simple diagramatic manner in Figure 1.
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ROTATING.COLOUR WHEEL
(Synchronous with Wheel
at Transmitter)
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PRINCIPLE OF SEQUEpTIAL COLOUR SYSTEM.
The C.R. tube at receiver has a white phosphor, i.e. a screen producing a white
light.
The different colours are produced successively by viewing the light
. T.FM & F.12
.
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emitted through the different filter sections in turn.
It should be noted, therefore that the colours, as such,are not actually transmitted from transmitter to
the receiver. The video signal for any frame, whether it be for red, green or
blue, consists simply of a varying voltage, the variations representing different
ptensities of light. Signals for all frames, therefore, when applied to the
C.R.T. control electrode will produce a white light of varying dégrees of brightness. But the C.R.T. screen is seen at any moment through a coloured filter.
Hence the light seen at any given moment will be either red, green or blue, according to the filter section in front of the screen. For example consider the frame
interval of time that the red filter section remains before the receiver screen.
During this interval the C.R.T. spot is tracing out lines with varying light intensity corresponding to the variations in light intensity of the red portions of
the original scene. This is so because the television camera, for the interval
under consideration, is "perceiving" the scene through the red section of its
wheel. At the receiver the viewer sees only variations of red light, since the
white light from the C.R.T.'s screen is viewed, for this interval through a red
filter.
The same thing happens for each of the other two colour frames. The necessity for perfect synchronisation between transmitter and receiver colour wheels
is thus obvious.
Now, provided that the rate of repetition of the sequential colour frame3 is sufficiently rapid, the eye will not see the separate colour pictures individually, but these will blend together giving the effect of a naturally
coloured picture. Colours other than the three primary colours (for example yellow,
orange, bluish-green etc) will be produced, as previously explained, by blending •
of the primary colours in varying proportions.
"FLICKEIM CONSIDERATIONS.
In black-and-white television flicker has been eliminated by transmitting the
fields at a sufficiently fast rate - 50 fields per seconÇi eor 25 completely interlaced frames (or pictures) per second (30 and 60 respectively in America). The
smooth merging of the separate fields is also enhanced by using phosphors of fairly
slow decay rates (i.e. phosphors which continue to glow for some appreciable frac- '
tion of a section after the spot has passed).
In the sequential colour system the phosphor must have a sufficiently fast decay
rate to ensure that the light from one colour frame has completely disappeared
before the next frame commences.
This complicates the flicker problem. Of greater
and more fundamental importance than this aspect of the: flicker problem, however,
is the serious flicker which is seen when a large area of the one colour is transmitted by this system. Suppose 50
per second (to correspond with the standard for black-and-white transmission) are used. When a large area of, say, blue
sky is transmitted, the blue is only reproduced during one of every three
The red and green Fields do not cater for blue.
Hence the blue sky is reproduced
only 50 -t 3 or le times per second.
This is too slow and produces quite noticeable flicker.
To reduce the flicker to a standard comparable with that of the black-and-white
system, therefore, each colour should be transmitted 50 times per second, i.e. 50
red fields, 50 green fields and 50 blue fields per second, a total of 150 fields
per second. This means that each field should be scanned in one-third of the time
involved in black-and-white transmission. Hence the scanning spot should move three
times as fast over the mosaic in the television camera.
The net result of this
requirement is that the video frequency would be three timos as great for a given
T.FM & F. 14 - 6.

number of scanning lines and therefore a given standard of definition.
This, of
course would involve a signal having a band-width three times as great as that
required for a nominally equivalent black and white picture.
It might well be
mentioned here that the post-war standard decided upon in America for black-andwhite transmission is 525 lines per picture.
This same standard has been used
for the experiments in colour television.
Thus we see that if the same number of scanning lines and a frame frequency three
times as great is used colour television should provide a picture of equal definition as (i.e. containing the same amount of detail)and comparable lack of fliCker
with that obtained in the black-and'—white system; Actually, it is claimed, with
those standards the appairent effect is better in the case of the colour picture.
This is due to the fact that the improved naturalness due to the inclusion of colour, masks, as far as the human eye is concerned, any deficiencies in lack of detail etc.
Thus the improvement obtained is a "subjective" one, i.e • the viewer
thinks he is seeing a more finely detailed picture -- and, after all, this is the
important thing&
CARRIER FREQUENCIES REQUIRED.
Since the sequential colour system involves a range of video frequencies three
times as great as that necessary for black-and-white transmission for the same
number of lines in each field, the width of the r.f. channel will also be three
times as great. Where 4 mc/sec. was "used for black-and-white 12 mc/sec. will be
needed for colour.
It is impossible to incorporate signals having such bandwidths in the part of the spectrum so far used for black-and-white, viz 40-100
mc/sec.
For this reason it has been decided to devote that part of the spectrum
between 400 and 1,000 mc/sec. to colour television.
(Note that 1,000 mc/Sec.
represents a wave-length of only 0.3 metres or 30 cm.)
SOUND-ON-VISION TRANSMISSION.
The C.B.S. organisation in its experiments on the sequential colour system decided to make use of a sound-on-vision system for transmitting the accompanying sound.
In this system the sound is carried on the picture carrier during the small intervals between lines (i.e. during the time allowed for spot "fly-back" or "retrace"
at the end of each line, and before the next).
In an earlier lesson a system of sound-on-vision transmission, using pulse modulation was mentioned.
The system used by C.B.S, however, is somewhat different.
It is not pulse modulation.
"Bursts" of an 8 mc. frequency modulated wave are
superimposed on the picture carrier (485 m.c) between each pair of lines. An 8
mc. oscillation is generated at the transmitter and frequency-modulated with the
sound. .The 8 m.c. voltage, thus modulated, is then used to modulate the much
higher frequency picture carrier in the "gaps" between lines. This modulation of
the picture carrier with the 8 m.c. sub-carrier (as it is called) is amplitude
modulation -- just as a 4 mc. (say) video signal amplitude modulates the carrier.
The modulation "envelope" of the picture carrier is shown in Figure 6. Here the
intervals between the lines are, of course, exaggerated. Actually, in practice,
these gaps each occupy only 8% of the total line period. No attempt either is
made to show the frequency deviation representing frequency modulation of the 8
mc. sub-carrier.
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FIGURE 6.
At the receiver the bursts of 8 mc. sound carrier appear immediately .tter the
picture second detector, together with all the video frequencies representing picture detail.
This will be understood if it is kept in mind that both video frequencies and 8 me. sound carrier are used to amplitude modulate the vision carrier.
Immediately after the vision detector the 8 mc. sub-carrier (still frequency modulated) is picked out by means of a.circuit tuned to 8 m.c.
The sound carrier is
then passed to a discriminator circuit, which is really a special type of detector
for F.M. This circuit reproduces th original audio frequencies carred as F.M.
on the 8 mc. wave.
The arrangement is shown
Colour
in Figure 7. The "limFilter iter" shown before the
Freq.
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2nd
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Note that the system
eliminates the necessity
for a separate sound
intermediate frequency

channel.
The fact that the sound is not carried continuously does not really matter.
The
rate of renetition of the sound sub-carrier "bursts" is that of the line frequency
(30,000 C sec. or more). This is above the audio-frequency, and the sound will
appear to the ear as continuous.
THE SIMULTANEOUS SYSTEM.
This system requires, at the transmitter, the simultaneous generation of the
three primary colour video signals.
To achieve this, the camera arrangement
involves anbeam-splitting" optical system whereby a focussed image (in natural
colours) of the scene is split into the three primary colours—rod, green, and
blue.
The arrangement is shown in Figure 8. Two "colour-selective" mirrors are used.
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These are made of a semi-transparent material which possesses the property of refleeting light of one of the primary colours, and transmitting (i.e. passing) all
other light colours.
The coloured scene is focussed by means
of a lens system. Falling upon
the first colour-selective mirror,
TELEVISION
Red )/
Red Light
(which is red-selective), a reddCAMERAS
ish image is reflected on to the
Colour Selective
Light
mirrors
mosaic of the first camera. where
Beams--t;14
Green
it is scanned to produce the "redn
Tmage
video signal. All other colour
components pass through this mirr-----Lens
;Blue Light
or, and fall upon the second colLens
our-selective mirror, which is
blue-selective. The green comBlue
ponents of the image are not affected by this mirror and pass
FIGURE 8
straight through it, forming a
BEAM SPLITTING CAMERA.
greenish image on the mosaic of a second camera shown at the right of Figure 8.
This gives the green channel. The blue light waves in the light image are reflected
from the surface of the second mirror and from the blue image on the mosaic of a
third camera at the bottom of Figure 8, which produces a video signal corresponding
to the varying intensities of blue light.
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The three separate video signals are used separately to modulate three separate
carrier waves.
These have frequencies as close as is possible to each other without their side-bands overlapping.
Hence the over-all band-width of thè television
channel is only very slightly in excess of three times the width of a single channel.
At the receiver the composite signal is picked up by a single aerial, and either
(after frequency conversion) fed through three separate I.F. channels, or through
a single channel.
In the latter case the three colour channels are separated before the second detector by means of wave-filters (i.e. wave-train).
After detection the three separate video signals are applied sepazately to the
control electrodes of three separate c.r. tubes.
These tubes are fitted with fixed colour filters, or use special colour phosphors.
In either event each tube produces an image in its own primary colour. The coloured images are mixed to form
a single image in natural colour, by projecting the three images, using lens, on
to a single screen.
Figure 9 shows the three small 30 projection type cathode-ray tubes used in the
simultaneous type receiver developed by the R.C.A. organisation in America.
Projection lens (removed,' and held by the technician) project the three images on to
a screen in the lid of the receiver.
Note that no moving parts are used in this system.
In this (simultaneous) system the blending of the colours is inherent (i.e. it does
not depend upon the persistance of vision for colour blending). Also each colour
field is repeated at the field frequency. Further the phosphors may have slow decay
rates, since each colour uses its own phosphor e and there is no necessity for all
the light to disappear before the next frame arrives.
For these reasons a very
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much slower field rate may
be used than is necessary
for the sequential system.
In America the rate has
been chosen to coincide
with that of the black-andwhite transmissions, i.e.
60 fields per second (30
..2omplete frames or pictures
per sec.).
In England, and
• in this country the corresponding rate (owing to the
difference in power supply
frequency) would be 50
fields per sec,
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With this field rate the
system probably gives a
flicker performance superior to that of the sequential system operating at
150 fields/sec.
The performance, as regards flicker,
would also be much superior
to that of the black-andwhite system using 50 fields/
SeC e

The video frequency range
for eub_seour channel
in the simultaneous system
Lena
ggGuRE 9.
would equal that of the
black-and-white system. But since, there are three colour channels each television
channel would have a total band-width three times (approx) as great as that for
the black-and-white.
This equals the figure for the sequential system operating
at 150 fields per.sec.
••••••e.

ELIMINATION OF ROTATING DISCS IN SEQUENTIAL SYSTEM.
The sequential system could be made purely electronic by utilising, at the transmitter, the beam-splitting camera arrangement developed for the simultaneous
system, and substituting, in the receiver, the three separate projection C.R,Tis.
in place of the single tube with rotating disc.
If this were done it would be necessary to "key" the three cameras at transmitter
in sequence.
This would involve an electronic switch which would switch into the
modulator the three colour signals in turn.
Similarly, at the receiver, an electronic switch mould be required to "key" the separate C.R.Tts, so that each tube
would be operated in turn at field frequency.
Note that only one transmitter
camera, and one receiver C.R.T. would be in use at any one moment,
COMPARISON OF SEQUENTIAL AND SIMULTANEOUS SYSTEMS.
Band-Width Required.

For comparable standards of .:1,firin
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the two systems require about the same total band-width.
The sequential system
uses a single wide band, while the simultaneous system uses three separate narrower bands.
In each case the band-width required is about three times that used
in black-and-white transmission.
Actually, for reasons given above, using equal
total band-widths the simultaneous system could be expected to give superior
flicker performance to that obtained from the sequential system.
BRIGHTNESS:- The simultaneous system produces a brighter picture. Reasons are:(1) When using rotating discs the mosaic at the transmitter and theelosphor in
the C.R.T. at the receiver must have rapid decay times in the sequential system.
Thus the advantage of light-storage effects is lost.
(2) If the trio of C.R.T.Is
at the receiver use coloured phosphors the light loss due to colour filters is
avoided.
Since these filters absorb 85 to 90% of the light a much brighter picture will result in this way.
Of course if the three tubes, together with keying
arrangements, were adapted for use in the sequential system, both systems would be
on u par in this respect. (3) Apart from the above points there is a fundamental
reason for a brighter picture from the simultaneous system.
In the sequential
system only one light-source is on at any one moment, operating sequentially with
different colours, whereas in the simultaneous system all three light sources
c;orate at once.
Hence, other things being equal„ the simultaneous system should
produce a picture three times as bright.
This is one of the main considerations
in favour of the simultaneous system ; since the problem of picture brightness has
been one of the most difficult to solve in colour television.
LQUIPMENT COST.
The sequential system requires, in general simpler equipment.
It uses only one camera, transmitter, antenna, receiver, I.F. amplifier, video
amplifier and picture (c.r.) tube.
The simultaneous system requires three separate transmitter sections and antennae for three colour carriers, usually three
I.F. amplifiers and detectors in the receiver, and three separate video amplifiers
and picture tubes.
OTHER COMPARISONS.
One of the main disadvantages of the simultaneous system is
that, so far, a direct viewing screen is out of the question.
The three colour
pictures must be combined by the projection method.
This involves costly lens
systems.
A possible solution of this problem would be the use of Baird's
nrelechromen, developed in England and described in the next section of this lesson.
Both systems make use of normal methods for beam scanning synchronisation.
The
sequential syutem signal however, requires extra gync, pulses to time the mechanically driven colour filter wheel. Even if the use of the colour wheel is avoided
by making use of the three projection tubes, the electronic switch which keys the
tubes for the different colour frames must be synchronised with the corresponding
switch at the transmitter.
BLACK-AND-WHITE RECEPTION FROM COLOUR TRANSMITTER.
By tuning a black-and-white receiver to the "green" carrier of a simultaneous system signal normal black-and-white reception may be obtained.
Experiment has
shown that the video sigral obtained from the green filter carries the majority
of the fine detail of the picture, and is quite adequate for black-and-white reception.
Since each of the colour channels operates at the same field and line frequency
as used for black-and-white ; it would be easy to convert a normal receiver to
m
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operate on the green carrier of a colour transmitter, All that woulà be required
is an r.f. converter to reduce the carrier frequency to that for which the receiver
was originally designed.
This is an important point when considering conversion from black-and-white television to colour.
It would mean that receivers designed for black-and-white would
not be rendered obsolete. For this reason alone the simultaneous system may be
favoured rather than the sequential.
BAIRDrS IITELECHROME".
This is a special form of C.R. tube designed for operation on a sequential system
without the use of filters (either fixed or rotating). It has made possible a
purely electronic system with direct viewing of the screen. The colour picture
appearsdirectly on the fluorescent screen.
For a two-colour system the tube takes the form shown in Figure 10.

GREEN SC34 N,
i
rRED SC
GREEN.
ELECTR N BIZ

FIGURE 10.
FIGURE 11.
Two electron beams scan opposite sides of a thin transparent mica scre,n, 0-10 side
of which has been coated with orange-red fluorescent powder, and the other with
blue-green fluorescent powder. The two electron beams are modulated with two
video signals corresponding to the two colours. Since the screen is transparent
the two colour pictures merge into a single picture in natural colour.
Where three colours are to be used one side of the screen is ridged as shown in
Figure 11.
The front side of the screen gives the red image, one side of the back
ridges give the blue components, and the other side of these ridges produce the
green. Three electron beams are now used. Note that of the two beams scanning
the ridged surface, each beam only impinges upon one side of the ridges.
The tubes give very bright pictures due not only to the absence of filters, but
also due to the fact that phosphors pi.oducing the correct colours are chosen.
Colour phosphors produce more light than do white phosphors for the same accelerating voltages.
Bairàfs system is a sequential one, the three electron beams being keyed in turn
for the different colours.
There appears no reason however, why the tube should
not be used in a simultaneous system, the three beams being continuously modulated
by the separate colour signals.
This should produce a very bright picture indeed.
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FM & FL LESSON NO. 12.
EXAMINATION QUESTIONS.

(1)

Explain why the video signal produced by an ordinary television
camera when viewing, a blue object against a black 'hack ground,
is identical with that obtained when viewing a red object against
the same be:et ground.
"

(2)

What is the function of a colour filter?

(3)

What is meantby "primary colours"?

(4)

State the fundamental difference between the sequential and simultaneous systems of colour television.

(5)

Considering a two colour system involving rotating colour filters
at transmitter and receiver, what would be the effect on the received
picture if transmitter and receiver wheels were completely out of
synchronism?

(6)

In the case of a sequential system explain why flicker may be noticeable when reproducing a large area of blue sky.

(7)

What is the function of a colour selective mirror?

(8)

What is the chief advantage gained by the use of a "telechrome"
picture tube?

(9)

Why is a wider frequency channel required for colour television
than for black-and-white television?

(10)

State one important advantage of (a) The sequential system over the
simultaneous system (b) the simultaneous system over the sequential
system.
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T.FM & F. LESSON NO.J.1,
RECENT DEVELOPMENTS.
We shall devote the first part of this lesson to a description of the circuits and
controls of two modern television receivers.
In this way the student will have an
opportunity of visualising as a whole, the techniques involved in the latest blackand-white (as distinct from colour) sets. At the same time the descriptions will
serve to gather up the "loose-ends", and provide a revision of the detailed explanations of particular sections which have been spread over several lessons in this
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series. We have no hesitation in spending considerable time over the circuits given,
since it now appears that, for black-and-white transmission, the techniques and
standards for transmission, modulation and receiver design have reached a fairly
T.FM & F. 13 . 1.

static state, from which very little fundamental.deviation is to be expected for a
few years.
We would qualify the above remarks on two scores.
Firstly, the sound sections of the
receivers whose circuit diagrdm are given in Figures 2 and 4, are for amplitude modulation (A.M.), whereas, in America, frequency modulation has been decided upon as
standard practice.
This practice is certain to continue there for some considerable
time, and if replaced would give way to the sound-on-vision method, whereby some
type of pulse modulation, (already briefly described) is superimposed on the picture
carrier.
It seems very probablo however, that for quite a time to come sound will
accompany the scene either as an amplitude or frequency modulated carrier slightly
separated in frequency from the vision carrier.
At this stage in the course, however, it is impossible to say more about the details of an F.M. sound section of a
television receiver.
The subject of F.M. will be covered in later lessons.
The other exception we would like to make to our general remarks on standardisation
above, concerns colour television.
The latter has made remarkable progress and has
reached such a standard of definition and naturalness overseas that its commercial
adoption seems a certainty in the immediate future.
At the present moment it has
passed the stage of laboratory development and has reached that of final nfieldn
tests.
These tests, to détermine the best of the several systems which have been
developed, and to provide data, on one or two doubtful points of performance, seem
near completion.
Colour television, then, is a thing which must not be ignored,
even if we are content to consider only the immediate future.
As has been explained colour transmission requires a bandwidth at least three times
as great as that required for black-and...white, and a very much higher portion of the
frequency spectrum - 400 to 1,000 m.c
has been chosen for its use.
These
extremely high frequencies have never before been used for civil or commercial
purposes, and were only used extensively for the first time during the latter years
of the war for improved operation of Radar devices.
The use of such frequencies
will, of course, mean considerable modification to techniques used in receiver
design.
This development of colour television will not, however have any immediate
effect on the standards for black-and-white television.
The plan, both in England
and America, is, eventually, to introduce colour television as a separate and
additional service, not materially affected the present standards decided upon for
the black-and-white system..

.

A TYPICAL SMALL-TUBE TELEVISION RECEIVER.,
Figure 1 shows a block diagram of a typical television receiver using a 5 inchtube of the electrostatic type.
Such à receiver would be representative of the
mantel-models or less ambitious cabinet sets at present in use in America.
The full circuit diagram is given in Figure 2.
It will be observed that the receiver contains seventeen tubes, seven of these
(6H6, 6B8, 6F8, and four 6N7 1s) being dual-tubes.
Referring to the circuit diagram of Figure 2, and commencing at the antenna, note
that five signal channels are provided for.
For each of these we have a separate
input circuit and a separate oscillator circuit.
The desired station is chosen by
means of a switch.
In passing it might be mentioned that in America sets are equipT.FM & F.13 - P-2
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ped for anything up to five channels, although, even there, at present no more than
two or three stations are in operation in any one locality.
Each input circuit is broadly tuned to accomodate both vision and sound carriers of
the signal.
These, for any one transmission extend over a wave-band of about 6
megacycles.
The primaries of the input circuits each consist of but a single turn s this being
usually a metal strap stamped from sheet, and intended to match the 75 ohms characteristic impedance of a transmission line from the antenna.
For frequency conversion a single mixer tube (frequency changer) is used for vision
and sound, this being a 6AG7 (1852) of high mutual conductance -- about 9,000 microamps. per volt.
A separate oscillator (6J5) produces an oscillation, which when
injected into the mixer together with the two carriers develops the two desired
I.Fts, for vision and sound.
This system has already been described.
The separation
of the sound and vision signals is then carried out by the respective I.F. tuned
circuits.
The vision I.F. stages employ an 1853 valve followed by two 1852te.The 1853 is
similar to the 1852
except that it is a remote cut-off (variable mu% tube while
the latter have a sharp cut-off characteristic.
It should be dbservea that manual
gain control is operated upon the grid of this remote cut-off 1853.
This provides
a variation of the overall gain of the picture receiver, and is known as the contrast
control.
The vision I.F. tuned circuits are of the band-pass type which have a "flat" characteristic over the wide frequency band representing the modulated vision signal.
The duo-diode 6H6 is used for vision detection and sync. pulse "clipper.
The "detected" (demodulated) signal from the first diode section is passed to the final
video amplifier (6V6) and also to the second diode section of the 6H6. R33 and
C44 develop a negative bias on the plate of this diode of such value that the valve
passes current only when the signal rises above the black level, i.e, only for sync. •
pulses.
Positive pulses representing these sync, pulses are taken from the cathode
of the sync, separator and applied to the grid of the 1st triode section of the sync.
amplifier (a 6N7).
This tube acts as an amplifier, each section reversing the polarity of the signal.
Since the polarity of the pulses is positive on the 1st grid,
the output from the second plate will also be positive.
Returning to the picture video signal, this is applied, from the detector, through
a "peaking" coil to the grid of the 6V6. The latter tube is operated without bias.
The grid circuit, together with the coupling condenser and leak s thus forms a D.C.
Restorer for re-insertion of the D.C. component, as previously explained.
The output of the 6V6 is directly coupled to the control electrode of the C.R.T. Thus no
further los in D.C. component is suffered.
This direct coupling is made possible
by operating the cathode of the C.R.T at a voltage of little more positive than the
anode of t1B. 6V6. This system has been discussed in the lesson on "power supplies".
Returning to the synchronising circuits the separation of the frame and line sync.
pulses is brought about immediately following the sync. amplifier.
The inductance
L38 acts as a differentiating circuit developing high peaks of voltage on the sharp
edges of the line sync. pulses.
These voltage pulses, occurring at line frequency,
T.FM & F. 13
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are applied, for synchronising purposes, to the horizontal scanning generator.
The
series of broad sync, pulses, which occur between frames is applied to a double integrating circuit consisting of R63, C65, R64, and C66.
The time constant of each
of these R-C sections is long (comparatively), and the net effect is to integrate,
or "add-up" the separate frame pulses into a single large pulse.
These large
pulses emerging from the integrator occur at frame frequency, and are used to "time"
the vertical sc‘nning generator.
Both scanning generators are of the blocking oscillator and hard-discharge tube
variety.
The first triode section, in each case, serves as the single-cycle blocking oscillator which produces sharp pulses of voltage at a frequency determined by
.
the time constant of the R-C circuit consisting (in the case of the horizontal
scan generator) of the condenser C76 and resistor R78.
The latter is a rheostat
which provides an adjustment to the frequency of pulse production.
When the latter
frequency is adjusted approximately to its correct value (i.e. line frequency) the
line sync, pulses become effective in "locking" the oscillator exactly to line
frequency.
Thus horizontal lines will be traced out "in step" with the incoming
signal information.
If the control is far off adjustment the =dilator will operate at its own frequency, the sync, pulses having no chance of assuming control.
When this occurs the C.R.T. will trace out horizontal lines at a frequency differing
from that of the transmitter, and the effect is a movement, or drifting of the
whole picture as a whole across the screen in a horizontal direction.
Adjustment
of the control has the effect of "holding" the picture stationary on the screen.
The rheostat (R78) is therefore called the Horizontal Hold Control.
Vertical movement of the picture is prevented by adjustment to the rheostat R65.
This acts in an exactly similar manner to the Hor. Hold Control, and is called,
naturally, the Vertical Hold Control.
These two "Hold" controls require only rare adjustment and are usually only accessible at the back of the receiver.
The second triode section of each scanning generator tube (6N7 1s) serves to discharge the condenser which, together with its associated condenser forms an R-C
charging circuit.
This circuit consists (in the case of the horizontal scanner)
of the C78 and R81.
The condenser is charged through the resistor from the B+ supply;
The triode section of the 6N7, "triggered!! by the scan, generators' pulsea, periodically discharges the condenser.
In this way a saw-tooth voltage is developed
across C78.
The vertical scanning generator operates in a similar way.
The output amplifiers for the saw-tooth voltages are of interest.
These consist
of a 6N7 for the vertical output and a 6F8 for the horizontal output. Both valves
have two triode sections, and act as "Paraphase" push-pull amplifiers.
Consider
the 6F8.
The input voltage (saw-tooth) is applied to the first grid, and an amplified 180° out-of-phase voltage is developed across the plate-load, consisiting
of R84 and R85 in series.
The stage gain is about 15.
Of this output voltage,
that developed across R85 is applied to the second grid of the 6F8.
Since R85
(3300 ohms) forms about L of the total plate load (R84 + R85 = 47,000 + 3,300 =
15
1
50,300 ohms) about -7z of the output of the 1st triode is applied to the second grid.
Hence the signal voltage on the grid of the second triode will equal that on the
grid of the first triode, but the two will be out-of-phase.
Consequently equal,
and out-of-phase voltages will appear on the two plates.
These two output voltages
T.FM & F. 13 - 5.

are applied through condensers 081 and 082 to the horizontal deflecting plates,
producing a push-pull deflection.
The Vertical output amplifier acts in a similar
way.
An important point about the paraphase amplifier is that the 12111 peak-topeak output is doubled that obtained from each tube section.
This is an important
consideration when large deflecting voltages are required with limited high-tension
evailable for the amplifier tube plates.
The power supplies use but a single transformer operating a 5U4G (for the "lowvoltage" supply) and an 879 (for the "high-voltage" supply).
The circuits are of
standard type explained in detail in the lesson on power supplies.
The student
should trace out the circuits in detail, noting particularly the operation of the
controls for Horizontal and Vertical Centering (or Shift), and the *method of obtaining bias for the C.R.T.
A LARGE SCREEN TELEVISION RECEIVER.
Figure 3 shows, in block form, the different sections of a larger receiver designed
for operation of a 12" screen C.R.T. The full circuit diagram is given in Figure 4.
This receiver employs electro-magnetic focusing
and deflection.
The magnetic tubes
are becoming ever more popular for home receivers.
They are cheaper than the electrostatic type, and may be made very much shorter in length.
This allows of a tube
of large diameter to be fitted into the confines of the radio cabinet.
The circuit involves 22 tubes in all (including the C.R.T.) many of these serve
a dual purpose.
The student should study the circuit noting how the various principles explained in previous lessons are applied in the complete receiver.
The points
discussed in the following paragraphs should be particularly noted. '
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The converter employs but one tube.
This however is a 6F8, one triode section of
which is used as oscillator.
The other triode section serves as mixer.
Thus the
functions of generating the heterodyne oscillation, and mixing it with the incoming
signal are kept separate.
Station selection is carried out by push-button operating in the input and the oscillator circuits.
Vernier tuning, operating only in the oscillator circuit, allows
the selected station to be finely adjusted.
In practice this adjustment is carried
out while listening to the sound.
Since picture and sound carriers are separated
in the television channel by afixed frequency difference, correct adjustment of the
sound will ensui-e accurate picture signal tuning.
Four stages of picture I.F. amplification are used.
Automatic Gain Control, obtained from one diode section of the 6H6 video detector, operates on the grids of the
first three I.F. amplifiers.
The grid bias of these tubes may also be controlled
manually (for gain control) by means of the potentiometer R67, which picks off a
fraction of a 30V. negative potential developed in the "low-voltage" supply.
This
controls is, of course, the "Contrast Control".
Sync-pulse "clipping " is performed by the second triode section of the 6F8. the
first section of which serves as first video amplifier.
This clipper triode operates with a large automatically developed bias, grid-current flowing only on the
L
- ug of the sync. pulses.
D.C. Restoration is carried out at the control electrode of the C.R.T. itself.
No
direct coupling is employed between the final video amplifier and the control electrode.
C.R.T. bias is applied by operating the control electrode slightly positive
with respect to ground and tapping off a still more positive voltage, for appliaation to the cathode, by means of R52 (Brightness Control) which operates in a resistor
network connected between B+ and ground.
For scanning, a multivibrator type oscillator is used for generating the line
(horizontal) saw-tooth wave. A Blocking Oscillator is used for vertical scanning.
In each instance the output is amplified by a power output type valve, yielding
saw-tooth currents, of sufficient amplitude to operate the deflection coils.
The Power Supplies employ separate transformers for "low-voltage" and "high-voltage".
The low-voltage supply is of the full-wave type using a complete 5U49 for each
diode.
Note that the diode plates are connected together in each tube.
This arrangement is necessary to yield the large current output consumed by the numerous
tubes in the circuit.
The R-C filter of the "high-voltage" supply consists of
R80, C77 and C78.
Notice that this filter follows the bleeder R81, R82, R83, R84,
R85, R86. Six separate resistors rather than a single one of equivalent value, are
used for the bleeder in order to obtain adequate power dissipation and to minimise
surface leakage.
Focus of the beam is achieved by passing a fraction of the low-voltage supply current through the focusing coil.
Adjustment is made to the focusing current by means
of rheostat R75 (Focus Control).
TELEVISION RECEIVER CONTROLS.
At different points in these lessons we have described the various controls incorporated in a television receiver.
The mode of operation of each control has been
T.FM & F.13 . 7.
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explained when dealing with the particular section of the receiver involved.
At
this point the student will probably appreciataa summary of the various controls,
and a statement of the present trend as to their incorporation in a modern reeeiver.
They are:(1) ptation Selector.
A switch or set of push-buttons operating so as to bring
into circuit sets of coils and/or condensers (aerial, r.f, oscillator) for the
several channels for which the receiver is designed.
In England, where sets are
manufactured only for operation on the single B.B.C. broadcast this control is not
provided.
In America sets are manufactured to receive anything up to five or six
different transmissions.
(2) Fine Tuning,
This operates a trimmer condenser providing a small variation
of oscillator frequency, and is provided principally so that the operation may
ensure that the sound I.F. frequency falls within the narrow band-pass provided.
Where the receiver is designed for but a single channel this control may or may not
be provided.
(3) Contrast Control: This is really a gain control, operating upon the picutre I.F.
amplifier. As has been explained variation of the gain principally affects the
contrast between high-lights and dark sections of the picture.
This is one control
which is always to be found at the front of the cabinet.
(4) prightnesp Contrail Adjusts the bias on the C.R.T. control electrode.
Although
this control allows adjustment to the over-all brightness of the picture, only very
little variation is permissable, because the C.R.T. bias must operate at or near
the blanking level of the video signal applied to the tube so that black objects
appear black or so that the "flyback" trace is not visable. Adjustment affects
mainly the detail in the dark parts of the picture.
The control is often of the
pre-set type, available only at the back, of the receiver, or on the chassis.
It
has to be operated in conjunction with the contrast control.
(5) Horizontal and Vertical Centering Controls:
Also called Picture Shift, Picture
Position etc. Controls.
They adjust the position of the picture on the screen in
a horizontal and vertical sense respectively.
In the case of the electrostatic type '
C.R.T. they operate usually in the bleeder network of the high voltage power supply.
When electromagnetic tubes are used they are purely mechanical controls, allowing
adjustment of the deflection coils on the tube's neck.
These controls are almost
invariably of the pre-set type,

(6) picture WiLlth_and Picture Heiht Controls: These control the amplitudes
horizontal and vertical saw-tooth (scanning) voltages or currents, and hence
adjustment of the picture dimensions on the screen.
They usually operate so
vary the deflection amplifiers' gains.
Usually "pre-set" controls. See R60
R65 in Figure 4.

of the
allow
as to
and

(7) Horipontal and Vertical "Hold" Controls:
These allow some adjustment to be made
to the horizontal and vertical scanning frequencies respectively.
They operate on
the soanning generators.
Incorrect adjustment will mean that these generators are
not operating close enough to the transmitter's scanning freLjuencies for the synchronising impulses to be effective.
The result is a movement of the picture as a whole
over the screen in a horizontal or vertical direction.
They are of the "pre-set"
type.
T.F111 8c F. 13 -

(8) Focus Control. Adjusts the C.R.Tis electron beam focus, to produce a small bright
spot on the screen.
The adjustment determines the sharpness or clarity of the picture.
The focus control is usually of the npre-set" type, but in some receivers
it is brought out to the front panel.
(9) emnd Volume and Tone Contras,
broadcast practice.

Operate on the sound receiver as in ordinary

PRESENT TRENDS IN TELEVISION RECEIVER CONTROL.
The present trend, particularly in England, is to reduce the number of controls
available to the operator at the front of the receiver to a bare minimum.
Some
receivers in that country have only one television picture control available - the
Contrast Control. Additionally, of course, there is the sound volume contra. These
are essential because their setting will depend upon the strength of the received
vision and sound carriers at any one time.
All other controls aro then of the "preset" type, intended to be adjusted only be a technician when the receiver is first
installed, or when component replacements are made.
In America the practice has been to provide more knobs for the operator to manipulate.
Next in importance to Contrast Control are, of course, "fisic tuning" and "station
selection", then "Focus" and "Picture Brightness".
TELEVISION RECEIVER TYPES.
Receivers in production overseas may be divided into the following types.
(1) Vision Receiver
is intended for use
terminals.
In this
be utilised for the

with Sound Converter.
This type is the cheapest available and
in conjunction with an ordinary radio receiver having pick-up
way the audio sections and speaker of the broadcast receiver may
television sound reception.

(2) Television Vision and Sound peceiver. A self contained set for receiving the
television vision and sound broadcasts.
Will not pick-up sound transmissions from
broadcast or short-wave stations.
(3) Complete Television and Broadcast Receiver.
Incorporates vision and television
sound receiver plus an ordinary broadcast (sound) receiver.
(4) Complete Televialon and World _Range Rece iv,
This is the sames as (3), except
that the purely sound receiver covers also the short-wave band.
Often a phonograph
motor and pick-up are also provided.
SCREEN PRESENTATION
We may also classify receivers according to the method employed for viewing the
screen.
The smaller receivers universally use direct viewing of the C.R.T. screen.
Most of the larger receivers (with screens up to about 12" or even 14" screens) also
use this method.
Figure 5 shows edirect viewing" receiver incorporating television
vision and sound receivers and an all wave radio receiver.
Some receiver, employing
the larger tubes, have a mirror in the cabinet lid which reflects the image from the
screen of the C.R.T. which is placed in a vertical position.
Figure 6 shows one of
this type.
T.FM & F.13 - 10.

Screen

A large screen projection type
receiver iS shown in Figure 7.
This employs a 3" projection
type tube, operating at 25,000
V.
The image is projected
first on to a mirror, thence
to the back surface of a groundglass screen measuring 22" X
18".
The screen rises automatically into position when the
cabinet lid is opened.
The
receiver is intended for use
in large rooms such as hotel
lounges, clubs, small halls etc.
CARRIER-DIFFERENCE RECEPTION OF
TELEVISION SOUND.

Tuning
Dia.].

One of the chief obstacles to
be overcome in introducing television into a country is that
of producing a receiver of suff- Control
Knobs
iciently low cost.
The public
will not, naturally, outlay a
large sum for an extra receiver,
particularly in the early stages
of television when, perhaps, only
several hours per week of television service is provided.
The higher cost of television receivers, compared with the ordinary
broadcast sets, is largely due to
the great number of components
required.
In the reception of a
television signal we have two
separate aspects of the signal to
consider -- the vision "information"
Speaker
and the sound "information".
In
general, the two signals are dealt
with independently within the receiver, i.e. separate channels are
FIGURE 5,
provided.
In the standard type
of black-and-white receiver in use
A DIRECT VIEWING RECEIVER (PICTURE 10" X 8".1
overseas the only sections which are common to both vision and sound signals are the
input circuits, the oscillator, and (usually) the mixer.
Separate
I.F. amplifiers,
detector, and video or audio amplifiers are used.
The result is a vary large number
of valves (14 plus the C.R.T. is about a minimum), together with associated condensers, resistors, coils etc.
The use of Pulse Modulation, explained in an early lesson, or "bursts" of sound
sub-carrier (see lesson on Colour Television) have been suggested, and in some cases e
used, to eliminate at the receiver, the separate I.F. channel.
These, however,
T.FM & F. 13 - 11.
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rIGURE 7.
TYPE RECEIVER,
require an entirely new transmission system
and have, so far, been confined to colour
television.
In addition they provide a
comparatively poor signal-to-noise ratio
for the sound, which is radiated only for
a small percentage of the total time.
Although improvements will undoubtedly be made
in this respect.

A PROJECTION

FIGURE 6.
,
RECEIVER EMPLOYING MIRROR VIEWING OF

C.R.T. SCREEN.
The Carrier-Difference method of receiption
will operate upon the standard television signals now in use in America.
Such a
signal (to refresh the student's memory) consists of a channel of total width 6 megacycles.
The vision carrier is amplitude modulated, and, together with side-bands
occupies a channel 4.mc. wide.
The sound carrier is frequency-modulated and lies in
frequency 4.5 m.c,
below the vision carrier.
The sound carrier is varied in frequqncy (by modulation) 25 kilocycles/sec, above and below the control frequency.
Thus
the sound carrier is 50 kilocycles/sec, in width. A receiver operating upon the
Carrier-Difference Principle not only dispenses with a separate I.F. section for
sound, but also requires little in the way of audio amplifiers.
The saving in tubes
and other components will therefore well be realised.
Just how this rather amazing
receiver operates will now be explained.
T.FM & F.13 . 12.
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FIGURE 8.
A block diagram of the receiver is shown in Figure 8. As stated there are no sound
I.F. amplifiers.
The sections from input to C.R.T. grid follow along fairly conventional lines for a vision receiver.
The converter (oscillator and mixer) "beats
down" (heterodyne principle) both picture and sound signals to their intermediate
frequencies.
The I.F. amplifiers are sufficiently broadly tuned to cover the
entire television channel vision and sound -- 6 megacycles/sec. wide.
Suppose after the converter stage the picture I.F. carrier is 12.75 m.c, and the
sound carrier is 8.25 m.c. -- a frequency difference of 4.5 m.c.
The sound carrier,
frequency modulated, will have its frequency varied or "swung" (at an audio frequency rate) by anthing up to 2.5 kilocycles (.025 m.c.) above and below the centre
frequency of 8.25 m.c.
That is the sound carrier will continually be changing
between maximum limits of 8.275 m.c. and 8.225 m.c:
These frequencies, together
with the picture carrier and 112 side-bands are applied to the detector stage.
THE SECOND DETECTOR'S OUTPUT.
Let us now recall the action of an ordinary detector, such as a diode, upon an amplitude modulated wave.
Figure 9 shows at A such a modulated wave.
The "modulation
envelope" is shown by the dotted lines.
This wave may be regarded as consisting of
the carrier wave and a sideband (both radio frequency) differing in feguency_by qn
amount equal to the modulating frequency.
These are shown at B (Figure 9).
In
other words we may say that the result of "adding" the carrier and sideband of Figure
9B is to produce the modulated wave of Figure 9A. Usually there are two sido -bands
for every modulating frequency, but one is sufficient (remember "single-band"
transmission).
The one shown in Figure 9B is the lower side-band, since it is loivor
in frequency than the carrier.
On detecting the modulation wave of Figure 9A the detector's output will contain a
component as at C (Figure 9).
This component is of the modulating frequency.
Now
instead of visualising the detector's input as shown at A, we may regard it as the
carrier and sideband equivalent of Figure 9B,
The output, of course, is still as P+
C.
the foregoing discussion the following important point emerges.
ILye npply
to a detector's input two frequencies fl and f2 (both of constant amplitud0 a
frequency equal to their difference, fl
f2 (or f2-f1 ) will appear in the output,.
This is apparent also in the case of a frequency converter in a superheterodyne
T.FM & F.13- 23.

receiver where the signal frequency and
oscillator produce an intermediate frequency output equal to their difference.

(A) Amplitude Modulated Carrier

-- 1

LL

Carrier

Returning now to the television receiver.
We have applied to the detector's input
the picture carrier (frequency 12.75 mc),
the side-band frequencies of the picture
signal, together with a frequency varying
around 8.25 m.o. going, at times up
to 8.275 m.c, and down to 8.225 m.c.
The latter, of course, represents the F.M.
sound signal. The detector will act
upon the picture signal side-bands togSther with the picture carrier, to
produce the various video frequencies
representing the picture detail.. Each

_
_

of
requency
the latter,
equal of
to course,
the difference
will have
beta
f
between the carrier frequency and the
particular picture side-band frequency.
Sideband
In addition, the detector will have
(B) Carrier and Lower Sideband.
no way of distinguishing between the
guinâ signal frequency and a side-band
of the picture signal.
In other words
the detector willt the sound signal
(C)
FIGURE 9.
frequency lust as t,tungb_t_w__e_reaIer
j
side-band of the picture carrier rave.
For example at the moment when the sound carrier is at the central frequency 8.25
m.c,
the detector output will contain a component equal to 4.5 m.c. (i.e. 12.75
m.c.
8.25, i.e. difference between picture and sound carriers). At a moment
when the sound carrier has moved up to 8.275 m.c. (due to P.M.), the detector
output will contain a component of 12.75 -- 8,275 = 4.475 m.o. Again, if the
sound carrier is at 8.225 m.c. we will obtain a component of 12.75 - 8.225 =

4.525 m.c.
Thus the detector output contains, in addition to the video frequencies representing the picture detail, a frequency which varies about 4.5 m.c.
(Difference
between the two carriers). This frequency may go up to 4.525 m.c. or down to
4.475 m.c.
a variation of .025 m.c. or 251ilocYcles on either side of the
central frequency.
The rate at which the frequency varies up and down represents,
of course, the audio frequency.
Hence the detector produces a
m.c. sound
carrier, frequency modulated at audio frequency.
This sound signal is amplified together with the video frequencies proper, by
the video amplifier(s) of the receiver.
Hence the video amplifier(s) must be
"flat" up to, at least, 4.525 m.c.
The sound signal is separated from the video signal right at the C.R.T. control
electrode as shown in Figure 8. This is achieved, as shown, by means of a circuit tuned to 4.5 m.c.
This part of the circuit is shown in detail in Figura 10.
The circuit Li Cl forms a parallel resonant circuit (rejector circuit) tuned to
4.5 m.c.
This circuit will offer a large dynamic impedance to frequencies in
T.FM & F.13
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the vicinity of 4.5 m.c,
In this way the frequencies
representing the sound signal will be blocked from
the C.R.T. control elect-
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Amp.

Control
Electrode

C.R.T.
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)

rode. At the same time a
-e-go 12
+Bias
large "circulating" current of frequency 4.5 m.c.,
or thereabouts, will flow
To F.M. Limiter-tscriminater
around Li Cl (this is a
characteristic, remember,
of a parallel tuned circuit). This current will
induce a large voltage
FIGURE L
Q.
in L2 (tuned by C2).
The latter voltage, representing a sound carrier or intermediate frequency of 4.5 m.c, frequency modulated with the audio frequencies, is from
this point passed to a "limiter" stage, thence to the "discriminator". The operation
of the latter circuits will be explained in detail under the section on P:*requency
Modulation".
It might be mentioned here, however, that the "discriminator" is
really a- F.M. detector. The audio frequencies emerging from the discrimfnato .
2
are then passed through audio amplifiers of conventional design to the speaker.
Not much audio amplification will be necessary, because the sound signal, in the
form of the 4.5 m.c. F.M. "carrier" has been amplified by the video amplifiers of
the receiver.
OTHER ADVANTAGES OF THE "CARRIER-DIFFERENCE" SYSTEM.
In addition tb simplicity and low cost of the carrier difference type of receiver,
the system confers other important advantages.
All these advantages depend upon
the fact that the sound "carrier" frequency finally applied to the discriminatordetector is axe at the difference between the original picture carrier and sound
carrier radiated by the transmitter, viz: 4.5 m.c.
This cannot be altered by,
sey, variations of local oscillator frequency, as in the conventional system.
If the oscillator frequency changes or drifts in a conventional receiver duo to P.
changes caused by heating up etc. the sound I.F. frequency will change by an ;qua].
amount. This may move the frequency of the signal (which is F.M.) sufficieLitly far
away from the operating point for which the discriminator-detector is designed to
cause the sound to fade out or become distorted.
If the power supply voltage changes are rapid (due, for example, to a ripple voltage at power frequency) the sound
I.F. is caused to change at the same rate.
In other words the sound I.F. is fn.equency modulated at ripple frequency. The result is a power supply hum in the
speaker.
These effects are not present in a receiver designed for carrier-difference rocoption. Any change in sound I.F. due to oscillator frequency changes ara counterbalanced by an equal change in picture I.F.
In all cases, as stated previouey ;
the F.M. signal applied to the discriminator has a centre frequency equal to the
difference between vision and sound carriers -- and this is fixed at the transli.
Microphonics, due to oscillator changes caused by vibration of the electrodes ) aie
similarly avoided.
T.FM & F.13
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A further advantage is that the tuning of the receiver is simplified.
In the conventianal receiver the tuning is carried out on the sound.
The tuning (which
controls the local osCillator frequency) is accurately adjusted for maximum sound.
This automatically gives the amproximate correct adjustment for the picture.
The
tuning involves carefd1 adjustment of the control so that the 2.
2una I.F. produced fallE
within the narmE I.F. amplifier channel provided for it.
It is quite possible to
have the picture roughly tuned in, yet the sound is inaudible.
This is due to the
fact that the picture I.F. channel is so much wider (approx. 50 times) than that
provided for the sound.
In the case of the carrier-difference receiver, on the other
hand, the operator may tune for the clearest picture possible. The picture fadosp
as the tuning control is turned away from the correct point, long before the sound
does.
This is a feature unavailable in the conventional receiver.
The art of television is rapidly advancing and irproving, almost every month we see
some new idea, perhaps an improvement to an existing system, perhaps a siupler and
cheaper way of performing some task or perhaps some substantial change, but the
principles set down in the foregoing lessons may be taken as fundamental. With
the tremendous amount of money and effort spent bringing television to its present
high state of development, it is inconceivable that the fundamental principles of
scanning a scene into individual picture elements which are used to modulate a
carrier wave and thus are transmitted one by one to be reassembled at the receiver
into complete pictures at a rate exceeding 20 times per second e will be superceded
for many years, if ever. Of course, there will continue to be improvements and
advancements and new systems which will carry out the fundamental principles menbioned above, more efficiently, but the information contained in these lessons mill
form a sound foundation upon which an understanding of future developments can 11:
based.
We do not know as yet how long it will be before a television service is establieed
in Australia nor the exact technical nature of the service but it will certainly
be based on the principles explained in the foregoing lessons and consequently
a thorough familiarity with the contents of these papers will place the student in
a position which will enable him to easily understand and appreciate the technicalities of whatever system is ultimately introduced.
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EXAMINATION geTIONS.

(1) If the horizontal centering control (R100) of Figure 2 were moved
towards the top of the page, in which direction would the picture
on.the screen move (viewed from the front of the screen)?
(2) State 2 advantages of a nParaphasen amplifier for deflection voltage amplification compared with a single tube output.
(3) Why must 074 and C81 (Figure 2) have a very high voltage rating?
(4) Why are electro-magnetic tubes preperable to electrostatic types
when a large screen is required?
(5) Why is it essential to provide a knob on the front of a receiver
for Contrast Control whereas most other controls may be of the
npre-setn type?

(6) What is the chief advantage of the earner-difference method of
reception?
(7) Why is very critical adjustment of the oscillator frequency unnecessary in a "carrier-differencen receiver?
(8) Explain how you would proceed to adjust the fine-tuning control.
(a) in the case of a conventional receiver (b) in the case of a
"carrier-difference" type of receiver.
(9) At what point in a "carrier-difference" receiver is the sound signal extracted from the vision signal?
(10) Why is it absolutely essential that the video amplifiers of a conventional carrier difference receiver be approximately "flat" up
to about
mc/sec?
What would happen if these amplifiers had
an upper frequency "cut-off" of, say, 3 mcbec?

4i
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T.FM & F. LESSON NO. 14.
GENERAL CHARACTERISTICS OF FREQUENCY MODULATION.
We now take up the detailed study of the transmission of sound by Frequency Modulation (F.M. ) of the carrier wave.
The nature of F.M. was explained in Lesson
le and its main advantages over A.M. were stated.
Section B of that lesson should
now be re-studied.
THE NATURE OF F.M.
As has been explained an F.M. wave remains of constant amplitude, but its
frequency is varied above and below
the maan carrier frequency.
The amount
that the frequency is increased above
or decreased below this mean frequency
d
a
for the loudest sound being handled is
called the Frequency Deviation.
Hence
the total frequency "swing" is twice
the frequency deviation. For example
if in any one system a carrier of 50
C.
B.
m.c/sec. and a deviation of 75 Kc/Sac.
A.
(.075 mc/sec) is chosen, the frequency
swings between 50 + .075 = 50.075 mc/
FIGURE J.
sec, and 50 - .075 = 49.925 me/sec.
when the loudest sound is being transmitted.
This is a total swing of .15 me/sec
or 150 kc/sec, i.e. twice the deviation.
It should be clearly understood that
for weaker sounds (i.e.. modulating voltages of smaller amplitude) the frequency
variation is less than this.
The amount of frequency change of the carrier is
directly proportional to the amplitude of the modulating voltage, and therefore
depends upon the varying loudness of the sounds being transmitted.
The pitch of the sound note being transmitted, and therefore the freruepcv of the
modulatinR voltage is represented by the rate at which the earrle freqpencv is
changed between its upper and lower limits.
These points should be made quite clear by reference to Figures 1 and 2.
In Fig.
1 a wave with a single cycle of each of three modulating voltagq3h-ving identical
frequencies but different amplitudes. (Note:- for simplicity in both Figures 1 and
2 the .r.f. cycles are represented by straight vertical lines instead of sine curves.
When these lines come closer together an increased rad -frequency is indicated, when
fh
1ii-içc move pnart the freauencv of the radiated wave is decreasing).
At A. Fig.
T.FM 8e. F.14 - 1.

1 we have a modulating voltage of small amplitude (weak sound).
At B a stronger
modulating voltage is shown.
C shows a voltage which we will suppose has the
greatest amplitude which can be handled (giving a frequency variation equal to the
maximum deviation).
Note that when the modulating voltage is at its positive peak the frequency of the
wave is increased to a maximum (points a,c,e Figure 1).
When the modulating voltage is at its negative peak the wave frequency is a minimum (points bpdef. Fig.1).
The point we wish to stress, however, is that the frequency "swing" is greater in
the case of the larger amplitude modulating voltage.
The maximum frequency reached
in Figure 10 is at ne", and this is higher than that of Figure ly at "a".
Similarly
the lowest frequency in the case of 10 (at "f") is lower than the lowest frequency in
the case of lA (at "b").
Consider now the poif4ods in, which the frequency of the wave is "swung" in the three
cases of Figure 1.
It will be noted
that the time of frequency swing is
the same in every case.
In Figure
lA the wavels frequency changes from
its maximum to its minimum in a time
equal to ob,
In 1B the time taken i5
cd, and in the case of LC it is
ef.
All of these time intervals are
.001 Sec.
.002 Sec.
.00075 sec. equal one to the other, because each
equals the half-period of the modulating voltage -- end remember the
three modulating voltages are identical in frequency, therefore their
1000 cycles
500 cycles per
1333 cycles periods are equal.
per sec.
sec.
per sec.
A
FIGURE 2
Al and a still higher frequency
same aplitudes. The graphs show
mean frequency of the wave) are
between the maximum and minimum
A, and still faster in case C.
modulating frequency.

Now consider Figure 2.
Here we show
a low frequency modulating voltage
at Be a higher frequency voltage at
one at C.
The three voltages, however, all have the
that the frequency deviations (above and below the
equal in all cases.
The rate of frequency change
limits, however, is slow in case B., faster in case
The rate of frequency swing, thus depends upon the

BAND-WIDTHS REQUIRED.
It was pointed out in Lesson 1 that in the early stages of the history of F.M. it
was thought that by choosing a small frequency deviation, say 2 Kc/sec, the bandwidth of a transmission could be limited to 4 Kc/sec (twice the deviation) without
any restriction upon the modulating frequency which could be super-imposed upon
the wave.
Thus it was hoped to "compress" within a narrow band of several Kc/sec
in width (or even less) a modulated wave carrying all the audio frequencies up to
the upper limit of audibility, about 15 Kc/sec.
This possibility was exploded in
1922 by Carson, who showed that a frequency band at least double the highest audio
frequency is required, no matter how small the maximum deviation was made, Let us
see why this is so.
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The reason is due to the fact that when the carrier is frequency modulated, the
variation in frequency brought about prevents the individual cycles being of exact
sine-wave shape.
In other words the separate cycles are distorted.
This is illustrated in an exaggerated form, in Figure 3, where a single cycle of the wave is
shown when the frequency is being increased (by modulation).Curve number ono represents a pure sine-wave for comparison purposes.
Now it is a well known fact that when an A.C. is distorted from the pure. sine-wave
shape, extra frequencies called harmonics
are generated.
In other words it may be
1
Actual wave (F.M.)
stated that an A.G. having a non-sine-wave
shape may be produced by combining two or
more sine-wave frequencies.
In general;
the greater the difference between the
Sine-wave
wave-form, the greater the number of extra
For comparison.
frequencies involved.
An exact mathematical analysis shows that
an F.M. wave contains all the side freFIGURE 3,
quencies of an A.M. wave, plus additional
SINGLE CYCLE OF Fay, vi.gg, FOR INSTAN .
ones.
If a carrier of frequency fo is
MEN FREQUENCY IS INCREASIM.
amplitude modulated with a pure note of frequency fl, two sido frequencies having
frequencies fo + fl (the higher side frequency) and fo - fl (the lower side frequency) are produced in addition to the carrier.
This is represented diagramatically in Figure 4A.
If the same carrier is freauencv modulated with the same note, these two sidebande
f0 + fl and f0
fl are generated as
fo - fl
I 1
fl
before.
In addition, however we have
extra side-bands fo+ 221, f0 - 2f1 and
fo + 3Z1 and fo . 3f1 etc.
This is
fo
shown at Bp Figure 4.
A.M. - carrier + side frequencies for
single modulating frequency fi
FIGURE 4A.
•
fo -fl fo+fl
f0-2f
I
f0+2f1

In the case where the range through
which the frequency is varied is less
than the audio frequency of modulation :
,
the higher order side-bands are negligibly small.
It should be clearly
f0-fi I
fot3f1
observed, however, that no matter how
FIGURE
small the deviation frequency, a bandF.M. CARRIER AND SIDE-ANDS FOR SINGLE width of about 30 Kc/sec, is required
MODULATING FREQUENCY fl.
if all audio frequencies up to 15 Kc/
sec. are to be handled, for we shall have first-order side-bands extending 15 Kc/
sec above and below the carrier frequency.

4p

For wide frequency deviations, the higher order side-bands, fo + 2f1, f0 - 2f1,
fo " 3 f1, f0
3f1, etc. become important, extending up to the limits of the
frequency deviation involved.
Hence for deviations like, say 75 kg/sec, we m-y
take the band-width to be identical with the total frequency swing-in this case
150 Kc/sec.
Assuming we require •the highest fidelity transmission (i.e. incorporation of the
complete range of audio frequencies up to 15 Kc/sec), we may summarise the question
T.PM & F.14
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of band-width thus:
There is a lower limit below which the band-width of the
channel may not be reduced, no matter how small a frequency deviation is used.
This io of course 30 Kcbec, the same as would be required for A.M. For wide
•
deviation systems the band-width may be taken to be twice the deviation employed.
This, of course, may be many times the audio-frequency range, viz: 15 Kcbec.
THE NATURE OF STATIC.
By "Static" we mean interference to a carrier wave produced by sudden electrical
discharges in the adthar. These electrical discharges may occur naturally (the
so-called "atmoshperics") or they may be man-made, occurring in electrical machines of different varieties.
In all cases the electrical discharges are really
"sparks", i.e. discharges of electricity through the air between two points.
In
the case of "atmospherics" the discharges occur between cloud and cloud, or cloud
and earth, and are called "lightning".
In the case of man-made static the discharges are of smaller magnitude, but occur, usually, closer to the receiving
aerial.
OSCILLATORY NATURE OF AN ELECTRICAL DISCHAME.
An electrical discharge (spark or lightning) takes place through air when the
.e.r.Air Gap
latter's natural insulating properties break down,
Consider Figure 5 at A we have a simple circuit containing
an air-gap of sufficient width to prevent a flow of current.
Suppose now the e.m.f. "E" is increased until the electrical
"stráin" across the air-gap causes the air molecules to become ionised, i.e. broken into "free" electrons and positive-,
ly charge particles.
The air in this state forms a conductE
ing path of low resistance, and a large current flows (Fig.
11
1111B .
5B). The current however does not simply flow in one directhr- Low resistion, as may be expected.
For some appreciable time after
ance of
the discharge commences, the current surges back and forth
ionised
in an alternating or oscillatory fashion.
This is due to
air.
the fact that the circuit contains small amounts of self or
distributed-capacity and inductance, those forming the equivalent of an oscillatory or reSonant circuit, as shown at
EgUILL
Ce Figure 5,
The oscillatory discharge will, of course, eventually die out,
due to "damping" of it by the resistance in the circuit.
The obvious effects of electrical discharge of light and sound.
There is, however,
another most important effect.
This is.an electromagnetic wave generated and sent
out into space.
The alternating current associated with any sudden electrical
discharge is usually of.high-(radio) frequency, since the values of inductance
and capacity associated with the circuit are usually small„
Non we know that the
flow of a high frequency current always produces an aether wave of the radio type.
The above considerations hold for sudden electrical discharges whether occurring
naturally (lightning) or by man-made machines (car ignitim„ electric motor
'
commutators, diathermy machines etc).
The frequencies of the waves produced may
cover all conceivable values.
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CIRCUIT "NOISE" AND VALVE "HISS".
It is well known that even in the absence of external static a low hiss is to be
heard in an ordinary receiver.
This is caused principally by "thermal agitation"
in the input circuit of the receiver, and !shot effect" occurring in the r.f, value
(if any) and the converter valve.
Thermal agitation refers to the random vibratory motion of the molecules and free
electrons in a substance.
This motion goes on continually within any substance, and its average value depends
er
upon the temperature of the body.
In Figure 6A the
zoiro,titzt
tou0
dmall circles represent the fixed molecules and the dots
oZ(3,..e.evolo- e
the free electrons. AB indicated by the arrows these
Thermal Agitation of Rree
electrons
are continually darting about in all directElectrons in Conductor.
ions, with very varied velocities.
Suppose now a current
A.
(D.C.) is forced to flow through a conductor.
The
.4
e e•-e4,0
current takes the form of a general drift of the free
electrons in one direction, say to the right, as in
e
s Figure 6B.
Here the fixed molecules have, for simplicAverage drift of Electron
ity been omitted.
Superimposed on this average drift
we have the rapid and random motion, due to thermal agCurrent low in conduct ..itation.
At any one moment it might so happen that
FIGURE 6
or.
more electrons are darting to the right than the average number. When this occl,rs the current is increased a little above average.
A
moment later the opposite state of affairs might exist, and the current may be
roduc,d a little.
The point is that no current is absolutely steady, but has
very minute fluctuations, due to "thermal agitation" superimposed upon it.
These
fluctuations occur at all possible freguencies (including radio...frequencies).
SuCh fluctuations in current, flowing through i#edances, develop corresponding
which are amplified by the valves in the receiver.
Voltages due to thermal agitatf.on are very minute, but when they occur before the
first amplifying tube in the receiver they are amplified by al the. stages in the
receiver.
For this reason, in designing a receiver, we usually have to consider
(
,
nlv those occurrinc
the innut
effect referreu mo resulta
che fuel, u4,au G.e., stream or electro
flowing from cathode to plate is made up of a series of particles rather than a
continuous flow.
As a result the electron flow to the plate is somewhat irregular, resembling hailstones striking a surface, and this gives rise to slight '
irregulariCies in the plate current of the tube.
A further irregularity is due
to the fast that the emission itself from the heated cathode is subject to haphazard variations.
Those fluctuations in plate current are minute, but they
occur over an almost unlimited and continuous range of frequencies.

now

"NGISE" VOLTAGES BECOME AUDIBLE:

Thus we have seen that in the early stages of a receiver there will exist, in
addition to the r.f. signal voltage, voltages ropresenting almost every conceivPtae frequency.
Of these latter some aro duo to waves in the aether caused by
static (and which induce corresponding o.m.ffs in the aerial), and others are
generated within the circuits and valves themselves due to the several phenomena
wz, have described.
All of these latter interfering voltages we describe 2s "noise".
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It should be clearly understood, however, that the "noise" voltageswhich result in
actual sounds in the speaker are not in the first place, of audio frequency.
This
will be realised if it is remembered that the tuned circuits of the I.F. stages
will not pass audio frequencies.
These stages will block all but a narrow band of
frequencies around the I.F. for which the receiver is designed.
(Note:- random
voltages, occurring at audio frequencies after the detector can generally be neglected because there is insufficient amplification in the remaining valve stages
to bring them up to audible level).
The question then arises is how are these
"Noise" voltages carried through the stages (including "tuned" stages) of the receiver to appear as audio frequency voltages in the output to the speaker?
Assuming, for the moment, a conventional A.M receiver, we shall consider only the
state of affairs when a station carrier is being received, since this is the only
case which really interests us here.
Together with this carrier frequency there will
be present "noise" voltages of all conceivable frequencies.
Some of these noise
frequencies will be adjacent to the carrier frequency, i.e. they will differ from '
the latter by an amount equal to an audio frequency.
To all intents and purposes
such a noise frequency will appear to the Carrier, just as though it om_20 of Iba
latterts own side-band fre9encies.
Consequently, in the detector's output there
will appear an plait) voltage equal to the difference between the "noise" frequency
and the carrier frequency.
Putting this in a different way we may say that each
noise frequency which differs from the carrier frequency by an audio frequency amount
will modulate the carrier at this audio frequency rate,
This point may be further clarified by referring to Figure 7 vo:Jrfe "a" represents
carrier frequency, surrounded by "noise" frequencies of varying amplitudes, and
differing from the carrier frequency by varying
Receiver
amounts.
In this figure cd represents the receiver band-width, which we shall suppose is
c
band-widtl
d
double the audio-frequency range.
It is obvious
a
from the diagram that only those noise frequencies lying within this band (cd) will give rise,
by modulating the carrier, to a "difference"
frequency which lies within the band-pass of the
receiver, and which will be audible.
A "noise"
Itti I
tiiii!I till
frequency like "e will certainly "beat" with
Frequencies.
the carrier, modulating it at a frequency equal
to the difference between its own frequency and
giW.eirg 7.,
that of the carrier.
This modulation frequency, however, even if passed by the
receiver's amplifiers, will be too high to be audible.
The noise heard in the
speaker will be due to the sum total of all those voltages in the detector's output
Produced by fzequencies lying in the range cd lEigur2.1) around theAmixel c
. rrier
frequency.

!
I
L

HOW 7REOUENCY MODUATION REpUCES

Nouâ.

We have seen that interfering voltages present in the early stages of a receiver and
due to static, thermal agitation ) valve hiss etc, produce audio voltages which operate on the speaker, by modulating the carrier wave.
Nov this modulation is mairiy
of the amplitude type. A noise voltage, if lying adjacent to the carrier in frequency, alternately works into and out of step with the latter, Thus the amplibude of
the carrier is increased and decreased at a rate depending upon the difference between the two.
This is amplitude modulation.
m,FM & F.14
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Now an F.M.receiver does not respond to amplitude modulation.
It employs a type
of detector (the "discriminator") which is sensitive mainly to frequency modulation.
In any case we uduallyhave preceding the discriminator a "limiter" stage, whose
purpose it is to "level off" any undesired.A.M.
It would appear, therefore, that
F.M. should eliminate
noise.
This is not quite the case however.
Mathematicl analysis, as well as practical experiment, have shown that the "noise"
voltages do cause some phase or frequency "flutter" of the carrier.
In other words
a small amount of frequency modulation by "noise" voltages occurs.
This will apper
as noise in the speaker.
If we compare the performances of an A.M. system and an
F.M. system employing the same band-widths (this would be classified as a narrow
band F.M. system) we find that the F.M. system displays distinct advantages over
the A.M. systems as far as noise performance is concerned.
HOW INCREASING THE...LLB:ND-WIDTH REDUCES NOISE.
The reduction in noise interference, which is characteristic of an F.M. system,
becomes really important when large deviations, and therefore wide band-widths are
employed. The greater the deviation used for full modulation, the more negligible
the noise effects become. When the modulating signal (A.F.) is made to cause large
variations of carrier frequency the comparatively small deviations caused by an interfering r.f. "hoise" voltage become virtually "swamped
A simple numerical example should make this point clear.
Suppose we have an r.f.
noise voltage which, by interaction with the r.f. carrier, causes a frequency change
of say, 1.5 k.obec.
Consider first a "narrow band" F.M. system having a deviation
(max) of 7.5 Kc/sec. (note: the latter is the deviation for maximum modulation,
for the loudest sound being transmitted).
The "noise"voltage in the detector output will be â,1 =
of the signal voltage representing the loudest sound.
This

7.5

5

gives a signál-to-noise power ratio of 25 to I.
Such a noise would cause some interference to the signal.
Now consider an F.M. system employing a deviation of 75 •
Kc/sec.
(again for maximum modulation).
In this case the noise voltage in the
detector's output will be only
=J
of the maximum signal voltage.
The signal75
50
to-noise power ratio in this case is40...)
1

= 2,500 to 1.

Thus, by increasing the

deviation and therefore the band-width used by 10 to 1, the noise, on a power basis,
will be reduced relative to the signal by the ratio of 2,500 to 25, i.e. 100 to 1,
Summarising, we may state that, as between two F.M. systems of different band-wiq,
the signal-to-noise power ratio in the rectified output will vary directly as the
square of the deviation and band-widths
The advantage of using large deviations
and band-widths thus becomes obvious.
For "Wide-Band" F.M. the frequency deviation has been fixed at 75 Kc/sec.
This, of
course, is the frequency swing on either side of the centre carrier frequency, for
maximum modulation, i.e. for the loudest sound handled.
Weaker sounds will result
in smaller frequency swings than this.
The band-width required is thus 150 Kc/Sec,
Compare this figur ,- with a band-width of 20 Kc/sec. as used by A.M. broadcast stati-,,,
REQUIREMENTS OF hiGV\ FIDELITY REPRODUCTION.
The special prov:

of F.M. has become that of high fidelity.
It should be underT.FM & F.14 - 7.

stood, however, that high fidelity is not a natural characteristic of a F.M. system.
The requirements of high fidelity ares (1) The system should be capable of handling at both transmitter and
receiver the full range of audio frequencies, say from 90 cycles/sec.
up to about 15,000 cycles/sec.
(2) The system should reproduce the full "dynamic range" of the original
sound.
"Dynamic range" refers to the range of sound volume (depending
upon amplitude of the A.F. voltage).
In other words the difference
between the maximum sound level and the minimum sound level in the
speaker should equal that of the original sound.

(3)

The high degree of "naturalness" obtained when (1) and (2) are satis field should not be marred by electrical interference or noise.
It
is found that the advantages of wide A.F. response and wide dynamic
range are only really appreciated by the ear in the absence of any
interfering back-ground noise.

It is possible to satisfy condition (1) above in a typical F.M. system because
the band-width is used (150 Kc/sec) is many times the range of audible frequencies.
In the case of a conventional A.M. system, however, where the band-width is limited
to 20 Kc/sec, the maximum audio frequency which can be handled is 10 Kc/sec. (half
the band-width).
The higher audio frequencies from 10,000 c/sec. up to15,000 c/sec.
or so are lost.
With reference to the dynamic range of the reproduction, an A.M. system is somewhat
limited in this respect.
Conventional broadcast stations have been limited to a
certain minimum sound volume because at low levels random noise voltages in the
transmitter's circuits "drown out" the desired signal.
In addition, the peaks of
the sound signal must be prevented from causing over-modulation, and hence distortion. To satisfy both conditions an appreciable amount of"volume compression" is
used, whereby the dynamic range is considerably limited.
In the case of F.M, on the other hand, there is no need to limit the low volume
levels, because the system, as we have seen, is particularly free from back-ground
noises.
In this way a much wider dynamic range is achieved.
Thus a wide-band F.M. system with its wide A.F. response, and large dynamic range,
together with the absence of distracting noise, is capable of extremely natural
reproduction.
The improvement is particularly noticeable when reproducing large
orchestras, where great variations in sound frequency and amplitude occur.
THE CAPTURE EFFECT.
Another important advantage of F.M. over A.M. is that which has been described as
the "Capture Effect".
This is an effect which occurs as a result of a peculiar
combined action of the Liriter and Discriminator stages of the receiver, whereby
when two signals are received, the stronger one takes complete control of the receiver, thus eliminating entirely the weaker signal.
The effect is 100% complete
when the stronger signal is only twice the strength of the weaker.
In the case of
A.M.,interference from a weaker signal ie not virtually "swamped" until the stronger
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signal is 100 times as powerful as the weaker.
This Capture effect means that when F.Mtieused interference between adjacent signal
channels, and, in most cases even interference between signals occupying the same
channel, is practically unknown. The reasons for this effect will be fully explained
in a later lesson on Receivers.
TYPICAL CARRIER-FREQUENCIES.
As a result of the wide frequency band used the ultra-high frequencies must be
used for F.M. Any frequency above about 40 mc/sec is suitable but, of course e large
sections of the spectrum above this figure are already in use for television.
Formerly in America P.M. transmissions were confined to the band 42.50 mcbec.
Latterly, however, the band between 88 and 108 me/sec. has been assigned for F.M.
The first channel has a central carrier frequency of 88.1 me/sec, the second at
88.3, and so on at intervals of .2 mc/sec (= 200 kc/sec) up to 107.9 mc/sec.
Thus
100 separate channels are available.
In Australia, so far, the only band allocated
for F.M. is this 88 -- 108 mc/sec. band.
DISTANCE LIMITATIONS.
As we have already explained in the television lessons ) frequencies above about 40
mc/sec. have a very limited coverage. Reception is limited to a distance a littlP
beyond the line of sight. The "line of sight" is shown by the heavy line in Figure
8. The actual path of the received wave is shown by the dotted line.
The extra
distance (over and above the line-of-sight distance)is obtained as a result of a
bending of the wave by an effect known as "diffraction" due to the presence of the
earth.
"Line of Sight"
Transmitter j_ __—Actual Wave
The coverage may be extended by increaâing the
-,
lightly Beneeight of the transmitter antenna (also by
eceiver.increasing the height of the receiver aerial).
The distance reached by the wave is, of course,
also affected by the nature of the terrain.
/

//// ///
/ ,
///
/
EARTH,

//

Certain areas may be "shielded" by the presence
of mountains or hills. Under average conditions
the range may be taken to be about 50 miles.
COVERAGE OF WE
FIGURE 8.
The fact that the area which can be covered by a
wide-band F.M. system operating on U.H.F. is severly limited might at first suggest that the system is not suited for a countrly like Australia of large areas and
small population.
The F.M. system, however, is peculiarly adapted for the use of unattended, lowpower, automatic relay stations.
These relay stations would be situated at high
points (e.g. on mountain tops) over the country-side. They could operate on exact17 the same frequency as the main station.
Such a system is impracticable with an
A.M. system because of interference between 2 or more signals coming from different
transmitters of the relay network.
One effect which would occur would be heterodyne "howls" due to the interaction of two different carriers. It is an impossibility to synchronise exactly the frequency of the carrier of a relay station with
that of the main transmitter.
Such interference effects do not occur with F.M.
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due to the "capture effecte". Experimeàs in America have shown that it is a
practical impossibility to obtain interference between 2 transmitters operating
on the same frequency.
In one experiment a car was fitted up with a receiver and
attempts were made to find a point between 2 transmitters operating on the same
frequency (but sending different programmes) where interference occurred.
Theoretically it should be possible to find such a point, e.g. where the ratio of the
signal strengths was less than two to one.
However no such point was found, even
though a point was picked out where simply opening the door of the car resulted in
the receiver "switching" from one programme to the other.
It should be clear from the foregoing discussion that if a large area were covered
by a number of relay stations, then a receiver at any given point would simply
respond to whichever transmitter was producing the strongest wave at that point.
Another factor to remember is that the relay stations would be comparatively cheap
to inctall an(' operate. Each need by only of very low power as a consequency of
the f-eedom from static interference peculiar to F.M.
Further, the cost of maintaining permanent staffs for each relay station does not occur,
It might TL3 mentioned that such a system has been very successfully tried out on
large highways in America, for providing complete coverage fór patrol cabs.
EMUENCY MODULATION FOR TELEVISION SOUND TRANSMISSION.
As has been' pointed out in the Television lesson frequency modulation of the sound
carrier is now universally employed.
F.M. is particularly suited for this purpose„
as an ultra-high frequency sound carrier must be used, in order that it might lie
adjacent to its companion vision carrier.
By using F.M. the attendant advantages
of freedom from noise and high fidelity are obtained.
In America a standard deviation of 25 Kc/sec.(instead of the usual 75 tr.tisoc
vfation)
is used. This involves a band-width of 50 kcbec.
The deviation has
been restricted somewhat, compared with that used for other F.M, purposes, mainly
in order to limit the over-all width of the composite television channel (vision
and sound).
VECTOR TREATMENT OF ALTERNATING CURRENTS AND VOLTAGES.
At this stage it will be necessary to explain a simple graphical method of representing alternating quantities (currents and voltages) whereby the latter may
be readily compounded together.
This theoretical work will be absolutely
for a proper understanding of the work which follows in subsequent lessons.
In
addition the student will find that this "vector" treatment of A,C, as it is called,
will give him a better understanding of A,C. theory in all its applications to radio
generally.
WHAT IS A VECTOR%
For our purpose a vector may be regarded as a line of E122n length and drawn in
a even direction.
The direction of the vector is of equal importance t its
length or m-gnitude.
More strictly a vector is a quantity which may be represented
(in magnitude and direction) by such a line.
For example consider a force of, say,
511tsweight.
In considering the effect of such a force acting on a body
e
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its direction of action
is of equal importance to its magnitude (51 lbs. weight).
For example if we have a force of 51 lbs acting in a northerly direction its effect
on a body would be quite different from that of another 51 lb. force acting in, say,
a north-easterly direction.
These two forces e though of the same magnitude (51 lbs)
must be regarded as sdifferent;
for they have different directions.
Force is only one axample of a Vector; there are many other quantities however,
which possess both magnitude and directión (e.g. velocity).
Consider Fig. 9.
At Awe have an example of equal vectors.
The two lines
representing them have identical lengths and directions.
In all other cases (B e C
and D) the pairs of vectors are unequal; for'in every case the 2 vectors differ
either in magnitude or direction or both.
COMPOUNDING VECTORS.
The process of finding a single vector which-is equivalent to, or has the same
effect as e two vectors is called "compounding" the vectors, or finding the "vector
sue, or finding the Resultant of the vectors.
TWO VECTORS ACTING IN THE SAME DIRECTION.
The Resultant, or Vector Sum of two vectors acting in the same direction is the simple
arithmetical sum of the two.
The resultant acts in the same direction as the two
original vectors.
A

o
Identical vectors
equal magnitudes
same directions.
Figure 9A

Figure 9C
Different vectors.
Equal magnitudes
Different directions.

Different vectors
unequal magnitudes
same directions.
Figure 9B.

Figure 9D
Different vectors.
unequal magnitudes
ancldirections.
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Suppose we have two vectors acting in the same direction as shown by "a" and
"b" Figure 10A.
The resultant is a vector acting in the same direction
(viz, towards the top of the page)
equal in the magnitude to a + B.
This
may be seen clearly by considering the net effect of two forces, say of
3 lbs. and 5 lbs. weight respectively, acting in the same direction.
The
net or resultant force is one of 8 lbs acting in this direction.
Thus at
Ay Figure 10, the resultant of the two vectors may be obtained by placing
the two "end to end" AB represents vector "a" and BC represents vector "b".
The resultant is represented by the line AC.
TWO VECTORS ACTING IN OPPOSITE DIRECTIONS.
In this case the Resultant is a single vector having a magnitude equal to
the simple difference of the two original vectors, and acting in the
direction of the larger.
Refer to Figure 10B.
The two vectors "a" and
"bu act in opposite directions, and "a" is larger than "b".
The resultant
is obtained by placing vector "b" at the arrow end of vector "a".
Thus AB
represents vector "a", BC represents vector "b" and the difference AC represents the resultant.
The resultant equals "a" minus "b"„ and acts in the
direction of the larger vector "a".
Note that if the two vectors were
equal magnitude and opposite direction the resultant would be zero, i.e.
the two vectors cancel each other.
RESULTANT OF VECTORS NOT ACTING IN THE SAME STRAIGHT LINE - THE PARATJELOGRAM OF
VECTORS
If the vectors do not act in the same straight line their resultant is neither
the simple arithmetical sum nor the arithmetical difference of them.
Neither
does the Resultant act in the same direction as either of the original vectors.
We find the Resultant in this case by a simple graphical method, known as the
parallelogram of Vectors, illustrated in Figure 11.
Here we have two vectors "a"
and "b" acting in different directions.
To find the resultant we draw the vectors
starting from a common point 0, as shown to the right of Fig. ll.
Here OA =

C

1
a

a

A

A
Figure 10.

in magnitude and direction.

Figure 11.

Similarly OB = "lb" in magnitude and direction.

Now
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complete the parallelogram OA CB by drawing AC parallel to OB and BC parallel to
OA.
Then the resultant is represented by the diagonal OC of the parallelogram.
OC represents a vector which would have the same net effect as "a" and "b" acting
together.
For example if OA and OB represented forces acting on a body in the
directions shown, these forces being proportional in magnitude to the lengths of
the lines OA and OB- then the two forces would be equivalent to a single force
acting in the direction OC, and having a magnitude proportional to the length
of OC.
HOW AN ALTERNATING, VOLTAGE OR CURRENT MAY BE REPRESENTED BY
900
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teferring to 'figure 12, on the right we have a e 113
curve" representing u!
alternating current or voltage.
This curve may be considered to be traced out
in the following manner.
Take a circle whose radius CZ is equal to the peak value
or amplitude of the A.G. (shown on the left of Figure 12).
We shall call this
circle the "circle of reference".
Let the radius rotate around the circle, at
a constant rate, in a counter-clockwise direction as shown, say at a rate of 1
complete revolution per second.
In the figure,
Ca, Cb, Cc etc, represents
twelve positions of the rotating radius.
Each position is separated from the
next by an angle of 360 ° = 30 ° . Now on the right of the circle take two axes
12
OX' and YOYI, representing time or angular rotation in degrees along OX', and
amplitude, or instantaneous value along the vertical axis YOYI.
In this way,
on the horizontal axis m t corresponds to the instant of time when the rotating
radius has passed through an angle of 30 0 , and is in the position Ca.
Hence Mt
is marked 1 sec. or 30 .
Similarly nt represents the instant of time (or the
12
corresponding angle) when the rotating radius is in position Ob.
Now the graph is traced out by plotting points each of whose vertical distances
from the horizontal axis is equal to the perpendicular from the end of the rotating radius to the line fCX in the circle.
For example when the radius is in
positicn Ca, the point at is plotted on the graph making aim 1 equal to aM, at the
point mt = 1 S or 30 ° .
Similarly bin' equals bN and represents the height of
12
and so on.
If all such points are plotted, the sine curve 0a:t bt cl etc. is
traced out.
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Note that one complete revolution of the radius Cx traces out one cycle of A.C.
Hence in the case chosen the cycle will occupy 1 second.
That is the frequency
in this case is 1 cycle/sec.
Thus we may imagine the A.C. sine curve to be traced out by a strqight line of
constant length (equal to the peak value of the A.C.), rotating at-à constant
rate (equal to the frequency of the A.C).
This line referred to (the rotating
radius of the circle in Figure 12) has, at any particular moment of time a given
length (or magnitude) and a given direction

Hence it may be regarded as a vector.

Certainly the direction of the vector is continually changing.
For example at
zero time its direction is Cx (Figure 12).
One-twelfth of a seconilater (30 °
later) its direction is Ca, etc.
Such a vector is called a rotating vector.
Summarising, we may state:
Any alternating quantity (e.g. current or voltage)
may be represented by a rotating vector, whose length or magnitude equals the
peak value of the A.C, whose rate of rotation equals the frequency of the A.C,
and whose direction, at any moment, represents the "phase" angle of the A.C.
(see below).
PHASE OF AN A.C.
The term "phase" refers to the particular point on the A.C. curve at any moment
of time.
The term "phase angle" means the difference, in degrees, between any
point and the zero point, the latter being usually taken when the A.C. is rising
from zero in the positive direction.
For example, in Figure 12 the phase angle
of the point bt on the curve is 60°, relative to the zero point O. Note that the
phase angle is also given by the angle between the position of the rotating vector,
at the given moment, and the zero position of that vector.
In Figure 12, for
example the phase angle of the point bt on the curve is given by the angle between
CX and Cb, in the circle of reference, viz, the angle bOX.
PHASE ANGLE BETWEEN TWO A.Cts OF THE SAME FR57,QUENCY.
Consider now the two A.Cts shown in Figure 13.
These having the same frequencies •
(since each completes a cycle in the same time as the other).
They have, however,
different amplitudes and phases.
The A.Cls are represented by rotating vectors
on the left of the figure.
The radius of OX of the large circle is the vector
representing the A.C. marked A.
The radius OZ1 of the small circle is the vector
representing the A.G. marked B . When the vector OX for curve A is in the position
OX, the vector for curve B is in the position() a, i.e. 30° ahead of OX.
As the
vectors continue to rotate, at constant and equal speeds, the angle between them
will remain at 30 ° .
For example when current A is at position bt (peak value)
its vector is in the position Ob in the circle.
At this same instant of time
cLirrelit B has passed its peak, and is at ct.
Its vector is now in the position
Oc in the circle, still 30 ° ahead of the larger current, the phase angle being
the angle b0c.
The important point to note is that, although the directions of the vectors are
continually changing, the angle ,between them remains constant.
Thus we may adequately represent the phase angle between two A.Ots by showing their vectors for
one instant of time only.
From the points of view of amplitude and phase the two
T.FM & F.14 - 140

FIGPRE_ 13.
A.C's shown in Figure 13 could be represented by the simple actor diaFram of
Figure 14.
The current 13 would be said to be "leading
the current A", because it is in advance from the point
Current B
of view of phase with respect to A (vectors are always
considered as rotating in a counter-clockwise direction).
urrent A
Conversely, current A is "lagging the current B".
>A
VECTOR SUM OF ALTERNATING CURRENT ORjVOLTAGES) OF
THE SAME FREQUENCY.
FIGURE 14.
Two out-of-phase A.Cts may be compounded into a single A.C. by laboriously drawing
their curves with the correct phase difference, and for a large number of points
plotting their sums of differences, depending upon whether they are, at the moment
considered, aiding or opposing.
The new curve obtained will be their vector uum
or Resultant.
If the A.0 1s have the same frequency, this job may be much more readily obtained
by comptunding their two vectors.
Figure 15 A(1) shows tro currents 1i and 12 in Phase
line).
The Resultant current is obtained by placing
as shown at A(ii). The resultant is then the simple
phase with the original currents.
The length of the
course, the peak value of the resultant current.

(vectors in same straight
the 2 vectors "end-to-end"
sum of the two, and is in
vector marked Re gives, of

If the two currents are 180 ° out pf phase (i.e. exactly opposing) their vectors
are as at B(i) Figure 15.
The Resultant is obtained by placing the vectors es
shown at B(ii), the resultant then being the simple difference.
Note that the
resultant current is in phase with the larger of the two original currents (vizI1).
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If the two currents have
any other phase difference,
we make usaof the parn11elogram of vectors.
For example at C, Figure
15 the two current I and
12 have a phase difference equal to the angle
40B.
Their resultant
is -obtained by complet12
4
I
12 {
ing the parallelogram
AMC, and taking the .
(i)
(ii)
(i)
•
diagonal OC.
Note that
A
B.
C.
FIGURE lle
the resultant OC is not
in phase with either Ilor 12.
The resultant "leaden I in phase, but "lags"
12.
In other words the resultant lies in phase somewhere between Ij,and 12.

o

In all cases of Figure 15 the lengths of the vector lines Il and 12 were taken
to represent the peak values of the currents, and the length of the vector line
R obtained then represented the peak value of the resultant current.
If, however,.
and 12 were represented by lines proportional to the R.M.S„ or Effective
Values of the currents, then the line representing the resultant R would give
the R.M.S. value of the resultant.
PHASE ANGLE BETWEEN AC's OF DIERENT FREQUENCY.
If two A.C.Is have different frequencies, the phase angle between them does not
remain constant, but continually varies.
At certain instants they will be in
phase;
at other instants they will be 180 ° out-of-phase.
In fact the phase
angle between them takes up all possible values.
This can be seen if it is remembered that the frequency of an A.C. is given by the rate of rotation of its
vector.
If the two A.C.Is have different frequencies, their vectors therefore
rotate at different speeds.
For example,
suppose the
two A.Cis Il
and 12, start
<
"
\ **12
12
off in phase
as shown at
Figure 16A.
D
E
Further,
FIGURE 16
suppose 12
has a higher frequency than I.
The 12 vector, rotating faster than that of
170 will draw away from the latter, as time goes on, as shown in the subsequent
diagrams. At E the vectors are 180 0 out of phase, i.e. the A.C 1s are exactly
opposing each others. As time proceeds further the phase angle will .be reduced,
and eventually they will be in phase again, as at A.
Since the resultant of the two vectors depends upon the phase angle between them
(as well as the amplitudes) it is obvious that the amplitude of such a current
will vary with time.. The resultants are shown by the dotted lines in Figure 16,
T.FM & F.14

16;,,

•

Note that the magnitude of the resultant (i.e. the length of the line) varies
between a maximum when the currents are in phase at A, and minimum when the
currents are 180 ° out-of-phase at E.
An example of this continual variation of
phase angle between two currents (or voltages) and continual variation in amplitude
of their resultant is when two r.f. currants "beat" together, giving a
resultant current whose amplitude varies between a maximum equal to the sum of
the two, and a minimum equal to their difference.
The rate of variation of the
amplitude is the rate at which they get into and out of step, and this is equal
to their difference in frequency.
The resultant is an amplitude modulated wave,
having a modulation frequency equal to the difference frequency.
PHASE ANGLE BEISMEMIAM_IL_La_CURRENT (I)

IN A CIRCUIT.

When a source of A.C. voltage (E) is applied to a circuit containing resistance
only (see Figure 17A) the current and voltage are in phase.
This is obvious,
for when the voltage is zero, the current will also be zero;
when the voltage
is at its peak in any one direction
the current is also at its peak in that
direction.
The fact that E and I are in phase is shown by the vector diagram
in Figure 17A.'
Consider now a
circuit containing
e inductance
(i.e. resisE
E
E
tance of coil
negligible).
The
opposition to the
applied e.m.f.
(E) in this case :
takes the form of
A
a counter e.m.f.
of self-induction.
FIGURE 17.
This is an e.m.f,
induced in the coil by the magnetic field due to the current continually expanding
and contracting as the current changes in value.
The moving linos of magnetic
force thus cut the coil inducing an e.m.f. in it.
Now we know that such an induced e.m.f, always opposes the applied e.m.f. (E).
In other words the induced
e.m.f. is 180 ° out of phase with the applied e.m.f.
Consider Figure 18, where a.b.c. etc. represents the
current flowing.
As the current increases from a to
b the magnetic field expands.
The rate of expansion
of the field depends upon the rate of increase of
the current.
Now the current is increasing at its
maximum rate at "a". As the current becomes larger,
the rate of increase falls off, as shown by the
steepness of the curve ab.
Hence at "a" the field
will be expanding rapidly, cutting the coil, and
inducing a maximum cohnter e.m.f. in it.
This e.m.f.
Counter e.m.f.
will oppose the current increase, and hence will be
negative (current increasing in positive direction).
Hence when the current is at 'fa", the counter e.m.f.
FIGURE 1£1,
will be at its negative peak al.
When the current reaches its peak at be the
rate of change of current is momentarily zero, the field is not moving, and the
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induced counter e.m.f. is zero, shown at 13 1 .
off, the magnetic field contracts, cutting the
thus inducing an e.m.f. which -.
-r.rts in the same
tending to oppose the latterts decrease. Hence
counter e.m.f. rises positively from 131 to 01.

Now as the current begins to fall
coil in the opposite direction,
direction as the current, thus
as current goes from b to c, the

This counter e.m.f. of self-induction, represented by curve al 131 ca.(Figure 18),
remember, is always 180 ° out of phase with the applied voltage E.
Hence E will be
represented by curve a2 b/ c2 etc.
Comparing now the curve for the applied e.m.f. E and the current I it will be
observed that the current "lea," the voltage by 90 ° -- since I reaches its peak
at b (say) + cycle
(= 90 ° ) later than E reaches its peak at a2.
The Vector diagram showing current I, counter e.m.f. of self-induction (EI) and
applied voltage E is shown in Figure 19.
Note that the current (1) lags the
applied e.m.f. by 90 ° , but leads the counter e.m.f. (EI) by 90 ° . E and El are
equal and opposite.
Finally consider the caso of an e.m.f. (E) applied to a circuit which is purely
capacitive, as in Figure 170. As the applied voltage (E) (Figure 20) rises from
zero the current I will at first be large. The reason for this is that even when
the voltage is only a minute fraction of a volt a large
E
current will flow, due to the fact that there is no
resistance in the circuit and no omosinge charge in the
condenser.
(Remember I = E p hence I may be large even
if E is small, provided that R is negligible).
Hence as
the e.m.f. first rises from point na" the current (I)
will be a maximum at al . As the applied e.m.f. rises
further towards b the current falls off (see al b1).
This is due to the fact that the condenser is now acquiring a chdge, and developing an e.m.f. which opposes
the charging current.
By the time that E has risen to bd
the condenser has become fully charged, i.e.the P.D. across
1
its plates is equal to the applied e.m.f.
Hence, at
this instant the net e.m.f. in the circuit is zero *
. and
FIGURE 19
the current is zero at 131.
As the applied e.m.f. falls
off towards sere (see be) the condenser begins to discharge against this weakening
e.m.f.
Hence the current around the circuit is now
flowing in the pegative di4ection, as shown by biol.
If this argument is continued, the curve for I will
be obtained for a full cycle, as shown in Figure 20.
Note that the current leads the voltage by 90 ° , for
the current peaks occU777ycle (= 90°) before the
corresponding voltage peaks.
The vector diagram,
illustrating this phase relationship between voltage
and current in such a circuit was shown at C in Fig.
17.
PHASE MODULATION
Having covered sufficient elementary vector theory we now are in a position to
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return to modulation methods, and to carry the theory of this subject a little
further in preparation for the next lesson.
A third method of modulation is that known as Phase modulation.
This is a method
whereby the phase of the carrier is continually varied above and below that of an
unmodulated voltage.
The amplitude of the wave remains constant, and the amount
of phase deviation is proportional to the A.Fé modulating voltage amplitude.
The
we. of phase change depends only upon the frequency (A.F.) of the modulating
voltage.
B
A C
In Figure 21 OA is a vector representing the amplitude and phase of the
carrier r.f. voltage.
To phase modulate this carrier the phase is
first advanced by the angle A0B, and then retarded as shown by the
angle ACC.
These angles are equal and represent the phase deviation.
The size of the angles will, of course, depend upon the amplitude
of the modulating voltage at any instant.
In Figure 22 we have shown
FIGURE 21.
at A the modulating voltage, at B the r.f. wave, which remains at constant amplitude, but whose phase is continually varied (an unmodulated carrier is represented
by the broken line) and at
C. the phase of the wave
Modulating Voltage,
for the positive peak of
modulation, for zero mmplitude of modulating voltage, and also for the
negative peak of the
modulation. Note that
riN
when the modulation voltage
goes positive, the phase
1
angle is advanced (i.e.
rotated in the counterclockWise direction), and
when the modulation voltage
goes negative the phase
angle is retarded (i.e.
rotated in the clockwise
B. Phase Modulation Carrier.
direction).

C. Showing Phase

HOW pH4SE MODULATION CAUSE$
AN EQUIVALENT FREQUENCY
MODULATION.

FIGURE 22.
variation.
To advance the phase of
an A.C. we must rotate its vector at a faster rate.
A faster rate of rbtation
of the vector means an increase in frequency.
This may be seen by referring back
to Figure 16, where the phase of current 12 was continually advancing in respect
to the phase of I,
due to the fact that 12 had the higher frequency.
In a
similar manner, ir the phase of a current is, for a certain period of time, retarded, the frequency of the current while the retardation of phase is continuing, must be decreasing.
Hence if the phase of a carrier swung backwards and
forwards by modulation, there will be a certain "equivalent" swing of frequency.
The above point may be further elucidated by considering the following example.
Suppose it certain modulating voltage "swings" the phase of the carrier backwards
and forwards through a total angle of 36 ° . This will be the phase change brought
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about by each cycle of the modulating.yoltage.
Suppose this modulating voltage
has a frequency of 50 cycles per second.
The phase of the carrier is varied by
36 ° every _Lth second, i.e. in the time from the positive peak of one half cycle to
100
the negative peak of the succeeding half cycle.
Therefore the aveue,2 rate of phase
change is 36 ° for every _l_th sec.
This is 36 X 100 = 3,600 ° per second.
Since
100
o
360 = 1 cycle this orate may also be expressed as 2.600 = 10 cycles / sec.
Hence
360
a phase swing of 36 at a modulation frequency of 5191 cycles/sec. mill involve an
average equivalent frequency swing, of 10 cycles/sec. of the r.f. carrier.
This is
an important point and will be referred to again in later lessons.
DItbRENCE BETWEEN FREQUENCY & PHASE MODULATION.

Idc
I
.

1

Sine Phase Modulation causes a frequency
change, how does it differ from Frequency
1/50 Sec.
),
.
Modulation?
The difference may be ex......_. ......_ ....._ — --. 1-41
4
/
.—
plained by taking another example similar
produces
to that given above, but one in which
Phase
the modulation frequency is, say 500 cycles
phange
per sec.
In this case the phase will be
of 36 ° .
varied 36 ° in every
1
sec.
(i.e.
1,000
/
In the time occupied by each half cycle
of
the modulating voltage).
This is a
•.
1*------1/100 secOl
phase change at the average rate of 36,000
per sec, or
26,000 = 100 cycles per sec.
FIGURE 23,
360
Thus the average change in carrier frequency becomes 10 times as great when the
modulating frequency is increased 10 times, even though the amplitude of the
modulation voltage remains constant.
Nov for pure F.M. we stressed the point that
the frequency deviation should depend only on the amplitude of modulation, and not
upon the frequency of modulation.

1

Summarising we may say that phase modulation involves an "equivalent" frequency
modulation (not a true F.M.) whereby the frequency deviation depends upon both
the amplitude and Jfrequency of modulation.
The deviation is directly proportional
to each of these factors.
True F.M. will, of course also involve an "equivalent" phase modulation (P.M.).
The
phase deviation involved, however, will vary with the modulation frequency.
Hence
the P.M. produced is not true P.M, the latter involving a phase deviation which is
independent of frequency, depending only upon the amplitude of modulation.
True phase modulation is not used, as such, for communication purpose:
The above
discussion of it, however, is necessary, because one of the main methods of frequency
modulatileg a transmitter is first to phase modulate it, and then to convert the
"equivalent" F.M. obtained into true F.M. by employing a correcting circuit.
It
might also be mentioned here that random noise r.f, voltages cause a small phase
modulation of an incoming carrier. , It is the "equivalent" frequency modulation
caused by this phase modulation mhiçh results in some noise interference in an F.M.
receiver.
This will be discussed in a later lesson.
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T.FM & F LESSON NO. 14.,
'EXAMINATION QUESTIONS.

(1)

In an F.M. transmitter an audio modulating voltage of amplitude 50V, and
frequency 1,000 cycles per sec, causes the frequency of the carrier to
vary between 50.05 mc. por sec. and 49.95 m.c per sec.
What would be the
amplitude and frequency of an audio voltage causing a carrier swingi between
50.01 mc/Sec and 49.99 mcbec and back to 50.01 inc/soc 500 times per second ?

(2)

Upon which property of the modulating voltage does the instantaneous bandwidth of an F.M. signal mainly depend (consider only wide-band systems ?)

(3)

Name three types of "noise" voltages whose effects are greatly reduced by
F.M.

(4)

Place the following systems in order of merit from the point of view of
signal-to-noise ratio t (a) A.M. system of ,band-width 12 kcbec.
(b) F.M. system of Band-width 150 kc/sec, (c) A.M. system of bandwidth
20kcisec, (d) F.M. system of band-width 50 kcbec.

(5)

What is meant by the "Capture Effect ?"

(6)

Why it is poésible to obtain a wider Dynamic Range in the case of an F.M.
system compared with an A.M. system.

(7)

An A.C. voltage of 4V leads one of 3V (peak 'alues) by a phase angle of 60 ° .
Draw an accurate vector diagram to obtain their Resultant.
What is the
peak value of the resultant voltage ?
What is its phase compared with the 3V
e.m.f. ?

(8)

Draw rough vector diagrams showing the phase relationship between voltage
(E) and current (I) in each of the following cases t(a)
(c)

(9)

Circuit containing pure resistance.
Circuit containing pure capacity.

(b) Circuit containing pure inductance.

In the case,of a phase modulated carrier, the phase is varied through a total
angle of 24 -, what is the equivalent frequency swing, if the modulating
voltage has a frequency of 750 Oboe ?
What would be the frequency swing for
a modulating voltage of the same amplitude but whose frequency is 150 Cisec.

(10) Assume in this circuit that the reactance of L equals the
reactance of C, and that the current (I) is in phase with
the applied voltage D.
Draw a rough vector diagram rep.
resenting (a) the counter e.m.f. across L
(b) the
counter e.m.f. across (C) Ec and (c) the voltage across
R (Er).

R.
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FREQUENCY MODULATtD *hANSMITTERS
Any F.M. transmitter system may be divided in four main parts or sections.
(1)
(2)
(3)
(4)
(5)

The
The
The
The
The

section which frequency-modulates the primary or master frequency.
frequency-multiplier section.
power step-up section.
radiating antenna.
Power Supply units.

These are shown in block form in Figure 1.
1

2

MASTER
OSCILLATOR
(Crystal con
rolled) and
Modulation
circuits or
devices.

3

4

Aerial,
Multiplicat

on.

Unlike the usual
practice in A.M.
•transmitters, Figure
1 shows that most
of the essential
operations in F.M.
transmitters are
accompanied at lowpower levels. As
a matter of factthe
operations carried
out in blocks (1)

5
and (2) of Figure
FIGURE 1
1 are carried out
This greatly simplifies
with power levels as customary as in receiver tubes.
the transmitter design.
By the time the signal has passed through the frequency
multiplication stages (Block 2, Figure 1) it is completely formed, i.e. it is
clready in the form required for radiation.
It now requires only to subject this
signal to power amplification the exact amount of which depending upon the power
output desired from the station.
It may, therefore, be said that a low-power
transmitting station (say 250 watts) is more or less the same as a high powered
one, of, say 50 kilowatts.
The only difference would be in the number and power
rating of power-amplifier stages.
5

METHODS OF MODULATION.
Frequency modulation methods may be divided into two main classes.
(1) Direct
F.M. methods. These bring about a direct frequency modulation of the master oscillator's frequency.
They include (a) the condenser-microphone method, and (b).the
T.FM & F.15 - 1.
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reactance tube method. (2) The Indirect F.M. Method, in which the audio modulating
voltage first amplitude modulates the r.f. signal.
The amplitude modulation is then
transformed to Phase Modulation, which in turn is converted to true Frequency
Modulation.
This is the Armstrong method, used in the experimental work of the
latter gentleman prior to the presentation of his famous paper on F.M. in 1935
to the Institution of Radio Engineers ( Affierica ).
.These methods of frequency modulating an r.f, carrier will be dealt with in turn.
THE CONDENSER MICROPHONE METHOD OF MODULATION.
This method is based upon two main facts:(1) The capacity of a condenser depends upon the distance
separating its plates; and
(2) The resonant frequency of a tuned circuit depends on
the total capacity used in conjunction with its inductance.
In this system one plate of a condenser acts as adiaphragnof a microphone. The
sound waves vibrate this plate causing the distance between it and the fixed
plate to vary in sympathy with the sound.
In this way the capacity of the condenser varies at a rate dependant upon the frequency of the sound, and by an amount
which depends upon the strength of the sound.
The Condenser-microphone forms part of the tuned circuit of the transmitter's
primary oscillator, as shown in Figure 2.
The variations in capacity of the tuned circuit LC result in a
corresponding variation of the latter's frequency.
Thus frequency modulation of the r.f. current generCondenser_
ated results.
Microphone.
The condenser-microphone system is not in general
¡hi]
practical use.
It suffers from many disabilities, one
FIGURE 2•
being the difficulty of obtaining sufficient capacity, and sufficient capacity
variation while at the same time having a sufficiently light diaphragm to respond faithfully to the sound waves.
THE REACTANCE TUBE.
By this term is meant a valve which acts in a circuit just as though it were an
inductance. In order to understand how a valve may act in this unuaual manner it first will be necessary to consider the phase relationship between current and
voltage in a circuit which contains both resistance and reactance in series.
We have already seen that in the case of a circuit which contains only resistance
the current and voltage are in phase.
We have further seen that if the circuit
contains only reactance (i.e. the opposition presented to an A.C. by capacity,
or inductance) then the current and voltage are 90 ° out of phase.
If the reactance is capacitive (i.e. due to a condenser) the current luda the voltage by a
phase angle of 90 0 . If the reactance is inductive (due to inductance) the current
14E2 the voltage by 90 ° .
These three cases are shown for revision purposes in
Figure 3.
Here Xe stands for capacitive reactance, and XL for inductive reactance.
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Resistance
A.
E
Capacitive
reactan

(Xc)

B.
E
Inductive
(XL)
Reactanzg—re--vn
C.

These reactances are, of course,
measured in ohms, as in the case
of resistance.
The question now
arises, what happens if the circuit contains Lub reactance and
resistance in series, as in Fig.
4 at (A)?
Here we are considering capacitive reactance in series
with the resistance, but a similar
argument would apply for inductive
reactance.

The first thing to realise is that
there is only. one current in this
circuit, since the components are
in series.
The current through
E
the resistor will be identical
FIGURE 3.
with that through the condenser,
since the total circuit current flows through each.
What then, is the phase
relationship between this current and the voltage applied across the circuit?

Consider Figure 4A, where we have an applied
voltage Ea (A.G.) applied across a condenser
in series with a resistor.
The reactance of
the condenser is represented by Xe, and depends not only upon the capacity of C but also
upon the frequency (f) of the applied e.m.f.
.(Ea), being given by the formula
Xe =

1

where ly= 3.1416 and C is
fc
•
capacity in farads.

2,7y

>E a

A

Xc
I leads Ea
by an angle less.
than 90 °
B.
FIGURE 4.

The resistance (R) in the circuit will tend to maintain the current (I) in phase
with the applied voltage (Ea). The effect of the reactance (Xe) of C, on the
other hand, will be to tend to cause this current to lead the voltage by 90 ° .
Obviously the same current cannot be both in phase and 90 °out of phase with voltage.
The net result will be that current will lead the voltage by some phase
angle having a value between 0° and 90 ° (see Fig. 4B).
The exact phase angle
will depend upon the relative magnitudes of the resistance (which tends to maintain E and I in phase) and the reactance (which tends to produce a phase angle of
90 ° between E and I).
For example if R is very large compared with Xc (circuit
nearly purely resistive) E and I will be very nearly in phase.
If Xc is very
large compaed with R, I will lead E by a phase angle nea4.5r $ but not quite $
equal to 90 . If Xe and R have equal values (for the frequency of the applied
e.m.f.) the phase angle will lie mid-way between 0° and 90 ° ; i.e. I will lead E
by 45 ° .
Figure 5(a) shows a simple graphical method of obtaining the phase angle between
E and I, when the resistance and reactance of the circuit are known.
Here we treat resistance, reactance and total circuit impedanceao vectors.
Drawing OA having a length depending upon the value of R (in ohms), we draw OB
at right-angles to OA, and take this line a length depending upon the reactance
T.FM & F.15 - 3.
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(Xc) of C (in ohms).
Note, further, that we draw OB in the direction of a leadinE
phase angle (i.e. counter-clockwise direction from R (0A).
The reason for
this is that Xe tends to advance the phase-angle of the current by 900 . We then
complete the parallelogram OBCA, as for the parallelogram of vectors when finding
the vector sum of two A.C. voltages.
Joining the diagonal 00, the angle ACC then
represents the phase angle between vbltage (Ea) and current (I) in the circuit.
The fact that the vector OC is leading the vector OA (resistance) in this diagram
indicates to us that the current is leading the voltage by the angle quoted.

Actually this diagram will give us, in addition to the phase angle between E and I,
the value of the total circuit impedance (Z),
For, since we have regarded R (OA)
and Xe (0B) as vectors, the diagonal of the parallelogram OC must represent the
resultant of these two circuit components,' viz, the impedance (Z) of the circuit.
Diagrams (b), (c) and (d) show weveral other cases for various values of R and
Xc.
Notice at (b) where R is large compared with Xe the phase 'angle between
E and I is small (i.e. E and I nearly in phase). When Xc is large compared with
R ( at (c)), the current leads the voltage by nearly 90 0 .
When Xc and R are
equal, I leads E by 45 ° (i.e. E and I 1
3
- of a cycle "out-of-step").
Incidently, we might mention here that a circuit containing inductive reactance
(XL) and resistance (R) in series, could be treated in a similar way, as shown
in Figure 6.
Here the inductive reactance vector (XL)
"I" lags "E" by this angle.
is shown lagging the resistance vector (R) by 90 0 ,
0
A
because XL tends to cause the current to lag the voltage by 90°.
The net effect is that I lags E by an
angle given by AOC.
We are now in a position to
XL
understand the "reactance tube", as used for modulation purposes in some F.M. transmitters.
In the schematic of Figure 7, V1 and the tuned circuit
FIGURE 6L
LC form an r.f. oscillator of the Hartley type.
Normally
this oscilI=tor would produce oscillations whose frequency depends only upon L and
C of the tuned circuit.
The r.f. voltage developed across the tuned circuit LC
by these oscillations is applied across the series combination RC,.
Here LC may
be regarded as a source of A.C.
Now the value of R is male very large
compared with the reactance (Xe) of C1 at the frequency of operation.
This means
that for practical purposes thé current through RC 1 will be in phase with the
•
voltage across it. (see Figure 5B).
This current Dirough Rol will develop an
alternating potential difference across Cl . This voltage .across Ci, which we
shall call Ec lam the voltage applied across the combination RC1 -by almost 90 9 .
T..FM & F.15 - 4.

The reason for this may
be understood by referring to Figure 8. Here
OA is a vector representing the total A.C. voltage (E), applied across

V1
L
R.F.0

R. F.
C.
2
WAAAAN

the RC, combination
(Figure 7). This voltage, of course, is that
developed across the le
circuit of that figure
by the oscillation produced.
The current flowing through R and C will
be nearly in phase with
E.
This current is represented by OB. (Figure

Audio (Mting Signal)
Input.

8) the small leading
phase angle being BOA.
Now, as we have seen at
B+
an earlier stage in
these lessons, the
current through a conFIGURE 7
denser leads the voltage applied it by 90° . This is the same as saying that the
voltage across the condenser lags the current by 90°. Hence, in Figure 8, since
OB
represents the current through Ci, the voltage across this condenser will be
represented by the vector OC, lagging by 90° the vector OB,
For practical purposes the angle COB may be taken as 901
Hence we may say that the voltage
across C1 (Fig.7)) lags the voltage across the RC' combination (that is that of
the tuned circuit LC)by, practically 90 ° .
Referring again to figure 7, the voltage across Ci is applied to the grid of V2,
through the condenser 02. Now remember that the plate current through a valve is
in phase with its grid voltage, i.e. plate current and grid voltage rise and fall
in step.
Hence plate current of V2 is in phase with voltage across Cl (Et)). But
since Ec lags the voltage across the tuned cirQuit LC by 90 ° , this means that the
plate current of V2 also lags this voltage (E) by 90 ° .
Now note that the voltage across V2 (i.e. voltage between its plate and cathode) its plate voltage - is identical with that across LC (E)., for V2 is connected directly across this tuned circuit.
Hence we arrive at the important conclusion
that the current through V2 lags by 90 ° (practically) the voltage across it.
This fact is
Negligible Phase Angle Between
illustrated by the vector diagram of Figure 9.

Now we know that in a circuit containing only
inductive reactance the current lags by 90 ° -Ur
voltage.
The vector diagram for such a circuit
would be identical with that of Figure 9.
To
all intents and purposes, therefore, the valve
V2 of Figure 7 acts as though it were a pure
inductance.
A valve acting in this manner
is described as a Reactance Tube.
•«:

E and I.
AE
•
'.
90/

4...„.
--. -

Condenser voltage
lagging total voltage by almost 90 ° .

FIGURE 8.

•-•

HOW THE REACTANCE TUBE CAUSES FREQUENCY MODULATION.
The oscillator consisting of V1 and LC of Figure 7 could
Voltage across
be the primary oscillator of an F.M. transmitter.
The
valve.
tube V (as far as its plate circuit is concerned) is
connected in parallel with the inductance L of the tuned
circuit.
Hence the effective inductive (which together
with condenser C determines the frequency of oscillation
Plate current
is made up of the inductance of the coil (L) together
V
through valve.
with the "inductance" of the reactance tube V2, in parallel.
The effective inductance of two inductances L1
FIGURE29.
and L2, say, in parallel is calculated in a similar manner as for resistances, thus

9
0
'
0
•
.

Effective inductance

.

Ll L2
L1 + L2

Any variation of either of the inductances (L1 or L2) will therefore affect the
effective inductance, and so vary the frequency of oscillation of any tuned circuit
of which they form part.
If, then, we can vary the inductance effect contributed by the reactance tube V2
of Figure 7 we will vary the frequency of oscillation of the tuned circuit.
This
variation of reactance tube's inductance can be brought about by alteration of
its grid bias.
Such an alteration would change the tube's amplification, and
hence alter the magnitude of the r. f. component of the plate current.
For example if the grid bias is changed in the positive direction the r.f. current in
the tube's plate circuit will increase.
This is equivalent to a decrease in the
"inductance" of the reactance tube.
The effect of such a positive voltage on
the grid will therefore be to decrease the total effective inductance of the
tuned circuit consisting of C, L and V2 in parallel (Figure 7), and therefore
to increase the frequency of oscillation.
Conversely, a more negative voltage on the grid of V2 will cause an increase in
the effective inductance of the tuned circuit, resulting in a decrease in frequency.
Suppose now we apply the audio modulating voltage to the grid of V2, as shown in
Figure 7.
During the positive half-cycles of A.F. the tube's grid potential is made
lose negative,
resulting, as explained above, in an increase in the frequency
of oscillation generated by Vi.
Similarly the negative A.F. half-cycles will
cause a decrease in this frequency.
In other words the r.f, oscillation is frequency modulated by the A.F. signal.
Of course, it will require careful design '
of the various circuit components of Figure 7 if the frequency deviations obtained are to be proportional to the amplitudes of the varying audio frequencies
voltages.
A block diagram of a commercial F.M. transmitter using a'reactance tube modulation is shown in Figure 10.
Blocks 1 and 2 comprise the primary oscillator and
reactance tube modulator, and together would comprise a circuit similar to that
shown in Figure*7.
This primary oscillator operates at one-half the radiated frequency.
The F.M. modulated output from Bloc': 2 (Figure 10) is doubled in frequency by Block 4.
This puts the signal intc• its proper channel.
The frequency
doubler will also double the frequency deviaiion representing the modulation.
Block 5 consists simply of power amplifiers to raise the power of the radiated
T.FM & F.15 - 6.
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FIGURE 10.
signal to the desired level.
Tho remaining Blocks - 6, 7, 8 and 9, - of Figure 10 are solely for the purpose
of maintaining frequency stability.
The primary oscillator (Block 1) does not
produce a particularly stable frequency. Direct crystal control of the
oscillator is generally not practicable when the output from the latter is modulated by a reactance tube.
In this transmitter an ingenious method to hold the
centre frequency of the output steedy'is used.
Block 6 is a stable crystalcontrolled oscillator operating near the frequency of the transmitted signal.
A portion of this signal from the doubler output is fed, together with the crystal oscillator's output into a mixer which produces an "Intermediate Frequency"
of comparatively low value. Any variations in the frequency of the primary oscillator (Block 1) will cause the frequency of this I.F. to alter likewise.
Block 6 is a circuit which gives a D.C. voltage output proportional to any variation of the I.F. away from its correct central frequency.
This D.C. output
is applied to the reactance tube's grid with such polarity that it corrects the
original frequency drift.
Remember that altering the bias on this grid causes
a variation in the primary oscillator's (Block 1) frequency.
Block 6 is called
a "discriminator" and is similar to the discriminator detector in an F.M. receiver.
The detailed operation of this device will be dealt with in the lesson
on Receivers.
Actually this discriminator is used here exactly in the same
manner as in an ordinary automatic frequency control equipped receiver.
THE INDIRECT F.M. SYSTEM - OR ARMSTRONG SYSTEM.
This method as stated earlier involves the production of amplitude modulation
first, then in effect, the transformation of this A.M. into Phase modulation.
The equivalent F.M. produced by this P.M. is then "corrected" to ensure "true"
F.M., i.e. where the frequency deviation is proportional only to the amplitude
of the modulating voltage, and not to the audio frequency of this modulating
voltage.
In order to understand how A.M. may, in effect, be transformed into P.M. and
F.M. we must delve a little more deeply into the differences between these sayeral forms of modulation, particularly from the point of view of their sideT.11 & F.15 - 7.

bands.
SIDE-BAND DII.LRENCES BETWEEN A M. AND P.M. OR F.M.
It was stated briefly in the previous lesson that F.M. involved the production
of side-band frequencies just as in the case of A.M.
If the frequency deviation
is large, however, we may have a whole series of side-bands for every modulating voltage.
The'Tirst-order" pair of side-frequencies are similar to those
produced by A.M., as they differ from the carrier frequency (one above, the
other below)by a frequency equal to the audio modulating frequency.
For example if fo is the carrier frequency and fl represents one particular audio
modulating frequency, then the "first-order" pair of side-frequencies have frequencies fo + fl (the upper side-frequency) and fo -i (the lower sidefrequency).
In addition to these ) however, we have (for F.M.) a "second-order"
pair of side-frequencies which differ from the carrier (or central) frequency
ley twice the audicl frequency modulation voltage.
These second-order sidefrequencies will therefore have frequencies f9
211, where fo and fi are as
stated above.
Similarly the "third-order" pair of side-frequencies will have
frequencies fo
3f1, and so on.
The relative importance of the various pairs of side-frequencies depends upon
the frequency deviation used. More accurately it depends upon the ratio of the
frequency deviation to the modulating frequency.
This ratio is called the
"Modulation Index", i.e.
Modulation Index (M)

=

Change in Carrier Frequency (Deviation).
A.F. Modulating Frequency.

For example if an A.F. of 7,500 C./sec. is producing a deviation (change in
carrier frequency) of 37.5 K.C./sec. (= 37,500 C./sec.), the modulation
index (M) equals
•
Deviation
Modulating Frequency

37,500

5.

7,500

Figure 11 shows the side-frequencies (with their relative amplitudes) produced
for various values of modulating index (M).
It will be seen that, as at A in
this figure, when M is small (i.e. small deviation) all side-frequencies may be
neglected except the two "first-order" ones.
For small deviations (relative to
the modulating frequency), therefore, the situation as regards side-bands is
identical with that produced by A.M.
Remember that in the case of the latter
form of modulation, only a single pair of side-frequencies is formed for am
given modulating frequency.
Returning to Figure 11, we see that as the deviation (for a given modulating frequency) is increased more and more higherorder side-frequencies become important.
It should, of course, be understood
that, in these diagrams the first-order side-frequencies are those closest to
the carrier (or centre) frequency - one side-frequency on either side of the
latter.
The second-order side-frequencies are represented by the next pair of
lines moving outwards from the carrier frequency, and so on.
Further, remember
that the gap between any pair of lines representing side-frequencies is equal to
the modulating frequency (A.F.).
The important point brought out by Figure 11 and which we wish to stress at
this stage is that if M. is 0.5 or less, i.e. for small deviations an F.M.
wave may be adequately represented by a carrier wave and a single pair of
T. FM & F.15 - 8

side-bands, just as in the
case of A.M.
The omission
of the higher-order sidebands, under these conditions, will not materially
affect the result.
The same
applies for P.M., since both
P.M. and F.M. involve a continual variation of carrier
frequency.

*Carrier Freq.
11,

modo‘eting Freq. -„:,trit•

III

:
Jt•L

ot h
The question pow arises:
If
an F.M. (or P.M.) wave and an
A.M. wave each involve a
carrier frequency and the
same pair of side-bands, how
D
can they differ?
The answer
to this question involves
the phase relationship which
.111111,11111LItlidlit,.
exists between the sideE
bands and the carrier in
each case.
In the case of
A.M., the side-band fre.L1I1I1II(JitII1IILIIIIIIIfhIIIhlII!I ,,
quencies are in_phase or
180 ° out-of-phase with the
Sets of side frequencies produced with increascarrier at the instants when
ing daviation and constant modulating frequency,
the audio modulating voltag2
i.e, for different FIGURE 11. values of "M".
is at its peaks.
For F.M.
(or P.M.) the side-band frequencies are 90 ° out of phase with the carrier when
the audio modulating voltage is at its peaks, (positive or negative).
PHASE RELATIONS BETWEEN CARRIER & SIDE -BANDS FOR A.M.
First let us see how the addition (vector addition) of a carrier frequency,
and two side-band frequencies (all of constant amplitude) will produce an amplitude modulated wave (i.e. one of constant frequency but of varying amplitude).
Consider Figure 12, where at A is shown the A.F. modulating signal,
Suppose, for the sake of argument the frequency of this signal is 10,000
cycles/sec.
Then the time represented by a.e. on the graph (i.e. time for
1
one cycle is
sec.
At B we have the unmodulated r.f. carrir ,(I 0).
Since there al.
791
7r.f. carrier cycles in the time a.e., i.e. 10 1000

sec

',

the

carrier frequency must be 10 x 10,000 .= 100,000c.bee. (= 100 K.c./sec.).
Note
that the amplitude (peak value) of the modulating voltage at A is one-half the
carrier amplitude.
This will give 50% modulation, so that the modulated
carrier's amplitude (shown at E) will rise to twice its mean value (on the positive peaks of modulation) and fall to one-half its mean value (on the negative
peaks of modulation). Note that the frequency of the modulated carrier Im (at
E) is identical with that of the unmodulated carrier Io (at B) - since in both
graphs we have the same number of cycles (viz. 10) in the time a.e.
This, of
course, is in agreement with what we already know, i.e. amplitude modulation
causes no chaagf in carrier frequency.
Our aim at the moment, however, is to
investigate how the three radio frequencies represented by graphs B, C and D,
all of constant amplitudes and constant (but different) frequencies may cornT. FM & F.15 -
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bine to give the modulated result shown at E.
At C. we have an upper side-frequency.
Here are shown 11 complete cycles in
the timea.e.( 10
Osec.), so that the frequency is 11 x 10,000 = 110, 000

L

(= 110 k.C.bec). Note that this frequency lies above the carrier
frequency (100,000 C./sec.) by an amount equal to the audio frequency of the
modulating signal (10,000 C./sec.).
Graph D shows the lower side-frequency
90,000 C.bec. (9 cycles in
1
sec.).
This also differs from carrier frequency by an amount equal to Pie
freqUency.

or

Note that, for the 50% modulation shown, the amplitude of each of the side.
frequencies is one-quarter of the amplitude of the unmodulated carrier.
Now let us consider the relative phase relationships between the carrier and
its two side-frequencies shown in graphs 73 8 C and D (Figure 12). At the
.
instant marked "a" in the graphs the upper side-frequency is just commencing
to go negative.
At this same instant the carrier has already reached its negative peak.
This means that the upper side-frequency (Ii) is, at this instant
lagging by + cycle or 90 ° the carrier.
This is shown in the vector diagram
F (i) (Figure 12) where the vector representing the carrier is drawn in a
direction up the page.
Ij is drawn towards the right of the page making an
angle of 90° with I.
This rePresents a lagging phase for I compared with io.
(Remember that the conventional direction of vector rotation is counterclockwise).
Now look at the lower side-frequency graph (D).
At instant "a"
the wave is just beginning to go positive whereas the carrier does not begin
to go positive till + cycle later (see graph B).
This, of course, means that
side-frevency 12 is leading the carrier by + cycle or 90 0 . Now since Ii lags
Io by 90 and 12 leads Io by 90 ° this also means that I and 12 (the 2 sidefrequencies) are 180 ° out of phase.
This may also be seen by direct comparison
of the graphs ( C and D) of Il and 12.
At instant "a" Ij is just beginning to
go negative. At the same instant 12 is just beginning to go positive.
This
shows that they are of opposite phase (phase angle = 180 0).
These additional phase relationships are also shown by vectors at F (i).
12
is drawn to the left showing a leading phase angle relative to I. The vector
diagram shows clearly that, at this instant "a" I and 12 are 180° out of
phase;
for their vectors are drawn in opposite directions.
The lengths of the vectors I° , I and 12 are of course equal, respectively,
to the peak values of the currents Io , Ii and 12.
Adding the vectors of Figure F(i) we notice that the vector sum of I and 12
is zero (equal and opposite vectors).
This leaves as the resultant of Il e 12
and I0 a vector equal to Io , and in phase with Io , as shown by IR on the diagram.
This agrees with graph E, where at "a" the instantaneous amplitude of
the modulated carrier equals vector IR which is equal to the amplitude of the
unmodulated carrier (1 0 ).
Now the phase relationships shown at F (i) do not persist indefinitely.
The
vectors, it must be remembered, are continually spinning counter-clockwise
with speeds representing the frequencies of the currents they represent.
Since
represents the highest frequency it will be rotating counter-clockwise at a
faster rate than I.
Hence the angle between these two vectors will be
T.FM & F.15 - U.

diminishing as time goes on,
Now in the subsequent vector diagram of Figure 12 F
we have shown vector Io in a fixed direction (vprtically ) and have represented
only the relative rotations of I and 12 in respect to I° . This is done because
we are interested only in the relative phase relationships of I and 12 in respect
to I.
Thus at a moment later, F(ii), we have shown a diminished angle between Io
*and

II compared with that shown at F(i). .The vector

Ii,

initially lagging Io by-

90° j now "catching up" in phase on I° .
In a similar manner the angle between Io and 12 vectors will be diminishing, since
12 (initially ahead of 10) is rotating counter-clockwise at a slower rate than I.
In effect Io is "catching up" on 12.
We have shown this at F(ii) by imagining
that vector 10 has remained fixed, and vector 12 has rotated clockwise at a rate
equEll to the difference between the rates of actual rotation of Io and 12.
Concentrating now on vector diagram F(ii), we obtain the vector sum of I and 12
by completing the parallelogram giving the vector marked 112 as the resultant.
The resultant of all three vectors is then obtained by adding 112 to the end of
Io , giving IR.
This of course will represent the modulated carrier in amplitude
and phase.
Note:
(1) the amplitude of the resultant wave (length of IR) is increasing as the side-frequencies move more and more into phase with I° , and (2)
the phase of the resultant is still identical with that of the unmodulated
carrier (this follows since vector IR(Fii) is still in the same direction as 1o).
The latter point, of course, means that the modulation produces no change in
carrier phase, and therefore no phase or frequency modulation..
Figure 12 F(iii) gives the state of affairs a little later at an instant of time
(marked "b") when the wave is at; a modulation peak.
Vector I rotating less
rapidly than Io and vector 12 rotating more rapidly than Io are now both in
phase with Io , and the resultant (IR) is, at this instant a maximum.
(See also
points marked "b" on graphs B, C, D and E.)
As time goes on Il continues to rotate counter-clockwise with respect to Io and
12 continues to rotate clockwise (relative to I0 ). As shown in Diagram iv
(figure 12F) the side-frequencies are once again 90 ° out of phase with I° , and
180° out of phase with each other (see points "C" on the graphs).
Later still,
as the vector rotation continues the vector u and 12 will be in the same direction downwards as shown at 12 P(v).The side-frequencies are now in phase with
each other, but 180° out of phase with Io (carrier).
To obtain the resultant
in Figure 12 F(v) vectors I and 12 have been placed at the "arrow end" of
vector Io , and their sum is subtracted from the latter.
The resultant is IR as
shown.
Here the modulated wave has a minimum amplitude.
Summarising, the important points to note from the foregoing discussion are:(1) The side-band frequencies are in phase with the carrier at the positive
peaks of the modulation voltage (i.e. when the modulation envelope is at
a peak).
See points "b" in the graphs (Figure 12).
(2) As time continues the upper side-band vector rotates counter-clockwise,
and the lower side-band vector rotates clockwise in respect to the carrier
vector.
These rates of relative rotation are equal, each depending upon
the difference between side-band frequency and carrier frequency.
(3) As a result of (2) the angles between the side-band vectors and :the carrier
are always equal (see Figure 12 F(ii).
Hence the resultant of the sideT. FM & F.15 - 12

bands (1 12 ) is always in line with carrier vector (1 0).
This means that
the side-bands do not change the phase of the modulated carrier (IR is
always in phase with or 180° out of phase with Is).
(4) Since there is no change in carrier phase due to the side-band vectors
.(i.e. due to modulation) no frequency modulation results.
(When only one single audio frequency is modulating the carrier, there will
simply be one single upper side-frequency and one single lower sidefrequency as in the examples just quoted. When complex tones, especially
music, are being broadcast there may be simultaneously a number of upper
and lower side-frequencies.
The groups of side-frequencies then are called
"side-bands")
ELUSE RELATIONS BETWEEN CARRIER AND SIDE-BANDS FOR P.M.(OR F.M.).
Suppose now that the graphs representing the side-frequencies of Figure 12(0 and
D) are moved bodily towards the left of the page through a distance equal to
cycle.
This is equivalent to advancing the phase of the side-frequencies by 90 0
relative to the carrier, and the situation is shown in Figure 13, at C and D.
Note that the upper side-frequency i (figure 130) is now in phase with the
carrier, and the lower side-frequency 12 (Figure 13D) is 180° out of phase.
These phase relationships are shown in the vector diagram at F(i).
The sidefrequencies being equal and 180° out of phase cancel each other and have no
effect upon the carrier (vector Is).
Remember that the side-frequency vectors are rotating at equal and constant
speeds relative to IO , I1 rotating anti-clockwise and 12 clockwise .
. The situation is shown for an instant about
cycle later at (ii) (Figure 13F).
The
side-frequency vectors I and 12 now have a resultant 112 as shown.
The vector
representing the modulated carrier is obtained by obtaining the vector sum of
Io and 112, and is 1R as shown. Note that the effect of the side-bands has been
to advance the phase of the carrier through an angle equal to that between 10 and
IR in this diagram'.
A little later still the situation is as shown at (iii) (Figure 13F).
This
diagram shows the conditions for the instant of time marked "le on the graphs,.
i.e. for the positive peak of the modulating voltage, I and 12 are now in phase
with each other, and 90° out of phase (leading) with the unmodulated carrier (Is).
The resultant of Io , Ii and 12, representing the modulated carrier is IR. Note
that the angle through which the carrier phase has been advanced (marked "A") has
increased still further.
As I and 12 continue to rotate this phase angle "A" will now begin to decrease,
becoming zero at time "C".
This „is shown at Figure 13F (iv) where Il and 12 are
180 ° out of phase with each other, and therefore cancel.
The carrier is thus
simply Io at this instant.
A quarter of a modulating voltage cycle later uI will have rotated anti-clockwise
and 12 clockwise, so that both vectors are pointing to the right of the page (see
Figure 13F (v) ).
The resultant IR of I1, 12 and 10 again represents the instantaneous value of the modulated carrier.
Note now that the effect of the
side-frequencies has been to retard the carrier phase of the carrier by an
angle "A".
(IR lags Io by "A").
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As time continues from this point the angle between IR and Io will commence to
decrease.
At point "e" the phase of the modulated carrier (IR) is identical
again with that of the unmodulated carrier (I 0).
Note carefullY the net effect of the side-frequencies acting upon the carrier,
The modulated carrier vector IR oscillates back and forth about the mean
position Io , through a total angle equal to 2A.
In other words the phase of
the carrier is alternately advanced and retarded at modulation frequency.
This
is phase modulation, which, as we have seen produces an equivalent frequency
modulation.
Observe the effect on the frequency of the carrier. Between points "a" and "b"„
when the phase of the carrier is being advanced (i.e. vector IR rotated anticlockwise) as shown at (iii) Figure 13F, the carrier frequency has been increased, as shown by the dotted line at B between points "a" and "b".
Between
"co and "d" as the phase is being retarded (vector IR rotating clockwise) the
carrier frequency is below the mean value.
This can be clearly seen by counting
the number of dotted line cycles between "c" and "d" Figure 13B, and comparing
with the number of full-line cycles between the same two points.
A further important point brought out by Figure 13 is that the amplitude of the
carrier remains fairly constant.
The vector Ill, representing the modulated
carrier in amplitude and phase (at F) remains practically of constant length,
This is only true if the angle A representing the maximum phase deviation is
comparatively small.
This is so because we have considered only the firstorder pair of side-frequencies.
Longer deviations would involve additional
higher-order side-frequencies which we have neglected.
CONVERTING A.M. TO P.M.
Figures 12 and 13, and the accompanying discussion have thus shown that the
only difference between A.M. and P.M. (for small deviations) is in the phase
relationship between the pair of side-bands and the carrier.
In the case of
A.M. the side-bands are in phase with the carrier at the instants corresponding
to modulating signal peaks;
in the case of P.M. the side-bands are 90° out of
phase with the carrier at the same instants.
If, then, we can take the side-bands produced by A.M., and electrically shift
them in phase through 90° relative to the carrier the result will be? ,M.
The
"équivalent " F.M. thus produced may then be connected to yield "true" F.M.
This
is the principle of the Armstrong method.
THE ARMSTRONG "INDIRECT" METHOD OF F M.
Figure 14 shows, in block form, the principal sections in the Armstrong Modulator.
Here block (3) is an amplitude modulator so designed that it balances
out the carrier voltage, its output containing only the two side-bands produced
by the modulation.
Into this modulator we feed the audio modulating signal
(from the microphone) together with a part of the carrier signal from block (1),
The remainder of the carrier signal is amplified (block 4) and passed to the
frequency multipliers.
The two side-bands, produced by amplitude modulation are fed to block (5) where
T.FM & F.15 - 15
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FIGURE 14.
their phase is shifted through 90 0 . The side-bands are now recombined with the
carrier signal coming from block (4).
These side-bands immediately after leaving the modulator were in phase with the carrier at the instants of modulating
voltage peaks (since they were produced by A.M.).
After phase-shift they will
therefore be 90° out of phase with the carrier at modulation peaks.
The effect
of the 90° phase changing device may be visualised by comparing graphs C and D
of Figure 12 with 0 and D of Figure 13.
The vectors at F in these two figures also
show the change produced.
The phase relationship between the side-bands and
carrier is now such that phase modulation would result.
As we have earlier explained phase modulation involves an "equivalent" frequency modulation, but the frequency deviation is proportional to the modulating (audio) frequency as well as to the amplitude of the modulating signal.
This
means that the frequency variations will double if the audio modulating frequency
is doubled even though the amplitude of the latter signal remains unchanged.
To counter-act this effect the modulating signal is put through a correction
circuit included in block (2) Figure 14 before being used for modulation.
This
correction circuit acts in such a manner that the amplitude of the modulation
signal is inversely proportional to its frequency.
This will exactly off-set
the effect of phase-modulation whereby the frequency deviations in the final
output are directly proportional to A.F. signal frequency.
The output from the
transmitter will be therefore true F.M.
THE MODULATION SIGNAL CORRECTION CIRCUIT.
The correction circuit which does this job of changing the output from true
'P.M. to F.M. consists simply of a resistor and condenser in series, the micro.
phone signal being applied across the two, while the output is taken from across
the condenser only, as shown in Figure 15.
The value of resistance is made large
compared with the reactance of the condenser even for the lowest audio frequency.
This means that the impedance of the circuit remains sutstantially constant for
all audio frequencies of modulation.
Thus the alternating current through R.C.
(figure 15) does net alter with frequency. Nom the reactance (X e) of C varies
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inversely with the frequency (X e =

1
)
217dfc
The voltage across C is given by E = IsX c
where I is the current (A.C.) through R and C.
Since I remains practically contant for all
frequencies, but since Xc varies inversely
with the frequency E will also vary in the
latter manner.
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THE BALANCED MODULATOR,

To modulator.
Output inversely
>proportional to
frequency.

The balanced modulator (block 3, Fig. 14)
Fig. 15
used for A.M. with carrier suppression is
The carrier frequency is
more or less a push-pull amplifier as shown in Fig. 16,
applied to the grids of the two tubes in phase.
Hence, by using a transformer output in the plate circuits, with a centre-tapped primary, voltages of this frequency
will cancel out in the output.
•

The modulating voltage is applied in opposite phase to the two screen-grids by means
of a centre-tapped transformer.
Now remember that out-of-phase voltages applied to
the grids (or screen grids) of a push-pull amplifier will produce signals in the plate
circuits which add in the secondary of the output transformer.
In addition the A.F.
modulation signal and the r.f. carrier signal will combine in the valves as in ordinary
modulation theory, to produce amplitude modulation.
The resultant output will therefore be an A.M. signal from which the carrier frequency has been suppressed.
In other
words the output will contain the side-bands, representing the modulation, only.
PRODUCTION OF THE 9.(1 0 SIDEBAND PHASE-SHIP1,
The changing of the phase
of the sidebands by 90 ° ;
necessary to convent the A.M
to F.M is usually carried out
in the output transformer of
the balanced modulator
of
Fig. 16.

To 90 Phaseshift device.

The principle involved may
be stated thus:"The A.C.
voltage induced in the
secondary winding of a
transformer is 90 ° out of
phase with the current
flowing in the primary".
Consider Fig. 17.
The
current I in the primary
sets up a magnetic field
which expands and contracts
in step with this current.
This moving magnetic field,
cutting the secondary will
induce an e.m.f. (E s ) in

Fig. 16.

Modulation
Input.
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the latter,
The instantaneous value of this voltage
at any moment will have a value depending upon the rate
of movement of the magnetic neld, and therefore on the
rate of change of primary current.
Referring to Fig.
18, at points a and e the current, although small in
value, is changing at a maximum rate.
At these
instants the magnetic lines of force will therefore
be moving at a maximum rate across the turns of the
secondary coil, and the induced e.m.f. will have a
maximum value, as shown at b and f.
At points
ce and g on the other hand, the current is
Fig. 17.
momentarily neither increasing or decreasing, the magnetic lines of force are
therefore stationary and the induced e.m.f. (E s is zero - see points d and h.
The induced e.m.f. in the secondary (Es)
will therefore be represented by the
dotted curse of Fig. 18.
Note that
this is 90 out of phase with Ip.
This phase relationship is also illustrated by the vectors of Fig. 18.
Referring back, now, to Fig. 16,
the currents in the primary of the
output transformer, representing
the sidebands, will induce corresponding e.m.fts in the secondary,
with a 90 ° phase-shift.
These
secondary voltages are then
applied to the grid of the sideband amplifier, without further
phase change.
The side-band
signals are then re-combined with
the unmodulated carrier as shown
in Fig. 14.

/p

90 G

Es

The condensers marked "C" in Fig.
16 are for the purpose of preventing any phase shift in the plate
Fig. 18.
circuits of the valves.
A valvets plate current will be in phase with its grid
voltage only if there is no reactance due to inductance or capacity in the plate
circuit.
Now the inductances marked "L" in the plate circuits will tend to
cause the A.C. component of plate current to lág by 90 ° .
If we place capacities
in n070:71 with the inductances in these circuits such capacities will tend to
cause the current to lead by 90 ° .
If the reactances Of "C" and "L" in each
circuit are eaual e therefore, the two phase effects will off-set each other and
the current will suffer no change in phase.
In effect "L" and nC" form a series
resonant circuit.
The consequence of this action of the condensers "C" is that
the sidebands represented by the currents in the primary of the output transformer
of Fig. 16 have a phase relationship (relative to the unmodulated carrier) which
corresponds to amplitude modulation
The side-band signals in passing from
primary to secondary of this transformer then suffer a phase shift of 90 0 , and
when recombined with the unmodulated carrier at "X" (Fig. 14) their phase is
correct to produce frequency modulation,
T.FM & F.15 - 18.
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FREQUENCY MULTIPLICATION.
The amount of frequency deviation obtainable with the Armstrong method in particular
is quite small.
The phase shift produced in the manner explained in connection with
Fig. 13 must, for the reasons given, be kept small say 30 ° .
Now in a previous lesson it was explained how the equivalent frequency modulation
produced by a certain phase shift depended upon the modulation frequency as well as
the angular phase change itself.
In that discussion we calculated the average
frequency deviation (measured over half a cycle of modulation ) by dividing the total
number of cycles by which the frequency was varied by the time taken, i.e for half a
cycle.
It must be remembered, however, that when the frequency is swung backwards
and forwards the rate of fi,equency change is not constant over the cycle of modulation,
and therefore the average frequency change will be something less than the peak
deviation (in the same way as 'the average value of an alternating current is less than
its peak value).
A formula which will give the peak equivalent frequency deviation knowing the phase
deviation, and the modulating frequency is :
4\F

e AA
f
57.3

where:-

AF = the peak value of the frequency deviation.
= the peak value of the phase modulation, measured in angular degrees.
f = modulating frequency.
«
(Note: the symbol A is the Greek letter Delta, meaning here a small change in
ThuseF mons a small change in the carrier frequency, and represents the deviation.
Note that this formula brings out clearly the point made in an earlier lesson, viz.
that for a given phase change the equivalent frequency deviation is directly proportional to modulating frequency.
Returning to he Armstrong modulator we saw that the maximum phase deviation was
limited to 30 .
The amount of frequency modulation produced at, say, the lowest
frequency of modulation, 50 cycles per. sec. will be given by the formula above thus :
F =

AA x f
57.3
where
AA = 30 ° ,
f = 50.
Therefore
o.F = 30)(50
= 1500 = 26 cycles per sec. approx.
57.3
57.3
But for wide-band F.M., we require a deviation of 75,000 cycles per sec. T.
The required frequency swing is obtained by using a series of frequency doublers or
tripiers.
These were described briefly in the lesson papers dealing with Television.
A frequency multiplier, it will be remembered is simply an amplifier producing
distortion (and therefore harmonics of the input frequency) and containing a resonant cire.-C.t in It:3 plato loadtuned to one of these harmonics.
A frequency doubler will double all the frequencies applied to its grid.
Hence if an
F.M. signal is applied not only is the mean carrier frequency doubled, but also the
frequency deviation.
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In the case cited above, where we wish to increase the frequency deviation 26 cycles
per sec, a total frequency multiplication of 222222_, or nearly 3,000 times would be
26
required.
Now if straight out frequency multiplication were used, and the radiated
wave were to have a frequency of, say, 93 m.c, per sec., the primary frequency at which
modulation occurs mould required to be

93,000,000
3,000
double the highest audio frequency of modulation.

= 31,000 c. per sec. - only about

±euity is le-Tmi,..uffit, ty operating the primary oscnIator at about I0o K.c per sec.,
stepping up the frequency (and deviation) by several multipliers, to, say 1,200 K.c per
sec. or higher, and then reducing the frequency (without reducing the deviation) to a
low value again, before using additional multipliers.
This reduction in carrier
frequency is achieved by heterodyning the carrier with an oscillator to produce a
kind of intermediate frequency.
This heterodyning action, although reducing the mean
(carrier) frequency of the F.M. wave will leave the deviation (increased by multiplication) unchanged.
By carrying out this process of successive multiplication and
frequency "division" over and over again, the final deviation of 75 Kc per sec, may be
obtained.
TEL POWER AMPLIFIERS.
These are no different in general princiea from those used in A.M. transmitters.
There is one important point to note, however,
Since the amplitude of the F.M.
signal remains constant, the cmplifiers may be operated continuously at their full
rated power output.
In the case of an A.M. transmitter the power amplifiers must be
designed to handle a peak power output 4 times that of the unmodulated carrier.
On
the peaks of .amplitude modulation (for 100% modulation) the carrier voltag.t is twice
the unmodulated value.
This means that the power for maximum modulation amplitude is
four times that for the unmodulated carrier, since power is proportional to the
square of the voltage (or current).
Hence the amplifiers are working at low
efficiency.
When F.M. is used the power amplifiers are working at saturation continually, and maximum power efficiency is obtained.
TRANSMITTING AERIALS.
As for television, operating at the ultra-high frequencies, resonant aerials, usually
dipoles or "stacks" of dipoles, are used.
The aerial system is designed so that very
little signal is radiated sky-wards, since a sky-wave would not be reflected back to
earth, but would be lost in space.
The aim is to get maximum field-strength into the
direct-wave.
The lesson on transmitting antennas in the television section may well
be referred to here.
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LESSON 15 - QUESTIONS
(1)

Why would it be a comparatively simple job to redesign an F.M. transmitter
for a different level of radiated power ?

(2)

A resistance of 5,000 ohms is connected in series with a condenser whose
reactance (at the frequency of the applied voltage) is 4,000 ohms.
Draw
an accurate vector diagram to find the phase angle between applied voltage
(E a ) and current I.

(3)

Refering to Fig. 4, draw a vector diagram showing vectors for applied
voltage (E a ), current (I), voltage across R (E r ), and voltage across C
(E a ).

(4)

Under what conditions may an F.M. wave be considered as consisting of a
carrier and a single pair of side frequencies ?

(5)

What is the phase relationship between sidebands and carriers in the
following cases :
a.
b.
C.
d.

A.M.
F.M.
A.M.
F.M.

-

positive peaks
positive peaks
zero points of
zero points of

of modulating voltage.
of modulating voltage.
modulating voltage.
modulating voltage.

Illustrate with vector diagrams.

(6)

State the principle involved in converting A.M. to P.M.

(7)

Why is frequency multiplication absolutely necessary in the Armstrong
system of modulation ?

(8)

What is the purpose of the modulating signal connection circuit in the
Armstrong system ?

(9)

Why is an F.M. transmitter more economical from the point of view of
power consumption compared with an A.M. transmitter ?

(10)

In a transmitter an F.M. signal of carrier frequency 5 m.c per sec.,
and deviation 10 Kc. per sec., is heterodyned with an oscillator
frequency of 4 m.c per sec. (for frequency "division") what are the
frequency limits of the resulting F.M. signals ?
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MODULATION RECEIVERS.

GENERAL CCMPRISON OF F.M. AND A.M. RECEIVERS.
Although F.M. and A.M. receivers are required to operate on signals which differ
greatly in nature and operating characteristics there is no very great difference
in the general over-all structure of these two pieces of electronic apparatus.
The similarity in the sequence and functions of the various stages of the two
types of receivers will be realised by a comparison of the two block diagrams of
Fig.1.

Conerter
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BLOCK DIAGRAM OF TYPICAL A.M. RECEIVER.
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LimiterDiscrin
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Stage

Audio
Audio
Ampr. _Output .
Stage
3tage.

Speaker
or
Speakers

BLOCK DIAGRAM OF TYPICAL F.M. RECEIVER.
Figure 1.

Here each receiver shorn posses an R.F. amplifier, conuerter stage, I.F. amplifiers,
audio amplifier and power output stage.
All of these stages follow in the same
order in the two types of receivers, and perform the same functions.
It must be
understood, however, that in order to realise the full potentialities with regard
to signal-to-noise radio and fidelity (including A.F. frequency response and
dynamic range) of the F.M. system the receiver must be designed to satisfy more
stringent specifications than those to which we have been accustomed.
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The only radical differences between the F.M. receiver and the more humble A.M.
type are seen to be (Fig. 1) - the ineorporation of a Limiter Stage and the use
of a special type of detection, called the Discriminator Detector.
The Limiter
has no counterpart in the A.M. receiver, and the Discriminator is made necessary
in order to convert the frequency modulation into amplitude changes before separating the audio from the radio signal in - more or less - the ordinary way.
Actually a very recent development has made it possible to dispense with the
Limiter stage by the use of a special type of F.M. detector known as the Ratio
Detector.
These points, however, will be discussed in detail in due course as
we proceed.
Despite the similarities in the general lay-out of the two types of receivers,
the advent of F.M. has necessitated a somewhat different approach towards the
problem of receiver design.
In the past we have always regarded high sensitivity
and freedom from noise as desirable but antagonistic qualtities in a receiver.
For example th.the case of the A.M. system we have had to compromise between
these two properties;
an increase in sensitivity (over-all amplification), while
increasing the output from a weak signal, also increases the total amount of noise.
Similarly selectivity has always been a compromise between inter-channel inference
and fidelity.
An increase in band-width beyond 10 K.C. per sec, while improving
the audio-frequency range, has invited "monkey-chatter" and other signs of interference from an adjacent channel.
On the other hand, reducing the band-width to
less than 10 K.C. per sec., while increasing the selectivity, and, incidentally,
the signal-to-noise ratio, has cut off more of the high notes from a signal
already trimmed to 5,000 cycles.
Frequency modulation lessens, or entirely eliminates, these compromises.
An
important characteristic of the F.M. receiver is that an increase in sensitivity
not only improves the response to weak signals but actually, in general, reduces
the noise level.
Hence considerable sensitivity is desirable from all points of
view.
Some degree of compromise between selectivity and adequate handling of the signal
band is still required in the F.M. receiver.
However it is a much easier job
to obtain adequate selectivity without band-cutting.
This advantage derives largely
from the fact that providing the desired signal is more than twice as strong as
the interfering signal at the detector (discriminator), interference cannot occur.
The reason for this will be fully explained later in the lesson.
However, if a
weak signal is tuned in on a receiver having too broad a selectivity curve, it
might be possible for a strong signal, operating on an adjacent channel, to take
control whenever the latters frequency gets within the band-pass of the tuned
circuits.
Even this possibility is remote because of the line-of-sight limitation
of the u.h.f, waves, coupled with the fact that it is the practice to assign
adjacent channels only to stations whose service areas do not overlap.
Nevertheless it is considered good design practice to attempt to obtain a fairly sharp cutoff in the receivers selectivity characteristic on either side of the pass-band of
150 K.C. per sec.
Let us now consider each section of an F.M. receiver, starting from the aerial and
working through to the F.M. detector.
The audio sections of the receiver, including
power-output stages and loud speakers will be deferred until the next lesson.
Here
we shall discuss the special problems which relate to each stage or section and which
arise from the use of an u.h.f. signal and the use of the new system of modulation.
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Many of the principles involved in'the operation of frequency converters and I.F.
amplifiers are, of course, identical with those to be found in A.M. receivers, and
are already well known to the student.
F.M. RECEIVER AERIALS.
In the past we have been accustomed to locating the receiver antenna anywhere it
would fit, and making it of any convenient length.
The lead-in has been simply
a single length of wire connected to one side of the input circuit, the other side
of the latter being earthed.,
Such a type of aerial may be more or less satisfactory
for F.M. work in certain localities where the signal field-strength is high, and
man-made static is low.
In general however, the tuned or resonant aerial connected
by a properly matched transmiàéion line should be used.
Actually the technique of F.M. antenna design and installation is practically
identical with that for Television work,
The lesson on "Antennas", in the Television
section of this course should, at this stage, be re-read.
THE R. F. AMPLIFIER STAGE.
The functions performed by the R.F. stage in an F.M. receiver are for the most part
similar to those in an A.M. type.
The more important of these are sTo increase the receivers sensitivity.
To reduce the signal-to-noise ratio.
To increase selectivity.
To keep r.f. signals at the I.F. frequency from entering
the I.F. stages.
To discriminate against the image frequency and to prevent
ildouble-spotting".
In the case of a F.M. receiver Nos. (3), (4) and (5) of these are relatively unimportant.
The r.f. tuned circuits, due to strong capacities and high r.f, losses
cannot be made very selective.
Again the I.F. frequency has been fixed at a value
10.7 megacycles - which will not be used for other transmissions - hence (4) above
is unimportant.
Again the high valve of I.F. chosen in relation to the width of
the F.M. band (88 to 108 m.o., i.e 20 m.o.) will render function (5) above unnecessary.
This leaves functions (1) and (2) as the important ones.
In the case of A.M.
reception these are quite separate functions.
In F.M. receivers, on the other hand
they are closely inter-related.
As stated early in this lesson anything which
increases the sensitivity before the limiter stage will improve the signal-to-noise
ratio in an F.M. receiver.
Since sensitivity is such an important factor in an
F.M. receiver, therefore, and because of the difficulty of obtaining a high stage
gain (on account of the high I.F. eungoyed
anything which adds to the over-all
amplification before detection is to be encouraged,
For this reason an R.F. stage
is almost invariably incorporated in an F.M. receiver ealthough seldom in an A.M. receiver.
The use of an R.F. stage improves the signal-to-noise ratio in another quite different
way.
The main source of random tube noise in any receiver - A.M. or F.M.*- is in
the converter.
This is particularly the case when operating at u.h.f.ts.
The use
of an R.F. stage, before the converter p .raises the signal level without amplifying .
the "noise from the latter tube, and thus the signal-to-noise ratio is improved by
a factor equal to the r.f. gain.
of the A.M. receiver.

The same action, of course,

occurs in the case
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Ordinary tubes with which we are familiar would be practically useless at frequencies
of about 100 m.c. per sec.
Special miniature tubes, having low inter-electrode
capacities and high mutual conductances - 3 or 4 times normal - have been developed
for F.M. receivers.
With such tubes an R.F. stage gain of 5 and greater can be
realised.
It might also be mentioned here that a voltage gain of a similar amount
may be obtained from the resonant dipole aerial.
Thus a total R.F. gain, before
the converter, of 25 and upwards is possible.
Such a gain, for the two reasons
given above, is of the greatest consequence.
THE CONVERTER STAGE.
The function of the converter stage is similar to that in A.M. receivers.
It is
required to convert the F.M. signal in the 88 - 108 m.c. band into the I.F. of 10.7
m.c,
It is of great importance to maintain this I.F. very close to the centre of
the bandpass of the I.F. transformers.
Hence the oscillator associated with the
converter must be made extremely stable to prevent frequency drift.
A typical converter stage is shown in schematic form in Fig. 2.
Many precautions not shown in Fig.2 are taken to prevent frequency drift.
These
include mechanical placement of the components, the size factor, and special design
.of the coils.
In addition temperature compensating condensers are used.
One of
these is shown near the 47 ohm resistor.
This resistor is placed very close to the
condenser in order to warm it up very rapidly to the maximum operating temperature.
Without this resistor the set might drift off the station before the temperature
inside the chassis rose high enough to affect the condenser.
STATION SELECTION AND TUNING.
Formerly, when the 42 - 50 m.c. per sec. band was in universal use in America for
F.M. it was common practice to tune over the band by the conventional ganged condenser
method.
With the advent of the higher 88 - 108 m.c. per sec. band this method is
hardly practicable.
At these frequencies the presence of small stray capacities
render accurate "tracking" extremely difficult.
The tendency now, therefore, is to
use a separate tuned circuit for each channel together with a selector switch.
The
technique is similar to that described for television receivers.
A fine-tuning
control is provided in order to adjust each signal accurately to the centre of the
I.F. channel.
CHOICE OF THE INTERMEDIATE FREQUENCY.
The choice of the I.F. for u.h.f. F.M. work is based on similar considerations to
those which must be taken account of when fixing a suitable I.F. for ordinary A.M.
reception.
It will be recalled that the use of the superheterodyne principle for reception
may involve a number of special types of interference which are peculiar to this
particular system.
The main types of such interference are :Cl)
Image interference - This is interference resulting from the fact that the
ridiate frequency (fi) will be produced in the mixer by any incoming signal
differing from-either above or below - the oscillator frequency (f o ) by an amount
equal to fi.
For this type of interference between two stations to occur their
frqguencies would therefore have to differ one from the other by twice the intermediate
T,FM & F.16 -

frequency (i.e. by 2ft ).
For example if two stations having frequencies fl and
f2 differing by 2fi
(f2 greater than
say), and the oscillator frequency (fo)
were set mid-way between these, then
both signals may be heard.
In
this case we have f2 - fo = fj and
470pmfdet,0
,2 0
1
fo
= fi; i.e. the I.F. (fi),
for which the receiver is designed,
6-K8
would be produced by either signal
From
fl or f2.
If the receiver's
Antenna

To
I.F.
sines

design is such that the oscillator
frequency (f o ) operates above the
desired signal frequency, than
fl would represent the desired
330 4
signal, and f2 would be an interfering undesired signal.
The
.05 mfd
02 mf
interference would represent
1
the "'image" of the signal freq_112mmtd.
— 20 mmfd.
uency f2.
If, on the other
_lei -4
hand the receiver were designed
5
to operate with oscillator
frequency (f o ) below the tuned
mfd
m
fd
signal, then.in'the case cited f2
600
would be the desired signal
and fl would produce the undesired image.
In either
Fig. 2.
A TYPICAL CONVERTER STAGE.
case it will be noted that
fi must be one-half the difference between the two interfering signals i.e
fi = 1/2 (f2 - f1).
Hence if the I.F. (fi) is more than one half the difference
between the highest and lowest frequencies in the particular band under consideration
image interference cannot occur.
(2) Interference due to harmonics of the oscillator beating with undesired signal
frequencies.
For example an undesired signal frequency differing from twice the
oscillator frequency (2nd harmonic) by an amount equal to the I.F. may give rise
to interference.
Putting this in symbols, any signal frequencies equal to
2f 0 ± fi,
3fb ± fi etc. could cause trouble.
(3)
Interference caused by two signal frequencies differing by an amount equal to
fi beating together in the mixer stage, and thus producing the intermediate frequency.
If fl and f2 denote two such signal frequencies then interference may occur if
fl =

i.

In F.M. work, as in A.M., interference types (1) and (3) above may be reduced, or
entirely eliminated, by incrPasing the frequency of the I.F. (fi).
It must be
remembered that the receiverlsr.f. tuned circuits are not adjusted to the undesired
signal, and hence tend to discriminate against it before the mixer is reached.
For
image interference we have fi = -à- (f2
fl ) and for interference type (3) fi = f2 - fl.
Hence in either case increasing fi will mean a greater frequency difference between
f2 and fl, with the result that the undesired signal may be more effectively
suppressed before frequency conversion.
Of course, the additional selectivity before
conversion obtained by the use of a tuned r.f. stage will, as in A.M. work, largely
remove interference of all three types.
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The frequency band assigned for F.M. transmission, as already stated, is 88 - 108 m.o.
A comparatively high value, viz. 10.7 m.c. has been chosen for the intermediate frequency channel.
This is more than one half of the total band width of 20 m.o., and
hence as explained under (1) above image interference cannot occur.

The oscillator, unlike broadcast A.M. operation, is worked below the signal frequency.
Hence the oscillator frequency will range from 88 - 10.7 = 77.3 m.c. to 108 - 10.7 =
97.3"mc.
Interference from oscillator harmonics can hardly occur, since the lowest
frequency harmonic (the second harmonic) would be 154.6 m.o., far above the frequency
to which the r.f. circuits would be tuned, viz. 88 m.c.
It will be noted that this
type of interference can hardly occur whenever the total width of the transmission
band is small compared with the carrier frequencies used.
In F.M. work this band
is 20 m.c, wide which is small compared with the lowest carrier frequency in the range,
i.e. 88 m.c.
THE INTERMEDIATE FREQUENCY STAGES.
The I.F. stages of an F.M. receiver perform the same functions as those in A.M. receiver
s, viz, they should :
(1)
Produce a considerable amount of amplification of the signal before detection
in order to raise the former to a level sufficient for efficient operation of the
detector stage.
(2)
Discriminate sufficiently against all but the desired signal to avoid interference,
while at the same time passing uniformly all the important side-bands of the modulated
I.F. frequency.

In an F.M. receiver it is most important that the I.F. amplifiers yield a high over-all
gain.
If the signal level is not sufficiently high at the Limiter stage (immediately
before the frequency detector) the advantages of noise suppression will be largely lost.
As we shall see the Limiter does not operate until the signal strength reaches a
certain minimum level at its input.
eblitude modulation, produced by Itnoisen
voltages and other interference will pass through and produce audio frequency voltages
in the final stages, thus resulting in noise in the output.
Thus we have a situation which is just the opposite to that to which we have been accustomed.
With A.M. the
noise (not the signal-to-noise ratio) increases with receiver gain.
With F.M., on
the other hand, a high degree of gain before detection will result in practically
noise-free reception under normal conditions.
For these reasons at least two stages of I.F. amplification are necessary.
Many
receivers use three stages.
Although some voltage gain is obtained from the
resonant dipole, and some from the r.f. stage, most of the amplification, before
detection, must be produced by the I.F. stages.
Working with an I.F. of 10.7 m.c.
(as compared with 455 K.C. in broadcast receivers) the gain per stage tends to be
low,
If we were to use the same type of valves as commonly met with in A.M. broadcast sets (e.g. 6U7) the over-all gain in the I.F. section would be quite inadequate,
even if using three stages.
To off-set the increased r.f. losses associated with
amplification at higher frequencies, valves having very high values of mutual conductance (at least 2 or 3 times normal) and low valves of inter-electrode capacities
are used.
From the point of view of g
ala the problems of the I.F. stages are similar
to those discussed for the same stages in a television receiver.
The r.f. pentode.
6AC7 (1852), having a Gm of 9,200U.A. / volt (discussed in the television section)
has proved very satisfactory for I.F. F.M. amplification.
The latest tendency is
to develop miniature type
tubes having large values of Gm.
One such tube is the
T.FM &F.16 - 6

6BA6., which is used for both r.f. and I.F.
amplification.
Typical tubes, and
their characteristics, for all stages of an F.M. receiver will be discussed in
a later lesson.
COMPARISON OF I.F. BAND-PASS REQUIREMENTS
FOR F.M. A.M, AND TELEVISION.
The band-width of a wide-band F.M. signal (deviation = 75 K.c per sec.) is taken
as 150 K.c. per sec.
This is very much wider than that for the ordinary A.M.
signal which is, as transmitted, certainly no wider than 20 K.c. per sec.
Actually the I.F. transformers of an average broadcast set pass a band of only about
10 K.c. per sec, or even less.
Thus we see that the I.F. stages of an F.M.
receiver must be designed to pass a band of frequencies 15 to 20 times as wide
as is required for A.M.
At the same time it should be realised that the bandwidth of an F.M. signal is not nearly as wide as that used in television.
Here
the picture I.F. amplifiers are required to pass a modulated signal having sidebands covering a range of anything up to 4 m.c, per sec.
Now we have seen in
the Television Lessons that it is possible to design I.F. stages, operating in
the vicinity of 10 m.c. per sec. to pass this very wide band.
The job, however,
usually requires the design of very complicated circuits for inter-stage coupling,
filter-circuit theory usually being resorted to.
By comparison, therefore, it
appears that it should not be very difficult to obtain a flat-topped I.F. curve,
operating at 10.7 m.c per sec. to cover a band of only 150 K.c per sec. as required
for F.M.
The I.F. transformers have the same general form as those to which we
are accustomed, i.e. they usually have both primary and secondary windings tuned.
Two common methods of obtaining the necessary band-pass are in use : (1) overcoupling the primary and secondary, which tends to give the double-peak effect,
and (2) use of damping resistors across the coils.
Both methods are generally
used concurrently.
A typical I.F. curve is shown in Fig. 3.
This gives the
output voltage of the last I.F. stage for different frequencies above (shown as
positive frequencies), and below, (shown as negative frequencies), the centre
carrier frequency.
Note the slight double-hump effect due to over-coupling.
A narrow-band A.M. signal is shown, for comparison purposes, on the graph.

In A.M. work the effect of too narrow a bandpass in the I.F. stages is to cut the higher
side-frequencies resulting in a loss in the
higher audio frequencies.
The result is a
loss of fidelity.
In an F.M. receiver, however, a somewhat
different action occurs.
When receiving
an F.M. signal the full band-width of the
channel is only used on the loudest sounds,
for only then the frequency of the r.f.
wave is deviated the full 75 K .c per sec
on either side.
Weaker sounds, irrespective of their audio frequency will result
in smaller deviations, and sidebands which
do not extend over the whole 150 K.c, per
sec. band.
Hence the effect of band-

Voltage at Li iter Grid.

EFFECT OF INADEQUARE BAND-PASS.

A.M. Signal.

-225-150-75 F+75 +150+ 225
Carrier Frequency K.C.
Figure 3.
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cutting will be to"clip-offn the loud peaks of the sound signal, causing distortion.
The effect would be somewhat similar to that occurring in the reception of an A.M.
signal when using an overloaded valve.
PRACTICAL I. F, CIRCUITS.
Partial schematics of two commercial I.F. amplifiers are shown in Figs Lk& 5.

6AC7
6A07

6AC7

6SK7

Figure 5.

Figure 4.
THE LIMITER STAGE.

So far we have been,,discussing circuits which have almost exact counterparts in A.M.
receivers.
The limiter is the first radical departure from conventional practice.
Most of us have learned from experience that an overloaded amplifier is a prolific
source of distortion in A.M. receivers.
This is quite natural, since our object
in the A.M. receiver is to provide an exact replica of all amplitude changes of the
carrier, and anything which tends to.fuppress these changes will distort the signal.
This distortion does not affect the final result in F.M. work, provided it occurs
before detection.
Its only effect will be to cause harmonics of the I.F. signal.
Since the lowest of these harmonic frequencies (i.e. the second harmonic) will be
double the I.F., a tuned circuit (or low-pass filter) may be used in the plate
circuit of the limiter to remove them.
The limiter is simply an amplifier which is normally operated in a completely overloaded condition.
Now the output of an F.M. receiver is supposed to depend upon
frequency deviations or changes only.
Any changes in the amplitude of the r.f.
(or I.F.) voltage reaching the discriminator detector will yield changes in the
A.F. output.
Such changes we have seen, are due to interfering "noise" or possibly
an undesired carrier heterodyning with the desired signal.
The limiter, since
it operates in a very overloaded condition, has a constant output, provided that the
amplitude changes due to interference are not too great.
The simplest type of limiter is a valve having a sharp cut-off (e.g. 637, 607, 6S37)
operated with low values of screen and plate voltage and a fixed bias.
The plate
characteristic of such an amplifier is shown in Fig. 6 . At "A" we have a very
weak I.F. voltage at the limiter grid.
.This signal is amplitude modulated due to
noise.
Note that operation is entirely upon the straight Part of the characteristic
and the plate current output is a replica of the input.
No limiting action occurs,
and the undesired amplitude modulation remains.
With such operation the full noise
T.FM &F 16 -8

Bias Level
(Fixed)
Saturation.

Constant amplitude
signal Frequenn
modulated.

Plate
...4e-current.

Cut-off
Grid

Amplitude modulation
partially suppressed.

Voltage. -1••

Signal
Voltage.

-3
a

A.

Signal too weak - no
B.
Stroner-S±ghal
C. Adecivato signal. Limiter
limiter action.
Partial Limiter Action,
action complete.
Figure 6 - showing plate characteristic of lEiter valve and limiter
action on three signals of different strengths at limiter grid.
suppression characteristics of F.M. would not be realised.
At "B" we have a somewhat stronger signal (due, for example, to more r.f. and I.F. amplification in the
receiver).
On the larger positive peaks of the r.f. voltage, plate current saturation is reached.
Similarly on the larger negative r.f. peaks plate current cutoff occurs.
The result is that portions of these larger peaks will be lopped off,
resulting in some amplitude limitation.
The smaller r.f. peaks, however, are not
sufficiently large either to cause saturation or cut-off.
The output from the
limiter stage therefore contains some amplitude modulation, and reception will not
be as quiet as it should be.
At "C" the signal on the limiter grid is of sufficient
amplitude to cause plate current saturation and cut-off for all cycles of the r.f.
The result is an output current of constant amplitude.
All amplitude modulation
due to noise has been suppressed.
Note carefully that any frequency variations due to modulation in the input signal
will appear unaltered in the limiterts output.
These frequency variations represent,
remember, the desired audio signal, which is "recovered" from the modulated wave by
the discriminator.
The output from the limiter (Fig. 6 (c)) has the r.f. cycles flat-topped.
This
amounts to severe distortion of the r.f., but as remarked earlier the only effect
is to generate harmonics of the r.f. (actually the I.F),
These harmonics can be
easily removed by a tuned circuit.
Hence the signal passed to the discriminator
will be a pure sine wave of constant amplitude and varying arOund the I,F. centre
frequency with the frequency modulation.
The importance of having sufficient r.f. and. I.F. amplification in order to bring '
the weakest signal to be received up to a level necessary to ensure complete limiter
action, should now be obvious.
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PRACTICAL LIMITER CIRCUITS.
Although the plate-current saturation
method was used to explain limiter
action, the more usual type of limiter
is that depending on what is known as
grid limiting.
This is simply a sharpcut-off tube operating with the gridleak type of bias.
Screen and plate
voltages are usually lower than normal
in order to reduce the negative grid
voltage required for cut-off, and to
avoid excessive plate current when no
signal is being received.

Limiter

I.F. Transformer
Secondary.

\
i
j
/
r

To Discriminator.

4/

A.G.C. X

C
l

B+

R

Figure 7.
A circuit diagram of a grid limiting
stage is shown in Fig. 7.
The grid leak and condenser are "R" and "C" respectively.
L1 C1 is a circuit tuned to 10.7 M.c, (the I.F.).
This has a high impedance to the
I.F. and passes it on to the discriminator.
To the higher frequency harmonics,
produced by the limiter distorting the individual r.f. cycles, however, it acts as
a short-circuit.
In this way such harmonic frequencies are eliminated.
The grid action of this circuit is very similar to that of a grid-leak detector,
with which the student is already familiar.
Briefly, the grid bias potential is
initially zero.
On the arrival of the first positive peak of the I.F. signal the
grid is momenterily driven positive, and grid current flows, charging the condenser
"C" (lefte.hand plate negative).
After several cycles "C" is changed to a. value
almost equal to the amplitude of the r.f. signal.
This value then represents the
negative bias developed, as shown in Fig. 8.
The resistor "R" allows the charge
to leak off only slowly
but sufficiently quickly to allow the average grid
bias to change with any
amplitude variations of
the r.f. signal.
The
net effect, as will be observed from the diagram is
that the positive peaks of
t—iel,
the signal voltage are
Plate
e:Current.
held practically at a con-

[1

1

stant level (a little
0
positive in respect to the
cathode).
The changes in
amplitude of the negative
peaks are doubled as a
result.
But the plate and
screen voltages are such
that these negative peaks
all fall below the cut-off
voltage.
The plate current
will therefore be as shown
in Fig. 8.
All (or
practically all) amplitude
modulation has been suppressed.
Frequency modulation will
remain.

eq"

(

Signal as .
applied to
grid of
limiter.
C.

AveragL grid voltage.
Figure 8.
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For limiting action to be complete, as shown in Fig. 6C, it will be necessary, of
course, to raise the signal strength to a certain minimum value before it arrives
at the limiter grid.
EFFECT OF LIMITER ON GAIN.
On account of the low values of screen voltage required for proper limiting action,
the limiter stage rarely produces any appreciable gain;
in fact there is often a
loss of signal strength involved.
Some engineers strongly advocate the use of two
limiters in cascade, as this improves the overall amplitude limiting action, especially
on "transients" i.e. large amplitude pulses of very short duration.
In this case
a total gain of about 3 to 5 may be realised.
Of course with the development of
improved tubes for this particular job greater gains may eventually be possible.
AUTOMATIC GAIN CONTROL,
Automatic gain control, equivalent to A.V.C. in an A.M. receiver, is usually incorporated in an F.M. set.
The conditions in the two types of receivers, however,
are quite different.
It must be remembered that the signal strength obtained from
the I.F. section of an F.M. receiver and applied to the frequency discriminator is
determined solely by the threshold level of the limiter's output - providing of
course we consider only signals which operate the limiter normally.
Any variation
in the gain of the receiver before the limiter will not affect the output volume,
provided that such gain is not reduced so far as to reduce the signal strength at
the limiter grid below the threshold level.
What then is the reason for using automatic gain control ?
The reason is to prevent
overloading of the I.F. valves on very strong signals.
Such overloading, of course,
would not cause distortion in the same way as in an A.M. receiver, since the effect
is simply one of amplitude limitation, which does not affect the frequency modulation,
However if a strong signal carries the grids of the I.F. valves positive on the
positive peaks, grid current would flow.
This means that the input circuits of the
valves would act like a comparatively low resistance.
Such a resistance effect would
appear as a small shunt resistance across the previous tuned circuit.
This would
cause additional damping of that circuit, resulting in a broadening of its frequency
characteristic on strong signals.
The grid type limiter is particularly suitable for A.G.C.
Referring back to Fig. 7
the grid circuit of the limiter really acts like a diode detector, "R" acting as
the diode load.
The average voltage (negative) at the point X will increase with
signal amplitude.
This voltage is applied back to the I.F. valves , grid as in
conventional practice.
DETECTION OF F.M. SIGNALS.
We now consider the problem of converting frequency changes back to amplitude changes
so that they may operate the speaker.
THE DISCRIMINATOR
An F.M. "detector" which has proved very satisfactory is that known as the Discriminator (for it is capable of discriminating between frequency variations).
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A typical circuit is shown in Fig. 9.
The input transformer (o which the signal
is applied from the limiter) is
the same as the other I.F. transTransformer.
A
formers except that its second»
ary has a centre top.
A pair
of diodes are used, these
From
usually being contained in the Limit
same tube.
-er
Plate
-p
The signal voltage is applied
o
from the primary of the transformer to the secondary in two
separate ways:
in addition •
to the usual electro-magnetic
coupling between the coils there
is the coupling to the centre
Figure 9
tap via the condenser "C".
The reactance of the latter condenser is very small at 10.7 M.c, and hence there is
practically no voltage drop across it.
It thus appears that the r.f. voltage
applied to each diode plate may be regarded as the net result of two separate voltages transferred from Lp to Ls (Fig. 9).
In order to understand the cperation of
the discriminator we must consider the effect of each of these secondary voltages
on each of the diode plates.
The tuned circuit Ls Cs is adjusted to resonance with the centre frequency of the
carrier, viz. 10.7 M.c.
At this point we must digress a little to explain the
phase relationships and impedance effects which exist in a series tuned circuit at
and near resonance.
Consider Fig. 10A where we have an inductance, capacity and
small resistance, together with a source of small A.C. voltage, in series.
In the
lesson on "Transmitters" it was explained hou r in a series circuit, the reactances
and resistances may be represented by vectors in order to obtain the total impedance.
It was pointed out there that an inductive reactance vector is shown lagging the
resistive vector by 90 0 , while a capacitive vector is shown leading the resistive
vector by 90 ° .
The lengths of the vectors are in all cases, of course, proportional
to the reactances or resistances.

Xe
EL
Ee

R

Z

(XL-x c
XL

At Resonance.

Applied Frequency
• Applied Freq.
Above Resonant Freq. Below Resonant
Freq.
"D"

Figure 10.
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At B in Fig. 10 the vector diagram for the resonant condition is shown.
At
resonance Xe= XL , and since these two vectors are 180° out-of..phase(exactly opposing)
they will cancel.
This leaves R as the only impedance in the circuit, i. e. Z = Ry
and the circuit is purely resistive.
Current and applied voltage will be in phase.
Also, since R is normally small compared with Xe or XL , the "circulating" current
flowing will be large.
•
Suppose now that the frequency of the generator in Fig. 10A is increased above the
resonant frequency XL .=2MrfL will be greater than before.
Xe .=
1
on the
2/Yfe
hand, will be reduced in value.
The new vector diagram is at C. (Fig. 10).
XL and Xe are still 180 ° out-of-phase, but they are no longer equal.
Their vector
sum is now (XL - Xe ) in the direction of the larger, XL .
In other words the circuit
now shows an inductive, as well as a resistive effect.
The resultant Z lags on R by
an angle less than 90 ° .
This means that the current will lag the voltage by the same
angle.
Again suppose that the frequency of the generator is reduced below resonance.
Xe will now be greater than XL .
The resultant of XL, X(ii and Re viz. Z, now lead R by
5n angle loas th.r, ne.

'ea circuit it? cepaolttvo, and L2,0906 3»

000 Fig#100

aow let us consider tnu pffâtseg Ibetiation8h1p between
ccrosn
components of the circuit and the current at resonance, above resonancr •
below
resonance.
There is only one current, I, in the circuit of Fig. 10 A, but we may
consider a number of voltages.
We shall renresent the applied voltage by Ea , the
voltage drop across L by EL, and that across C by Ee (see Figura 11 A).
consider the voltage drop across L.
The current through L must lag the voltage
ccross it by 90 ° , (bince it possesses inductive reactance only).
In other words
th 3 volt-ge drop across L must lead the current by 90 ° .
Now the current through L
is -elk.
al circuit current represented by I in Fig. 11 A.
Therefore the voltage
drop across L (EL) will lead I by 90 ° , as shown at A.
By a similar argument te
voltage drop across C (E a ) will lag I by 90 . Note that both EL and Ee are 90 out
of phase with the applied voltage Ea .
Care should be taken at this point not to
confuse the vector diagrams for impedances (Fig. 10) and voltages and current (Fig.11).
Now

Above resonance the current (I) lags Ea by some angle, as was shown in connection with
Fig. 10 C.
This phase relationship between Ea and I is now shown at Fig. 11 B.
The

EL

A.

At Resonance.

B. Frequency Above Resonance,
Figure 11.

C.Frequency Below
Resonance,
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•

voltage across L must still mad I y' %O•
Similarly the voltage across o must
still LIE I by 90 ° .
These vectors are also shown at Fig. 11 B.
Note now that
EL leads Ea by an angle less than 90 ° , and Ec lags Ea by an angle greater than

The case for the frequency, below resonance is shown at 0, Fig. U.
Here I leads
Ea by an angle less than 90 ° (circuit capacitive).
EL and Ea respectively lead
and lag I by angles equal to 90 ° .
Note that both voltages, across L and C may be much larger than the applied voltage
(E a ).
This explains how a series tuned circuit can produce a voltage magnification
or gain.
Note also, the all-important point that the phase angles of EL and Ea
depend upon the amount by which the applied frequency differs from the resonant
frequency, when the applied frequency is above the resonant frequency of the circuit,
the phases of EL and Ec are retarded;
conversely when the applied frequency falls
below the resonant frequency these vectors are advanced in phase, the size of the
phase angles again depending upon the extent of the frequency deviation.
ACTION OF THE DISCRIMINATOR AT RESONANCE.
We shall now return to the circuit of Fig. 9.
Lot us first of all consider the
primary voltage (E n ) applied through the condenser C to the centre tap of the secondary.
Due to this coupling Ep will appear on each diode plate.
This may be seen by referring to Fig. 12 where we have replaced the diodes by vacuum tube voltmeters.
At the
same time we have imagined that the primary of the transformer has been moved away
from the secondary so that no magnetic coupling exists between then.
Under these
conditions the only transfer of primary voltage (
ED ) will be via condenser C.
The
reason why the full value of Ep appears at X and r, (Fig. 12) is that there is no
flow of A.C. current through Ls , because vacuum tube voltmeters act as open circuits.
As a result there will be no A.C. voltage drop across each half of Ls .
In the
actual circuit (Fig. 9) the resistors R1 and R2 are very large compared with the
reactance of each half of Ls and the r.f, current between the centre tap of Ls and
earth (via condenser Ob) will be negligible.
Hence practically the full value of
E will be applied to each diode plate.
Note also, that this transfer of Ep to each
diode occurs without change in phase, since negligible current flows.
The important point here is that ED , which is applied through C to the centre tap is
measured with respect to earth, ana therefore has no tendency to cause a circulating
current to flow around the tuned circuit Ls Cs .
In addition to the primary voltage
transfer via condenser Ce there is, of course, a transfer on account of the induced
voltage (Et) in the secondary.
This induced voltage (Ei) will normally be only a

EP

Figure 12.
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small fraction of the total primary voltage (E D ), since the coupling between primary
and secondary is loose.
Although small, however, Ei will at, or near, resonance
cause quite a large current to flow around the tuned circuit Ls Cs , and this current
will in turn develop a voltage drop (r.f.) across the coil which may be many times
as large as Ej.
Hence on each diode plate we may imagine that the total r. f.
\voltage is the vector sum of 2 voltages - one due to condenser Cy the other due to
the normal transformer action.
DISCRIMINATOF ACTION WHEN SIGNAL IS AT CENTRE FREQUENCY.
First consider the case when the incoming wave is modulated, i.e. the I.F. frequency
is at its centre value to which the secondary circuit of the transformer is tuned.
We shall start from the current flowing in the primacy coil of the transformer (1 2 ).
The voltage across this coil (Er) will lead Ip by 90.
This phase relationship is
shown in Fig. 13 in both sine-wave and vector form.
Now ip in the transformer
primary will induce a comparatively small voltage (Ei) in the secondary, such that
the induced voltage pi lags the primary current (I I) ) causing it.
(Note: in a previous
lesson we explained how an induced voltage lags the current causing it.
At that
stage we were considering the voltage induced in a coil by a current flowing in the
same coil.
;Here we are considering a voltage induced in a secondary coil by a
current flowing in the primary.
The result will be the same, however, since the
same magnetic field produces both induced e.m.fts).
The induced voltage Ei in the
secondary is shown lagging Ip in Fig. 13.
This induced voltage Ej. in Ls (Fig. 9)
may be considered as a small generator placed in series with Ls and Cs as shown in
Fig. 14.
Since a resonant condition exists a comparatively large current (I s ) will
be set up, circulating around the tuned circuit, which, at resonance acts like a
pure resistance.
Hence Is will be in phase with Ei.
(Refer back to Fig. 11, if
necessary).
Is is also shown in sine-wave and vector form in Fig. 13.
Now this
current, flowing through Ls will cause a voltage drop (r.f.), Es across Ls, the voltage across the coil leading the current by 90 ° (this was explained in connection with
Fig. 11).
Es leading Is by 90 ° and therefore lagging Ep by 90 ° is also included in
Fig. 13.
The student should be careful to distinguish between the small voltage
induced from the primary (Ei) into the secondary, and the much larger voltage drop
(E s ) developed across the latter by the resonant current (I s).
.(See Fig. 14).
Now the voltage Es across the secondary is applied to the diode plates, together with
ED , which was transferred, without change in magnitude or phase via the condenser C
ol" Fig. 9.
Each diode plate, however, only receives one half of Es , because of the
centre-tapping
if we were measuring
of the the
coil.
voltage
The at
phase
the upper
of Es end
shown
of in
the
Fig.
secondary
13 was that
in respect
which exists
to the
Es
EP

Is

EP

E.
>

Ei
Is

Es

Is
Es
Figure 13

Figure 14.
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primary.
This is so because the primary voltage (E r ) as represented in the diagram
was assumed to be measured from its upper end, in respect to its lower.
Now if we
viewed the voltage at the upper end of the secondary with respect to its centre...taP
(call it Es1), this voltage will be only half of Es , but will be in phase with Es;
i.e Esl = kE5.
This (Es1) is the voltage applied to the plate of the upper diode,
together with the voltage Ep.
Considering now the lower diode, in addition to ED
we have the voltage developed across the lower half of the secondary (Fig. 9) applied
to it.
Call this latter voltage E52.
E52 will also be one half of the total Es ,
and it will be 180 ° out of phase with E51 or Es .
The reason for this is that we are
now measuring the voltage from the lower end of the secondary with respect to the
centre tap, whereas E51 was measured from the upper end.
(Remember that when the
voltagè at one end of a coil is going, say, positive, with respect to the centre tap,
thatethe other end of it is going negative,(i.e. the voltages at the two ends are 180 °
out of phase).
Figure 15 shows the two voltages on the two diode plates; Ep and Esi in the case of the
1451.
5er diode, and E and Es2 in the case of the lower diode.
These are added
P
vectorley as shown in Fig. 15.
Note that the resultant voltages on the two diodes
are equal in amplitude.
These voltages on the diode plates, remember, are alternating r.f. voltages.
Each
diode will rectify the voltage applied to it in the usual wa,y.
The rectified currents
of the two diodes will flow in opposite directions through the respective load resistors Ri and R2 of Fig. 9.
These rectified currents will be equal, since the r.f
voltages on the two diode plates are equal and the-resistors Ri and R2 are equal.
Therefore the voltages developed across R1 and R2
will be equal and opposite, and the total voltage
measured between A and B (Fig. 9) will be zero.
Total Voltage on Upper
This is the discriminator's output when the
Diode Plate,
E
carrier frequency is at it centre value.
E Ip
DISCRIMINA
R ACTION WHEN SIGNAL IS ABOVE
CENTRE FREQUENCY.
Consider now what happens where, due to modulation, the carrier (and therefore the I.F.)
frequency rises above its centre vale.
Ip p
ED , and Ei will have the same phase relationships as before, and as shown in Hg. 13.
The secondary current, however will no longer
be in phase with the induced voltage Ei causing it, because the series tuned circuit Ls ,
Cs of Fig. 9 now is no longer at resonance.
Since the frequency is above resonance this
circuit now presents an inductive reactance
to the current, as was explained in connection with Fig. 10 earlier.
As a result the
secondary current (I s) will lag the voltage
Ei by some angle (see also Fig. 11).
The
angle of lag will depend upon how much off
resonance is the frequency, i.e. upon the
frequency deviation due to modulation.

Te--ES1

EP

E

EP

ES2
Total Voltage on
f:--- Lower Diode Plate.

ES2

Voltage at

k

E
-1-.
P74 eoltage at Upper

Lower Diode.---Y>\
ES2

Ls

\J

/4tr---- Diede.
st
ES1

Figure 15
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The vector diagram of Fig. 16
\
shows the new conditions.
EP
Here Is is lagging Ei by
Resultant i.f. I
Es2
voltage at lower -1->\
about 45 ° .
The voltage
Diode.
E
across the secondary (E s)
will still lead the current
through it (I s ) by 90 0 , as
shown.
This diagram should
be compared with that of Fig.
90 o
13.
The voltage across the
Resultant i.f, voltupper-half of the secondary
E51
age at upper Diode.
(E 51) is still in phase with
the total voltage (E s ) across
it, and the voltage across
the lower half Es2 (shown
dotted in Fig. 16) is 180 °
out of phase with Es as
Fig. 16.
Es
Fig. 17.
before.
The separate
voltages at the upper diode (Ep and E51) and at the lower diode (
ED and E52) together
Note now
with their resultants are shown on the combined vector diagram of Pig. 17.
that the resultant r.f. voltage at the lower diode plate is greater than that at the
upper diode plate.
Consequently, the rectified D.C. current through resistor R2 will
be greater than that through R1 (Fig. 9).
This means that the voltage drop across R2
will be greater than that across R1, and therefore the total voltage across the output (111 + R2), which is the difference between these, will no longer be zero.
Point
A in Fig. 9 will be more negative than point B.
Since point A usually connects to the
grid of the first audio tube, we may say that the output is negative in this case.
It should be noted, at this stage, that the value of the output voltage will depend
upon the amount of frequency deviation of the signal.
A bigger deviation from the
resonant frequency than that considered will result in a greater lag in Is compared
with Ei in Fig. 16.
This will increase further the resultant r.f. voltage on the
second diode plate, and reduce that on the first diode plate.
The net output (reot‘:
ified) voltage will thus be larger.
DISCRIMINATOR ACTION WHEN SIGNAL IS BELOW CENTRE FREQUENCY.
When, due to modulation the I.F. frequency falls below the resonant point e the discriminator's tuned circuit will become capacitive.
(Refer back to Fig. 10D).
As a
result the secondary current (I s ) will lead the induced voltage causing it, with a
consequent readjustment to the phase of the vectors Es , _
nsi, and E52, as shown in
Fig. 18.
The resultant r.f. voltages on the diode plates are now as represented in
Fig. 19.
The upper diode will now deliver the larger rectified current, i.e. the
current through R1 will be larger than that through R2, and point A will become
positive with rdspect to B (Fig. 9).
Thus we see that as the frequency swings above and below the centre value, due to
modulation, the discriminator develops en alternating voltage across its load.
The
frequency of this output voltage will be identical with that of the rate of frequency
swing, i.e it will be the audio frequency.
A typical discriminator characteristic, showing how the output voltage will vary with
frequency deviations, above and below the centre frequency, is shown in Fig. 20.
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Figure 20.

HOW THE DISCRIMINATOR WILL RESPOND TO AMPLITUDE VARIATIONS.
The output voltage of the discriminator is really the difference between the rectified
voltage outputs of the diodes - these latter voltages being developed across the
resistors R1 and R2 of Fig. 9.
When the carrier (I.F.) is at the centre frequency
of the discriminator tuned circuit the r.f. voltages on the diode plates are equal,
and consequently the rectified (D.C.) voltages across Ri and I
l
t2 are equal.
Under
these conditions the total output developed across Ri + R2 must be zero, irrespective
of the carrier amplitude.
Hence variations in r.f. amplitude (due to noise) occurring
when the carrier is at its centre frequency cannot cause variations in discriminator
output.
But under actual conditions of reception the carrier frequency is at the
centre frequency for only a very small fraction of the total time.
Amplitude modulation occurring where the carrier is deviated from its centre value will result in
changes in the discriminator output.
For this reason we have stated that it is
necessary to precede the discriminator stage by one or more stages of amplitude limiting, otherwise the receiver will display very little, if any, superiority over the
conventional type from the point of view of noise suppression.
To see how variations in amplitude of the I.F. carrier affect the output consider the
following example.
Suppose that the undeviated carrier results in a d.c. voltage
of 10V across each diode load.
The total output will be zero since these voltages
are equal and opposite.
Then if the carrier deviates in such a way that the r.f.
voltage applied to the first diode increases, and that applied to the second diode
decreases, the rectified voltage across the first diode resistor may increase to 15V
while that across the other resistor decreases to 5V.
The output will now be
15V - 5V = 10V.
Now take another case.
Suppose the carrier becomes stronger, so that under zerodeviation conditions the voltage across each diode load resistor is 20V.
The same
frequency deviation as in the first case will increase the first diode's output to
30V and decrease that of the second diode to 10V.
The net output will now be
30V - 10V = 20V.
Thus an increase of carrier amplitude will double the discriminator
output for the same frequency deviation.
In-other words the discriminator is
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sensitive to amplitude changes as well as to frequency changes.
If an F.M. detector
could be made unresponsive to amplitude changes the full benefits of F.M. could be
obtained without the necessity for limiting and the large amount of r.f. and i.f. gain
required for normal limiter action.
THE RATIO DETECTOR
This is a practical detector having the desired characteristics mentioned above.
It
is based on the idea of having the detectores output voltage proportional only to the
ratio of the two r.f. voltages applied to the separate diodes, and not to the difference
of these voltages as in the conventional discriminator.
The separate r.f. voltages
applied to the diodes are developed from the F.M. carrier as was explained in connection with Figs. 15, 16, 17, 18 and 19 earlier in the lesson.
A little thought will
show that if the carrier amplitude is changed all the voltages represented by the
vectors of these diagrams will change in the see Dr2p2tIlzu
Hence the ratio S]./S2
(say) cf the r.f voltages on the diodes will remain constant with changes in carrier
alnplitude.;;c4hilnge».1p.,carrier
.
freueqcy. (due to F.M), however, will alter the ratio
Sl/S2.
In the examples quoted above this ratio increased from 1/1 with no frequency
deviatim to 3/1 with frequency deviation in one direction.
Note that the ratio was
the same in the two examples - 15/5 in the first case, and 30/10 in the second although the differing amplitudes gave rise to an output signal twice as large in the
cecond ease as in the fire;
me principles underlYing -the- -opéi'atiA- Of the Ratio Detector may best bc explained by
reference to the simple "
,
equivalent" circuit of Fig. 21.
The battery of total voltage.
E, is connected directly across the diodes (which are in series with each other) as
shown.
This battery of constant e.m.f. (E) and negligible
internal resistance will
thus maintain the total D.C. voltage across the two diodes at the constant value E.
Note further that in the absence of an r.f. Signal the diodes will not conduct, since
the polarity of the battery is such that the diode plates have a negative bias (in
respect to their cathodes).
Thus when the battery is connected the equal condensers
Oland C2 will charge up, one half of E appearing across Di, and the other half across
D2.
In other words, the voltages El and E2, as measured by D.C. voltmeters, will be
such that El = E2 = fE.
The output is taken between A and Be where B is the centre
tap of the battery.
Then since El = E2, the
P.D between A and B will be zero.
Now suppose an r.f. signal comes in.
Actually the separate r.f. voltages for
the two diodes are obtained by the same
type of phase-changing circuit as was
described for the discriminator. In Flg..21,
however, for simplicity, these separate
r.f. voltages (Si and S2) are shown applied to the diodes by means of separate
transformers.
If the carrier is at its
centre frequency S1 equals 82 1 and if
these are of sufficient amplitude to overcome the negative bias on the diodes the
latter will conduct equally.
Now the diodes are so connected that the
rectified D.C. current of each diode flowà

"Equivalent" Circuit of the Ratio
Detector.
Figure 21.
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through the other diode, and will be measured by the ammeter
I.
The output voltage, measured between A and B, however,
will remain at zero.
This point may be better realised by
referring to Fig. 22 where each diode may be represented (as
far as D.C. rectified current is concerned) by an equivalent
D.C. voltage source (V 1 or V2) in series with a resistor
(R1 or R2) representing the internal impedance of the tube.
The P.D. between A and B must be zero, providing V1 = V2 and
R/ = R2.
If now the r.f. signals S1 and S2 are both increased, but
remain equal, the rectified current measured by I (Fig. 21)
will increase, but the potential at A remains unchanged, and
the P.D. between A and B remains zero.
Refer again to Fig.
22.
If V1 and V2 both inorease (but V1 = V2 still) the
potential at A will not alter.

Y
Figure 22.

Suppose now that, due to frequency deviation of the I.F. the r.f. voltage (S i) applied
to diode t increases and that (S2) applied to diode 2 decreases - say S1/S2 becomes
equal to 2/1.
Diode I will tend to conduct more vigorously and the condenser Cy
(really an r.f. by-pass condenser) will charge more fully.
That is El (Fig. 21) will
increase.
But since El + E2 must remain constant (equal to the fixed battery voltage
E), El can only increase if E2 decreases.
The reduction in r.f. voltage applied to
D2 will, of course, in this case, also tend to reduce the D.C. voltage(E)
2
across 02.
The result will be that the ratio E1/2 increases to 2/1, i.e. S1/S2 = 2
The voltage at A will now be more positive than it was before, since El has increased,
and therefore there will be an output voltage between poitts.A and B.
Let us now consider an amplitude change of the applied signal.
If both Sl and S2
increase in the same ratio due to an amplitude increase of the I.F. signal) both
diodes will conduct more heavily, and there will be a tendency for the charges on the
condensers C1 and C2 to increase.
But since the total voltage El + E2 across these
condensers must remain constant at the battery voltage, both El and E2 cannot increase.
The result will be that providing the yatio Sl/S2 remains unaltered (= 2/1) the
voltages El and E2 will not change, and the ratio Ele will remain equal to 2/1.
Thus amplitude changes will have no effect on the output.
To see how really efficient is the ratio detector in suppressing amplitude changes,
let us take an extreme case.
Suppose at the instant when the signal deviation is
such that 81/S2 = Ele = 2/1 the r.f. wave is suddenly and momentarily reduced to
zero (due for example to 100% amplitude modulation caused by impulse interference).
when this occurs the diodes will suddenly become non-conducting due to the negative
bias provided by the battery, and the absence of r.f. voltage.
The voltage at
A will remain at the value it had immediately prior to the cutting off of the
wave.
The reason for this is that the potential at A cannot now change, becau$n
this point is entirely isolated from the rest of the circuit by the nonleonductitUg
dielectric of Cl , C2 and the cut-off diodes (see Fig. 21).
Hence while the r.f.
signal is zero electric charge cannot leave or approach the point A.
This means that
although the r.f. wave drops to zero the output remains unchanged.
Fig. 23 shows
oscillograph pictures of the audio outputs of A, a discriminator and B, a ratio detector
when the signal is momentarily cut-off at points 1, 2 and 3.
The effect, in the case
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of the Ratio Detector, is even less, on the
ear than the visual representation.
We have thus seen that the audio output taken
from point A (Fig. 21) depends upon the variation in the ratio El/E2 and this ratio depends
only upon the ratio of Si/S2 and not on the
absolute values of Si and S2.
In the
extreme case, for maximum deviation in one
direction, El would become equal to E and
E2 would be zero.
For maximum deviation
in the other direction E2 would become
equal to E, while El would reduce to zero.
Thus the maximum in amplitude of the audio
voltage output, (measured in respect to
the centre tap of the battery) would be
1/2 E, no matter how great the frequency
deviation.

Audio Voltage.
2

Discriminator Output.

Audio Voltage.

Ratio Detector Outpd.

Now the circuit of Fig. 21 is not a very
FIGURE 23 showing effects of momentary
practicable one .To provide sufficient
100. Amplitude Modulation on Audio
output audio voltage the value of E would
Outputs of Discriminator and RAU
have to be fairly large (since it determines
--Detector.
the maximum output available).
This would mean, however, that weaker signals could
not be received at all, because the r.f, diode voltages must overcome the negative
bias provided by this battery before they can conduct.
What we require is a source of voltage E which changes automatically with the average
carrier level of the signal received, but one which does not vary with audio frequency
fluctuations.
This is achieved in the practical circuit of Fig. 24.
Here the
battery is replaced by a resistor R bypassed by a condenser CB.
R carries the D.C.
rectified current of the diodes, which develops a voltage across it with polarity as
shown, and having a value depending upon the strength of the signal received.
The
voltage across R remains constant for all variations occurring at audio frequency, as
a result of the smoothing or filtering action of CB
which is a large value
electrolytic condenser.
The output is taken from the point A, measured in respect
to the cathode of the lower diode.
R2 is a volume control potentiometer of such
large resistance that it does not upset the normal operation of the circuit as
previously described.
In this circuit the audio voltage will not have an average
value of zero, but will vary about a negative level equal to i the voltage across R.
This of course is immaterial
p

The output is thus really the output of the lower diode.
If the volume control
were connected across the upper diode the net result would be very little different
because the audio frequency changes in voltage across the two diodes are equal, although opposite in polarity.
The steady voltage across R, which readjusts itself
with changes in average
signal level is also used, as shown, for A.V.C.
The ratio detector is, as the student will agree, a most ingenious circuit, and will.
probably render the limiter-discriminator combination obsolete.
Despite its obvious
advantages, however, it suffers from several disadvantages as compared with the discriminator,
The relative merits and de-merits of the two detector units will be
compared in detail in the discussion on typical receiver construction incorporated in
the lesson which follows.
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HOW INTERFERENCE R.F. (NOISE)
.
VOLTAGES AFFECT THE F.M. DETECTOR.
The explanation of the effect of
interfering signals in F.M.
detectors, presented in the remainder
of this lesson, cannot, unfortunate.
ly, be presented in simple words but
requires a somewhat mathematical
treatment illustrated by vector diagrams.
If you are able to understand clearly the application of
vectors, you should not find much
difficulty in understanding the
following pages, especially if you
study them over several times.
If
you make several attempts and feel
that you cannot fully understand
the remainder of this lesson, do
not worry as it is not of extreme
importance.
It simply provides24.
Figure
proof of the fact that interference is far less severe with F.M. than with A.M.
In any case commence studying the following pages with particular care and thoroughness
and you will probably find that you understand them quite well.
If not, them simply
continue with the next lesson.
We have earlier in these lessons explained how noise

or interference in a radio
receiver is due to 'a whole series of r.f voltages which "beat" with the carrier and
modulate it to produce an audio voltage after detection.
It was pointed out how
such an interfering voltage caused both amplitude and a certain amount of phase, and
consequently frequency modulation.
We now take up this subject again to show just
effective the F.M. systeml5jmunity from noise can be.

_onsider an incoming carrier or frequency fe and voltage amplitude Ve , to t,zalr
dn interference voltage (r.f.) of frequency fi and amplitude V.
These two voltage
will "beat" (or heterodyne) together, causing a modulation of the carrier at a
frequency which ecrials their difference (fi - fc) (suppose fi is greater than fe , i.e.
interference frequency lies above carrier frequency).
The depth of amplitude
modulation produced will depend upon the ratio Amplitude of Interference Voltage
Amplitude of carrier voltage
Ve
For example if Vi =
Vce the percentage modulation will be Vi/V e x 100% =
x 100% = 50%
In this case the audio noise voltage produced after detection in an A.M. receiver
will be one half the amplitude of the audio signal representing the loudest sound
which can be heard.
Of course, as already explained, the noise voltage will only
give rise to an audible sound if the interfering r.f. voltage has a frequency which
differs from that of the carrier by an amount which does not exceed the A.F. limit,
viz. 15,000 cycles per sec.
In other words, for audible interference (fi - fe ) must
not exceed 15,000 cycles per sec.
A simple vector diagram will show the relative effects of such an interference voltage
as regards amplitude and frequency modulation.
Referring first to Fig. 25, the
;drrier and interference voltages may be represented by vector lines, each of constant
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length, and rotating at speeds (constant) depending upon their frequencies.
At A
the two r.f, voltages are in phase.
The two will not remain in phase because their

Vi

A.

B.

C.

Figure 25.

D.

frequencies are different.
The Yector representing Ve will be rotating (counterclockwise) at a rate of 360X fe degrees per second (since 1 cycle = 360 ). Vector
Vi will have a rate of rotation equal to 36o,(fi degrees per second.
If the interfering voltage (Vi) lies in frequency above the carrier it will be
rotating at the faster rate.
Hence, a small fraction of a second later, the vectors
will be as at B (Fig. 25), and later still as at C.
Vector Vi is dra4ling away from
vector Ve , at a rate equal to the difference of their separate rates of rotation, i.e.
at a rate = 360 fi - .360 fc = 360 (fi
fe ) degrees per sec.
It is this relative
rate of rotation between the two in which we are interested.
Hence, as shown at
D (Fig. 25) we could imagine that vector Ve remains fixed (pointing vertically) and
that vector Vi was rotating counter clockwise around the point 0 at a rate equal to
the difference between their rates of rotation, viz. 360 (fi - fe )° per sec.
To
visualise this it could be imagined that the page, as a whole was rotated around 0
at a speed of 360 fe degrees per sec.
Then Vi would actually be rotating at 360tImes
(fi - fe) + 360 fe = 360 fi degrees per sec).
In fig. 26 we have transferred the centre of rotation of Vi to the point A (the end of
the vector Vey which is still imagined to be fixed in direction).
As at Fig. 25D,
the vector y1 in Fig. 26 is imagined to be rotating at a rate of 360 (fi - fe ) degrees
per sec.
We have transferred Vi to this new position because it is easier to
"compound" the two vectors by the "triangle of vectors", when drawn "end-to-end" in
this manner.
Referring to this diagram (Fig. 26) as Vi rotates the resultant of Vi
and Ve (viz, the vector representing the modulated carrier) will continually change
in direction and magnitude (i.e. amplitude).
Where Vi is in the position AB the
resultant will be OB (a maximum).
At this instant the phase of the modulated carrier
(OB) is the same as the unmodulated carrier (OA = Ve ).
A little later when Vi is at
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AC, the resultant (completing the triangle of vectors OAC) will be OC.
Later still
when Vi is in position AX the resultant is OX.
As time goes on and Vi reaches the
position AB' the resultant is OB'.
At this instant the modulated carrier's
amplitude has reached a minimum value.
Further rotation of Vi will change the
resultant modulated carrier to position OY, and eventually back again to OB.
Note that as the vectors get into and out of phase the carrier is amplitude modulated,
as shown by the continual change in the length of the resultant vector.
The
carrier's amplitude is changed in the ratio of V/
the percentage modulation is
1.1,x 100%.
This is the noise amplitude modulation.
td= Resultant Vector
Ve
Modulated Carrier
In addition to the amplitude modulation
CB
there is a phase (and therefore "equivalVector AB = Vi
ent" frequency) modulation.
The phase
rotating with
of Ve is first advanced (from OB to OX)
relative speed
through an angle AOX, and then retarded
f 360 (fi-fe )
to OBI, and back to OY.
The resultant
degrees/s.
vector "oscillates" between the two
Y
limits OX and OY.
Its rates of rotation are momentarily zero at OX and OY,
and a maximum when passing the position
V
/
GB.
The movement of this resultant
/Vector OA = Ve
vector may be likened to that of an
Fixed.
oscillating pendulum.
We have already seen earlier that if
the phase of a carrier is increasing,
its frequency ,must be momentarily
higher than the frequency of the
unmodulated carrier.
Conversely if
the phase of the modulated carrier
is decreasing it muet have a frequency below that of the unmodulated
carrier.
Hence in:Zig. 26, when
the reaultant carrier vector is
moving from OY towards OX (phase
advancing) the modulated carrier
frequency must be above the unmodulated frequency.
Similarly
when this vector is moving from
OX towards OY (phase retarding) the
modulated frequency lies below the
numodulated frequency.

O
Phase Modulation of Carrier by Interence
R.F. Voltage of Constant Amplitude and
Frequency.
Phase Oscillates between Limits
OX and UY.
Phase Deviakon = ÁTÉgle AOX
= Angle AOY.

Figure 26.

In positions OX and OY the phase is momentarily unchanging, and hence at these
moments the carrier's frequency is neither above nor below its nnmodulated frequency
i.e. it is .at its centre value, and the frequency deviation is zero.
The carrier frequency will reach its maximum value (i.e. maximum pósitive frequency
deviation) when the phase is advancing at its greatest rate, i.e. when the
oscillating vector is moving through the position OA in a counter-clockwise (right
to left) direction.
By a similar argument the frequency deviation will have a
maximum negative value when the vector is moving through OA in the clockwise direction.
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Figure 26 thus illustrates an impórtant point concerning phase and frequency
modulation!
when the phase deviation is at a peak (OX or OY) the frequency
deviation is zero;
conversely when the phase deviation is zero (position 0.0 the
frequency deviation is at a peak (above or below the central frequency depending
upon whether the resultant vector is moving to left or to right).
Figure 26 will also tell us the amount of frequency modulation of the carrier (V e )
produced by the interfering voltage Vi.
As we have just seen the peak frequency
deviation will occur when the resultant vector is in the position OA.
At this
instant the interference vector Vi and the carrier vector Vc are in the same straight
line.
Vi is in the position AB, say, and is rotating counter-clockwise, at a rate
360 (fi - fe ) degrees per sec.
Its rotation is causing a counter clockwise rotation
of the carrier vector, but the latter rate of rotation is slower than 360 (fi - fc).
The reason for this is that the rotating line AB is shorter than the fixed line OA,
and AB rotates through more than 90 ° in the same time that OA rotates through only a
few degrees to OX.
If Vi (AB) is small compared with Vc (OA) it is not very hard
to see that the rate of rotation of the resultant will be only the fraction AB/0A;=V.
I/Vc
of the rate of rotation of AB (Vi).
Thus if AB = 1/100A,then the resultant
is turning at a rate equal to. ?./10 of that of AB.
Since the rate of rotation of
Vi = 360 (fi - fe ) we have:
'
Rate of Phase Change of Resultant

360 (fi - fc )).(Vi degrees per sec.
Vc
= 360 (fi - fc),(Vi4.360 cycles per sec.
Vc
i.e. Frequency change or Frequency deviation = (fi - fc),›<Vi cycles per sec.
Vc
We thus have the important resultant that the frequency deviation (peak) produced by
the interaction of an interfering r.f. voltage (Vi) upon the carrier (Vc) depends
not only upon the ratio of the amplitudes of the two voltages, but also upon the
difference in their frequencies.
This difference in frequency (fi - fc), it should be remembered, is the rate at
which the two r.f, voltages move into and out of phase, and represents the modulation
frequency.
Consider a few examples.
Example 1.

Example 2.

If (fi - fc) = 15,000 c. per sec. and Vi = 1
Vc
5
Frequency deviation = 15,000 x 1 = 3,000 cycles per sec.
5
If (fi
fe) = 7,500 cycles per sec. and Vi = 1
Vc
5
Frequency deviation = 7,500 x
= 1,500 cycles per sec.

5

Thus when the modulation frequency is at the limit of audibility (a high pitched
noise) the amount of frequency modulation is twice as great as when the modulation
frequency, and the pitch of the sound, is halved.
We saw earlier that the amount of audible interference produced in an 4.11e receiver
dël5énded only upon the ratio of interfering voltage amplitude to carrier amplitude
(r.e.m.lieTc) and was the same for all noise frequencies.
In the caso of F.M.,
.
on the other hand,
the amount of noise produced depends upon the frequency difference
between the interfering voltage frequency and carrier frequency.
Those interfering
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voltages lying close to the carrier frequency will produce very little audible noise,
i.e. low audio frequency noise will be negligible.
The most noise will result from
these voltages which lie relatively far away from (above or below) the carrier
frequency.
In other words, in the case of F.M., unlike that of A.M. noise is not
uniformly distribu'Ad over the audio spectrum.
Consider now a narrow-band F.M. system in which the
corresponding to 100% modulation (maximum sound) is
further an interference voltage lying 15,000 cycles
frequency, and therefore producing an audible sound

maximum deviation, .i.e. that
15,000 cycles per sec.
Consider
per sec. away from the carrier
of this frequency.
The frequency

deviation produced will be Y
Deviation = (fi - fc )>(Vi/Vc cycles per sec.
=

15,000AVi/Vc cycles per sec.

Since, in this case, a deviation of 15,000 cycles per sec. produces the maximum
sound (i.e. corresponds to 100% modulation) the noise modulat::Allewill be
15000XVile
15,000

Vj
Vc

This is the same amount of noise modulation as
would be produced in an A.M. receiver - see line
AB - Figure 27.

Consider now a case where fi - fc = 1,500 cycles per sec, the noise-to signal voltage
amplitude ratio (Vi/V c ) being the sane as before.
The frequency deviation produced
is 1,500 Vi/Vc cycles per sec. i.e. 1/10 of the former value.
The noise modulation
(and therefore the level of the interference in the A.F. stages) will also be 1/10 of
1ra1
quo+.ed bove i.e. only 1/10XVi/Vc
sef, line C.D. Wigurq 27.
411e

examples e6ulu show, as illustrated by the graph CB in rigure 27, that' noise in
an F.M. receiver increases with audio frequency, from zero at zero frequency to a
maximum at the limit of audibility,
viz. 15,000 cycles per sec.
At this frequency,
in the narrow-band system the noise interference becomes as bad as in the A.M. system.
The important point, however, is that
in the latter system the noise remains
at the AB level (Fig. 27) for the whole
Vci(
range of audio frequencies, as shown by
the horizontal line BE.
Hence, even
E A.M. Receiver

-These

x100%

considering an F.M. system of the same
band-width as the ideal A.M. system,
an improvement in noise is obtained,
tests showing that on a power basis
the impovement is 3 to 1.
By using a wide-band F.M. system a
much greater improvement is obtained,
as already discussed in an earlier
lesson.
If, for example, the deviation is 75,000 cycles per sec. the
maximum noise modulation which results
(where fi - fc ) equals 15,000 cycles
per sec) is : 15.0004,Vi = 1?(Vi
75,000 Vc
5 Vc.

F.M. Recel »

D

case

re
Frequency

Figure 27.

A

c/sec.
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This improvement, on a power basis, due to increasing the band-width by 5 times is
25 to 1, or 75 to 1 compared with the A.M. system.
Actually the improvement is
much greater than this, due partly to an ingenious method whereby the higher audio
frequencies (which are most affected by noise interference) are pre-emphasised in
the transmitter, and then subjected to a corresponding de-emphasis in the receiver,
thus, incidentally also reducing the noise at those frequencies where it is most
pronounced.
This point will be taken up again in a later lesson.
THE CAPTURE EFFECT.
This effect, whereby one signal, providing it is more than about twice the strength
of a second signal, will take virtually full control of a receiver, has been
already mentioned,
It has been stated that in practice the net effect of the
phenomenon is that it is almost impossible to experience interference as between
two stations.
A weaker, interfering, carrier normally causes interference by beating with, and
modulating, the stronger carrier.
We can now easily understand the action in an
F.M. receiver by using the diagram of Fig. 25 where vector Vi represented a weaker
r.f, signal modulating (in amplitude and frequency) a stronger r.f. signal (f e ).
The interference modulation mas seen to be s
where D = the peak deviation.
D

"

Ve

In this formula we may now take Ve and fe to represent the amplitude and frequency,
respectively, of the stronger carrier. Vi and fi will represent the amplitude and
frequency of the weaker interfering carrier.
The formula shows that if the two
—"rriers have the same frequency, i.e. (fi - fe ) equals zero, absolutely no interference modulation of the stronger signal can occur.
If the two carriers are close
together ( (fi - fe ) small ) the interference will be negligible.
Hence it is
impossible to experience the type of interference due to two carriers heterodyning às
occurs with A.M. systems.
The worst possible interference occurs when the signal
frequencies differ by 15,000 cycles per sec.
In this case the interference modulation for a case where Ve = 2 X: Vi e i.e, Vi
is
Ve
2

lmpo
75 e000
This is a voltage ratio,

() 2

x

2

5

1,_

1
2 -10

On a power basis the ratio of Interfering Signal
Desired Signal

equals

100.

Actually this worst possible condition only occurs for a very small fraction of the
total time, even if the two carriers centre ,freouenciee differ by 15,000 cycles per
sec.
The reason for this is that whn the carriers are modulated their frequencies
are continually changing e so that, at any given moment e the frequency difference will
probably be either )_eps_thAn 15,000 cycles per sec. (when. the interference modulation is less pronounced) or aPoe lç ;000 cycles per sec. (when the interference is
above the range of audibility).
T.FM & F. 16 - 27 •
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It thus appears that the so-called Capture Effect results from the same action in the
F.M. receiver as that whiàfi results in the relative immunity from noise due to "station
thermal agitation and nshotneffect.
In'considering the action of r.f. noise voltages
we assumed that the carrier was unmodulated by speech or noise.
The situation, however, is practically unchanged when F.M. is superimposed on the signal.
When this
occurs the carrier frequency simply moves up and down between its deviation limits
over a band 150 K.c wide.
Since noise r.f. voltages occur at every frequency the
result will be that only those voltages which differ from the instantaneous carrier
frequency by 15,000 cycles per sec. or less will be effective in causing interference.
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LESSON 16 - E4MINATION QUESTIONS.

(1)

Why is high sensitivity in the R.F. and I.F. stages usually a more important
consideration in an F.M. receiver than in an A.M. receiver?

(2)

Explain why the problem of oscillator stability is rather a difficult one to
solve in F.M. receiver design.
Mention methods used to secure adequate
stability.

(3)

What would be the oscillator range of frequencies for a band of signals from
88 to 108 m.c, per sec., if the I.F. is 10.7 m.c. per sec?

(4)

Why cannot Image Interference occur when operating on a band 88 - 108 m.c.
per sec. with I.F. of 10. 7 m.c, per sec. ?

(5)

What would be the effect of an inadequate I.F. band-pass in the I.F. stages
of an F.M. receive/t

(6)

What are the necessary operating conditions for a valve used as a Limiter
(grid limiting) ?

(7)

Why is very little, if any, amplification obtained from a limiter ?

(8)

What is the reason for Automatic Volume (or gain) control in an F.M. receiver ?

(9)

How do the output voltages of a discriminator and an ordinary A.M. diode
detector differ when the signals, in each case, are unmodulated ?

(1o) What is the chief difference in the principle of operation of a Ratio Detector
compared with a discriminator?
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LESSON 17.
SYSTEMS AND TYPICAL RECEIVERS.

Section A - Audio Freouencv Svstemq,
The audio signal derived from the demodulation (detection) of an F.M. wave - as
explained in the previous lesson - is exactly the same type of signal as that
obtained from an A.M. wave.
If, however, we were to use in an F.M. set an audio
system as customarily designed for a conventional A.M. receiver we would fail to
realise one of the main advantages - that of high fidelity - which is characteristic
of this new method of broadcasting.
The usual low-fidelity audio amplifiers and speaker to be found in the great majority
of receivers seriously attenuates the very low frequencies and the high frequencies
above about 5,000 cycles per sec.
There would be but comparatively little advantage,
however, in extending this frequency range of the audio section when using A.M.,
because the system, in its present form, is incapable of transmitting the higher
frequencies without giving rise to undesirable interference and noise.
The "wide-band" F.M. system, on the other hand, is fully capable of transmitting the
entire audio spectrum - extending up to 15,000 cycles per sec. and more.
It is most
desirable, therefore, that the audio amplifiers and speaker of an F.M. receiver should
be capable of handling, without discrimination, all frequencies passed on
from the detector stage.
To obtain
this high fidelity special consideration must be given to the voltage
amplifiers, to the power amplifier,
to the output transformer, and to
speaker construction and speaker
mounting.
It will be the purpose
of Section A of this lesson to describe and explain the special characteristics of these several sections
of an audio system suitable for a
good F.M. receiver.
DE-EMPHASIS OF HIGH AUDIO FREQUW,CIES
AFTER DETECTION.
In the grid circuit of the first audio
voltage amplifier in an F.M. receiver
there is,usually to be found a special

HIGH FIDELITY SPEAKER WITH
SEPARATE HIGH AND LOW NOTE
CHANNELS.
•
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resistance capacity or inductance-resistance filter network.
The necessity for
this filter is due to an ingenious method of taking advantage of the particular
manner in which interference (noise) voltages affect the audio output from an F.M.
detector.
As previously pointed out, "noise" in an F.M.
receiver, unlike that
in an A.M. receiver, is not uniformly spread over the audio frequency spectrum,
but is more pronounced at the higher of these frequencies.
If we were to measure
the intensity of the noise in the output from an F.M. detector at all frequencies
from zero up to the limit of audibility (say 15,000 cycles per sec.) the intensity
would increase with frequency as shown by the straight line "A" in Figure 2.
Here
we are assuming, of course, that all amplitude modulation due to noise has been
been fully suppressed by limiters or by the use of a "ratio detector".
For comparison purposes the graph of noise - versus - frequency for an A.M. receiver has also
been shown in Fig. 2 (line "B").
In the latter case the line is horizontal',
indicating that the effect of noise is uniformly distributed over the whole Of the
A.F. range.
This peculiarity of the noise characteristic of an F.M. system is taken advantage
of, in practice, to still further reduce the effect of interference.
In the
modulator of the transmitter it is customary for the higher audio, frequencies of the
signal to be pre-emphasised or accentuated over and above the lower frequencies.
In the receiver, after detection, the higher audio frequencies in the signal are deemphasised or de-accentuated as compared with the lower frequencies.
The effect of
such de-emphasis is to produce a proper balance again among the various components
of the A.F. signal, while at the same time reducing the strength of the noise voltages
at these higher frequencies where they are more pronounced.
A simple A.F. de-accentuator net-work is shown in Figure 3.
The audio output from
the F.M. detector is applied across an R.C. circuit and the signal applied to the
1st A.F. amplifier is taken from across the condenser C.
At low frequencies the
reactance of C is much larger than R and practically the full detector output is
applied to the A.F. amplifier.
As the signal increases with frequency the reactance
of C decreases.
Since the circuit consisting of R and C acts as an A.C. voltage
divider the percentage of the total signal which is passed on to the amplifier becomes
smaller and smaller as the frequency increases.
The values of R and C must, of
course, be properly proportioned so that the de-emphasis obtained matches the amount'
of pre-emphasis
utilised at the transmitter.
In the case of the ratio detector the high A.F. de-emphasis may be conveniently
achieved by choosing suitable values of the condensers across the diodes and the
condenser applying the signal to the centre-tap of the transformer secondary.
The
total effective value of these capacities appears
across the output impedance of the circuit, which
in practice is comparatively low.
Hence, at the
higher audio frequencies a certain amount of bypassing action may be brought about,
AUDIO VOLTAGE AMPLIFIERS:

-P
-H

o

.-P

1

0

.H
o

A good A.F. voltage amplifier in an F.M. receiver
should amplify uniformly all sound frequencies
from 30 cycles per sec. to 15,000 cycles per sec.
This is not a wide range when compared with the
requirements of a television video amplifier, bute./s.
is somewhat wider than that which most audio •

Audio Frequency

.15000

Figure 2
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amplifiers in A.M. receivers are capable of handling.
We have already discussed in detail in the televis- Output audio>
ion lessons the causes of loss of gain in resistancevoltage from
capacity coupled amplifiers at the very low and at
F.M.
the very high frequencies.
These points shouldC
or.
now be recalled.
The main differences between a typical A.F, voltage amplifier in an F.M. receiver compared with
the corresponding stage in an A.M. receiver are :-

First
)audio
stage

Fipure 3.

(1)

A somewhat lower value of load resistor, particularly when using a pentode,
to extend the high-frequency range.

(2)

A. valve having in general a larger value of mutual conductance l to offset the
loss of gain at all frequencies 'ftuLe to the smaller load resistor.

(3)

All valves are almost invariably of the "single-ended" type, i.e. they have
no grid caps.
Instead the grid connection in each case is brought out to
one of the base pins.
This reduces the length of the plate-to-grid lead
between valves, thus reducing the stray capacity to ground, and improving the

high-frequency response.
To realise just how inadequate would be a typical pentode R.0 amplifier refer to
Fig. 4.
Here we show a plate resistor of .5 meg. followed by a grid resistor (for
the next stage) also of
5 megohm), giving an effective plato load of .25 mg. The
Cc = 0.005
stray capacities (shown by Cs ), having a
typical value of 70 }.1.p.f., consist of c
course of the output capacity of the
stage, together with the input capacity
of thé next stage, and stray wiring
capacity.
Note that the gain begins
to fall off rapidly at about 3,000 or
4,000 cycles per sec. while at approx.
16,000 cycles por sec, it is down to
50%.

sec, the reactance of Cs - 70 u.u.f,
works out at approximately 0.25 megohms,

100

10
100-

1,000

10,000

9o

2I'e
AYhplificagon

A useful fact to remember when judging
the higher frequency response of an
R.C. amplifier is that the gain is
down to 0.707 of its normal value at
that frequency at which the reactance
of the stray-capacities is equal to
the effective load resistance (or,
in the case of triodes, to the
effective value of the load resistance
in parallel with the valves internal
plate resistance).
Thus, in the
case illustrated, at 9,000 cycles per

80

80

270

70

60

/

_50/
40/

50
40

30

20

20
10

100
90

100

1,000
Frequency

16 00C)

.

Figure 4
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A value equal to the effective Mad.
From the graph of Figure 4 it will be seen
that the gain at 9,000 c. per sec, is about 0.7 of its normal value.
Suppose now we were to reduce the load resistor to 0.1 meg.
The effective value
of the plate load would now be that of 0.1 meg. in parallel with 0.5 meg. (the
grid resistor).
This is .1 x.5 meg...083
meg. about one third of its former

.1

+.5

value.
The frequency could now be increased to three times 9,000 cycles per sec.
i.e, 27,000 cycles per sec. before the reactance of Cs became equal to the
effective value of the load resistance, and therefore before the gain fell off to
0.707% of normal value.
This it is seen that when using a .1 meg. load in
parallel with a .5 meg. following grid resistor, the higher audio frequencies up to,
say, 15,000 cycles per sec. could be adequately accomodated without any appreciable
loss of gain occurring.
The position would be even bettor if we were to use singleended pentodes, of low internal capacities (as is the usual practice).
In this
case the stray capacities would be loss than the 70 p.p.f.

assumed above.

With reference to the low-frequency responsu e it is desirable to extend the latter
down to about 50 cycles per sec. otherwise the reproduction will sound high-pitched
andntinny".
Any extension of the high-frequency range of an audio amplifier, without a compensating extension of the low-frequency range, produces a very noticeable
lack of tonal balance in the reproduced sound.
It might be remarked, in this
connection, that one purpose of tone control in an ordinary A.M. receiver is to
attenuate the higher frequencies (even though these might extend up to only
3,000 - 5,000 cycles per sec.) to offset the absence of the very low frequencies.
For high-fidelity reproduction both the very high and the very low frequencies
must be adequately handled,
not only in order that all essential components of
the original sound are reproduced, but also in order to preserve a natural balance
between the high and low tones.
The low-frequency response of an amplifier depends upon the time-constant product
CXR where C = capacity of the grid coupling condenser, and R = effective value of
the grid resistor (Rg ) in series with the preceding valve's plate resistance and
load resistor (in parallel).
In the case of a preceding triode, which has a low
plate resistance, R may be taken simply as the grid resistor (R g ).
Even with
pentodes, if the preceding plate load resistor is comparatively small (as in highfidelity work) R, for rough purposes, may be taken as the value of the grid leak
(Rg
Figure 5 shows the effect of various values of grid coupling condenser (C e ) when
the grid resistor is 0.5 meg.
It will be seen that for negligible low frequency
attenuation Cc must be .02 m.f., or higher when the resistance is 0.5 megohm.
These curves may be used for any value of resistance providing the capacity is
multiplied by the correct factor.
For example if the resistance were J. megohm
instead of .5 megohm curve A would hold for a grid condenser of capacity .001 x
= .0005 m.f.
The reason for this is that the time-constants .001 X .5 secs.
2
and

.0005 X 1 sec. are equal.

THE PariER AMPLIFIER.
Any common type of power output valve e.g. a 6U6 e is suitable for an P.M. receiver.
The main considerations to be satisfied in respect of the output stage are:T. FM & F. 17 - 4

Cc = .02 ,nf
C

(1)

(2)

There should be abundant power
output (wattWavailable.
Distortion should be kept to
a minimum.

With reference to point (1) above
it should be remembered that the
peaks . of audio power from an F.M.
signal are considerably higher
than those from an A.M. signal
even though the averam level
of the sound is the same in the
two cases.
This is because
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the F.M. signal provides a much
-1
wider "dynamic range" than does
20
50
100
200
the A.M. signal.
The audio
Frequency
Ciclos/sec.
signal in the latter case is
considerably "compressed" before
Showing reduction in gain due to effect of gridmodulation at the transmitter.
coupling condenser.
Note. Each division
The maximum power output rating
(1 Decibel) on the vertical scale represents
of the power valve or valves of
a change in sound intensity which is lust
an F.M. receiver, therefore,
noticeable by the human ear.
should be many times the average
power at which it is desired to
operate the set, otherwise the
Figure 5
volume peaks will be cut off and
.
distorted.
For ordinary domestic purposes where the receiver is operated in a small
room, and a high level of average output is not required, a single pentode or beam
power tetrode, such as the 6v6, is considered adequate.
In the case of the more
ambitious receivers, however, from which it is desired to obtain the full benefits
of the mide dynamic range of the high fidelity signal, several of such valves either
in parallel or in push-pull - preferably the latter - should be used.
Whether a
single valve or two valves are used it cannot be too strongly stressed that the stage
should be correctly designed and adjusted to give the maximum undistorted power of
which the valves are capable.
Such points as correct plate load and correct grid
bias (as published in the data sheets) should be given close attention.
/

1

ï

l

ilF_II 1

With reference to the question of distortion mentioned under (2) above little need
be said here.
The same considerations apply as in the A.M. receiver.
Negative or
inverse feed-back is especially recommended in all cases in order to reduce distortion
generated within the valve.
THE OUTPUT (SPEAKER) TRANSFORMER.
A high-quality speaker transformer is essential for high fidelity output.

Correct

design of the other sections of an audio amplifier for full audio frequency range is
useless if the speaker transformer is inadequate.
It should be recalled that the impedance "reflected" into the primary of a correctly
designed transformer depends only upon the load imposed upon the secondary, and the
"turns ratio".
If the secondary load is a pure-resistance, then the primary
impedance should also appear as a puro resistance.
The value of this primary
•
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I

resistive impedance,
= Zs
where

ZID

in such a case is given by

(2'1.1\2
'(T2)
.=
"Reflected primary impedance

Reflected
Primary

Zs = Load imposed on the secondary.
T1 and T2 = No.

Impedance
, 7 lr

c‹:)'

Tl,)

•

2

T2

of turns on primary and
secondary respectively.

Figure 6.

See Figuro 6.
The important point to note is that the load imposed on the output valve, (and therefore the power output obtained) should not vary with frequency.
If, however, we
look at a typical amplification frequency curve for a power amplifier with output
transformer (Figure 7) we note that although the output romains substantially
constant over a considerable range of the middle frequencies, it does fall off
sharply at the very low and the very high frequencies.
What causes this loss of
output at these extremes of frequency ?
LOSS OF OUTPUT AT LOW FRE UENCJM DUE TO SPE }CR TRANSFORMER.
Although the primary of ah output transformer consists almost entirely of
inductance the reactive effect of the latter is entirely masked at all but the vepr
low frequencies.
The reason for this is that the resistive impedance (Z s X
reflected into the primary by the electro-magnetic coupling effect, really
T2
appears in parallel with the primary inductance as shown in Figure 8.
Now at all
except the very low frequencies the reactance Lp is very much larger than Rs 1 Ti 2 .
Hence, for all except the very low frequencies the load imposed on the valve
T2
(RL Figure 8) is practically equal to the reflected impedance only - and the latter
is independent of frequency.
At the very low frequencies, however, the reactance (2/-ifLp ) of the primary
inductance might fall to such a value as to cause an appreciable shunting of the
reflected impedance (Z r ).
The effective --c
ip
load (RL) in the plate circuit of the
P
H
o
power valve then becomes reduced in
>
value, and the output falls off.
H 50
Summarising we may say that unelue
falling off in the gain from a
power amplifier at the lover
frequencies may be due to insufficient prima= inductance in
the output transformer.
To maintain a constant output down to say 50
cycles per sec, the output transformers primary must have a larger
inductance than to be found in a
typical unit as used for A.M. work.
This normally involves a larger
iron core and a larger number of

H
'L
l 40

gr))
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cd
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H
o 20
Az 10
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1p,000

Frequency - Cycles/s.

Figure 7.
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primary turns, together with a corresponding
increase in the secondary turns in order to
maintain the turns ratio
1)constant.
.T2
Figure 9 shows the improvement in low
frequency response in a typical circuit
when the primary inductance is increased
from 3.7 henries to 11.1 henries.
Note that the primary inductance has no
effect on the output at the middle and
high frequencies.
LOSS OF OUTPUT AT HIGH FREQUENCIES
DUE TO SPEAKER TRANSFORMER.

Figure 8.

o
> 50

-

tr.
3:

l 11 ,

_
The falling off in output at the high
froquencies is usually described as
30 _
e.
Plate Resistance=1,
being due to the "leakage inductance"
0
'e
Secondary Load = 18-11.
of the transformer.
In the ideal
Q20 +3
_
Turns Ratio = 15.8:1 transformer all of the magnetic flux
(lines of force) of the primary10
8
100
1Y 000
should "cut" or pass through all of
Frequency the turns of the secondary.
SimilarFigure 9,
ly all of the secondary flux should cut
all the primary turns.
In a practical transformer, however, a certain small
percentage of the magnetic flux of each coil fails to cut the other coil.
(See figure
!
"
1
11 40

10 ),

A mathematical analysis shows that the effect of this leakage flux is the same
as if an extra small inductance were placed outside the transformer, but in series
with the primary: into which is reflected the impedance Re)(.(.T1 2 . See figure 11.

T
5
• -

Now at low and medium frequencies the reactance (2.7'ULL) of this "leakage inductance"
is negligibly small compared with the reflected impedance Rs X T1 2 .
At the higher
.
- T2.
frequencies, however, the reactance of LL becomes appreciable and results in a loss "
of output.
Another serious effect of leakage inductance occurs when the latter resonates with
stray capacities in the circuit.
These stray capacities consist of capacity between
the transformer windings themselveetogether with wiring and valve
capacities external to the transformer.
Since both leakage inductance and stray capacities normally
have low values the resonant frequency is usually high, but it may
fall within the audio frequency range for which the transformer is
designed.
If this occurs a small
band
will be
of these
accentuated
higher-frequencies
unduly, i. e
the frequency - response curve will
depart from the desired linearity
and will show a sharp peak in the
higher frequency range.
In a we11

Flux through Iron Core
Effective in cutting Secondary
.,
-)
Leakage ,201- •T;;---- -->___,
__.1
Secondary
Flux ,,
,-\\ \
\\
ft/11
ylf ,
Leakage
,winding _
Primary
!At
1 ‘Flux
4.
winding
\‘' )
i/
<-i.._____:-_....Iron Core
'
Fi ure 10.
Showing leakage of Primary
Magnetic Flux.
•
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designed transformer the resonant peak of the
combined leakage inductance and stray-capacities
should fall somewhat above the higher frequency
limit for which the transformer is designed.
If this condition obtains the resonant peaking
effect may be utilised to offset, to some
extent, the reduction in gain at the higher
frequencies within the designed range,
which
reduction is due to the presence of the leakage inductance above.

c"

LL (Leakage
Inductance)

F
Figure 11.

Leakage inductance is reduced by:
(1)

Winding the coils on a central iron-leg of the ircn core,

the windings being

divided into a number of sections with primary and secondary interlaced.
(2)

Using iron of high magnetic "permeability".

(3)

Having a core of large cross-sectional area.

Winding capacities are reduced (to raise the resonant peak referred to above) by
dividing each section of the transformer windings into sub-sections spaced apart
by small distances.
It will now be realised that an ordinary output (speaker) transformer considered
satisfactory for a low fidelity A.M. receiver would be quite inadequate to handle
the frequency range 30 - 15,000 cycles per sec, desirable in F.M. work,
Increasing
the normal primary inductance to avoid loss of gain right down to 30 cycles, and
reduction of the leakage inductance to maintain the response up to 15 e000 cycles
involves higher costs in manufacture.
Nevertheless it would be unreasonable to
counteract the results of proper design for high fidelity in other parts of the
receiver by the use of a low quality output transformer.
HIGH QUALITY SOUND REPRODUCTION - LOUD SPEAKERS.
Having retained the full range of audio frequencies right up to the output of the
speaker transformer it still remains to convert this electrical signal into sound
wave power without discriminating against e or favouring, any band of frequencies
within the range.
The position is this :
we have in the secondary of the speaker transformer
electrical power distributed over a wide range of frequencies.
The job is to convert
this electrical power into acoustical or sound power with the same degree of
efficiency for all frequencies within the range.
Now the design requirements for
an electro-acoustic device (e.g. loud-speaker) to operate efficiently at high
frequencies are quite different from the requirements for high efficiency at low
frequencies.
For this reason it is a very difficult technical problem to construct
a single electro -acoustical device to operate uniformly over the frequency range
of say 30 - 15000cycles per see.
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THE PRODUCTION AND NATURE OF A SOUND

IAVE,

In order to understand the material
which follows in these pnges concerning high-fidelity sound reproduction,
it will first be necessary to grasp
a for simple fundamentals relating to
the manner in which an air sound rave
may be produced,' and the nature of
such a wave.

Vibrating Flexible Disc
egions of Air Compression
e
wave-length
Direction
/ of Wave
itRegions of Air Rai.efaction

Referring to Figure 12 - suppose AB
Graphical
is a fleXible metal disc, caused to
Representation
vibrate bodily at audio frequency
by, say, some electrical means,
of Air Wave
Suppose further that at the present
moment the disc is moving in the
direction y to x.
The air on the
right-hand side of the disc, since
it possesses a certain amount of
weight, and therefore inertia, will
Figure 12.
not have time to flow away from the moving disc.
The result will be that the air
particles will be compressed together to some extent, i.e. a region of high air
pressure is built up.
Then, as the disc moves back in the direction x to y a
partial vacuum will be created behind it, since the air particles have insufficient
time to flow into the space.
In other words a region of rarefaction will result.
In the meantime the region of compression will have moved onwards to the right at
the velocity of sound.
Thus as the rapid vibration of the disc continues a
"compression wave" moves continuously to the right.
Of course a similar wave (not
shown) will also move out to the left of the disc.
It should be understood that the
air, as a whole, does not flow bodily in the direction of the rave.
Actually each
individual air particle simply performs a vibratory or oscillatory motion about its
normal average position.
It is the positions of the air compressions and rarefactions which continually change or move.
The diagrammatic representation of Fig .12
may be imagined as a sort of "snap-shot" of the state of affairs at any one instant
of time.
The air wave may be represented by the usual sine-curve by depicting regions of
compression as positive half-cycles, and regions of rarefaction as negative half
cycles, as shown in Figure 12.
The frequency of the wave (i.e. the "pitch" of the sound) will depend upon the
number of air compressions passing any point per second.
The intensity of the wave
(i.e. the loudness of the sound) will be determined by the intensity of the pressure
in the regions of compression, and this will depend, among other things, upon the
amplitude of vibration of the disc.
The speed at which the wave moves through air
is approximately 1120 ft. per sec., irrespective of the frequency and intensity.
The
wave length is the distance between any two adjacent points of maximum air pressure.
(See Figure 12).
The wave length (in fact) of sound wave may be calculated from
the formula :
Wave length = 1120
feet.
Speed = 1120 ft./sec, is correct for
Frequency
17° C temp

ane;.rmrmal'barometric pressure.

•

Thus the wave length of a sound wave of frequency 224 cycles per sec.

is 1 2° = 5 ft.
e4
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HOW THE SOUND INTENSITY VARIES WITH THE lifiEQUENCY OF VIBRATION AND THE
DIAPHRAGM AREA.
Suppose a rigid diaphragm (Figure 13A) is caused to vibrate by the application of
some constant force to it.
(in the case of a loudspeaker the force is one developed
Voice Coil
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Figuro 13.
by the flow of the alternating audio-frequency current in the voice-coil which
is situated in a magnetic field).
If the frequency is continually increased it is
found that the intensity of the wave set up varies as shown in Figure, 13B.
At low frequencies .the vibrating diaphragm does not get a chance to "bite" on the
air very effectively. - At those frequencies the air tends to slide around the
edges as the surface moves backwards and forwards.
As a result the air pressures
developed, as explained in connection with Figure 12, are not very high, and the
sound wavels intensity is small.
As the frequency increases the "bite" on the air
becomes moro and more effective and this tends to result in a more intense wave.
On the other hand the amplitude of vibration of the diaphragm decreases as the
frequency increases.
The cause of this reduction in the amplitude of vibration is
due to the mass of the diaphragm.
As the frequency increases it becomes over more
difficult to move this mass back and forth at the desired rate.
Since the force
available to cause the vibration was assumed constant, the result will be that the •
amount of vibration produced will fall off with increase in frequency.
The result
of this reduction in amplitude of vibration would be, of course, (other things
being equal) to reduce the intensity of the sound wave.
It thus appears that, with increase in frequency, there are two opposing tendencies
as far as the strength of the wave is concerned.
The improved "bite" on the air
tends to produce a more intense wave.
Oa the other hand the falling off in
.amplitude of vibration tends to result in a weaker wave.
At very low frequencies (below f2 Figure 13B) the former tendency moro than offsets
the latter, and th è wave intensity increases to a maximum at A, corresponding to
frequency fl.
Over a certain range of frequencies fi to f2 (Figure 13B) the ever increasing "bite"
on the air, and the over decreasing amplitude of vibration just about off-set each
other, with the result that the wave intensity remains substantially constant.
It is found that when the frequency is such that the diameter of the diaphragm equals
one half a wave length, the "squash° of the air to the sides of the vibrating surface
T. FM & F. 17 -10

becomes negligible.
In other words the "bite" on the air becomes practically 100%
at this frequency, and therefore does not improve further as the frequency goes up.
The frequency at which this occurs is represented by f2 in Figure 13B.
As the
frequency increases further above f2 the amplitude of vibration, due to the effect
of diaphragm mass, will of course continue to decrease.
The result will be that
as the frequency of vibration increases above f2, the wave intensity will rapidly
fall-off.
Summarising, the frequency-sound intensity characteristic of a rigid vibrating
diaphragm , operated by a constant force (due, say to an audio current of constant
amplitude in the "voice coil"), we have the following points :(1)

The sound intensity remains constant over a certain frequency range.

(2)

The lower-frequency limit (f1 Figure 13B) of this constant range is determined
by the area of the diaphragm.
The limit may be lowered by using a 1.m.ner
diagram, for the latter will present a larger vibrating area to the air, and
will thus secure a better "bite" at the lower frequencies.

(3)

The upper frequency limit of the constant range (f2, Figuro 133) also depends
upon the size of the diaphragm.
This frequency limit, however, can only be
raised by reducing the diaphragm size.
It was pointed out that the frequency
f2 corresponds to a wave length twice the diameter of the diaphragm (i.e.
diameter = 71- wave length).

For example, in the case of an 8" diaphragm (e.g. an 8" cone speaker), the frequency
(p) at which the acoustic power begins to fall off will be that corresponding to a
wave length of 2>(8" = 16" = 1-1/3 ft.
This frequency is 1120 +-1-1/3 = 3360
4
= 840 cycles per sec. If a diaphragm of diameter only 4" were used the corresponding
frequency would be double this, i.e. 1680 cycles per sec.
The fundamental difficulty encountered in wide-range (high-fidelity) sound reproduction
should now be obvious.
The efficient reproduction of the very low frequencies
requires a diaphragm (or cone) of large area, but this is detrimental to the high
frequencies.
If the latter are to be reproduced without loss, a small diaphragm
is desirable, but this cuts out the vary low frequencies.
Let us see how this
problem may be solved.
PERFORMANCE AND LIMITATIONS OF A TYPICAL SPEAKER
It will first of all be necessary to recall the action of a typical cone speaker and
see how far its performance satisfies the requirements of high fidelity reproduction.
It is assumed that the mechanical-electrical principles of operation of the dynamic
type of speaker are already familiar to the student.
The following points, however,
will be stressed.
The alternating current, at audio frequencies in the voice coil
cause it to move in a left .and right direction across the page (Figure 14) 5 and this
oscillatory motion, at sound frequency, is transferred to the cone, which acts as
the vibratory diaphragm.
Now if a rigid cone were used the sound output would be
constant over only a very limited frequency range as explained in connection with
Figures 12 and 13.
The problem is this : if a large cone is used the lower
frequencies will be well catered for, but the higher frequencies will not be
adequately reproduced.
On the other hand a small cone will favour the higher
T. FM & F. 17 - 11

frequencies at the expense of the low.
The problem is partly overcome by using a cone of"corrugated " construction.
Stiff rigid sections in the cone surface
are separated by corrugations possessing
a certain amount of elasticity or "give",
as shown in Figure 14.

Iron Core

Considering an 8" speaker at low frequenmp
cies up to about 800 - 1000 cycles per
sec. the stifness of the corrugations is
such that the cone vibrates as a whole s
/ Flexible
and the effective area utilised in
Corrugations
producing sound waves equals the whole
cone area.
Up to this frequency
Field
corresponding to f2 in Figure 13, as
coil
we have already seen for an 8" cone,
Speaker
the acoustical power output remains
(Output).--practically constant, but above it
Transfornier
there would be a marked falling off
Flexible
in the output.
Somewhere about this
Mounting'
800 - 1,000 cycles frequency mark,
however, the cone corrugations
begin to "gives" with the result that
Fige 14
the amplitude of vibration of the
outer sections of the cone is less
than that of the inner sections.
As the frequency increases the "give" of the
corrugations becomes more and more pronounced e.until at about 3,000 or 4,000 cycles
per sec. only the inner portion of the cone is moving.
The net effect of this
action is that the effective area of the cone in use decreases with increase in
frequency (in the range 1,000 to 3,000-4,000 cycles per sec.).
The resulting
decrease in mass of the vibrating section allows of a greater amplitude of vibration
than would otherwise occur.
Such increase in vibration amplitude tends to off-set.
the tendency for the acousticn1 power to decrease.
It is thus seen that in the case of a typical 8" speaker the corrugated structure
of the cone extends the high frequency limit, at which a fall in output commences,
from about 1,000 cycles per sec. to about 3,000 or 4,000 cycles per sec.
Above
the latter frequency the mass of the voice coil itself is the limiting factor.
To
extend the range still higher a lighter voice coil must be used, and this in practice
means that the whole speaker construction must be smaller.
But a small cone iould
be detrimental to the low frequencies.
The problem of raising the upper-frequency
limit to a value which is adequate for high-fidelity reproduction such as is required
in an F.M. receiver will be taken up a little later in the lesson.
Consider now the low-frequency response of the typical speaker.
Even though we have
the comparatively large diaphragm area of, say, an 8" cone, the response would begin
to fall off below several hundred cycles.
This is not good enough even for
ordinary medium-fidelity work.
What happens at these low frequencies is that the
cone, as it vibrates, simply pumps air from one side of it to the other, thus
preventing the building up of high pressures necessary for a strong sound wave'.
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BAFFLES
To prevent this flow of air from front to back
(and vice versa) of the vibrating cone it is
necessary to surround the cone with a "baffle".
A "baffle" may be defined simply as a piece of
more or less sound absorbent material which
increases the acoustical or air path between
front and rear of the cone.
In the ordinary
use of the term the baffle is flat, surrounding the speaker cone as shown in Figure 15.

A. Side
View

The lower the frequency it is required to
SpEare _Speaker Baffle.
handle the larger the baffle should be.
A
rough rule to give the diameter of a cir-'
Fiure 15.
cular baffle is as follows g- Baffle diameter = one-half wave length of lowest frequency for which little or no loss of power
is required.
For example if frequencies down to 150 cycles per sec. are required
1120 = 3. 7 ft.
150
used the length of its side should be equal to,
figure.

baffle diameter should be 1

7

x

(approx).

If a square baffle were

or perhaps slightly less than, this

If a baffle of regular shape, say a square or circle, is used, it is found that a
frequency about double the lowest frequency for which the baffle is designed there
is a sharp dip in the response.
This is due to the wave radiated from the back of
the cone tending to cancel the normal radiation from the front at this particular
frequency.
Referring back to Figure 12 e and the discussion relating to that
diagram, it will be seen that at an instant of time when the diaphragm is moving forward an air compression is being set up in front while at the same moment an air
rarefaction, or partial vacuum is created behind.
This means, that at, any given
moment the air waves radiated forward and backwards are 180 ° out of phase.
In the case of a listener situated on the axis, and in front of the cone, as at 0 in
Figure 16, it must not be imagined that all the sound he hears comes from the front
of the cone alone.
It must be remembered that sound waves (particularly low frequ-ency sound waves with which we are dealing at the moment) are capable of bending
around corners.
Hence some of the sound heard at 0 will have originated at the
back surface of the cone.
In the absence of a baffle, the sound waves arriving at 0
from front and back surfaces will be practically 1$0 ° out of phase and partial
cancellation will result.
This type of cancellation of two waves is called
"destructive interference".
Actually the pmapse of a baffle is to alter the 180 °
phase relationship between the two waves, and so prevent this destructive interference.
When a baffle is used, the wave from the back of the cone has to travel an extra
distance equal to AB + BC (Figure 16) in getting to the point 0, compared with the
distance travelled by the front-surface wave.
This distance is called the "pathdifference" of the two waves.
The effect of this extra path difference is to delay
the wave from the rear surfaco by a time equal to that taken for it to travel the
distance AB + BC.
This alters the 180 ° phase relationship between the two waves, and
so prevents (or at least reduces) the destructive interference.
When, however, the
path difference equals one ravelength(corresponding to
phase change of 360 ° ) the
two waves which start out from their respective surfaces 180° out of phase are once
again 180 ° out-of phase when the one from the back of the cone reaches the point C
T.FM & F.17 - 13

(Figure 16).
Hence for that particular frequency for
which the path difference AB + BG equals one wavelength the situation is much the same as if no baffle
were present, and serious destructive interference
between the two waves
results.
The net effect is a
sudden dip in the response curve at this frequency.
It will be observed (Figure 16) that the path difference is measured from a point A on the edge of the
cone outwards to the edge of the baffle, then down
the front of the latter to the edge of the cone
again.
In the case of a square baffle the path
difference may be taken as the length of the side
of the square minus the cone diameter.
Thus in
the case of a 36" square baffle and an 8" cone the
path difference is 36" - 8" = 28" = 2-1/3 feet.
This distance equals one-wavelength of a sound
wave when the frequency is
1120 = 1120 X3 = 3360 = 480 cycles per sec.
2 1
7
7

1Radiation

YBack

from
of Cone

Bafflel
AI
Cone

Baffle

Figure 16.
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Somewhere around this frequency a serious dip in the sound intensity measured in
front of the speaker would result.
The effect described above may be greatly reduced by the use of an irregularly
shaped baffle, where the path differences, measured from back to front of the cone,
vary considerably.
For such a baffle the destructive interference of the two waves
is spread over a wide frequency range.
Instead of a pronounced dip in the vicinity
of one particular frequency, we then obtain only a negligible reduction in intensity
spread over this frequency range, as shown in Figure 17.
RADIO CABINETS.

30

The receiver cabinet is not merely a
container to house the chassis, but
4.)20
also serves the purpose of a baffle, ..1
—
1"
,
separating the two surfaces of the
speaker cone by an appreciable air
+D
path.
For good low frequency res
10
ponse the shortest air path from
the back of the cone, out the back
o
ta
of the cabinet, to the front surf100
1e000
10 e000
ace of the cone should be as long
Frequency - Cycles/s.
as possible
Since »there are a
Showing effect of destructive Interference
number of paths of different lengths
of Waves from front and rear surfaces of
by which the sotind waves emitted from
cone in case of, A, Square Baffle, and B,
the back of the cone can pass to the
Irregular Baffle.
front of the receiver, the cabinet
acts like an irregular baffle, and
the effects of destructive interference of the sound waves are not serious
being spread over a mide frequency range
Figure 17.
as in curve B of Figure 17 0
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RESONANCE IN RADIO CABINETS.
The enclosed (or semi-enclosed) volume of "air" within a radio cabinet has a natural
or resonant frequency of vibration of its own.
This resonant frequency in the case
of the average floor-model cabinet is usually about 140-150 cycles per sec.
When
the speaker is emitting n frequency coinciding with this resonant frequency of the
cabinet, the resonant effect causes a peak in the output.
Such a peak it must be
remembered, is equally as bad as a "dip" in the output if high fidelity is desired.
Cabinet resonance effects may be minimised by proper design and location of the
parts to break up the large air mass into a number of smaller masses.
MECHANICAL RESONANCE IN SPEAKERS.
Another effect which may detract from thp' linearity of the frequency-sound intensity
curve of the acoustical system is that due to a mechanical resonance effect of the
voice-coil assembly.
The voice-coil is suspended by the "spider" which gives an
elastic support, allowing the coil to vibrate under the influence of the forces
electro -magnetically generated within it.
There is one particular frequency (about
100-150 cycles per sec. in the case of the ordinary 8" speaker) at which the voicecoil tends to oscillate of its own accord.
When the sound frequency coincides with
ths, the amplitude of oscillation becomes very great, causing a peaking effect in
the response curve.
Actually, in the case of the ordinary law-fidelity receiver this speaker resonance
is usually taken advantage of to boost the bass notes.
It occurs at a frequency
somewhat lower than that at which the low frequency response begins to deteriorate,
and therefore gives a "boost" at frequencies where such is desirable.
However,
when really high-fidelity results are required this method of increasing the bass
response is not a very good one.
For such purposes it is therefore desirable to use
a speaker in which the voice-coil's mechanical resonant frequency is below the
lowest frequency which is to be reproduced.
HIGH FIDELITY REQUIREMENTS
So far we have investigated the problems encountered in obtaining an acoustical output which is uniform over a considerable frequency range.
It has emerged that for
the low frequencies a large cone area, together with a proportionately large voicecoil unit is required, whereas best results are obtained in the high frequencies
range when using a small cone and voice coil.
It has been explained how, using a
single speaker, the low frequencies are improved by using a large "baffle" area (in
the form of a cabinet), and how the high frequency range is extended to some extent
as a result of the corrugated construction of the cone.
We have seen that the ordinary radio receivers acoustical system is capable of
producing a sound output which is reasonably uniform over a range from, perhaps 100
cycles per sec. up to approximately 3000-4000 cycles per sec., despite certain
"peaks" and "dips" resulting from such phenomena as "destructive interference" of
air waves travelling by different paths, mechanical resonance of voice-coil, and
cabinet resonance.
Such a performance, while adequate for the low fidelity signal
carried by an A.M. carrier is really not good enough if the full advantages of'the
high-fidelity F.M. signal are to be enjoyed.
T. FM. & F. 17 -
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We shall now describe methods
whereby, firstly, the high
frequency range, and then the
low frequency range, may be
improved.

A WIDE-RANGE MOVING COIL SPEAKER.
In the case of the conventional
speaker it was pointed out that
the upper frequency limit (3000
-4000 cycles per sec, for an 8"
cone) mas set by the mass effect
of the moving coil itself.
For
higher frequencies the effective
mass of the latter must be reduced.
Figure 18 shows diagromatically
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the construction of the moving coil of a speaker which provides this requirement.
The voice-coil is divided into two sections, connected in serios as shown nt B.
The
voice coil cylinder is divided into three separate masses (shown as Ml, M2, M3 at A)
by two elastic corrugations.
Below 1,000 cycles per sec. the unit moves as a whole, and both coils are effective,
acting as a single coil as in an brdinary speaker.
In the range 1,000 - 4000 cycles
per sec, the action is gradually transferred to coil 2 alone.
In this range the
corrugation between the two coils begins to "give", and, at the same time, coil I
becomes partially by-passed, as far as the A.F. current is concerned by condenser C
(Figure 18B).
In the range 4,000 - 6,000 cycles per sec. coil 2 above is effective, the first
corrugation allowing it to move, while coil 1 remains almost at rest.
At the same
time, in this range the by-passing action of the condenser is practically 100% complete.
Above 6,000 cycles per sec. the corrugation between coil 2 and the remainder of the
cylinder (M3) becomes partially effective, thus reducing the effective mass upon which
the coil has to act.
The net effect of this action is that the mass of the vibrating voice unit is progressively reduced, thus off-setting the reduction in amplitude of oscillation which would
result if the mass remained constant.
This type of speaker is capable of a uniform
response over practically the entire audio range.
DUAL SPEAKERS.
Perhaps the best method of securing wide-range reproduction is by using dual speakers
one for the low notes (bass) and one for the higher frequencies (treble).
The low
frequency speaker is usually of large diameter (12" and more), has a rigid cone (i.e.
no corrugations), and is fitted with a large voice coil necessary to drive the heavy
cone adequately for low frequency operation.
The treble speaker is smaller and of
particularly light construction (especially as regards the voice-coil).
The two
T. FM & F. 17 -16

speakers are mounted close together in order to produce correct phasing of the sound
waves..
The bass speaker usually handles frequencies up to only 400 cycles per sec.
Above
this the treble speaker alone is effective.
Since the latter is not called upon to
handle anything below 400 cycles per sec, it may be designed to reproduce very high
frequencies indeed.
The acoustical power from the output stage is divided fer the two speakers by means
of a special filter circuit having a "cross-over" point at 400 cycles per sec.
A "
typical circuit is shown in Figure 19 together with the frequency characteristic for
the two filter sections.
Below 400 cycles per sec, the reactance of 02 is high and
that of L2 is low, with the result that practically no output appears across L2.
This prevents damage to the more delicate H.F. unit by the L.F. currents.
At these
frequencies the reactance of Li is low and that of Ci is high.
Since Ll and C1 in
series form a voltage divider, practically all the output appears acorss 01, and is
thus applied to the large speaker.
Above 400 cycles the reactances of C1 and 02 become comparatively low, and those of
L1 and L2 comparatively high.
The net result is that at these frequencies practically
the full output appears across the treble speaker, and a negligibly small amount
across the bass.
The curves of Figure 19B show that such a circuit has a very sharp "cross-over" point,
and that the impedance of the whole unit remains remarkably constant for all frequencies.
Figure 1 of this lesson showed a single unit which incorporates dual, but separate
speakers,
In this unit the H.F. speaker
L1
is really a horn type, the small horn
To
passing through the centre of the voiceLow
coil which operates the L.F. cone.
The
Freq.
'91
H.F. horn is of "cellular" construction
Speaker
to flare out the sound waves which have
a tendency to be concentrated in a beam
C2
at the very high frequencies'.
To
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IMPROVING THE BASS RESPONSE - THE
ACOUSTICAL LABYRINTH
At very low frequencies even with a
large speaker, it has been pointed out
that the response drops off duo to the
cone simply "pumping air" from one
side to the other.
Or, what amounts
to the same thing, it may be imagined
that the two waves radiated from the
two surfaces partially cancel each
other.
The speaker cabinet, acting as a
baffle will, if large enough, prevent
this effect.
But from the data given
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under the heading of "Baffles"
it will be realised that an
Absorbent material
extremely large cabinet would
be required to handle adequately frequencies down to say 40 Cone
or 50 cycles per sec.

A

This improvement in the bass
response may be realised by
1000 c.
30c. 100 C.
Mouth of Labyrinth
use of an "Acoustical LabyFrequency
A.
B.
rinth".
The dictionary
Side
View
C.
Front
View
definition of a "labyrinth"
Figure 20 - The Acoustical Labyrinth.
is a "winding or tortuous
passage or path".
This is
exactly what the acoustical labyrinth is
as far as the sound wave radiated from the
rear surface of the speaker cone is concerned.
The construction of the labyrinth will be understood after reference to Figure 20
where, at A, a cross sectional view e and at B a front view, are shown.
As seen here, we have a folded passage-way s lined with sound absorbent material, leading from the back of the speaker, and opening out at the front of the cabinet.
The
length of the passage is usually equal to 1/4 wave-length of a sound wave having a
frequency equal to the speakers mechanical resonant frequency, say 75 cycles per sec,
for a large
good quality speaker.
It is found that an open-ended passage-may of
air like this, produces a form of anti-resonant effect at a frequency for which its
length equals 1/4 wavelength.
This anti-resonance is taken advantage of to off-set
the mechanical resonance at about 75 cycles per sec.
At double this frequency, viz. 150 cycles per sec, the air column in the labyrinth
tends to resonate, but no apparent peak in the output results because this is about
the "cut-off" frequency of the system.
For higher frequencies than 150 cycles the
speaker is unable to vibrate the large volume of air in the labyrinth, and the rear
surface wave from the cone is entirely absorbed.
Above this cut-off frequency, in
other words only direct radiation from the front of the cone occurs.
Another merit of the acoustical labyrinth is that is prevents cabinet resonance, by
removing the large volume of air normally enclosed.
Fig. 200 shows the effect of a
labyrinth on the low frequency response.
Curve A is for a normal cabinet without
a labyrinth.
Note the sharp peak due to cabinet resonance.
Curve B shows the
improvement obtained by incorporating'a labyrinth.
Note that the peak due to cabinet
resonance no longer occurs.
The curvos also show improvement in the very low frequency response.
If a dual speaker system is used, the
H.F. speaker may be mounted above the L.F. unit,
a shelf may separate the two, and the labyrinth built into the bottom only.
THE VENTED "BAFFLE" OR VENTED ENCLOSURE,
The acoustic labyrinth, as a device for improving the response curve in the low,
frequency range, and extending this curve downwards to the very low (bass) frequencies,
is rather a costly arrangement.
A cheaper method of securing these advantages it to
make use of a special type of baffle system known variously as Vented, Tuned or Reflex
T. FM & F. 17- 18

Enclosure or Baffle.
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The Vented Enclosure.

FRONT VIEW
Fig. 21.

We have seen that the chief defects of the low frequency response in the case of a
speaker mounted in an ordinary-cabinet are :(1)

Insufficient "baffle" area, resulting in loss of the very low frequencies due
to rear surface and front surface waves cancelling.

(2)

Cabinet Resonance

(3)
Speaker (Mechanical) Resonance,
in the lower frequency range.

The latter two both result in undesired peaks

The purpose of the Vented Enclosure is to control the radiation from the rear of the
speaker, so as to off-set the two resonant effects mentioned above, and to extend
.
the low frequency response of the system.
The Vented Enclosure, illustrated in Figure 21, consists simply of a cabinet (which
houses the speaker) and which is completely enclosed except for a "vent" or opening
in the front and preferably close to the speaker itself.
The box, or cabinet is
either constructed out of sound absorbent material, or lined with a suitable material,
such as felt.
The vent may be of any convenient shape (it is usually circular or
rectangular), but its area is made equal to the effective radiating surface of the
speaker cone.
When air is enclosed in a confined *space having a single orifice or opening, the air
in the orifice can be made to resonate at a particular frequency, which is governed
by the volume of air enclosed, and the area of the orifice.
A common example of
this effect may be observed when a stream of air is blown across the mouth of a
bottle.
Another example, of course, is the conventional radio cabinet.
The volume of air in the enclosed cabinet is adjusted so that the resonant frequency
of the vented enclosure is equal to the bass resonant frequency of the speaker.itself.
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The result is that the peak in the output due to the latter is off-set by the
resonance of the enclosed air.
The reason for this cancellation effect is due to
the vented enclosure behaving, at resonance, in a manner analogous to a parallel
resonant electrical circuit, where the impedance rises to a peak at resonance.
The best way to understand the action of such a system as this is to compare mechanical and acoustical resonance effects with those which occur in electrical circuits
containing inductance, opacity and resistance.
Consider Figure 22 whore we represent a weight of mass M attached to an elastic
steel spring which is anchored at P.
For the moment we will imagine that M rests
upon a perfectly smooth surface (i.e no resistance to motion).
If the mass is
pulled outwards (stretching the spring) and then released it will oscillate about
its mean position (X) as shown, the spring being alternately stretched and compressed.
If there wore absolutely no resistance oscillation would continue indefinitely.
In
practice the oscillation would die out due to resistance effects.
The frequency of
oscillation depends upon two things - (1) The mass of the weight, and (2) the"stiffness" of the spring.
Here it would be better to speak of the "compliance" of the
elastic spring, the latter quality being the reciprocal or opposite of the stiffness,
so that a spring of great stiffness would have only small compliance and vice versa.
In this mechanical system an increase in mass of the weight would result in a lower
resonant frequency of oscillation, and vice versa.
This is due to the property of
inertia and momentum of a mass, whereby there is a tendency to oppose any change
(increase or decrease) in its velocity.
Hence "Mass" may be likened to inductance (L) of an electrical circuit as shown at B
in Figure 22.
Consider now the effect of the compliance of the spring upon the
frequency of oscillation.
If the compliance is increased (i.e. "stiffness" decreased)
the resonant frequency would be lowered, and vice versa.
Thus the compliance of an
elastic system may be compared with the capacity (C) of an electrical circuit.
Camring this idea further, suppose now that there is resistance to motion between the
mass of Figure 22A and the surface upon which it rests.
This resistance (if
comparatively small) will not affect the resonant frequency, but will increase the
total impedance to oscillatory motion of the system.
Thus mechanical resistance may
be compared with electrical resistance (R).
Consider now the conventional speaker.
The
moving coil and cone possesses mass which me
will represent by Ls .
This Ls must also
Elastic
take into account the air loading of the cone,
Spring
for a certain mass of air (depending upon the
-cone area) must be moved as the cone vibrates.
A
The compliance, represented by CI , is due to
the elastic support of the "spider" and also
to a certain amount of "give" or elasticity
in the cone itself .
.
The speaker system also
possesses mechanical resistance (R s ) due to
Showing a mechanical oscillatory
imperfect elasticity, and also, due to acoustsystem (A), and its electrical
ical radiation losses (just as we may take
equivalent (B).
into account the loss of energy of an antenna
system due to radiation by supposing the
Figure 22.
circuit to contain an extra radiation resistance).

1
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The electrical equivalent of the speaker is shown in
Figure 23.
At that frequency when the "reactance"
of thé mass equals the "raactance" of the "compliance"
a resonant condition is set up, just as in the analogous electrical circuit.
This is the bass resonance
which occurs at about 70 - 120 cycles per sec. in the
case of the conventional speaker.
Nor consider a simple acoustical or air system as in
Figure 24.
At A we have a cylinder with a closely
fitted piston totally enclosing a volume of air.
Air
is compre-ssable, i.e. elastic.
If the piston is
pushed down, the air is compressed by an amount dep- ending upon the force applied and the volume of
enclosed air.
This volume of air therefore possesses "stiffness" and, hence, "compliance",
corresponding to capacity of an electrical circuit.
If the air is totally enclosed it does not possess
any appreciable mass reactance 0 corresponding to
inductive reactance.
Hence an enclosed air mass
cannot have a resonant frequency of oscillation t
enclosed
just as a circuit possessing capacity only has
air
no particular resonant frequency.

Ls (Mass)

as (Compliance)
Rs

=

Resistance

Jo,
Figure 23.

enclosed
air

\/

At B (Figure 24) the partially enclosed volume of
air has a vent or opening via the pipe as shown.
B.
A.
If the piston is rapidly moved up and down, the
air will be alternately compressed and rarefied,
and an oscillatory flow of air will take place24.
Figure
through the pipe.
Within the pipe the rate of flow of air will be rapid, and the
"reactance" of its mass will exert an appreciable effect.
The mass of the air
within the plpe
or vent will thus act like inductance in an electrical circuit.
Returning now to the problem of speaker response, suppose we enclosed the back of the
speaker in a totally enclosed box.
The wave radiated from the back of the cone
would be completely contained, and could not have any effect on the front surface
radiation.
In this respect the enclosed box mould act like an infinite baffle, and
it might be expected that very good low frequency response would be obtained.
Although some improvement may thus be obtained, under certain conditions, another
effect off-sets the improved baffle action.
The compliance of the enclosed air
volume is in series with the speaker compliance, and therefore increases the
effective -stiffriess of the moving coil and cone.
At low frequencies the "reactance"
of this compliance becomes large, and reduces the amplitude of the cone movement.
As a result the acoustic output will fall off rapidly as the frequency decreases.
In the case of the vented enclosure the corresponding electrical circuit is shown in
Figure 25.
The symbols represent effects due to the properties of the system shown
under the diagram.
Note that Lo is due to the mass of air only in the immediate
vicinity of the vent.
The .air in this region will be moving rapidly in and out
of the opening. • In actual fact at low frequencies the air at the vent will be
vibrating in exactly the same manner as that in the immediate vicinity of the cone
itself.
Hence at these frequencies, the vent cross-section acts just like a
vibrating diaphragm.
T. FM & F. 17 - 21

Rs

Rs
Ls
Cs
Ro
Lo
Co

Ls

us

It will be observed that
in the diagram (Fig. 25)
Ls and Cs (of Speaker)
CO
form a series resonant
circuit, while Lo and
Ro
Co (due to the vented
enclosure) form a
= Cone Support Resistance + Radiation Resistance
pzrallel resonant circuit,
in series with the speak= Moving Coil + Cone Mass + Mass of Air in vicinity
or,
The enclosed
of cone,
volume is so proportioned
= Cone and "Spider" Compliance.
in respect to the vent
area (and therefore to
= Acoustic Losses in Enclosure.
the lattera air mass)
that Lo and Co resonate
= Mass of Air in and near Vent.
at the same frequency
as Ls and Cs , the latter
= Compliance of Enclosed Air Volume.
being the bass resonant
-frequency of the speaker
itself.
In this circuit
EQUIVALENT ELECTRICAL CIRCUIT OF SPEAKER IN
VENTED ENCLOSURE.
Lo Co presents a high
dynamic impedance at
resonance.
This impedance, being in series
Figure 25.
with Ls and Cs reduces
the current through the
latter, which current would otherwise be large due to the series
resonance of these
components.
From the physical view-point, what happens is this.
When the vented enclosure
resonates, there is a large movement (oscillatory) of air in the vent, but the
resonant effect is such that it imposes a large opposing impedance on the back of
the speaker.
The result is that the speaker cone is held practically stationary,
at this frequency which normally would result in large cone movements.
Actually at
the bass resonant frequency of the speaker, practically all the sound output comes from
the vent opening.
The effect of the parallel resonance effect of the vented enclos- •
ure in cancelling the speakers bass resonance isshown at A in Figure 26.
At frequencies above the common resonant frequency of the speaker and vented enclosure
the tuned circuit Lo Co of Figure 25 beComes capacitive, (being a parallel circuit)
while the series circuit Ls Cs becomes inductive.
At some particular frequency the
capacitive reactance due to the vented enclosure resonates with the inductive reactance of the speaker, and a subsidiary peak, shown at B (Figure 26) results.
Below
the resonant frequency of either circuit alone, Lo Co becomes inductive while Ls Cs
becomes capacitive.
At some particular frequency these inductive and capacitive
reactances are equal and a series resonant effect resulting in the peak in output
shorn at C (Figure 26) results.
Summarising, Figures 25 and 26 show how the vented enclosure acting in conjunction
with the speakers mechanical resonance improves the low frequency response, by yielding
two separate resonant peaks of comparatively small amplitude, and spread over a
considerable frequency range.
The effect is exactly comparable with the mide bandpass obtained in I.F. amplifiers when using a pair of over-coupled tuned circuits to
T. FM & F. 17 - 22

yield the "double-hump" effect.

Not only

does the vented enclosure level off the
response curve over the bass frequency range,
but extends this range downwards to a considerable extent, as a comparision of the
two curves of Fig. 26 will show..

l
e-Bass

Resonant
Peak of Speaker Alone

The vented enclosure may be utilised to
house the receiver apparatus.
A separate
cabinet is not a necessity.
Of course •
the, presence of this electrical equipment
within the enclosure would reduce the
effective volume of enclosed air, and
this must be taken inte account in adCurve (1) - Speaker in ordinary baffle.
justing the resonant frequency.
A
typical enclosure using a 12" speaker
Curve (2) - Speaker in vented enclosure.
whose resonant frequency when loaded in
Figure 26.
an "infinite" baffle is 60 cycles per sec.
would about 12" deep, 20" wide and 49"
high.
The vent would be a single circular hole approximately 9" in diameter, or
a rectangular aperture about 16" x 4".
SECTION B. - RECEIVER TYPES AND CONSTRUCTION.
If an F.M. receiver is to fulfil its special purpose, viz,
higher quality sound
reproduction with freedom from interference, it requires, as me have sen, more
circuit components, also more careful design and construction than to be found in
the average A.M. receiver.
The great desirability, if not the absolute necessity,
for high quality audio systems, involving large reserves of power output, large
speakers and cabinets (for adequate baffle action) practically rules out the small
mantel set and the dry battery portable type.
Then again me have to consider the fact that F.M. is not (for many years at least)
entirely supplanting A.M.
This means that many people will demand a receiver capable
of receiving signals from all station - F.M. and A.M., and this adds to the complication.
HOW MANY VALVES ?
Owing to the higher frequency of operation (R.F. and 1.F.), and the necessity for
the flat-top on the I.F. selectivity curve, the gain per stage is very much less than
with an ordinary A.M. broadcast receiver.
A good F.M. 8-valve receiver may actually
be less sensitive than a 5-valve A.M. receiver on the medium wave band.
This
reduced gain per stage would be even lower, only that high gain valves are used in
the R.F. and 1.F. stages, with transconductance two or three times normal.
Using these special valves, designed for F.M. work, it would appear that the
minimum number of valves required (for F.M. reception only) is eight, comprising
R.F. amplifier (6BA6), Converter (6BA6) 1st 1.F. Amplifier (6BA6), 2nd 1.F. Amplifier
(6BA6), Ratio Detector (6HG-àGT), A.F. Amplifier (6SQ7-GT or equivalent, e.g. 6SF7-GT),
Power Amplifier (6V6-GT) and Rectifier (5Y3-GT).
The valve type numbers in brackets
are suggested types only.
A smaller and cheaper set could possibly omit either the
r,f. Amplifier or one I.F. stage.
Such a receiver, however, would only be satisfactT.FM & F. 17 - 23

ory in areas of high signal intensity, e.g.

in the inner metropolitan area.

It is stressed that the arrangement given above would represent only a quite
unambitious receiver.
For a larger receiver designed for those demanding the
maximum in high fidelity reproduction, at least an additional two valves would
be required - a phase splitter and an extra power output valve for push-pull.
Then again the larger receiver possibly would incorporate a discriminator detector
together with a limiter stage or stages.
This would moan an additional valve if
one stage of limiting were used, or two additional valves if two limiters (or
alternatively an extra I.F. amplifier) were incorporated.
Such a receiver would
therefore required up to 11 or 12 (or even more) valves.
DISCRIMINATOR OR RATIO DETECTOR ?
The Ratio Detector was described in an earlier lesson, and several of its more
obvious advantages pointed out there,
Let us now compare the two detection systems
in greater detail.
Advantages of the Ratio Detector over the Limiter
Discriminators are :(1)

No necessity for "limiters" which contribute practically nothing to the
receiverls gain.
Less I.F. and R.F. gain required, as there is no "threshold" level to be
reached at the detector stage input.
The reduced high frequency gain in
turn minimises difficulties relating to instability due to regeneration in
these high-frequency stages, and also minimises the tendency for "noise"
voltages to phase . - modulate the signal.
The Ratio Detector affords the same degree of immunity from interference on the
very weak signals as on the strong, whereas the Limiter Discriminator detector
may fail to provide any noise suppression whatever on the very_wenk signals.

(4)

The Ratio Detector probably suppresses impulse interference (where the carriers
may be momentarily entirely "blotted out") more effectively than does the
Limiter Discriminator.

On the other hand the Ratio Detector appears to suffer several disadvantages as
compared with the Limiter-Discriminator (1)

It introduces slightly mora distortion.

(2)

It is more difficult to

align

for linear conversion.

Summarising, it appears that, certainly ln all receivers where it is desired to
limit the number of valves used, the Ratio Detector is to be preferred.
Probably,
however, in the case of the higher priced quality receivers, where the number of
valves incorporated is not an important consideration, the Limiter - Discriminator
will be retained.
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COMBINING A.M. AND F.M.
The greatest difficulty is that of providing a receiver,
is capable of handling both P.M. and A.M. signals.
Possible combinations are

at reasonable cost, which

:-

F.M. and medium wave broadcast A.M.

only.

F.M./À.M. - dual wave.
F.M./A.M. - all-wave or multi-band.
F.M./A.M. - short-wave band only.
F.M./A.M. - multi short-wave bands only.
If completely separate channels are provided for the A.M. and F.M. signals in those
combined receivers, it is obvious that a very large number of valves and other
components would be required.
This, of course, mould result in a very expensive
receiver.
There is no difficulty in using n common audio section for the two types of signals,
but for best results it is considered that separate R.F. and I.F. channels are required.
The higher priced receivers in America are of this type, using up to 24
valves in all.
To provide a combined F.M. and A.M. receiver of reasonable cost, however, it is
necessary to use the same valves for both signal types.
Although this involves
several difficulties it is quite a practical scheme.
COMBINING F.M. AND A.M. HIGH IftODUENCY CHANNELS.
With this arrangement, separate r.f. coils and I.F. transformers must of course,
be used for the F.M, the A.M. medium band, and the A.M. short-wave band(s) (if any).
The switching must, therefore, cover the aerial coils, r.f. transformers, oscillator
coils, also possibly I.F. transformers, and small shunt or series condensers in
each section of the gang condenser.
Difficulties to be overcome are a result of the high mutual conductance valves
necessary for F.M.
These are actually beneficial on the A.M. short-wave bands,
although over-loading of the converter is likely to occur on strong signals.
This
effect, however, is easily overcome by reducing the gain of the R.F. transformer.
If ordinary transformers were used on the medium-wave A.M. band the gains of the
stages would be so high as to .be impracticable.
Valves would be overloaded, and
difficulties experienced due to regeneration causing self-oscillation (i.e. instability).
To avoid these troubles a number of expedients are used such as
reduction of gain by using high-loss transformers, heavy shunting by resistors across
the coils, tapping down of the transformers, or a combination of two or more of those.
When a common I.F. channel is used for both A.M and F.M., a common arrangement to
simplify the over-all switching mechanism is as follows :T.FM & F. 17 - 25
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In each stage the two I.F.
transformer& primaries and secondaries are connected
in series, the F.M. coil being closer to the plate or grid of the valves as shown
in Figure 27.
When receiving F.M. the 10.7 mc, transformer's primary has a high
dynamic impedance at its resonant frequency and keeps the signal out of the 450 K.C.
A.M. transformer.
On switching to A.M. the F.M. transformer's primary acts like a
short circuit at 455 K.C. and allows the 455 K.C. signal to pass on to its proper
transformer,
In order to avoid any possibility of interference from high-frequency
signals which may reach the I.F. stages, the switching arrangement sometimes
provides a short-circuit across the F.M. transformers when receiving A.M.
CONSTRUCTIONAL DETAILS - LAYOUT OF RECEIVER.
The chassis layout of the different stages and components of an F.M. receiver
follows the same general technique as for A.M. receivers.
Shielding in the R.F.
and I.F. stages, however, must be even more efficient than that to be found in a
modern AY,

tyln,

All coil units and I.F. transformers, including the discriminator transformer (which
consists of a primary in the plate circuit of the limiter, and, a centre-tapped
secondary connecting to the two detector diodes) are enclosed in metal cans, as
in usual practice.
All leads carrying high-frequency currents should be as short as possible to reduce
stray wiring capacities.
As already mentioned all valves are of the single endedtype, i.e. no grid-cap is used..
This allows of short leads from the plate circuit
of one stage to the grid of the following valve.
The usual precautions to keep 50 cycles per sec, power supply voltages out of the
circuits should be taken.
This envolves such points as adequate magnetie shielding
of the power transformer, reesonable isolation of the rectifier valve and circuits,
and twisting together the heater leads.
It may be mentioned here that any 50 cycle
fluctuation applied to the converter valve may give rise to a 50 cycle frequency
modulation of the I.F., which will appear as a 50 cycle (not 100 cycle) hum in the
speaker output.
This is due to the varying voltages applied to this valve affecting
the input capacity due to the "Miller-effect".
Such capacity, of course s helps to
determine the oscillator frequency.
If this frequency is thus caused to vary at 50
cycles per sec. so will the resulting intermediate frequency.

10.7 m.c.

10.7 m.c.

to limiter

and discriminator or
ratio detector.

455 K.C. to A.M. diode
detector.
134.

AVC
Figure 27.
T.FM & F. 17 - 26

EXAMINATION QUESTIONS - TESSON NO. 17.
1.

Explain briefly the purpose of high audio frequency de-emphasis in an F.M.
receiver ?
Where, in the receiver, is this de-emphasis effected ?

2.

Why is adequate power handling capacity a very important consideration in
an F.M. receiver ?

3.

With reference to a power output transformer what is meant by "Leakage
Inductance ?"
What is the effect on the output of an .undue amount of leakage
inductance ?

4.

What are the requirements of a loud-speaker for high efficiency at
(a) very high frequencies ?
(b)
very low frequencies ?

5.

What is the purpose of the "corrugations" in the cone of the usual type of
speaker?

6.

What places the final limit on the high-frequency response of the usual type
of speaker ?

7.

What is the purpose of a "baffle ?"
What should be the minimum dimensions of
a baffle designed for full response down to 150 cycles per sec. ?

8.

Why is an irregular baffle to be preferred to one of regular shape ?

9.

Name two types of non-electrical resonance effects which may mar the output of
a speaker system ?

10. What factors determine the required volume of a vented enclosure ?
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FM & F LESSON 18
INSTALLATION, ALIGNMENT AND SERVICING OF F.M. RECEIVERS.

EQUIPMENT REQUIRED FOR TESTING AND SERVICING F.M, RECEIVERS:
The two outstanding virtues of F.M. are :
1.
2.

A substantial improvement in signal to noise ratio.
Its ability to produce a ride-range acoustic output with very low distortion.

In order to take full advantage of these potentialities of F.M. the design requirements
of an F.M. receiver are more stringent than those of the A.M. type, and the adjustment
and setting up (alignment etc.) should be even more carefully carried out.
In the
case of the ordinary low-fidelity A.M. receiver even quite large errors in alignment
and other adjustments may not result in a perceptible falling off in the quality of
the output.
This is because the frequency range of the acoustic output is so limited
in the system, and because distortion, at the hest is not particularly low, and consequently the ear does not appreciate further deterioration in quality until the adjustments
to the circuits are well off their correct.
values.
In a good F.M. receiver, on the
,
possible
other hand, almost perfect reproduction is
when the set is properly set-up,
and equipped with a good quality loud-speaker.
As a result any distortion, noise and
departure from linearity in the acoustic
output curve introduced by even quite small
errors in voltage and tuned circuit settings
become, by ear.
comparison,
quite noticeable
It behoves
the service-to
Cl.

man, therefore, to acquire the knowledge
and skill necessary to carry out scientific
and accurate methods of aligning and otherwise adjusting F.M. receivers.
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Despite what has been said above, however,
it should not be thought that there is
anything particularly difficult in servicing an F.M. receiver, nor is any large
amount of new and unusual equipment
necessary.
The following is a list of equipment which
Is adequate to carry out all routine tests,

A CATHODE RAY OSCILLOSCOPE.

fault-finding and alignment of an F.M. receiver.
(1)

A multimeter incorporating the usual voltage and current ranges and an
ohm-meter (for continuity tests).

(2)

A screw-driver of low-loss insulating material.

(3)

A V.H.F. Signal Generator (unmodulated)
M.C. per sec.

(4)

An R.F. Signal Generator (unmodulated)
M.C. per Sec.

covering the frequency range 88-108

covering the I.F. band usually 10.7

Items 3 and 4 will probably be the one instrument.
In addition to the above the following equipment is desirable

:

(1)

A centre-zero scale micro-ammeter reading to about 50 or 100 microamps on
either side of zero.
This is useful for certain tests on the discriminator.

(2)

A 0-100 microamp-meter as an output meter for alignment adjustments.
If
this is not available the 0-1 milliamp range of a multimeter can be used.

For servicing commercial receivers which,

it is assumed, are correctly designed in

the first place, the above equipment is entirely adequate.
Other more costly equipment which although not essential is desirable, particularly if alterations to circuit
design are to be made, is described later in this lesson.
This includes :
(1)

A Frequency-modulated Signal Generator covering the I.F. of the receiver (10.7
m.c.)

and producing a frequency deviation of ± 75 Kc per sec.

(2)

A Cathode-Ray Oscilloscope.

(3)

A valve voltmeter.

(4)

An audio oscillator covering the range 30-15,000 cycles per sec.

ROUTINE TESTS AND FAULT-FINDING:
Most faults in any type of receiver are due to broken down resistors and condensers,
and broken or short-circuited leads.
Such faults involve open and short circuits.
The technique of locating such faults in an F.M. receiver is exactly the same as for
an A.M. receiver.
The only instrument required is a continuity tester or ohm-meter.
Concerning voltage checks it is important to remember that any departure from the
correct values may have, relatively, a more serious effect in an F.M. receiver than
in the case of an A.M. receiver.
Particular care should be taken to adjust accurately
the plate e screen and bias voltages of the power output tube0,
Wrong values here
introduce distortion which mars the normal high-fidelity of the output.
Again, low
voltages on any of the R.F. or I.F. valves may reduce the pre-detection gain to such
a point that the limiter does not operate to saturation, with the result that the
noise level is higher than it should be.
Thirdly, very important voltages to check
are those on the plate and screen of the limiter(s).
These should be much lower than
T.FM & F. 18
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customarily used on an ordinary amplifying valve.
Typical values lie between 25
and 40V, depending upon the valve used and the receiver design.
The correct value
should be ascertained from the data supplied by the manufacturer of the particular
receiver under test.
A limiter pl ate and screen-voltage which is too high may mean
that the stage is not working at saturation (as it should), and amplitude variations
of the signal will be passed.
The result will be a high noise-level in the output.
On the other hand a voltage which is too low will result in inadequate speaker output (low volume).
In this connection it should be remembered that the limiter fixes
the level of the I.F. signal which is applied to the discriminator for detection.
RECEIVER ALIGNMENT:
The essential receiver tests to be carried out are as follow :
(1)

Alignment of the Discriminator.

(2)

Adjustment of the Limiter.

(3)

Alignment of the I.F.

(4)

Alignment of the R.F. stages including oscillator and R.F. circuit trimmer
adjustments for correct "tracking".

(5)

Customary A.F. section tests.

stages.

These tests will be explained in the order given above.
ALIGNMENT OF THE DISCRIMINATOR:
This test should be the first to be carried out (after,
circuit voltages).
The equipment necessary is g
,

of course, testing all

(1)

The F.M. unmodulated signal generator capable of delivering a calibrated output
of 0.1 volts at the intermediate frequency.

(2)

The centre-scale micro-ammeter,

(3)

The 0-100 micro-ammeter (or alternatively the 0-1 milliammeter may be used).

(4)

An alignment screw driver.

or if not available a 0 - 1.milliammeter.

A typical discriminator circuit, together with the preceding limiter is shown in
Figure 2.
The Signal generator output is adjusted to the I.F. of the receiver
(usually 10.7 m.c) and applied to the grid of the stage preceding the discriminator.
The primary of the discriminator transformer is. aligned first.
To do this the
0-100 micro-ammeter is inserted between the points marked Y Y in Figure 2, and a piece
of wire is connected between the points marked XX.
It is a good idea to carry a
short length of insulated wire with a spring clip at each end for this purpose.
The
latter short-circuits the secondary of the transformer, and so eliminates any effects
the closely-coupled secondary may have on the primary tuning.
It should be remembered
at this point that the r.f. voltage applied to each diode plate of the discriminator
T. FM & F.18 P3
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is the vector sum of the two r.f.
SECOND LIMITER TUBE

voltagos - one which is applied through a condenser
(via the centre tap) from the primary
transformer circuit, and the other which
Z is developed across each half of the
secondary due to the normal circulating
R1
current in this circuit.
The latter
is eliminated in this adjustment by
R2
means of the short-circuit XX.

TYPICAL DISCRIMINATOR SYSTEM SHOWING
COUPLING TO FINAL LIMITER STAGE AND
TEST POINTS,
VALUES FOR THE KEYED
COMPONENTS ARE Cl - 50 mmf.; R1, R2 0.1 megohm.
FIGURE 2.

The primary coil of the transformer is
now adjusted until the micro-ammeter at
YY shows a maximum reading.
Note that
this meter is reading the total rectified
currents of the two diodes.
A maximum
reading here indicates, therefore, that
maximum voltage is being applied from
the primary.
The primary will therefore
be peaked at the correct I.F.

Next to align is the secondary of the
discriminator transformer.
The short-circuit is removed from XX, and the meter
removed from U.
The centre-scale micro-ammeter is converted into a high-impedance
voltmeter by connecting a one megohm resistor in series with it.
This meter is
connected across the discriminator output, between the points ZZ of Figure 2.
For a
signal equal to the centre-frequency of the I.F. the secondary circuit of the transformer should be at resonance, so that the r.f. voltages developed across each half
of the coil, and applied to the diodes, should be equal, resulting in zero output
between ZZ.
If the meter shows a deflection on either side of zero this therefore
indicates that the secondary is not correctly adjusted.
Adjustment is therefore
made until a zero reading on the output meter is obtained.
It is of importance to remember that both terminals of the transformer secondary
condenser d'e well above ground potential, and, therefore, a well insulated screw
driver is needed for this adjustment.
The adjustment is, besides, rather critical
since it balances the discriminator.
An alternative method of aligning the discriminator, which avoids the use of the
meter in the position YY and the short circuiting of the secondary between,XX (Figure.
2) is as follows :
The signal generator output is connected to the limiter-grid and the output meter
connected between ZZ, as before.
In the case of this method the secondary
is adjusted first.
Adjustment is made for a zero reading on the output meter.
The frequency
of the signal generator is now re-adjusted to a value say 75 K.c. per sec. above the
centre frequency and the reading on the high-resistance output meter noted.
Signal
generator frequency is next reduced to a frequency 75 K.c. per sec, below the centre
frequency.
The output meter will now deflect in the opposite direction.
Unequal
deflections would indicate that the prim= adjustment is incorrect.
Hence the
primary is adjusted until equal and opposite meter deflections are obtained from the
+ 75 K.c. off centre frequencies.
Since adjustment to the primary may de-tune the
secondary (due to the tight coupling between them) it will now be necessary to readjust the latter circuit to give zero meter reading for a 10.7 m.c. signal, as
explained above.
It may be found that the whole procedure has to be repeated several
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times before both circuits are correctly aligned.
If a centre-scale micro-ammeter is not available for the output meter any meter
having a sensitivity of not less than 1,000 ohms / volt (i.e. 1 m.a. for full-scale
deflection) and an internal resistance of not less than 1 megohm may be used.
The
0-1,000 volts range on a good quality multimeter Would satisfy these requirements.
In the case of the first method of alignment described, and the case of the secondary
peaking in the second method, a:zero adjustment of voltage was required.
A slight
backward deflection of the needle off the scale will do no harm while the adjustments
are being made.
In the case of the primary alignment by the second method it would
be necessary to reverse the loads of the meter between the points ZZ (Figure 2) when
the signal generator frequen cy was shifted from 75 K.c above the centre frequency to
a value 75 K.c below the latter.
In connection with the second method described above it may be desirable to defer the
discriminator alignment until after the alignment of the I.F. transformers.
If this
is done the signal generator may then te connected to the converter input, so that
the signal will be amplified by the I.F. stages.
These deflections obtained in the
output meter for the 75 K.c off centre-frequency adjustments of the signal generator
will then be larger, allowing of more accurate adjustment of the discriminator
primary winding.
If the output meter available is not of sufficient sensitivity and/
or if the r.f. output of the signal generator is small this procedure may be
absolutely essential if an aCcurate adjustment is to be obtained.
The above tests on the discriminator should be completely adequate for a commercially
designed receiver where it may be assumed that the discriminator band-pass and linearity are satisfactory when alignment is correct.
If there is any doubt about the
stage's performance, however, due for example to having replaced any circuit components,
a complete output curve may be obtained as follows.
After having aligned the I.F.
stages (see below) the signal generator is connected to the converter grid and the
output meter connected between points ZZ (Figure 2) as before.
The signal generator
frequency is moved away from the centre frequency in ateps of 5 or 10 K.c. por sec.
.depending upon the accurancy required in the curve, and the accuracy with which the
generator frequency may be set.
The D.C. voltage across the diode load, as shown
on the output meter, is noted for each frequency setting.
Readings are recorded
for frequencies both above and below the centre-frequency.
A curve is plotted
similar to those shown in
Figure 3.
Here two Curves are given one for a signal of
2.5. millivolts and the other for 0.5 millivolts at the converter grid.
The curve
obtained should be linear for a total frequency range appreciably wider than twice
the maximum (i.e 150 K.c. per sec.).
This margin is required to allow for the fact
that the I.F. may not be exactly at its correct centre frequency 10.7 c.c.) when
actually receiving a station.
A discriminator characteristic which is barely wide
enough will mean that if the receiver's tuning is only very slightly incorrect distortion
will result due to the frequency excursions on loud sounds carrying the signal
frequency off the linear portion of one end - of the characteristic.
It should be
remembered, in this connection, that a band-pass which is too narrow anywhere in the
I.F. stages results in amplitude distortion due to cutting off the loud sounds, rather
than in a reduction of the high audio frequency response, as is the case with A.M.
ALIGNING THE I.F. STAGES:
The procedure for aligning the I.F. stages is e in general, very similar to that
folloWed in an ordinary A.M. receiver.
The main difference lies in the use of an
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unmodulated R.F. signal 1 also
in the method of measuring the
tuned circuit response, and
in the special precautions taken to ensure that the I.F.
*
transformers are adjusted
symmetrically with respect to
the centre frequency.
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As an output indicating device
the 0-100 micro-ammeter is
used, being connected in series
with the grid return of the
limiter.
If two limiter
stages are used the meter is
connected in the grid circuit
of the last limiter, as shown
in Figure 4.
This really
converts the last limiter
value into a vacuum tube
voltmeter.

3.

The circuit of Figure 4 is a
typical two-sta,m limiter.
The transformer between the limiter valves V1 and V2
is in every respect similar to these in the preceding I.F. stages (not shown), and it
must be aligned together with the others to the correct I.F.
The initial rough procedure is as follows:Having connected the microammeter in
series with R1, as shown, the signal generator is adjusted to the correct centre I.F.
value, and the output applied to the grid of V1 ? (Figure 4).
The secondary of trans-

Vi
T2

R2

.01

02

R1 and R2 are usually
50,000 - 20,000 ohms.

A TWO-STAGE LIMITER CIRCUIT SHOWING FETHOD OF
CONNECTING MICROAMETER F(4_ I.F. ALIGNMENT,
FIGURE A,

former T1 is first adjusted for a peak reading on the output meter,
then the primary of the
same transformer is
similarly adjusted.
In
making these adjustments
it is important to keep
the strength of the
signal generator output low - only just
sufficient to produce
a decided peak in the
meter reading when making the adjustments.
The reason for this to
ensure that the limiters
are operating below the
"threshold" level, i.e.
below the "knee" of the
curve shown in Figure 5,
where saturation occurs.
When the signal is
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sufficiently weak to ensure that this
occurs the first limiter V' of Figure 4
acts as an ordinary linear amplifier with
a gain between 10 and 20.
If the limiters
were operated to saturation by the signal
very little peaking of the transformer
would be observed on the meter, because
the limiter action is such that it tends
to flatten out the output, and so obscure
the resonance effect of the tuned circuits.

sui
o

Having adjusted the last I.F. transformer
(Ti) Figure 4, the signal generator output is moved to the grid of the preceding
. ,
tube (not shown in Figure 4) and the
input volts
transformer T2 is aligned as before,
LIMITER CURVE.
adjustment being made to the secondary
first, then the primary.
The signal
FIGURE 5.
generator is again moved to the grid of
the next valve, moving back towards the converter, and the I.F. transformer following
this value aligned, and so on.
Finally to align the I.F. transformer immediately
following the converter stage the signal generator is connected to the converter grid
itself.
Compared with the gain found in an ordinary A.M. receiver it will be found that the gain
in the F.M. receiver is extremely high.
To give a typical example a 20 micro-volt
signal on the converter grid should produce 20 microamperes in the output meter for a
value of Ri (Figure 4) of 50,000 ohms.
This represents a voltage gain of 100,000.
The
converter usually has a gain of between 5 and 10, while the I.F. stages each yield a
gain in the region of 50 or 60.
Great care is therefore necessary in connecting the
signal generator to the converter grid, if oacillations due to input-output coupling are
to be avoided.
A suitable method is indicated in Figure 6.
First the connection from
the r.f. circuit to the grid lug on the converter valve is unsoldered.
This is
necessary because this r.f. circuit is tuned to 88 - 108 m.c. and would act as a shortcircuit to ground for the output of the signal generator which is at the I.F. (usually
10.7 m.o.).
The end of the shielded signal generator cable is terminated with a 0.01mf..
condenser, loaded by a non-inductive resistor of low value, say 100 ohms.
The
condenser and resistor must be contained within a shield.
The condenser prevents
damage to the signal generator in the event of the lead being accidentally connected to
a high voltage point.- The resistor damps out any oscillations due to feedback.

Signal
Generator

Shield

-1
_ A
1
a_
I

•01

I

El

1

100IA-

To Cony.
Grid

TERMINATION FOR COUPLING OF I.F. SIGNAL
GENERATOR TO CONVERTER INPUT OF F.M. RECEIVER.

In carrying out the alignment
process described above a most
important point to keep in mind is
that as the signal generator is
moved back stage by stage towards
the converter, its output should
jle_uocressivelv attenuated so
that only the smallest useful
reading is obtained on the output
meter.
This, of course, is to
prevent the limiters from operating above the threshold level.

FIGURE 6.
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SYMMETRICAL PEAKING OF THE I.F. STAGES:
In some receivers the above simple procedure may be quite sufficient to adjust the
I.F. stages for efficient reception.
In
other receiverS, however, it will be found
(A)
(B)
that although the transformers have been
peaked for maximum response, they have not
been symmetrically aligned with respect to
the centre I.F.
At this stage it should
be remembered that the I.F. transformers
are designed to pass a wide band of
frequencies - at least 150 K.c wide.
This
wide band-pass is obtained, as has already
À.1
10.6
10.7
10.8
10.6
10.7
10.8
been explained by two main mehods
Frequency - megacycles Frequency - megacycles
I.F. Band-Pass obtained by
(1)
Heavy damping of the tuned circuits.

/!

A. Heavy Damping,

and B. Overcoupling.
FIGURE 7.

(2)

Over-coupling of the circuits to
yield the double peak effect - or a
combination of both of these.

Figure 7 shows the two main characteristics.
If heavy damping alone is resorted to
the only peak in the curve occurs at the centre frequency of the I.F. channel.
In
this case the procedure described above, if carefully carried out, should be sufficient
to obtain correct alignment.
It is a good idea, however, to chock the over-all I.F. characteristic after the initial
aligning process described above, and to make minor adjustments to each tuned circuit
if necessary.
This checking of the over-all characteristic is done by leaving the
signal generator at the convertor grid, but re-tuning it to a frequency which is 40 K.c
below the centre frequency, and noting the reading on the output.
Then the frequency
is adjusted to a value of 40 K.c. above the centre frequency, and noting the response
on the meter again.
These two readings should be equal if the curve is to be
symmetrical about the centre-frequency.
The procedUre is then repeated for frequencies
which are + 75 K.c off the centre frequency.
For a good over-all alignment these
readings should again be equal, and should not be less than 1/10 of the reading
obtained at the centre frequency.
If it is found that unequal readings ore obtained
for a pair of off-centre frequencies, small adjustments may be made to the various
stages (leaving the signal generator at the converter grid) until a symmetrical
response is obtained.
It may be found that no symmetrical response can be obtained by small re-adjustments
to the transformers.
This indicates that the I.F. characteristics are of the double
peak type shown at B Figure 7.
In this event the stages should be completely realigned using one of the methods described below.
ALIGNING OVER-COUPLED I.F. TRANSFORMERS:
If the I.F. stage design is such that the response characteristics have the doublepeak as shown at B Figure 7e the simple method of adjustment for a maximum response
with the signal generator set at the correct centre value of the I.F. will give an
unsymmetrical alignment.
This moans that although the I.F. transformers give a
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1
10.7 m.c.
10.7 m.c.
10.7 m.c.
Response of Primary alond. Response of Secondary alone.
A
1. Combined response for above
critical coupling.
FIGURE 8.
2. Combined response when coupling
has reduced below critionl by
heavy damping.
maximum response at the centre I.F., this latter frequency does not lie at the
centre of the pass-band of the circuits.
Instead the centre-frequency (10.7 m.c)
would fall at a point relative to the curve which would correspond to one or the other
of the side peaks (See Figure 75).
The result, when receiving a signal, would be
that either the upper or lower side-band (depending upon which peak the circuits
happended to be aligned at) would be much stronger than the other, resulting in
serious distortion.
Two main methods of aligning double-peaked circuits may be
employed.
FIRST NETHOD:
One method is to align each stage roughly as before, starting at the last stage before"
the last limiter and working back towards the converter, as described.
The process
is then repeated while heavily damping, by means of a resistor, one winding of each
transformer while the other winding is being tuned.
This damping reduces the
co-efficient of coupling between the circuits below the critical value, and so
temporarily eliminates the double-hump effect.
The theory of the method will be
understood by reference to Figure 8.
Each circuit of a transformer is, or should
be tuned individually to the correct I.F. centre frequency, as shown at A & B.
When
coupled above the criticql point, however, the individual resonance peaks disappear,
and are replaced by two peaks lying above and below the separate resonance frequencies,
as shorn by curve (1) Figure 8 C.
If one of the coupled circuits is damped heavily
enough to reduce the coupling to avalue below the critical value, the double peaks
of the combined curve disappear, and are replaced by a single peak at the correct
centre frequency, as shown by curve (2) Figure 8.
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SECOND METHODt
A more accurate method of aligning double-peak circuits is as follows.
If the alignment is not too .far out the signal generator is connected to the converter grid.
The
frequency of the generator is then swept on each side of the centre frequency noting
the meter responses (meter still connected in the grid return of the limiter).
In
this may the two correct peaking frequencies are found.
These should lie symmetrically
on either side of the correct centre frequency.
Unequal meter responses for the two
peak frequencies indicate the alignment is somewhat off.
Having noticed carefully
(from the signal generator calibration) the frequency of one of the peaks, (say the
lower) we start to align the I.F. amplifier stage by stage, starting from the last and
working back towards the converter as previously described.
In this process, however,
we align on the lower peak alone, the frequency of the signal generator being set at
the value previously noted for it. After the entire I.F. amplifier has been aligned,we
now set the signal generator to the correct centre I.F. (10.7 mc.) and connect it to
the converter grid,
and note the meter response.
Then the signal generator is
adjusted to a frequency 75 K.c above the centre frequency and the response noted.
Finally a frequency 75 K.c. below the centre frequency is applied and the response
again noted.
The latter two readings should be equal, if not the entire process must
be repeated.
THIRD FETHOD:
Sometimes the alignment is initially so poor that it is difficult to determine the
correct peaking frequencies.
It is then best to set the signal generator at a
frequency which is 50 K.c. below the correct centre frequency (viz, at a frequency
equal to 10.65 M.o) and then to align stage by stage for maximum response at this offcentre frequency.
Here again we begin with the stage next to the limiter and work
back towards the mixer.
In making the adjustments the trimmer condensers are first
sot towards maximum capacity setting and thon reduced until maximum response is obtained.
This ensures that the transformers will be aligned on the lower, and not the higher,
peaks.
The signal generator is then set at frequencies 75 K.c. first above, then
below the centre frequency, the outputleing applied to the converter grid.
If the
over-all transmission curve is symmetrical these two responses should be equal.
Also
test for frequencies + 50 K.c from the centre frequencies.
Again the motor responses
should be equal.
If this is so it indicates that we guessed the peaking frequency
correctly when we initially set it 50 K.c, off centre.
If the responses for the
frequencies + 75 K.c. off-centre were not equal it indicated that the incorrect offcentre peaking frequency was assumed.
The entire process is then repeated with a
somewhat higher off -centre frequency while aligning the individual stages.
If the
alignment proves to be even more unsymmetrical than before (as indicated by the meter
responses for ± 75 K.c. off-centre, and also i 50 K.c. off-centre frequencies) this
indicates that the correct peaking frequencies lie closer to the centre frequency than
50 K.c.
The alignment is therefore repeated for an off-frequency of somewhat less
than 50 K.c.
The process is repeated until equal symmetrical peaks with respect to
the centre frequency are obtained.
If the correct off-freèluency for the double peaking was guessed correctly in the first
place, the process is just as rapid as for aligning single-peaked circuits, since the
alignment is based on obtaining readings only for the lower peak frequency, or for the
upper peak frequency.
Usually the manufacturer provides information for the correct
peaking frequencies, so the method of repeated alignment may not be necessary.
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OVER-ALL CHECK OF I.F. AND DISCRIMINATOR_ALIGNMEM
At this stage it is a good idea to check the alignment so far carried out.
To do this
the signal generator is connected to the converter grid.
The meter for measuring
discriminator output is connected between points ZZ (Figure 2).
The meter for measuring
total diode current is connected between YY as before.
First the frequency is set at
the centre value (10.7 m.c).
The meter at ZZ should show a zero reading, and that at
YY a maximum reading (noted by swinging the frequency slightly about 10.7 m.c).
Next
the frequency,ie%8et- at 75 :iliW*.àbb#c.-ceetre frequency,andttheegfflreee..below. .'The'readings..on, ithemetér atZlIp.these latter two cases should be equal.
It should not be thought, however, that this over-all characteristic test alone is an
indication that the individual stages are correctly aligned.
It cannot be too strongly
stressed that it is always necessary to align the separate I.F. stages as previously
described.
A symmetrical over-all transmission curve for the I.F. stages does not
indicate that distortionless reception will be obtained.
The curves for individual
stages might be a long way out, yet the overall curves looks correct.
LIMITER TESTS:
Previously, before proceeding with the IF. alignment, we checked the limiter voltages.
If these were correct and circuit components were in good condition and of the values
recommended by the manufacturer, the limiter should function normally.
However if there
is any doubt about the limiter operation, the following simple test may be carried out.
The meter (preferably o-loog.A.) is connected in the diode return lead at YY (Fig. 2).
The signal generator e set at the correct centre I.F. is connected to the converter grid by
the method previously described.
A number of readings on the meter are noted for
various voltages applied from the signal generator.
These voltages, of course, are
varied, and read off from the attenuater control on the instrument.
A curve like that
illustrated in Figure 9 is plotted.
In a typical receiver a curve something like that
shown should be obtained.
Note that complete limiter saturation occurs above a signal
voltage of about 50 micro-volts at the converter grid.
If the "threshold" level was
very much above this figure it would indicate that the limiter would not be sufficiently
effective in reducing noise interference on the weaker signals.
R.F. and OSCILLATOR ALIGNMENT:
For these adjustments an unmodulated signal generator covering the band 88 - 108 m.c. is required.
Actually a generator operating up to
54 m.c. would be satisfactory, for the second
harmonic of the output could be used.
The signal generators output is applied to the
input terminals of the receiver as shown in
Figure 10.
For these adjustments the 0 - 100
microammoter connected in the grid return of
the last limiter is again used as an output
meter.
First the signal generator is adjusted to produce a frequency of 108 m.o. per
sec. and the tunin dial of the receiver
adjusteol so that it roads 108 m.c.' por sec..
.oscillator trimmer G5. (Fturef le Ta.

800 100 012 00 140 0
mi cro-volts
TYPICAL LIMITER CURVE MEASURED BETWEEN
CONVERTER GRID AND DISCRIMINATOR OUTPUT.
FIGURE 9.
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now adjusted for maximum response in the output meter.
It is important at this stage
to reduce the signal generator output until it is only just sufficient to indicate
decided maximum effects on the meter.
The R.F. and aerial trimmers Cl l. and 012are now
also adjusted for maximum meter response.
A further reduction in generator output
may be required when making these adjustments to prevent saturating the limiters.
The next stop is to check the tracking.
This is done by setting the frequency of the
signal generator to such frequencies as 107, 106 and 105 m.c. in succession down to
88 m.c.
In each case the dial of the receiver is set for maximum response as noted
by the grid-current meter of the limiter tube.
For proper tracking the microammeter
indications should be practically equal in all cases.
If this is not so a compromise
has to be made with respect to the trimmer Cli and
'2 settings,
as in ordinary A.M.
technique.
It has been pointed out that a receiver may be designed to operate with the oscillator
frequency (F0) either above or below the tuning frequency (F1).
With an intermediate
frequency as high as 10.7 m.o. no possibility of adjusting the oscillator frequency
on the wrong side of the tuning frequency exists,providing the Polloi,ring check is made.
After making the initial adjustments at 108 m.o, suppose it is found that the trackpag
cannot be improved by re-setting trimmers Ctiand C12,.
This indicates that the receiver
was designed for the oscillator frequency on the other side of the tuning frequency as
shown on the dial.
Hence the necessary correction may be made, the alignment process
of the tuning circuits being repeated.
In carrying out the alignment of the r.f.

stages,

difficulties due to double-peaking

circuits (as described in connection with some I.F.

stages) never occur.

These r.f.
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circuits are more than adequately damped for the required band-pass by the high r.f.
losses which occur at 88 - 108 m.o.
Hence if correctly peaked by the simple
procedure described, the band-pass requirements in this section of the receiver will
take care of themselves.
ADDITIONAL EQUIPMENT FOR DYNAMIC TESTS OF THE IF& DISCRIMINATOR STAGES:
The tests and alignment procedure previously described were carried out by using an
unmodulated signal generator.
To check the band-pass of the I.F. stages we varied
the frequency step by step, taking separate readings on the output meter for each
setting.
Since an F.M. receiver is sensitive to frequency variations, rather than to
amplitude variations, it would be an advantage if me had available a signal generator
whose signals were frequency modulated with a deviation of ± 75 K.c.

A FREQUENCY

MODULATED SIGNAL GENERATOR:

A suitable instrument of this type consists of a fixed oscillator operating at a
frequency of say 20 m.c per sec, which is frequency modulated by means of a reactance
tube to whose grid a suitable A.F. voltege e say 400 c. per sec. may be applied.
The
output of this oscillator is heterodyned.with that of another oscillator tunable
between, say, 28 and 33 m.c. per sec.
The resulting output will be a frequency modulated signal, tunable between 28 - 20 = 8 m.o. and 33 - 20 a» 13 m.c.
This covers
the I.F. (10.7 m.o.) of an F.M. receiver .
The arrangement is shown in block form
in Figure 11.
For fidelity tests this
signal generator must be
applied at the receivers
converter grid.
This is
good enough for fidelity
tests, because the
broadly tuned r.f. circuits
have little effect on the
receivers over-all fidelity.
By using the instrument together with a cathode-ray
oscilloscope (described
below) an actual visual
picture of the I.F. curve
may be obtained.
THE CATHODE RAY OSCILLOSCOPE (OR OSCILLOGRAPH):
Some mention was made of
this instrument in a
lesson on cathode ray
tubes in the Television
Section.
The device
consists of an ordinary
electrostatic type
cathode ray tube fitted
with suitable power supplies

Tunable
oscillator
28-33v m.c
Output
-13 m.o.
F.M .Deviation
Fixed
qeact an CE OscillatTube
or
20 m.c.

f 75 K.C.

A.F.
Modulation
An F.M. Signal Generator suitable
for I.F. Tests.

FIGURE 11.
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for the filament heating and high electrode voltages.
In addition it has a saw-tooth
voltage generator (usually of the gas filled triode type), whose frequency is variable
over a considerable range (say 20 - 50,000 c. per sec).
The output of this oscillator
is applied to the "horizontal" plates, and produces a linear "sweep" horizontally
across the screen of the tube.
The effect of this sweep is to produce a bright narrow
line of light across the tube.
The voltage which is to be tested or observed is
applied to the vertical deflection plates.
These plates are usually provided with a
high fidelity video amplifier, so that weak voltages may be amplified.
The instrument
is, of course, fitted with controls to adjust the beam intensity, focus, and positioning
of the spot on the screen (the latter involving vertical and horizontal shift controls).
A block diagram of a typical oscilloscope is shown in Figure 12.
The general
appearance of the instrument is illustrated in Figure 1.
Say a sine-wave voltage of
400 cyc.per sec. is applied, via the vertical amplifier to the vertical deflection
plates of this instrument.
In the absence of any horizontal deflection, the effect
would be simply to move the spot of light up and down on the screen s to produce a
vertical lino of light.
Suppose now that a saw-tooth voltage s also of 400 cycles per sec, were applied from
the sweep oscillator to the horizontal deflection plates.
In the absence of the sinewave voltage or the vertical plates a straight horizontal line of light would appear
across the screen.
The spot would move through successive positions 0, 1, 2, 3, 4, 5,
6, 7, 8, as shown in Figure 13.
For a frequency of 400 cycles per sec. the time taken
to move from one of those positions to the next would be _1_ ><„ 1 =
sec" and

400

8

3¡L0

the movement would thus occur at a uniform speed.
On reaching position 8, the spot
would then, in a very short period of time (the fly-back time), return to position 0,
and the next cycle would commence.
In the presence of both voltages
the sine-wave voltage on the
vertical plates, and the sawtooth one on the horizontal
plates, the spot would be
forced to move in both
vertical and horizontal directions.
If both voltages
commenced their cycles at the
same moment the spot would
move, due to these simultaneous
movements, successively through
positions a
l b,
c, d, e, f. g,
h, and i., so tracing out a
curved line of light, which
would be a visual representation of the sine-wave voltage under test.
On reaching
position 8 (or i) the spot
is rapidly shifted to position
0 (a) ne)zain, and the same
movement is repeated.
Due
to the
persistence" of
vision effect a continuous
and stationary Jine-7;ave

Power
Supplies

2

Vertical

Saw-Too h

amp. V.
(Sweep)
•

•

voltage

Sync.
voltage

under Test.
FIGURE 12.
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curve would be seen just as though such—
a curve were drawn on paper.
In this way the cathode-ray oscilloscope
(abbreviated C.R.0) allows us to obtain
on a screen a graphical representation
of any alternating voltage under test.
The action is not limited to a sinewave farm.
For example a square-wave
voltage, or any other type, would
produce its exact wave-form on the
screen.
'To produce a stationary picture of the
wave on the screen it is necessary that
FIGURE 13.
the voltage under test and the sweep
voltage are correctly synchronised.
This means that their frequencies must bear
exactly a certain relationship to each other.
In the case of the example explained,
where a single cycle of the test voltage was observed, the two must have exactly equal
frequencies.
If the latter differsslightly the trace appears to drift continuously
across the screen in one or the other direction.
If the sweep voltage frequency were
exactly one-half the frequency of the voltage under test, two complete stationary cycles
of the latter mould be observed;
for the test voltage mould perform two complete
cycles in the time taken to move the spot once horizontally across the screen.
Thus
to observe two or more stationary cycles the sweep saw-tooth voltage must have a
frequency which is an exact sub-multiple of the voltage under test.
To obtain this necessary synchronisation for test voltages of various frequencies, the
sweep oscillator is provided with a frequency control knob, usually providing settings
between about 25 cycles per sec. to 50,000 cycles por sec.
Exact synchronisation is
obtained by injecting a small portion of the test-voltage into the grid circuit of the
sweep oscillator tube(see Figure 12).
In practice the trace is made as stationary
as possible by adjustment to the sweep frequency knob.
Then the sync, control, which
controls the amount of voltage applied to the grid of the sweep oscillator tube is
turned up e just enough to cause the trace to "lock" on the screen.
This synchronising
action was explained in the second lesson devoted to Television Receivers.
In the
case of the sweep generators in videp receivers the sync, voltages which sat and hold .
the frequencies of the generated saw-tooth voltages are, of course, the sync pulses
which are separated from the incoming signal.
Here the sync, voltage is a portion of
the voltage under observation.
DYNAMIC METHOD OF ALIGNING I.F. STf,GESs
The use of thé F.M. signal generator, together with a O.R.O. provides a speedier
method of aligning the I.F. stages, and at the same time shows the operation of the
receiver under conditions which closely approximate actual reception of an F.M. wave.
The F.M. signal generator is provided with a saw-toothed voltage at audio frequency
usually by taking some of the saw toothed voltage from the sweep oscillator in the
oscilloscope.
This audio signal is fed into the generator via the grid of the
modulating reactance tube as shown in Figure ll.
The centre frequency of the resulting F.M. voltage from the generator is adjusted to 10.7 m.c. and applied to the
receivers converter grid, using preferably the method illustrated in Figure 6,
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The vertical plates of the cathode ray oscilloscope
are connected between points "a" and "ls" in the grid
circuit of the last limiter of Figure 10.
Note that
this connection means that the voltage developed
across the limiter grid resistor by the rectified
grid current flowing through it is providing the
vertical deflection on the screen of the C.R.O.
If the I.F. stages of the receiver are already
correctly aligned, a stationary picture of their
characteristic somewhat like that shown in Fig.
14 should be obtained on the screen of the CRO.
No difficulty will be experienced with synchronisation because the frequency deviation of
the oscillator is produced by voltage from the
oscilloscopes saw tooth oscillator circuit and
must at all times be synchronised with the
norizontal movement of the light spot.

o

o
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In order to understand how such a picture is built up, suppose that the r.f. output of
the signal generator is frequency modulated at 400 cycles per sec. and that a deviation
of + 300 m.c. per sec. (0.3 m.o. per sec) is being produced.
Then the signal applied
to the receiver is boina "swept" over a frequency range of 10.4 m.c. per sec.
(10.7 - 0.3 m.c) to 11.0 m.c. per sec. (10.7 + 0.3. mc.).
Now although the amplitude of the r.f. voltage applied to the converter of the receiver
remains constant for all instantaneous frequencies, the amplitude of the voltage
applied to the grid of the limiter will vary with these instantaneous frequencies.
The
reason, of coursey is that the signal has passed through the I.F. tuned circuits which
are freouenc
selective, i.e. the amplitude of the voltage passed depends upon the
instantaneous frequency, as shown by the dotted lines a, b, c, dy e, f and g of Fig. 14.
The D.C. voltages applied to the vertical plates of the C.R.O. will also vary as the
lengths or those dotted lines, for the grid circuit of the limiter simply rectifies the
r.f. voltage of varying amplitude which is applied to it.
Hence the vertical displacement of the spot on the screen of the
will depend upon the instantaneous
frequency of the generator, in the same manner as the lengths of the dotted lines vary
wit' the frequency as shown in Figure 14.
Simultaneous with the above, the C.R.O's saw-tooth oscillator sweeps the spot across
the screen from left to right.
During one of these horizontal movements the vertical
displacement will pass through successive values proportional to a, be ce de e, f, g
(Figure 14).
The result will be that the spot follows the curve, and will trace out
a line of light of the shape shown.
On reaching the right-hand side of the screen the
spot is abruptly moved to the left-hand side again, and a new trace begins.
As a
result of the rapid rate at which the curve is repeatedly traced out (about 400 times
per second), and thanks to.the "persistence of vision" effect, a continuous and steady
line, representing the overall characteristic of the I.F. stages, is seen,
If a good symmetrical curve like that .shown is not obtained no attempt should be made
to improve it just by random adiustments to the
.F. t,ransfeme/7,s.
Just as in the case of the static method of alignment previously described the stages
, should be separately adjusted commencing with the last one before •the limiter,
Hence
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the F.M. signal from the generator is applied to the grid of the last I.F, valve.
First the secondary then the primary of the following transformar is adjusted for a
good shaped curve.
Next the F.M. signal is applied to the previous grid, the
amplitude of the signal being reduced to give a curve the same height as before, and
the second last transformer aligned, and so on.
Finally a compromise setting is made
for eall I.F. stages until a good-looking response curve is obtained.
These compromise
settings should on no account vary much from those obtained for the single-stage ,
adjustments.
FAULTS PECULIAR TO F.M. RECEIVERS:
AMPLITUDE DISTORTION DUE TO SIDE-BAND CUTTING:
In the case of A.M. reception inadequate passing of the side-bands results only in a
reduction of fidelity due to excessive loss,before detection, of the higher audio
frequencies of modulation.
We have seen that a characteristic of the F.M. system is
that the higher side frequencies are only produced on the peaks of modulation, i.e
on the loud sounds.
Any action within the receiver which restricts the passage of
those side-frequencies which lie well out from the centre-frequency of the signal
will result in an undesired type of volume compression, which, if severe, will be
observed as a sovere distortion on reception of loud music etc.
Assuming that the receiver has been correctly designed in the first place, and also
assuming that the audio section is in order, this type of distortion is usually traced
to one of the following causes
(1)

Incorrect alignment of I.F.

(including discriminator) transformers.

(2)

Unequal,

(3)

Mis -match between discriminator diodes.

or broken down, discriminator load-resistors (R1 and R2 Figure 2).

With reference to (1) above, the obvious remedy is to re-adjust each I.F. transformer
separately, as already described.
Once again the importance of individual alignment
of each transformer by one of the methods given is stressed.

.

Loss of balance between the discriminator load resistors is a common fault, particularly in a receiver which has been in use for some time.
It is most important that
these resistors, which have a typical value of 100,000 ohms each, should be equal,
within about 10%.
A breakdown of one resistor will, of course, completely unbalance
the discriminator and ruin reception.
Serious unbalance, however, can also be present
in the absence of a complete breakdown.
Carbon resistors have a habit, with age and
use, of increasing in value far above their ratings.
Such an increase in resistance
may go unnoticed in the case of a resistor anywhere else in the receiver, but it is
most important that discriminator load resistors are maintained at values which
approximate closely to each other.
Complete or partial loss of emission of one of the discriminator diodes (fault (3) above)
will have the same effect as unequal load resistors.
This fault will mean that unequal voltages will be developed across the latter even though the I.F. voltages
applied to the two diode platos are equal.
Actually the presence of unequal discriminator load resistors, or mis -matched diodes
will be indicated when attempting to align the discriminator transformer.
If it is
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found that a correct *balance of the stage is impossible to obtain by following the
methods described then the diodes and resistors should be tested and replaced if
necessary.
ION
The home installation of an F.M.
receiver involves no new problems
to the service engineer, except
insofar as the antenna system is
concerned.
For reception of a powerful signal
it may be found sufficient simply
to ground one of the aerial coil
terminals and to connect a short
piece of wire of several feet
(10 ft. at the most) to the other.
Or again pick-up may be used from
the power lines as is sometimes
done for A.M. receivers.

Arrow shows
Direction of
Maximum Piek-up.
A.

B.

Normally however the resonant dipole
is to be preferred in all cases.
The
FIGURE
resonant effect obtained from such'an
In addition, since
aerial gives an additional high-frequency gain of several times.
the matched lead-in used with a dipole is free from signal pick-up, ignition noise
and other forms of undesired interference are greatly reduced.
For F.M. both horizontally and vertically polarised waves are used (see Lesson on
Television Antennas).
For reception of a vertically polarised wave the dipole is
mounted normally, in a vertical position, while for horizontal polarisation the
aerial should be parallel to the ground,- Figuro 15A shows a simple method of
mounting a pair of stiff metal rods to form a dipole for reception of a horizontally
polarised wave.
The method would serve equally well for vertical mounting.
Sometimes, due to certain ground effects and reflections of the wave the "plane of
polarisation" of the signal may be rotated or twisted, with the result that best
reception may be obtained with the dipole neither horizontal or vertical, but set at
some other angle to the ground.
Such effects cannot be predicted, and therefore a
certain amount of experimentation in setting up the antenna is required.
It will be remembered that a dipole has pronounced directional properties as indicated
by the horizontal and vertical polar diagrams of Figure 16.
Maximum pick-up occurs
when a maw is striking the antenna at right-angles to its axis.
Zero (or minimum)
pick up occurs for a signal arriving end-on.
The polar diagram of Figure 16A shows that in the case of horizontal polarisation the
the receivers antenna will favour some signals more than others.
This property may
be taken advantage of to reduce the pick-up from a powerful signal and to increase
that from a weaker signal.
It is simply a matter of setting the aerial so that best
all round results are obtained from the different transmitters operating.
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If vertical polarisation is used, Fig. 16B
shows that the antenna, which is in this
case mounted vertically, will favour all
•signals equally well.
Dipole
. (end-on)

REFLECTORS:
A reflector is simply a metal rod of
length equal to, or a little greater than,
the total length of the dipole, and separated from it by a distance equal to one-c_
quarter (i7) of a wavelength.
With such
an arrangement the aerial pick-up for a
signal arriving in the direction of the
arrow (Figure 15B) is increased over and
above what it would be in the absence of
A. Dipole mounted
a reflector.
Conversely, for a signal
Horizontally.
arriving from the opposite direction the
pick-up is correspondingly reduced.

poLe DIRAS.
B. Dipole mounted
Vertically.

Vertical and horizontal polar diagrars
for a dipole with reflector are shown
FIGURE 16
in Figure 17.
As will be seen from
these diagrams a reflector may be used to increase the pick-up from a weak signal
arriving from one direction, while at the same time decreasing that from a powerful
signal coming from the opposite direction.
This is true whether a horizontal or
vertical dipole is used.
Note, however, that in the first case signal pick-up
arriving from a direction at right angles to that which gives maximum, is still
prL_Leally zero, while in the second case this pick-up is still considerable.
MOUNTING AND INSTALLING THE ANTENNA SYSTEM:
It will be remembered that the
dipole type of aerial should
have a physical length of
about 95% of one half-wave
length of the signal it is
desired to receive.
A
convenient formula for
calculating the length
of each rod (i.e. half the
dipole) is :L (inches) =

2,770
F (megacycles).

1
.
7? it is desired to use the
dipole for reception of any
station within the F.M. band
(as is usually the case) F
should be taken to represent
the mean frequency of the band.
The latter extends from 88 to

Dipole
(Reflector

Dipole
Reflector

-77

A. Horizontal Polarisation

B. Vertical Polarisation.

EFFECT OF REFLECTORS ON DIPOLES,

FIGURE 17
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108 m.c., and the moan frequency is 88 +108
2

=

98 m.c.

LOCATION OF AERIAL:
It is normally essential, as in television work, that the dipole aerial be located
high enough to be in a direct line of sight with the transmitters radiator.
In the
case of a receiver located in a large block of flats this may mean a little extra work
in placing the dipole near the top of the building.
The difficulties associated with
such an installation, however, are not as groat as first may be imagined.
The dipole
itself is quite small, aiif if the transmission line is correctly matched andllbalancedu
with respect to the input circuit no pick-up of noise will result.
A long lead-in
of this type will simply mean some loss of signal strength.
USE OF U.1.1.F. ANTENÑA SYSTEM FOR BROADCAST RECEPTION:
It will be remembered
connected as shown in
pair of feed-in wires
primary.
The signal

that the transmission line lead-in from a resonant aerial is
Figure 18 at A.
In this way the equal --)ltages induced in the
oppose and cancel each other in the r.f. input transformers
pick-up is confined entirely to the dipole itself.

Now many receivers are designed to operate on the broadcast band as well as the u.h.f.
band for F.M. reception.
Such receivers, of course, have separate sets of coils
(r.f., converter and I.F.) for the two bands.
A switching system allows instantaneous
change-over from F.M. reception to A.M. reception on the broadcast band.
With such
an arrangement the difficulty arises that the short dipole may not give sufficient pickup on these lower frequencies.
Remember that no resonant effect will occur on the
broadcast band.
To avoid the use of a separate aerial for A.M. reception a common
arrangement is shown at B and C Figure 18.
A three-pole two-way switch is hooked up
as shown.
Actually this switch would form a section of a multiple wave-change e7"tch
which controls the change-over from F.M. to A.M. in other appropriate parts of the'dual

.H.F.
F.M.
Input
Circuit

To
first
tube.
•

Input Connection for F.M.
u.he. Reception.

A.

_b

Broadcast
and
nput
rcuit

roadcast
Band
Input

Switch in Position for
F.M. Reception.
B.
FIGURE L8

Switch in position for
Broadcast band receptirn
C.
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receiver.
With the switch in the position shown at "B" (Figure 18) the connections
are identical with those at "A" for u.h.f. F.M. reception.
Note that the broadcast
circuit is earthed.
When the switch is thrown to the other position shown at "C" the
two wires of the transmission line are connected together, and the pair are in effect
connected through one-half of the u.h.f, coil across the broadcast transformers primary
Now the pair of wires of the transMission line will act as a single conductor, and the
lead -in will behave as an ordinary untuned aerial.
The half of the u.11.f. coil will
not affect the broadcast signal, since it will act as a short-circuit at these comparatively low frequencies.
The noise reducing properties of F.M. equipment give this type
of transmission considerable advantage over A.M. for use at high carrier frequencies
and without any doubt, it will be used both for commercial communication purposes as
wellas hie quality broadcast entertainment in the future.
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(1)

Which voltages in an F.M. receiver do you consider the most critical
(i.e. require the most accurate adjustment ?).

(2)

State approximately the value of the voltage you would expect to find
on a limiter screen.
What would be the effect if this voltage were
too large ?

(3)

Referring to Figure 2 explain why adjustment to the discriminator
transformers secondary would have a greater effect upon the reading
in the meter at ZZ than would adjustment to the primary circuit.

(4)

Why is it desirable that the characteristic curve of a discriminator .
is linear over a frequency range considerably wider than the bandwidth of the signal (150 K.c. per sec) ?

(5)

In carrying out I.F. alignment describe with the aid of a circuit
diagram how you would observe the I.F. stages response.

(6)

Does maximum response, as measured in the meter in Figure 4, always
indicate correct alignment -of an I.F. stage ? Explain.

(7)

Give two reasons why a dipole is to be preferred to an untuned aerial,
even when the signal field-strength is high.

(8)

Calculate suitable lengths for the two halves of a dipole to cover
the band 88 - 108 m.c per sec.

(9)

What is a "reflector" as used in an antenna installation ?
State the
correct length and positioning of such a reflector.
What advantage
does it confer ?

(10)Ifyoufind it impossible to obtain a correct balance of the discriminator,
ghat faults would you look for ?
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FACSIMILE

TRANsmiqug..

The elementary principle of Facsimile transmission has been explained in Lesson 1,
the appropriate section of which should be revised before proceeding with this and
the next lesson.
IMPORTANT DIFFERENCES BETWEEN FACSIMILE & TELEVISIONt
As has been explained in Lesson 1 the same general
principle of scanning is common to both Television
and Facsimile systems.
In both systems a light
spot(ór its equivalent) traverses the picture area
to be transmitted, dealing with each picture element
sequentially (i. e, in turn).
The variations in
reflected light as these picture elements are traversed give rise (in a photo-electric cell, or equivalent device) to the pulsating video signal.
In both
systems this signal is used to modulate a carrier
wave which may be despatched over a wire or radio
link, to the distant receiver.
At the receiver, the
picture signal is recovered (by "detection" of the
carrier), and used to re-construct an image of the
original
This involves, as we have seen, the use
of a scanning system in the receiver, locked in syn..
chronism with that at the transmitter.
Beyond the above similarities in principle Television
and Facsimile show striking divergences in technique.
These arise from the difference in the requirementp
of the two systems, which are :
(1)

Facsimile is required to produce a permanent
record of the transmitted picture, whereas
Television produces a non-permanent or
transient reproduction.

(2)

In order to produce a "moving" picture by
taking advantage of the eye's persistence
of vision, television must handle a large number

'•
•
Automatic Telegraph Facsimile
Transmitter,
FIG 1
T.FM & F. 19 - P1

(2)
of complete scannings per second, whereas in facsimile work
(contd.' be scanned as slowly as desired (theoretically at least).

the picture may

The point made under (1) above leads to great differences in the picture reproducing
equipment of the two systems.
In the place of the cathode-ray tube in a television
receiver the recorder in a facsimile unit traces a permanent record on photographic
film, from carbon paper, on electro-chemical sensitised paper or by one of several
other methods to be discussed in due course.
With reference to point (2) above the fact that there is no theoretical time-limit on
the scanning rate is most important from the technical point of view.
It means that
the band-width of the picture signal may be very narrow compared with that of a Television signal.
This in turn makes it possible to send the signal on low and medium
frequency carriers, such as those already in use for ordinary radio broadcast purposes.
Hence the problem of special ultra-high frequency transmitting and receiving equipment
does not arise.
In fact, we can, if we desire, use a carrier frequency lying in the
audio range - as low as 1,000 or 2,000 cycles per sec.
Carriers such as these are
actually used, especially for land-line, as distinct from radio transmission.
A clear perspective of the difference in scanning rates of the two systems should be
visualised.
In television the picture or scene is completely scanned in 1/25th second.
A facsimile equipment, on the other hand, may handle a given picture, diagram, or print,
by a single ..scanning in several minutes
If it is remembered that the "dotn frequency
of the picture (video) signal is proportional to the scanning rate (for a given number
of scanning lines) the much lower frequencies at which facsimile operates will be
appreciated.
To quote some comparative figures, many facsimile systems do not involve
picture signals higher in frequency than about 1,000 cycles per sec. and even the very
latest and fastest systems involve frequencies which do not exceed about 13,000 cycles
per sec. which can easily be handled.by a conventional F.M. transmitter (which is
designed to handle modulation frequencies up to 15,000 cycles per sec).
Compare these
figures with the video frequency of a high-definition television system - say 4,000,000
cycles per sec.
A further implication of the comparatively low scanning rate is the suitability of mechanical methods of scanning which greatly simplify the production of a permanent copy
of the subject matter at the receiver.
Actually nearly all facsimile systems utilise
mechanical scanning devices at bóth transmitter and receiver.
These are cheaper and
simpler in general than any possible electronic alternative.
PRACTICAL APPLICATIONS OF FACSIEILE TRANSMISSION:
The electrical transmission of pictures, prints and diagrams has many applications.
A few of these may be listed :
(1)

Transmission of news photographs as between city and city, country and country.
(Radio or Telephone line link).

(2)

Radio Weather Map Service - to ships at sea.

(3)

Industrial Plant Facsimile System - for sending permanent facsimile copies of
plans, diagrams, specifications etc. between different sections of a factory, or
between plant and plant.
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(4)

Tape Facsimile Systems.
These send copies of type-written information on a
continuous tape, at reading speed, and may replace Tele -type apparatus for communicating market and financial information.

(5)

Facsimile Duplicating Apparatus - for Office use.
In the case of this equipment
the "transmitter" and receiver are -situated at the one spot.
A diagram etc. from
which a large number of copies are desired is scanned by the "transmitter" and
the receiver recorder produces a stencil from which any number of copies may be
prepared by ordinary office methods.
The apparatus has been reduced to such a
degree of simplicity that untrained office personnel can easily operate it.

(6)

Automatic Telegraph Facsimile System - For regulai. telegraph business chargeable
at telegraph rates, the addressee receiving a teleprinter or facsimile process
telegram.
In this system the transmitter resembles an ordinary letter box in
the street, on a railway station, or at some other busy location.
The customer
merely presses a button on the cabinet and inserts the written telegram in a slot.
A facsimile recorder at the receiving post-office reproduces an exact copy which
is delivered to the addressee.

(7)

.--iome Broadcast Facsimile - This is, of course, the branch of the facsimile art
in which we are most interested.
For over one hundred years a tremendous amount
of experimentation has been devoted to developing and perfecting facsimile trarismission.
Much of this work has been carried out by individuals and large corporations in connection with the first six applications listed above.
Nevertheless it would be safe to say that the driving force underlying nearly all the work
done has been the desire to provide the public with a home service to supplement
sound broadcasting.
Such a service, of course, needs to be nearly 100% automatic
and fool-proof in operation.
Moreover it should turn out the printed information
as it is received, without any processing operation whatsoever, and at a reasonably
rapid rate.
It is only in very recent years that these requirements have been
satisfied.

TRANSMITTING PROCESS e
The processes involved in a facsimile transmitter are :
(1)

Scanning of the picture to produce the electrical picture signal.

(2)

Modulation of a carrier or Sub-carrier.

(3)

Production of synchronising and/or phasing (framing)

signals.

The picture signal produced from the scanning process in most systems does not exceed
one or two thousand cycles per second.
Even in the latest and fastest systems devolonP(4
for home broadcast purposes it falls well short of the highest audio frequency
(0y, 15,000 cycles per sec).
Hence, generally speaking it is possible to use this
signal to modulate a carrier (cr sub-carrier) which itself is of audio frequency.
Such
a sub-carrier is almost universally used whether the transmission is to be over telephone llne or by means of a raio transmitter.
It might well be asked why the necessity
of this sub-carrier ?
Why is the picture signal not amplified directly and in the case
of land-line communication passed directly over the line ?
In the case of radio
transmission why is not the picture signal used for direct modulation of the radio
frequency transmitted wave ?
T. FM & F. 19 - P -

3

REASON FOR THE SUB-CARRIER:
The main reason for the sub-carrier is that the picture signal varies in frequency from
zero (direct current) upwards.
This signal is of course obtained froin the output of
a photo-tube, which is normally very weak.
Before it can be used for modulation of a
powerful radio carrier, or passed over large lengths of telephone line it must be
amplified.
The amplification of such a signal (extending down to zero frequency) would
require a dc. amplifier.
Such amplifiers are subject to gradual changes of frequencies often termed "drift" and are therefore avoided.
The difficulty is overcome by the
use of a comparatively weak sub-carrier which is directly modulated by the output from
the photo-cell.
To illustrate this point suppose that the picture signal has a frequency range 0-600 cycles per sec.
Modulating a sub-carrier of frequency say 1300 cycles
per sec, would give rise to a modulated signal having side-bends ranging from 700 cycles
per sec. (1300 - 600 cycles per sec) to 1900 cycles per sec. (1300 + 600 cycles por sec).
Such a signal can now easily be raised in level, by the use of conventional audio
amplifiers to any desired level, for subsequent modulation of an r.f, carrier, or for
direct transmission over telephone lines.
It should be observed that in the case of the figures chosen, the lowest frequency to
be amplified is 700 cycles per sec, instead of zero.
Hence no special precautions
are required in the design of the amplifiers from the point of view of low-frequency
response.
The point is that the use of a subcarrier takes care of the "D.C. level"
of the signal, for this level is represented by the amplitude of the subcarrier.
To illustrate this point
suppose the light spot is scanning
a uniform dark grey (no detail) part
of the picture.
The photo-tube signal will be a small direct current
and the sub-carrier will be a current
of 1300 cycles per sec, of small
amplitude.
If now the light-spot
passes to a portion of the picture
which is a uniform white the photo'tube output will be a direct current
of larger value than before, and the
sub-carrier will be a larger amplitude A.C. still of 1300 cycles per sec.
frequency.
Thus we see that the
D.C. levels of the picture are represented by the levels (amplitudes)
of alternating currents which relative
levels will be maintained even after
passing through many stages of conventional amplification and through
the process of modulation of the
radio-frequency carrier - see Fig. 2.
Note that the radiated r.f, wave in
the case of radio transmission
always has a modulation (that of the

A. Sub-Carrier for uniform Dark Grey.

B. Sub-Carrier for Uniform

white.

C. Modulated R.F. Carrier for Dark Grey (A)
- /^>
7
\

\\
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D. Modulated R.F. Chreff _for Uniform. White(B)
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sub-carrier) superimposed on it.
It is stressed that the diagrams of Fig. 2 are for
a signal transmitting no detail
When the picture signal (from the photo-tube) is a
varying current, due to the scanning of picture detail the sub-carrier itself will be
modulated, and the modulation envelopes of graphs C and D (Fig. 2) will themselves have
a modulated. form.
The difference between the technique of maintaining correct D.C. level in facsimile and
television systems should be carefully noted.
In television we depend upon the more
complicated method of establishing a D.C. level by special circuits in the transmitter,
and the practice of restoring this level by the use of D.C. restorers in the final
stage of the receiver.
This method further involves the difficulty of designing
video amplifiers of good low-frequency response.
The easier facsimile technique is
made possible by the comparatively slow scanning speeds, and low frequency picture
signals involved.
The use of the sub-carrier has a further advantage in the case of telephone line transmission.
If the picture signal were amplified directly (by D.C. amplifiers) and sent
over the lines the latter would have to handle a frequency range from 0 to 600 cycles
per sec. (in the example quoted).
In this instance the etio of highest frequency to
lowest is infinity. Now transmission lines have different attenuation (loss) characteristics for different frequencies, and great distortion would result in the case of such
a ratio of maximum to minimum frequency.
When the sub-carrier is used the highest
frequency is 1900 cycles per sec, and the lowest 700 cycles per sec, a ratio of only
1900 = 12 = 2.6 to 1 (approx.).
Ordinary telephone lines can easily handle such a
700
7
ratio without selective attenuation.
TRANSMISSION METHODS:
The methods of changing variations in picture density into corresponding electrical
impulses by the process of scanning, fall into two main classes
A.
B.

Electro-mechanical.
Electro-optical.

In the case of electro-mechanical systems (which are now rarely used) a current is
caused to vary by some mechanical device operated by raised surfaces constituting the
picture surface or object to be transmitted.
The first system of electrical fascimile
used this method, which takes us back to a date over a century ago (1842) when an
English physicist, Alexander Bain, devised an apparatus which incorporated all the
essentials to be found in a modern facsimile system.
For this reason it will be
briefly described.
A simplified sketch of Bin ts system taken from his original patent is shown in Fig .3.
This sketch shows only the basic elements of the transmitting and receiving apparatus.
Briefly the operation was as follows :Printers metal type was used at the transmitting end.
A pendulum carrying a light, resilient contact swung past the face of the
type, completing a battery circuit between transmitter and receiver whenever it touched
the raised portions of the type.
For each beat of the pendulum the type was dropped
down a step at a time.
Thus each letter of the type was "scanned" in roughly horizontal
lines.
At the receiving end a similar pendulum and contact operated over a paper
soaked in potassium iodine solution ( a chemical which turns dark brown when an electric
current passes through it).
The paper was traversed past the pendulum in the sano
manner as the type at the transmitter.
An electrical arrangement was provided whereby
T.EM & F.19 - P 5

if one pendulum preceded the other slightly it
was held back until the other reached the sane
position and both started together.
Current
from a cell, switched by the transmitting contact passed via the receiving contact through
the paper producing a brown stain.
Bain's system as an example of electro-mechanical scanning was, of course, in a very
crude form.
It gave only pure brown and
white representations with no gradations
in tone.
It will be observed, incidentally,
that the use of pendulums for synchronisation
of transmitter and receiver anticipated by
many years a method which, until very recently,
was considered to be the best frequency
standard available.
Bain's transmitter was
very little used, but his recorder, known as
Bain's Chemical Telegraph was used for many
years for recording Morse Code signals.
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FIGURE 3.

Another example of the Electro-mechanical scanning method was a system (Bolin, 1897)
in which the photograph for transmission was reproduced in relief on a special gelatine
surface.
This was scanned by a stylus, which as it traversed the hills and hollows
of the picture surface worked, mechanically, a rheostat, which in turn created variations
in the electric current.
In 1909 the rheostat was replaced by a microphone, whose
diaphragm was vibrated by the stylus as the latter moved over the rough surface of the
picture.
This system gave quite good graduationsof tone in the finished product.
Belints system proved quite practicable.
Turning now to the Electro-optical systems, it will be understood that these are systems
in which variation in light originate the electrical picture signal.
Practically all
modern systems are of this type.
The "heart" of such a system is, of course, the
photo-cell, already explained in the television lessons.
In all of these systems a
brightly illuminated portion of the picture is focused on to the photo-cell, usually
with a microscope "objective" lens.
The most usual arrangement is to, wrap the picture
around a cylindrical scanning drum, the latter being rotated and at the same time
"traversed" in a direction parallel to its axis relative to the scanning area or spot.
The result is that the picture is scanned in a spiral position.
The principle of this
type of scanning has already been explained in Lesson 1.
In order that the photo-cell is affected only by a single small element of the picture
two methods are used.
In the first a small spot of light is focussed on the picture
by means of a "condenser" lens a small aperture being included in the system to ensure
that the light spot has the correct size depending upon the number of scanning lines and
the size of the picture.
In the other arrangement the picture is flood-lit and a picture element is selected by placing a small aperture in the objective lens system which
focusses the light on the photo-cell.
The two methods, it might be observed, correspond
exactly to the old "flying-spot" and to the flood-light systems, respectively, in
television.
The two possible arrangements are illustrated in Figs. 4 and 5 ,
In each case the lens system is so designed that the photo-tube receives, at any one
moment, light reflected from an area of the picture equal to the aperture dimensions.
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Hence the aperture is made to have'
a size equal to the scanning spot
dimensions required by the system.
These dimensions depend in turn
upon the number of scanning lines
per inch.
The aperture is usually
rectangular, one side being equal
to the width of a scanning line
(e.g. 1/100 inch for 100 lines per
inch scanning).
It is found in
practice to be better to have the
other side of the aperture slightly
less than this, in order to give
greater definition (detail) measured
along a scanning line.
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FIGURE 4,

It will be observed that in the case of the so-called flood-lit system (Fig.5 ) the
whole of the picture area facing the light source is Dot illuminated.
For economy
of light, "condensing" lens are used to concentrate the light on a comparatively small
area.
This illuminated port:on, however, is very much larger ihan the scanning "spot".
The advantage of this arrangement is that any wrinkling of the picture on the drum does
not shift the position of the transmitted image.
For certain commercial applications (e.g. photos transmitted for newspaper reproduction)
it'is desirable to operate directly from the photograph negative.
This requires
transmitted rather than reflected light, i.e, the photo-tube must pick up light which
has passed through the picture, rather than light which has been reflected from its
surface.
If a scanning drum is used this mould appear to necessitate placing either
the light source or the photo tube inside a transparent drum.
A more convenient
arrangement is that shown in Fig.
g.cre use is made of a glass prisr-te türn, by reflection, a beam of light through a
right angle.
The prism is a wedge-shaped piece of glass as shown in Fig. 7.
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light ray OX entering the prism through the surface
A.B.C.D. continues on to the point X on the surface
B.C.F,a,
Providing the angle at which the
ray
OX meets this surface is less than a certain critical value (depending upon the optical properties of
the glass) the ray will not emerge from the surface
but will be reflected in the direction XY.
This
is called "total internal reflection".
Thus although the glass is perfectly clear and is not
coated with any metallic material the surface B.C.
FE acts like a perfect mirror.
Returning to Fig. 6., the light from the lamp
passes into the drum, parallel to the axis of the
latter.
The lens inside the drum would, in the
absence of the prism, focus the beam to a point
somewhere to the left of the prism.
alle to the
presence of the latter, however the light rays
are turned downwards and focussed rather sharply
'
FIGURE 7
on the transparent film which is wrapped around
the drum (the drum material itself must, of course, be transparent).
The amount of
light passing through the film will depend upon the shade of grey of the particular
portion of film being scanned.
This "transmitted" light is picked up by another lens
and after passing through the aperture (which determines the exact size of the spot
being scanned) falls upon the photo-tube.
The chief advantage of this method is that
more light may be transmitted through a negative than may be reflected from a paper.
Hence a less sensitive amplifier is required.
TECHNIQUE OF MECHANICAL SCANNING:
The simple principle of the drum method of spiral scanning has already been explained.
The picture or printed matter to be transmitted is wrapped around the drum which is
rotated at a constant rate by a motor.
At the same time the drum is given a slow
longitudinal movement, parallel to its axis, relative to the light source, often by
means of a fine screw thread.
The result is that the scanning spot traversed the
picture in a spiral manner around the drum.
The mechanical arrangements which have
oeen used to achieve this are extremely numerous, and there is no point in attempting
to describe the details of various designs.
However, Fig.8. is included to show a
typical arrangement which illustrates in simplified form the basic principles of most
systems.
The drum, motor and gears together with a "lead screw" are mounted on a framework which
can move along a slide attached to the main frame.
Also fixed to the latter is a nut
which engages the lead screw.
The electric motor drives, through suitable gears both
the rotating drum and the lead screw.
The latter is simply a shaft of steel which is
threaded somewhat like an ordinary bolt.
Since the nut is fixed the lead screw, as it
rotates must move bodily from right to left.
In so doing it carries with it the framework which also carries the drum.
Hence the latter is given both a rotational and a
longtitudinal movement.
Since the light source is fixed it is easily seen how the
scanning spot traces out a spiral path around the cylinder.
In order that the scanning lines which encircle the drum lie adjacent to each other the
rotational speed must bear a definite relationship to the speed at which the drum is moved
T.FM & F.19 - PS
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The distance moved in one revolution of the drum should be equal to the width
of a scanning line.
If, for example, 100 lines per inch are used, the lead screw
should shift position of the drum through only one-hundredth of an inch for eadh revolution.
These conditions are obtained, and are fixed for good, by correct design of the
gearink ratios in conjunction with the screw pitch.
The reason for the popularity of this drum spiral method of scanning is that both motions
required for scanning are obtained from rotational movements.
The method lends itself
to great accuracy in tracing the scanning lines, and in synchronising receiver with
transmitter (synchronisation is dealt with in detail in the next lesson).
The disadvantages of the system are
(1)

The sheet of material to be transmitted must be of the special dimensions to fit
the drum.

(2)

It does not lend itself to continuous qperation of transmitter and receiver.
When one sheet has been sent the apparatus must be stopped at both transmitting
and receiving ends.
This rendors purely automatic operation at the receiving end
impossible (see next lesson).

CONTINUOUS SCANNING METHODS:

Broadcast Facsimile for home purposes could never be really acceptable until satisfactory
I
methods of continuously scanning a long roll of paper were developed.
This necessitates
the tracing of horizontal lines across the paper in a manner similar to that of television.
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Variems arrangements whereby the scanning "head" is given a reciprocating movement '
moving the scanning spot to and fro across the paper, which is.at the same time drawn
slowly between rollers, have been tried.
These, however, are, intrinsically, mechan.ically complicated, inaccurate, and difficult to synchronise.
One such arrangement, nevertheless, has proved fairly satisfactory.
This utilises a
special reverse lead screw.
The latter consists of a shaft of steel having two screw
grooves cut around it.
One .groove passes down
the shaft rotating in, say; a clock.
wise direction.
The other passes down the shaft rotating counter-clockwise.
The
tWo grooves are really continuous - each joins the other at both ends of the shaft.
The construction of this ingenious device may better be realised by referring to Fig. 9.
The reverse screw is placed lengthways at the base of the transmitter, and is stationary,
except of course, for its rotational motion which is obtained from the synchronous
motor,
efolloweeengages the screw thread. This follower is simply a piece of metal
shaped at one end to fit the groove.
The follower cannot rotate, but is free to move
along a slider parallel with the lead screw.
As the latter rotates the follower moves
at a uniform rate, say from left to right along the screw.
When it reaches the end
of the screw the grooves reverses as shown in the sketch, and the follower begins its
reverse journey along the screw.
The follower conveys moving force to the analyzing head, consisting of the light source
and optical system for focussing the light to a spot.
In this way the scanning spot is
given a regular to and fro horizontal movement.
The transmitted information is printed
on a long roll of paper which is passed between rollers, correctly geared to the motor.
Hence as the paper passes slowly downwards in front of the analyzing head, the latter
scans it in horizontal lines.
Of course the speed of horizontal motion of the scanning
head must bear a proper relationship to the speed at which the paper is passed through
the rollers, in order that the scanning lines lie adjacent to each other.
It should be observed that this device gives a scanning action in horizontal lines
somewhat similar to that made use of in television.
There is one important difference,
however.
The reverse screw makes the analyzing head work in both directions; there is
no quick "fly-back" as in television electronic scanning.
A continuous transmitter scanner which avoids the use of reciprocating parts is illustrated in Fig. 10.
The paper to
scanned is moved, by means of
friction rollers lengthwise along
a semi-cylindrical surface.
The
picture is scanned by light spots
through a slot cut acroes this
semi-cylindrical form.
The
optical system consists of a
•1.
20£ of lens and prism "microscopes" which rotate on the axis
of the semi-cylinder.

V,t l9ve

Suppose that the optical system
is rotating clockwise when looking at it from the right-hand end
of the diagram (Fig. 10A). Further
suppose that at this instant the
light-spot marked "A" (from the
.

FIGURE 9.
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upper lens-prism system in the figure) is just commencing to move along the slot at
the left-hand edge of the paper.
For the next half-revolution of the "scanning head"
light-spot A will be scanning the paper.
By the time this spot has passed right
around the semi-circular groove light-spot B will just be commencing to scan along the
latter from the left-hand edge of the paper.
In the meantime, of course, the paper
has been shifted through a small distance along the length of the sami -cylindrical
guide, at right-angles to the groove.
Hence the paper will be scanning by a series
of nearly horizontal scanning lines.
Note that the scanning occurs in one direction
^- 17 across the paper, as in television.
The photo-tube is actuated .by light reflected'from the paper passing over the groove.
This light is focussed and deflected an to the photo-tube by means of a lens and a
prism, as shown.
This type of continuous scanner may be operated using a long length of paper unwinding
from a spool at one end of the semi-cylinder on to another spool at the other end.
Alternately individual pictures or articles of printed matter may be inserted at will
into the scanner while the latter remains in continuous operation.
There is no
necessity to stop the scanning process in order to change copy or re-load.
The only
condition which needs be satisfied is that the width of the paper does not exceed the
semi-circumference of the scanning surface.
MODULATION METHODS:
The lowest frequency of the picture signal is, theoretically, zero (an even picture tone),
The highest frequency occurs when scanning the finest detail.
In most commercial
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applications > such as newspaper photo facsimile the highest frequency rarely exceeds
1,000 cycles per sec, and may be much less (e.g. 500 - 600 cycles per sec.).
This
permits of the direct modulation of a sub-carrier - the advantages of which have
already been discussed.
In the case of the commercial applications referred to the
sub-carrier usually has a frequency of 1200-1300 cycles per sec.
Home (broadcast)
Facsimile usually demands a higher transmission speed, which produces a picture signal
of higher frequency.
This in turn means that the sub-carrier must be raised in
frequency so that at least several cycles of sub-carrier are included in the highest
picture frequency element.
For broadcasting over an ordinary amplitude modulation
station the highest sub-carrier .which can conveniently be used has a frequency of about
3,000 cycles per sec.
Such a sub-carrier could handle a picture signal ranging up to
approximately 2,000 cycles per sec.
This would produce side-bands (of the sub-carrier)
between 1,000 cycles per sec. (3,000-2,000 cycles per sec) and 5,000 cycles per sec.
(3,000 + 2,000 cycles per sec).
Hence the latter figure (5,000 cycles per sec) would
represent the highest modulating frequency for the radio-frequency carrier wave.
The
total band-width would be twice this, viz. 10,000 cycles per sec, which equals approximately one broadcast band channel.
Such a system as that referred to above for use in conjunction with a standard A.M.
broadcast station can broadcast material at the rate of about 5 square inches per
minute.
This may sound slow, but it represents approximately 65-75 words per minute
of ordinary printed matter.
In order to obtain faster transmission speeds the latest development in America is to
make use of the F.M. broadcast stations.
In this case a sub-carrier of 10,000 cycles
per second is amplitude modulated with the picture signal.
The resulting output
is a band of frequencies extending from 7,000 cycles per sec. to 13,000 cycles per sec.
Such a system can send 28 square inches of material per minute, which, in case of
printed material, represents a rate much faster than can be read.
It will be observed that in each case cited so far the sub-carrier together with its
picture signal modulation products lies entirely within the audio range.
As a
consequence the signal may, after conventional audio amplification be applied directly
to the voice (microphone) circuits of a standard transmitter (A.M. or F.M.), as
illustrated in Fig. 11.
GENERATION OF THE SUB-CARRIER:
Since the sub-carrier is of audio
frequency it is usually generated
by some non-electronic method.
One method is to insert in front
of the photo-tube a ohoppee wheel
which breaks the light-beam at a
regular rate (the sub-carrier
frequency).
This wheel is usually
driven by the scanning drive motor.
The frequency at which the 'light is
interrupted is, of course, higher
, than the highest picture frequency
obtained from the scanning process.
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FIGURE 11.
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When a uniform part of the picture (i.e.
no detail) is being scanned the phototube output will consist of regular
pulses of constant amplitude at chopper
frequency.
When a detailed part of
the picture is scanned the reflected
light varies with the detail, and the
amplitude of the chopped pulses will
vary accordingly.
The result is
really a modulated signal.
Since the
chopper rate is an audio frequency
(say 3,000 cycles per sec) the output
may be handled by a conventional
audio amplifier.
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A modulated sub-carrier may similarly
Transmitter Drum
be obtained simply by supplying the
photo-tube from an A.C. source (at
FIGURE12
sub-carrier frequency) instead of
using a D.C. source.
The A.C. source
is frequently an alternator (or A.C. generator) driven by the scanning motor, or it
may be any convenient type of vacuum tube oscillator.
Another method of modulating the light-beam is that which makes use of a mirror
galvanometer.
The latter consists simply of a very small and light mirror suspended
in the optical system of the scanner and caused to vibrate by means of an electromagnet supplied with an A.C. at sub-carrier frequency.
(See Fig. 12).
As the
-iirror vibrates the amount of light which it passes through the aperture, and hence
the intensity of the scanning spot varies.
The result will be that the photo tubes
output will be a pulsating current, modulated by the picture signal.

mumuy

MODULATED SUB-CARRIER:

In order to minimise the effects of electrical interference (including atmospheric:;

Mirror Galvonometer

1800
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FIGURE 131
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frequency modulation of the sub-carrier is also used.
One such system is illustrated
in Fig. 13.
Where an initial amplitude modulation is first produced by means of a
mirror galvanometer (or chopper wheel etc.)
This initial A.M. is introduced in order
that the signal may be raised in level (by means of an ordinary audio amplifier)
sufficiently to operate a frequency modulator.
The latter is fed by an 1800 cycles
per sec, sub-carrier frequency, and modulation produces a deviation of t 200 cycles
per sec.
The deviation to 1600 cycles represents black and that to 2,000 cycles
represents white.
It should be closely noted that the modulated sub-carrier is represented by a range of audio frequencies between 1600 and 2000 cycles per sec.
The
output may therefore be used in several ways:
(1)
(2)

(3)

For direct transmission over a land-line.
For application to the audio circuits of a broadcast Amplitude Modulation
Transmitter.
or
For application to the audio circuits of a broadcast Frequency Modulation Station.

Thus far we have traced the various methods whereby the visual information contained
in a "still" picture or piece of printed matter may be converted into an electrid
,ignal suitable for transmission over conventional wire or radio links.
It remains
to investigate in greater detail the apparatus in use for reconverting this signal
back into a facsimile of the original.
The main problems are those associated with
the "recording", in a permanent manner, of the received information, and of synchronising the receiver and transmitter apparatus.
These will be dealt with in detail in
the next lesson.
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QUESTIONS ue LESSON NO. 19,
(1)

What are the two main differences in the requirements of a Facsimile system
compared with those of a Television system ?

(2)

Why is it possible to transmit a facsimile signal over a sound broadcast
station ?

(3)

Name a most impdrtant requirement of a home broadcast facsimile system.which
is not usually satisfied in most commercial applications.

(4)' Explain the reason for the use of a subecarrier in radio facsimile transmission ?
(5)

What considerations fix the frequency of the sub-carrier in a radio facsimile
system.

(6)

Into what two main classes may scanning systems be placed ?

(7)

A drum scanner bas a circumference of 8u and a length of 12".
If the drum
rotates 100 revolutions per minute, and 125 scanning lines per inch are used,
how long will it take to transmit the picture.

(8)

What is the main disadvantage of drum (spiral scanning) methods ?

(9)

Describe one method of producing a modulated A.F, sub-carrier ?

(10) Describe one method adopted to minimise electrical interference with facsimile
signals.
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LESSON NO. 20_.
FACSIMILE RECEIVERS.

When we refer to a Facsimile Receiver we naturally mean the complete apparatu
ch
accepts the signal produced and sent out by the transmitter, and uses it to reproduce
a copy of the original information.
In the case of radio facsimile this apparatus
will consist of a more or less conventional radio receiver (less audio stages and
speaker) together with the "recorder".
The-latter comprises a rectifter (detectors),
amplifier, mechanical scanning system including electric motor, and apparatus for
synchronising purposes.
For reception of signals sent by wire, where no radio
frequency carrier is used, the receiver will consist of the recorder section only,
together with an additional small amplifier similar to an audio amplifier, for raising
the signal to the desired level.
As we have seen in the previous lesson thé usual practice at the
to superimpose the "picture" signal on a sub.carrier and then to
carrier as the modulation voltage for the transmitted r.f. wave.
carrier, together with its side-frequencies lies entirely within
range, it is obvious that any radio receiver designed to operate
the transmitter will handle the signal just as
if it were handling speech or music.
In fact
when a broadcast transmitter is handling a
facsimile signal any sound receiver tuned to
the station will emit a continuous whiling
(71:11
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the facsimile sub-carrier and its side frequencies.
The facsimile signal, represented by the
modulated sub-carrier is taken directly'
from the radio receiver's detector stage.
After undergoing a stage of amplification
it is applied to a diode detector (rectifier)
which separates the "picture" signal from its
sub-carrier.
It will be remembered that the
sub-carrier is frequently not very much higher
in frequency than the upper limit of the pict.
ure signal itself,
Hence the value of the
filter condenser(s), which follows the detector
and whose purpose it is to by-pass the carrier
while not affecting the modulation, is rather
critical.
Too small a capacity will not

transmitting end is
use this modulated subSince the subthe audio frequency
in conjunction with
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remove the sub-carrier sufficiently, while if this condenser is too large it will unduly
L
,ttonuatb the higher-frequencies of the picture-signal with resultant loss in detail.
In ordinary sound radio work the carrier frequency is normally at least 50 times the
highest audio frequency,
Hence practically any small mica condenser (.0001 - .0005 mfd,
say) will effectively remove the r.f. component without affecting the audio frequencies
appreciably.
In facsimile work, on the other hand, the sub-carrier may have a frequency only l-1/2 or 2 times the highest picture frequency.
It requires fino judgment,
therefore, in choosing a capacity which will differentiate between these two frequencies
In replacing such a by-pass condenser it is important to use one having a capacity
exactly equal to that originally inserted by the designer.
Instead of a simple by-pass
condenser a more elaborate filter, consisting of inductors and condensers tuned to resonate at and reject the sub-carrier frequency, is often used.
After detection (of sub-carrier) the picture signal is passed on to the printer amplifier,
The nature of this amplifier depends upon the particular method of "recording" used (see
below).
In all cases, however, this amplifier must be of the D.C. type, i.e • it must
not contain capacity coupling in either its grid or plate circuits.
The reason for this,
of course, is that the picture signal involves frequencies ranging from zero (direct
current) upwards.
Use of a capacity coupled amplifier would result in loss of the D.C.
component of the signal, which, in turn, would result in elimination of the normal shading of the picture.
Only the fine detail would be reproduced.
The circuits described above, and which normally form part of a complete recorder unit,
are shown in "block" form in Fig. 2.
Sub-carrier detectors and recorder amplifiers
will be treated in more detail at a later stage in this lesson.
RECORDING METHODS:
Perhaps the most interesting section of a facsimile receiver ià that part which gives the
visual reproduction of the original information scanned at the transmitter..
A very large number of methods of recording or printing have been developed.
Each of
these usually has its own particular merits, and the method used in any particular
instance depends largely upon the application of the facsimile systems under consideration.
The chief methods may be classified under the following headings
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(1)
(2)
(3)
(4)
(5)

(6)

Purely mechanical.
Photographic.
Heat methods.
Ink Spray Method.
Carbon Paper.
Electro-chemical (Electrolytic) Methods.

MECHANICAL RECORDERS:
Under this heading we have systems in which some kind of stencil (as used on an
ordinary office duplicating machine) is wrapped around the receiver scanning drum.
An electromagnetic precussion unit takes the place of the light-source of the transmitter:' This electromagnetic "scanning head" eunctúree the stencil as dictated by
the electrical signal while the scanning process proceeds.
Of course, only line
drawings, plans, and print can be reproduced in this way.
When the process is
complete the stencil is removed and may be used as a master copy/ on an ordinary office
duplicating machine to produce as many copies of the original as desired.
For business use a transmitter and recorder may be mounted on one carriage with a
double length drum.
The material to be duplicated is wrapped around the drum at one
end, while the stencil is wrapped around the other end.
The optical system and photocell then scan the original on one half of the drum, while the precussion unit reproduces the copy as a stencil on the other half.
This machine can be made to operate
with a minimum of controls, and is useable by general office staff with no particular
training.
pHOTOGRAPHIC METHODS:
The photographic method is still the best for re-producing a photograph of high tonal
quality.
Either a photographic "positive" film or "negative" paper is wrapped around
a drum similar to that of the transmitter.
A light source and optical system for
focussing the light onto the drum is used.
The mechanical scanning mechanism is
usually a replica of that at the transmitter.
As the photographic film (or paper) is
scanned in spiral lines the facsimile signal varies the amount of light falling on it.
The light falling on the film may be varied in several ways, two of which will be described here.
The first is an electrical method which is very simple.
This makes
use of what are variously known as "Glow Tubes", "Crater Tubes" or "Hot Dogs".
These
are simply tubes of the neon type constructed so that the glow takes place in a
crater formed in one of the electrodes.
This provides a fairly brilliantpoint-source
of light, i.e the light emanates from a very small area, and so may be focussed to a
fine point for scanning purposes.
The simple system is illustrated in Fig. 3,
The neon type lamp is used because light emitted will vary instantly with variations
in signal current, and also because a small source of light may be obtained as described.
Furthermore a neon tube may be operated by a very small current at one or two
hundred volts.
Hence it may be fed by the plate current of an ordinary valve to whose
grid the signal is applied (see"Printer Amplifieran below).
The second method of varying the intensity of the light spot is a mechanical one. Here
s steady source of light from a filament type lamp is used and the method involves
uvalving" the amount of light reaching the film.
This may be achieved by means of a
mechanical "oscillograph", and light apertures as shown in Fig. 4.
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Light from the lamp is focussed on to
the mirror of the oscillograph.
This
mirror is free to turn and is actuated
by a "moving-coil" in the magnetic
field of a magnet.
The coil of the
Film or Sensitized
oscillograph is fed by the rectified
Paper
signal.
Light reflected from the
mirror is thus caused to sweep across
Sbanzun
a fixed aperture so that more or less
Li ght g
light passes this aperture depending
•
csiziot
upon the strength of the signal.
The
light that passes the aperture is then
focussed on to the sensitised paper or
Electrical
ItLens
film on the drum.
The aperture which Signal from
receives the light reflected from the
Receiver
Point Source
mirror of the oscillograph is specially
Neon Lamp
shaped so that the variations in the
amount of light which it passes, in
FIGURE 3.
relation to the signal amplitudej is
-reproduced
picture.
adelbted to produce the correct tonal shadings in the
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INK SPRAY METHOD:
In this recorder a continuous spray of atomised ink projected onto the paper is used.
The spray is regulated by a balanced armature magnetic driver, which is fed by the
received rectified signal.
The scheme is shown in simplified form in Fig. 5.
A fine jet of "atomised" ink is continuously emitted by the nozzle.
The amount of
ink which reaches the paper on the drum, however, is regulated by the signal which
operates the deflecting wave.
In this way, as the paper is scanned, the various
shades of dark and light are reproduced.
Plain white paper, of course, is used on the
drum for recording.
The picture requires no special processing after the scanning ie
completed.
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HEAT METHODS,
There are two types of paper which are sensitive to heats
Chemically treated paper
usually with a coating of some nickel salt, and waxed papers.
In both cases a fino jet
of heated air, regulated by the signal, is directed on to the paper surface.
In the case of the heat-sensitive paper the heat decomposes the salt on the surface
leaving a black residue.
The degree of darkness produced depends, of course, on the
amount of heat applied, and this is regulated by the electrical signal which operates
on the hot air jet.
When waxed paper is used the hire of the jet melts the wax surface.
When the scanning
is complete the paper is washed over with water ink.
The difference in the inking
between the areas of crystalline (unmelted) and melted wax provides the difference in
intensity of the picture.
A third type of paper, of recent development, which might be included under this headinf,
of "Heat methods" is that by the name of "Teledeltos".
This paper is coated on one
side first with a layer of carbon and then with finely divided metal.
The metallised
surface is placed in contact with a metal recording drum.
The scanning "point" is a
metal stylus which presses against the outer surface of the paper.
The received
signal, at about 100-200V is. applied between the stylus and the metal drum with the
result that burning of the paper takes place producing a dark mark.
The latter is due
to the black carbon showing through where the burn has occurred.
The intensity of the
burn depends upon the potential applied, and this is determined by the signal voltage;
gradations of tone are therefore obtained.
CARBON FAPER,
In this system a sheet of plain white paper is placed on the recording dru. â sheet
of carbon paper is placed face downwards over the white paper.
The scanning is dono by means of a metal point (stylus) actuated by a simple electro-magnet.
The signal
current is passed through the coil of this electro-magnet which applies varying pres- -to the stylus.
The heaviest pressure would produce black, and no pressure would
give white.
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An advantage of this carbon paper method is that as many as eight separate copies may
be produced at a time with the one scannitie process.
Carbon paper is specially
adaptable to the "belie method of continuous scanning, described later in this lesson.
ELECTRO-CHEMICAL METHOD:
This method actually goes back to the earliest history of facsimile (
Bains system
1842); it also represents the very latest in fast, continuous recording for home
receivers.
The principle of operation depends upon the fact that when an electric current is
passed through certain chemicals, a chemical change, resulting in a change in colour,
or darkness, occurs.
Paper is impregnated with such a chemical and the rectified
signal current is caused to pass through it.
The paper turns dark to an extend
depending upon the signal current amplitude.
In earlier recorders the paper was
wrapped on a metallic scanning drum and the scanning point was represented by a metal
stylus.
The signal was applied between the stylus and drum.
In the case of the latest system the helix type scanner (see below) is used.
For many years the Electro-chemical paper recording was not very popular, for the
reason that the papers available had to be wet while the recording was proceeding.
Furthermore many of the papers had to be processed afterwards in order to obtain a
permanent recording.
However, in very recent years papers have been developed which
operate in a dry condition, require no processing, and give an instantaneous record
as the scanning proceeds.
REWIREMEpTS OF A HOME FACSIMILE RECEIVER:
Facsimile systems for commercial purposes have been very successfully used for a number
of years.
Most of these, however, are not suitable for home use, for several reasons.
In the first place they usually require more or less skilled operators and are not
automatic in operation.
It is usually necessary to replace the paper or film on the
recorder after each scanning.
This re-loading process usually requires several minutes.
Again many of such systems use a type of printing which requires special processing
after the scanning process is complete.
The principal requirements of a home unit may be summarised as under s(1)
(2)
(3)
(4)

(5)
(6)

The scanning should be continuous.
The scanning rate should be fast - in the case of printed matter at least as
fast as can be read.
The printing should be visible while the recording is proceeding.
The recorded material should not require any processing in order to make it
visible or permanent;
in addition the use of moist or wet papers for recording
should be avoided.
Synchronisation and Phasing (see below) should be automatic.
The recording paper should be comparatively inexpensive.

Consider now the relative merits of the various recording methods which have been
described.
The photographic method gives the best pictures as far as tonal quality
is concerned, but does not satisfy conditions (1), (3) (usually), (4) and (6) above.
The heat methods frequently require special processing and utilise tricky apparatus to
produce the jet of hot air.
The "Tbledeltos" paper, which is really a burning method
T.EM & Fà20
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has proved quite satisfactory.
Ink Sprays are not adaptable, to fast operation and are
best suited for pure black and white reproductions.
The carbon paper method is leticularly adaptable to continuo
recording, and immediately prior to the war was the most
favoured method for home recording.
The chief objection to this method is that the
speed of operation is limited.
This is due to the fact that the printing mechanism is
mechanical, consisting usually of a stylus or printer bar operated by electromagnets.
The inertia of such a system limits the scanning speeds which may be used.
However,
speeds which produce 4-1/2 square inches of useful recording per minute are obtainable.
This represents, in the case of printed matter, 45 wordit: per minute s of type writing, or
110 words per minute of typical newsprint.
This may be regarded as satisfactory for
printed material, but is really too slow when reproducing pictures, diagrams, plans etc.
Another disadvantage of the carbon paper method is that the printed matter does not show
up immediately it is produced.
This, of course s is due to the fact that the carbon
paper obscures the recording paper.
However, in some systems, it is possible to see the
result soon after the signal has been received.
The electro-chemical sensitive papers were not at first suitable for home recording
because they had to be used in a wet condition.
Furthermore, some of them required
processing to give a permanent record.
However in very recent times, papers have been
developed which operate dry, which give an instantaneous impression, a permanent recording, and which are reasonably inexpensive.
This development has given a tremendous
impetus to home broadcast facsimile.
A modern system bt the Hogan system in America uses such a recording paper and operates at a speed which gives over 28 sq. inches of
material per minute.
In the case of printed matter this is a speed very much faster than
can be read or spoken.
CONTINUOUS RECORDING:
Continuous recording necessitates the use of a long strip of paper which may be gradually
used by winding from one spool to another.
The scanning must obviously be performed in
horizontal lines across the width of the paper.
The earlier attempts at continuous recording involved a scanning head to which was given
a to and fro (reciprocating) motion to trace out the lines.
Such a reciprocating
motion, however, required mechanical apparatus which was complicated and inherently
inaccurate.
Furthermore, the synchronisation of such apparatus was extremely difficult.
This problem was solved by the development of the helix type of scanning recorder
(mentioned earlier in this lesson).
Since this device was developed «in the first
nlace for use with carbon paper we shall describe it as such, and then show how a slight
modification (and simplification) renders it suitable for use with electro-chemically
sensitive paper.
The secret of this device is the helix itself.
A
helix is like a single thread of a screw drawn around
the surface of a cylinder, and may be visualised with
the aid of Fig. 6,
Starting from a point "A" at one
end of the cylinder, on its surface, we draw a curve
which completely encircles such cylinder once, and
finishes up at a point "C" at the opposite end.
Onehalf of this curve - from A to B - would be visible
in this figure.
The other half- from B to C - is on
the rear surface of the cylinder and could not be seen.

FIGURE 6
T.
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Hence it is shown by a dotted line in the diagram.
In the actual apparatus the helix is a nidge of metal encircling a scanning cylinder.
The carbon and recording paper is not wrapped around this cylinder s but is slowly drawn
over it by means of rollers (see Figs 7 and 7A).
The cylinder simply acts as a guide.
A Printer Bar s operated by an electromagnet s bears across the whole width of the paper.
The paper is "pinched" at one point only at a time
at the point where the bar is
pressing against the raised helix.
Imagine now that the aum is stationary (i.e. paper feed rollers not working) but the
scanning helix is rotating at 75 r.p.m.
The point of intersection of the printer bar
with the raised helix (i.e. the scanning "spot") will move horizontally across the
paper at the rato of 1 "stroke" or line in 1/75 th of a minute.
The carbon will trace
out a dark line horizontally across the white paper (assuming that the printer bar is
depressed).
As the helix continues to rotate the same line would be traced over and
over again.
Suppose now that the paper rollers are set in motion drawing the paper
through at a slow rate corresponding toa displacement equal to the thickness of a scanning line for one revolution of the helix (i.e. in 1/75 minute).
The recorder will
now trace out nearly horizontal scanning lines across the paper s each line lying adjacent
to the next.
The signal is applied to the printer bar driver giving a push-pull action which raises
the bar off the paper for "whiten s and presses it down heavily for "black".
Half-.tono
signals will depress the bar with a force depending upon the shade of the original
picture element.
In this way the whole•Qpicture" will be built up in a manner analog ou
to the action which occurs in a television system which does not use "interlacing" of
the lines.
It should be observed (Fig. 7A) that after the two strips of paper pass under the printer
bar the carbon is separated from the white.
The carbon paper is led away by a guide to
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Electro-Chemical
Sensitive Paper

Carbon Paper
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Printer Bar/
Driver
¡Printer
Bar

—Contact
(Scanning) Point

White Paper
Only
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Rolls
Paper Supply Mae
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Drum
Carbon Paper
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Guides

Scanning Helix)
White and Caron
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FIGURE 7

FIGURE 7k.
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a separate reel which stores it until the recorder is re-loaded. The purpose of this
is to allow the "reader" to see the received information soon after the actual recording
takes place.
Thus one of the chief disadvantages of older systems of carbon recording
is overcome.
From the above description of the action of this recorder it will be seen that the speed
of the linear motion of the paper through its rollers must bear a fixed relationship to
the speed of rotation of the scanning helix.
This relationship is easily obtained,
and fixed for good, by driving both paper-feed rollers and helix from the one motor
through suitable gears.
The important thing about this ingenious type of recorder is that while producing a
to and fro motion of the scanning "point" there is no such reciprocating motion of anm
of the mechanical_narts.
All mechanical motions involved in the actual tracing of the
lines are rotational.
Hence this recorder is just as mechanically accurate in
operation and as easy to synchronise as the drum type whore the paper is wrapped
around the cylinder.
THE HELIX 112CuritEri WITH ELECTRO-SENSITIVE PAPER:
This ropresentr, he latest thing in fast, continuous, easily
The printer bar is replaced by a simple metallic blade which
much as shown in Fig. 7.
The signal, at 100-200V, from the
amplifier is applied between the printer blade and the metal

operated, home recorders.
rests across the paper very
output of a D.C. voltage
holix.

The manner in which the "lines" are traced out is exactly similar to that as descriL.A
in connection with the carbon recorder.
There is, however, now no motion of the printer
blade.
The picture signal forces a minute current through the paper which is treated
with a chemical which turns dark to an extent depending upon the voltage applied.
The
Hogan System in America - mentioned earlier - uses this helix recorder with sensitisod
paper.
The paper is supplied in rolls 400 ft. long and 9i- inches wide.
This is
sufficient for 24 hours continuous operation, or 2 to 4 weeks, of normal home service.
The loading of the recorder with the paper is somewhat similar to the re-loading of a
camera, and is even simpler to carry out.
In the Hogan Recorder the helix drum rotates at the rate of 360 r.p.m.
This means that
360 scanning lines are traced every minute.
The number of lines por inch is 105.
Hence the length of paper scanned per minute is 360 .1-105 = 3in (approx).
Since the
paper is 9i inches wide the arep scanned per minute should be 9i x 3i = 33i square inches.
Allowing for margins a useful area of information equal to 28.1 square inches is actually
obtained every minute.
The frequency range of the facsimile signal (sub-carrier and side-bands) is 7,000-13,000
cycles, which may be easily handled by an F.M. broadcasting system, although the frequer,,,
is too high for A.M. stations.
The home recorder, complete with its associated circuits
(pre-amplifier, sub-carrier detector, and recorder amplifier) is supplied for attachment
to any F.M. receiver.
The size of the recorder unit is about that of a typewr".er.
An even ,maller and cheaper recorder is represented in Fig. 8.
This unit produces a
single column 4.1 inches wide at the same scanning rato and speed as the unit just
described, namely 105 lines per inch and approx. 3.5 inches per minute.
Thus is scans
approx. 14 square inches per minute.
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HOME BROADCAST OPERATING TECHNIQUEt
er.e.

(

(
jn
...
F
'e.17.rere,'"'

'.
•" 1- *"

............

tb ..7
eirer,>:

• •*«
••'';'";-•••=•••
••neifele'.....
•
•
'
...;.::elre
.:::
4.L.,,.../,
*
.,Z'i.;•:
• se ,

•
•
••• •
. •

A SMALL HOME REPRODUCER.

The range of material which may be used for
a home service is very large.
We Might
mention, for example, the followings
latest
news flashes (home newspaper), weather in..
formation (including maps), diagrams, charts
etc, to illustrate talks and educational
topics put out over the oral system, receines
for the housewive, photographs of the latest
events in the day by day life of the nation
etc.

With the systems in operation at present it
is not possible to send facsimile and speech
FIGURE 8
'over the same broadcasting station - one
would interfere with the other.
Instead
broadcasting stations mainly use the hours from 12 mid-night to 6 it.m, for facsimile.
In these six hours the home recorder can be continuously receiving and recording
visual informatf..on.
When the citizen arises in the morning he has available about
100 ft. of paper 9im wide printed with a wide variety of information.
The continuous
recorder makes this possible.
Although several systems of continuous scanning at the transmitter were mentioned in
the previous lesson, it is not necessary to use these in a system designed for continuous
automatic recording in the home.
The helix arrangement is not suitable for adaptation
to transmitter scanning, and the other types described in the last lesson have disadvantages which usually outweight their advantages.
As a result the drum method of spiral
scanning is still largely in favour.
In order to see how spiral drum scanning may be used in conjunction with helix continuous
recording we shall describe what is done in the case of the Hogan system.
At the transmitter the information is printed an sheets 9i" wide by 12" long.
A drum
of length 12" and circumference 9ie (diameter approx. 3") is used.
A sheet is wrapped
in the drum so that its 9im dimension passes around the drum, the 12" dimension being
along the drum.
Note that the lines of printed matter will encircle the drum.
With
spiral scanning the length of a scanning line is approx. equal to the circumference of
the drum - in this dase 9i".
If now both transmitter drum and receiver helix aro
rotated at the same speed (360 r.p.m, in the case of the Hogan system) the "lines" will
be traced at the speeds at both transmitter and receiver.
When the whole length (12")
of the transmitter drum has been scanned, the home recorder will have printed a strip
of paper 12" long (and 9i." wide).
It must be remembered that the home recorder is passing paper through continuously.
In
order that no large blanks appear on the paper it is important that no time is lost at
the transmitter between the end of the scanning of one 12" x 9e sheet and the beginning
of the next.
This is simply taken care of by providing several drum scanning units at
the transmitter.
By the time one scanning is complete the transmittion of the next
sheet is commenced by switching from one scanning unit to the next.
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RECORDER AMPLIFIERS:
By the "Recorder Amplifier" we mean a circuit which will accept the signal (modulated
•sub-carrier, from a conventional receiver) and then perform the two functions
.(1) Detect the modulated sub-carrier, (2) Amplify the separated picture signal in a
manner suitable for operation of the particular type of recording unit used.
There is nothing new about the detection process.
Diode detection is usually
employed.
However, full-wire rectification (as in an ordinary receiver power unit)
is generally the rule.
The advantage of this is that the sub-carrier component
which has to be filtered out after rectification has double the frequency of the subcarrier itself.
This may be seen by referring to Figure 9, and also by considering
the action of the conventional power-supply rectifier.
Thus the filtering (by-passing)
of the carrier component from the picture signal (represented by the modulation) is
more efficiently carried out.
The final recorder amplifier itself must bè y as already stated, of the D.C. type.
Recorder amplifiers may be classified thus:(1)

Those giving increased output on "black" signal, i.e. on decrease in sub-carrier
amplitude.

(2)

Those giving increased output on "white" signal e i.e. on ,increase in sub-carrier
amplitude.

(3)

Those designed for operation of a4push-puleprinter as used in ink, carbon etc.
recorders.

It will be recalled that the transmitter photo-tube's output is a maximum when scanning
white,
Further, since direct modulatión
of the sub-carrier is used the latter
will have maximum amplitude for white and
minimum for black.
In all those recorders
which print on white paper the amplifiers
output should be zero on a "white" signal
(maximum sub-carrier amplitude) and tho
output should be a maximum on a black
signal.
If this is the case a white
signal will leave the white paper unmarked
A,
Modulated Sub-Carrier
and a black signal will actuate the print.
er (mechanically, photographically or mech.
Carrier pulses have
anically) to produce a dark mark.
On the
frequency double the
other hand an increased output from the amp4 .
•
Sub-Carrier.
lifier might be required to produce a white
mark on the finished product.
This is the
Picture
case when recording on a photographic
Signal),
"negative" film.
It is also the case with
some types of electrically sensitive paper
where the paper itself is black, or coloured,
and the signal breaks the coloured chemical
B,
Rectified Sub-Carrier
down to produce white.
(Fi211 Wave Rectification)
An example of type (1) amplifiers is shown ,in
T.FM & F.20

P.

Xig. 10.
The modulated sub-carrier is applied to the detector (a duo.diode) through
an audio frequency transformer having a centre tapped secondary.
The rectified output
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FIGURE 10.
is filtered fromthe sub-carrier component by means of the filter L Ci, C2 and directly
coupled to the amplifier valve.
The latter is biassed by means of the battery (or
equivalent) and the output from the detector.
The bias is such that when "white"
is being transmitted (maximum amplitude sub.carrier) the tube is cut-off.
Any
decrease in sub-carrier amplitude due to a darker portion of the picture being scanned
will reduce the negative potential of the transformer centre-tap (measured relative to
the rectifierls cathode).
This reduces the negative bias on the amplifier grid, nnd
plate current will flow through this tube.
When sub-carrier amplitude is a minimum
(pure black) the plate current should have its maximum allowable value.
By reversing the output from the filter section to the amplifier this circuit may be
converted into the type (2) above.
In this case the bias should be adjusted so that
its nett value when sub-carrier is at minimum amplitude (black) is at the cut-off point.
Then any increase in amplitude (change towards white) will reduce the negative bias
allowing plate current to flow.
With reference now to the third type of amplifier specified above it should be pointed •
out that any mechanically operated recording "head" (e.g. stylus, printer-bar) could be
operated with an electro-magnet driver applying force tiv.g.single direction, say downwards on to the paper when a black signal is received.
The printing device could be
lifted by means of springs for a white signal.
Such an arrangement, however, due to
the inertia of the "head" does not work well at high frequencies.
Hence it would be
suitable only for slow recording rates or where no great detail is required.
The push-pull balanced armature typo drivers, aeyus9d.&s:thonelik«ilt,poeedeoetdoeders
aro soMemhgt -Similar in construction to the old magnetic type speakers.
A pair of
coils are wound on a soft iron armature which is balanced in the field of a permanent
magnet.
The polarities of the coils are such that the current through one causes
the armature to be pushed in one direction, while the current in the other tends to
move the armature in the opposite direction.
If both currents are equal the nett
force on the armature is therefore zero.
When, however, one current exceeds the other
the armature is pushed, or turned, in a direction depending upon whichever coil is
carrying the larger current.
In this way a push-pull action is conveyed to the stylus
or printer bar via an arm connected to the armature.
T.FM & F. 20 - P
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A circuit suitable for operating such a balanced armature driver is shown in Fig. 11.
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The input system of rectification and filtering (detection) is the same as before.
Two output tubes, acting as a sort of push.pull amplifier are used.
When no signal
(or minimum signal) is received the lower tube is biassed to cut-off, while the upper
tube operates with zero bias, and therefore carries full plate current;under these
conditions the upper coil would hold the stylus or printer bar hard down on the paper
to produce black.
When the signal amplitude increases towards full white l a negative bias (due to the
rectified signal voltage) is applied to the upper tube resulting in a reduetion in its
plate current.
At the same time the rectified signal reduces the negative bias on
the lower tube, allowing plate current to flow through the coil to which it is connected.
The nett result of these two actions is that the armature pressure on the printer bar
is reduced.
When maximum signal (full white) is received the upper tube is cut-off
and the lower carries full plate current.
The effect of this is to reverse the force
on the printer bar, and hold it off the paper.
If the amplifier is properly designed
the sum of the plate currents of the two tubes is constant for all input signal
amplitudes.
A practical circuit, showing push-pull amplifiers connected to a pair_ of drivers
working a printer bar is shown in Fig. 12.
Here two full-wave rectifiers are used.
The upper full-wave rectifier utilises the pair of diode plates in the 6R7 tube whose
triode section is merely a pre-amplifier for the modulated sub-carrier signal.
The
outputs from the two rectifier systems varies the bias on the two output tubes in a
manner similar to that of the previous circuit.
Note that the lower tube is biassed
to cut off (as in Figure 11) while the upper has zero bias when signal amplitude is
zero.
Tho use of the two electro-magnetic drivers is usually considered necessary when
operating a long printer bar, in order to give uniform action along its whole length,
These, however, are simply connected_in series with each other.
TRANSMITTER-RECEIVER SYNCHRONISATION:
So far we have been assuming that the transmitter and receiver scanning drums have been
rotating at exactly the same speeds and have started off in step with each other.
We
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must now examine methods which achieve this important job

of

synchronisation.

Visualising for the moment a system using spiral drum scanning at both ends we can easily see that synchronisation involves two aspects.
(1)
(2)

Speed synchronisation.
Phase synchronisation or "FraminR".

By speed synchronisation we simply mean the job of ensuring that both drums are driven
at the same (or rpm nearly the same) speeds of rotation.
By phase synchronisation we
mean the job of ensuring that the drums rotate so that when the transmitter scanning
commences at the top of the picture the receiver recording commences at the right point
on the recording paper.
With good speed synchronisation it ls.usually necessary to
obtain correct phasing only at the commencement of each scanning.
T.
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SPEED SYNCHRONISATION:.
Speed synchronisation is usually achieved by driving the drums with synchronous motors.
A synchronous motor is an A.G. motor which tends to rotate at one speed only, independent of the load.
This speed depends directly on the frequency of the supply current,
and on no other factor.
When both transmitter and receiver are operated from the same power supply system almost perfect synchronisation is obtained.
Even though the supply frequency from the
power house might vary through wide limits, both transmitter and receiver motors will
be affected in the same way, and no loss of synchronisation is experienced.
When, however, the receiver is operated from a different A.C. supply, or a D.C. supply
this method is not satisfactory.
This fact may better be realised when it stated that
a speed accuracy of one part in at least 100,000 must be maintained for good results.
When no common power supply is available it is necessary to establish a common
"frequency standard" at both transmitter and receiver.
This may be done in two ways.
TUNING FORK OSCILLATOR:
The common frequency standard may be established at transmitter and receiver by using
valve oscillators frequency controlled by means of tuning forks.
The tuning fork
here takes the place of a crystal in a crystal-controlled oscillator as it is more suit
-able than a quartz crystal for low frequency operation.
The circuit diagram of a
typical tuning-fork controlled oscillator is shown in Fig. 13.
The important fact about a tuning fork is that it vibrates mechanically at a frequency
which remains very constant.
An initial vibration of the fork, which is magnetised,
induces an e.m.f. at the same frequency in the coil (Fig. 13).
A part of this e.m.f.
is fed back to the grid circuit of the oscillator tube.
As a consequence the plate
current varies.
The magnetic field of this qpil acting upon the steel fork sustains
its vibration.
Thus the action continues, at a frequency determined only by the
tuning fork's physical construction.
By using identical tuning fork oscillators at
both transmitter and receiver, identical frequencies will be available for driving or
controlling the drums by means of synchronous motors.
The outputs from the oscillators, of course, must be subject to considerable power, amplification in order to drive
the drums gitrectly.
To overcome the necessity of these power amplifiers special D.C.
motors have been designed whose speed may be regulated by the application of small
amounts of power'
from the frequency
standard oscillator.
Most of the
power used to drive
the motor then
comes from the D.C.
source.
SIGNAL SYNCHRONISATION:
The second method of
establishing a common
frequency standard at
both transmitter and
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receiver involves the broadcasting of a special synchronising tone or signal from the
transmitter.
In order that this signal does not interfere with the picture information its frequency is usually fixed at a value lower than the lowest side frequency of
the modulated sub-carrier.
After detection in the radio receiver the sync, signal is
separated from the modulated sub-carrier by means of a filter circuit.
The tone is
then amplified and used to drive (or control) the receiver's synchronous motor.
PHASING METHODSt
Metheds which have been used from time to time to obtain correct phasing of the two
drumg are very numerous and varied.
Most of these have involved manual adjustment
of the receiver drum before scanning commenced..
In point of fact many present day
systems designed for commercial applications, whore skilled operators are available,
still use manual or semi-manual methods of phasing.
Such methodsi however, are not
suitable for home reception where compact amor automatic equipment is ,pally a first
essential.
Most of the methods are in any case obsolete, and therefore we shall not
deal with them in detail.
Typical of such systems, however, was the provision of a black band around the end of
the drum at which scanning commenced,
At one point on this band, corresponding to
the edge of the picture ( and, therefore, the beginning of a scanning line, was a white
spot) see Fig. 14.
At the commencement of operations both drums were set in rotation.
Every time the transmitter scanning light passes the white spot a pulse was transmitted.
This pulse was amplified at the receiver and fed to a neon lamp, which would therefore
glow momentarily for every revolution of the transmitter drum.
At the same time another neon lamp was caused to glow every time the receivers drum scanner passed the edge
of the recording paper.
The receiver operator, slowed his motor until both lamps
were glowing simultaneously.
This meant that the drums were correctly phased.
The
next step was to bring the receiver motor back to its synchronous speed, and thenceforth scanning proceeded, automatically.
In some systems the phasing was done by ear,
a loudspeaker replacing the neon lamp.
àUrMATIO PHApING METHODS,
Most automatic phasing methods use some form of teutch between the motor drive and drum
at both transmitter and receiver.
The receiver clutch, which applies the drive, is '
engaged automatically by a phasing pulse sent from the transmitter,
One of such systems - one which operates
only at the beginning of a scanning
uses a clutch at the receiver designed
to slip entirely freely or grab hard.
The phasing pulse is created at the
transmitter by the white spot method
of Fig. 14.
On pressing a button
at the transmitter the receiver motor
starts revolving (as well, of course,
as the transmitter motor and drum).
The receiver clutch, however ) does not
immediately engage, so that the drum
remains stationary in a position ready
to commence the first scanning line.
As soon as the transmitter pulse is
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Opposite Edges
of Picture Sheet
meeting en Drum.
Black Band
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received an electro-magnetic switch operates the clutch which suddenly grabs hard.
Hence the receiver drum commence revolving in-phase with the transmitters'.
Another somewhat similar method operates as follows.
The transmitting driver is
started by operating a switch which trips a magnetic clutch between the motor drive
and the drum.
This clutch has only one tooth, and so the transmitting drum always
starts in the same phase relationship to the drive.
A mechanical contact on this
drive makes once each revolution, sending a phasing pulse to the receiver.
This
pulse operates an electro magnet at the receiver which trips a special clutch.
This
receiver clutch consists of a single pawl (ratchet) bearing a fixed angular relationship to the start of the paper on the drum which is made to engage with a 100-tooth
ratchet wheel on the drive.
The pawl engages the nearest tooth on the ratchet wheel
when the pulse arrives.
Hence the maximum phasing error that can occur is e..e. =
36 ° .
100
PHASING OF HELIX CONTINUOUS RECORDER:
Any of the above described methods could be applied to a helix type recorder.
This
follows because the helix drum rotates at the same speed as if a spiral scanning drum
were used, further, one revolution of the helix produces a single scanning line just as
in the other system.
The methods, described, however, only give correct phasing at
the beginning of the transmission.
With synchronous motor drives this is sufficient
to ensure that the phasing would remain correct during the normal scanning time for a
drum - say 10 to 15 minutes.
Using continuous recorders, however, where operation
fflight proceed over a period of 6 hours the method would be unsatisfactory, as sufficient
accuracy in speed control to maintain the correct phasing over such a long period,
could not generally be obtained.
Continuous recorders are usually correctly phased by sending a very powerful pulse at
the beginning of every scanning line.
These pulses are formed by metal contacts on
the transmitter drum.
If the drums rotate at 360 r.p.m. (for rapid recording)
the
pulses would form a tone of 6 cycles per sec.
This, however, does not interfere
with the picture information, for the individual pulses arrive only at the end of a
line (at the edge of the paper).
A circuit breaking device is mounted on the receiver helix drum.
This device is used
in conjunction with a line-framing relay.
The circuit breaker carries a breaking
arrangement which comes under the relay armature at the instant the scanning point goes
off the edge of the paper.
If the line-frame signal generated by the transmitter
arrives at the same instant the circuit is such that the relay is not actuated, and the
motor drives the recorder steadily in its correct line-framing position.
If, however,
the recorder circuit-breaking device is in another position when the line-fretsignal
comes in, the relay momentarily opens the motor circuit causing it to slip below
synchronous speed.
This occurs every revolution until the two drums work into frame
again.
This automatic phasing normally functions only at the beginning of a programme,
the synchronous motors maintaining the correct phasing thereafter.
During the
programme, however, the correct phasing might be lost due to the signal fading out, or
the power at the recorder failing for a short period.
In such cases the machines will
attempt to re-frame when normal conditions are restored, but may not complete the
operation until the margin comes through at the end of the 12" sheet.
The remaining
pages of the programme will then be correctly recorded.
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OTHER AUTOMATIC EQUIFMENT IN HOME RECORDERS:
With reference to the home recorder we have now reviewed equipment which will allow of
purely automatic operation once the receiver is switched on.
It only remains to make
automatic this switching on (and off) process and we have the "game sewn up".
The
desirability of incorporating automatic switches for this purpose will be realised when
it is remembered that the current facsimile broadcast practise is to send out visual
information in the early hours of the morning from say 12 to 6 a.m, when the transmitter
is not in use for audio purposes.
The receiver, and recorder could of course be
switched on before retiring and switched off when arising.
But this would involve a
waste of power and of recording paper.
The latest home recorders incorporate a special time siatch.
The latter involves à
special clock (which may be set like an alarm clock) and which actuates an electromagnet„switches or relays at the times set for the beginning and the end of the
facsimile programme.
Figure 15 shows the back of a modern recorder giving a view of
the time-switch.
This fascinating subject of "facsimile" is only in its infancy at the present time and
doubtless many remarkable improvements will be developed as time goes by.
However,
the principles, as explained in these papers, appear to be firmly established and
once they have been clearly understood and digested, the student will find himself in
a position to easily understand any gradual improvements or developments as they occur.

REAR VIEW OF HOME REPRODUCER.
FIGURE 11.
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QUESTIONS.

(1)

1640ibe the circuits involved in a typical facsimile recorder unit.
Give
a block'diagram.
Why must the final amplifier be of the direct - current
type ?

(2)

Explain one advantage of using full-wave rectification of the facsimile cub.
carrier.

(3)

Make a list of the principal methods of recording, and discuss their relative
merits and limitations.

(4) *What is meant by a "light-valuen in connection with recording equipment 7
(5)

Discuss the principal features required of a home recorder.

(6)

Explain briefly the principle of operation of the helix type recorder.

(7)

A facsimile system is required to prove
a definition of 125 lines per inch,
and to print 2.5 inches of paper per minute.
What must be the rate of
rotation of the helix drum 7

(8)

Classify recorder amplifiers into three types and explain the type of recording
for which each type would be suitable,

(9)

What two functions have to be performed in transmitter-receiver synchronisation

(10) A rectangular picture is transmitted using spiral drum scanning at both transmitter and receiver.
What would be the effect on the picture if
a.

Drums were started in phase, but speed synchronisation was incorrect.

b.

Speed synchronisation correct, but pictures were not started in phase.
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LESSON NO.1.
THE WONDERS OF RADIO & TELEVISION.
You are entering a new field - one probably new to you and comparatively new to
the whole world, To those on the outside, radio is a science, a profession, an
industry. To those on the inside it may be any or all of these, and in addition it is
their greatest pleasure at the same time.
Of all new things that ever came into our lives, radio has had the quickest rise from,
an obscure beginning to tremendous importance. Go back only a few short years
and there where no homes with radio receivers. To-day there are hundreds of
millions of homes having radio receivers and about one hundred million throughout
the world with television receivers,
A GREAT INDUSTRY.
Radio and its “offspring” - Television - have brought more real enjoyment to
more people in less time and at less cost than any other thing in our history. Before
radio, we all pointed to the motor car as the wonder of our time. It too, brought
pleasure into the lives of millions of men and women, but the cost was high. The
cost of radio entertainment is small - everyone can enjoy it and afford it. To-day
there are many millions of people “listening in”.
Radio is a means of communication between men. It is the newest means and
already may be called the greatest means because it is free from so many of the
limitations which beset the older methods. Before we had radio we had the
telephone and the telegraph, but they called for miles of connecting wire. With radio
there are no wires between sender and receiver; and we may send signals over vast
bodies of water; over impassable mountains and to great distances where these
difficulties. would make it impossible or at least very uneconomical to string wires.
RADIO'S ACHIEVMENTS
Because a single radio Signal sent from one transmitting station may be picked up
and reproduced at thousands of receivers, this new science has done wonderful
things. First among radio's benefits we should mention life saving at sea because
this was the earliest great
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accomplishment and is still The greatest from The standpoint of doing good for
humanity. The importance of life saving is recognised by all branches of radio.
When a distress call, the well known "S.O.S," goes over The air, everything else
within bounds stops and the whole world of radio "stands by" until those in trouble
have been given assistance.
Some of the greatest achievements of radio have been during times of fire, flood and
devastating storms. Wires may go down, rail communication may be washed out
and roads may be rendered impassable - but a radio amateur with his low powered
transmitting set at the scene of trouble and another of his kind in a distant city will
remain as a connecting link to carry appeals for help that will save hundreds of
lives and relieve the sufferings of all those in the danger zone. Another great work
of radio is done in the service of the law and order, Police departments everywhere
are using radio to trace down and capture criminals, within a few minutes of their
misdeeds.
Fire brigades, Ambulance & services, Electric & Water supply
authorities, Taxi cab services and countless other organisations are using radio link
to provide us with a better standard of living.
Coming down to the. more ordinary things in radio we find entertainment of every
kind - the finest or music from the most famous orchestras, drama from accomplished actors, songs from the greatest artists and a choice of many different
programmes to choose from. Religious teachings are carried everywhere, Education is being sent into the most remote places and to those having no other
opportunity to. Learn. Lectures are given on every conceivable subject from playing
golf to calculating an income tax. The provision of entertainment and information
visually as well as audibly made possible by Television has already had a
tremendous influence on the lives of millions.
Businesses of every kind are being helped by radio. The finest broadcasts ere in
reality forms of advertising. Many stations send out information of special value to
tanners and to other classes of business men. This service includes market prices,
time signals, weather reports, warnings of wind and temperature changes - in fact
almost every class of information that is needed by almost every class of people.
News events are broadcast everywhere almost as soon as the events have taken
place.
Radio competes with the long established cables in sending telegraphic, messages
over the oceans and there is a regular telephone service by radio between Australia
and most countries. Now several communication companies carry radio messages,
both in telegraphic code and in ordinary spoken words, to every party of the world.
The advancement of aviation as a public convenience depends to a great extent on,
radio because here is the only possible means of communication between the
aviator when he is far up in the air and those on the ground, and when darkness
has fallen radio beacons, guide the airplane straight and true on its course and
radio messages warn the pilot of troubles ahead and tell him how to shape his
course to avoid them.
YOUR OPPORTUNITIES
What does all this mean to you? It means that you are getting in on the ground.
floor of our youngest, healthiest and fastest growing business. Nobody in the
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whole radio – television industry has more than a few years start on you. Great
things are done every year but the year following sees still greater advances. The
radio you know to-day will be out of date a year from now, and you may be one of
those helping to put through the changes -- who knows?
With such a field of usefulness, with so many important duties to perform, with so
many kinds of services to render, is it any wonder that radio grows by leaps and
bounds? It is an acknowledged fact, a fact being given the greatest prominence by
all radio business organization, that the greatest need to-day is manpower, or to be
more correct, brain power. Dealers everywhere are bidding for the services of
competent radio and television technicians. Public institutions and all amusement
enterprises are demanding men to operate and care for their costly equipment.
Manufacturers of receivers and radio parts of all kinds are looking for men with
radio training. Radio is a business which, in only one or its branches, that of
broadcast reception and receivers, has grown in money value to a total of about
Thirty million pounds in Australia alone.
Radio men have not increased their numbers at any such rate nor anywhere near
such a rate, In 1922 there were about two thousand receiving sets and a few
amateur broadcasters. Now there are more than two million receivers and some
hundreds of broadcasters .in Australia. For every single radio man in 1922 there
should be a thousand such men to-day just in the building, selling and .servicing of
broadcast, receivers, All the other branches of radio have grown proportionately
and the newer branches are growing even more rapidly than the older ones.
The growth of radio has opened dozens of different paths to real money, paths too
numerous to even allow a listing of them all. In the manufacturing end you can
become an inspector, a tester, a valued assistant in some laboratory, a superintendent. You can enter the selling field and make money by telling people about
complete receivers, certain accessories, amplifiers for theatres and other amusement places, or complete radio installations for homes, hotels, hospitals and other
institutions. You can become a dealer in any of these devices. You can open your
own service business or can join some of the growing service organizations. You can
enter the employ of a broadcast station. Technicians for the manufacture,
installation and maintenance of industrial electronic equipment (for controlling high
powered machines and heating equipment), or “X” ray apparatus and of Electronic
computers or electronic “brains” are sought from those with a sound basic
knowledge of radio and electronic principles. We can't tell you of all the chances
you will have because by the time you're ready there will be still more chances than
to-day.
Whatever your ambitions are it is essential for you to start with, basic fundamentals
and to build up your knowledge progressively on firm foundations. Regular and
systematic study of the following lessons will carry you steadily forward until you
have covered the carefully planned and comprehensive syllabus of this course. The
first section of the course covers mainly fundamental principle's and particularly
the characteristics of the various component parts which make up a radio and
television receiver. The second section explains the way in which the various parts
are grouped together to form “stages” in a receiver. The third section is devoted
mainly to efficient and systematic methods of fault location and the fourth section
deals with Television.
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THE ROMANCE OF RADIO
A little way back we said that nobody in radio had more than a few years start.
Practically speaking, that's true, but of course radio history goes back further
than that. One of the first, if not the very first patents on radio or “wireless”
apparatus was granted to Professor Dolbear in 1882 and he then made the
forecast that some day it would be possible to establish wireless communication
between points more than a half mile apart. Thirty-six years later a radio
telegram was sent from Carnarvon to Sydney, a distance of more than twelve
thousand miles.
The very beginning. of radio goes a long way back although the experimenters of
that day had little or no idea of what they were starting. In 1840 high frequency
oscillations were produced by Joseph Henry and these oscillations are the basis
of all radio as we know it now. In 1885 a man named Preece maintained
telephonic speech between two electric circuits completely insulated from each
other and separated by a quarter of a mile. Two years later Heinrich Hertz
founded the theory of modern radio waves which are often called Hertsian waves,
Another ten years passed, each one filled with hard work by many great minds,
and then Marconi communicated over a distance of nearly two miles. Thereafter
things moved in a hurry and in the year 1897 the distance of transmission was
increased first to four miles, then to ten and finally to more than fourteen miles.
The public began to hear about this new thing but most people did more
laughing than believing.
In all this preliminary work radio telegraphy was the big thing and radio
telephony or the transmission of speech and music was little more than an
interesting experiment. Marconi received the letter “S” in code, at St, Johns,
Newfoundland, from Poldhu, England, seven years before Professor Fessenden in
America was able to maintain radiophone communication for a distance of six
hundred miles between Washington, D.C., and Brandt Rock, Massachusetts.
In 1918 we saw rapid development of the vacuum tube or valve, without which
our home radio and most of the other applications would be still but a shadow of
their present perfection. This gave, a great start to the new science, which began
its evolution from a curiosity into a necessity, Three yearn later the U.S.A.
Government issued the first broadcasting license to station KDKA of the
Westinghouse Electric & Manufacturing Company at Pittsburgh, U.S.A. Then the
public took up radio in. dead earnest
THE FIRST RECEIVERS
The very first radio sets, as shown in Fig. 1, for home use comprised two coils of
wire, a piece of mineral called crystal (generally galena or iron pyrites), a long
wire strung out of doors and a pair of headphones operating much like the
telephone receiver you hold to your ear.
A little later came receiving nets employing a vacuum tube or valve which worked
in a pair of headphones, The “fans” of those days played every conceivable trick
on that one tube to make it pull in more miles. It was nothing uncommon to find
a receiver with a front panel a foot and a half square with a dozen to twenty
knobs and dials - all for working that single tube.
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Nowadays our modern home
receivers have but one tuning
control one volume control and
these operate up to ten tubes.
The single tube in the first sets
was a "detector" which received
the radio waves and turned them
into a form which would produce
sound on the phones. The more
ambitious constructors put one
or two extra tubes between the
detector and the head-phone
connection, replaced the phones
with a loud speaker and entertained
the whole family at the one time.
The next development put tubes ahead of The detector, between the aerial and the
detector. Those were the days of "DXing" for everybody, The letters in radio mean
long distance reception.
The whole object of early broadcast reception was to listen to some station clear
across on the other side of the country. The programme was of no importance
whatever, just so that the station was a thousand miles or more away. To-day the
emphasis is placed on perfection of tone quality. Most people claim now that they
are well satisfied with the programmes from the “locals” provided the selections are
worth hearing. But just the same, try stealing up behind some of these local
enthusiasts on a cool winters evening and see what they’re tuning for. If what
they’re after is a “local”, then their idea of distance must be the moon.
We are sure there can be no denial of this statement that nothing or a scientific
nature ever before took such a firm hold on the, popular imagination as did radio.
There was no such thing as a factory-built receiver and every one of us built our
own. Radio parts stores sprang up everywhere, and you could buy the now obsolete
slide tuners, loose couplers, variometers and a hundred other necessities on every
corner.
The boy of the family would take a box made of cardboard, add some wire, a crystal.
detector. and somehow get hold of a pair of headphones. That started it and about
a week later you would see the boy and his dad ride to town on Saturday to come
home loaded with bundles. In a few nights the neighbours came in to listen to
America -even if they didn’t hear it.
Enterprising manufacturers observed these happenings and concluded that here lay
a fertile field for sales. The factory-built receiver entered the contest and gradually
made headway. The first of the ready-made sets were expensive in comparison with
the home-made article and most of them weren’t so good. But times have changed
and to-day The mass produced factory job has the better of the argument with the
set built at home by a novice. While the “bread board” set, as the home made
receiver has been called, is now way in the background, we still have with us two
classes of receivers the factory built and the “custom built”.
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Custom built receivers are built by professional radio men, generally using kits or
sets of parts which are designed to operate well together in making a really high
grade set equal to factory built ones in performance. This business of custom set
building is one of the branches of radio in which you can make money even before
you complete your course of study. Complete kits of matching parts are readily
available from which you can build almost any kind of radio receiver, amplifier, test
instrument, or Television receiver, when you have obtained sufficient knowledge
from these lessons.
WHAT IS RADIO
We've talked about the radio business and could go on talking about it for a long
time, but no doubt you're anxious to get down to radio itself. What is it? what
makes it? How does it act? Why is it able to do such wonderful Things? We will
find out.
Practically everything in radio is concerned with. one of its two main divisions, the
transmitter or the receiver. Between these two parts must be something to carry
the signals from one to the other, In many of the commercial applications of radio
and in some applications to home use, wires or metal conductors are used to carry
the impulses or signals and we have what is called wired radio or carrier telephony.
But for broadcasting and for most of the other uses with which you will become
familiar we use “space radio” and transmit the signals through space by sending
them up into an aerial at the transmitter and catching them on the aerial at the
receiver.
TWO WAYS TO LEARN RADIO
If this were to be an ordinary radio course both it and you would be put of date
because we would teach you only details and tell you about certain parts and piece
of apparatus which are here to-day and gone to-morrow.
What we are going to learn first is the how and the why of it all. Fundamental principles don’t change, only the application of these principles that change. For
example, back in 1924 we might have taught you about the construction of the
coupling coils for the then famous neutrodyne receiver. But to-day the latest thing
is the superheterodyne, and you wouldn't have known a thing about it. So here' s
the point - had we taught you about the principles of coupling you would have
under-stood the coupled circuits of the Neutrodyne in 1924 and would have been
equally well able to understand how two coupled circuits to-day work together in
picking out a certain band of frequencies or sounds we want to listen to in the
modern superheterodyne
Of course you will learn about the latest applications of all the principles in radio,
this to give you a clean start from the day you graduate. But behind all this will be
one of the few men who know what makes things happen. Then nothing that comes
along in the future will mystify you in the least.
It will make the difference
between the methods called “cut and try” and the methods of the man who knows
his whole subject from the inside out.
The first lessons you will study are more important than you will realise until you
are nearly
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through with your course. Nothing
that could be said now will make
you understand just how important
are these first ideas. They are the
foundation of all your future knowledge,
and like the foundation of a great
building, all that is built upon them
will fall down if the foundation isn't right.
Radio is a branch of the science of
electricity and for your studies we will
start off with electrical actions However,
even in the preliminary work we will stick
closely to those electrical actions which
are used in radio transmission, reception
and reproduction.

We might as well tell you, right here that a student of radio must learn quite a great
deal about electricity. He needs much more of such knowledge than would actually
be required in many of the older applications of electricity. That does not mean that
you couldn’t learn to operate radio devices, to build radio receivers, or even repair
these pieces of apparatus without knowing a single thing about the underlying
reasons for electrical actions. With a good memory, a lot of hard work and quite a
bit of what is called common sense, it is entirely possible to enter the radio business
with very little real knowledge The trouble is that the man who works that way will
be of very limited usefulness, his resources will be slight and it won’t be long until
he’ll be looking to the really well trained man as his boss.

ELECTRICITY.
This electricity that makes, radio possible is not easy to define, Ever since Franklin
pulled electricity out of the clouds with his kites and a key, men have been trying to
discover exactly what electricity is.
Scientific workers were carrying out
experiments in electricity throughout the whole of the nineteenth century and
gradually built up in their minds a picture of the way in which this invisible force
behaved in electrical circuits. As will be explained more completely later, these
early scientists formed the opinion that an electrical current moved around the
circuit from the positive terminal of a battery or generator to the negative terminal.
In 1897, Professor Thompson startled the scientific world with quite a new
conception of the
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nature of electricity and proposed what has become known as the “electron theory”.
The electron theory is very convenient for explaining the actions of radio valves,
television cameras, television picture tubes and other such electronic devices.
However, a great many people with a fundamental knowledge of electrical
principles, particularly those who have studied electrical engineering without the
necessity for considering valve action, prefer the older fashioned, conventional idea
of an electric current as mentally pictured by the early scientists, and for this
reason, we will particularly in these early lesson papers, use the conventional idea
of current wherever it seems to offer a simpler and more readily understood
explanation of some electrical action.
However, when we are dealing with the
behaviour of radio valves you will find that we will refer frequently to the electron
theory and talk in terms of electron flow rather than current.
Later on as we
advance further into the technicalities you will find that we will use more and more
the idea of electron flow for our explanations. This may sound very confusing to
you, to have two different pictures of the one action but you find, as we advance
steadily from lesson to lesson that a clear mental understanding of electrical
behaviour is formed in your, mind without any undue confusion,
Before we dip into radio itself, you must know a little about electricity, This is
necessary because radio can’t be described even in the simplest manner without
using two or three electrical terms.
In all electrical work, radio or anything else, the electricity itself is used only to
carry energy from one place to another or to store energy in one place. Other things
besides electricity are used for similar purposes, A belt between a steam engine and
some piece of machinery is used to carry energy from the engine to the machine.
The steam engine may be compared to an electrical generator, the machine to an
electric motor and the belt to the electricity carrying energy between them The two
carriers of energy are shown in Figure 3.
A very important thing to realise from an examination of Figure 3 is that it makes
little, if any difference to the transmission or energy from the engine to the machine,
whether the leather belt moves in a clockwise direction or in a counter-clockwise
direction. In either case, the movement of the leather belt is able to carry energy
from one device to the other, regardless of in which direction it actually turns,
The same principle applies to the generator and motor shown at the righthand side
of Figure 3. The two wires linking the two machines make possible the circulation
of electricity which enables energy from the generator to produce a turning force
inside the motor. In the case of the leather belt, we could look closely at the belt
and find out whether it is turning in a clockwise or an anti-clockwise direction but
in the case of the electric wires, at the righthand side of Figure 3, there is no easy
way of knowing whether the electricity is moving in a clockwise or counterclockwise direction in the wires, The important thing is that the actual direction in
which the electricity moves does not matter to us. The important thing is to realise
that electricity in motion is able to carry energy from one point to another.
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Now for an example of storing energy. You store energy every time you wind up the
clock store it in the main spring. Electricity may carry energy into a, device called
an electrical condenser, keep it there and release it later, The clock spring is
like the condenser and the

strain on the spring is like the electrical energy which remains stored until released,
Electricity itself, before any work is done upon it, contains no energy any more than
the belt driving a piece of machinery contains energy. Electricity put in notion will
do work and so will the moving belt do work the clock spring, until it is put under
strain by winding, contains no energy. Electricity put into a condenser places parts
of the condenser under strain and electricity from the condenser will then do work,
Remember then that the electricity is only a medium through which we may
transmit energy by causing the electricity to move or with which we may store
energy by causing the electricity to produce a strain, and it is not used up in the
process.
If you take a pipe filled with water as in Fig. 4 you may compare the water with
electricity. The water might be used to carry energy from one place to another just
as is done in any hydraulic system. Once again notice that it does not matter
whether the water circulates in a clockwise or counter-clockwise direction in Fig. 4.
It will still drive the turbine and carry energy from the pump to the turbine. It is
the movement which is important, not the direction.
It you take a tank as in Fig. 5 you may store energy by forcing water up into it.
Later on The water will give up its energy and do work if you allow it to flow down,
out of the tank over a water wheel or through a water pump.
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ELECTRON THEORY
Some of the early workers in electricity, during the eighteenth century, discovered
that if a battery were connected to two metal plates, immersed in a conductive
liquid as shown in Figure 6, the metal plate connected to the positive terminal of
the battery would gradually be dissolved and transferred through the liquid to
deposit on the plate connected to the negative terminal. For instance, if the plate
connected to the negative terminal, called the “cathode”, is a piece of steel and the
sheet of metal connected to the positive terminal, called the “anode”, is copper and
the liquid between is a solution of copper sulphate crystals in water then gradually,
the copper plate will be dissolved and a film of copper will build up on the steel until
all of the immersed surface is coated with copper. Thin is the principle of electroplating which is used nowadays not only to deposit copper on steel but for the
purpose of nickel plating, chromium plating, silver plating and in fact any metal can
be deposited in a film on another metal by this technique.

The fact that the metal connected to the positive terminal dissolves away and is
carried across through the liquid to build up on the negative plate suggests that the
metal is carried by a current of electricity which appears, consequently, to move
from the positive terminal of the battery, to the positive plate, through the liquid
from positive to negative, to the negative plate and back, to the negative terminal at
the battery.
It was largely the observation of the transference of metal, in electro-plating tanks,
which firmly led scientists to believe that currents moved from positive to negative.
As a result of Professor Thompson’s investigations and subsequent work we now
know that all materials on this earth are made up of groups of atoms, either of the
one kind or of
several kinds chemically joined together.
There are 92
fundamentally different materials occurring naturally on this earth, and
consequently there are 92 different types of atoms. All the other infinite variety of
materials are simply made up of mixtures or compounds of the 92 elements.
Although for many years, in fact, up until 1897, atoms were thought to be the
tiniest particles of any material, we now know that each atom in itself is like a
miniature solar system with a
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a miniature solar system with a central nucleus, like a sun, and a number of tiny
little planets called “electrons” which move in orbits around the central body.
Thee central body in all materials is very large and massive compared with the size
of the tiny little planetary electrons. In fact, even in the case of the lightest
material, which is hydrogen gas, the central nucleus has a mass about 1,836 times
an great as that of the single little planet which moves about it. As we progress
through the range of 92 different types of elements, from the lightest to the heaviest,
which is uranium, we rind that each one in turn has one additional planetary
electron capable of moving around the outside of the central nucleus. The tiny
electrons are so small that they are usually considered as having no weight or
mass but nevertheless each one represents a basic tiny particle or electron charge
and we know that any electrical phenomena takes place it is due to the movement
of these tiny little electrons and not to the atoms of material themselves.
Of the 92 elementary substances many have their electrons tightly bound to their
own particular nuclei. These substances are known as insulators because the
electrons cannot be readily made to move from one atom to the next. On other
hand, there are quite a large number of materials in which one or more the outer
electrons can be easily detached from its own particular nucleus and made to move
progressively from one atom to another through the materials. These materials are
known as “conductors” and comprise the various metals, carbon and one or two
other substances.
The electrons will not move in great quantities in any direction through a length of
conducting material unless there in an electrical pressure applied, to push or suck
them along. The electrical pressure is often known as an “electron moving force” or
“electromotive force” or simply as a “voltage”. The tiny little electrons, although
they occur as particles of 92 fundamentally different materials, are in themselves all
alike. It is only the number and arrangement of electrons together with the
different nuclei in the centre which provide each of the 92 substances with entirely
different physical. and chemical characteristics. However, the electrons themselves
are all identical and consequently are able to move from atoms of one material, say
iron, to another material, say copper, end then perhaps on to a third material which
may be silver without the materials themselves changing in any way. Figure 7 gives
some idea of the way in which the electrons are enabled to drift around a circuit
made up of a number of different conducting materials under the influence of an
E.M.F. or voltage.

L1-11

You will notice in the diagram, that we have shown the electrons as moving away
from the negative terminal of the battery and towards the positive terminal. This
seems completely contradictory to our previous idea of direction of current flow, as
illustrated with the electro-plating tank in figure 6.
In practice, we now know that electrons represent individual negative charges of
electricity and in electrical work, as with magnetic poles, similar charges repel one
on other and dissimilar charges attract, so that the negatively charged electrons are
repelled away from the negatively charged terminal of a battery and move around
the circuit, travelling from atom to atom throughout the length of conducting
materials, until finally they are sucked in by the attraction at the positive terminal
of the battery, pumped internally through the battery and recirculated over and
over again.
As the electrons move from negative to positive you are doubtless, wondering why
the copper appears to move from positive to negative in our illustration of Figure 6.
As electrons are identical in all materials and do not have the full properties of
copper or of any other metal, on their own, it in obvious that it was not electrons
themselves which were responsible for the dissolving of copper at the righthand
plate of Figure 6 and the building up of copper at the lefthand plate of Figure 6.
Because copper appeared at the lefthand plate it is obvious that what is drifting
through the liquid in the tank is actually atoms of copper and not just simply
electrons. Had the early scientists been able to see some visible effect of the
electrons themselves they would have realised that the electrons are moving from
negative to positive but of course due to the very small size of electrons (it would
take somewhere about 36,000 million million million million of them to weigh one
ounce) it was quite impossible for then to directly see the electrons moving and
consequently they could. not tell which way the electrons themselves were flowing.
The reason the copper moved from the positive to the negative side of the circuit in
Figure 6 is that each time an electron is torn away from an atom, in order to move
on through the circuit it momentarily leaves the atom with a slight positive charge.
Each of the atoms in the liquid is at times left momentarily with this slight positive
charge and the positive charge is repelled by the positive terminal of the circuit and
attracted towards the negative terminal so the atoms of copper are gradually made
to drift, through the liquid to deposit on the negative terminal on the lefthand side
of, Figure 6.
This drift physical matter from positive to negative can only really take place in the
case of liquids or gases. In solid materials such as wires, switch contacts, coils and
metal frames, the atoms are so rigidly fixed in place that they cannot more, but this
does not stop the electrons from moving inside the atoms from one atom, to another
progressively around the circuit.
Because of the earlier ideas of current flowing, from positive to negative people
these days still often refer to the tern current as moving from positive to negative,
but in reality we now know that the underlying force of all electrical actions are the
tiny “electrons” moving from negative to positive. Although this seems very
contradictory and difficult, do not worry much about it at this stage because it will
become much clearer for you later on.
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Just as it made little difference in which direction, the belt rotated in the left hand
aide of Fiure3 or whether current flowed in a clockwise or electrons in an
anticlockwise direction in the two wires at the right hand side of Figure 3, or
whether droplets of water moved in a clockwise or anticlockwise direction at the top
of Figure 4, so for these early lesson papers, the important thing is to realise that it
is the movement of electricity which enables various electrical actions to occur, and
for the time being you should not worry very much about which direction the
electricity actually moves in.
VOLTAGE AND CURRENT
You have heard the tern “electric current” and “electron flow” and everyone speaks
familiarly about “voltage”. You should know exactly what these terms mean. We
can again compare electricity with water to make things clear. Look at a water tap
or faucet in any plumbing system, You know that. there is water pressure at the
back of that tap and you know that opening the tap will allow that pressure to
cause flow of water. Were we talk of electricity the pressure would be the voltage
and is measured in a unit called the volt. Water pressure is sometimes called
“head” or simply pressure and is generally measured in pounds to the square inch.
Movement of water is often called a current of water and is measured as a rate of
flow in gallons per second or gallons per minute. Movement of electricity in wires is
called electric current and its rate of flow is measured in a unit called the “ampere”.
An ampere of electricity actually consists of a little over 6 million million million
electrons passing any point in a circuit in one second. The one word “ampere” takes
into account both quantity and time so that we don’t ever say amperes per second
or anything like that. Amperage is not a measure of quantity, it is a measure of rate
of flow. It does not correspond gallons in hydraulic measurements, but as it takes
into account both quantity (electrons) and time(seconds) it corresponds to gallons
per minute or second.
In the water system, with the tap shut off there was pressure, but no current of
water. Similarly in the electric circuit, with the current shut off by a switch, there is
still electric pressure or voltage but there is no current or amperage, (Fig. 8). You
may have electric pressure without current, but in no ordinary circuit can you have
a current flow without voltage or pressure to produce it, by pushing the electrons
around the circuit, remember this and a lot of your work will be easier.
Now here’s something else of importance. Electric current and electric voltage don’t
mean the same thing and they don’t measure similar properties of electricity. The
question has been asked “How many volts ate there in one ampere?” That amounts
to saying “How many pounds per square inch are there in one gallon per minute?”
Ridiculous of course. From now on when we speak of volts or voltage remember
that we mean electrical pressure or driving force, nothing more. And when, we
speak or electric current remember that we mean flow of electricity as measured in
amperes and nothing else.
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There’s nothing wrong in speaking of a “high voltage current” or of a “low voltage
current” just so long as you know exactly what you are saying. The first would
mean an electric current forced along by a high pressure or voltage and the second
would mean a current forced along by a lower voltage. In the following lessons you
will learn a lot more about the electric current, but you can’t go on with this first
one until you have clearly in mind the distinction between voltage and current.
ALTERNATING CURRENTS.
In the greater part of this radio work
you will be dealing with electricity
in the form of “alternating” current,
so called because the voltage and flow
increase and decrease and work first
in, one direction, then in the other.
The study of alternating current is very
profitable and intensely interesting.
The electricity that comes from a
battery is in the form of direct current. This direct, current acts always in the same
direction. The things it will do are not nearly so important nor so interesting as the
actions of alternating currents and in radio you will find that direct current to of
little importance when compared with alternating current.
Once more going back, to a comparison between water and electricity, you realise
that all the pipe Fig. 4 is filled with water all the time. In an electric circuit all the
wires are filled with electrons all the time. If the wires are separated at some point
and a battery connected there, the battery’s energy or voltage will push the
electrons around through the wires from atom to atom, moving them around
through the circuit away from one side of the battery and back into the other side.
When electricity is thus moved around through a circuit, always flowing in the one
direction, we have a direct current.
Now we, might again take the water piping of Fig, 4 and by means, of a double
acting plunger pump, push the water, first one way and then the other as in Fig. 9.
The water in one section of piping would sty there end never get around into any
other section. It would just move back and. forth in one part of the piping. Since
the whole system of piping is completely filled with water, movement back and forth
of the water in one section would cause a similar back and forth motion in all the
other parts.
An electric circuit, as stated before, is always full of electrons. Now if you make the
electrons in one part of the circuit move back and forth or “alternate” you will make
the, electrons in all the other parts move in a similar manner and you wilt have an
“alternating” current. The electricity in one part or the wiring just moves one way
for a little distance, then moves back but never leaves that part of the circuit.
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In the direct current circuit, movement of the electricity at any place may be made
to do work. In an alternating current circuit, movement of the electricity may
likewise be made to do work at any point in the circuit. The moving electricity
contains energy whether the movement be always in one direction or alternating
back and forth. So you see, it's not really difficult to understand the difference
between the action of direct current and the action of alternating current and you
can see why we have stressed that the actual direction of movement is not
important
The two kinds of current are being explained at the same time because you should
understand them equally well. Some of us who went to school a while back learned
about direct current first and then took up the study of alternating current or “A.C.”
So far as radio is concerned that was putting the cart before the horse. In radio we
put emphasis on alternating current because that is what is produced in the aerial
by the radio wave. In the great majority of modern sets, the sole and only source of
power for increasing the signal strength is that taken from the alternating current
light and power wires which enter our houses and buildings. In the operation of a
radio set it may be necessary to change some of the alternating circuit into direct
current - but we always start off with A.C.
In alternating current circuits we will run into many astonishing effects. We can
almost always compare electrical effects and actions with other effects and actions
of common things that we use in our everyday lives. A comparison of that kind is
called an analogy. For example, when we say that a certain action of electricity is
illustrated by a similar action of water, we have used analogy
EICTRICAL OPPOSITION
You are going to find conditions
under which electricity seems to
have inertia. Inertia is that property
which makes a thing try to keep on
doing just whatever it may be doing
at any time. It is inertia that makes
it difficult to set a railway car in
motion and it is inertia which tends
to keep that car going once it is
started You will find electric circuits
in which it is hard to get the electric
current to flow and then, after it
is started the current wants to
keep on flowing all by itself.
Those are the circuits which
contain coils of wire.
You will find still other circuits containing condensers. A condenser is nothing more
than two plates of metal separated or insulated from each other. We can send
electricity on to the plate of one of these condensers and it seems to condense there
or to remain there.
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Alternating current will pass through a coil and will pass through a condenser It
does not pass through either of them freely, but meets with considerable opposition
in both. We call this opposition “reactance”. In a coil we have one kind of
reactance, in a condenser we have another kind, but they both oppose the flow of
alternating current. Now here is one of the most wonderful effects of alternating
current. If you were to take a coil and condenser, as in Fig.l0, both of which
furnish opposition to the passage of alternating current, you would naturally think
that putting them together in a circuit would increase the total opposition, would
add the oppositions, or reactances, together. Yet you will find that by taking a given
amount of reactance found in a coil and using with it an exactly equal amount of
the kind of reactance found in a condenser, the two will cancel and you apparently
will have no reactance at all in the circuit. The alternating current will appear to go
through that circuit just as though neither the coil nor the condenser were there at
all.
FREQUENCY.
While we're talking about alternating current we might as well go a little further.
You were told that such a current goes first in one direction and then in the other
direction through a wire - that’s why it is called “alternating”. In ordinary house
wiring circuits it goes in one direction for one hundredth part of one second,
reverses and goes the opposite way for one hundredth part of a second. The number
of complete reversals or cycles in one second is called the “frequency” of the
current. If a certain current makes a complete change twenty-five times a second
and another current makes the change fifty times in a second, the latter current
makes its change more frequently than the former and we say it has higher
frequency.
Current at frequencies such as twenty-five or fifty cycles per second behave quite
well, stays where it is put and goes about, its work with little fuss. But in radio we
are going to get into some extremely high frequencies. When you listen to a radio
station that comes in about the middle of the tuning dial you are getting the effects
of an alternating current having a frequency of about one million cycles
per second. Remember this means
that the current goes in one direction
a million times per second.
Look at your watch while the little
hand passes the space of one second.
Then try to count up to a million.
Imagine getting one million changes
like the four in Fig. 11 in one tick
of a clock.
When we get alternating current at
such frequencies like this, it does
some very astonishing things. Insulating covering such as you find on ordinary
electric wiring doesn't mean much to high frequency currents. They fly about
through space at their own sweet will. If they’re traveling along a wire and come to
a corner most of them will turn the corner, but some of them may keep right on in
the old direction.
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This high frequency current which goes ahead and reveres million times a second
is surpassed in radio and television by other currents which alternate their
direction hundreds of millions of times a second. Think what that means. These real
high frequency currents do things that are still more wonderful. They let men in
Australia talk with others in Great Britain, half way around the world. They let men
send out a signal in one direction and catch it as it comes from the other direction
after having gone right around the earth. It take about one-seventh of second for
signal to encircle the globe. They also make possible the modern marvel of
Television.
WAVE MOTION
We said a transmitter is the apparatus which changes sound into electric waves,
while the receiver is the apparatus which changes electric waves back into round.
Since we have talked about electric waves or radio waves, we might as well investigate the subject of wave motion right here
Fortunately there, are many common examples of wave motion and you have see a
least two of them many times. One example is found in water waves, another is
found in a waving field of grain such as you could see any day in late summer.

Any “wave” is a disturbance in some substance during a period of time, the disturbance, moving away from the source of the thing which started it.
If you drop a stone into a pool of water a whole series of ring-shaped waves will
spread out in all directions at a certain .speed. The wave as a whole appears to
move. Yet if you were to place a, cork on the water you would find that the cork
moved up on the crests and down into the troughs, but did not travel sideways or
get any further away from the point at which you dropped the stone.
If you watch a gust of wind strike a grain field you will see the grain wave in great
crests and troughs and the waves will move slowly all the way across the field. Yet
you know that when the waves cease you will find every stalk of grain in the same
position it occupied before the waves passed. I want you to see that a wave is just a
passing disturbance in something or other.
Now if you send up into transmitter’s aerial powerful high frequency currents,
there will be electric waves or radio waves started off as disturbances.

L 1 - 17.

The disturbance or waves will follow one another out into space at great speed and
travel to great distances away from the transmitter
THE TRANSMITTER
Now let’s look at some of the parts which enter into a transmitter. All of the main
divisions are indicated in Figure 12. First we have a “microphone” which is directly
affected by the sounds we desire to transmit and to receive. You probably have in
your own home one example of a microphone - the telephone transmitter into which
you speak. The microphones used in broadcast stations are much finer types of
instruments than the telephone type, yet the underlying principles are much the
same. The microphone is a device which causes sound to produce changes in an
electric current so that the amount of, current increases and decreases. The next
part in the transmitter is an “amplifier”, a collection of parts which allows the
comparatively feeble microphone currents to control much greater amounts of
electrical energy so that from the amplifier we may secure currents carrying
considerable energy.
Now we come to two parts of the transmitter which work together. They are cal1ed

the “oscillator” and the “modulator”. The oscillator consists of radio tubes and
other parts which generate or produce alternating currents of very high frequency. The modulator also contains tubes and its function is to take the electric
currents from the microphone amplifier and add them to the current from the,
oscillator in the modulated amplifier. As a result we have the high frequency
oscillator current combined with the other currents which represent the changes
in sound that are reaching the microphone.
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There may be still more amplifier apparatus to further strengthen the currents and
finally the high frequency, oscillations with which have been combined the sound
changes are carried into the transmitting aerial where they affect the ether and start
the radio waves off toward the receivers which are waiting.
In these few paragraphs we have outlined the functions or purposes of the principal
parts of a transmitter. To fill in the gaps and make the descriptions complete will
require many lessons further along in the course, but right here we want you to
have a fairly complete mental picture of the whole subject. This picture will be of
the outlines only but on it we ill build up the whole body of your future knowledge.
Much the same process occurs with Television, the television camera which turns
light reflected from a subject into corresponding electrical. pulsation taking the
place of the microphone in Figure l2.

We will now assume that the radio waves have left the transmitting aerial, and
have reached the aerial of a receiver far away.
Let us see, what parts are needed at the receiving end of our radio system in order
to change the radio waves back into sounds, Fig. 13 shows first the aerial consisting
of one or more wires placed in space where, they are struck by the radio waves. The
waves generate exceedingly small electric voltages in the aerial. The aerial connects
to an amplifier quite similar in action to the amplifier used at the transmitter and it
increases the signal’s power quite a bit.
The third part of cur receiver is called the detector. It is a radio tube operated in
such a way that it separates the high frequency currents from the electrical changes
that represent the sounds that we desire to hear. You recall that in the transmitter
we had a modulator which combined the, sound effect with the high frequency
currents and here in the receiver we have a detector which reverse the process and
really may be called de-modulator.
Following the detector we will find another amplifier which adds power to the sound
signal current and this greater power operates a loudspeaker.
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The microphone at the transmitter changed the sound into varying currents and
now in the receiver the loudspeaker changes the varying electrical currents back
into sound.
SEEING NEW THINGS
You may feel by this time that you have been told so many new things that your
mind is fairly muddled and that you don’t understand a great deal of what we have
been talking about. We don’t want you to fee that way. It is necessary for you to
have a brief glimpse of the whole matter of electricity and radio, but you are going
to find that each thing will be so thoroughly explained in later lessons, that you will
have mastered the idea before you are aware of it. Each one of the things taken up
in this lesson, and many more which we haven’t said anything about, is going to be
discussed very, very fully and you are going to see just what the applications are so
that you can use them as your tools.
It is going to be necessary for you to learn theory as well as practise because you
wont be able to advance without knowing the fundamentals, but you will find that
we are going to take up theory in such, easy steps that you are going to learn it
without difficulty. You are going to be able to apply it and make money out of it.
Were you to learn only about the construction and operation of radio devices, you
wouldn’t need to do a lot of thinking. This method would only test your ability to
remember things - like learning the multiplication tables when you were a little
fellow. But when you learn why something happens it is going to start you off on a
new mental track many a time. There is no reason at all why you won’t discover
new things in radio and new or better ways of doing the old things.
An old hand in any branch of science or art has a hard time seeing new things, He
has learned to believe that everything has been thought of, that the knowledge he
has gained covers the whole field. Anything that can’t be explained by the rules he
knows just can’t be, that’s all. He’s like the man who saw the elephant for the first
time and declared that there ain’t no such animal. But you wont feel that some
things can’t be done - perhaps they can be done, and you can try theme
THE JOB YOU’LL FILL.
Here’s a little more advice. For the time being don’t attempt to decide just what
opening you will fill. As you get into this business it will be only natural that you
will like some parts more than others. Now, anyone will agree that a man makes
more money and is more successful in work that is a pleasure to him. Therefore,
study everything as it comes along and don’t make up your mind until you get near,
the finish. There are so many specialised applications of electronics that you are
sure, to find one which will appeal, particularly to you.
You have started on the road to becoming a radio man. This lesson has just opened
door. The next one is the next step on the way. That step is going to give a vision of
the broad scope of radio. You should see the whole picture before start, to study the
various parts. In the next lesson you will be, told briefly simply of the various steps
from the point where music or speech is produced at broadcasting station until it is
heard in your loud speaker.
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EXAMINATION QUESTIONS – N0. 1.

1.

Do we use up the electricity when work is done?

2.

Can electrical energy be stored? Explain

3.

When electrical pressure is present, must there be electrical current also?

4.

Do amperes and volts measure the same thing?

5.

What is the name of the unit which measures electrical pressure,?

6.

What kind of electric current flows first in one direction, then in the other?

7.

What kind flows always in one direction?

8.

What kind of electric current has frequency?

9.
or

In what direction do “electrons” move around a circuit, positive to negative
negative to positive?

10.

When we use the old fashioned term, “current”, in what direction do we
generally imagine it as flowing?

PLEASE NOTE POSTAL ADDRESS:- Box 43 Post Office. Broadway.
NOTE:- Write on one side of the paper only.
Always write down, in full the question before you answer it.
Answer the questions as fully as you can giving complete explanations
and sketches wherever possible.
Remember that you learn by making mistakes; so give yourself an
opportunity of having your mistakes found and corrected.
Don’t hesitate to ask for further explanations on any point, we are,
always ready to help you.
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LESSON NO.2.
FROM TRANSMITTER TO RECEIVER
In this lesson and the one following we will start off with sounds of speech
or music going in the at the transmitter and will end with those sounds
coming out of a loud speaker at the reviver.
This is going to give you a complete birds-eye
view of the whole field of radio. I want you to
have such a complete picture in your mind
that, as you study each separate part, you will
know exactly where it fits and how its work
affects all the other parts.
WHAT WE DO WITH SOUNDS
In the first lesson you leaned that the
microphone in a transmitter is quite similar in
its action to the telephone in your home. With
the microphone we take great precautions to
keep vibrations, other than those of the
sounds broadcast, from being Transmitted.
The microphone is used where-ever possible
in a “Sound proof” studio and is supported
on sponge rubber. The
microphone is so sensitive that it is affected by the slightest noise. While
listening at the loud speaker you often will hear the sound of a speaker's
breath.
The microphone contains a diaphragm which is caused to vibrate by air
movements which represent sounds. Connected to the diaphragm are parts
which change their electrical resistance as they are moved by the diaphragm.
These parts are carrying an electric current all the time the microphone is
in use and the changing resistance makes the current change accordingly.
The changing current in the microphone is made to bring about changes of
voltage in other circuits and parts, so that we translate the sounds into
voltages.
In other types of microphones the movements of the diaphragm cause other
parts to move and to generate an alternating voltage. As these voltages are
generated by movements caused sound waves they are similar to the sound
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sound waves in frequency and in “waveform”. In radio work we often find it
convenient to represent. rise and falls of voltage or current which occur as
time goes by as a rising and falling line. In Fig. 2 is such line. It shows the
changes caused when a speaker utters the sound of the letter “O” as it is
used in the word “ton”. The drawing shows the voltage changes during the
one two-hundredth part, of a second, These, changes repeat over and over
gain as the letter is being sounded.
Alternating voltages or currents, especially those representing radio or
television signals, are very frequently represented graphically as in Fig..2.
The horizontal line or scale always represents units of time such as seconds
or fractions of seconds such as milliseconds or microseconds. A millisecond
is one thousandth part of a second and a microsecond is one millionth part
of a second. The vertical distance above or below the horizontal line,
represents the strength or amplitude. of the Voltage or current
Diagrams such as Fig. 2 are often called “waveform” diagrams as they show
the exact way in which the strength of sound waves or radio waves or
electrical waves change from moment. to moment of time.
The problem in radio is to take such voltage changes as in Fig. 2, get them
through the space between transmitter and receiver, then change them back
into sound again. You will grant that the accomplishment of this object is a
wonderful thing - one of the most wonderful things in the modern world.

THE CARRIER WAVE
The oscillator, about which you were told in the first lesson, is a part of the
transmitter which produces alternating current of exceedingly high
frequency. You remember that the frequency is the number of complete
reversals, or cycles made by the current or voltage in one second. Just as
we represented the sound voltages in Fig. 2 by the wavy line, so we will
represent the oscillator voltages changes by a line like the one, in Fig. 3
These voltages changes just go up down at a tremendous rate, but they
always go up and come down the same distance. These are the voltages that
produce the radio waves that leave the transmitters aerial, and fly away into
space
“I said the voltage changes are always the same. They remain the same as
long as no sounds are being sent out, but in a moment we are going to alter
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them as the sounds commence to come through. The steady waves
produced by voltages like those of Fig 3 make up what we call the
transmitter’s “Carrier Wave”.
Fig. 3 shows ten complete reversals of the alternating current or its voltage.
If we were to compare this drawing with the actual frequency of a broadcast
station found near the middle of the dial, these ten complete “cycles” would
take place in the one-hundred-thousandth (1/100,000) peat of a second.
While on the subject of cycles we want to understand a word which is
common in radio language. That word is “Kilocycle”. In radio, we frequently
have to talk about millions of cycles, and if we did not have this short-cut
expression they would sometimes be tongue-twisters. So, we use the term
kilocycle to mean one thousand cycles. If we want to say 500,000 cycles, we
would usually say 500 kilocycles. You can see that is very much easier.
For high frequency short wave applications, especially in connection with
television frequencies of many millions of cycles per second are involved, or
describing these frequencies we often use the term megacycle.
One
megacycle is the same thing as one million cycles
MODULATION
In the process of getting this audio wave ready to leave the transmitter’s
aerial our next job is that of combining the sound voltages, like those of Fig.
2 with the carrier wave voltages shown by Fig.3.
You can get an idea of how this is done by looking at. Fig. 4. Of course this
only shows the general idea of the thing -- do not take all these drawings,
for actual complete layouts. In Fig. 4 we have the modulated amplifier
handling the carrier frequency the high frequency which produces the
carrier wave that travels through space. The modulator is handling the
.sound frequencies received from the microphone and acts on the mod. amp.
in such a way as to control or, regulate the strength of its output. The
output from the mod. amp., controlled in its strength or voltage according to
the sounds from the microphone, is fed into the aerial system and is
radiated into space as a carrier wave.
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The result of combining these two frequencies is this: the rise of sound
voltage are added to the voltage of the, carrier and make the carrier voltage
higher at that point. The drops of sound voltage then lower the carrier
voltage when the sound voltage lowered.
The way the sound voltage combine with the carrier’s voltage is shown in
Fig. 5. The result is a rise and fall of the carrier voltage. Notice that we
have shown the carrier’s frequency as remaining unchanged, that it is only
the voltage that is altered. Later on you will see how these changes of voltage
are made to change the frequency of a different current.
The drawing in Fig. 5 is not very accurate. If we were to compare the carrier
frequency of Fig. 3 with the sound frequency change of Fig. 2, you would
find that the whole width of the ten cycles in Fig. 3 extend only across the
one-five-hundredth part of Fig. 2. To make them actually match and show
the true relation of sound changes to carrier frequency, we would have to
either divide Fig. 2 into five hundred parts, and use only one of them, or we
would have to make Fig. 3 five hundred times as wide as it is Then you
would have the real picture. In the actual radio wave there are no such
abrupt voltage changes as is indicated in Fig. 5, they are about five hundred
times as gradual as this.
The changes of Fig. 5 are, what we call a “Modulated carrier wave”. Here, as
you can see very plainly, we have both the carrier frequency and the sound
frequencies. The gradual rise and fall of voltage represents the sounds sent
into the microphone, while the high, frequency part is capable of carrying
the disturbance through miles and miles of space. Now we will shoot this
modulated carrier up into the aerial of the transmitter and see what happens
next.
If the disturbance caused by such a radio wave were to start out from
somewhere around Sydney, it would arrive on the exact opposite side of then
earth in less than one-fifteenth part of a second. The time required for each
change in the wave to reach a receiver anywhere in Australia, would. be a
might small fraction of a second. Now we will take it for granted that the
wave has reached the aerial of a receiver which you are going to investigate.
CATCHING THE RADIO WAVE
We are going to let the radio wave pass along on an elevated wire, called the
receiving aerial, and the earth or ground under the wire. Perhaps it would be
better to say that we will put up an aerial where the wave will pass along it,
because we do not have to let the wave do anything -- it will do what ever it
pleases and we will have to take advantage of its action.
In Fig.. 6 you will Bee these parts as used at a receiver. The aerial is
connected to a “lead-in” wire, which, is attached to one end of a coil. The
other end of the coil is connected to a “ground-wire” that runs down to a
piece of iron or some other conductor of electricity which is buried in the
ground.
As the radio wave passes through the space in which the aerial which is
erected, the effect of the wave is to first raise the aerials voltage, then lower
its voltage. As a general rule we consider that the great mass of earth
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beneath our feet has no voltage at all. Then, when there is electrical
pressure, or voltage which could cause a current Of electricity to flow toward
the earth, we say that the body or the thing having such pressure is at a
“Positive voltage” with respect to the earth. If a body is in such a condition
that electric current tending to flow toward it from the earth, then we say it
is at a “Negative” voltage with respect to the earth. From this standpoint,
voltages that are higher than that of the earth are called positive voltages,
while those which are lower than that of the earth are called negative
voltage. Of course, we are going into all these things in great detail later on,
and we will then consider these actions in terms of “electron” behaviour.
Electrons are minute electrical charges, or “grains” of electricity upon the
behaviour of which all electrical phenomena depend. However, until we get
around to studying electron characteristics more fully, we will. use the more
familiar and conventional, if old fashioned, idea of a current, of electricity
which we picture as flowing from a positive point or point of high electrical
pressure to a negative point or point of lower electrical pressure or voltage in
explanations in these early lessons.
For the time being just remember that the radio wave causes changes of
voltage between aerial a earth. First there is a voltage that makes current
flow from the aerial down through the coil and to the ground. Then, at the
next instant, there is a reversal of voltage and the tendency is for current to
flow up into the aerial. Do you see that this gives us an alternating current
through the coil?
CONDENSER
For a few moments we Will have to leave the aerial to consider something
that was. barely mentioned in the first lesson sheet -- a condenser. There is
nothing in all electrical science simpler than a condenser. It is just two metal
plates separated by some substance that does not easily permit the flow of
electric current. Anything that allows electricity to flow through it easily is
called a “Conductor” and, anything which opposes and practically prevents
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the flow of electricity is called an
“insulator”. Then we can say that
a condenser consists of two
conductors insulated from each
other. The insulation between
the plates or conductors of a
condenser is called the dielectric.
These parts are shown and named
in Fig. 7
The condenser of Fig. 7 consists of
two flat metal plates with air as the
dielectric been them. Over at the right hand side of the drawing is an
ordinary electric battery like the one in an automobile. You know that such a
battery has two terminals, one marked with a plus (+) sign to indicate that it
is positive, and the other marked with a (-) sign to show that it is negative.
That means that with those terminals connected together by a wire, the
pressure at the positive terminal will be higher than the pressure at the
negative terminal and current will flow from positive to negative.
If you were to connect the two terminals of the battery in Fig. 7.to the two
plates of the condenser You would not have a flow of current from one side
of the battery to the other because, the dielectric of the condenser is an
insulator and prevents flow of current through it. Yet, while there would be
no continuous flow of current, you would actually change the condition, the
electrical condition, of the plates. The top plate would be at a higher
pressure than the bottom one. The top plate would, as we say, have a
“negative charge” while the bottom plate would have a “Positive charge”. You
might then remove the battery and the two plates would stay charged.
In Fig. 8 are shown the two “charged” plates connected to a coil of wire.
Since the electrical condition of the lower plate is positive and of the upper
plate negative, there will be a flow of current through the coil winding from
the lower plate to the upper one. Since the condenser plates contain only a
little bit, of energy, there will be only a little current flow and then there will
not be any voltage difference remaining between the plates.
In radio we have a sort of shorthand system to show the various parts we
use. Over at the right hand side Fig. 8 you can see this “Shorthand” for the
condenser and the coil. We call these representations of radio parts by the
name of “Symbols”
THE AERIAL AS A CONDENSER
In Fig. 9A you will see the receiver's aerial and ground. We said that a
condenser consists of two conductors with a dielectric between them. The
aerial wire is one conductor, the earth or ground is another conductor and
the air between them in a first class dielectric. Therefore, this aerial and
ground are, in effect, the same as the two condenser plates shown in Fig, 9C.
We use symbols for everything in radio, so in Fig. 9B you have the
corresponding symbols for aerial and a ground, and in Fig. 9D is the symbol
for the two plates representing a condenser such as Fig. 9C,
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Figure 9
The radio waves passing through the space between aerial and ground, as in
Fig. 6, charge the aerial alternately positive and negative. Because such an
aerial system when considered in connection with the ground, is electrically
similar to a big condenser it is often convenient to think of it as a condenser.
The alternating charges on the aerial produce an alternating current in coil
connected between aerial and ground as in Fig. 6. store this fact way in your
memory for a little while because before long we are going to use something
which is produced by this current passing through the coil.
ELECTROMAGNETIC LINES.
At some time or other you have played with a toy horseshoe magnet and
have let it pick up nails and other small objects made of iron or steel. If you
lay a nail on the table top, as in Fig. 10, and bring such a magnet near it,
the nail will finally jump to the magnet and will be held there. Between
magnet and nail there is some kind of force at work It is invisible, you
cannot see it, but Just the same it is there.
If you were to tie a string around the middle of the nail and hang it up, as in
Fig. 11, then bring the magnet near the nail, the nail would swing around
and point toward the end of the magnet. Because it is not as difficult to
swing the nail around as to pull it across the table top, the action will show
up in Fig.. 11 with the magnet much further from the nail than with the
arrangement of Fig. 10.
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Now you might take some wire and make it into a coil somewhat like the
one of Fig. 12. If you then connect the ends of this coil to a battery, current
from the battery would flow through the coil. This coil, with current flowing
through it, would swing the suspended nail just as the magnet swings it.
The same kind of force that exists around the magnet exists also round the
coil of wire.
We say that this force is a “magnetic field” or an
“electromagnetic field” and that it consists of (invisible) “lines of force” as
indicated in Fig. 12. The coil of Fig. 12 in called an “electromagnet”. The
two kinds of fields are exactly similar even though one is produced by
permanent steel magnet and the other is produced by an electromagnet that
has the properties of a magnet only while current flows through it. The nail
sly tries to line up with the linen of force which surround it.
ENERGY
The magnetic field around the coil represents “energy” and the charge upon
the plates of a condenser likewise represent energy. But before we go on,
you must know a little about this thing energy which will be mentioned
many and many a time as we talk about the performance of radio parts.
Energy is the ability to do work. There are a good many forms in which we
may have energy. some things have energy, or are able to do work because of
their position or shape. The weight on the clock in Fig. 13 has energy (will do
work) because it can drop and change position. If you twist a rubber band
it has energy because of its shape and it will do work as it untwists. The
charges on condenser plates have energy because they will do work as the
positive charge and the negative charge come together and neutralise each
other.
Other things ham energy because of their motion. The spinning flywheel of
Fig. 13 contains energy and will do work if connected to some piece of
machinery. A heavy weight thrown through the air contains energy and will
do work if it strikes some object. The moving field around a coil contains
energy of this general nature.
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OSCILLATING SYSTEMS
Now we are going to do some things with energy. At the left hand side of Fig.
14 you will see a cross beam, hinged or pivoted at its centre carrying a heavy
weight on one end and attached to a coiled spring at the other end. As
shown in the left hand drawing, this mechanical system is in balance, the
spring is just holding the weight.
Suppose you were to pull the weight down into the position shown in the
centre drawing of Fig. 14. This would stretch the spring and it would contain
more energy than it contained in the first position. Were you then to let go
of the weight the spring would contract and in contracting it would raise the
weight as shown in the right hand drawing. In this position the weight
contains more energy than it contained in the left hand drawing because it
has been raised to a higher position.

Then the weight would tend to drop and in dropping would spring again. So
the action would go on, the spring stretching and compressing the weight
rising and falling.
With the parts in the positions shown by the centre drawing of Fig. 14, most
of the energy of this mechanical system is contained in the stretched spring.
Then the spring expends its energy in raising the weight. With the positions
shown in the right hand drawing the energy is contained in the elevated
weight, which is capable of using its energy to again stretch the spring, The
energy oscillates or swings back and forth between the spring and the weight
until it finally is used up in overcoming the friction of the moving parts.
OSCILLATING ELECTRIC CURRENT
The most useful arrangement of parts in the whole field of radio is shown in
Fig. 15. Look at it carefully. There is nothing more than a coil connected to a
condenser. A coil and condenser, connected together, make what is called an
oscillating circuit or an “oscillatory circuit”. Energy will oscillate back and
forth between the coil and condenser until it is finally used up by electrical
friction, in other words, by electrical resistance in the conductors used in the
circuit and its parts.
The coil and condenser at the left hand side of Fig. 15 contains no energy.
Now we will assume that the condenser plates have charged. Then the
condenser contains energy. This difference in voltage between the condenser
plates will cause current to flow from one plate to the other and in so
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flowing it must pass through the coil.. Whenever current commences to flow
through a coil, it rises to the highest value and then falls to zero, there is a
rising, and falling magnetic field or a moving field produced around the coil.
This field contains energy, low of current from the condenser through the
coil will naturally commence at zero, then will quickly rise and will
commence to fall again to zero as the voltage difference or electrical pressure
between the plates disappears.
The magnetic lines of force which appeared around the coil, due to the
current in the coil, will drop back into the coil when the condenser’s voltage
has been “discharged” and is no longer able to keep the current flowing. As
the lines of force drop back through the turns of the coil they generate a
voltage in the coil, winding. This voltage produced in the coil causes the flow
of current to keep going in the same direction, until the energy, represented
by the magnetic field has been all transferred to the condenser as a new
charge opposite to the original charge. By the time all of the magnetic lines
of force have collapsed back through the turns of the coil to its centre, and
have disappeared, all of the energy represented by the magnetic field will
have been transferred back into the condenser. As there is now no voltage
generated in the coils by the collapsing lines of force, there is nothing to hold
the new charge in the condenser so this new charge then exerts itself in
producing a current back through the coil in the opposite direction to the
original current. This new Current again produces lines of force which again
generate a voltage, and so the action keeps going until all the original energy
has been used up in the resistance of the circuit. So here, in the electrical
system, we have electrical energy oscillating or swinging back and forth
between the coil and condenser, very much as in Fig. 14 we had mechanical
energy changing back and forth.
PRODUCING VOLTAGE
You will be able to answer the question about getting the energy started just
as soon you have learned about another big thing in radio. That big thing is
called “coupling”. It is the action that enables us to get energy from one
electrical circuit over into another electrical circuit even when there are no
wire connecting the two circuits. together.
When you were being told about the oscillating circuit, it was said that the
lines of force dropping back through the wires of the coil produced a voltage
in these wires. That statement is correct - such, an action really does take
place. We would like to explain it all to you, but we cannot go that deeply
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into, things in this lesson. A little further along we will dig into all these
things and get to the bottom or them but only just a few of the very
beginnings can be crowded into these first lesson.
The first time you have a chance, look inside the electric lighting generator
on a motor car. Of course, you know that such a generator produces electric
voltage which causes a flow of current to light the lamp and charge the
battery. Inside the generator you will see a part that turns around or
rotates. This part (called the armature) carries a lot of wires. If you look
very carefully you will see that the armature rotates between iron pieces
around which are wound coils of wire. These iron pieces are electromagnets.
The electromagnets of the generator produce a field of lines of force. The
armature wires are moved through this field and this movement of
conductors through lines of force produces the voltage. Any conductor
moving through any magnetic field will have voltage generated in the
conductor. It is the movement between these two, the conductor and the
field, that produces voltage.
One single conductor, such as one strand of wire in our generator would
have to cut through one hundred million lines of fore in one second to have
one volt developed in it. We seldom come across such strong or concentrated
magnetic fields but by using many strands or turns of wire and by making
the conductor move through the field, or the lines of force move past the
conductor in a much shorter time than one second, we can have quite large
voltages “induced” in a coil.
It does not make a particle of difference whether the field remains, stationary
with the conductor moving, whether the conductor remains stationary, while
the field is moved, or whether both the conductor and field move at the same
time. In each case, as long as there is relative movement between field and
conductor, voltage is generated.
We have not talked about coupling yet. We had to explain ,about producing
voltage by movement of conductors and fields before we could commence
with the coupling part. Now that we are able to generate a voltage we can go
back all the way to the aerial circuit of Fig. 6.
COUPLING
In Fig. 6 we had an aerial on which voltage changes were being produced, by
the radio wave. The aerial circuit is shown in symbols in Fig. 16. The
changing voltages on the aerial will cause alternating currents in the coil.
When the alternating current is changing from one direction to the other, for
just an instant there is no flow either way. Then there is no field around the
coil because no current is flowing through it.
Then the current will commence to increase and the lines of force will extend
out a little way from the coil as shown by the lines, closest around the coil of
Fig. 16. e.g. the current increases, the coil’s field will finally, extend way out
to the position shown by the outer lines. Now notice carefully that there we
have a movement of the lines of force.
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In Fig. 17 we have placed the aerial winding from Fig.16 on the bottom of a
piece of tubing and on this same tubing have placed a second winding. Now
the lines of force produced by the changing current in the aerial wining will
pass not only through the aerial winding itself, but also through the other
winding as indicated by the line of Fig 17.
The movement of the field of the aerial winding, as this field expands and
contracts makes lines of force move through wires or conductors which
make up the second coil. You know that movement of lines of force through
wires will produce a voltage in those wires. Therefore, a voltage is produced
in the second coil. The voltage is a form of energy and will produce flow of
current if given a chance. So we have started with energy in the aerial
winding and have produced voltage or energy in the second coil. There is no
wire connection between the coils, but we say they are “coupled”. We are
transferring energy from one circuit to another by moans of electromagnetic
coupling, by means of electromagnetic line of force. The two coupled circuits
or coils of Fig, 17 shown in symbols by Fig. L8. You can see it is a lot easier
to draw symbols than to draw pictures.
In. Fig. 19 we have added one more part to the ones shown in Fig. L8. We
have put a condenser between the ends of' the second coil, and there you
have our oscillatory circuit in which energy will swing back and forth. That
is how we get energy into our circuit to start with. We just couple the
oscillatory circuit to the aerial circuit, the voltage produced in the second coil
will charge the condenser, the condenser will “discharge” through the coil
and so the action goes on.
RESISTANCE
In explaining the oscillating mechanical system of Fig. 14 it was stated that
the energy would continue to swing back and forth until it was used up in
overcoming friction in the moving parts. The spring would give back its
energy and the coil would do likewise. Those parts do not use up the energy,
they just take it and hold it for while. But the pivot bearing takes energy to
overcome its friction and that energy is not given back into either the spring
or the weight.
In electrical work we have something which corresponds to friction in
mechanics. Electrical friction is called “resistance”. Resistance changes
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electrical energy over into heat. There are several devices which make use of
this ability of resistance to produce heat. The electric lamp turns electric
energy into and light. The electric stove and electric flat iron use electric
energy to produce heat energy.
In most radio parts we do not want any more resistance than is absolutely
necessary. True, there are a few places where resistance really helps us out
in controlling the amount of current which will flow through a circuit. But as
a general rule we do not want to waste any of the precious energy in heat,
we want to save it to produce sound.
Every electrical conductor, every wire, every piece of metal, everything
through which electricity flows - all have resistance. All of them use up our
electrical energy and change it to heat energy which is of no use to us.

Therefore, in all the circuits we are investigating just now we want as little
resistance as we can possibly get. Resistance is reduced by using short
connections instead of long ones, by using large wires instead of small ones,
and by using material which is a good conductor of electricity. Copper is
the best conducting material that is cheap enough to use for wires and
connections.
REACTANCE
In all condensers we have electrical resistance because they are made out of
conductors, out of copper wires and other metal parts to carry the current.
But in addition to the resistance, these part have another very important
electrical quality - they have “reactance” The word itself really tells you its
meaning. Parts having reactance are able to re-act. You know what “act”
means and you know what the prefix “re-” means about the same as back.
So these things act beck. When you twist a spring it reacts by untwisting.
When you lift a weight it reacts by falling down again. Remember, as shown
in Fig 20, that, coils and condensers have this property of reactance.
I have already explained that energy put into a coil will produce a magnetic
field around the coil and this field will then return the energy to the coil. I
have also explained that energy put into a condenser produces a charge on
the condenser plates and this charge will then give back the energy. These
are the actions taking place in Fig. 15.
Even though the coil and condenser will return their energy to us, it requires
an effort to get energy into them in the first place. Even though a spring will
untwist and return energy, you have to do work to twist the spring to begin
with. Even though an elevated weight will do work as it drops, it takes work
or energy to elevate it in the beginning. Coils and condensers oppose rise
and fall of current through them.
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This means that they oppose flow of alternating current through them
because of their reactance. The amount of opposition offered to alternating
current by a coil or by a condenser is measured in a unit called the “ohm”.
We say that a coil has a reactance of certain number of ohms and we say
that a condenser has a reactance of a certain number of ohms. So here we
have one common measuring stick that applies to the action of both coils
and condensers - we can measure both of them in ohms.
BALANCING THE REACTANCES
The next thing we are going to figure out is how to let the tiny amount of
energy coming down through the aerial coil of Fig. 19 produce the greatest
possible amount of energy to oscillate back and forth in the oscillating
circuit coupled to the aerial coil. Of course, you will say that we must
reduce the resistance of the oscillating circuit so that. the energy will not
disappear in the form of heat. You are exactly right - we will reduce the
resistance. That is the first step. Then we will work on the reactance of the
coil and the condenser.
If you pull down on the weight in Fig. 14 and then let it go, the spring will
make the weight bounce up and down, or, oscillate, at a certain rate of speed
-- so many oscillations Per second. Were you to change the amount of weight
or were you to change the strength of the spring, the oscillations would be at
different rate.
They would be either faster or slower. We get a similar effect in the coil and
condenser. For any one size of coil and one size of condenser the electrical
oscillations will take place at a certain frequency or at a cretin rate of speed.
If you change the size of the coil and use the same condenser, the frequency
will be different. If you change the condenser and use the same coil, again
the frequency will change.
For each particular frequency there is a right combination of coil and
condenser. When you get this right combination it becomes very easy for the
electrical energy to oscillate back and forth at that frequency. With the right
combination for certain frequency you would find that the reactance of the
coil and the reactance of the condenser were alike Then the two reactances
balance each other and the result is just as though there were no reactance
at all. Then we find the greatest possible flow of current back and forth and
we have done everything possible to prevent loss of energy.
To assist the maximum possible flow of current at any particular frequency,
we generally use an adjustable or variable condenser or an adjustable coil so
that the two reactances can be made exactly equal so as to encourage the
strongest oscillations of current. We will see how this is done in the next
lesson.
WHAT WE HAVE DONE SO FAR.
Here are the highlights, of this lesson, the things you must remember; we
have an alternating current in, the aerial coil. This current produces lines of
force which get energy over into an oscillating circuit. The energy swings
back and forth between the coil and condenser in the oscillating circuit. This
circuit will receive the greatest possible amount of energy when the
reactances of the of the coil and condenser are equal and when the
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resistance is low.

EXAMINATION QUESTIONS -- No.2.
1.

What is the name of the instrument in the broadcasting station
which changes sound into electrical impulses?

2.

What is the name given to 1000 cycles?

3

What kind of electric current flows in the aerial circuit?

4.

What is the name of the electrical instrument which consists of two
metal plates insulated from each other? What is its purpose?

5.

Does the magnetic field around the coil contain energy?

6.

what two important electric devices are needed for an oscillating
system?

7.

How is energy transferred from one oi1 to another which is coupled to
it?

8.

Does it make any difference whether the lines of force move or one of
the coils moves in order to have the lines of force generate voltage?

9.

What electrical property is like friction?

10.

What in the real meaning of the term “reactance”? What radio parts
possess this property?
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LESSON NO.3.
CHANGING ELECTRICITY INTO SOUND.
The energy that comes into your receiver by way of the aerial is so small hat the
force of a falling feather would be tremendous in comparison. Yet before we are
through with it, the tiny impulse is going to control sounds so loud that they could
be heard by a thousand people from one loud speaker.
Now you can see why it is exceedingly necessary to guard every particle of power
against loss and why we work so hard to carry every bit of energy through from one
receiver part to the next without losing efficiency in between.
SELECTING A FREQUENCY.
In the previous lesson I said, “Notice the carrier’s frequency remains unchanged, it is
only the voltage that is altered.” That is the key to the whole problem of selecting
one station to listen to.
Suppose you have a receiver located
somewhere as shown by the map in Fig.1.
There are powerful radio transmitters in
Sydney, Brisbane, Melbourne, Adelaide and
all those other cities. Right near you is one
of the strongest stations - the one in Sydney,
Say it is eight o’clock in the evening. Every
station is on the air with all its power. How
are you going to listen to a programme from
Melbourne for half an hour and then change
over to a programme from Brisbane, or even
choose the one particular programme you wish to hear, from the many Sydney
stations.
The only thing that makes radio reception possible under these existing
circumstances is the fact that different stations use different frequencies
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for their carrier waves. A Melbourne station may use a frequency of 800,000 cycles
(800 kilocycles) and a Newast1e station may use a frequency of 1,200,000 cycles
(1,200 kilocycles) per second. We will now see just how it is possible to se1ect either
one and exclude the other
We will make the selection by working with the coil and condensers in the oscillatory
circuit.
COIL REACTANCE CHANGES WITH FREQUENCY.
In Fig. 2 you will see three coils. They are exactly alike in every way. If you were to
send current at a frequency of 800 kilocycle through such a coil you might find its
reactance to be 1000 ohms. Raising the frequency to 1000 kilocycles would raise
the reactance to 1250 ohms, and raising the frequency to 1200 kilocycles would
raise the reactance to 1500 ohms. Then the reactance of this coil at Melbourne
station's frequency would be 1000 ohms and at the Newcastle station's frequency
would be 1500 ohms.

CHANGING THE CIRCUIT'S REACTANCE.
You saw in Fig. 2 how a coil's reactance changes with frequency. Looking at

Fig.3 you will see that a condenser’s reactance also changes with frequency. But
here is an important difference, The coil’s reactance gets greater and greater as the
frequency gets greater, but the condenser's reactance works just the other way
around. The condenser's reactance, gets smaller and smaller as the frequency
increases.
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Fig. 3 shows the same condenser working at three different frequencies. At a frequency of 800 kilocycles the reactance is it is 1250 Ohms, and at 1200 kilocycles
the reactance is approximate 1000 ohms. Compare these reactance’s for the
condenser with the reactances for the coil in Fig. 2. Notice that the coils' reactance
increases with the frequency and the condenser’s reactance decreases with the
frequency,
Take a coil just like the one shown in Fig. 2 and connect it with a condenser like one
in Fig. 3 which has a reactance of 1250 ohms at a frequency of 1000 kilocycles as in
Fig, 4. Now we have an oscillatory circuit. There is the most energy in an oscillatory
circuit and the greatest amount
of current will flow back and forth
between the coil and condenser when
their reactances are exactly equal.
Now in this circuit at which of the
three frequencies will the oscillating
current have the greatest amount
of energy? At the 1000 kilocycles,
of course, because at this frequency
the reactance of the coil is exactly the same as the reactance of the condenser and
as we saw earlier, would tend to cancel the other.
It would be possible to take a circuit like that in Fig. 4, apply a certain frequency to
it and then change the condenser for one that would equal the coil’s reactance at
this frequency. This would be the circuit's most sensitive frequency. It is the
frequency to be received. But you know that we do not reach into our radio
receivers change condensers when we are tuning.
What we really do is change the condenser without reaching inside the receiver,
without taking out one condenser and putting another in its place. We simply use a
variable condenser made something like the one shown in Fig. 5.
This variable condenser consists of
a number of plates divided into two
sets or groups. All the plates in one
group are connected together and all
those in the other group are connected
together, but the two groups are
insulated from each other. This
amounts to the same thing a our two
plate condensers as you see in Fig. 6.
At the left hand side of Fig. 6 are the two plates of a large condenser. The
top plate is marked “A” and the lower one is marked “B”. Over at the right we have
divided one large "A" plate into three smaller “A”p1ates, all connected together.
Similarly we have divided the single large plate into three smaller “B” plates and
connected them together.
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By sliding the "A" plate out from between the “B” plates we will lessen the effect of
the condenser. The further apart the plates are moved the smaller will be the
capacity of our condenser. Getting the plate further apart is just the same thing,
electrically, as using smaller plates. The variable condenser of Fig. 5 is made so that
the plates marked “Rotor” move out from between those marked “Stator” when you
turn the shaft. This changes the effective capacity of the condenser and thereby
changes its reactance.
The coil ad the variable condenser of Fig. 5 are shown by symbols in Fig. 7. All we
have done to show that the condenser is variable, is draw a curved arrow to
represent one set of p1ates. The arrow indicates that the condenser's value can be
varied while it is in use.
Turning the shaft of the variable condenser so that the condenser's reactance is
made equal to the coil’s reactance at the frequency to be received is the operation
called “tuning”. The tuning dial on a receiver operates the shaft of the tuning.
condensers which move the condenser plates in or out.
RESONANCE.
To the coil shown in Fig 5, we will add or couple, an aerial coil as in Fig.8. The aerial
coil catches some of the carrier waves' energy, gets it first, so we call it the “primary”
coil or winding. The other coil gets the energy second, so we call it the “secondary”
coil or winding. To the secondary winding is connected a variable tuning condenser.
We will say that you want to receive a broadcast station transmitting on a carrier
frequency of 1000 kilocycles per second. If the secondary coil of Fig,8 were like the
coil of Fig. 2 it would have a reactance of 1250 ohms at this frequency of 1000
kilocycles. Then
you would take hold of the shaft of
the tuning condenser and turn this
shaft slowly until the plates were in
such position that the condenser's
reactance would be 1250 ohm
at the
frequency of 1000 kilocycles. Just as
the condenser plates Come into the
right position you would have the
greatest possible energy and current
in the secondary circuit. This current would then be at the frequency of 1000
kilocycles.
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Now supposing you turn the condenser plates in either direction away from this
position.
The reactance of the coil and condenser will no longer match for a
frequency of 1000 kilocycles and there will be very little current produced in the
secondary winding by that frequency.
All this time, the serial and the primary winding are being affected by all the radio
waves from all the stations on the air. Look back at Fig. 1, and you will
see what I mean.
As you turn the variable condenser's plates you are continually
changing the condenser's reactance, and before you turn the plates very far you will
find that the coils reactance and the condenser’s reactance will again match on
another frequency of some other station. Then you would have maximum energy at
a new frequency coming from the other station.
When a coil reactance and a condenser's reactance match or are equal to each other
for a certain frequency we say that the circuit (coil end condenser) is “resonant” for
that frequency. when a circuit is resonant at a given frequency, it will carry the
greatest possible current at that frequency. All other different frequencies will then
produce vary little, if any current in the circuit.
Now we are able to pick out the carrier wave of any station we wish to hear. All we
have to do is tune our osci1ltory circuit to resonance at the desired stations
frequency of carrier wave This carrier wave along with its modulations, will come in
very strongly, while all the other stations will be so weak that we will not hear them
if we have a first class receiver.
WHAT CAN WE HEAR
Vibrations of the air cause our ear drums to vibrate and are distinguished by our
brains as sounds. Things. which vibrate at a low frequency or low rate, such as the
strings of a bass viol in an orchestra, affect our ears as low pitched sounds, while
those at high frequency or high rate of speed affect our ears as high pitched sounds.
Very few people can distinguish, as sound, vibrations at a rate or frequency below
fifteen per second or higher than a rate of fifteen thousand per second.
The
frequencies of a1l vibrations between 15 per second and 15,000 per second are
called “audio frequencies” because they are audible as sound.
The very lowest frequency at which any Australian broadcast station at present
sends out its carrier wave is 540,000 cycles per second - so we do not have a chance
of hearing anything at this frequency. What. we have to do is separate the carrier
frequency and the modulation which was put on it in the fist lesson. We will save the
modulation and listen to it, but will get rid of the carrier.
THE DETECTOR
When you learned about THE modulation of the carrier wave, you were shown the
effect in a drawing like Fig. 9. This is a picture showing how the a1terting currents
behave in the aeria1 circuit. Our first step in getting rid of the carrier frequency is
to cut off or rectify one part of the wave or alternation, leaving an effect like that in
Fig. 10.
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One of the easiest ways to do this is with a “crystal detector” shownn in Fig. 11. The
crystal. a piece of the mineral
called galena, is mounted in cup
and connected to one wire terminal.
Resting lightly on the surface of
The crystal is a small, sharp wire
point called the “cat whisker”. The
“cat whisker” is connected to the
other wire terminal of the detector.
The symbol for a crystal detector is
shown to the right in Fig. 11.
Electric current will flow across the contact between cat whisker and crystal in one
direction, but not in the other. Consequently, if the current shown in Fig. 9. is
applied to the crystal it will cut off one half of the alternations giving the current the
wave form shown in Fig. 10.
The type of crystal detector shown at the left of Fig. 11 is an old fashioned type in
which the cat whisker had to be probed on to many spots on the crystal’s surface to
find a “sensitive” position. The modern type of crystal detector, used in many
modern radio and television receivers has permanent contact between the cat
whisker and germanium. or silicon crystal and is called a “germanium diode” or
“silicon diode”.
If you take a whole lot of small current impulses in rapid succession like those of
Fig. 10 their average effect will be a gradual rise and fall of current as shown by the
broken line in Fig. 12. Taken by itself, this gradual rise and fall look like the line at
the bottom of Fig 12, and this is the kind of a rise and fall of voltage we had in the
microphone at the transmitter.
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Now we will take the circuit of Fig.8, change it over into symbols, add a crystal
detector and pair of headphones, and we wil1 have Fig. 13. As the current swings
back and forth in the oscillatory circuit composed of the secondary winding and the
tuning condenser “C”, the voltage between these points “1” and “2” rises and fa1ls.
The changing voltage between these points will send current through the line
containing the cryptal and the headphones. The pulsations of current shown at the
top of Fig. 12 are still radio frequency.
In order to make use of this pulsating
current it must be changed over to a. slowly rising and falling current, like that at
the bottom of Fig. 12, representing the audio frequencies or sound. To do this we
connect the small “bypass” condenser “B” in Fig. 13, across the headphones. The
action of this condenser is like a storage tank - it stores up energy which it receives
in the form of pulsations, and allows it to flow out steadily. When a pulsation of
current comes through the crystal, some of it goes into the con-denser to charge it
up and the rest goes through the headphones. When the current through the
crystal stops for an instant this condenser discharges itself by producing a flow of
current through the headphones, until another pulsation comes along from the
crystal to charge the condenser again.
So you see that the condenser allows a
steady current through the headphones like that shown at the bottom of Fig. 12,
even though it comes in the form of pulsations from the crystal.
PRODUCING SOUNDS.
The inside of a headphone looks somewhat like Fig. 14. Current from the radio
circuit flows through the two wires and through the coil which is wound around the
small permanent magnet. Between the end of this magnet and the thin, flexible steel
diaphragm there is a very small air gap. The permanent magnet always pulls the
diaphragm downwards. As more current flows around the coil (during rises of signal
voltage) the magnet's strength is changed then as the currant decreases,
the magnet’s strength is again changed.
This changing strength of the magnet
changes the pull on the diaphragm with
the result that the diaphragm vibrates
according to the current and voltage
changes described in Fig. 13 Since
these are the same kind of changes that
came from the transmitter microphone,
the headphone reproduces the sounds that
are spoken into the microphone many miles away.
There you have a complete radio system - all the way from the microphone to the
headphones - all the way from sound at the transmitting station, through electrical
actions back into sound at the headphones.
There is one serious fault to find with the receiver of Fig. 13. It will not produce loud
sounds. With the receiver built exactly as shown you could get headphone reception
from stations within about twenty-five miles of your receiver. Twenty-five miles is
not, far enough and headphones are not loud enough Now we will correct these
faults. Firstly, you will realise that the basic requirements of a radio receiver are (1)
an aerial system to change passing radio waves
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into voltages, (2) an oscillatory circuit to select the one lot of signals we wish to hear,
(3) a detector of some sort to pick out the audio signals and discard the carrier wave
which has finished its job of carrying the audio frequency sounds through apace,
and (a) a headphone or similar device to turn the studio frequency signals back into
sounds again.
RADIO TUBES.
One of the most wonderful devices ever produced by man is the vacuum tube or
valve, used in radio circuits. Before we were able to get and use vacuum tubes in
our sets there was comparatively little public interest in radio reception. But since
the tube became available you know what has happened.
If you were able to cut open an ordinary radio tube of the simplest kind, the parts
would appear as they are shown in Fig. 15. The outside is a glass bulb similar to a
tiny electric lamp bulb.
Practically all the air is removed from
this bulb, leaving a vacuum. Then,
working from the outside towards the
inside we first come to a sheath of
thin metal which is called the “Plate” .
Inside the plate s coil of wire with a
lot of apace between its turns. This
wire is called the “grid”. Inside the grid
is a straight or V-shaped wire called the
“filament”. The plate, the grid and the
filament are called the elements of the
tube.
Looking down at the top, the three
elements are arranged as in Fig. 16;
filament wire inside, grid between
filament and plate, and the plate outside.
The symbol for this kind of radio tube is
shown in Fig, 17. Here again you see the
grid between the filament and the plate.

THE TUBE AS AN AMPLIFIER
To use one of these radio tubes we connect it up as in Fig. 18. The two ends of the
filament are connected to a battery called the “filament battery” or “A” battery. This
will make the filament light up and become very hot. Then we connect the plate to a
coil and connect the other end of this ”plate coil” to the positive side of another
battery called the “plate battery” or “B battery”.
As explained in Lesson 1, there are always two different ways of thinking about the
direction of current flow. The old fashioned idea wan to picture a flow of electric
current as something which moved around an electrical circuit from positive to
negative.
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As a result of professor Thompson's investigations and theories, we now know that
actually electrical phenomena are due to the movement of tiny particles called
“electrons” which move around the circuit from negative to positive.
It is difficult, at this very early stage in your training, to know whether to describe
the action or circuits in terms of the popularly used term “current” which is
assumed to flow from positive to negative, or to explain phenomena in terms of
“electrons”. As so many people start a course of training such as this with some sort
of general knowledge of electricity, those people usually find it more simple, to begin
with, to talk about electric current, and to leave discussions concerning electrons
until later on in the course. In fact, we will do just this. In our early lessons we
will generally talk in terms of current flow and occasionally refer to electrons to keep
you familiar with them, but as you proceed into the more advanced lessons you will
find that we will concentrate more and more upon electronic action and gradually
discard the idea of current flow.
You may say “why not do this right from the beginning?” It is really too big a jump
for most people to start right at the outset by dealing only in terms of electrons and
flatly contradicting any idea of current flowing from positive to negative. As you read
on through this lesson and the remainder, you will find that it is often much simpler
to explain some subjects in terms of current flew and others in terms of electron flow
and consequently, we will at times use one form of description and other times the
other, whichever is more appropriate. This is not bad practice as it will exercise your
mind to look at each problem in two different ways, which is just what we have to
do in practice because this conventional idea of current, formulated by early
scientists, is so firmly impressed in everybody's mind that it is very difficult to just
completely discard it and think only in terms of electrons.
In Figure 18 we have shown a number
Of arrows which indicate the direction of
electron flow through the circuit. The
application of current from the
filament battery to the filament of the
valve makes the filament hot and this
heat in effect boils electrons out of
the atoms of the filament material,
thus freeing them in space inside
the valve around the filament..
The electrons being negatively
charged particles of electricity are
attracted by the positive voltage
provided by the positive terminal
of the plate battery. This positive voltage sucks electrons and draws the electrons
across the space inside the valve to the plate and then they move on around the
circuit from atom to atom through the plate wire, the wire comprising the plate coil,
the wire leading to the battery, and they are pumped internally through the plate
battery and pushed out at the negative terminal to replace those electrons which
were “emitted” from the filament.
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In this way the filament never runs out of electrons but is kept readily supplied by
the fact that the plate battery simply acts like a pump sucking electrons in at its
positive terminal and pushing them out at the negative terminal to keep them
circulating through the valve and through the other parts or the circuit.
The other way of looking at this action is simply to say that the plate battery
provides plate current then, because we are talking in terms of “current”, we would
form a mental picture in our mind of the current starting from The positive terminal
of the battery, moving up through the plate coil across to the plate, through the
valve to the filament and back to the negative terminal of the battery.
As pointed out In Lesson 1, the real direction does not matter very much as long as
we do understand the fact that here is a circulation of electrical charges in the
circuit and it does not really matter whether we know for sure whether they travel in
a clockwise or anti-clockwise direction. You will see from Figure 18 that whether we
Think in terms of electrons moving across from the filament to the plate or in terms
of current moving across from the plate to the filament, in either case our electricity
has to pass through the grid.
The grid consists of a number or strands of wire with fairly wide spaces in between
and the electrons or currant, in passing through these narrow spaces between the
grid wires are influenced by whatever electrical charge is supplied to the grid. A
positive voltage reaching the grid will increase the number of electrons moving or the
value of current, whereas a negative voltage supplied to the grid will reduce the
number of electrons moving across the valve, or the current flowing through it.
The grid is connected to one end of the oscillatory circuit in much the same manner
as the crystal was connected in Fig, 13. The other end of the oscillatory circuit is
connected to the tube's filament. Now the voltage changes produced across the
oscillatory circuit act on the grid and filament. First they will make the grid voltage
higher than that of the filament, then they will wake the grid voltage lower than that
of the filament. In other words, with reference to the filament, the grid becomes
alternately positive and negative.
The grid is the more important element in our tube. When the grid becomes positive
as in Fig. 19, it helps the electrons leaving the filament to pass cross to the plate,
thus making it much easier for plate current to flow. Then as the grid becomes
negative as in fig. 20,
it makes it much more difficult for
electrons to pass through it and for plate
current to flow. As The grid is made
positive with reference to the filament,
the plate current increases, As the grid
is made negative with reference to the
filament, the plate current decreases.
The grid controls the action of the plate
current.
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We will now take our crystal receiver and cut it apart on the broken line of Fig. 21.
In between the parts we will connect a vacuum tube as in Figure 22. The voltage
changes which were applied to the crystal in Fig, 21 are applied to the tube's grid in
Fig. 22. The plate circuit of the tube, or the coil in this circuit is coupled to another
coil in a circuit containing the crystal detector and the headphones.
If you were to listen to a certain station on the receiver of Fig. 21, then listen to the
same station on the receiver of Fig. 22 you would find the sound from the
headphone in Fig. 22 several times as loud as those in the phones of Fig. 21. The
tube has “amplified” the signal strength. The increase in strength comes from
energy from The plate battery.
A certain voltage applied to the grid of a curtain tube makes itself felt eight times as
strongly in the tube’s plate circuit.
Such a tube is then said to have an
“amplification factor” of eight. Various tube have amplification factors of from three
up to over a thousand. That is the number or times They multiply the strength of a
signal applied to them. With the circuit or Fig. 22 the voltage’s in the crystal circuit
would be eight times as strong as the voltages in the tube’s grid circuit provided the
tube had an amplification factor of eight and provided we neither lost or gained
voltage in other ways, actually we always lose a certain amount of voltage and the
full amplification factor of a tube is realised in practice.
DETECTOR ACTION OF A TUBE.
You probably know that most modern receivers do not make use of crystal detectors.
Years ago the crystal detector was displaced by the vacuum tube working as a
detector.

There is no end to the things such a tube can be made to do and we can use the
same identical tube as either as an amplifier or as a detector.
When we use a tube as an amplifier, voltages such as those shown by the curve the
on the left hand side of the tube in Fig. 23 will come out of the tube magnified as
shown by the curve on the right. The rises and falls of voltage in the amplified signal
are exactly similar to the rises and falls before amplification they are greater, that is
all. This is The action in an amplifier. In a detector it is different.
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In explaining Figs. 17 and 18 it was said that increasing the grid's voltage increased
the plate current and that decreasing the grid's voltage lowered the plate current. In
an amplifier that is exactly true but in a detector we arrange things so that the
voltages in the tube's output circuit are not just magnified pictures of the voltages in
the input circuit. To use a tube for a detector us may either use a “diode” tube
which has just a plate and filament but no grid. A diode tube has exactly he same
action as a crystal detector in that it allows current to flow easily in one direction
but prevents it flowing in the other direction. most modern radio receivers use diode
detectors. Another way of “detecting” signals is to use a tube with a grid and pick
such values of plate voltage and grid voltage that increasing the grid voltage will
make the plate current increase in proportion - but decreasing the grid voltage will
not make the plate current decrease in proportion. We simply fix things so that the
plate current can drop only a little, but so that it can still rise an much as the
positive grid voltage allows it. Then we get an effect like that in Fig.24. The output
current at the right of Fig, 24 is almost the same as in Fig. 12.
Now the increases of current, shown above the horizontal line, are far greater than
the decreases of current below this line.
The average effect of these current
changes, which is produced by the action of the bypass condenser,
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will be above the line and will be about as indicated by the broken line drawn
through the curves. This average current changes in just about the same manner
that the voltage changed in the microphone circuit when we were studying the
transmitter. So her again we are back with changes that are gradual and that will
affect a pair of headphones or a loud speaker.
Again we will take our crystal receiver, as shown in Fig, 25 and this time will remove
the crystal detector and substitute for it a vacuum tube detector, This makes the
complete receiver look like The arrangement of Fig. 26. Even when used as a
detector, the tube does some amplifying at the same time, consequently the sounds
from the pones in Fig. 26 will be much louder than those from the phones in Fig.
25.
You will notice in Fig, 26 that we have lettered the filament battery “A”; the plate
battery “B” and added another battery. This is merely more of radio's language. We
call the battery supplying the filament with electricity the “A” battery; the plate
battery, the “B” battery and the grid battery, the “C” battery. You will also notice that
we have marked all battery terminals plus (+) or minus (-) in the circuit of the
detector tube. The purpose of this “C” battery will be taken up more in detail in a
later lesson. We just show it here to make the circuit complete so that you will know
where it goes in the tube circuit later on in our lessons on tubes. Notice that we
still have a bypass condenser placed immediately after the detector.
Only one of the three common ways of
using a tube as a detector has been
described. This circuit is generally called
a “plate rectification” system or else a
“grid bias detector” system, because of
the manner in which we control the plate
and grid vo1tages.
There is another
circuit which was very popular. It uses a
small condenser in the grid circuit and a
high resistance connection between the
grid and the filament. The second
circuit is called a “grid-leak detector”
or a “grid rectification” system.

Do not bother learning these names now
detectors later on.

because we will have more to do with

The third way is to use a simple “diode” tube in the circuit of Fig, 27 which is
almost the same as Fig. 25. The diode detector, like the crystal does not amplify at
the same time as it detects.
AUDIO FREQUENCY AMPLIFICATION.
You already know that our ears will not respond to vibrations at such high
frequencies as come directly from the transmitting station. We have to get rid of
these high frequencies and keep only the average rise and fall of current to affect
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the diaphragm in a head-phone or a loud speaker. The detector only changes the
frequency. All the circuits and parts between the aerial and the detector carry the
high frequencies of the carrier wave.
These frequencies are called “radio
frequencies” because they are the frequencies at which the wave is transmitted
through space. And as mentioned before, all the audible frequencies are called
“audio frequencies.” and they are found in the circuits and parts following the
detector.
In Fig 22 and again in Fig. 23 the amplifier tube is working in between the aerial and
the detector, therefore it is working at radio frequencies. We call a tube in this
position a radio frequency amplifying tube. This name refers only to the kind of
work the tube is doing, the same tube might be used as a detector or as an amplifier
of the audio frequencies. In the latter case we would call it an audio frequency
amplifying tube.
When we are handling currents at
audio frequencies we frequently use
the system shown in Fig. 28. Here
we couple the plate circuit of the
detector tube to the grid circuit of
the
following
amplifying
tube
through an iron-cored transformer.
This transformer has the two
windings, plate and grid, or primary
and secondary wound upon an iron
core.
The currents in the plate circuit magnetise the iron and it then has a very strong
magnetic field, a field many times stronger than the field with an air core coupling
device like that in Fig.8.
The iron makes a better coupling for a comparatively low audio frequency than we
could get with the coil wound on a hollow tube. The audio frequency amplifying
tube, working through its iron-core transformer strengthens the signal voltages so
that the plate current from the audio tube can operate a loud speaker rather than
headphones.
There are other ways of “coupling” audio frequency signals from the detector to the
audio amplifier apart from the use of an iron cored transformer. However, we will
leave the other methods until later lessons.
A COMPLETE RECEIVER.
Now let us see what we have built up. Our complete radio receiver is shown in Fig.
29 with pictures of all the parts. First we have the aerial and ground connected to
the coupler coil with its two windings. The secondary winding is tuned with a
variable condenser and this oscillatory circuit is connected to the grid of the radio
frequency amplifying tube.
The plate of the radio frequency tube connects to the primary winding of an aircored transformer. The transformer’s secondary winding is tuned with a second
variable condenser to provide a second chance of getting rid of unwanted signals,
and this oscillatory circuit is then connected to the grid of the detector tube.
The plate of the detector tube connects to the primary winding of the iron-cored
transformer with its bypass condenser and the secondary winding of this
transformer connects to the grid of the audio frequency amplifying tube. The plate of
9the audio tube connects to the loud speaker. The wires marked “B” all lead to
the plate battery.
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The filament wires have not been drawn in because They are not important to us
now.
When the two tuning condensers are adjusted to make their circuits resonant at the
frequency we want to receive what happens? The aerial brings in a very small
alternating voltage to the coupler. We will say all the tubes have an amplification

factor of eight. The radio frequency tube multiplies this signal strength by eight,
Then the detector may be assumed to again multiply it by four, and four times eight
in thirty two, which represents the amplification so far applied to the signal. The
detector really amplifies a little less than an amplifier tube and we say four for its
amplification factor just to see what happens. Then the iron-cored audio frequency
transformer will give us a little gain in voltage, say three times. So we multiply our
figure of thirty-two by three, and get 96 times the original signal strength. Finally,
the audio frequency tube again multiplies its input by eight, and we come to the
loud speaker with a signal amplified to 768 times the strength in the aerial circuit.
We have done this with only three tubes, and you know that many receivers use six
or eight tubes, each much more efficient than the simple types we have described
hare. Some modern 5 valve sets are capable of multiplying the signal received from
the aerial over a million times before it goes to the loudspeaker.
We can show all the parts of Fig. 29 a lot simpler by using symbols as in Fig. 30.
This receiver is shown both ways so that you will understand the reason we almost
always use symbols to illustrate our radio circuits. Notice the difference between
the symbol for an air-cored transformer and the symbol for an iron-cored
transformer.
It is important to realise that at the very heart of any radio receiver is a detector. We
cannot have a radio receiver without some sort of detector to discard the high
frequency carrier wave which has completed its task and pick out from it the lower
frequency audible signal which we may hear. Of course, other essentials are some
sort of tuning system to enable us to select the one set of signals we wish to listen to
and some device such as a loudspeaker or headphones to convert the electrical
pulsations back into sound Thus we may again repeat that the circuit of Figure 13
is the simplest basic circuit for a radio receiver.
The performance of a receiver of this type can be considerably improved by providing
additional amplifying valves, to boost up weak signals before they reach the detector.
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This principally allows the receiver to operate in conjunction with simpler and less
efficient aerials or from stations which are situated a greater distance away than is
the case with the simple receiver of Figure 13.
If we are dissatisfied with the use of headphones for reproducing the sound, and
wish to strengthen them so that they art powerful enough to drive a loudspeaker
then it is necessary to introduce audio amplifiers following the detector.
THE FOUNDATION OF YOUR TRAINING
In this lesson and the two before it we have covered the whole field of radio
transmission and reception.. We have gone all the way from the microphone in the
broadcast station to the speaker in a far away home,
We have paid little attention to details. We have, so to speak, been hitting only the
“high spots”. You have been given a framework into which you can fit every fact that
you get in the lessons to come. Later on, when we talk about a detector, an
amplifying tube, a tuning condenser, or any part of the transmitter you will not be
wondering just what part that unit plays in radio - you will just fit it into this
preliminary outline and will immediately understand its effect on all the other parts
and their effect on it.
In these pages you have been studying you often must have thought we were
travelling along at a high rate of speed, barely dipping into one subject only to leave
it for another. Now you know why we did things that way - so that your structure of
radio knowledge would have a secure and complete foundation
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EXAMINATION QUESTIONS - No.3
1.

In what unit do we measure reactance?

2.

How do you tune a radio receiver?

3.

Does condenser's reactance increase or decrease with an increase of
frequenqy?

4.

what is resonance?

5.

Describe the action of a crystal detector.

6.

What are the three elements of a radio tube?

7.

What does a change in strength of the magnet in a headphone do?

8.

To what part of the tube is the A-battery connected? What is its purpose?

9.

When The grid of a radio tube is positive, does it increase or decrease the
plate current?

10.

what is the name of the part between detector and audio amplifying tube in
the receiver described in this lesson? What does it consist of?
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LESSON NO.4.

ERECTING THE AERIAL
WE are going to assume that you have as your very first job in radio the erection of
a first class aerial. This is important work because the performance of the finest
receiver that money can buy will be ruined if it is connected to a makeshift aerial.
The sounds which come out of
the loud speaker are supposed
to be magnified reproductions
of whatever the aerial collects
from space. A good aerial collects
signals that are good to hear, a
poor aerial collects more noise
than anything else, and some
aerials are so very poor that they
will not even collect the noises.

Supposing you have reached the
home or a man who has Just become
the proud owner of a modern radio
receiver. You are to make the
installation for him. Such work is
probably one of the most common
problems in radio servicing and

because it is so common it is often
neglected sadly. Handled in almost slovenly fashion. As a result the set owner becomes
dissatisfied and critical right in the beginning because the sounds he hears are anything but
what the salesman led him to expect.
LOCATING THE AERIAL
Naturally, your very first step will be to decide on the best location for the aerial.
Here you must use judgment; weighing the advantages and disadvantages of each
possible position, considering the kind of receiver, the personal likes of its owner,

The surroundings of the home and many other things.
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The usual type of electric receiver require three connections; one to the aerial, one
to the ground and one to the power or light lines for its. electrical supply, as in Fig.
1.
Tine wire connecting the receiver to the aerial is called the “load-in”, It must be
exceedingly well insulated, securely supported and well spaced from practically all
objects along its pathway. As a general rule the lead-in may most conveniently come
through frame or ventilator. The set owner may even allow the lead-in to come right
through the building wall. The point at which the wire emerges from the building
the outside will have a great deal to do with the location of the aerial itself.
The ideal location for an aerial is between the building housing the receiver and
some support at a little distance away, as shown in Figure 2. Here the aerial
extends right out over the ground with nothing but air between it and the earth.

An aerial or this kind is really a large condenser and between the two plates of a
condenser you can't have anything better than air from the standpoint of saving
every bit of energy from loss.
Your own knowledge of condensers will tell you that the more miscellaneous objects
there are between the plates of this condenser, the poorer the result will be. That
just stands to reason. So having placed the receiver inside the home, you go
outdoors and look aver the situation - hoping to find a nice clear space over which
you can swing the aerial wire.
AERIALS ON ROOFS
In many locations there is not enough clear space around a building to
accommodate the aerial. Then you may be forced to choose a location on the roof
something like that shown in Fig. 3. Here one wire is strung over the top of the
gable to act as an aerial. Such an arrangement is very unsightly. The wire may be
partially concealed by running it along the side of the house just under the eaves,

L4 – 2.

This position also being shown in Fig. 3. In a flat roof, like the one shown one in Fig. 4, you
can conceal the aerial fairly well.
There is no objection to running the aerial between a building and a tree as in Fig.
5, or between two trees with the lead-in running over to the building. When a tree is
used you mat remember that it sways in the breeze and to allow for this movement
you must support the aerial at end with a strong coiled spring as shown.

As you can see in Fig. 6, one end of the spring is attached to a solid support, an aerial
insulator is attached on the other end of the spring and the aerial itself is attached to
the insulator. Movement may also be taken Up by a weight and pulley arranged as in

Fig. 7. The weight will rise and fall as a tree or other moving support sways back
and forth. The pulley scheme is not so good because it will squeak with every
movement after a little time, and the pulley might jam and cut the wire or rope,
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The previous three pages should not be interpreted as a complete condemnation of
the indoor type of aerial. This is so far from our intention because indoor aerials
are today undoubtedly in the majority, so far as ordinary radio receivers are
concerned. They may also be used, under certain conditions, with television
receivers. This apparent paradox obviously needs some explanation and so here it
is.
The sound which is herd from the loudspeaker of a radio receiver is a combination
of programme material speech or music - and noise. The noise component of the
total signal can be classified as noise which is developed within the receiver and
noise which reaches the receiver from some external source. External noise may
reach the receiver through the power mains or it may be picked up by the aerialearth installation.
All radio receivers have a certain residual internal noise level due to thermal
agitation of electrons in conductors and random emission of electrons from valve
filaments and cathodes. Both of these effects produce a steady background hiss
quite distinct from the intermittent crackles and scratching noises which may be
produced by a fault in some part of the receiver or by external noise signals.
Receiver noise is related primarily to the design of the equipment and as there is,
generally, little that the serviceman can do to reduce such noise, his major aim
should be to ensure that the signals fed to the receiver shall be many times greater
than the internal residual noise level.
The strength of the signal fed to the receiver depends upon many factors. Some of
the most important of these are the power of the signals radiated from the
broadcast station within range of the receiver, the distance between the receiver
and transmitters, the geographic location or the receiving equipment, that is,
whether it is located at the top of a hill or at the bottom of a valley and the
efficiency of the aerial-earth installation The first three factors are, of course,
beyond the control of the user of a receiver and whether or not the third one is
favourable or not depends upon the person responsible for receiver installation.
If the only signals picked up by a radio receiver's aerial are those actually radiated
by the various transmitting stations, aerial installations would present no great
problem. However, such desirable conditions rarely exist because invariably there
will be some interfering noise signals which will be picked up also with the required
radio signals. These noise signals may be due to entirely natural causes such as an
accumulation of electrical charges in the atmosphere, or to radiation from power
lines and electrical machinery.
The two effects are related in that each is caused by an arc between two points of
opposite potential. With natural atmospheric disturbance the spark discharge is
manifest in its most violent forms during an electrical storm, it is then visible as
lightning and audible as severe intermittent crackling from the loud-speaker of a
radio receiver.
One can do nothing towards alleviating noise due to natural
atmospheric without impairing the quality of received programme material.
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Noise due to “man-made” disturbances commonly emanates from certain types of
electric motors due to sparking between brushes and commutator, faulty switches
in industrial or household electrical installations or thermostats in refrigerators or
household electrical irons. All those devices can create what is, in effect, a
miniature lightning flash, the audible result of which is much the same noise
created by the natural lightning flash. Like the natural static discharge the spark
causes radio frequency energy to be radiated either directly from the point where
the arc occurs or from the power mains wires to which the equipment is connected.
The greater part of the interfering noise is due to the latter effect.
In the case of a good outdoor aerial installation erected well in the clear, away from,
and preferably at right angles to, overhead power lines and with as much height as
possible, very little of this “man-made” interference is picked up by the horizontal
section of the aerial and so a favourably high signal to noise ratio is likely to result,
except when the level of atmospheric disturbance is high. There can be no doubt
then that a good outdoor aerial will always provide the best signal to noise ratio.
However, erection of an outdoor aerial of adequate height and length is not always
possible, particularly in congested metropolitan and suburban areas. The flatdweller is at a particular disadvantage in this regard, although, at first sight, it may
seem that he would actually have an advantage over people forced to use an aerial
little above ground level because an aerial erected on the roof of a tall building,
such as a modern block of flats, has apparently satisfied one cardinal specification
for a satisfactory aerial installation, namely, height. The aerial would certainly have
considerable height in relation to the surface of the earth, perhaps in excess of 100
feet, but this does not necessarily make the installation a good one because the
electrical or effective height of the aerial may be no more than a few feet. Why?
The height of an aerial corresponds to
the distance between the plates of
condenser.
One plate is the aerial
wire, the other plate is the ground. In
Figure 8 the ground is, in an effect,
carried right up to the roof of the
building
because
of
the
metal
reinforcement which is characteristic
of many. modern buildings. The actual
ground in the earth is connected to the
roof by the metal girders which form
the framework of the building.
Therefore, considered electrically, the
roof is the ground so far as the aerial is
concerned. The physical height of the
aerial is its distance up in the air
above the earth's surface. The effective
height -the height that really counts is the aerial's distance above the
nearest conductor that is connected to
ground, in This case the roof.

L4 – 5.

if there is a tree under an aerial the effective height is lowered because the moisture
in the tree makes it a fairly good conductor and it raises the electrical ground up
towards the aerial. Any other conducting materials or objects under the aerial have
a similar effect.
In congested areas, therefore, there is little point in relying upon an outdoor aerial
which trust, of necessity, be limited in length and height, It is for this reason that
one rarely sees an outdoor aerial for broadcast reception in city and suburban
locations. An indoor type of aerial is by far the most commonly used. One can be
certain that the signal to noise ratio will be no worse than with an inefficient
outdoor aerial. It may, in fact, be slightly better,
The degree of electrical noise picked up by an indoor aerial is likely to be greater
than that received by a highly efficient outdoor aerial, because the indoor aerial
must invariably be run near to electrical wiring within a house. It will, as a
consequence, more readily be affected by interfering noises radiated by the electric
wiring. However, so strong is the signal radiated by most present day broadcast
stations that the ratio of signal to noise is still perfectly satisfactory in all but highly
industrialised areas whore the considerable amount of electrical machinery used
may create an excessively high noise level. The major points to be observed when
installing an indoor aerial are discussed in the next lesson.
THE GROUND CONNECTION
It was mentioned earlier that a radio receiver's aerial acts as one plate of a condenser with the ground as the second plate, Although this statement was originally
made in reference to an outdoor aerial, it is equally true with aerials of the in-door
type and so one should take just as much care with the ground connection when an
indoor aerial is used as when we are installing one of the outdoor types. The
Standards Association Wiring Rules specify “Permanent earthing conductors shall
be of stranded copper and shall not be smaller than 7/.029” diameter”(which
means 7 strands of No, 22 gauge copper). There shall be insulated cables, the
insulation being 600 megohm grade.” As indicated above, this specification applies
whatever type of aerial is used.
KINDS 0F GROUNDS.
The ground which you really desire to reach as directly as possible is permanently
moist earth. Your ground connection must attach to some good conductor, usually
a piece of metal, that runs down into such moist earth. The most convenient
ground connection in most buildings is a cold water pipe coming in from the water
mains. Within practical limits there is no better ground than such a water pipe.
Your connection should be made to the pipe as near as possible to its entrance into
the building.
All kinds of pipe joints introduce more or less resistance - the reason for making the
connection close to the street service pipe is to keep on the right side of joints. A
connection made to hot water pipes, gas pipes or drain pipes often will prove quite
unsatisfactory because there are too many joints before any conducting path
reaches moist earth.
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Should The building have no water service from supply mains you can make a good
ground connection by dropping a copper wire down into a well or into the bed of a
stream or any body of water. Failing to find any easily reached body of water, you
will have to drive a pipe down into the earth and drive it deep enough to reach
moisture.
IRON PIPE GROUNDS
Permanently moist earth may be found at any depth between one foot and eight feet
below the surface. Nothing will be gained by driving the lower end of the pipe down
further than the point at which it reaches moisture. On the other hand, it is
necessary that you get the pipe down as far as the permanent moisture or you won't
have a good ground during dry weather.
There is no easy way of knowing how deep to drive a pipe. For a good job in
ordinary locations you can use a galvanised pipe about six feet long and drive it
down until only about six inches remain above ground. This isn't such a hard Job
because you don't need to use a large pipe. If the ground is fairly soft and contains
but a few rocks, a pipe three-quarters of an inch in inside diameter is strong
enough. Iron pipe is always specified by its inside diameter. To prevent splitting the
top of the pipe, have the end threaded and screw a coupling or a cap on as far as

it will go. Any size pipe is good enough as an electrical conductor. Nothing will be
gained by running a copper wire down inside the pipe.
In addition to going down to permanently moist earth as indicated in Figure 9, your
ground pipe must extend below the frost line or the depth to which the earth freezes
in cold weather, if you are in a climate where this may happen.
It is possible that you will get better results by using two pipes connected together
in place of a single pipe. When you use more than one pipe have them at least six
feet apart as in Figure 10, otherwise The two won't be appreciably better than one.
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If, for any reason, it is difficult to drive a pipe deep enough to make a good ground,
you can bury a steel or iron plate several feet below the ground surface as shown in
Figure 10. After you dig the hole, throw in a liberal quantity of rock salt, then a
little earth, some more salt and then place the metal plate. Cover the plate with
mixed salt and earth for two or three inches before finally covering it with the plain
earth, the salt attracts and holds moisture around the plates.
The best connection to a buried plate is that made by having the end of a large
copper wire welded to the metal of the plate. If this cannot be done, bolt the end of
the wire on to a cleaned spot of the plate and cover the joint with a quantity of hot
pitch or tar.
An iron pipe ground will give best results when driven into ashes, refuse, rubbish or
old dumps of any kind. Good results will be had when the pipe is in loam clay or
shale which is free from gravel and stones. Sand, stone and gravel make poor
grounds because they don' t hold moisture and the greater the percentage of these
in the soil the poorer will be the ground.
THE GROUND CLAMP
The attachment of the ground lead to the pipe or other metal part serving as the
ground Must be made with considerable care because this attachment will always
be in an out-of-the-way place and in a place quite likely to be damp. Dampness
causes oxidisation or rusting of the metal and radio currents pass through oxides
with the greatest difficulty.
A soldered joint would be best, but it is practically impossible to solder to a cold
water pipe without first draining the water. Even then it is difficult because the pipe
carries away the heat about as fast as it can be furnished. The best connection
that may be made conveniently is secured with a ground clamp
You can see two styles of ground clamp in Figure 11. The one at the left is simply a
metal band fitting around the pipe. The outer surface of the pipe mast be thoroughly cleaned with a file or coarse sandpaper until bright metal shows. The inner
surface of the clamp must be similarly cleaned. After the clamp is in place the joint
between it and the pipe should be liberally covered with varnish or tar to keep out
the moisture.
A more positive kind of ground
clamp is shown at the right hand
side of Figure 11. This clamp has
three sharp points that dig into the
metal of the pipe, Two points are
fixed and the third is on the end of
the screw. Such a clamp is easily
applied and is almost certain to
reach in to the clean metal9 Even
with this type it won't do any harm

L4 - 11

to cover the points with varnish or tar to exclude moisture. Any kind of ground
clamp will require re-tightening every few months.
AERIALS FOR VERY HIGH FREQUENCIES
In the previous lesson you were introduced to an effect called “resonance” which
occurs when equal amounts of inductive and capacitive reactance are present in a
circuit. Under such conditions a circuit will be resonant at the frequency where
equality of reactances occurs.
With most tuned circuits you are likely to encounter in the first three sections of the
course, tuning is carried out by using known values of inductance and capacity,
one, usually the capacity, being variable. With such an arrangement we say that
the circuit is tuned by “lumped” values of inductance and capacity. In addition to
“lumped” inductance and capacity one will invariably be aware of other small values
of inductance and capacity scattered throughout a circuit. Capacity may exist
between wiring and a metal chassis, between coils and a shield which encloses
them, and between the internal elements of a valve. These are called “stray”
capacities and in a well designed circuit are kept to a minimum. There are,
however, other values of inductance and capacity which are inevitable and cannot
be eliminated.
The distributed capacity and inductance, as they are called, can exist between
individual sections of even a straight conductor or wire. The reason for this is
explained in our Television Receiver Servicing Course, which may be taken on completion of this Radio Service Course.
When an alternating voltage is applied to circuits in which the inductive and
capacitive constants are distributed rather than “lumped”, oscillatory current
circulates in the form of a wave motion which is similar in every way to the wave
which is radiated by a broadcast station and like it, has the velocity of light. If the
alternating voltage is applied to a single conductor, the wave which is propagated
along the conductor will be reflected at the far end and travel back to the starting
point where reflection may again take place. If only a single pulse is applied to the
conductor the resultant current wave will travel back and forth along it, suffering
some loss at each reflection until it eventually dies away. This reflection is similar
to the effect of a sound wave being reflected from a hard surface, such as the wall of
a room. The sound “bounces” off the reflecting surface and travels back towards its
starting point.
You have already learned that an alternating voltage or current has frequency. As
the wave motion mentioned above is of an alternating nature, it too will have frequency. In addition it has another property to which we do not normally refer when
speaking of ordinary alternating voltage or current, namely wavelength. This
property is discussed in some detail in the next lesson and so we shall not make
further reference to it here beyond stating that the wavelength of an alternating
wave motion is the distance measured between two succeeding peaks or two
succeeding troughs.
Now returning to the alternating wave motion along a straight conductor, when the
length of the conductor is equal to half the wavelength of the alternating wave
propagated along it, the reflected wave will arrive back at the starting point just as
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the next cycle of current is about to commence, if we continue to apply an
alternating voltage through the conductor. Under these conditions we say that the
conductor is resonant at the particular frequency where its length is equal to half
the wavelength of the disturbance. The voltage and current distribution along the
half wavelength conductor is shown by Figure 12. The current impulse travelling
along the line A to B
has a minimum value
at the staring point,
rises to its peak value
when one-quarter of
the distance has been
travelled and then falls
to the minimum value
again at B. Reflection
occurs at this point
and the reflected wave
will travel back to A.
The
wave
due
to
reflection
at
B
is
indicated by dotted
lines in Figure 12.
Reflection will again
occur at A and this
time the reflected wave
will be travelling along
the conductor together
with the third half
cycle or current which
has commenced to flow
at exactly the same
time.
We say that the two
currents are in phase
with each other and so
their two values will
add together.
If an A.C. meter is placed in the exact centre of the conductor it will register a maximum

reading. On the other hand if it is placed at either A or B it will give a zero reading.

Because current is surging back and forth along the line at a certain frequency we
may think in terms of electrons starting at one end, rushing down to the opposite
end, and, after a momentary pause, returning to their starting point.
When the electrons pause at either end of the line, their velocity is zero and so the
current flow at this point will also be zero. Having started on their journey the
electron velocity will increase steadily until it reaches a maximum at the centre of
the line. Thereafter the velocity decreases at the same rate, reaching zero during the
pause at the opposite end of the line, Thus we have maximum flow of current at
the centre of a line and minimum flow at either end.
As the electrons pause at alternate ends of the line preparatory to reversing their
direction of travel, we will have a condition whereby a large number of electrons will
be congregated at one end while a relatively small number will be present at the
opposite end of the conductor. At this instant there will, therefore, be a maximum
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difference of potential between the ends of the conductor. At its centre where we
have neither a maximum nor minimum number of electrons there will be no
difference of potential. In other words there will be a maximum difference of
potential between opposite ends of the conductor and zero voltage at The centre.
When a conductor conforming to the conditions set out above comes within the
influence of a radio wave having a wavelength, which is twice the length of the
conductor, a greater amount of energy will be generated in the conductor than by a
transmission having any other frequency. In other words The conductor is
resonant at one particular frequency. This is precisely what would happen if we
made the length of an aerial wire equal to the half wavelength of a particular
transmission. The aerial would be tuned to that particular frequency. This does
not mean that the aerial would receive one station to the exclusion of all others
because the tuning effect would be very broad for reasons which will become
apparent as you proceed with your studies. This, however, is not the reason why
such an aerial would be impracticable for receiving stations within the medium
wave broadcast band, a station having, for instance, a carrier wave frequency of
1000 kilocycles. The major drawback is the physical size of an aerial designed to be
resonant at this frequency. The wavelength corresponding to a frequency of 1000
kilocycles is approximately 300 metres, that is, nearly 1000 feet. The length of a
half wave aerial designed to operate at 1000 kilocycles, therefore, would be 500 feet,
an inconveniently large size, even for country districts, and so for reception of
medium wave transmissions we compromise by using the greatest length of aerial
that can be conveniently employed.
Resonant aerials conforming to the half wave length dimension are quite feasible for
reception of stations operating at a high carrier wave frequency because in this case
the wavelength of the transmission will be comparatively short. The wavelength of a
30 megacycle carrier wave would be between 30 and 40 feet. This places the half
wavelength at between 15 and 20 feet and so installation of an aerial designed to be
resonant at a frequency of 30 megacycles would not be a difficult matter even in
comparatively congested areas. It the higher frequencies used by television
transmitters and frequency modulation broadcasting stations, the problem becomes
even less acute. For instance, an aerial designed to he resonant at the centre of a
band of frequencies allotted to frequency modulation broadcasting stations in
Australia, namely 88 to 108 megacycles, would have a total length of only about 4
feet.
The method of installing resonant aerials conforming to a half wavelength
dimension differs from that followed with the more conventional types used for
reception on medium frequencies.
With half wave V.H.F. aerials an earth
connection does not play the significant part it does with the more conventional
type of aerial-earth installation. With the V.H.F aerial both ends of the aerial coil
primary winding are connected to the aerial as shown by Figure 13. For maximum
signal pick-up, the broad side of the aerial faces towards the particular station one
wishes to receive.
Connection of a half wave resonant aerial to a radio receiver is not merely a matter
of running two separate wires from the aerial to the radio receiver as may appear
from Figure 13. The lead-in from aerial to receiver is a very special type of cable
having a characteristic impedance of approximately 72 ohms.
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This impedance of 72 ohm has
nothing to do with the actual
resistance of the conductors but is
related to the distance separating the
two leads from each other and the
diameter of each lead. This means
that whether the lead-in is 1 foot long
or 20 feet long its characteristic
impedance will still be 72 ohms for a
particular spacing and wire diameter.
Our Course dealing with The
servicing of Television and Frequency
Modulation Receivers covers this
subject in detail and explains why the
lead-in, cables should have this
particular value of impedance.
The running of the lead-in from aerial
to receiver should be arranged with
some care. The leads should not
come. closer than about 6” to large
areas of metal, particularly where such
such metallic objects are grounded. Particular care should be taken to ensure that
the lead-in cannot flap about due to wind agitation and consequently suffer
abrasion due to contact with rough surfaces. These precautions, of course, also
apply to the running of a lead-in from an ordinary out-door aerial of the type
discussed in the early part of this lesson.
The lead-in may be held away from walls and other objects and at the same time
prevented from flapping about by means of stand off insulators of the type indicated
by Figure 14, The manner in which these insulators are used is shown by Figure
15.
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The lead-in may enter the house through
a ventilator or through a hole in the lower
section of a window frame. In either case
a loop should be left in the cable as
shown by Figure 16 to allow rainwater to
drip outside the house rather than be
conveyed inside along the lead-in cable.
SOLDERING.
There can be no doubt that the ability to
make a good soldered joint must be rated
as a most essential accomplishment for
the radio and television serviceman.
A radio or television receiver constructed
without the use of soldered connections
would be entirely impracticable. Even
though it may perhaps be coaxed into
working at first, before very long crackles and noises would interfere with reception
and the receiver would soon become inoperative.
It is essential for all the
connections in a radio receiver to be soldered and consequently it is most important
for you to learn the art of soldering efficiently and quickly.
The reason for the widespread use of solder in radio receiver construction is the fact
that the amount of electricity which will flow in any circuit is dependant upon the
resistance of the paths through which it has to flow Most metals have a fairly low
resistance and if their surfaces are perfectly clean, merely clamping them together
will initially cause a low resistance path so that normal values of current can pass
through the connection. However, all metals in contact with the air will eventually
have a film of oxide formed on their surface. This oxide is, in the case of iron, called
rust. Other metals also have a film which is not always as apparent as in the case
of rust on iron but nevertheless exists to some degree. The oxide films on metals
are normally fairly good insulators of electricity and consequently would increase
considerably the resistance to the path of electricity and reduce the current to a
lover than the correct value. Eventually the thickness of the oxide film may become
so great, as the result of moisture in the atmosphere, that in a radio circuit it may
completely prevent current from flowing. This may happen even though the oxide
film may only be a fraction of a thousandth of an inch in thickness and hardly
noticeable to the eye.
The use of soldered connections is not so important in high voltage circuits, such as
those used for electric power and lighting, because the high voltages used are
strong enough to cause any oxide film to break through and for the current then to
be able to flow directly from one metal surface to the other. With receivers,
however, some of the signal voltages are only a few thousandths or even millionths
of a volt in strength and these low voltages are not enough to drive electric current
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through an oxide film of any appreciable thickness. The film will form even on
pieces of metal which are fairly tightly clamped together, due to air getting in
between the surfaces and corroding them.
One certain way of ensuring a
permanent connection of low resistance between two pieces of metal is to exclude
any possibility of air reaching the surfaces across which the current has to flow and
at the same time bridging the gap between the two pieces of metal with a third
metal, solder, which is itself a good electrical conductor.
Solder is not a very strong metal and consequently should not be relied upon where
a great deal of mechanical strength is required. It is always preferable to make a
strong mechanically see joint before the solder is applied. By mechanically secure
joint we mean one that you can't twist or pull apart after it is made. To commence
making a joint between two wire ends you cross them as at “a” in Figure 17. Then
you wrap the ends around as at “b” in this illustration. To connect the end of one
wire to some point along the length of another one, you start as at “c” in Figure 17
and end as at “d”, Stranded wire may be handled as already explained or you may
divide the strand into two groups as at “e” in Figure 17. Place the two wire ends
together so that the split of one wire engages the split of the other. Then, as at “f”,
twist one group of strands around in one direction and twist the other group from
the same wire in the other direction around the second wire.
In making a wire joint ready for soldering, it is assumed that the surface of the
copper is absolutely clean.
To
make sure it is clean, use a knife
blade and scrape away every
particle of enamel, or any other
insulation and of copper oxide
until the whole surface to be
soldered is bright and shining. This
cleaning should always be done
before the joint is twisted together.
Do the cleaning even though the
wire is brand new. Then, after the
ends are twisted into place, again
scrape the outside of the joint or
rub it with a piece of sandpaper.
Thorough cleaning of the two
surfaces to be soldered is the most
important factor in making a good
soldered joint.
Soldering is most easily done with a good electric soldering iron of liberal size. The
copper tip extending out from the heating element of the iron should be from
three-eighths to one-half inch in diameter and should extend about two inches
from the heater. A tip shaped as shown in Figure 18 is best for wire soldering. If
you can't use an electric iron, just as good work can be done with one heated by a
blow lamp, but it is more troublesome to care for the torch. In heating an iron
with the torch, keep the tip of the iron in the blue part of the f1ae as in Figure 19.
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If you get the tip into the yellow flame a coating of soot will be will have to be
cleaned away thoroughly before the deposited on the copper and soldering
operation.
Wire solder or strip solder is easier to use than bar solder. Resin-cored solder will
make it unnecessary to use a separate flux but it is generally easier to make a clean
neat joint with the plain wire solder. Above all, never use acid-core solder because
joints made with it will surely corrode and cause high resistance after a time. Most
soldering pastes contain materials which cause corrosion therefore don't use any of
them unless you can be certain they contain neither acid nor salts of any kind. The
purpose of any flux is to remove the oxide from the metal just as you are ready to
solder, leaving the copper ready to unite with the solder. The safest and most
generally satisfactory flux for radio work is plain resin.
You can get resin in
powdered form or in crystals and keep a small supply in a tin dish or a can cover as
you do your work Another method of using resin is to dissolve it in methylated
spirits until it forms a thick paste.
This paste should be kept in an air-tight
container when not in use, to prevent the methylated spirits evaporating and the
paste drying up.

PREPARING THE SOLDERING IRON.
If the tip of the soldering iron isn't of the approximate shape shown in Figure 18,
use a file and make it that way. Then clean the tip for a distance of half an inch
back from the end by filing it down all around until you see nothing but clean,
bright copper everywhere, Then polish the cleaned surface with emery cloth or
sand paper. Finally, heat the iron just as though you were ready to solder.
When the iron gets good and hot touch the tip to the resin flux and while doing this,
rub the end or tip of the iron with solder, The solder will flow over the cleaned
portion of the tip and leave a bright coating there. This process is called “tinning”
the iron. After an iron is used for a long time it will need to be re-tinned.
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File off the tip and perform the operation in the manner just explained. While you
are doing soldering job you will notice that the tinned tip gets dull or blackens in
spots. To remove this coating, rub the hot iron on a piece of heavy cloth which you
can keep handy for the purpose.
You can tell when an iron gets hot enough by touching the tip with a piece of wire
solder. A properly heated iron will cause the solder to flow like water the instant
the two touch. An iron that is too hot will blacken rapidly at the tip, while one that
is just right will remain quite bright or will show just a faint brownish tinge or film
over the bright tinning. An iron too hot will hurt its own surface and will require
cleaning and re-tinning, but an iron not hot enough will fail to make a good joint.
Therefore, keep the iron hot,
SOLDERING A JOINT.
Now that you have a mechanical joint, well cleaned, and have a properly shaped
iron, well heated, you are ready to apply the solder.
When using wire solder, first heat the joint by applying the iron to it, then drop on a
little of the resin flux The resin will smoke. Hold the hot iron underneath the joint
until the wires get really hot. Then, as in Figure 20, dip the end of the wire solder
into the resin and touch it to the joint. If things are properly heated, the solder will
flow down into the joint, completely filling the spaces in and around the wires. It is
very important to apply the heat long enough to do this because unless each of the
metal surfaces is heated to the melting point of the solder, the solder will not “wet”
the two surfaces and a “dry” joint will result. The ultimate effect of such a joint will
be internal corrosion and high resistance between the two surfaces and this can
create a considerable amount of trouble in any radio or television receiver. A “dry”
joint can also result if contact between the two surfaces to be soldered is not firmly
maintained until the solder applied to the work has cooled sufficiently to set hard
One further word of warning. Do not attempt to solder wire or any other metal to
aluminium
While this can be done, very special techniques and materials are
involved, and it is better left to experts in this field.
If you are using bar solder instead of
the wire form you first heat the joint
and apply a small amount of resin
flux just as before. The easiest way
to apply the solder is to have a
quantity of resin in on side of a flat
tin dish and a piece of solder in the
other side of the same dish. Then
you touch the tip of the hot iron to
the resin and quickly move it over
and touch the solder. The solder
will melt and some of it will stick to
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the tip of the iron. With the least possible delay move the iron with its drop of
molten solder over to the joint as in Figure 21, and slowly rub the iron tip over the
top of the wire joint As the wires get hot the solder will run down around them and
complete the joint. The purpose of soldering an electrical joint is to provide a good
conducting medium between two parts carrying electricity and to prevent oxide
from forming on the surfaces and increasing the resistance of the joint.
I think we can best conclude this lesson by summarising the rules for successful
soldering.
(1)

The iron must be clean and well tinned.

(2)

The two surfaces to be joined must be thoroughly cleaned of all forms of
oxide film so that both surfaces of metal are bright and shining.

(3)

The correct amount of flux is that which will completely evaporate during
the soldering operation without leaving any surplus remaining.

(4)

The soldering iron must be left in contact with the work long enough to
enable both surfaces to be joined, to be heated to a temperature higher than
the melting point of solder, about 450 or 460 degrees F., So that the solder
flows readily from the iron and spreads evenly over both surfaces. If the iron
is not left in contact with the work long enough to heat each surface
sufficiently, the solder my be pasted onto the work but it will be found later
that the solder will peel off easily when given a slight pull. This is known as
a “dry joint”.

(5)

When the solder has run freely onto the work and the soldering iron is
removed, care should be taken not to shake or disturb the work or the
solder until it has had time to cool and solidify. If the work is shaken when
the solder is in the p1stic state, before it finally sets hard, a bad connection
will often result as the solder will not effectively grip the wire it surrounds.
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EXAMINATION QUESTIONS - NO. 4.
l

Why may an inefficient aerial-earth installation
performance of even the bo of radio receivers ?

completely

ruin

the

2.

If an aerial wire isi 100 feet above the level of the earth and 10 feet above the
roof of a reinforced concrete building, what is its electrical height ? Explain
the reason.

3.

Which brings clearer reception, an outdoor or an indoor aerial ?

4.

Would you always choose an outdoor aerial when installing a radio receiver ?
Explain.

5.

Is it practical to use a resonant aerial for reception of stations operating
within the band 525 kc/s to 1605 kc/s,? Explain.

6.

How would you connect a resonant half-wave aerial to a receiver ? Give a
diagram.

7.

How far from a building wall would you carry a lead-in wire?

8.

what are the four most important points to consider in running a ground
from the set ?

9.

How deep would you drive an iron pipe to be used for a ground connection ?

10.

What is the safest kind of soldering flux for radio work? Why ?

Please NOTE Postal Address:

NOTE :

(AUSTRALIAN RADIO AND TEVISION C0LLEGE
(
PTY. LTD.
( Box 43, Broadway, Sydney, N.S.W

Write the lesson number before answering the questions.
Write on one side of the paper only.
Always write down in full the question before you answer it.
Use sketches and diagrams wherever posib1e. One diagram in
many cases is equivalent to pages of exp1anation
Remember that you learn by making mistakes; so give yourself
an opportunity of having your mistakes found and corrected.
Don't hesitate to ask for further explanation on any point, we
are always ready to help you.
Do not copy directly from the lesson
Write your name and full address at top of paper. If you have made arrangements
with the College to have your lessons returned to any particular address - state this at
the top of the page.

“The Radio-T.V. Training Centre”
E. S. & A. BANK BUILDINGS, Corner CITY RD. and BROADWAY, SYDNEY
Telephones: BA4891 and BA4892
AUSTRALIAN RADIO AND TELEVISION COLLEGE PTY. LTD.
Telegrams “RADIOCOLLEGE” Sydney

This lesson sheet is published for the exclusive use of
students of the Australian Radio and Television College
Ptv. Ltd. (All rights reserved)

Post Lessons to Box 43, Broadway

LESSON NO.5
DESIGN AND INSTALLATION OF SPECIAL AERIALS
The aerial you studied in the other lesson on this subject is the most common type
of all. Its circuit consists of an overhead wire, connected to the lead-in, then to the
first coil in the receiver, and from there to the ground connection. All these parts
are shown in Fig. 1, both in pictures and in symbols.
This form of aerial is often called an “L-type” or an “inverted L-type” because its
general shape, with the lead-in at one end, resembles an inverted capital letter “L”.
The lead-in is generally, but not always, connected to one end of the aerial.
Sometimes, as in Fig. 2, the lead-in is connected near the centre of the aerial's
length. This arrangement makes what we call an aerial of the “T-type”; because the
aerial and lead-in resemble the capital letter “T”.
All the aerials referred to so far have used a
single overhead wire. Sometimes, when there
is not sufficient space to accommodate a
single wire aerial of the required length, we
resort to the use of two or more parallel wires
instead of the single wire. Then we have a
multiple wire aerial.
The separate wires of such an aerial are all of
the same length and are spaced at least two
feet apart by means of spreaders.
The
spreaders are pieces of hard wood about one
inch square with. small holes bored through
them. A spacing of two feet is required in
order that this aerial may have greater signal
collecting ability than a single wire of equal
length. There is very little advantage in
spacing greater than two feet. A two-wire
aerial is shown in Fig. 3 with the lead-in
attached at one end. In Fig.4 you can see a
three-wire aerial with the lead-in attached
near its centre.
A two-wire aerial having each wire of the
same length as the one wire of a single
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aerial will collect a stronger signal than the signal wire, but the signal will be
nowhere near twice as strong. Likewise, the three wire aerial will collect more
signal than the two-wire type, but it will not collect fifty per cent more. Multiple
wire aerials are generally between fifteen and thirty feet in over-all length.

Because modern receivers require such a small amount of aerial signal for
satisfactory operation, it is very seldom necessary, oven in country districts to
obtain the equivalent of a single wire more than fifty feet long, but this can be
done with a two-wire aerial about thirty feet long or with a three-wire aerial
twenty feet long. All of the wires in the multiple aerial are connected together by
the lead-in attachment.
The wires may be attached to the spreaders by either of the methods shown in
Fig.5. At the right the wire is passed through the hole in the spreader and
wrapped once around the wood, At the left the aerial wire does not pass through
the hole in the spreader but is fastened by a second short piece of wire which
passes through the spreader and is wrapped around the aerial wire. There is no
need for insulation between the wire of the aerial and the wood of the spreader
because all the aerial wires are connected together anyway.

IS A GROUND CONNECTION NECESSARY?
In the last lesson, it was pointed out at
some length, that the aerial and ground
connections act as the two terminals of a
source of voltage or “generator” which
supplies the weak signal voltages necessary
to operate a receiver. The last lesson also
explained the normal path of current
surging to and fro between the aerial and
ground and passing through the aerial coil
of a receiver on its way. This circulating
current then generates voltages in the
secondary winding of the aerial coil, which
are responsible for the sounds we hear from
the receiver's loudspeaker.

L5–2

It would appear from the foregoing that if the ground wire were detached from a receiver
operated with an aerial only, the circuit would be broken, current would cease to flow and

the receiver would fail to work. Despite this, you have possibly seen numerous
receivers, particularly those which function from alternating power mains,
operating without a ground wire and found That they work quite loudly. The
reason the receivers are able to operate is shown in Figure 6. In the case of an
ordinary receiver operating from the alternating power mains, power from the mains
is converted into suitable voltages for the valves by means or a power transformer.
A power transformer is something like the iron cored audio transformer described
in Lesson 3. It consists of a primary winding of copper wire wound around the
centre leg of a set of iron laminations but insulated from these laminations by
means of a good quality insulating material to prevent the power mains voltage
jumping straight from the primary winding to the core.

Over the top of the primary winding is another layer of insulating material and
then, in turn, come additional windings to supply power to the various valves in the
receiver although the primary winding is insulated from the iron laminations, both
the primary winding of copper wire and the laminations are conductors and
because they are separated by an insulating material they form a small condenser
effect which allows radio frequency current to pass through.
If we connect an aerial to the aerial terminal of the receiver, as shown in Figure 6,
radio frequency current can pass from the aerial down through the aerial primary
winding to the metal chassis. Because there is no ground wire on this receiver,
there is no metal path to earth for the radio current so instead it passes from the
metal chassis to the iron laminations of the power transformer, which are bolted on
to the chassis and then through the capacity effect between the laminations and
primary, into the primary winding and then through the power mains wiring to
ground at the power station or at some intermediate point where capacity of other
electrical appliances provides an easy path for the radio frequency current to reach
the earth.
Although an actual ground wire is not connected to the receiver illustrated in Fig. 6,
radio frequency current can nevertheless circulate through the aerial coil, finding
its way ultimately to ground at some remote point, and this enables the receiver
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to work just about as loudly whether it has an earth wire actually connected to it
or not,
In fact, in some areas the receiver may actually have light1y stronger
signals reaching its aerial coil when operated without the ground connection
because the power main wires are high and well insulated from the earth and in
themselves act as quite an effective aerial so that there is a strong voltage difference
between the receiver’s aerial and the power mains wiring. Connecting a ground
wire to the earth terminal of the receiver in these cases would reduce the loudness
of signals slightly. This may lead you to conclude that it is better to operate, power
main receivers without an earth wire rather than with one. However, their are other
factors which we must take into account in deciding whether an earth wire should
be used or not.
One of the first of these factors is safety. Although the insulation we have
described, between the primary winding and iron core of a, power transformer is
always tested in good order in a new receiver, it is always possible for the insulation
to deteriorate due to heat and age and possibly to ultimately break down. If a
ground wire is not connected to the radio chassis then it is possible for the voltage
from the power mains to reach the metal chassis of the receiver, should the insulation fail. This in itself may not be dangerous because radio chasses ore normally
enclosed in wooden or plastic cabinet However, without an earth wire connected to
the chassis the power mains voltage would be able to pass through the aerial
primary winding reach the aerial terminal and then also reach the aerial lead
attached to this terminal and it might be possible for someone to come into contact
with this wire and at the same time and receive an electric shock. For this reason
it is safer to use & ground wire. If a short circuit should develop in a power
transformer when ground wire is used, the heavy current flowing to ground will
“blow” the power fuse so that no danger will exist.
There is a second reason which makes the use of a ground wire desirable on power
mains operated sets. From Figure 6 you can see that the current which circulates
through the aerial coil is that resulting from the voltage difference between the
aerial itself and the power mains wiring. At various points along the power mains
there are all sorts of electrical devices not only n the building in which the radio
receiver operates but also in other buildings up and down the street. Various
machines, particularly those employing electric motors with carbon brushes, or
thermostats, produce forms of electrical interference which can be converted by the
radio receiver into annoying “crackles” and “bangs” from the loudspeaker.
The
current disturbances responsible for these noises, like radio signals, can travel from
the power mains, through the capacity in the power transformer, to the metal
chassis, and then from the chassis through the aerial coil to the aerial. As a result
we have not only radio signal current passing through the receiver’s aerial coil but
also surges of current originating from the power mains. These surges of current
are quite weak and are not dangerous in way but when amplified by the valves in
the radio receiver can result in annoying buzzes and crackles from the loudspeaker.
By connecting an efficient earth system to the earth terminal as shown at the left
hand side of Figure 6, in dotted line, the noise voltages will, in many instances, be
diverted away from the aerial coil and will not be heard to the same degree from the
loudspeaker. This provides an improvement in “signal to noise ratio” which makes
listening more enjoyable.
When the earth wire is attached to the earth terminal, there is a complete and easy
path for radio signal current, from the aerial, through the aerial coil in the receiver,
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to chassis and then down to the ground itself, without this current having to
circulate back through the power transformer and power main wiring. In the case
of radio disturbances originating in the power mains wiring, although these small
amounts of energy may find their way through the capacity in the power
transformer to the receiver chassis, instead of them continuing through the aerial
coil to the aerial they will also pass through the ground wire to the earth and will
thus be diverted away from the aerial coil and will not be effective in generating
“noise” signals.
From this explanation you will realise that in many districts the attachment of an
earth wire to a power mains operated receiver may not make the signals any louder
but may make, noise disturbance much weaker therefore providing more enjoyment
as a result of the improved signal to noise ratio.
GOUND WIRES FOR BATTERY OPERATED RECEIVERS.
In the case of radio receivers which operate from batteries and which consequently
have no connection to the power mains, there is no possibility of radio current from
the aerial circulating through the aerial coil and continuing on to ultimately reach
ground unless a good ground wire is attached to the earth terminal of the receiver.
For this reason it is most important, in the case of battery operated receivers, to
have An efficient earth system as this plays just as much part in determining the
strength of signal current flowing through the receiver’s aerial coil as does the aerial
itself.
Of course, there are some battery operated receivers which have a self-contained
loop aerial in which the signal voltages are directly developed within the loop coil
itself. In strong signal areas, these receivers do not require any external aerial or
ground wire. You will find a more complete description of this type of aerial in the
latter pages of this lesson.
In the case of mobile installations such as in motor cars and aeroplanes, the
ground terminal of the receiving equipment is connected to the metal body of the
motor car or of the aeroplane and the large metal surface takes the place of an
actual connection to ground in forming the second plate of a condenser of which the
aerial itself is the other plate. You will remember from the last lesson, that in an
ordinary installation the aerial and ground connections form two condenser plates
widely separated in space and that the passing radio signals generate a voltage
between these two conductors. The same principle applies in the case of mobile
installations with the aerial and car or aircraft body acting as the second condenser
plate. Thus no actual connection to the earth itself is necessary.
COUNTERPOISE.
In a few rare cases, particularly when attempting to use battery operated receivers
in districts where it is difficult to get a satisfactory ground connection, you can
apply the principle used in motor cars and aircraft even in household receivers.
These conditions may exist when the earth is exceedingly dry and sandy, where the
receiver is located where there is only rock beneath it or when the receiver is in an
upper floor of a high building. In such cases we may employ a counterpoise as
illustrated in Figure 7.
You will remember that it is necessary to form a large
condenser consisting of widely spaced conducting surfaces. If we cannot use the
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earth itself as one of the conducting
surfaces, then we can erect an aerial wire
as high as possible end erect another wire
underneath it and parallel to it to form
the second plate of the condenser. This
second wire is called a “counterpoise”.

The counterpoise nay consist simply of a single
wire placed directly underneath the aerial or
even two or three wires spread a little apart.
It is desirable that the wire employed for a
counterpoise be insulated wire similar to
that employed for a receiver “lead-in”.
The wire itself may in many instances be
tacked under the floor of a building or, in
the case of an outdoor aerial, parallel with
and directly under the aerial itself. Of
course, in this case it must be erected
high enough to allow people to walk under
as it would be likely to trip people if
placed only a foot or so above the earth's surface.
Another possible arrangement is to use 3/.036 or 7/.029 copper wire covered with
P.V.C. type plastic insulation and bury thin wire a foot or so under the surface of
loose sandy soil. This would have the effect of making what would normally be soil
of very poor conductivity into a good conductor and would provide a satisfactory
form of combined counterpoise and earth system for a battery operated receiver.
The signal strength from an aerial and a good earth around will be much greater
than from the same aerial and any counterpoise.
The only reason for using a
counterpoise is inability to install the usual kind of ground. It is seldom necessary
to go to the trouble of erecting a. counterpoise for receivers operating from power
mains, because there is capacity in the power transformer which allows RF current
to pass between the power mains and the receiver chassis, so that the power mains
will act as a counterpoise and will provide quite good reception without there being
any connection to the receiver's ground terminal.
NOISE REDUCING LEAD-IN.
In some areas electrical noise or “man made static”, as it is sometimes called, may
be very bad and seriously interfere with the reception of broadcast stations. Apart
from the noise currents which reach the aerial coil of a receiver in a power mains
operated set operated without an earth wire, as described in connection with Figure
6, another way in which the noise impulses, brought into the building by the power
mains, can reach the aerial coil is by radiation from the power mains through space
to the nearest part of the aerial system, which is the lead-in, and of course are
carried by the lead-in to the aerial terminal of the set. This applies even when an
earth wire is used.
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If the aerial itself can be placed at a good height and well away from the building or
power wires carrying interference, so that it will not pick up a strong inferring
signal, then we shall have good clear reception of radio signals without any
annoying noise or crackles.
The difficulty lies in preventing the lead- wire from picking up the noise signals
without seriously affecting its ability to carry radio signals from the aerial to the
receiver.
SHIELDED LEAD-IN.
One method sometimes employed to prevent the lead-in wire from picking up the
noise signals is to cover the lead-in wire with a sleeve of flexible metal braid The
metal braid should be connected to ground and forms complete metal case or
shield around the lead-in wire which prevents the noise impulse from directly
reaching the lead-in.
The hollow metal braid can be purchased separately and slipped over ordinary

lead-in wire or wire is available with the metal braid already around it. Both the
separate braid and the, shielded wire are fairly costly and for this reason, together
with the fact that the metal braid being connected to earth is so close to the lead-in
wire that it causes quite a considerable loss of radio signals, the system is not very
frequently used.
Figure 8 shows the arrangement of a shielded lead-in.
TWISTED PAIR LEAD-IN.
Another simple method for preventing the lead-in wire from introducing interfering
noises into the receiver is shown in Figure 9.
In this system, Two pieces of lead-in wire (usually 1/.044 250 volt grade) are
twisted together like ordinary electric light flex. At the aerial end one wire is
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connected to the aerial wire and the second wire is either left disconnected or can
be joined to the wire or rope for joining the two insulators together; this will hold
the second wire in place and prevent it from untwisting.
Unless the receiver is already designed to operate with this type of lead-in, an
alteration will have to be made to the set.
Normally, one end of the primary
winding on the aerial coil of a receiver connects to the aerial terminal while the
other end connects to earth. An additional terminal should be mounted on the
chassis of the set and insulated from it. If there are only 20 turns or so on the
aerial primary, it may be possible to make a connection to the centre one thus
providing a centre tap. It this is so, the earth end of the aerial primary winding
should be disconnected from its normal place in the circuit and connected to the
new terminal and the centre tap connected to the earth terminal. We now have two

aerial terminals and the earth terminal. The two ends or the twisted lead-in should
connect one to each of the aerial terminals while the earth wire is connected to the
earth terminal. If it is not possible to make a centre tap connection to the existing
primary, it may be a simple matter to rewind the primary altogether to provide a
centre tap.
In this system any noise impulses in the vicinity of the lead-in will induce signals in
both wires of the lead-in, but these are connected to the receiver in such a way that
any signals picked up by one of the lead-in wires will act against and neutralize any
signals picked up by the other wire, consequently the noises are not heard from the
loudspeaker.
Signal voltages induced in the aerial wire by the various broadcasting stations will be conducted by the lead-in wire which connects to the aerial,
to the receiver and through one half of the primary, and will of course take the
normal path through the set.
Due to the small distance between the two lead-in wires this system is not very
efficient in conducting the signals from the aerial to the receiver and so reduces the
signal strength by quite a considerable amount.
DOUBLET AERIAL

Figure 10 shows The arrangement of a doublet aerial. It simply consists of a long
aerial wire broken at the exact centre and joined by an insulator. Two lead-in
wires are also used with this system, one being connected to the inner end of each
of the aerial wires.
The lead-in wires used with this system should not be closely twisted together but
should be spaced 3 inches apart, crossing each other about every eighteen inches
two feet.
To space the lead-in wires correctly and to enable them to cross at the required
points, transposition blocks are employed every eighteen inches or two feet along
the length of the lead-in.
A transposition block consists of a plastic substance having a shape similar to that
shown in Figure 11. One lead-in wire is brought down to the top left hand slot in
the block, passed through the slot, diagonally across the back of the block to the
bottom right hand slot then through this slot and continue on down to the next
block. The second wire comes to the top right hand slot, through this slot,
diagonally across the front of the block, through the slot in the bottom left hand
corner and down to the next block.
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This system, like the last
requires that the end of the
aerial winding which normally
connects
to
earth,
be
disconnected and brought to
an additional aerial terminal,
but no centre

tap is needed Some receivers are wired up with the aerial coil arranged in this
manner and require no alteration when used with a doublet aerial.
The principle of operation of the doublet is somewhat similar to that of the last
system. Any noise impulses will induce equal voltages in both the lead-in wires and
these will counteract one another in the receiver and, so will not be heard, but
signals are picked up on the two halves of the aerial and instead of counteracting,
add to one another and so are, handled by the receiver.
None of the above systems will produce as strong a signal in the receiver as an
ordinary T or L type aerial of similar length, consequently they are generally only
used in districts where the amount of electrical noise is very severe.
All of the aerial systems shown so far if over 50 ft. in length or 30 ft. in height, must
be protected against damage which may be done by discharge of atmospheric
electricity through their wiring and the connected parts in the receiver. Lightning is
one form of atmospheric electricity, or electricity generated in the air, but there are
lots of other kids of atmospheric electricity as well. The purpose of a lightning
arrester is to provide a path through which such electricity, of whatever variety,
may escape from the aerial into the earth without going through the receiver or
coming into the building containing the receiver.
During an electrical storm, or a thunder storm the air and clouds are heavily
charged with electricity. This electricity does its best to escape from above and
come down to the earth. Any metal object which is elevated may be in the path of
this electricity, and since the aerial is such an object it is necessary that we provide
protection. Ordinary electric charges which collect on the aerial flow harmlessly to
ground through the aerial circuit of Figure 1, passing through the parts of the
receiver. During a storm these charges increase and it is possible that their
passage through the receiver may cause some damage - even to the extent of setting
fire to things. This is what the lightning arrester prevents. Should an aerial suffer
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a direct hit from a lightning flash, no arrester or anything else would prevent
serious damage or complete destruction of everything in the lightning’s path. This
is a rare occurrence and the stroke undoubtedly take place in exactly the same
manner and same place whether or not an aerial were there.
The principle of all lightning arresters is shown in figure 12. Two metal points are
placed between aerial and ground, which means that they are connected across the
first coil winding in the receiver. Radio signals meet the high resistance of the gap
between the arrester points and flow around through the coil as usual because of
their inability to jump across the gap. But should the aerial suddenly be charged
with a large quantity of electricity during a storm, this electricity would not take
time to pass around through the coil (being opposed by the coils “reactance”) but
would instantly jump across the gap. Passage of the electricity across the arrester

gap produces a spark or arc.
Immediately such an arc is formed it provides a low resistance path between the
arrester points and all the electricity which has collected on the aerial passes
through the arrester to ground and does no harm in the receiver. The points in the
lightning arrester are placed at such a distance apart that a pressure of 500 volts
will cause an arc between theme No radio signal is more than a fraction of one per
cent of this voltage and any electrical
discharge which might cause damage
develops well over 500 volts - so the
arrester does its work very easily.
TYPES OF LIGHTNING ARRESTER.
Some lightning arresters have their
points made from carbon spaced apart
by a thin sheet of mica around which
the electrical discharge takes place
when they work.
Other types have
points formed by small brass or bronze
pins extending into a glass tube which
is sealed to keep out moisture and dirt
which
might
short
circuit
the
arrangement and form a conducting
path between the points, when all the
signals from the aerial would go right
down into the ground without having to
pass through the coil in the receiver.
There are a few kinds of lightning
arresters having the points, formed by
wires sealed into the end of a glass tube
from which the air has been pumped,
leaving a vacuum.
The electrical
resistance or opposition to current flow
is much less in a vacuum than it is in
air, consequently the points can be kept
further apart in the vacuum than in air
and still allow he 500 volts to make a
spark pass between them.
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The construction of one commonly
used type of lightning arrester is
shown in Fig. 13.
This typo consists of two brass plates
with serrated edges insulated in a
moulded bakelite container. The tip of
each serrated edge are exactly opposite
one another shown in Figure 13, so
that any large voltage can easily jump
across the small gap between them.
When this type of arrester is screwed
down on flat surface by means of a

screw through its centre, the two plate
Are enclosed in a moisture proof compartment so that moisture or dust cannot
bridge the gap between the plates and allow radio signals to leak away to earth
instead of passing into the receiver.
IMPORTANT – FIRE UNDERWRITER’S RULES
it is absolte1y necessary that some form of arrester which has bee approved by the
Fire Underwriters be attached to every radio installation having an outdoor aerial
over 50 ft. in length or 30 ft. in height. Failure to observe this rule may make it
difficult or impossible to collect insurance in case of damage from fire.
The special type of aerials shown in Figures 9 and 10 each require the use of two
lighting arrestors. As each system is provided with two lead-in wires, it is necessary
to prevent either of these wires from conducting electrical discharges into the
building, consequently, a lightning arrester must be connected to each wire and the
earth terminal of each arrester connected together and to the ground.
The method of connecting the arresters to the doublet or twisted pair lead-in is
shown in Figure 14.
TELEVISION AERIALS.
The form, dimensions, principle of and
method of connecting television aerials
to television receivers differ considerably
from similar characteristics for radio
reception. Due to the very much higher.
carrier
frequencies
involved
for
television transmission quite different
aerials are needed far T.V. and
consequently we will not attempt to deal
with them at this early stage OF your
course. Due to the quite different types
of aerials required for T,V, and radio, it
is best to use entirely separate aerials
for the television receiver and radio
receiver.

INDOOR AERIALS.
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We will now consider the case of areas where signals a so strong that an outdoor
aerial is not necessary. The next best thing is an indoor aerial - a wire placed
within the building and taking the place of the overhead wire in the usual
installation. Let me say here that no other form of aerial can compare with the
regular outdoor type as a collector of signal energy. All other kinds are less effective
no matter what claims to the contrary you may hear about. This does not mean
that a receiver mast have an outdoor aerial to do good work. The receiver may be
powerful enough to need but the slightest hint of a signal in order to produce
satisfactory volume. Then it will do good work with some inefficient kind of aerial.
But it will be still more powerful with a good outdoor aerial.
Any form of indoor aerial requires that the receiver be equipped with the same kind

or ground that is used when an outdoor aerial is employed. All of the care that is
taken with the ground for use in an outdoor aerial circuit must also be taken when
the indoor type is used.
An indoor aerial concealed behind a room moulding is shown in Fig. 35. For this
kind of aerial, the picture moulding type, we use thin flexible, stranded plastic or
rubber covered wire. In running such an aerial, attempt to keep it away from metal
piping of any kind, from telephone wiring, from conduits carrying power and light
wires from signal bell wires and from all such things. Nearness to any kind of
electrical circuit will allow impulses from that circuit to cause annoying sounds to
come from the loud speaker when those circuits are in use.
As an alternative to the picture rail when, the wire may be run around the skirting
board, near the floor or under the edge of a carpet, but signals in these positions
will be weaker than the aerial is higher up.
The indoor aerial collects less energy
than the outdoor kind therefore it is
allowable to use a greater length of
wire for the indoor job than for the
outdoor.
Wire at the back of a
moulding may be run nearly all the
way around one good-sized room, or it
may be run through several rooms. It
is impossible to run these concealed
indoor wires in straight lines, but it is
advisable to string them out to the
greatest possible length, running
through several rooms in line if wire
around two walls of one room does not
provide sufficient signal strength.
You can use an indoor aerial with any kind of a receiver having three or more
tubes. The average indoor job is not half as effective in bringing through the
distant stations as a good outdoor aerial.. Therefore, the distance range of an
ordinary set will be limited. The quality and clearness of reception will be
excellent on nearby stations.
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However, if you are working with
powerful
receiver, with one the newest
superheterodyne sets or with any set having five tubes or more, the indoor aerial is
very satisfactory even on stations at a distance of many hundreds of miles from the
receiver, unless noises transferred to the aerial from the electric power mains are
very bad.
Before leaving this matter of indoor aerials, it is very desirable that you provide a
first class ground. This will help matters a lot. Also the greater the length of the
indoor aerial, the stronger will be the signals it brings in, but the less selective the
set will be.
LIGHT AND POWER WIRES FOR AN AERIAL
If you or your customer, should wish to get along without even an indoor aerial there
are still simple methods of bringing signal impulses to the receiver. One method
makes connection to the lighting circuit wires which come into the building. We will
take these aerial arrangements in the order of their excellence. Best of all is the
outdoor type, next comes the indoor aerial, then the power or light line type and so
on.
If you will stop to consider it you will realise that the electric wires coming into any
building meet many of the requirements of an aerial. They are insulated and they
extend out into space. Of course, it is out of the question to make a direct
connection from these wires to the aerial post of a receiver because their high voltage
would send a great rush of current through the coils and other parts and would
cause a disastrous fire. We make our connection through a small condenser.
You recall that the effect of an alternating current will pass through a condenser.
Radio signals produce alternating voltage and currents in any elevated wire or for
that matter in any wire at all that may be in their path. Consequently, you will find
radio signal impulses in all light and power wires.
One method of extracting the high frequency radio signals from the power mains
wiring but at the same time safely holding back the low frequency power mains
voltage is to employ & small condenser with a capacity of about .0005 mfd.
connected as shown in Fig 16.
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The reactance of . .0005 mfd. condenser to the radio frequency of one megacycle per
second is only about 300 ohms and this value is not sufficient to appreciably restrict
the radio frequency current. At the power mains frequency of 50 cycles per second
however, the reactance of the same condenser increases to a value of about six
million ohms and this is sufficient to hold back any dangerous current at the power
mains frequency itself.
Unfortunately, it is not an easy matter to install a condenser a shown in Figure 16.
This work would require removing the radio chassis from its cabinet so as to give
access to the point where the power flex is connected to the terminals of the power
transformer One could then solder one end of the .0005 mica condenser to one of
the two wire loads in the power flex at the point where the flex solders to the power
transformer connections. The other end of the condenser would then be connected
through a length of hookup wire to the aerial terminal.
Fortunately, there is a much simpler way of extracting radio signals from the power
mains, without the work of soldering a condenser into position as shown in Figure
16. In Figure 17, you will notice that we make use of the stray capacity inside the
power transformer, to couple our radio signals from the power mains through to the
metal chassis of the set, as described earlier in connection with Figure 6. The only
thing which looks different about Figure 17 is the fact that we have connected a
ground wire to the aerial terminal of the receiver instead of to the ground terminal.
Nothing is connected to the earth terminal of the set.

In Figure 17 you can see that any radio frequency energy present in the power mains
wiring can find its way through the stray capacity in the power transformer to the
transformer’s core and then though the bolts which hold the transformer to the
chassis, to the metal chassis itself. The radio currents then pass through the metal
chassis to the earth end of the aerial primary coil and pass through this coil to the
aerial terminal. From here they are able to pass through the earth wire itself to
ground so that there is a complete circuit through which radio frequency current
may flow to and fro.
This arrangement works quite well and is very easy to apply to any receiver by
simply connecting an earth wire to the aerial terminal in place of the aerial wire.
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The earth wire should preferably connect to a water pipe or earth pipe driven into
ground as explained in Lesson 4, although in some cases good results can be
obtained by connecting the earth wire back to the earth pin in a three-pin power
point.
The disadvantage of the arrangement shown in Figure 17 is that by depending upon
the radio frequency voltages picked up in the power mains for our signal and
encouraging radio frequency energy from the power mains to flow through the aerial
coil, by connecting the earth wire to the aerial terminal, we will also have any
electrical, noise impulses, produced by power operated equipment, flowing through
the aerial coil as well as the radio signals and consequently the signal to noise ratio
is not as good as when a separate aerial and earth wire are used in the conventional
manner.
LOOP AERIALS.
All of the aerials described so far have been suitable for connecting to the aerial
terminal of an ordinary type of receiver. Because of the size and awkwardness of
installation of these aerial systems there have been many attempts to reduce the
aerial to a size small enough for it to be fitted inside the radio cabinet. Some
receivers have been fitted with e short length of wire fitted to the back of the cabinet
but these are usually not very satisfactory,
The most practical form of small aerial is to enlarge the first tuning coil to such a
size that it picks up broadcast signals and is then known as a “loop aerial”, This
system is most commonly used in small battery operated portable receivers so that
the receiver may operate without the necessity for any other aerial or for an earth
wire, in the case of battery operated sets an earth connection, is only needed to
complete the normal aerial circuit so that when a loop aerial is used, neither an
external aerial or earth wire is needed.
The greater the length and, height of a loop aerial, within reasonable limits, the
greater will he the voltage developed in it by signals from a certain broadcasting
station so designers endeavour to make the loop aerial coil as large in size as
possible. Figure 18 shows an oval shaped loop aerial, wound on a piece of
insulating material and intended to be attached to the back of a radio cabinet. in
an endeavour to obtain the largest possible size, and consequently efficiency, many
portable receivers have a shallow groove
cut around the inside of the wooden
cabinet. The loop aerial coil is wound in
this and the whole cabinet is then
covered with leatherette or fabric so that
the aerial is not visible. This is illustrated in Figure 19.
The number of turns of wire used to form
the loop aerial is fairly critical, because
the inductance has to be just right to be
tuned by the tuning condenser to the
range of broadcast frequencies, Figure 20
shows the way in which the- loop aerial
is connected to the tuning condenser and
to the grid of the first valve. Because of
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the large size of the aerial only a small
number or turns is needed. Usually the
number varies from about 20 down to
10, the larger the size, the fewer the
turns. As it is difficult to obtain just the
right amount of inductance in the loop
aerial, some manufacturers wind a few
turns less than the correct number and
then add an additional small coil called a
“loading coil” as shown in Figure 21. The
adjustable iron core enables the total
inductance of the loop and loading coil to
be set to the correct value.
STRAP AERIAL
In some very small portable receivers, the
size of the case is too small to permit
winding an efficient loop aerial around
it.. One solution to this problem is to
provide a carrying strap which may be
placed over the users shoulder. This
strap is usually made of a double
thickness of leather or plastic material
with a single length of wire contained
between the two thicknesses of material.
This single turn loop has far too little
inductance to be directly tuned as shown
in Figures 20 and 21 and so is connected
to a suitable primary winding on an aerial coil as shown in Figure 22.
DIRECTIVE EFFECT.
All loop aerials are highly directive, that
is, they will hardly respond at all to
signals received from the two directions
faced by the broad surfaces of the loop
but they will be most sensitive to signals
from a direction towards which the edges
of the loop arc pointing.
In Figure 23 if we are looking down from
above, on a receiver containing a loop
aerial, good reception will be received from
stations lying in the direction A or B,
moderately good reception will be obtained
torn stations in directions C, D, or E and
hardly any signals will be obtained from
stations in directions G or H. As a result,
it is desirable to turn a receiver, containing
a loop aerial, until the loop points
approximately in he direction of the station
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it is desired to listen to, This is done by turning the
receiver until the sounds from the loudspeaker are as
loud as possible.

LOOPSTICK AERIALS

Loop aerials are not as sensitive at picking up signals as
an outdoor or indoor aerial and earth system but with a
sensitive set will generally provide a range of about 50
miles, most sets fitted with a loop aerial are provided
with an aerial and earth terminal as well, so that an
ordinary aerial and earth can be connected if it is
desired to receive weak signals from distant stations.

In order to provide efficient signal pick-up in a device smaller than the conventional
loop aerial shown in Figure 13 or 19, and more efficient results than with the Strap
Aerial shown in Figure 22, the aerial shown in Figure 23 has been devised. This
consists of a length of compressed powdered iron particles formed into a rod about
eight inches long and three-eighths of an inch in diameter. Wound over one section
of this “ferrite” rod is a coil of wire which becomes the tuning coil for the grid circuit
of the first valve in the receiver, just as the loop aerial forms the tuning coil in Figure
20.
The powdered iron particles used in the rod on which the coil is wound, will carry
magnetic lines of force many times more readily than the air and consequently even
though the coil winding shown in Figure 24 is much smaller than the one shown in
Figure I8 or 19, the magnetic lines of force passing to and fro in the rod spread
through the centre of the coil and generate voltages in the coil winding comparable
with those produced in quite a large loop aerial similar to the one shown in Fig.19.
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The loopstick aerials are not only fitted in many modern portable receivers but also
in quite a number of power mains operated table model and small sets. Their use
save the necessity for any external aerial and earth connections although once
again, their efficiency does not compare with that of a moderate sized outside aerial
and ground connection.
Like loop aerials, the loopstick type of aerial has marked directional properties. The
principles governing the directional pattern are the same as with the loop aerial in
that reception is weak when transmitting stations lie in a direction which is
broadside on to the coil winding and strongest reception is obtained from stations
which are edge on to the coil winding.
Due to the long iron core rod, which is
threaded through the coil, the broadside direction from the coil winding is the
direction in which the rod points. Therefore, the long rod or material should be set
broadside to the direction from which it is desired to receive signals.
In employing any receiver equipped with a loop aerial or loopstick, it is desirable to
rotate the aerial to determine the direction from which signals are loudest and to
leave the receiver with the loop set in this direction.
RATIO OF SIGNAL TO STATIC
Every aerial will have two kinds of electric currents induced in it, or rather it will
have induced in it currents from two different sources.
One source is the
transmitting station which you desire to hear. The other source is the combination
of all the electrical disturbances in the air. The most troublesome disturbances are
those coming from electrical apparatus and electric power mains.
To make a practical illustration of conditions, say that the strength of the
atmospheric disturbances may be represented by the number 10, That number will
indicate the loudness of the noises caused by static, then it is perfectly evident that
a signal which produces a strength of 8 will be hoard with great difficulty. A signal
with a strength represented by 12 will be heard louder than the static noises, but
will not be very enjoyable. If 20 represents the signal strength from the station to
which you tune, the reception will be fairly satisfactory.
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Now you can see that it is not just the strength or signal that counts in obtaining
good reception, it is the proportion of static that comes in with the signal or the ratio
of signal to static.
When we talked about the outdoor aerial you will recall that it was said that the
ratio in a high and long aerial is more favourable than in a short and low aerial. It
was also said that thin ratio is more favourable with the outdoor aerial than with the
indoor type. The disturbances from the arrangements shown in Figures 16 and 17
may be quite bad, as the light wires sometimes carry quite strong disturbances.
In choosing the type of aerial you are going to use for a given installation, you should
take this signal-static ratio into account.
If you are working with a modern,
powerful receiver you often can use one of the simpler forms of aerial in a good
district. Upon first making an installation you can put up a temporary indoor aerial, let the owner use it for a few days, then find out whether he is satisfied. If he is
content with the reception, than you have saved him the expense of the outdoor
aerial. If he complains that he cannot hear enough distant stations, it will be time
enough to erect the outdoor aerial.
FREQUENCY AND WAVELENGTH
In The first lesson you will recall that I told you about the
radiation of waves from a transmitter. The distance from
either the crest or trough of one wave to the crest or trough
of the wave ahead of it is called the length of the wave or
the wavelength. If we represent radio waves an in Fig. 25
the distance between the crests, distance “a”, or the distance between the troughs, distance “b”, is the wavelength.
Wavelength is measured in a unit called the metre. This is
the unit. of length in the French, or metric, system of
measures.
One metre is equal to 39 37/100 inches,
almost exactly 39 3/8 inches.
All radio waves travel away from the transmitter with the approximate speed of light,
about 186,000 miles in a second. Changing this speed to metres, it comes out that
the speed of radio waves is 299,820,000 metres in a second. In round numbers you
can say that the speed of radio waves is 300,000,000 (three hundred million) metres
per second.
Now look at Fig. 26, Within the distance
“a” there are five complete waves. Within
the distance “b” (which is the same
length as “a”) there are ten complete
waves. The length of the waves at “a” is
greater than the length of the waves at
“b”, The waves at “b” are coming from
the transmitter more frequently than
those at “a”, consequently the frequency
at “b” is greater than the frequency at
“a”.
From Fig. 26 you can see that the longer
the waves or the greater the wavelength,
the less will be the frequency.
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Also the greater the frequency, the shorter the wavelength. They go opposite to one
another. As one goes up the other goes down. Since the number of waves
corresponding to the frequency must be contained within 300,000,000 metres
(because the frequency is the number emitted in second) you can always find the
length of one wave, or the wavelength, by dividing 300,000,000 by the number
representing the frequency. Likewise, if you know the wavelength you can divide
300,000,000 by this wavelength and find the frequency. Of course, to get accurate
figures you could use the number 299,820,000 instead of 300,000,000. If the
frequency is in kilocycles (1000 cycles) you use 300,000 instead of 300,000,000.
In the earlier day of radio we always referred to the carrier wave as being of so many
metres wavelength.
That is no longer considered good practice.
Nowadays we
make it a rule to talk about frequency in place of wavelength.
You can always
change one to the other by performing the division as given above.
DATA SHEETS
A you progress with your radio studies there will be many kinds of information
which you should have handy. This relation between frequency and wavelength is
the first information you should have on hand. To save you the work of making all
the divisions, the work is done for you and is given on a “Data Sheet”. Frequencies
are given in kilocycles, thousands of cycles. Here at the end of this lesson is the
first one of these sheets. Many more will come with your future lessons. Preserve
them carefully because at the end of your course they will provide you with an
invaluable reference of the kind of information you use daily in your work.
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DATA SHEET.
FREQUENCY AND WAVELENGTH. (broadcast Band)
Frequency
In
Kilocycles.
1600
1590
1580
1570
1560

Wavelength
In
Metres.
187.6
188.5
190.0
191.0
192.5

1550
1540
1530
1520
1510

193.5
194.8
196.0
198.5
199.0

1500
1490
1480
1470
1460

199.9
201.2
202.6
204.5
205.4

1450
1440
1430
1420
1410

206.8
208.2
209.7
211.1
212.6

1400
1390
1380
1370
1360

214.2
215.7
217.3
218.8
220.4

1350
1340
1330
1320
1310

222.1
223.7
225.4
227.1
228.9

1300
1290
1280
1270
1260

230.6
232.4
234.2
236.1
238.0

1250
1240

239.9
241.1

Frequency
In
Kilocycles.
1230
1220
1210

Wavelength
In
Metres.
243.8
245.8
247.8

1200
1190
1180
1170
1160

249.9
252.0
254.1
256.3
258.5

1150
1140
1130
1120
1110

260.7
263.0
265.0
267.7
270.1

1100
1090
1080
1070
1060

272.6
275.1
277.6
280.2
282.8

1050
1040
1030
1020
1010

285.5
288.3
291.1
293.9
296.9

1000
990
980
970
960

299.8
302.8
305.9
309.1
312.3

950
940
930
920
910

315.6
319.0
322.4
325.9
329.5

900
890
880
870

333.1
336.9
340.7
344.6

Frequency
In
Kilocycles.
860
850
840
830
820
810

Wavelength
In
Metres.
348.6
352.7
356.9
361.2
365.6
370.2

800
790
780
770
760

374.8
379.6
384.4
389.9
394.5

750
740
730
720
710

399.8
405.2
410.7
416.4
422.3

700
690
680
670
660

428.3
434.5
440.9
447.5
454.3

650
640
630
620
610

461.3
468.5
475.9
483.6
491.5

600
590
580
570
560
550

499.7
508.2
516.9
526.0
535.4
545.1

All broadcast stations are given an assignment of a certain frequency in kilocycles on
which to transmit their carrier wave. These frequencies are spaced 10 kilocycles
apart. The above table includes all broadcast frequencies in use for regular
receivers. The wavelengths given are all the result of dividing 299,820,000 by the
frequency in cycles. In speaking of wavelength it is customary to mention the
nearest whole number to the decimal given; thus we speak of 316 metres instead of
315.6 metres.
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EXAMINATION QUESTIONS
1.

Will an aerial having three parallel wires each 30 feet long, bring in signals
three times as strong as a single wire 30 feet long ?

2.

How far apart should you space the wires in a multiple wire aerial ?

3.

What is the advantage of a doublet aerial system ?

4.

Between what two wires do you connect a lightning arrester ? Explain its
purpose.

5.

Should a loop aerial be set broadside to or lengthwise towards a station it is
desired to receive ?

6.

Assuming a set to be sufficiently sensitive and selective, what limits the
weakest signal which can be satisfactorily received.

7.

Do you use a ground with an indoor aerial ?

8.

Which collect the more static noise, a “power mains” aerial or a doublet
aerial? Why ?

9.

For best reception with a “4” tube set would you use an indoor or outdoor
aerial? Why ?

10.

Which has the greater or longer wavelength, a frequency of 780 kilocycles or
one of 1110 kilocycles ? Work out these wave lengths.

-------------------------------------------------------------------------------------------------------(AUSTRALIAN RADIO COLLEGE PTY. LTD.,)
Please NOTE Postal address:
(Box 43, Broadway, Sydney, N.S.W.
)
-------------------------------------------------------------------------------------------------------Note: Write the lesson number before answering questions.
Write on one side of the paper only
Always write down in full the question, before you answer it.
Use sketches and diagrams wherever possible.
equivalent to pages of explanation.

One diagram in many cases is

Remember you learn by making mistakes; so give yourself an opportunity of having
your mistakes found and corrected.
Don’t hesitate to ask for further explanation on any point, we are always ready to
help you.
Write your name and full address at top of paper. If you have made arrangements
with the College to have your lessons returned to any particular address – state this
at the top of the page.
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RADIO ENGINEERS AND SERVICEMAN'S COURSE.
LESSON NO.6
THE OPERATION OF CONDENSERS AND THEIR PART IN RADIO.
We might y in all truthfulness that every radio receiver and every transmitter is
made up of four principal kinds of parts - condensers, coils, resistances and tubes.
All the other parts, such as tuning dials, switches, panels and all the rest are there
only because they allow you to control the operation of the receiver.
WHERE CONDENSERS ARE USED:
Possibly you think of condensers as used for tuning the receiver and do not think of
these useful units as entering into many other portions of this work. Just to give
you an idea of how much the average radio set depends upon its condensers, a
circuit diagram of a very small and simple all-electric A.C. operated receiver is
shown in Figure 1. This particular circuit is not currently used by radio receiver
manufacturers but it still enjoys considerable popularity among beginner home
constructors, because of its comparative simplicity. Although this circuit represents
a very small type of receiver there are no less than 13 condensers used in it. From
this you can judge what important parts condensers are in modern receivers, not
only for tuning the receiver to the various stations, but for many other purposes as
well.
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Commencing at the left hand side or aerial end of the diagram in Figure1 we first of
all have the first tuning condenser, a variable condenser of course. Between the
“cathode” of the first tube, a “variable-mu” tube, and ground we have what is called
a “cathode by-pass” condenser. The cathode is that part in an A.C, heater tube
which takes the place of the filament in the ordinary tube which operates from an
“A” battery. Then to the right of the first tube there is a condenser from the “screengrid” of this tube to ground, and then another from the bottom of the air-core
transformer primary also to ground. These are called the screen and plate by-pass
condensers respectively.
Across the secondary of this air-core transformer is another variable tuning condenser. Actually this one and the one nearest the left of the circuit diagram are
“ganged”, or connected mechanically so that they both turn together as you move
the tuning dial All modern sets have their tuning condensers ganged in this way.
The next condenser to the right is the “detector cathode bypass” condenser. Just
to the right of the second tube, which is a pentode detector tube, there is a “detector
screen bypass” condenser, and just above it is the “detector plate bypass” condenser
- the condenser which works with the detector tube and which serves to smooth out
radio frequency pulsations from the detector output.
Continuing to the right is the “coupling” or “blocking” condenser between the plate
circuit of the detector and the grid circuit of the audio frequency amplifier. Below
this and further to the right we have yet another bypass condenser, this one is
known as the “grid decoupling” condenser. The third tube is the audio frequency
amplifier, and this particular tube is called a “pentode” because it has five elements
or parts in it. From the plate of this tube to ground is another condenser which is
put there to improve the tone quality, and is called a “tone corrector”. Right at the
bottom of all you have followed so far is the “power unit” or the part which supplies
all the tubes with their power from the alternating current power lines The tube in
this part of the set is called the “rectifier tube”. It has two plates and a filament,
and it changes the A.C. from the power or light socket into a pulsating or unsteady
D.C. current to supply the plates of all the other tubes. In the bottom right hand
corner of the diagram there are two more condensers. These are called “filter
condensers”, and their purpose is to “smooth out” or filter the uneven pulsating
current from the rectifier and deliver it to all the min tubes as a steady unvarying
direct current.
Remember we are going through this receiver just to show you how many different
condensers are used in a modern set - don’t attempt to memorise the names given
or spend time studying the circuits, because we will have plenty of all that later on
KINDS OF CONDENSRS:
All condensers used in radio may be divided into two classes, variable condensers
and fixed condensers. Variable condensers include all those whose capacity or
condenser effect may be changed or varied while the condenser is in use. Fixed
condensers include all those whose capacity is determined when they are built and
in which the capacity cannot be changed afterwards.
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Variable condensers, similar in a
general way to the kind shown at
the left in Figure 2, are used for
tuning and for various other jobs
where the capacity must be
changed to let us secure the
desired effect while the recover is
in operation.
Two kinds of fixed condensers are
shown at the right hand side of
Figure 2, The smaller one has
mica for the dielectric between its
plates and is called a mica
condenser.
The larger one has paper as its
a its dielectric and is called a paper condenser. Both thee styles, mica and paper,
are used quite generally throughout a receiver. The mica style is used where only a
very small capacity is needed because large mica condensers are expensive and
bulky. The paper style is used where more capacity is required than can be had
economically in the mica type. The paper condenser contains more capacity within
a given bulk or size than does the mica condenser, and the cost of paper condensers
is much less than for mica condensers of the same capacity.
In this radio work you will come across a certain word quite often, especially in
connection with condensers.
The word is “electrostatic”.
It refers to anything
pertaining to electricity which is not moving, to electricity at rest as you find it in a
charged condenser.
When the two plates, or the two kinds of plates, in a condenser are charged we have
in the dielectric or space between the plates what is called an electrostatic field.
This field is indicted in Figure 3 as existing in the dielectric. The electrostatic field
consists of electrostatic lines of force which are somewhat like the magnetic lines of
force existing around a magnet.

L.6 - 3

THE CONDENSER CHARGE:
If you were to connect the two plates of a condenser to the two terminals of a
battery as in Figure 4 and have in one of the wires a very sensitive ampere meter or
ammeter to indicate flow of electric current, you would find that electricity did
actually flow between the battery and the condenser. To understand the reason for
this flow of current it is necessary to refer to that section of Lesson No. 1 dealing
with Electron Theory and Atomic Structure. You will recall that all matter consists
of a large quantity of individual atoms of a particular material and that each atom
comprises a tiny solar system whereby the positive nucleus, the heaviest part of the
atom, is surrounded by one or more planetary electrons The planetary electrons,
which are negative particles of matter, rotate about the positive nucleus in much
the same fashion as planets of our own solar system rotate about the sun.
Any material which exists in solid, liquid, or gaseous form is matter and, as a
consequence, will consist of innumerable atoms, each with its negative and positive
charge. The dielectric material placed between the plates of a condenser is no
exception. It may exist in solid (mica or paper), liquid (a special type of oil), or
gaseous (air) form. When there is no difference of potential between the condenser
plates, planetary electrons will rotate on a normal orbit in the manner indicated by
Figure 5. For the sake of simplicity only one planetary electron is shown for each
positive nucleus. In actual fact the only atom which exists in thin simple form is
the gas hydrogen. With any of the commonly used dielectric materials there would
be several planetary electrons for each atom of the particular material.

If now the condenser plates are connected across a source of voltage so that the
upper plate is connected to the positive terminal of the voltage source, and the lower
plate is connected to the negative terminal, the electrons in the dielectric material
atoms will try to obey the natural electrical law which states that points of unlike
polarity are attracted towards each other while points of like polarity are repelled
from each other. Because the dielectric material is always a very good insulator,
electrons cannot move right through the material from one side to another as they
can in a good conductor of electricity. Nevertheless, they will try to move through
the material and in doing so will be diverted out of their normal orbits.
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As a consequence of the combined effects of attraction and repulsion a condition of
strain will be set up within the dielectric such that electrons are pulled towards the
positive condenser plate and repelled by the negative condenser plate, while the
positive nucleus will be drawn towards the negative plate and repelled by the
positive plate. The effect is indicated by Figure 5(b)
Because a movement of electrons constitutes a flow of electrical current, the displacement of electrons within the dielectric material is responsible for a flow of
electrical current within the dielectric. It must be clearly understood, however, that
electrons do not move right through the dielectric from one plate to another and so
out into the external circuit in which the condenser is connected. The flow of
current continues only for as long as electrons in the dielectric are taking up their
new positions. Immediately they have reached the limit of strain which is dictated
by factors to be discussed later, further movement ceases and, as a consequence,
displacement current in the dielectric ceases to flow.
Now there is a fundamental electrical law which states that electrical current cannot
accumulate at any point in a circuit. The practical manifestation of Kirchoff’s Law,
as it ii called, creates what, at first sight, may appear to be a contradiction of the
previous statement that current does not flow right through dielectric materials
from one plate of a condenser to the other.
This contradiction is, however,
apparent only and cannot be sustained when the operation of a con-denser is
carefully examined.
When a condenser is connected to a voltage source as in Figure 5(b), electrons in
the upper plate of the condenser will be attracted by the positive pole of the battery
and so will move around the external circuit from the upper condenser plates to the
battery. On the other side of the battery, electrons are repelled by the negative
battery terminals towards the lower plate of the condenser, and so will be moved
around the circuit towards that point. Because the upper plate of the condenser is
now deficient in electrons, it is said to have positive polarity and will cause the
electrons in the dielectric material to be attracted towards it. similarly the lower
plate of a condenser, having a surplus of electrons, will be of negative polarity, and
so will repel electrons in the dielectric material and, at the same time, attract the
positive nucleus of dielectric material atoms. The movement of electrons around
the external circuit and within the dielectric material will continue only until the
dielectric atoms are strained to their limit. When this state is reached, electron
movement throughout the circuit and in the dielectric will cease and the condenser
is said to be charged, If the source of voltage is now removed the condenser will
remain in a charged condition. With a perfect condenser stored in a completely
evacuated container, the charged condition would be permanent. Because even the
very best of insulating material does not have infinitely high resistance there is,
inevitably, some leakage of current through the dielectric material.
For similar
reasons there will be some external leakage between the terminals of the condenser
and the combined effect of the various leakage paths will be to slowly discharge the
condenser over a period of time, Even so, a good quality condenser, in first class
condition, will hold a charge for several weeks,
If the terminals of a charged condenser are connected together, either directly or
through a certain value of resistance, the surplus of electrons on the negatively
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charged plate will, by virtue of the external circuit be able to return to the positively
charged plate and so make good its deficiency of electrons. when sufficient
electrons have left the negative plate, the lower plate in Figure 5(b), to bring the
number of electrons on the upper plate to their initial figure, a state of equilibrium
will exist and there will now be no difference of potential between the two plates,
electrons in the dielectric will no longer be under strain and so will return to their
normal orbits. The condenser is then said to be discharged. The rate at which a
condenser charges and discharges is dependent upon its capacity and the amount
of resistance in series with it. This question of a condenser’s time constant will be
discussed in more detail in later lessons.
The small amount of current which flows during charge or discharge, and which
quickly drops to zero, is called the displacement current or the dielectric current.
The amount of current which flows depends on four things. In the upper part of
Figure 6 a small battery of low voltage is connected to the condenser plates. In the
lower drawing we have a large battery of high voltage. There will be a greater flow
of current with the higher voltage, the more the voltage the greater the amount of
current.
In the upper part of Figure 7 we have small condenser plates and in the lower
drawing we have larger plates. The larger the condenser plates the more current will
flow on to them with the same voltage applied. In the upper part of Figure 8 the
plates are separated by a considerable space and in the lower drawing the plates are
very close together. The less the separation, the more current will flow, the size of
the plates and the applied voltage remaining the same. The kind of dielectric
materiel between the plates also has an effect on the amount of current which will
flow.
Now you see that more current will flow with higher voltage, with larger plates and
with less separation between the plates. Less current will flow with lower voltage,
with smaller plates and with more separation between them. We are assuming that
there is no change in the kind of dielectric between the plates.
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The ”charge” of a condenser is the amount or electricity it will hold. The unit of
measurement for condenser charge is the “COULOMB”. One ampere of current
flowing for a period of one second represents one coulomb of electricity.
If the
difference of potential between the plates of a condenser having a capacity of one
farad is one volt, the condenser's charge would equal one coulomb. You now know
that this amount depends on four things, but, in any given condenser, the kind of
dielectric, the size of the plates and their distance apart remain the same.
In a fixed condenser these three things never change and in a variable condenser
they will not change unless you move the plates. Then we can say that the amount
of current flowing from the battery into the condenser depends on the voltage
applied to the plates of any given condenser.
The voltage comes from outside the condenser but the other three things are within
the condenser. The size of the plates. Their separation and the kind of dielectric
between them all work together to determine what we call the “capacity” of the
condenser. Large plates, small separation and certain kinds of dielectrics increase
the capacity and make the condenser able to take a greater charge with a certain
applied voltage. Small plates, great separation and other dielectrics reduce the
condenser's capacity and allow it to take a smaller charge with the same applied
voltage. Always remember that the applied voltage does not affect the capacity of a
condenser. It affects only the condenser’s charge.
MEASURES OF CAPACITY.
The capacity of a condenser is measured in a unit called the “Farad”. A condenser
having a capacity of one farad would be exceedingly large, entirely too large for any
of our radio work. Therefore we use fractions of a farad as the practical units for
speaking about condenser capacity.
One of the common units of capacity is the microfarad. Micro means the one
millionth part of, so a microfarad is the one millionth part of a farad. This is the
unit generally used in speaking of fixed condensers of the paper dielectric type. For
tuning condensers and for the small mica dielectric condensers we need a still
smaller unit in many cases, so we use the micro-microfarad. As you would guess,
this means the millionth part of the millionth part of a farad, or, the one millionth
part of a microfarad. Some time ago the prefix “pico” was adopted in Continental
countries as a substitute for micro-micro. This practice has now spread to other
parts of the world including Australia, so that it is customary now to refer to a small
capacity condenser, say 0.0005 microfarad, as 500 picofarads rather than 500
micromicrofarads.
The tuning condenser at the left hand side of Figure 2 would probably have a capacity of about 420 micro-microfarads. The small mica condenser in the centre of
that illustration might have a capacity of about 1000 micro-microfarads. The paper
condenser at the right hand side of Figure 2 probably would have a capacity of one
tenth or one half microfarad. There are still other measures of capacity, but none of
them are used in practical radio work.
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KINDS OF DIELECTRIC:
Three kinds or dielectric have already been mentioned - air, mica and paper. Air is
the dielectric used in tuning condensers. It is also the dielectric for the aerial,
which you will remember is a large condenser.
There is only one thing used as a dielectric with which a condenser will have less
capacity than with air between the plates. That thing is a vacuum or the absence of
air . All other materials used as a dielectric increase the condenser's capacity.

The very interesting experiment illustrated in Figure 9 might be performed with
various dielectric materials. We will assume that the condenser plates shown at the
left are found to have a capacity of 2 micro-micro-farads when the dielectric
between the plates is air. Were you to use mica for the dielectric, filling the space
between the plates with this mineral substance, and were you to then measure the
capacity you would find it somewhere around 10 micro-micro-farads. That word
micro-microfarad is a long one, so we abbreviate it to “mmfd”, or even “mmf”. The
abbreviation for picofarad is “pf”.
Then to continue the experiment, supposing you removed the mica and substituted
a piece of window glass. Measuring the capacity again, you would find it to be
about 15 mmfds. You might even make a test with liquids by immersing the
condenser plates. Should you Use the kind of oil used for large power transformers
you would find the capacity of your condenser to be about 5 mmfds.
You find that various kinds of dielectric materials multiply the capacity of the
condenser by certain amounts as compared with its capacity when air is the
dielectric. The number by which the capacity is multiplied is called the “dielectric
constant” of the material. For example, you found that the capacity of the
condenser in Figure 9 was increased from 2 mmfds, with air to 10 mmfds. with
mica for the dielectric. Theretoroe the dielectric constant of the mica is 5, because 2
is multiplied by 5 to get 10.
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Similarly, the dielectric constant of the glass is 7½ because the original capacity, 2,
is multiplied by 7½ to give 15, the capacity with glass as dielectric.
This property of dielectrics by which they increase the capacity of a condenser
allows us to make very small condensers with quite large capacities. The dielectric
constant of paper used in fixed condensers is about 2½. This paper can be had in
very thin sheets , one-half thousandth of an inch being a commonly used thickness.
Consequently, the condenser plates can come very close together - and you know
that bringing the plates near each other increases the capacity. So we have plenty
of capacity in small space due to the small separation between plates ant to the
multiplying action of the paper. The same effects are secured with mica, but since
the dielectric constant of the mica is even greater than that of paper, the capacity of
the mica condenser is still higher. However, mica cannot be made as thin as paper,
so it would require a large condenser to get a capacity of say, one microfarad, in a
mica condenser.
HOW ALTERNALTING CURRENT EFFECT PASSES THROUGH A CONDENSER:
All through these lessons you have been told that the effects of alternating current
will pass right through a condenser. Since the dielectric is an insulator and since
you know that electricity cannot continue to flow through an insulator, or for that
matter can hardly flow through an insulator at all, you must wonder how alternating current performs this apparently impossible thing.

To begin with, look at the diagrams in Figures 10, 11 and 12. Here we have a
condenser connected to an alternating current generator. In Figure 10 the
generator polarity is such that the upper brush is positive. As a consequence,
electrons will be attracted away from the upper condenser plate towards the positive
terminal of the generator. At the same time, electrons are moving from the lower
brush, which is negative, on to the lower plate of the condenser. In other words,
the generator is charging the condenser in such a manner that the top plate of the
condenser is positive and the bottom plate negative.
As the generator continues to run, the potential difference between its terminals
drops to zero as shown in Figure 11. That's the way alternating current acts,
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first rising to its highest voltage in one direction, then falling to zero, and
immediately afterward rising again to its highest voltage but in the opposite
direction.
As the potential difference increases in the other direction, the conditions will be as
in Figure 12. Now the generator polarity has been reversed. The upper brush is
negative while the lower brush is positive. The movement of electrons will,
therefore, be in an opposite direction to that shown by Figure 10. Electrons will
flow from the lower plate of the condenser to the positive terminal of the generator
and from the negative terminal of the generator to the upper plate of the condenser.
Once again the condenser will be charged but with an opposite polarity to that
indicated by Figure 10.
No current actually flows right on through the dielectric of the condenser. First the
top plate receives a charge, then the bottom plate receives a charge. The current
alternates back and forth in the wires, first flowing one way as the condenser is
charged one way, then reversing and flowing the other way as the condenser’s
charge is reversed. So alternating current flows in this circuit containing a
condenser just as it would flow in a circuit composed entirely of conductors. Of
course, not as much current can flow with the condenser in the circuit as though it
were replaced with solid wires, but a certain amount of current actually alternates
back and forth. The amount of current that can flow in this circuit containing the
condenser depends on the size or capacity of the condenser.
Now you can see how alternating current acts through a condenser. The condenser
plates simply charge and discharge, first in one direction, then in the other and the
current alternates back and forth in the wires included in the circuit.
HOW THE DIELECTRIC WORKS:
The action of a condenser can be made still clearer to you by going back to our old
friend the water, and using another analogy or comparison of actions in water and
electricity.
In Figure 13 you
will see a water
pump connected
to a tank which is
divided into two
parts
by
a
diaphragm
or
partition across it.
The pump, the
pipes, and the
tank are filled
with water. The
diaphragm
is
made
of
thin,
flexible rubber.
The two parts of the tank correspond to
the two plates of a condenser. The
diaphragm corresponds to the dielectric.
The two pipes correspond to two wires.
The water corresponds to the electricity.
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to revert to the older conventional idea of electrical current flowing from a point of
high or positive potential to a point of low or negative potential. Now let us see
what happens when the pump is set into operation.
As the Pump's piston is pushed upward, in the direction of the arrow along the
piston rod, water will be forced over through the upper pipe into the upper part of
the tank. The diaphragm stretches downward just as it is shown in the broken
lines. The top tank becomes charged with more water and the water in that tank is
under increased pressure. The diaphragm is placed under strain by this action.
In a condenser the top plate would be charged with an excess of electricity, the
electricity would be under increased electrical pressure, or voltage, and the
dielectric of the condenser would be placed under an electrical strain.
On the reverse motion of the pump plunger or piston the action in the tanks would
be reversed. Water would flow out of the top tank and into the lower tank. The
diaphragm would then be stretched in the other direction and the water in the
lower tank would be under increased pressure. Similar things happen in the
condenser. The lower plate accumulates an excess of electricity, and the dielectric
is again placed under a strain.

L.6 –11

Supposing with the diaphragm in the strained position of Figure 13 you were to
release the pump piston - what would happen? The diaphragm would force water
out of the tank and would draw water into the lower part of the tank. The tension
or strain of the rubber in the diaphragm would do that. As the diaphragm came to
the straight across position (shown in full lines) it would no longer be under strain,
no more pressure would be exerted on the water in the top tank and there would be
no further flow or water in the piping. Exactly similar actions take place in a
condenser. With the condenser charged, one of its plates is at higher electrical
pressure than the other plate. The dielectric is placed under electrical strain. If the
two plates are connected together through a wire as in Figure 14, an electric meter
in the wire or circuit would show a current to be flowing for an instant following the
connection. As the voltage difference between the plates dropped to zero, or as the
condenser became discharged, the flow of current would stop.
To make sure that you clearly understand the manner in which alternating current
will act in a circuit containing condensers, let uso take two condensers and three
lamps or meters and connect them to an alternating voltage generator or power
mains as shown in Figure 15. This is called a “series” circuit, because any
alternating current acting in the circuit will have to act through each of the parts in
turn before getting tack to the second terminal of the generator. The lamps by
lighting, or the meters by the movement of their needles, will tell us when current is
passing.
When the upper brush of the generator is becoming positive, current will flow
across through lamp No.1 and into the top plate of the upper condenser. When
examining Figure 13, you saw that water, pumped into the upper part of the tank
would strain the diaphragm downwards so that an exactly equal amount of water is
pushed out of the lower section of the tank to go on around the pipes.
Exactly the same thing happens with the upper condenser in Figure 15. The
current flowing into the top plate produces a strain in the dielectric and this causes
an exactly equal current of electricity to go on, out of the bottom plate, through
lamp No. 2, and into The top plate of the lower condenser. Here the same action
again occurs. The dielectric in the lower condenser is strained and forces an equal
current to go on, through lamp No.3 back to the negative terminal of the generator.
When the generator's voltage reverses, as shown in Figure 16, the current will
simply act in the opposite direction, as shown by the arrows. As the generator
produces alternating voltage, the current will act in the direction shown by Figure
15, for a tiny fraction of a second and will then reverse and flow in the direction
shown in Figure l6, for a similar period and will then repeat over and over again,
flowing firstly one way and then the other with each cycle of alternating voltage.
As the current is just as strong in any one part of the circuit as at any other part,
the three lamps would light just as brightly as one another or three meters, if used,
would all give the same reading as one another. Naturally, because of the
opposition of three lamps and two condensers, a rather high voltage will be
necessary to make enough current flow to light the lamps. The larger the capacity
of the condensers, the greater the amount of current which can act through them
and the lower will be the voltage needed to make any lamps light. The flow of
current in Figures 15 and 16 can, of course, be readily modified to conform to the
modern conception of electron movement from negative to positive. You will find it
good practice to do this. It will help you to develop flexibility of thought.
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AERIAL CONDENSER:
In some simple receivers there is included between the aerial terminal and the
aerial coil a small condenser, often having a switch to cut it out of the circuit if
desired, as in Figure 17. Placing a condenser between the aerial and the receiver
has a very peculiar effect. As far as all electrical circuits are concerned, such a
condenser shortens the aerial. You learned that a short aerial brings in less
energy, makes the reception clearer and makes the receiver more selective, better
able to pick out one station without interference from others. The aerial condenser
does exactly the same thing. It allows less power to come to the set, but makes for
clearer reception and greater selectivity.
The less the capacity of the aerial condenser, or the smaller this condenser, the
greater will be its, effect in shortening the aerial system and the more selective the
receiver will be. The larger this condenser or the greater its capacity, the less effect
it will have.
The purpose of the switch around the condenser is to prevent the condenser from
having any effect at all on the reception while the switch is closed. At the left hand
side of Figure, 17 the aerial condenser is shown with the switch open. Then the
radio currents have to pass through the condenser on their way into the receiver.
At the right hand side of Figure 17 the switch is shown closed. Now it is so much
easier for the radio currents to flow through the metal of the switch that practically
none of them flow through the condenser, and it is just as though you had a
continuous metal path or a wire between the aerial and the coil in the receiver. We
say that the condenser is “shorted out” by the switch because the switch provides a
path that is easier to follow, or “shorted”, from the electrical standpoint.
Now let us see just what this aerial condenser really amounts to. The left hand
drawing in Figure 18 shows the aerial, the aerial condenser “C”, the first coil in the
receiver, and the ground. The centre drawing illustrates the fact that the aerial and
ground are really the plates of a big condenser. The right hand drawing shows
aerial-ground condenser marked “A-G” and the aerial condenser “C” both in the one
electrical circuit or line. So here we really have two condensers connected in
“series”.
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SERIES CIRCUITS:
A series connection is a connection or circuit in which all current passing through
any one part in the connection or circuit must also pass through every other part in
the circuit. At the right hand side of Figure 18 you can see that every bit of current
passing through one of the condensers must also pass through the other one and
through the coil as well. Therefore, this is a series circuit.
The total capacity or the combined capacity effect of two condensers connected in
series is to make the capacity of the combination less than the capacity of either
one or the condensers taken alone. Remember this fact; it is very important in
radio work. Remember that you can reduce the capacity of a circuit by placing
more condensers in series with the other condensers already there.
PARALLEL CIRCUITS:
Connecting the aerial
effect of lessening the
connection by means
This other connection

condenser in series with the aerial, as in Figure 18, has the
capacity of the whole aerial system. There is another kind of
of which we can increase the capacity of the aerial system.
is called a parallel connection or parallel circuit.

At the left hand side of Figure 19 is shown an aerial condenser “C” connected in
parallel. The centre drawing shows how the aerial and ground “plates” would
appear with the aerial condenser. Over at the right the aerial and ground are
shown as a small condenser “A-G” and the aerial condenser “C” connected in
parallel with it.
A parallel circuit is a connection of parts made in such a way That current will
divide between them, part of the whole current of the circuit flowing through each
of the parts connected in parallel. Supposing the circuit at the right hand side of
Figure 19 was an oscillatory circuit, like the ones explained in the earlier lessons.
Current starting out from the coil would flow through both condensers, following
the paths shown by the arrows. Part of the current will flow through condenser “C”
and the rest will flow through condenser “A-G”. Also, if these condensers were
charged, the currents which they would give forth upon discharge would combine
or join together and then flow through the coil. Remember that with parallel
connections, the current will divide or will combine, part going to or coming from
each of the parts in the parallel circuit.
EFFECT OF AERIAL CONDENSER IN PARALLEL:
The effect of the aerial condenser connected in parallel, as in Figure 19, is quite
different from the effect of the same condenser connected in series. Connection of
the condenser in parallel acts to lengthen the aerial system (electrically).
This effective lengthening of the aerial does not make any material change in the
amount of power brought in, or in the clearness of reception or in the selectivity of
the receiver. What the parallel condenser does actually do is to change the tuning
of the aerial circuit. The circuit with this condenser in it will be resonant or will
tune at a different frequency than were this condenser omitted.
Parallel aerial condensers are not used on ordinary present-day receivers used for
ordinary broadcast reception.
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You have learned that when condensers are connected in series, the combined
capacity is less than either of the condensers alone; also that when connected in
parallel the combined capacity of two or more condensers is greater than either
alone. But just how much is the capacity increased or decreased.
CONDENSERS IN PARALLEL:
You know that the capacity of a condenser increases as you increase the area of the
plates - twice as much plate area gives twice as much capacity. When you connect
two or more condensers in parallel as at the left in Figure 20, you are really adding
the areas of all the top plates together, and also adding all the bottom plates
together. This gives a plate area equal to all the separate areas added together, as
shown at the right in Figure 20. Therefore, the combined capacity will also be
equal to all the separate capacities added together, as also shown in Figure 20. So
now you have a simple rule to remember - “To find the combined capacity of a
number of condensers in parallel, add all the separate capacities together”.
CONDENSERS IN SERIES:
The thicker the dielectric of a condenser, other things remaining the same, the less
will be the capacity - twice the thickness or twice the distance between the plates
will give half the capacity. Supposing you had two condensers, both the same size
and both having one-eighth inch spacing between plates, connected to the top plate
of the bottom condenser, and these two plates are then the same thing electrically.
The bottom of the top dielectric is in electrical contact with the top of the bottom
dielectric, and the result is that there is really one-quarter inch or twice the thickness of dielectric between the two connections “A” and “B”, as shown at the right
of Figure 21.
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The dielectric being twice as thick, any voltage on one plate will have less effect on
the other plate and the capacity will only be half as much; that is, if the two
condensers were 1 mfd. each, the combined capacity would be ½ mfd. Then to find
the combined capacity of two or more equal condensers or capacities in series,
divide the capacity of one condenser by the number connected in series. Thus, if
four 8 mfd. condensers were connected in series, the combined capacity would be 8
divided by 4, or 2 mfds.
For unequal condensers in series, the exact amount of combined capacity is not so
easy to calculate. We will deal with this in a later lesson, but for the present
remember that when condensers are connected in parallel, the combined capacity
is greater than the greatest single capacity; but when connected in series, the
combined capacity is always less than the smallest single capacity of the
combination.
ELECTROLYTIC CONDENSERS:
Previously it was stated that mica was used as a dielectric only in condensers of
very small capacity and that when we want a larger capacity than can conveniently
be obtained with mica dielectric we use paper. Now there is also a limit to the
maximum capacity available within reasonable physical dimensions when using
paper as a dielectric.
A paper dielectric condenser having a capacity greater than about 1 microfarad
tends towards bulkiness and also becomes very costly. When we consider that a
modern receiver operated from A.C. or D.C. power mains may use condensers of up
to 32 mfd. capacity while the vibrator power supply unit employed with many
radios operating in country districts may incorporate filter condensers having
capacities up to 500 micro-farads, the provision of condensers having the required
capacity seems to present a first class problem. However, our difficulties are easily
overcome by the electrolytic condenser.
Whereas the condensers with which we have so far dealt consist of two metal plates
separated by a dielectric The electrolytic type has one plate of metal called the
anode, while the other plate is a liquid or semi-liquid called the electrolyte.
dielectric is a thin oxide film formed on the surface of the anode.
In one form of construction, the anode, which is a rod or cylinder, sometimes
pleated, of chemically pure aluminium, is placed centrally in an aluminium can,
while the space between the anode and can is filled with the liquid electrolyte. The
anode is insulated from the can be means of a rubber bushing. The protruding end
of the anode serves as one terminal of The condenser while the oTher connection is
made to the metal can.
The principal reason why we are able to obtain large capacity within a
comparatively small physical space with this type of condenser is the extreme
thinness of the dielectric. You will remember that one of the factors governing the
capacity of a condenser is the distance between the plates, and that the smaller the
spacing between plates, the greater will be the capacity.
Because the oxide film which is formed on the surface of the anode during
manufacture is so very thin there is very little space between the plates or the
condenser and so we have increased capacity without undue increase in the
physical size of the condenser.
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All electrolytic condensers do not use a free liquid as the second plate. Some of
them have the electrolyte suspended in an absorbent material such as linen or
blotting paper. Although this latter type is sometimes called a dry electrolytic, the
term “dry” is in this case, purely comparative. The liquid electrolyte is there, even
though it is not free to move about.
Another very great advantage which the electrolytic condenser has over those using
a mica or paper dielectric is its ability to withstand slight overload without suffering
permanent damage. All condensers when they are made are rated to withstand a
certain maximum voltage between the plates. You may have noticed condensers
bearing the figures “400 volts working” after the capacity. This indicates that the
maximum voltage which can be continuously applied to the plates is 400 volts. If
this voltage is exceeded for any length of time the dielectric will break down and the
condenser plates will be short circuited.
In the case of mica or paper dielectric condensers a breakdown of this nature is
permanent and the condenser is of no further use. However, if a condenser of the
electrolytic type is overloaded, provided that the overload is not too great, no
permanent damage will result. If the cause of the overload is removed and the
condenser is allowed to operate at a voltage below the normal working figure for a
short period, the punctured dielectric will heal and the condenser will be as good as
ever.
Unlike ordinary condensers, employing mica or waxed paper as the dielectric,
electrolytic condensers must only be connected in a circuit in which direct voltage is
present and the connections must be such that the anode is connected to the
positive side of the circuit whilst the electrolyte is connected to the negative side,
consequently in testing electrolytic condensers, care must be taken to see that the
testing voltage is applied correctly, if misleading indications are to be avoided.
Assuming that a battery is being used for testing an electrolytic condenser, the
positive terminal of the battery should be connected to the anode of the condenser
while the negative terminal of the battery should be connected to the electrolyte. In
the case of the “wet” type of condenser the anode connection protrudes through the
centre of the end of the can, while connection to the electrolyte is made via the can
itself. With electrolytic condensers of the semi-dry type two leads are usually
provided for connection to the plates. It is normal to have a red lead connecting to
the anode while a lead of some other colour, usually black, connects with the
electrolyte. Alternatively, one end of the container may be coloured red to indicate
the positive connection, whilst the other end is uncoloured or coloured black.
A final point may be mentioned in regard to the wet electrolytic condenser and that
is the necessity for always mounting in an upright position. When in operation, a
certain amount of gas is generated in the condenser which normally escapes
through a rubber covered vent in the top of the can. If the condenser is mounted in
such a position that this vent is covered by the electrolyte, the pressure of gas set
up within the can will force some of the liquid from it and the useful life of the
condenser will be greatly reduced. Because of the fact that the electrolyte in the
semi-dry type of condenser is not a true liquid such precaution is not necessary
when using these. Care must always be taken with both types of condenser to
ensure that they are not subjected to excessive heat. If they are mounted in close
proximity to components which normally radiate a great deal of heat, such as
rectifying valves, power transformers and so on, the life of the condenser will again
be greatly reduced due to excessive evaporation of the electrolyte .
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The appearance of both wet and “dry” type electrolytic condensers is shown in
Figure 22.

CHECKING UP ON YOUR PROGRESS
Let Us see what you have accomplished in this lesson.
You learned that
condensers of one kind or another are used all over the set and also in the power
unit. Those condensers include those with air as the dielectric, others with mica
dielectric and still others using paper. Then you found that the capacity of a
condenser is affected by three things:
(1) the size of the plates,
(2) the distance between the plates, and
(3) the dielectric constant of the material between the plates.
You also learned that the amount of electricity or amount of charge taken by a
condenser depends on the condenser’s capacity and on the voltage applied. The
farad is the unit in which capacity is measured, but for radio work we make our
measurements in microfarads (mfds.) and in micro-microfarads (mmfds).
One of the most interesting things you have learned from this lesson is that
certain kinds of dielectric increase or multiply the condenser's capacity several
times over. You found out how it is that alternating current flows in a circuit even
when a condenser is in the circuit. Also, during your investigations of aerial
condensers you learned about series and parallel connections of condensers.
Finally, you have been given some preliminary details of electrolytic condensers.
You have certainly covered a lot of ground - plenty for one lesson. Before you
answer the examination questions, you should go right back to the beginning and
read these pages over once more. You will be astonished at how much easier it
will be for you to understand the action of condensers during that second
reading.
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EXAMINATION QUESTIONS – No. 6.
(1)

Does electric current flow right through the dielectric or a condenser, from
one plate to the other ?

(2)

To increase the capacity of a condenser would you use larger or smaller
plates ?

(3)

Will bringing condenser plates closer together make the capacity greater or
smaller ?

(4)

Does the voltage applied to a condenser affect its capacity ? Explain.

(5)

In what two units do we measure the capacity of radio condensers ? Show
their relationship.

(6)

If a certain condenser with air as its dielectric has a capacity of 30 micro
microfarads, what will be its capacity with a dielectric of mica having a
dielectric constant of 6 ?

(7)

Is mica used as the dielectric in radio condensers of large or of small
capacity ? Why?

(8)

Which will allow more alternating current to flow, a condenser of small
capacity or one of large capacity ?

(9)

To make an aerial electrically shorter, would you use a condenser in series
or in parallel with it ? Why ?

(10)

If you wanted to get a capacity of 2 microfarads by using a number of 8 mfd.
condensers, show how you would connect them.
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LESSON NO.7
RADIO CIRCUIT TROUBLES AND HOW TO CORRECT THEM.
In this lesson we are on the trail of trouble . We are going to find out what goes
wrong in electric circuits. A circuit is the path through which the electricity flows
in getting to and passing through all the different parts we use. Radio circuits are
made up of coils, condensers, resistances and the wires or other metal parts which
connect THEM together.
All radio circuits are what we call “closed circuits”, or at least they are closed
circuits as long as they are working correctly. A closed circuit is a pathway through
which it is possible for either direct current or alternating current to flow from the
source of voltage around through any parts contained in the circuit, and then back
again to the voltage source. If the pathway is not complete all the way around we
have an open circuit, and, unless it is opened, on purpose, an open circuit means
trouble.
A closed circuit for direct current is illustrated in Figure 1. Here we have a battery
furnishing current for the filament of a radio tube and a switch in one of the lines
between the battery and the tube. Electrons will flow from one terminal of the
battery over to the tube, through the tube's filament, to the switch, through the
switch, and then back to the other terminal of the battery.
The current then passes through the battery itself,
and once more comes out of the left-hand terminal.
This circuit of Figure may be opened by opening or
turning off the switch; it might also be opened by one
of the wires becoming disconnected, or breaking, by
one of' the terminals breaking, by a wire breaking or
by the tube's filament burning out. Should this
circuit be opened at any point, not a bit of current
would flow in any part or it, The conductors would be
full of electricity, but it could not get across the break
or open place, and consequently could not move or
flow.
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Never forget that it takes but one open place in a circuit to put the whole circuit out
of business, and that an open between the tube pin and the negative battery
terminal will be just as effective in stopping any current from flowing as an open at
any other point.
In the full lines of Figure 2 you have a closed circuit for alternating current. Of
course any circuit which will carry direct current will also carry alternating current,
but here in Figure 2 we have a circuit containing a condenser which would stop the
flow of direct current. However, as you know, a condenser allows alternating
current to flow in its circuit.
This particular circuit carries audio frequency
currents between the radio tube, the loud-speaker and power unit.

Suppose the audio frequency current at some one instant is flowing out from the
bottom terminal on the power unit. It passes into and through the speaker, acts
through the condenser, and then goes to the “plate” in the tube. The current then
passes across the space between the tube's plate and its filament, enters the filament and goes back into the power unit. This is a closed circuit for alternating
current because alternating current can act through every portion of it. It is, at the
same time, an open circuit for direct current because direct current cannot get
through the dielectric of the condenser. As the direct current for the plate of the
tube cannot pass through the dielectric of the condenser, we must provide another
path so that the D.C. can flow from the power unit to the plate to enable the tube to
operate correctly. The path for D.C. is provided by connecting an iron cored coil
called a “choke” between the + terminal of the power unit and the plate of the valve
as shown in broken lines in Figure 2. The D.C. will then flow in the plate circuit,
which comprises the power unit, cathode-plate path within the valve and the choke,
while the alternating signals act through the condenser and speaker.
ELECTROMOTIVE FORCE.
The thing that causes current to flow is called electromotive force. Voltage is
electromotive force, and this force is measured by the unit called the volt.
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You recall that in the very first lesson you were told that voltages mean electric
pressure and nothing else. The abbreviation for electromotive force is “e.m.f.”
electromotive force is produced by batteries, which change chemical energy into
electrical energy or e.m.f. This force is also produced by generators which change
mechanical energy or motion into e.m.f. There is a third method in which heat
energy is changed to electrical energy. This method was used in motor vehicle radio
receiver some years ago. The unit employed was called a “genemotor”.
ELECTRIC CURRENT.
When electromotive force or voltage is applied to a circuit, the electrons in the
circuit will move, and these moving electrons are, in effect, an electric current. Now
this fact is of great importance. A flow of electric current is brought about by a
movement of electrons from one point to another in an electrical circuit. The one is,
in fact, equivalent to the other. Many people find this difficult to grasp, primarily
because of the unfortunate assumption, a long time ago, that an electric current
flowed from a point of positive potential to a point of negative potential, an
assumption accepted as fact because, at that time, little was known about
electricity beyond the appreciation that it did certain things in a certain way. This
assumption, or convention, had become so firmly entrenched by the time Professor
Thomson published his, now proven, Electron Theory of matter, that the two ideas
tended to exist for quite a long time with individual identities They have, in fact,
persisted to the present day, which is probably why so many students, while
adopting a movement of electrons from negative to positive, cannot rid their minds
of the belief that the resulting flow of electric current is a related but entirely
separate phenomena which acts in an opposite direction - from positive to negative.
So long as you remember that the older conception of current flow is merely a
convention and cannot be separated from electron movement, there is no particular
reason why you should completely avoid thinking in terms of conventional current
flow. This conception is not incomptib1e with theories explaining the operation of
radio and electrical equipment, but in this lesson we will concentrate on electron
flow from negative to positive in order to get you used to the idea.
In the first lesson you learned that current flow is measured in a unit called the
“ampere” and that the number of “amperes” indicates nothing except the flow or the
rate at which electricity moves through a circuit. Remember, amperes do not
measure the pressure nor do they measure the total quantity of electricity; they
measure only the amount of electricity going past a given point in a given length of
time.
In terms of electron movement, 6.28 times 1018 electrons passing a given point in a
circuit in a period of 1 second represents current flowing at a rate of 1 ampere per
second.
POLARITY.
Electrical polarity tells us whether one part of a component or a complete circuit is
positive or, negative in relation to another part of such component or circuit. While
it has become customary to relate polarity to pressure and infer that a point which
is of positive polarity is at a pressure higher than that of the earth, and that a point
which is of negative polarity is at a pressure lower than that of the earth, we must
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be careful not to take the inference too far. It is true only if neither side of the
component or circuit we are considering is connected to earth or ground. When
such condition applies we regard the earth as being “neutral”, or without polarity.
There are two kinds of polarity, positive and negative. Positive polarity is indicated
by the plus sign (+) and negative polarity is indicated by the minus sign (-).
Terminals which are positive are often coloured red and those which are negative
are often coloured black or green.
Take the batteries in Figure 3, all of which are used in radio. The storage battery is
often used for furnishing filament current to the tubes. It has two terminals, one
positive and the other negative. The dry cell is also used for filament supply in
small sets using very small tubes. The dry cell terminals are not always marked,
but the centre terminal is always positive and the outside terminal is always
negative. To furnish current for the plate circuits of the tubes we often us what is
called a “B-battery”, made up of a number of small dry cells inside a case. Such a
battery may have only two terminals, one positive and the other negative, but it
often will have one negative terminal and several positive terminals, the different
positive terminals being of different voltage, some higher than the others.
The polarity of direct current remains
constant.
If, for instance, a potential
difference of 6 volts exists across a D.C.
circuit, side “a” of the circuit has positive
polarity while side “b” has negative
polarity, this particular polarity will exist
for as long as voltage is applied to the
circuit. Even though we may reduce the
voltage to 3 volts or increase it to 9 volts,
there will be no change in polarity, part
“a” of the circuit will till be positive and
part “b” will still be negative.
With alternating current we cannot have
polarity in the same sense that it
exists in direct current circuits. This does not mean that alternating current has
no polarity but only that its polarity is periodically changing. At one instant of time
one side of a circuit may be positive while the other side will be negative, while at a
later instant of time polarity will be reversed. The point in the circuit which was
previously positive will now be negative and the point which was previously negative
will now be positive. These reversals of polarity take place at a regular rate which
depends upon the frequency. The electric mains which supply A.C. power to your
homes usually have a frequency of 50 cycles per second. This means that their
polarity goes through a complete reversal 50 times each second.
POTENTIAL AND VOLTAGE
In this electrical work we have three words or names all meaning very much the
same thing.
These three are: Electromotive force, voltage and potential. each,
however, has a slightly different meaning from either of the others.
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Electromotive force means the pressure or voltage difference existing between the
two terminals of a source, such as between the terminals of a battery or the
terminals of a generator. E.M.F. is measured in volts,
Voltage, strictly speaking, means the difference in pressure between any point and
the earth, assuming that the earth is neutral or is at zero pressure.
Potential means the difference in pressure between two points in an electric circuit.
Potential differences are measured in Volts. Interchangeable with potential difference, is the term voltage drop.
In figure 4 we have a circuit consisting of a
battery as the source of e.m.f, a lamp, a resistance and the wires connecting them
together. Now, of course, it is going to take a certain amount of pressure to send
the current through the lamp. Consequently, there will be less pressure remaining
at “b” than there is originally at “a”. There is a difference of potential, or voltage
drop between “a” and “b”, this difference being the amount of voltage it requires to
send current through the lamp. The voltage drop from one side to the other of the
lamp is the potential difference between the two sides. Likewise, it will take some
more pressure to get the current through the resistance, there will be a drop or loss
of voltage between “e” and “d”, and this is the potential difference between these
two points. The arrows in Figure 4 do not represent the direction in which
electrons are moving around the circuit, but rather do they indicate the direction in
which voltage drops in the circuit are acting. Point “a” is more positive than point
“b” or point “c”, but point “c” is more positive than point “d”. There is no easily
measurable voltage drop between point “b” and “c” because the resistance between
these two points is negligible.
There is no real need for you to be careful in your use of the words e.m.f., voltage
and potential, because very few people are careful in this respect. However, you
should understand the exact meaning of each of the words.
Figure 5 shows another circuit; this time we have one unit furnishing plate
current, another furnishing filament current, also a radio tube and a transformer
in the tube's plate connection. Electrons start out from the negative side of the
plate power unit,
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go through the valve or tube and then through the transformer. There is a very
great drop of voltage in the tube, practically all of though pressure disappearing
right there. The parts of the circuit which are connected to the high side or positive
side of the plate power unit make up what we call the high potential side of the
circuit. From the transformer back to the power and filament supply units there is
a negligible voltage drop
REISTANCE TO FLOW OF CURRENT
All materials oppose or hinder the flow of electric current through them. The
opposition to flow of current is called the resistance. Here we are going to look into
the matter of resistance to flow of both direct and alternating currents. Later on we
will investigate other kinds of opposition to the flow of alternating currents, also the
effects of what we call “high frequency resistance”, which takes into account all the
losses of energy which occur during the flow of alternating current at very high
frequencies. Resistance which we will now consider is sometimes called “ohmic
resistance”. It is measured by a unit called the ohm.
The amount of ohmic resistance in anything depends on four factors: (1) The kind
of material, (2) the temperature of the material (3) the length of the path through
which current flows, and (4) the size around or distance across the path through
which current is flowing.
Resistance depends on the kind of material; iron has more resistance than copper,
and silver has less resistance than copper.
Heat also affects the amount of
resistance, a hot metal having more resistance than the same metal when cooler.
Heat affects carbon just the other way around, carbon having less resistance when
hot than when cold.
At the left-hand side of Figure b are two conductors. A conductor is any material of
any part which carries electricity without much trouble or resistance. All metals

are good conductors and most of the
parts through which we carry direct
current are made of metal. These two
conductors at the left-hand side of Figure
6 are both the same size around, but the
lower one is twice as long as the top one.
Therefore, the resistance of the lower one
is twice as great as the resistance of the
top one because in the lower one the
current has to travel through twice the
di

At the right-hand side of Figure 6 are two more conductor. If you cut straight
across the top one and measured the space on the cut end you would be measuring
the “cross sectional area”. The cross sectional area of the upper conductor is 1
square inch and the cross sectional area of the lower one is 5 square inches.
Therefore, the lower conductor has but one-fifth the resistance of the top one
because in the lower one there is five times as large a path or as free a path
through which current may flow. In these comparisons we assume the conductors
to be of the same material.
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Now remember, the longer a conductor the greater its resistance. Also, the bigger
around, or the greater the cross sectional area of a conductor, the less it resistance.
Long wires have lots of resistance, short ones have little resistance. Big wires have
little resistance and small or thin wires have much more resistance.
All circuits and all parts have ohmic resistance to the flow of either direct current
or alternating current.
Coil and condensers oppose the passage of alternating
currents with their property of resistance, but along with their reactance they
always have ohmic resistance as well.
The condenser of Figure 7 may have only a small amount of reactance or opposition
to flow of alternating current, but it will have exceedingly great ohmic resistance to
the flow of direct current right on through it.
The coils of Figure 8 may have very great reactance to passage of alternating
current through them, but since both of them are wound with quite large wire and
with not a great length of wire, they will have fairly low ohmic resistance to the flow
of direct current through them.
UNITS OF RESISTANGE.
The unit by which we measure resistance is called the “ohm”, as stated above. An
ohm is the amount of resistance in a circuit which allows a flow of one ampere of
current through it when there is a
pressure of One volt. This relation
between the ohm, the ampere and the
volt is indicated in the circuit of
Figure 9.
The symbol for ohmic resistance is the
letter “R”.
Sometimes we use the
capital letter “R” and then again we
use the small letter “r”. The symbol
for electrical pressure in volts is the
capital “E” or the small letter "e”,
standing for e.m.f The symbol for
electric current in amperes is either
the capital letter “I” or the small letter
“i”, standing for “intensity”.
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One thousand feet of number 12 gauge copper wire has a resistance of almost one
ohm. There is one ohm resistance (approximately) in l27-1/5th feet of ordinary
electric bell wire of number 20 gauge size. The standard ohm, or the “international
ohm”, is the resistance offered to the flow of unvarying current by a column of
mercury 106-3/l0th centimetres (41 85/100 inches) high and weighing 14.4521
grams (0.0318 pounds) at a temperature of zero centigrade (the temperature of
melting ice). Do not try to remember this definition of an ohm; it is given to you
just so you can read a really technical definition.
In radio work we sometimes use parts with so much resistance that we measure it
in “megohms”. One megohm is equal to one million ohms. Then again we make
measurements of resistance so small that we use the “microhm”. One “microhm” is
the one millionth part of an ohm.
There is one more word to be explained to you now. It is “conductance”. If a part
has very high resistance it has very low or very little conductance. On the other
hand, the conductance is high in a part which has but little resistance.
Conductance is measured in a unit called the “mho”, which as you see, is o-h-m
spelled backwards. You will seldom use the words conductance and mho, but the
sub-multiple “micromho”, one millionth of a mho, is used very frequently when
referring to the mutual conductance of a valve. The precise meaning of the term
“mutual conductance” will be explained in later lessons.
METERS FOR RADIO W0RK.
You will realise by giving the matter a little thought that practically any trouble in
an ordinary electric circuit will make some change in the current, in the voltage, or
in both current and voltage. To detect these changes we make use of two principal
kinds of meter. One is the voltmeter, which measures differences in potential or
voltages. The other is the ammeter which measures the rate at which current is
passing through a circuit, that the umber of amperes. In radio perhaps we use a
milliammeter more often than an ammeter. The milliammeter is a meter arranged
so that it measures milliamperes. A milliampere is the one thousandth part of an
ampere. We are often dealing with currents so small that it is most convenient to
measure them in milliamperes.
In using a voltmeter it is always
your intention to measure the
difference of potential or voltage
between two points in a circuit.
Therefore, you simply touch the
leads from the voltmeter to the two
places between which you desire to
measure the voltage, as the lefthand side of Figure 10. Voltmeters
for measuring direct current have
their terminals marked “+” and “-“
or “Pos” and “Neg”, standing for
positive and negative.
It is
important that you touch the
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positive meter lead to the positive side of a circuit and touch the negative lead to the
negative side. Connected in this manner, the voltmeter - pointer will move across
its scale and come to rest at the number corresponding to the number of volts
difference between the two connections. If you connect a voltmeter the other way
around, the pointer will move in the wrong direction, off its scale, and you will not
get any reading. You are no more likely to burn out a meter by connecting it
backward than by connecting it the right way; the worst you can do is to give the
pointer such snap that you bend it slightly.
In using a voltmeter you need not remove any wires or disconnect any wires. You
just leave everything as it is and touch the meter's lead to the two points between
which you are to make the measurement. Remember this about not taking off the
wires.
You use an ammeter in the manner shown at the right-hand side of Figure 10.
With an ammeter you want to measure the rate of' flow of current through a circuit,
therefore you must let all current flow through an ammeter. To do this you have to
open up or break the circuit, which will leave two ends. Then you connect the
ammeter in between these two ends so that the circuit is again closed, but is closed
through the ammeter.
Ammeters and milliammeters for direct current are also marked positive and
negative on their terminals. You should connect the positive terminal to the positive
end of the circuit, sometimes called the high potential side of the circuit, a legacy
from the days when it was believed that electric current actually flowed, like water,
from a point of high pressure to a point of low pressure. The negative terminal of
the meter is, of course, connected to the other side of the circuit which has been
broken to admit the meter. In this way electrons will flow through the meter from
its negative terminal to its positive terminal
USING THE VOLTMETER
The very first thing you must do in getting ready to use a voltmeter is to make sure
the meter will stand the amount of voltage you intend measuring. That is, make
sure that the voltage difference between the points at which you are going to
connect the meter is no higher than the highest voltage shown on the meter's scale.
If the voltage is much higher than the meter is designed to measure, you are quite
sure to wreck the meter.
The most generally useful meters, either ammeters, milliammeters or voltmeters,
have several different “ranges”. That is, they are made with several positive
terminals and one negative terminal, also with several scales on the one dial, as in
Figure 11. Here is a meter with which the pointer may be made to move all the way
across the dial with 10 volts, or with 25 volts or with 250 volts, or with 1000 volts
The terminal marked “Neg” is connected to one point and one of the other terminals
connected to the other point. If you are measuring between points where you are
sure the voltage is not more than 10 volts, you can make connection to the 10
terminal. The pointer in the position shown would then be indicting 5-volts. Were
you to use the -volt terminal the pointer would be reading 12.5 volts. Were you
using the 250-volt scale the meter would be reading 125 volts with the pointer as
shown. You just count along from one marked position on the scale toward the
next one, reading the scale which corresponds to the terminal you are using.
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You will notice that although
there is a terimna1 marked
1000 volts there is no actual
1000-volt range marked on
the face of the meter. When
you use multi-range meters
you may find that there are
more provided than are
actually marked on the meter
face. Although there is no
actual scale marked up to
1000 on the meter in Figure
11, there is a 10-volt range
provided. What we have to
do is read the voltage on the
l0 volt range and multiply the
reading obtained by 100. We
multip1y by 100 because
1,000 is 100 times 10, and
with the needle at any point
along the 10 volt range the
actual voltage will be 100
time the reading indicated by
the needle. For instance, if we
connect to the negative and +
1,000V. terminals, and the
needle points to 7 on the 10volt range, then the actual
voltage would he 100 times 7
or 700 volts. With the needle
in the position shown in
Figure 11, it is reading 5 volts
on the 10-volt scale, but the
actual voltage is 100 times 5
or 500 volts.

Another way we could determine the reading on the 1000 range would be to read
the voltage on the 250-volt range and multip1y by 4 instead of 100. The needle in
Figure 11 is indicating 125 on the 250 volt range and multiplying this by 4 would
give us 500 volts, the same as before.
The way to find out what is safe to do on a circuit when you do not know the
approximate voltage is to start with the highest scale first. This reading will give
you some idea of the actual voltage. Then, if the voltage is small enough you can
drop to one of the lower scales.
In Figure 12 is shown a voltmeter being used in several different positions. In the
position marked “A” you would be measuring the vo1tge drop through the
transformer. In position “B” you would be measuring the voltage from the “plate”
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terminal of the tube to the filament “-“ terminal of the tube; in other words, you will
be measuring the voltage applied to the tube's plate In position “C” you would be
measuring the voltage applied to the tube's filament circuit. Notice how the polarity
of the meter terminals is observed in making these connections.
USING THE AMMETER OR MILLAMMTER.
In Figure 13 the same circuit is shown as used in Figure 12, but here using the
current instead of the voltage. Notice that the wires are disconnected from their
terminals and the meter connected between the terminal and the wire end which

was removed. In position “A” you would be measuring the current in the tube's
plate circuit. This current would be small, consequently you would be using a milliammeter. In position “B” you would be measuring the current flowing to the tube's
filament, and since this current is generally a fairly large fraction of an ampere, you
would be using the ammeter.
Certain type of meters, both voltmeters and ammeters, will measure only direct
current. If they are used on alternating current circuits, their pointers will always
remain at zero.
Other meters are designed especially for use with alternating
current circuits. You generally will find the face of a meter marked as to whether it
should be used for measuring direct current or alternating current, The kind of
alternating current meters generally used in radio service work will also measure
direct current, although the measurement may not be as accurate as with a regular
direct current meter.
With A.C. meters you do not pay any attention to polarity because there is no long
term polarity in A.C. circuits, for reasons explained earlier in this lesson. If you
apply an alternating current meter to a direct current circuit, try it both ways
around. The higher reading, should there be a difference, will usually be more
nearly correct than the other one. On A.C. meters having more than one range
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you will find one terminal marked
with both the plus sign and a
minus sign or with the letter “C”.
The letter “C” is an abbreviation
for “Common”.
This terminal is
treated as the negative terminal
when used on direct current
circuits. Another way of telling an
A.C. meter from a D.C. meter is
that most A.C. meters have the
gradations or divisions of their
scales crowded together at the low
end, near zero, and spread out
near the top of the scale while D.C.
meters have their graduations
evenly paced over the whole scale.
These differences are shown in
Figures 11 and 14.
You
may
have
seen
a
serviceman dig into a case of
trouble with a voltmeter equipped
with a couple of long wires. He
touches the ends of the wire here
and there during a few moments of work, then states quite confidently “the plate
load for the audio frequency amplifier is open circuited”, or perhaps, “the screen
bypass condenser on the intermediate frequency amplifier is short circuited”. Now,
neither the resistor or condenser at fault provides any external indication that it is
actually faulty, so how can the serviceman be so certain that his diagnosis is correct
simply because he measure the potential difference between various points, or in
other words, measures the voltage drop between those points.
To help you understand the principles involved let us take a simple filament circuit
as shown by Figure 15. If the circuit shown is complete, electrons will flow away
from the negative terminal of the battery, through the switch, then through the
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resistor and finally through the valve filament to the positive terminal of the battery.
A resistor, incidentally, is a device which has a known mount of resistance and can
be used for controlling the amount of current flowing in a circuit or to create a
certain voltage drop between two points.
Now test this circuit. Place the voltmeter at “A” and touch the two battery terminals. If the meter shows full battery voltage you know the battery is without fault.
Now you move the voltmeter to “B” and touch the two sides of the switch. The
switch should make a good connection of practically no resistance, so there should
be practically no voltage drop through the switch. If the meter shows no movement
of its pointer, indicating no voltage drop, you conclude that the switch is in good
working order.
Next you move the meter to position “C” and touch the leads to the two filament
terminals of the tube. The meter reads about 1.4 volts. Well, this kind of a tube is
supposed to have 1.4 volts across its filament, so you know there is nothing wrong
here.
Then you change the meter to position “D”, connecting it across the
terminals of the resistor. The meter reads about 0.1 volt. Now let us see: the
battery measured about 1.5 volts, the tube was taking 1.4 of those volts, and here
we have the other 0.1 volt across the resistor. Then the resistor must be alright.
Finally, you might move the voltmeter to poition “E”, touching one of its leads to the
positive terminal of the battery and the other lead to the positive filament terminal
on the tube.
Since a wire of the kind used between these points should have
exceedingly low resistance, your meter will show but the slightest movement of its
pointer, hardly enough to see at all, indicating practically no voltage drop and a
good wire and good connection.
These tests showed the circuit and the parts in it to be in good condition.
Of
course you might have gone on and tested across the ends of the wires between
battery and switch, between switch and resistor, and between resistor and tube.
Now look at Figure 16. Here you have exactly the same circuit as in Figure 15 but now something is the matter - the tube filament won't light up. You would
proceed with the same tests you used before, first testing the battery which would
show correct voltage.
Then you would get no voltage drop across the switch,
showing it too to be alright.
Testing the tube filament would show no voltage.
Then you would test the resistor and here you find that the meter reads full battery
voltage. That shows that the resistor is open circuited, that is, the wire in the
resistor has broken, that no current is flowing through it, that you are getting the
full voltage drop of the battery at this one place.
Just think for a minute. With the meter placed as in Figure 16, one side connects
through the tube filament and the long top wire to the positive side of the battery.
The other side connects through one wire, the switch, and another wire to the
battery's negative terminal. With the resistor open, probably burned out, there is
nothing between the voltmeter leads in the position occupied by the resistor - at
least there is no electria1 connection. Across the ends of such an open point you
will always find the full voltage of the source. That shows an open circuit.

L 7 – 13.

This is a good way of locating open circuits or defective parts. You simply get the
wrong voltage drop across them. But there is one serious fault with this method it
falls down when there is more than one open circuit, or more than one open point
in one circuit. In Figure 16, supposing the resistor had actually been burned out,
making an open point. But supposing too that the switch had been out of order,
broken in such a way that it also made an open point. With no current flowing in
the circuit because of the open resistor, you would get no voltage drop across the
switch because you cannot get a drop of voltage without current flowing. Then you
would have concluded that the switch was in order, yet it was not.
OTHER METHODS OF LOCATING OPEN CIRCUITS.
Now there is Shown in Figure 17 a test method that will locate any number of open
points one after another provided you fix them as you come to them. You might
say, “If this way is better, why how the other one ?” There are several reasons; first
you should understand all test methods; second, it is sometimes very much
quicker to use the other method than the one which will be described now
In Figure 17 we have the same circuit we had in Figures 15 and 16. You take the
voltmeter and attach its negative lead to the negative terminal of the battery at “1”.
You are going to leave that lead in that place all through this test. The first stop is
to touch the other voltmeter lead to the positive terminal of the battery.
You
should find normal full battery voltage 3 indicating that the battery is fresh.
Now you flow the circuit away from the positive terminal of the battery, reaching
first the terminal on the tube socket at “2”. Here you touch the positive lead from
the meter. If the wire and the connections are good the meter will show full battery
Voltage. If you get no reading it shows that there is an open circuit in the wire
between the positive terminal of the battery and the filament terminal of the tube.
Next, at “3”, you touch the other filament terminal of the tube socket with the meter
lead. If you get no reading the tube’s filament is burned out or If you obtain a
reading, continue with the tests.
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Now you follow the circuit and come to the resistor. Touching, at “4”, the end
nearest the tube (which you just left), you may get no voltage reading or a full
battery voltage. No voltage reading shows an open circuit in the wire between the
tube and the resistor. Full battery voltage shows an open circuit between battery
negative and “4”. Then you go on, touching the other side of the resistor at “5”. No
reading here but full voltage reading at “4” shows a burned out or broken resistor.
If, at this point, you still get full voltage reading, it shows that there is an open
circuit in the wire between the negative terminal of the battery and the resistor.
In this test, just what have you been doing? You have been bridging across one
after another in the whole circuit. You will see this more plainly in Figure l, where
there is shown only the battery, the meter and several points along a circuit. Of
course, this really amounts to the same thing as the circuit of Figure 17.
In Figure 18 you can see the open circuit between “B” and “C”. Supposing the
positive meter lead is touched to “A”. Electrons can flow from the negative battery
terminal through the meter to “A”, and back through the long wire to the positive
terminal of the battery. The meter will, as a consequence, read full battery voltage.
Now touch the meter lead to “B” in Figure 18. Because current is prevented from
flowing back to the battery by the break between “B” and “A”, there will be no loss of
voltage caused by any resistance between “A” and “B” and consequently the meter
reading at “B” will also be full battery voltage,
Next you touch the mete lead to “C” but because of the break between “C” and “B”,
electrons cannot make their way from the negative terminal of the battery through
the circuit back to the positive terminal of the battery, and so the meter will give no
reading. You see, as soon as you have passed the open point in the circuit, you
have no reading on the meter.
The rule is this: Working away from the battery, when you get no reading, an open
circuit exists between the point then being touched end the last one at which a
reading was obtained.
Of course, a test at point “D” would also show no reading.
SHORT CIRCUIT AND GROUNDS.
A short circuit is an accidental connection from one side of a circuit to the other
side somewhere between the source of voltage and the part operated by the circuit.
A short circuit is shown in Figure 19.
Current normally should flow from the
battery, through the resistor and valve filament, and back to the battery. But
between the battery and the tube the two wires are touching each other. Electrons
will follow the path shown by the arrows, leaving the battery, passing from one wire
to the other, through the short circuit, and going directly back to the battery.
The resistance of the short circuit or the “short” is so low that little current will go
on and pass through the resistor and the tube's filament. The battery will be
rapidly discharged, but the tube will not light.
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It is harder to locate a short circuit than to locate an open circuit because to find
the short you really have to get rid of it, separate the shorted parts, before you can
find it. That sounds almost impossible, but it is not.
A “ground” is one variety of short circuit. The short circuit shown in Figure 19 is
between the wires. In Figure 20 is shown a ground. The ground occurs between a
wire and some metal part through which current may flow. In many radio devices
the metal framework or the metal brackets are used to carry current for one side of
the circuit usually for the negative side of a direct current circuit. Then the metal is
spoken of as a “ground”, and it forms the grounded side of the circuit.

In Figure 20.the negative terminal of the battery is connected to the metal base. The
wire between the positive side of the battery and the tube is touching the metal or is
“grounded” where marked. Then the battery current flows through the wire to the
metal chassis, then returns through the ground to the battery without ever reaching
the tube.
Here we are speaking of the kinds of grounds which cause trouble. These might be
called accidental grounds. Then there are also intentional grounds such as the
attachment of the negative battery line to the ground connection in Figure 20. Both
kinds of connections are grounds, but one is the kind we want while the other we
do not want.
LOCATING TROUBLE IN ALTERNATING CURRENT PARTS.
In locating a case of trouble there is no difference in general rules whether the
circuits and parts are carrying direct current or alternating current. We have
looked for open circuits in direct current circuits containing a battery as the source
of voltage. Direct current work was selected because the circuits for this current
are generally more complicated than those for alternating current - they may have
switches, rheostats, and other parts which are not used in alternating current tube
circuits.
The chief difference between direct current circuits and alternating current circuits
is that a battery forms the source of voltage for the D.C. parts and a transformer for
the source for the A.C. parts.
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In testing with alternating current you use the A.C. type of voltmeter, whereas for
direct current circuits you use D.C. type of meter. All the tests in Figures 12 to 20
might be applied equally well to alternating current circuits. In place of the battery
there would be a transformer; that would be the only difference. Of course, in the
A.C. work you pay no attention to polarity, for reasons explained earlier in this
lesson.
LOCATING SHORT CIRGUITS OR GROUNDS
We are going to do the work on shorts and grounds by illustrating with alternating
current circuits. The filament or heater circuit for an A.C. tube is illustrated in
Figure 21. The power line or light circuit is connected to one side of a transformer.
A transformer is simply a device for changing one alternating current voltage to
another alternating current voltage. Here we are stepping down the power line
voltage to a lower voltage suitable for the tube. Some alternating current tubes
have filaments exactly like those used for D.C. tubes. Others have what we call a
“heater” which is placed inside a part corresponding to the filament in other tubes.
Wires are connected between the heater terminals or the filament terminals of the
A.C. tube and the transformer. Wires carrying alternating current in a receiver or in
any radio parts are generally twisted together because this helps to reduce the
tendency of the device to hum.

Now we will locate the short in the A.C. circuit of Figure 22. The first thing to do is
disconnect one of the wires at the transformer, connect it to one of the terminals of
an A.C. voltmeter and connect the other meter terminal to the point on the
transformer from which you removed the wire. Since there is a short somewhere in
the circuit, current will flow through it. The current passing through the short
circuit will now have to pass through the voltmeter and the meter's pointer will
show a voltage reading.
This connection of the voltmeter prevents further damage from resulting because it
reduces the flow of current to a very small amount. A voltmeter has a very high
resistance and only a little current will flow through it even with full voltage applied
to its terminals. A voltmeter takes just enough current to move its pointer.

L 7 – 17.

Of course, you roast remove any tubes or dial lamps which might be connected to
the wiring, otherwise the current passing through the tubes or lamps will move the
pointer and you will not know when you have found the short circuit.

Having connected the voltmeter, you commence opening up various points in the circuit. First
you would take a wire off the junction post marked “A”. If the meter's pointer drops

back to zero you have not yet located the short. If the meter still continues to read
voltage the short circuit is between the point at which you have disconnected the
wire and the transformer. Then you can go on and remove a wire at “B”. If the
pointer drops to zero you will have to go on still farther, but if the voltage reading
remains you know the short is between the point from which you have now
disconnected the wire and the last point where you opened the circuit. You could
go on still further and take one of the wires off the tube socket, indications would
be the same as before.

Now, let us see just what you have been doing. In Figure 23 you can see how the
circuit in Figure 22 would look if you straightened it out. Supposing there is a
short where the wires are joined by the broken line arrow. If you disconnect a wire
at “A” you have opened the circuit containing the transformer and the meter;
consequently no current will flow and the meter’s pointer will drop to zero. You go
on and take off a wire at “B”. Now you have not opened the circuit because current
will still flow from the transformer, through the motor and through the shorted
place in the wires. The meter's pointer will continue to read voltage.
Notice that as soon as you have passed the short, working away from the
transformer or battery as the case may be, then the voltmeter will continue to read
voltage. Until you reach the short, each opened connection will stop the current and
make the meter read zero. So the rule is: The short exists between the first place
at which the meter continues to read voltage and the last place at which the meter
dropped back to zero,
Having once located a short circuit or an open circuit as existing in a certain part or
in a certain section of the wiring, you just make a careful examination of that
particular portion to find the exact point of the defect.
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INDICATIONS OF SHORTS AND OPENS.
Either a short circuit or an open circuit will put out of action all parts in a circuit
when they are in the line shorted or opened. For example, a tube will go out with
either kind of trouble because with either kind the tube is prevented from getting
enough current to operate it.
With a ground or a short circuit the wires will get hot and generally will smell hot.
The transformer or battery will be badly overloaded.
The battery will rapidly
become discharged and the transformer will get very hot, will burn out a fuse or
may burn out its own windings. When a short occurs, open the circuit near the
battery or transformer just as quickly as you can get it open.
An open circuit is, usually, not so harmful as a short. It stops operation of the part
or parts in the line, but that is about all although in some cases it may cause a
harmful rise in voltage, a circumstance which will be discussed in a later lesson.
WHAT TO DO WHEN BATTERY IS DISCHARGED OR TRANSFORMER BURNT OUT.
In all the tests shown so far you have been using the battery or the transformer
already in the circuit as your source of testing voltage. But supposing a bad short
or ground has completely discharged the battery or has put the transformer out of
business, what then?
The easiest way and one of the surest ways to get reliable indications from your
teats is to put another battery in place of the discharged one or in place of the
burned-out transformer. All you need is two dry cells connected together in series
as in Figure 24. In as much as the only current they have to furnish is enough to
operate your voltmeter, these two cells will last a long time. They will give three
volts pressure, and this is plenty for all these circuit tests Do not forget to put the
testing, voltmeter in circuit before you connect up the battery.
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A CIRCUIT TESTER.

The two dry cells connected to a voltmeter will make one of the handiest circuit
testers you ever saw. The hook-up is made as in Figure 25. Connect the negative
terminal of a voltmeter to the outside terminal of one cell, connect the centre
terminal of this cell to the outside one of the other cell, attach a long test lead to the
centre terminal of the second cell and connect another test lead to the tester's
positive terminal. Instead of using the two large cells shown, you can use a 4½ volt
torch battery or radio “C” battery as these are easier to carry about.
Connecting the two teat leads to any two parts will show whether there is a
conducting path between them. For example, in Figure 26 the leads are connected
to the two filament pins of a radio tube. If the filament is good the meter will read
about three or 4 ½ volt, the voltage of the two cells or battery. If the filament is
bunt out the meter will show zero voltage, indicating an open circuit. The three or
4 ½ volts pressure will not hurt any radio parts, because with the voltmeter in the
circuit you can never get more than a few thousandths or an ampere or a few
milliamperes through it.
The circuit tester or “continuity tester” as it is called, will test for a continuous
conductor anywhere you touch the two leads, but until you are better acquainted
with all radio circuits, you had better use a tester of this kind only for testing parts
that are disconnected from all other parts and wires or which are removed from a
radio set. The reason for this advice is that several wires are hooked to most things
so that they are included in many circuits. With the tester you would not know
which of the circuits you are testing.
MULTIMETERS.
Meters are extremely useful instruments
for adjusting receivers and locating
faults, and are really a necessity to
anyone undertaking service work.
Rather
than
purchase
separate
voltmeters and milliammeters it is
considerably less expensive to purchase
or make a “multi-meter” which can be
used to measure both voltage and
current. In addition, most multimeters
contain a built-in battery so that they
can be need as continuity testers and
also to measure resistance in ohms.
You will realise that a combined meter
like thin is far more convenient than a
number of separate meters.
One type of multimeter is shown in
Figure 27. This meter is provided with
four separate ranges for measuring
voltage. These ranges are 10 volts 50
volts, 250 volts and 1,000 volts.
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The terminals which are used when the meter is to be connected as a voltmeter are
at the right-hand side of the panel. The ranges are 10, 50, 250 and 1,000 volts.
The terminals for D.C. current measurement are at the left-hand side or the panel
and range from 1 milliamperes to 250 milliamperes. The three terminals at the
bottom of the panel are employed when the meter is used for continuity testing or
for measuring resistance.
The centre and left-hand terminals are used for
measurement of resistance up to 100,000 ohms. The left-hand terminal is also the
negative terminal for all voltage and current ranges. The centre and right-hand
terminals are used for measurement of resistance up to l00,000 ohms. The knob in
the lower right-hand corner of the panel is used for adjusting the needle to the zero
position on the resistance ranges when the test prods are directly connected
together. Before using the meter to measure resistance, the terminals or test prods
should be directly connected together. The zero adjustment knob is then turned
until the needle rests on the end of the ohm’s scale marked “0”.
If an unknown
resistance or circuit is then connected to the terminals the needle will indicate its
resistance.
An enlarged view of the meter scale is shown in Figure 28. The ohms range is the
one printed around the top of the scale, while the volt and milliamp ranges re
marked below the scale.
Two most important points you
should renumber when using
voltmeters or milliammeters are
these:
First, always select a
meter with a range you know to
be higher than the voltage or
current you intend measuring.
Second, voltmeters are connected
to any two points in a circuit
between which you wish to
determine the difference in
potential.
Ammeters
or
milliammeters must always be
connected in the circuit in which
you wish to measure the current
flowing.
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EXAMINATION QUESTIONS – No. 7.
(1)

will current flow in any of the parts of an open circuit? Why?

(2)

Does the dielectric in a condenser always make an open circuit seeing that it is
an insulator? Explain your answer

(3)

Mention the three common names of electrical pressure,

(4)

Which has the greater resistance, a thick wire or a thin one, both being of the
same length and of the same material? Why?

(5)

Write down the letters which stand (1) for voltage, (2) for current, and (3) for
resistance.

(6)

Can you measure D.C. voltages with an A.C. voltmeter?

(7)

To measure the voltage drop in a resistor, to what two points would you
connect a voltmeter?

(8)

If you find a battery completely discharged, would you look for an open circuit
or for a short circuit? Why?

(9)

With the positive terminal of the voltmeter in Figure 17 connected first to point
2 and 3, what reading do you get at each of those points, assuming the tube's
filament short-circuited?

(10) In using the continuity tester described in this lesson, does the meter remain
at zero with a closed circuit or with an open circuit between the test leads?
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LESSON NO. 8

HOW TO READ THE LANGUAGE OF RADIO ENGINEERING IN WIRING DIAGRAMS.
You have looked at radio
receivers, have looked inside
them and know just haw the
parts appear. You also have
looked at wiring diagrams and
you know that a wiring diagram
is certainly no photograph of a
receiver. Yet to an engineer or to
a first class radio man the wiring
diagram is really a picture of the
set and it shows things far more
clearly than they can be shown
by any photograph.
We are going to find out how to
look at one of these diagrams
and make it answer a11 kinds of
questions in which you are
interested. while performing
service operations. First of
all, let's see just what kind of parts go into the make-up of a modern receiver and its
power supply. We have the aerial and ground system, We have many different kinds of
coils. There are condensers of various types and there are numerous resistors. Then
come the wires and the switches. Into all this we put different kinds of tubes. Finally
we add the loud-speaker. With some sets we also find a few other parts: batteries,
meters, gramophone pick-ups and so on.
Each different type of all these receivers and power unit parts can be represented in
a diagram by its “symbol”. The symbol is a simple sign of some kind which stands
for the thing you wish to represent. A symbol shows more than a picture of the
outside of a radio part because the symbol lets you see
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just how the electrical circuits get through the part. With a picture of the outside you
can fallow the wiring up to the terminals, but there you have to stop. With a symbol you
can follow right into the device , whatever it may be, and out the other side.
AERIAL SYSTEMS
Although a substantial measure of standardisation has been achieved with most circuit
symbols, there are still a few where several alternative symbols exist. However, there is
enough resemblance between the several symbols to allow of easy recognition. When one
encounters a non-standard symbol for a particular component. Figure 1(a) shows a
commonly used aerial symbol, while at (b) an alternative is shown. Figure 1(c) represents
a high frequency dipole used with FM receivers and same T.V. sets.
Associated with most aerial systems there is a corresponding ground which forms a
return path far radio frequency signals. Figure 2 shows the combined aerial earth
system with the earth symbol at the lower part of the diagram. To the left of the
combination symbol appears an alternative ground symbol which is frequently found in
circuits of Continental - European origin.
The symbols for a loop aerial or coil aerial as shown by Figure 3 are easy to recognize
because they show the wires just as they are arranged on a loop.
The lightning arrester symbol is shown in Figure 4, Over at the right hand side we have
represented an aerial and ground with a lightning arrester between them and with wires
running over to the receiver.
COILS AND TRANSFORMERS WITH AIR CORES
A plain air-core coil is indicated by the symbols in Figure 5. this is the kind of coil
used in filters operating at radio frequencies and, sometimes, as the inductance in a
radio frequency tuned circuit. This does not mean that the air core coil is found only in
radio frequency circuits. On the contrary, this type of coil is frequently used in audio
frequency dividing networks associated with multiple loud-speaker installations
employed with high quality sound reproducing equipment.
If an air-core coil is arranged so that a connection may be changed to use more or less of
the turns in the coil we call it an adjustable inductance or coil and use the symbols of
Figure 6 w i t h t h e s m a l l arrowhead indicating the adjustable connection.
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When an air-core coil is built in such a manner that its inductance is continually
variable or changeable while the coil is working in the set we call it a variable inductance
and the symbols for this arrangement are those of Figure 7. This long arrow drawn
right through a symbol always means that the part may have its value changed while
the receiver or other radio device is in operation.
Symbols for air-core transformers or “couplers”
are shown in Figure 8, All of these diagrams
stand for two coils wound an one former or else
on two separate formers which are in line with
each other or close to each other so that there
is coupling between the two coils.
With
coupled coils the relative positions of the
symbols
representing individual windings does not necessarily indicate their true physical
position in relation to each other. For instance, the individual coils representing the
two windings of the transformers in Figure 8 may be wound side by side on their
common former or one winding may be wound over the top of the other, insulated wire
being used, of course, to prevent short circuit between the two windings. A11 of the
symbols in Figure 8 indicate that the coupling between the coils is fixed and not
adjustable or variable.
Variable coupling between air-core coils is now extremely rare, although it was Commonly used in receivers manufactured 20 or more years ago,
For the sake of
completeness we have included a symbol for this type of coil. Another reason for its inclusion is that, strangely enough, current American practice is to use the symbol shown
by Figure 9 for modern coils with variable inductance tuning by means of a movable
magnetic core. The operation and application of this type of coil is, of course, discussed
in detail in later lessons.

At one time all transformers for use at radio frequencies were of the air-cored type. This
does not mean that the transformers had nothing but air inside their windings, it means
that no magnetic substance, such as iron or steel, was used inside the coils. Most aircored coils were wound around a circular former made of some insulating material such
as bakelite or specially treated cardboard.
Modern practice is to wind coils directly on to a magnetic core material or where facility
for varying inductance is required on to a former having good insulating properties into
which may be screwed “slugs” of magnetic material. The magnetic core materials used in
such applications consist of special amalgamation or “mixes”, using various kinds of
plastic or ceramic materials as a base. One well-known material pioneered by the Philips
organisation is known as “Ferroxcube”. The presence of such a core is shown by the
symbols illustrated in Figure 10. The one at the left
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is frequently used to indicate a radio frequency transformer having a non-adjustable
magnetic core. The core is indicated by broken parallel lines to distinguish it from
the laminated core used in audio frequency coils. The diagram on the right of
Figure 10 indicates that the amount of magnetic material within the core may be
varied. This variation is achieved usually by tapping the inside of the coil former
and screwing into it a threaded slug of the appropriate magnetic material. By
screwing the slug into or out of the coil interior, the inductance of the coil may be
changed. Sometimes the symbol for the movable iron core is shown at each end of
the transformer to indicate that the inductance of both coils nay be changed by
screwing a slug into each end of the former.
Intermediate frequency transformers used in superheterodyne receivers of preWorld War 2 manufacture were mostly of the air-core variety with both windings
tuned by small adjustable condensers. As intermediate frequency transformers
operated only one frequency, usually 455 k.c. in modern receivers, it is only
necessary to vary the capacity of their tuning condensers between very small limits.
Once adjusted they are not touched again unless realignment becomes necessary.
The symbol at the extreme left-hand side of Figure 11 shows one of the older air-core
intermediate frequency transformers with variable capacity tuning.
Those
transformers are generally mounted in metal cans to shield them from interfering
fields. The metal can when used is represented by a broken line around the symbol
for the device which it shields as shown by the diagram.

Intermediate
transformers,

frequency
like radio

frequency- transformers,
are now provided with
facilities for varying in
their inductance over a
small range. With this
type
the
tuning
condenser
across each winding has fixed capacity. The symbol for this particular type of
transformer is shown at the centre of Figure 11. The fact that both windings are
tuned by permeable slugs is indicated by the three short parallel lines traversed by
an arrow, at the top of each coil symbol. Sometimes the adjustable iron core symbol
is shown at the top and bottom of the coil, sometimes as shown at the right of
Figure 11.
Sometimes for special purposes we use coils or windings with “taps” brought out at
several points. For instance, you may find a 50-turn coil with a tap at the 10th turn
from one end and another at the 25th turn. Then we use symbols like those in
Figure 12. Of course, in a symbol you don't attempt, to draw as many turns as are
used in the coil itself otherwise you would have a hard tine showing an audio trans
former with 20,000 turns. However, sometimes the relative size of the coils
symbolising a transformer indicates whether one winding has more or less turns
than the other.
This is shown by the symbol at the right of Figure 12. In this
case the tapped winding has more turns than the non-tapped winding on its
immediate left. This is also apparent with the transformer symbols shown at the
centre and right of Figure 15. With the centre symbol the three windings at the right
each have a lesser number of turns than the winding on the left of the iron core
symbol. On the other hand, the
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transformer symbol at the right of Figure 15 would indicate a similar number of turns on
each of the two larger windings while the small winding showing a single loop at the
bottom of the diagram would have a smaller number of turns than either of the other
two.

In most transformers we have two separate windings but there is one kind of
transformer with one continuous winding which is called an “auto-transformer”. Its
symbol is shown in Figure 13.
Once in a while you will find aerial couplers or radio
frequency couplers using auto-transformers.
IRON CORE COILS AND TRANSFORMEFS.
An iron core, consisting of a number of sheets of iron or steel, is indicated by several
straight, parallel lines. To show a simple coil winding with an iron core we use the
symbols of Figure 14. Those symbols indicate such things as audio frequency coupling
chokes and power unit filter chokes. You can see that they are exactly like the air-core
coils with the iron-core lines added.
The iron core used in coils for handling audio frequencies, or for use in the power unit,
are not like the iron cores used in R,F, and I,F. transformers. These iron cores consist of
sheets of iron or steel called “laminations”. The laminations may be about one fiftieth of
an inch in thickness and sufficient are used to make up a thickness of between half
an inch and four inches , depending upon the application of a particular unit.

A transformer with two windings and an iron core is shown by the left hand symbol in
Figure 15. This is generally the sign for an audio frequency transformer, but it also may
indicate any other simple transformer such as one for furnishing filament or heater
current to tubes. The other two symbols in Figure 15 indicate transformers with one
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primary and two or more secondary windings as you will find them in power supply
transformers. The right hand symbol in Figure 15 shows a power transformer with a
tapped winding and two secondary windings, each secondary having a centre tap.
Many power transformers have as many as five or six secondary windings all delivering
different combinations of current and voltage to suit the tubes attached to them.
An iron core auto-transformer is indicated by the symbol in Figure 16.
CONDENSER SYMBOLS.
A fixed condenser of any kind, any condenser which is not variable in its capacity is
indicated by the symbols of Figure 17. The one at the left is the standard symbol far all
non-polarised condensers. This takes in all types having a dielectric of either treated

paper, mica, oil, or ceramic. The centre symbol in Figure. 17 is most commonly used to
indicate an electrolytic condenser. This is a polarised type and must be connected into a
circuit the right way round to avoid damage to itself and associated equipment. With
this symbol the heavily shaded rectangle represents the negative plate of the condenser
while the unshaded rectangle represents the positive plate. In some circuits the symbol
for an electrolytic condenser is similar to the one shown at the left of Figure 17 but with
positive and negative polarity markings to show which way the condenser is connected
into the circuit.
In present day radio and television receivers and audio frequency amplifiers,
considerable use is made of multiple condensers. Those are units containing several
capacitors in a single container. Although multiple condensers are principally of the
electrolytic type, this method of manufacture is also applied to condensers of the nonpolarised type. A symbol at the right of Figure 17 shows a multiple electrolytic
condenser containing three separate units, A common negative connection is used as
shown by the long shaded rectangle, while the individual capacities are shown as
separate unshaded rectangle, representing the positive plates.
Through the years the symbol for a variable condenser has undergone a number of
changes, but finally standardisation has come in the form as shown by the symbols of
Figure 18. Variable condensers are principally of two types, those used for continuously
variable tuning over a particular band, the medium wave broadcast band for instance,
and those whose capacity can be adjusted only through a narrow range. Those latter
types are commonly called trimming condensers and they are used principally to “trim”
a tuned circuit by bringing its total distributed capacity to a desired figure. The
symbol for a “wide band” tuning condenser is shown second from the right in Figure
18.
The fixed plates are represented by the heavily shaded rectangle while the
moving plates are represented by the curved line with arrowhead.
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In the average radio receiver there are at least two condensers of this type, both of
which are operated from a single tuning control. The technical term for this type of
condenser is a “tuning gang” or a “ganged” condenser. To indicate that the condensers
are “ganged” and therefore operated by the one tuning control, the moving plates are
connected by a broken line as shown at the right of Figure 18. “Ganged” condensers
are not necessarily close together in a complete circuit, on the contrary, they are
usually placed at some distance from each other an the printed circuit diagram but as
long as the moving plates are joined by the dotted or broken lines, there is no doubt
that the two sets of moving plates are joined mechanically and will both move together.
The two symbols at the left of Figure 18 represent the previously mentioned “trimmer”
condensers of the semi-adjustable type. The condensers are termed semi-adjustable
because, unlike the main tuning condenser, they are adjusted, not by a knob on the
front panel of the receiver, but by a screw driver-like instrument called an alignment
tool. The symbol at the left is the one most commonly used, although the one shown
second from the left is often soon, particularly in circuits of English origin.
RESISTOR SYMBOLS.
The symbol for a plain fixed resistor of any kind is shown at the left in Figure 19. The
centre symbol of Figure 19 represents a resistor with m sliding contact arm, such as
may be used in series with any line to control voltage and current flow. Another way of
showing a variable resistor is with the symbol at the right hand side of Figure 19.

Quite often in radio work we use a voltage dividing device called a “potentiometer”. The
symbol for which is shown in Figure 20. There is a steady flow of current and a
consequent drop of voltage between paints “A” and “B”. The current and voltage to be
used in another circuit are taken off between point “C” and the sliding contact “D”. By
moving “D'' it is possible to apply any desired voltage to the circuit connected between
“C” and “D”. A potentiometer is commonly used in radio receivers as a volume control,
The component controls the signal voltage delivered by the receiver's detector to the
audio frequency amplifying stages and so varies the loudness of the sound hoard from
the loud speaker.
CONNECTING PARTS TOGETHER.
Of course, you know that wires forming electric circuits are shown by straight and
curved lines. When two or more wires are joined we indicate the fact with a dot at the
junction of the wires as shown at the left of Figure 21. If two or more lines cross without
any dot at the point of apparent physical junction, this indicates that there is no
electrical connection between these particular wires. This is shown at the right hand
side of Figure 21, Some circuit draughtsmen, to avoid any possibility of error, use the
“loop-over” effect shown in Figure 22 to
L.8 - 7.

show that there is no electrical connection between two wires which have crossed over on the
circuit diagram. This scheme is sometimes used even when the dotted junction for joined wires is
employed but sometimes where “loop-over” is used to indicate no-connection, the junction of wires
even without any dot at the junction is accepted as satisfactory indication that electrical connection
exists. In reading circuit diagrams, therefore, one should be alert to this possibility. A safe rule to
observe is that, if no dotted junctions appear at any point in the circuit but the “loop-over” method
is used to indicate no-connection, one may be certain that all crossing of wires other than where a
“loop-over” exists, indicates electrical connection.
SWITCHES.
Switches which May be opened And closed are shown by the symbols in Figure 23. On
the extreme left are two types of single pole single throw switches. These types are used
primarily as on-off switches. They simply make or break a circuit as required. In the
centre is a double pole single throw switch symbol. This is also a simple on-off type of
switch but it may be used to break both sides of one particular circuit or one side of two
entirely different circuits. This type is sometimes used in battery-operated receivers
where one pole is used to make or break the valve filament circuit while the other pole is
used to make or break the high tension battery positive lead. At the right hand side of
Figure 23 are two examples of double throw switch symbols. The top one is a double-pole
double-throw type while the bottom symbol represents a single pole double throw type.

Many switches used in modern equipment are of the rotary or so-called wafer type.
Those switches come in a variety of multiple contact arrangements, and are too
numerous to illustrate individually. The example we have chosen is a two pole 5
contact type. This is commonly known as a two by five type. As you can see from the
diagram at the left hand side of Figure 24. this particular component will allow two
circuits to be switched to five different positions. Switch symbols are comparatively
simple and once you arc familiar with the basic types as illustrated here, multiple
types become more or less self explanatory.
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A “jack” is a device far making rapid connection between circuits and, perhaps, at the
same time bringing about other circuit changes by causing the insertion of a plug into
the jack to make or break a number of separate circuits. You may have seen a
telephone switchboard operator using these components. A jack plug is shown at the
centre of Figure 24 while the jack with which it is used is shown at the right hand side of
Figure 24. The jack shown is a double contact type and insertion of the plug will connect
a circuit terminating in the plug to a circuit connected to the jack, at the same time the
plug will push upwards the top contact on the jack and disconnect it from the centre
contact. Like switches, jacks come in a variety of types but, if you are familiar with a
basic type as illustrated by Figure 24. you should have no difficulty in analysing the more
complex types. Jacks are very rarely seen on radio receivers, although they are not
infrequently found on amplifiers either of the public address type or for high quality
reproduction of recorded music.
VALVE SYMBOLS.
We are fortunate that the position with valve symbols is comparatively simple. A few
years ago the situation was bordering on the chaotic because of the lack of agreement
among technical draughtsmen regarding the manner in which even a simple valve such
as a triode should be symbolised, in fact some of them must have spent many a
sleepless night trying to figure out additional and even more confusing ways of drawing
the symbol for this one particular type, - not forgetting the dozens of other typos of
valves to which they could devote their attention.
Today the position is quite
straightforward. So straightforward, in fact, that once you are familiar with the now
standard symbols for the diode and triode valve,
no difficulty will result in figuring out the
function, in a circuit, of the multiple electrode
types such as tetrodes, pentodes, octodes etc.,
whether they exist singly or in combination.
Figure 25(a) shows the now standard method of
symbolising the directly heated or filament type
triode, so far as the disposition of electrodes is
concerned. There is still a little latitude
regarding the shape of the valve envelope. Some
circuit draughtsmen show the envelope as a
true circle as at (a) in Figure. 25, while others
prefer the semi elliptical shape as shown by
Figure 25(b). The filament is generally shown
as an inverted “U”. the grid appears as a broken
line, while the plate is in the form of a heavily
shaded rectangle. In some cases the plate may
appear as a single comparatively thin line, but this is unimportant, Figure. 25(c) shows
a common method of depicting a twin-triode valve, that is, two triode valves in a single
glass envelope.
Figure 26(a) also shows a triode symbol but with a slight difference. This variety is
known as an indirectly heated, or just heater, typo valve. The heater when it
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is shown has generally the same form as the
filament in a directly heated type, that is,
an inverted “U” shape. The symbol at Figure.
26(a) is still a triode in spite of the apparent
addition of a fourth element. The important
thing to remember here is that the heater is
not an element in the same sense Filament
that cathode, grid and plate are elements.
The sole function of the heater is to bring the
cathode to the temperature required for
adequate emission of electrons. It is not
directly associated in any way with the
valve’s “signal” circuit although sometimes
due to faults within the valve it may
contribute unwanted signals in the form of
Filament “hum” and other forms of noise.
Because of the “inert” nature of the heater, it
is not customary, in drawing a circuit
diagram, to include the complete heater
circuit as is necessary when the circuit
employs directly heated filament type valves.
Some circuits, in fact, do not show the heater
at a11, its presence is implied by the use of a cathode.
At (b) in Figure 26 another symbol for a twin triode valve is shown. As you can see as
well as being of the heater type it is also drawn in a somewhat different manner. This
particular symbol is used when each section of the valve is functioning in different
parts of a circuit. The valve is shown as two separate units by simply splitting the
envelope in half and placing each section in its appropriate portion. If, in a particular
circuit diagram, a valve so treated was labeled “V5”, one part would be shown as V5A
and the other as V5B.
As we stated earlier in this lesson, the
ability to recognise a simple triode
symbol gives one the key to recognition
of the more complex typos of valve
because they are, after all, merely
extensions of the basic triode. for
instance, look at Figure 27(a). This
symbol represents a “screen-grid” tetrode, a type of valve introduced
during the mid 1920s, which remained
in popular use as a radio frequency
amplifier for several years. The symbol
is equivalent to that of a triode with an
additional grid located between the
plate and the first grid. This type is no
longer used
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In present day receivers, but one is still likely to encounter older equipment in
which they are employed. There is, however, a type of tetrode which is widely
used in modern radio and television receivers called a “beam” power tetrode, or
simply beam tetrode. The symbol for this latter type is frequently the same as that
used for the older “screen-grid” tetrode, but occasionally it is shown as in Figure
27(b), with two short diagonal lines near the plate to represent, the “beam”
forming plates. Although in practice the “beam” plates are normally connected to
the cathode, usually internally, where they appear as a symbol they are generally
left “floating”.

There is yet another alternative for illustrating a “beam” tetrode (Figure 27(c)). This is
exactly the same as the symbol for a pentode valve but some circuit designers prefer to use
it because, in spite of its four elements, the “beam” tetrode behaves very like the five
element pentode. This state of affairs would appear to open up a fine field for complete and
utter confusion, but in reality it does not. Because first of a11 “screen-grid” tetrodes and
“beam” tetrodes belong to different decades. There is little likelihood of both types
appearing in the same circuit diagram, Secondly, the location of the valve symbol in a
circuit diagram gives more than just a clue to the function of the valve which it represents,
and thirdly, when either type is used in the power output stage of a receiver or amplifier, the
manner of connecting it into the circuit is the same, so that it really does not matter whether
one thinks of the valve as a tetrode or a pentode. That is all we need say about these two
types at present. In later lessons you will learn much more about valves, Their Function and
Application, and how apparently similar types may differ one from the other.
MULTI-ELEMENT VALVES.
The symbol for a pentode valve differs from that of a screen grid valve in that it
has an additional grid in between the screen and the plate. In a pentode the
screen is sometimes called an accelerator grid or it may also be called a, space
charge grid, an auxiliary grid, or simply a screen. The additional element is
called the, suppressor grid. A pentode may either be of the filament type or the
heater type.
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LESSON NO. 9M1

Everybody is more or less familiar with arithmetic but a little review of this subject
is good for any practical man and unless you are sure you can handle it
thoroughly, you should go over this lesson very carefully.

Arithmetic may be divided into five parts, namely: Addition, Subtraction, Multiplication,
Division and Fractions.
Division may be divided into two classes, Long and Short Division, Fractions may be
divided into common fractions and decimal fractions. Fractions are not a
mathematical process such as addition, subtraction etc.,
but are merely an
application of these processes to fractional parts of a unit, instead of whole units.
A unit is one complete thing. If one has a number, say 4,326, the 6 will occupy the UNITS
place, because it represents the smallest value of the combination. The 6 represents 6 single
units. The second figure from the right occupies the ten's place, and means that all figures in

that place are multiplied by 10. In this case we have 2 x 10 = 20 + 6 = 26. The
third figure from the right represents a still higher value. This number represents a
value 10 times as great as the second figure, or 10 times 10 which is 100. This
means that the figure occupying that place is multiplied by 100. In this case the
figure is 3, which means that 3 is multiplied by 100,which equals 300, The fourth
figure represents thousands, and moans that all numbers in this place are
multiplied by 1000. In this case we have 4, which means that 1000 is multiplied
by 4, Our combination then contains 4one thousands, 3 one hundreds, 2 tens, 6
ones. The total value of this combination is the sum of 4000 300 20 6, which is
4,326 units.
ADDITION.
Addition is probably the simplest of any mathematical calculation. Many errors are
made in addition, but these are due to carelessness, as the process is very simple.
The symbol far addition is plus, written (+). This symbol means that the numbers
which it connects are to be added together. For example, 3 + 2 means that 2 units
are to be added to three units. 3 units plus 2 units equals 5 units.
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Where numbers are to be added they are usually written in vertical columns, and
the result or sum placed under a horizontal line at the bottom. Thus: 3
2
5
Any number of more than 9 units necessitates the use of two or more figures in
expressing it. For example, 22, 46, 89, etc. The process of adding numbers of two
or more figures is a little more complicated than adding units, but is practically the
same.
For example, one may wish to find the sum of 22 + 33. We will first place the
numbers in a vertical column, and draw a horizontal line under them. It will be
noticed that the units figures are directly under each other, and also the ten's
figures, so that units are always added to units, and tens to tens, etc.
We
now
add the figures in the units column and place the result below the horizontal line.
We then do the same with the tens column. This gives us 5 tens, and 5 units, or
55. Thus: 22
33
55
Larger numbers will involve a little more work. For example, we wish to find the
sum of 56 + 98 + 47. First we place our figures in a vertical column as in the
previous example. We then add the right hand or units column, and find the sum
to be 21. We place the 1, or unit figure, under the horizontal line, but the 2 or tens
figure we place to the next column. Adding the second column we find the sum to
be 18. To this we add the 2, which we carried over from the units column, and
place the total number under the horizontal line, making a total sum of 201.
Thus:
56
98
47
201
For any numbers larger than the above, the process is the same.
Examples for practice:
Add the following numbers
(1) 141, 3546, 456, 77 =
(2) 2176, 78,23, 5642, 4357 =
(3) 56714, 3, 2416, 12, 314, 2617, 2312 =
SUBTRACTION,
Subtraction is the direct opposite of addition. Addition is finding the sum of two or
more numbers, while subtraction is finding the difference in value of two numbers.
The result obtained in subtraction is called the remainder.
The remainder is left, or remains after one number has been subtracted, or taken,
away from another. The symbol for subtraction is called minus, and is written (-).
Whenever this symbol appears, it means that one of the numbers which it connects
is to be subtracted from the other. In subtracting one number from another, the
number to be subtracted is placed under the number it is to be subtracted from.
The units number of the number to be subtracted must be placed under the units
number of the number subtracted from. This must also be observed regarding the
figures representing tens, hundreds, thousands, etc.
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The process followed in subtraction is as follows. Suppose we wish to find the
difference between 366 and 142. First we place the 142 under the 366, in such a
manner that like figures occupy places of like value. That is units are placed under
units, tens under tens, etc. Having done this we subtract one value at a time,
commencing from the units side. We first subtract the 2 units from the 6 units
which leaves 4 units, which we place in the units space below the horizontal line.
We then subtract the 4 tens from the 6 tens, leaving 2 tens, which we place below
the horizontal line. We then subtract the 1 hundred from the 3 hundred, leaving 2
hundred, which we place in the hundreds space below the line. This gives us a
remainder of 224. Thus: 366
142
224
In cases where the number subtracted has less figures than the number subtracted
from, the figures in the upper row are brought down to the remainder without being
changed. For example -- we wish to subtract 122from 26486.
Place the 122 under 26486 as previously explained, Subtract the 2 from the 6, on
the right hand side, which leaves 4. Subtract the next 2, from 8 which leaves 6.
After the first three figures are subtracted there is nothing left to subtract, so the 6
and 2 are simply brought down to their proper place in the remainder,
giving a remainder of 26364.
Thus:
26486
122
26364

In cases where the unit to be subtracted is larger than the unit from which it is to be
subtracted, it may be taken from the next figures on the left hand side in the upper row and
added to the figure which will increase its value by ten. For example, suppose we wish to
subtract 88 from 196. Arrange the numbers as before, 8cannot be subtracted from 6 so we take
1 from the 9 in the tens column ' and add it to the 6. This now adds 10 to the 6, making it l6.
Then 8 from 16 leaves 8. The 9, however, has had l taken from it, so it is now only 8.
Then 8- 8= 0, the second figure in the remainder. There is nothing to subtract from
the l, so it is carried down to its place in the remainder, leaving a remainder of 108.
Thus: 196
88
108
Examples for practice:
From 108 take 34 =
Take 7024 from 10000 =
6782 - 5694 =
MULTIPLICATION.
Multiplication is the process of finding the sum of one number taken a given
number of times. Multiplication is in reality a short method of addition. For
example, if we wish to find the sum of 25 times 36, instead of putting 25, thirty-six
times in a column and adding them, we multiply 36 by 25, which gives the same
result and is a shorter method.
The result obtained in multiplication is called the product. The number which is
multiplied is called the multiplicand, the number which we multiply by is called the
multiplier. In the example 20 multiplied by 10 = 200,
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10 is the multiplier, 20 is the mult1plieand, and 200 3s the product. The process of
multiplication is as follows: First place the multiplier under-the multiplicand, and
draw a line under it. Then start multiplying, commencing at the right, and taking
one figure at a time. If the result obtained by multiplying one figure is more than
nine, put down the unit, and add the “tens” figure to the result obtained from the
next figure of the multiplicand. For example, we wish to multiply 143 by 5. First
place the number as explained above. Then multiply the 3 by the 5, which is 15, 15
is more than nine, so we put down the 5, and carry the 1 to the next figure. Next
multiply the 4 by the 5, which is 20. To this we add the 1, which we carried from
the preceding number, which makes 21. We put down the 1 and carry the 2. We
then multiply the 1 by the 5, which is 5. To this we add the 2 which we carried,
making 7, and the total result is 715.
Thus: 143
5
715
In cases where the multiplier contains more than one figure, multiply the multiplicand by each figure in the multiplier. Place the first product under the horizontal
line, Place the second product under the first result, only place it one space to the
left. Do this with each succeeding result. Then draw a line under them, and add
them all together. For example, multiply 426 by 324. First place the problem as
previously stated. Multiply the 426 by the 4, following the method outlined in the
preceding example, This gives a product of 1704. Next multiply by the 2, placing
this product under but one space to the left. Than multiply by the 3, placing this
product under the second product, and one space to the left. Then draw a line
under them and add, which will give you the total product of the two numbers
multiplied, which in this example is 138,024.
Thus: 426
324
1704
852
1278
138024

DIVISION

Examples for practice:
Multiply 7821 by 15 =
Multiply 1456 by 147 =
Multiply 5235 by 505 =

Division is the process of finding how many times one number is contained in
another. For example, if we wish to divide anything into a certain number of equal
parts, by division we can determine the exact size of each part. The result
obtained in division is called the quotient. The number divided is called the
dividend, and the number by which the dividend is divided is called the divisor.
Division is the opposite of multiplication, just the same as subtraction is the
opposite to addition. To divide one number by another, place the divisor on the
left hand side of the dividend and draw a dividing line between them. Then start
dividing at the left, dividing one figure at s time. If the first figure is smaller than
the divisor, take the first two figures.
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If there is a remainder after dividing one figure, carry the remainder on to the next.
For example: Divide 12424 by 4. first place the number as explained above, then
start dividing commencing at the left. 4 will not be contained in 1, so we consider
the first two figures, or 12. Then 4 in 12, three times. Place the 3 above the line
and proceed to the next figure which is 4. 4 is contained in 4 once, so place the 1
above the line. 4 will not be contained in 2, so we place an 0 above the line and.
carry the 2 to the next figure, thus making it 24. Then 4 is contained in 24 six
times, which completes the problem, and gives a result or quotient of 3106.
3106
Thus:
4)12424
This process is called short division and is used when the divisor contains only
one figure. In cases where the divisor contains more than one figure, a process
called long division is used,
Examples for practice:
Divide 6354 by 2
=
Divide 900072 by 4 =
Divide 1134657 by 9 =
LONG DIVISION.
In long division, divide as in short division, with the exception that in long
division instead of proceeding to the next figure we multiply the divisor by the
quotient, place the result under the dividend, subtract it from the dividend, and
divide the remainder by the divisor to obtain the next figure of the quotient, For
example, we wish to find how many times 46 will be contained in 1058. First
place the divisor, which is 46, a little to the left of the dividend, which is 1058,
then draw a dividing line between then, and over the dividend. Then divide 46
into the first three figures of the dividend, which is 105. 46 will be contained in
105 two times. So we place a 2 above the line, Then we multiply the divisor by
the quotient (2) and place the result below the 105, 2 x 46 = 92 so we place 92
below 105, and subtract, which gives us a remainder of 13. We next bring down
the 8, so we now have a dividend of 138. We then divide the dividend of 138 by
the divisor 46. 46 is contained in 138 three times, so we place a 3 above the line
in the quotient. Then multiply the divisor 46 by 3, which we just placed in the
quotient, and place the result below the dividend 138. 3 x 46 = 138. Place this
below the dividend 138, and subtract. 138 subtracted from 138 leaves no
remainder, and there are no more figures to bring down from the original
dividend, so the problem is complete, and the quotient is 23, which means that
46 is contained in 1058 exactly 23 times. Thus:
23
46)1058
92
138
138
Examples for practice:
Divide 20,000 by 125 =
Divide 27,365 by 421 =
FRACTIONS.
A fraction is a part of anything which is less than one complete unit. Fractions may
be added, subtracted, multiplied and divided, the same as a whole number can. A
fraction represents the number of parts taken. For example, the fraction 4/5 means
that the whole is divided into five parts, and the fraction represents 4 parts of those
parts.
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The figure representing the number of parts into which the number is divided is
written below a horizontal line. The figure representing the number of parts
represented by the fraction is written above the line. The number above the line is
called the numerator, and the number below the line is called the denominator. To
add two or more fractions, first reduce them all to the same common denominator.
Then add the numerators and, if their sum is greater than the denominator, divide
by the denominator. For example, add 2/3 +4/5 +5/6. First find a common
denominator. 30 is the smallest number which will evenly contain 3, 5 and 6.
Therefore, 30 is the lowest common denominator. Then find 2/3 of 30, 4/5 of 30
and 5/6 of 30. 2/3 of 30 = 20, 4/5 of 30 = 24, and 5/6 of 30 = 25. Then add these
numerators 20, 24 and 25 together which will give a fraction of 69/30. The
numerator is larger than the denominator, so we will divide it by the denominator.
69 ÷ 30 = 2 9/30. Therefore, 2/3+ 4/5 +5/6= 2 9/30.
LEAST COMMON DENOMINATOR.
The example above contains such denominators that their least common
denominator can be seen by inspection to be 30. However, in many eases it will be
necessary to find it as follows. Divide the denominator by a number that will
equally divide two or more of them, then divide the remaining numbers and
quotients by another number that will equally divide two or more of them. Continue
this process as far as possible. The least common denominator then is the product
of all the divisors and the numbers left.
Example:- Find the least common
denominator of 8/35, 7/30, 11/45, and 5/80.
5)35, 30, 45, 80
3)7,
6,
9, 16
2)7,
2,
3, 16
7, 1,
3,
8
Least common denominator = 5 x 3 x 2 x 7 x 1 x 3 x 8 = 5040, which is also the
least common multiple.
Examples for practice:
Add l/2, 2/3, 1/4 =
Add 1/6, 1/8, 3/4 =
Add 1/2, 3/4, 3/8 =
SUBTRACTING FRACTIONS.
To subtract fractions, reduce them to a common denominator and subtract the
numerator. For example, subtract 1/3 from 3/4. First we must find a common
denominator. The lowest number which will contain both 3 and 4 is 12. Therefore,
12 is the common denominator. Reduce the fractions to fractions having 12 as a
denominator. This changes 3/4 to 9/12, and l/3 to 4/12. Reducing fractions in
this way does not change their value, as 3/4 has the same value as 9/12. Having
reduced them to a common denominator, we subtract the numerator 4 from the
numerator 9 which leaves a remainder of 9-4 = 5 or 5/12. Therefore, 3/4 - 1/3 =
5/12.
Examples for practice:
3/4 - 5/16
=
5/7-3/5
=
9/10-4/15 =
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MULTIPLICATION OF FRACTIONS.
To multiply fractions, multiply the numerators together, and multiply the
denominators together. This will give the product of the fractions. For example,
multiply 3/4 by 4/5. All that is necessary is to find the product of the numerators
and also of the denominator. The product of the numerators is 12. 3 x 4 = 12.
Therefore, the numerator in the answer will be 12. The product of the denominator
is 20. 4 x 5 = 20. Therefore, the denominator in the answer will be 20, and the
answer is 12/20. Thus 3/4 x 4/5 = 12/20.
Examples for practice:
Multiply 2/3 by 15/16
Multiply 7/8 by 32/35
Multiply 14/24 by 46/7

=
=
=

DIVIDING FRACTIONS.
In dividing fractions invert the terms of the divisor and multiply. For example,
divide 7/8 by 2/3. Place the fraction the same as in multiplication, except in the
divisor. The divisor, which is 2/3 so inverted, will make 3/2. Then find the product
of the numerators and the product of the denominators, as in multiplication. This
gives a result of 21/16. The numerator is larger than the denominator, so we divide
it by the denominator, which gives 1 5/16 and 7/8 ÷ 2/3 = 1 5/16. Thus, 7/8 x 3/2
= 21/16 or 1 5/16.
Examples for practice:
Divide
5/8 by 3/8 =
Divide 49/65 by L4/39 =

DECIMALS.
Decimals are the same as common fractions, except that they are always expressed
in ten, or a multiple of ten. For example, 1/2 would be expressed by .5, which is the
same as saying 5/10. This is shown by the decimal point which is a common period
placed before the numerator. All figures on the right-hard side of this decimal point
are fractional values of ten or some multiple of ten. If there is only one figure to
the right of the decimal point, the fraction is expressed in tenths. If there are two
figures at the right of the decimal point, the fraction is expressed in hundredths.
Three figures expresses thousandths, etc. Thus:
.5 means 5/10
.05 means 5/100
.326 means 326/1000
In adding and subtracting decimals they should always be written so that the
decimal points will be directly under each other, otherwise the fractional value will
become mixed up with the whole numbers. In adding decimal fractions, place them
with the decimal points under each other, and add. For example, add 256.5,
483.75, 746,045, 38.3. First place them with the decimal points directly under
each other, then add the same as in whole numbers. Space off as many figures from
the right as there are in the number having the largest number of spaces, and place
the decimal point at this place. In this problem the largest number of spaces
pointed off is three, so we point off three figures from the right and place the
decimal point there. This gives a sum of 1524.595. Thus,
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256.5
483.75
746.046
38.3
1524.595
In subtracting decimals place them with the decimal points under one another and
subtract as with whole numbers. For example, subtract 125.4 from 288.9 . First
place them with the decimal points under each other. Subtract the same as in
whole numbers. Then bring the decimal point straight down to its proper place.
This will give a remainder of 163.5 or 163-1,/2. Thus :
288.9
125.4
163.5
In multiplying decimals, multiply the same as whole numbers, and point off as
many spaces from the right as the sum of the decimals placed in the multiplier and
the multiplicand. For example, multiply 124.62 by 12.4. Multiply the same as
with whole numbers, then point off the sum of the decimal spaces in the multiplier
and the multiplicand. There is one decimal place in the multiplier, and two in the
multiplicand. The sum of 2 +1= 3, so we point off three places in the product,
making the answer 3545,288. Thus:
124.62
12.4
49848
24924
12462
1545.288
In dividing decimals, move the decimal point sufficient spaces to the right in both
the divisor and dividend to make the divisor a whole number. For instance, if there
are two decimal spaces in the divisor it would be necessary to move the decimal
point two places to the right to make the divisor a whole number. At the same time
it is necessary to move the decimal place in the dividend two spaces to the right. If
there are less than two decimal spaces in the dividend, noughts can be added to
make up the required number,
Now divide the new divisor into the now dividend until the decimal point in the
dividend is reached. Before continuing with the numbers on the right of the decimal
point in the dividend, place a decimal point after the portion of the quotient that
has already been found. Continue to divide into the dividend and place the
resulting numbers on the right of the decimal point in the quotient.
For example, divide 224.112 by 48.72. There are two decimal spaces in 48.72 so
that the decimal point has to be moved two spaces to the right to make this a whole
number which is 4872.
As we have moved the decimal point in the divisor two
places to the right we must do the same thing with the dividend which then
becomes 22411.2. Divide the new divisor into the new dividend until the decimal
point is reached and before continuing with the numbers an the right of the decimal
point, place a decimal point after the portion of the quotient already found.

Maths. Lesson 1 - Page 8.

4
4872)22411.2
19488
2923
Continue to divide into the dividend in the ordinary manner of long division and
place the resulting numbers to the right of the decimal point in the quotient.
4.6
4872) 22411.2
19488
29232
29232
Here are two other examples worked out for you. Follow through these carefully and
make sure that you understand just how they are done.
Divide 14.035 by 3.5 :-

4.01
35) 140.35
140
. . .35
35

Divide 966 by 4.2

42) 9660
84
126
126
… 0
At various points throughout this lesson there are examples given for practice. The
answers to those examples are set out below. Check through these answers and see
how many you have worked out correctly. If you haven't already worked out the
examples, do so straight away, before looking at the answers.
141+3546+456+77 = 4220
2176+7823+5632+4357 = 19998
56714+3+2416+12+314+2617+2312 = 64388
198-34= 164
10000 – 7024 = 2976
6782 – 5964 = 1088
7824 x 15 = 117360
1456 x 147 = 214032
5235 x 505 = 2543675
6354 ÷ 2 = 3177
900072 ÷ 4 = 225018
1134657 ÷ 9 = 126073
20,000 ÷ 125 = 160

27.365 ÷ 421 = 65
1/2 +2/3 + 1/4 = 1 5/12
1/6+1/8+3/4 = 1 1/24
1/2 + 3/4 +3/8 = 1 5/8
3/4 – 5/16 = 7/16
5/7 – 3/5 = 4/35
9/10 – 4/15 = 19/30
2/3 x 32x35 = 30/48 or 5/8
7/8 x 32/35 x = 224/280 or 4/5
14/24 x 46/7 = 644/168 or 23/6
or 3 5/6
5/8÷3/8 = 40/24 or 5/3 or 1 2/3
49/65 ÷ 14/39 = 1911/910 or
21/10 or 2 1/10
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EXAMINATION QUESTIONS - 9M1.
(1)

Add the following numbers:
4926, 3478, 5220, 9651, 4827, 5916, 1324, 5265.
(b) Subtract 38004 from 40001.

(2)

(a) Multiply 1856 by 799.
(b) Divide 4434288 by 637.

(3)

(a) Add 7/16, 5/12, 5/8, 3/4.
(b) Add 7/18, 8/9, 3/14, 5/7.

(4)

(a) Subtract 4/15 from 9/10.
(b) From 3/4 take 5/18.

(5)

(a) Multiply 3/8 by 14/27.
(b) Multiply 4/5 by 9/16.

(6)

(a) Divide 9/16 by ¾.
(b) Divide 4/5 by 3/10.

(7)

Add the following numbers: 6.3, 4.72, 98.46, 54.3, 78.25.

(8)

(a) Subtract 18.9 from 47.02.
(b) from .9 take .0482.

(9)

Multiply 100.3 by .00405.

(l0)

(a)

Divide 324.8 by 4000.
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LESSON NO. 10

PUTTING ELECTRICITY TO WORK IN THE RADIO
CIRCUIT
We often wish to change the amount of
current flowing in the various circuits of
radio receivers and transmitters.
We
may want to change or control
the
current flowing in the filament of a radio
tube, we may want to change or control
the amount of current flowing in a tube's
plate circuit, or we may want to control
the amount of current in numerous other
circuits to secure results which we
desire. We secure this control by means
of resistance.
In a water circuit the amount of water
passing is controlled by a valve as at the
top of Fig. 1. The valve, according to its
position, offers more or less opposition or
resistance to the flow of water. By
turning the valve handle the water is
regulated.
To control electric current, especially direct current, we use a rheostat which may
be made to offer more or less resistance to the flow of electric current just as the
water valve resists flow of water through it.
As you can see at the bottom of Fig.
1, a rheostat consists of a considerable quantity of wire wound on to a form. An
adjustable arm makes contact with the resistance wire. This arm may be turned
by means of a knob on a shaft.
If current is flowing from “A” to “B” through the rheostat, moving the arm further
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around in the direction shown by the arrow will cause the current to pass through
more of the resistance wire. Consequently, with more resistance in the circuit, it
will be more difficult for the current to flow and less current will pass through
wires connected to the rheostat. Moving the contact in the other direction will allow
the currant to flow through less resistance and more current will flow. The symbol
for a rheostat is shown in Figure 1.

THINGS WHICH AFFECT RESISTANCE.
It is perfectly evident that water driven by the pump through the short pipe at the
left hand side of Figure 2 meets with less resistance to its flow than water driven
through the longer pipe at the right. Likewise, if the pump is capable of exerting
only a certain amount of pressure on the water, less water will be sent through the
long pipe than through the short one in a given time.

The same rules apply to the electric circuits in Figure 3. There is less resistance in
the short wire at the left than in the long one at the right, and if the voltage is the
same in both batteries, less current will flow through the long wire than through
the short one.
At the left hand side of Figure 4 there is a water pump forcing water through a very
small pipe and at the right hand side the same pump is forcing water through a,
large pipe. It is easy to realise that the pump can drive more water through the
large pipe than through the small one.
In Figure 5 at the left a battery is connected to a very thin wire and at the right the
battery is connected to a large wire, The battery will force more electric current
through the big wire than through the small one because the big wire has less
electrical resistance than the small wire,
KINDS OF CIRCUITS,
Look at the circuit of Figure 6, Electrons start out from the battery's negative
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terminal, flows through the valve filament, then through the rheostat, then through
the switch and back again to the battery. This sort of circuit is called a “series”
circuit because a11 of the electricity that leaves the battery must go through the
filament, through the rheostat, through the switch and through every wire in the
circuit. The definition of a series circuit says that all the current must go through
all the parts.
Now look at Figure 7. One battery is connected to the filaments of three tubes.
Trace out the path of current from one side of the battery around through the
circuit and back to the battery. This kind of circuit is called a “parallel” circuit
because the battery current divides part going through each of the tubes. You can

see that the positive side of the battery connects to the positive filament terminal of
each one of the three tubes, and the negative side of the battery connects to the
negative terminals of all the tubes. You must remember that current divides in a
parallel circuit, part taking each of the possible paths.
Notice the circuit diagram drawn out with symbols at the right hand side of Figure
6 and of Figure 7. See how much easier you can trace the circuit in this kind of a

diagram than in the picture kind. The diagram with symbols is often called a
“schematic” diagram because it shows the “scheme” of things.
LEARNING WHAT HAPPENS IN A CIRCUIT.
Should you want to know just how much resistance is needed to handle a certain job
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you certainly wouldn't want to fool around with a lot of different resistances until
you located one that worked. Of course if you had an adjustable resistance or
rheostat, it wouldn't be so bad but we don't use very many adjustable resistances
for control of currant in modern radio devices.
A German scientist, George Simon Ohm, discovered that there is a very definite
relation between the number of amperes, the number of volts and the number of
ohms in a circuit. He put his findings into a rule, one of the handiest rules we use
in radio work, and the rule is called “Ohm's Law”.
Ohm's law says that the number of amperes is equal to the number of volts divided
by the number of ohms. We generally use letters to indicate these three electrical
values “I” for current in amperes, “E” for pressure or electromotive force in volts,
and “R” for resistance in ohms. Then we can write Ohm's Law this ways
I=E
(1)
R
When you write one quantity above a line and write another below the line it means
that you are to divide the top one by the bottom one. For example you write:
1
2
which means that 1 is to be divided by two or divided into two parts, each of which
we call one-half. Here are some fractions made in this way and if you divide the top
by the bottom you will get the answers given beside the fractions:
10
2

=5

15
3

=5

8
8

81
=9
9

=1

21
=3
7

In all these fractions the top is larger than the bottom and the result is a whole
number which is equal to 1 or more. If the top is smaller than the bottom, the
result will be less than 1 and you have a fraction.
There are two other ways in which we can state Ohm's Law, The first one, the one
given above, says that the amperes are equal to the volts divided by the ohms.
Another way of saying the same thing is: The resistance in ohms is equal to the
number of Volts divided, by the number of amperes; or, in symbols.
R=

E
I

(2)

The third statement of Ohm's Law is: The number of volts Is equal to the number
of amperes multiplied by the number of ohms, or:
E=IxR
When writing “equations” “formulae” like this one the sign of multiplication (x) is
omitted. Whenever you see two symbols or letters written next to each other it
means they are to be multiplied together. So we write:
E = IR

(3)

Now, in formula (1) we have a statement of Ohm's Law by which we find the
number of amperes which will flow in a circuit or in a part of a circuit when we
know the resistance in ohms and the number of volts applied to the circuit or part
of a circuit. We know the amperes are equal to the volts divided by the ohms.
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The second form of Ohm's Law in formula (2) enables us to find out the number of
ohms resistance of a circuit or part of it, when we know the number of volts applied
and the number of amperes flowing.. We know that the ohms are equal to the volts
divided by the amperes.
The third form of Ohm's Law in formula (3) enables us to find out the number of
volts which might be acting on the circuit or part of a circuit if we know the number
of amperes flowing and the number of ohms resistance. We know that the volts are
equal to the amperes times the ohms.
You really must remember Ohm's Law. It is not so hard because all you have to do
is remember the arrangement of symbols shown at the left hand end of Fig, 8. Just
remember “E” over “I” times “R”.
Now from this arrangement of symbols, if you want to find the number of volts,
put your finger over the “E” (for Volts) and you road “I x R”, so you know the volts
are equal to the amperes times the ohms. If you want to find the number of
amperes put your finger over the “I” (for amperes) and you read “E” over “R” or the
volts divided by the ohms. If you want to find the number of ohms put your finger
over the “R” (for ohms) and you see “E” over “I” or volts divided by amperes.
Now we are going to put Ohm's Law to work.

USING OHM’S LAW
In Fig, 9. neglecting the resistance of the ammeter and the wiring., how many
amperes flow in this circuit? Work out your own answer and write it down before you
read another word.
We really do neglect the resistance of an ammeter because such an instrument has
so very little of it. Also, when wires are fairly short, of good size, and carry only a very
small current, we can neglect their resistance, Well, in Fig.4 the battery furnishes six
volts pressure and the resistor has three ohms resistance. You know the volts and
the ohms - how many amperes? Use fig,. 8 put your finger over the “I” (amperes)
and you see you must divide the volts by the ohms. The volts (6) divided by the
ohms (3) gives 2 as the number of amperes flowing. Was your answer correct?
In Fig, 10 the two heavy wires run to the filament pins of a radio tube and an

L10 - 5.

ammeter connected in one of them reads 1 ampere. A voltmeter connected across
the pins reads 6 volts. What is the resistance, in ohms, of the filament? Try this one
too, before you read the answer.
Well, you want to find the number of ohms so, using Figure 8, put your finger over
the “R” for ohms and you find that you should divide the volts by the amperes. The
volts (6) divided by the amperes (1) gives 6 as the resistance of the tube's filament
in ohms. How was your answer? In nearly all our radio work we use this very
method for measuring unknown resistances. The only other easy way is with an
“Ohmmeter” which is an instrument which reads directly in the number of ohms.
The tube in Figure 10 in nothing imaginary, it is one of the “50” type in which the

resistance of the filament is really 6 ohms. Now, knowing the filament resistance of
this tube, 6 ohms, how many volts must you apply to the filament to make 1¼
amperes flow through it? This 50 tube may be worked with six volts on its filament
and a currant of one ampere, but to got the full power it is capable of delivering we
have to send 1¼ amperes through the filament.
In Figure 11 we have the tube with its known filament resistance, 6 ohms, and the
ammeter reads 1¼ amperes.
Calculate the number of volts which must be
acting on the filament. Again, using Figure 8, cover the “E” (for volts) and you see
that you must multiply the amperes by the ohms.
So, 1¼ (amperes) times 6
(ohms) gives as the number of volts needed to get this current through the
filament. The “50” tube should be worked on this filament voltage.
There in Figures 9, 10 and 11, you have three practical applications of Ohm's Law.
In one you found the amperes, in another you found the ohms and in the third you
found the voltage.
In Figure 12 we have a circuit in which the ammeter shows 4 amperes to be flowing.
A voltmeter connected across the circuit from “A” to “B” reads 2 volts. There is a
“drop” two volts between these points. What is the resistance in ohms of the
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part of. the circuit between “A” and “B” ? To find the calms we divide the volts (2) by the
amperes (4), as shown in figure 8, and we get 2/4. This fraction, 2/4 is equal to ½ or one
half, so the resistance of this part of the circuit is one-half ohm.

Just to get same practice in using Ohm's Law, calculate the missing quantities in
Figures 13, 14, and 15. In Figure 13 the voltage and the resistance are shown; find
the currant in amperes. In Figure 14 you can read the voltage and the current; what
is the resistance in ohms? In Figure 15 the resistance is given and you can read the
current; find the number of volts. The circuits are all different and you will have to
work each one separately -- the answer for one won’t help get the others. Now don't
read any further until you try for the answers.

The answers are: Figure 13 -- two amperes. Figure 14 -- ten ohms.
Figure 15 twenty volts. How did you come out? In Figure 13 you should divide 10 (volts) by 5
(ohms) to got 2 amperes. In Figure 114 you should divide 50 (volts) by 5 (amperes)
to get 10 ohms. In Figure 15 you should multiply 4 (amperes) by 5 (ohms) to got 20
volts. All these things are shown in figure 8, at least you can work them out with the
help of Figure 8.
In Figure 16 you can see a resistor of the kind sometimes used in power units
which furnish current to the plate circuits of radio tubes. This resistor is in three
sections;
one of 5,000 ohms, another of 15,000 ohms, and the third of 10,000
ohms resistance. Then the total resistance from top to bottom, “A” to “B”, must be the
total of these amounts, or 30,000 ohms. With a voltmeter you find that the voltage
difference between “A” and “B” is 180 volts. How much current is flowing
through the resistor?
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You know the volts and the ohms. From Figure 8 you divide the number of volts by
the number of ohms to find the number of amperes. So you have 180 divided by
30,000. Evidently there is very little current because the fraction, 180/30,000 is
a small amount. Small currents are measured in milliamperes, one milliampere
being the one thousandth part of an ampere or, the other way around, one ampere
being equal to 1,000 milliamperes.
When you wish to get the result in milliamperes, you start off by multiplying the
top part of the fraction, the number 180, by one thousand. Then 180 times 1,000
is equal to 180,000. Now for the number of milliamperes, you have:
180,000
30,000
This means that you are to divide 180,000 by 30,000 and the result is 6
because 30,000 goes into 180,000 six times. Then we have the answer that 6
milliamperes of current will flow through the resistor in Figure 16.
Now we are going back to the "50" tube again, the tube which has a filament with 6
ohms resistance.
In Figure 17 an ammeter connected in circuit shows only ½
ampere.

You know the filament's resistance, 6 ohms, and you know how much current is
flowing through it. What is the voltage drop across the filament or what voltage
would be shown on a voltmeter connected across the filament terminals? From
Figure 8 you see that the amperes times the ohms will give the volts. So, ½ times 6
gives the answer as 3 volt acting on the filament.
It is safe to say that Ohm's Law is one of the most useful rules with which a radio
man can be acquainted. Radio men use this rule every day in their work -- most
days several times over. You should be so familiar with Ohm's Law that you use it
as a matter of habit.
To find the current in amperes flowing between any points you divide the voltage
difference between the points by the ohms of resistance between the same points.
You did that in Figures 9, 13 and 16.
To find the resistance in ohms between any two points you divide the voltage
difference by the number of amperes flowing in the circuit between those points.
You did that in Figures 10, 12 and 14
To find the volts drop between any two points you multiply the ohms resistance
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by the current flowing between the points. That’s what you did in Figures 11, 15
and 17.
RESISTANCE INSERIES CIRCUIT.
The resistor of figure l6 consists of three parts connected in series, each part having
a resistance different from that of the other two. To find the total resistance we
added together the three separate resistances. The total resistance of all the parts of
a series circuit to current flowing through the whole circuit is equal to the sum of
all the separate resistances, and the current through each resistance will be equal
to the current flowing through the whole circuit.
In Figure 18 we have a circuit containing a tube and a rheostat, also the connecting
wires.
The tube is a “71-A” type having a filament with 20 ohms resistance. The
rheostat is a 6 ohm unit, that is, its total resistance is 6 ohms. But you can see

that the rheostat arm is not all the way around. The arm's position lets 3 ohms
resistance remain in the circuit. The wires too have some resistance, just for
illustration say the wire between “A” and “B” has ¼ ohm resistance, the wire from
“C” to “D” has ¼ ohm resistance, and the wire from “E” to “F” has ½ ohm
resistance. Let us add up the resistances.
Wire A-B
¼ ohm
Rheostat
3 ohms
Wire C-D
¼ ohm
Tube filament
20 ohms
½ ohm
Wire E-F
Total Resistance
24 ohms.
This is the way you find the total resistance of any series circuit simply add
together the resistances of all the parts. If the battery voltage is 6 and the circuit
resistance is 24 ohms, how much current flows through the circuit? Divide 6 by
24, giving 6/24 which is equal to 1/4, There is a current of 1/4 ampere flowing in
the circuit. This is the current required to operate a “71-A” tube.
PARALLEL CIRCUITS.
At the left hand side of Figure 19 there is a funnel on top of a pipe one inch in diameter and one foot long. At the right hand side the funnel feeds two pipes, each
one inch in diameter and one foot long. Through which of these arrangements will
water travel more easily? Of course, that's too simple a question to deserve an
answer.
At the loft hand side of Figure 20 we have a battery connected to a wire of number
28 gauge size and two feet long. At the right hand side the same battery is
connected to two wires as shown, each wire being number 28 gauge and two feet
long.
These two wires are in parallel with each other.
Through which
arrangement, one
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or two, will the battery current flow more easily ? Through the two wires, of course,
because just as much current will flow through the second wire as through the first, and
the two will take twice as much current as one . The resistance of two wires in
parallel is less than the resistance of either or one alone.
In Fig. 21; at the left, there is a great big wire across the battery. You know
that a big wire has but little resistance, consequently carries a lot of current.
The resistance (with a given battery voltage) determines the amount of current
and if more current flows there must be less resistance
At the right hand side of Fig. 21 them is a very small extra wire between the
battery terminals. This little wire will carry a little bit of current, but this little
current is in addition to the current already going through the big wire. No
matter how small the extra wire, no matter how great its resistance (taken
alone) it will carry some current and the two wires together will carry more
than the big one alone. Therefore since the two wires carry more current
their combined resistance must be less than the resistance of one alone.
If the big wire has a resistance of one ohm and the little one a resistance of
1000 ohms, their combined resistance will be loss than one ohm because the two carry
more current than either alone. That is the way resistances work in a parallel circuit.
RESISTANCE OF PARALLEL CIRCUITS.
In Fig-, 22 there are two tubes connected with their filaments in parallel each filament has
a resistance of 20 ohms. You know that twice as much current will
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flow through two tubes as will flow through one because they are just alike. Well,
if twice as much current flows, the resistance of the two tubes together must be only
half that of one tube. So, to find the resistance, of two equal resistances in parallel,
you divide the resistance of one path by the number of paths. That's just what you
did.
In Fig. 23 there are four tubes, each having 20 ohms resistance in its filament. If a
certain amount of current flows through one of the filaments, four of them will take
four times this amount of current. If the four tubes take four times the current taken
by one, their combined resistances must be one-fourth that of one tube or 5 ohms.
So again you divide the résistance of one path by the number of paths.
COMBINING UNEQUAL RESISTANCE
Three different resistances are connected in
parallel in Fig. 24. The top one is 12 ohms, the
middle one is 3 ohms and the bottom one is 4
ohms resistance. What is their combined
resistance? You know it will be loss than 3
ohms because the combined resistance of
parallel resistance is always smaller than the
smallest one of the lot.
How much current will flow through the top 12
ohm resistor?
You have 12 volts and 12
ohms. Divide the volts by the ohms to find the
amperes - 12 divided by 12 is 12/12 of 1
amperes passes through this resistor.
Now taKe the middle resistor 3 ohms, the voltage is the same, 12, and dividing 12
by 3 (ohms) gives 4 amperes as the current flowing.
Then take the lower resistor, 4 ohms. Again dividing the volts 12 by the ohms you
find that the current is 3 amperes. How much current you altogether?
CURRENTS THROUGH SEPARATE RESISTORS
12-ohm resistor ………. 1 ampere
3-ohm resistor ………. 4 amperes
4-ohm resistor ………. 3 amperes
all resistors ……….8 amperes
Now we will find their combined resistance. From Ohms Law you know that the
resistance in ohms is equal to the volts divided by the amperes. You have 12 volts
and a total of 8 amperes, and 8 goes into 12 how many times? One and one-half
times, so the combined resistance is 1½ ohms. That is one way to calculate the
combined resistance with the help of Ohms Law.
Here is another example of this way of working. In Fig. 25 there are four resistors; 4
ohms, 2 ohms, 1 ohm and 12 ohms. The voltage is 6, and this 6 volts pressure acts
across the ends of all the resistors. Find the current.
It would be a good idea for
you to cover the rest of this and work it out for yourself.
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Current in 4 ohm resistor
…
Current in 2 ohm resistor
...
Current in 1 ohm resistor
...
Current in 12 ohm resister ...

6 divided by 4 … 1½ amperes
6 divided by 2 … 3 amperes
6 divided by 1 … 6 amperes
6 divided by 12 … ½ amperes

Total current through all resistors in parallel

… 11 amperes

To find the combined resistance, divide the volts by the amperes. Dividing 6 by 11
gives the fraction 6/11 so the total resistance is six-elevenths of an ohm. The rule for
finding the combined resistance of a number of different resistances in parallel by
the method just shown is this: Find the current through each resistance by dividing
the volts by the ohms; add the currents together and divide the volts by this total
current in amperes to got the combined resistance in ohms. The combined resistance
of resistors in parallel depends entirely on the resistors themselves - the applied
voltage does not affect the resistance in any way at all. For example, in Figure 24 it
would not matter whether 12 volts or one volt were applied, the combined resistance
would remain at 1½ ohms.
If you wanted to find the combined resistance of several resistances in parallel, but
you did not know the voltage acting across them, you could assume any voltage at
all, working out the resistances as already explained. You could choose one volt, for
example, and still get the same result.
Suppose you did not know the voltage in Figure 24. Then you could imagine for the
time being that one volt was applied. Then you would add the current this way :Current through the 12 ohm resistor …….. 1/12 ampere
Current through the 3 ohm resistor …….. 1/3 ampere
Current through the 4 ohm resistor …….. 1/4 ampere
Current through all the resistors

…….. 1/12 + 1/3 + 1/4 amperes

= 1/12 + 4/12 = 3/12 = 8/12 ampere = 2/3 ampere
Now to get the combined resistance we divide the voltage applied, one volt, by the
total current flowing . , 2/3 ampere. 1 divided by 2/3 is equal to 3/2 -- the fraction
2/3 just turned upside-down. 3/2 is equal to 1½, which is the same combined resistance as we got before. e
Now let's go back and see just what we have been doing to find the combined
resistance when we don't know the voltage applied. First. We divide the figure
1 by each of the single resistances, then add the resulting fractions togother. We
then divided the figure 1 by the result of this addition, this giving us the
combined resistance.
The result obtained by dividing the figure 1 by any number is called the reciprocal
of that number. So to get the combined resistance we really added the reciprocals of
the separate resistances, and then took the reciprocal of the result, the final result
being the combined resistance.
Lot us take the example of Figure 25 and work it out this way. First we add
together the reciprocals of each of the separate resistances, like this:L 10 – 12.

1/4 + 1/2 + 1/1 + 1/12 = 3/12 + 6/12 + 12/12 + 1/12 = 22/12.
Now we take the reciprocal of 22/12 which is just 22/12 turned upside-down, or
12/22.
12/22 is the same as 6/11, or six elevenths of an ohm. You see, this is
exactly the same result as we got working it out the other way.
Remember, to calculate the combined resistance of resistances in parallel by this
method, add together the reciprocals of the separate resistances, than take the
reciprocal of the result, this being the combined resistance.
One final point - when resistors are connected in series, the value of current flowing
through each will be identical and will be the same as the value of current flowing
through the complete circuit. The voltage drop across each resistor will be identical
only if each resistor in the series circuit has the same value. If the resistors have
dissimilar values the individual voltage drops will also be dissimilar. The lower
values of resistance will develop a lower voltage drop than the larger values, but the
value of current flow through each resistor will still be identical with the value of
current flowing through the complete circuit.
When resistors are connected in parallel, conditions, so far as voltage drop and
individual current flow is concerned, are reversed. That is, with the parallel
connection the voltage drop across each resistor in the parallel network will be
exactly the same, but the current flow through each will vary if the resistors have
dissimilar values. This last statement is most important. The current flow
through each resistor in a parallel connection will be dissimilar only if the values of
resistors are dissimilar. Where the value of each resistor is identical, the current
flow through each will be exactly the same value, but, - and this too is important the current flowing through each resistor will be less than the value of current
flowing through the complete circuit. If, for instance, four resistors each having the
same value of resistance are connected in parallel, the value of current flowing
through each resistor will be exactly the same and also equal to one quarter of the
value of current flowing in the complete circuit.
HOW TO USE THIS INFORMATION .
The information given in this lesson will prove of the greatest possible value all
through your radio work. We have talked a lot about resistances in this lesson.
Here is a table giving you the resistances of all the common metals and of carbon.
This table will give you an idea of how the resistances of these materials compare
with one another.
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RE S I S T A N C E S IN OHMS PER MILFOOT.
A “Mil foot” is a piece of material one foot long and having a diameter of one mil or
one-thousandth of an inch. This unit is used because it is the unit in which we
will later on specify the size of wire and from this table you will be able to
calculate the resistance in ohms of a wire of any size, any length and any
material
Aluminium . . . . . . . . . . . . . . . . . . 17.0
Antimony . . . . . . . . . . . . . . . . . 250.9
Bismuth . . . . . . . . . . . . . . . . . . .721.9
Brass . . . . . . . . . . . . . . . . . . . . . . 42.1
Cadmium . . . . . . . . . . . . . . . . . . . 45.7
Carbon . . . . . . . . . . . . . . . . . . 22,000
*Climax . . . . . . . . . . . . . . . . . . . 523.7
*Constaton . . . . . . . . . . . . . . . . . 295.0
Copper (soft annealed) . . . . . . . . 10.4
Copper (hard drawn) . . . . . . . . . . 10.6
*Excello . . . . . . . . . . . . . . . . . . . . 533.3
German Silver (18% nickel) . . . . 198.5
German Silver (30% nickel) . . .. 294.8
Gold . . . . . . . . . . . . . . . . . . . . . . 14.7
Graphite . . . . . . . . . . . . . . . . .4,300.0
Iron (pure, soft) . . . . . . . . . . . . . . 60.2
Iron (cast) . . . . . . . . . . . . .. . . . . 435.0
Lead . . . . . . . . . . . . . . . . . . . . . 132.3
Magnesium . . . . . . . . . . . . . . . 276.7

*Manganin. . . . . . . . . . . . . . . . . 264.7
Mercury . . . . . . . . . . . . . . . . . . 576.2
Molybdenum . . . . . . . . . . . . . . 34.3
*Monel Metal . . . . . . . . . . . . . . 252.7
Nichrome . . . . . . . . . . . . . . . . . 601.6
Nickel . . . . . . . . . . . . . . . . . . . 46.9
Palladium . . . . . . . . . . . . . . . . . 67.2
Phosphor Bronze . . . . . . . . . . . 46.9
Platinum . . . . . . . . . . . . . . . . . . 60.2
Silver . . . . . . . . . . . . . . . . . . . . . 9.6
Steel (transformer grade). . . . . . . 66.2
Steel (Cast) . . . . . . . . . . . . . . . . 114.5
Steel (soft) . . . . . . . . . . . . . . . . . 95.5
Steel (manganese) . . . . . . . . . . 421.4
Tantalum . . . . . . . . . . . . . . . . . . 93.3
*Therlo . . . . . . . . . . . . . . . . . . . 282.9
Tin . . . . . . . . . . . . . . . . . . . . . . 69.2
Tungsten. . . . . . . . . . . . . . . . . . 33.7
Zinc . . . . . . . . . . . . . . . . . . . .
34.9

* Materials marked with this star are mixtures especially for making
resistance wires used in various kinds of resistors.
R.M.A. COLOUR CODE RESISTOR CHART
Black

0

Black

0

Black

-

Brown

1

Brown

1

Brown

0

Red

2

Red

2

Red

Orange

3

Orange

3

Orange

000

Yellow

4

Yellow

4

Yellow

0000

Green

5

Green

5

Green

00000

Blue

6

Blue

6

Blue

Violet

7

Violet

7

Violet

Grey

8

Grey

8

Grey

00000000

White

9

White

9

Grey

000000000

00

000000
0000000
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EXAMPLE.
A resistor of 250,000 ohms would have a red body indicating that the first figure
was 2, a green end indicating that the second figure was 5, and a yellow dot indicating that there are four noughts. Similarly, a 25,000 ohm resistor would have a
red body and green end and an orange dot. In this case the dot would indicate that
them are only three noughts after the first two digits.
Most resistors nowadays incorporate a fourth band, of colour. This fourth band
has no direct relationship to the actual value of resistance, its purpose is to
indicate the percentage tolerance under which the resistor has been
manufactured. If a resistor has a silver band following the first three, the
indication is that the resistor has been, manufactured to a 10% tolerance. This
means that the actual value ray be either 10% greater or 10% smaller than that
indicated by the first three colour bands. If the colour of the fourth band is gold,
the resistor has beer. manufactured to a 5% tolerance. If there is no fourth band
then the resistor has been manufactured to a 20% tolerance.
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EXAMINATION QUESTIONS – No.10
1.

If you know the number of amperes flowing through a circuit and know
the number of volts applied across the circuit, how do you find the
circuits resistance in ohms?

2.

The filament of a tube is carrying ½ ampere when the voltage drop across
it is 6 volts. What is the filament's resistance in ohms? Show how you
arrive at the answer.
The size (cross sectional area) of number 20 gauge wire is practically four
times that of number 26 wire. If 1,000 feet of number 26 copper wire (the
smaller size) shows a resistance of 32 ohms, what is the resistance of
1,000 feet of the larger wire number 20?

3.

4

With a rheostat set for 5 ohms resistance, 2 amperes flow through it. How
many amperes will flow through when the rheostat is set for 10 ohms, all
other conditions remaining the same

5.

One “35” tube takes 1¾ amperes for its filament.
be needed for four of those tubas in parallel?

6.

A wire of number 34 gauge 1000 feet long has a resistance of 120 ohms.
What is the resistance of 250 feet of the same wire?

7.

If you apply 8 volts across the ends of a resistor through which you want
2 amperes to flow, what must be the resistance in ohms?

8.

If You find that 3 amperes flow through a circuit and know its
is, 10 ohms, what is the voltage drop through this circuit?

9.

One resistor measures 10 ohms resistance. What will be the combined
resistance of four of these resistors in parallel? Show working.

10.

Three resistors are connected in parallel. One has a resistance of 2 ohms
another a resistance of 5 ohms, and the third a resistance of 10 ohms. What
will be their combined resistance?
NOTE:- Show all calculations clearly in answers.

How much current will

resistance
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LESSON NO. 11 M2.
SQUARE ROOT
Square root is used a good deal in practical calculations, and it is as well to know
how it is done. The product resulting from multiplying a number by itself is called
the SQUARE OF the number. If a number is used as a factor three times, the
resulting product is called the CUBE of the number. In order to show how many
times a number is to be used as a factor a small figure is placed to the right and
slightly above the number. This small figure 3 is called an EXPONENT, and shows
to what power the number is to be raised. When the figure 2 is used as an
exponent, it indicates that the number is to be raised to the second power, or, the
square of the number is to be obtained. When the figure 3 is used as an exponent,
it indicates that the number is to be raised to the third power, or, the cube of the
number is to be found.
Thus 42 indicates that the 4 is to be raised to the second power ' or, to find the
square of 4, which is done by multiplying 4 x 4 and equals 16. Thus 16 is equal to
4 raised to the second power, or, 16 to the square of 4. When the dimensions of a
perfect square are known, the area in square units is calculated by finding the
square of the length of one of the sides. For example, if a certain plot of land was
in the shape of a square and the sides were 100 feet long, the number of square
feet in the plot could be calculated by finding the square of the length of one of the
sides. Thus, 1002 equals 100 x 100 which is 10,000 square feet.
A ROOT of a number is one of the equal factors, which equal the number, when
multiplied together. If a certain number is multiplied by itself in order to produce
another number, the first number mentioned is the square root of the second. The
square of 12 is 144 and is found by multiplying 12 x 12. Thus 12 is the square root
of 144. If the area of a square is known, the length of one side of the square can be
obtained by extracting the square root of the area, Thus if a square yard contained
2000 square feet of ground each side of the yard is 50 feet long, which is found by
extracting the square root of 2,500.
This process of finding the square root is merely the reverse of finding the power.
The RADICAL SIGN √
shows that some root of' it is to be taken. The root
desired is shown by a small figure called the INDEX which is placed above the
radical sign, thus
when no index is shown, the square root is
understood.
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The following rules are given and explained and if they are carefully followed stop by
step, a beginner should have but little difficulty in mastering the method.
Rule 1.

Separate the number into periods of two figures each, beginning at
units.

Rule 2.

Find the greatest square of the left hand period, and place its root for
the first figure in the quotient.

Rule 3.

Square this root and subtract the result from the left hand period and
annex to the remainder the next period for the next dividend.

Rule 4.

Double the quotient already found for a partial divisor, and divide the
dividend, disregarding the right hand figure.

Rule 5.

Annex to the partial divisor the figure last found. Place this figure as the
second figure in the quotient. Subtract the product from the dividend
and to the remainder annex the next period for the next division.

Rule 6.

Proceed in this manner till all the periods have been used and the final
result shown in the quotient will be the square root of the number.

Rule 7.

If the number is not a perfect square, annex periods of two noughts
each and continue the process.

Rule 8.

Point off decimal fractions in periods of two figures each beginning at
the decimal point, progressing towards the right.

Rule 9.

To find the square root of a common fraction, reduce it first to a decimal
fraction, or, extract the square root of the numerator and denominator
separately.

In explaining the rules we will take number 23,409 as an example. Rule 1 says, “to
separate the number into periods of two figures, each, beginning at the units”. The
unit is the first at the right. Beginning at units, the number should be divided into
periods, thus :- 2'34'09. Rule 2 says, “find the greatest square of the left hand
period and place its root for the first figure in the quotient”. The left hand period in
this case is 2. t should be understood that the left hand period is a complete
period, although it contains but one figure in this case. To find the greatest
square of 2, means to find the largest number which when multiplied by itself, is
equal to, or less than 2. The greatest square of 2 is 1, and it is the only number
which can be squared whose product is less than 2. Therefore, the greatest square
of the left hand period is 1, and its root, 1, is placed in the quotient for the first
figure of the required factor.

Rule 3 says, “square this root and subtract the result from the left hand period,
and annex to the remainder the next period for the next dividend”. Square this root
which is 1, and subtract the product from the left hand period, which is 2,
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leaving a remainder of 1. To this remainder annex the next period, 34, making a
dividend of 134.

Rule 4 says “double the quotient already found for a partial divisor, and divide the
dividend, disregarding the right hand figure”. By doubling the quotient 1, a partial
divisor is found, which is 2. This partial divisor is placed to the left of the dividend.

It should be clearly understood that this number is only a partial divisor, and s
figure yet unknown is to be annexed before it can be divided into the dividend. By
temporarily disregarding the right hand figure in the dividend, the dividend is
converted into a partial dividend, and the partial divisor can now be divided
into it, to approximately determine the figure which is to be annexed to the partial
divisor. By disregarding the figure 4 of the dividend, 134, it is readily seen that
the partial divisor 2 is contained in 13 six times, so that the next lower figure,
which is 5, is selected.
There is no definite rule saying that the number lower than the quotient, obtained
by dividing the partial divisor into the partial dividend, is to be selected. The actual
number may be the quotient, one less than the quotient, as in the following
example, or in some cases two less than the quotient. Until you have had some
experience with these calculations it will be necessary to make a trial, commencing
by using the quotient itself and if this is too large using the next lower number, and
if the product is still too large the next lower number again.

Temporarily disregarding the 4 Rule 5 says, “annex to the partial divisor the figure
last found. Subtract the product from the dividend and to the remainder annex the
next period for the next dividend”. This 5, which was last found, is annexed to the
partial divisor 2, making a complete divisor 25, which is then divided into the
complete dividend 134. This 5 is also placed as the second figure in the quotient.
Multiply the divisor 25 by 5, as is done in long division, and subtract the product
125, from the dividend, 134, leaving a remainder of 9, to which annex the next
period for the next dividend, making 909. Next double the quotient 15, which
makes 30, for the next partial divisor.

Rule 6 says, “to proceed in this manner until all periods have been used, and the
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final result shown in the quotient will be the square root of the number”

Rule 7 says, “if the number is not a perfect square, annex periods of two noughts e a c h
a n d c o n t i n u e t h e p r o c e ss . ”

In this example the result does not come out even and the plus sign (+) is used to show
that there was a fraction left over.
Rule 8 says, “point off decimal fractions in periods of two figures each, beginning at the
decimal point and progress towards the right”, as shown below.

R u l e 9 says, “To find the square root of a common fraction, reduce to a decimal
fraction and extract the square root, or, extract the square root of the numerator, and
denominator separately”, both methods being shown in to example below.
Find the square root of ¼

Find the square root of 900
3600

A Right Angle Triangle consists of three lines ; a horizontal line which is called the base
and is known by the symbol “B”, A vertical line called the perpendicular, which is known
by the symbol “P” and a line connecting these two lines called the Hypotenuse and is
known by the symbol “H”. The
angle at the point whore the
Perpendicu1ar and Base meet is
always a right angle or a 90°
angle. If you know the length of
two sides you can find the length
of the third as shown below.
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Rule 10.
The square root of the sum of the squares of the base and the
perpendicular is equal to the Hypotenuse.

Problem.
If the base of a right angle triangle is 40 inches long, and the
perpendicular is 30 inches long, what is the length of the hypotenuse? By rule 10,

Rule 11.
The square root of the difference of the squares of the hypotenuse and
the base is equal to the perpendicular.
Problem.
If the base of a right angle triangle is 40 inches and the hypotenuse is
50 inches, what is the height of the perpendicular? By rule 11.

Rule 12.
The square root of the difference of the squares of the hypotenuse and
the perpendicular is equal to the base.

Problem.
If the perpendicular of a right angle triangle measures 30 inches, and
the hypotenuse is 50 inches, what would be the length of the base? By Rule 12.

Following are six problems illustrating the method of calculating the square roots of
various numbers. These should be carefully followed step by step until you are
quite sure you thoroughly understand this method of working.
PROBLEMS.
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ANOTHER METHOD OF WORKING SQUARE ROOT PROBLEMS.
If the above method of working square root problems proves difficult, try the
method which follows. It is often found when looking at a problem from several
angles, misunderstandings are easily overcome. No doubt, the following problem
will help.
Find the square root of 55,225.

40
43
460
465
1.

5 52 25 (235
4
1 52
1 29
23 25
23 25

Begin at the right the numbers into periods of two figures each, because the
square of any number having only one digit or figure will not occupy more than
two places, and the square of any number having two digits will not occupy
more than four places, etc. There will be as many places in the root as there
are periods. In the example there are three places in the root.

2. Find the greatest square in the first or left hand period, which is (4), and place
Its root (2) as the first figure of the root.
3. Subtract the square (4) from the first period and bring down the next period
(52), and annex it to the first remainder (1). This gives a new dividend (152).
4. Take two times the first figure of the root (2) and place it at the left of the next
dividend, and annex one nought. This is a trial divisor. Find how many times
this trial divisor (40) is contained in the dividend (152). Place the result (3) as
the second figure of the root. Also add this second figure of the root (3) to the
trial divisor (40). This gives the complete divisor (43).
5. Multiply the complete divisor (43) by the second figure of the root (3), and
subtract and bring down the next period (25) and proceed as before until the
root is found.
When the number is not a perfect square ' annex periods of noughts and continue
the root as a decimal. If the trial divisor is not contained in the dividend, annex a
nought to the divisor and also to the root and bring down the next period.
To extract the square root of decimals, begin at the decimal point and point off to
the right, periods of two figures each, and, if there are whole numbers, also to the
left, periods of two figures each, annex noughts if necessary, to make two figures in
each period.
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EXAMINATION QUESTIONS - MATHEMATICS LESSON-No.11 M2
1.

What is the square root of 21609?

2.

What is the square root of 5625?

3.

What is the square root of 287296?

4.

What is the square root of 288369?

5.

What is the square root of 56644?

6.

What is the square root of 56.25?

7.

What are the dimensions of a square room containing 1600 square of floor space?

8.

What is a right angle triangle?

9.

What are the sides of a right angle triangle called?

10.

State the three rules for finding the length of one side of a right angle triangle
when the lengths of the other two sides are known.
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LESSON NO. 12

RADIO TUBES - THETR CHARACTERISTICS AND OPERATION.
In one of the early lessons you were told a little about a radio tube or valve. One
cannot overestimate the importance of this component because without it, modern
radio simply would not exist. The tube as we know it to-day did not happen all at
once. No one man invented it all. The beginning came about somewhat as shown
in Figure 1. Back in 1884 Edison, the scientist was experimenting. He had a
lighted filament inside of a glass bulb from which nearly all the air had been
exhausted. Inside the bulb was another wire. This second wire was not heated
but was connected to the positive side of a source of voltage and the negative side of
that source was connected to the filament.
Edison found that when he connected a current measuring meter between one side
of the lighted filament and the negative terminal of the additional battery shown at
the right of Figure 1, first breaking the circuit at "X", he obtained definite indication
of current flow between the lighted filament and the additional wire inserted into
the bulb. As this experiment took place several years before Professor J.J. Thomson
stated his famous electron theory of
matter, Edison regarded the current flow
in the light of what was than known
about electricity, that is, he assumed that
the current was flowing from the
additional wire, across the vacuum, to the
lighted filament.
In Figure 2, the assumed direction of
currant flow is shown by the small
arrows. It starts out from the positive
terminal of the plate battery, or as we
generally call it, the “B-battery”. This
current then flows to the extra part in the
tube, which is shown as a flat metal plate
in Figure 2. The current leaves the plate,
passes through the space between it and
the filament and then flows through the
filament. The filament battery or the
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“A”-battery” and the “B-battery” are
connected together and current which
has passed through the plate comes
back to the negative side of the B-battery, thus completing its circuit.
THE TWO ELEMENT TUBE:
The filament is called one of the tube's
“elements”.
The plate is another
element. Consequently we call a tube
having a filament and a plate a two
element tube, or “diode”. Such a tube is
shown in Figure 3.The filament is here a
straight wire. The plate is a cylinder of
metal placed around the filament. These
two elements are connected to pins or
prongs on the base of the tube. Tubes of
this general type are frequently used as
detectors, as they function in much the
same manner as a crystal detector.
You will also find that a large proportion of our present rectifier tubes are of the two
element type. A rectifier changes alternating current to direct current.
In the two element tube there are two things which we may change in securing a
change in the amount of current flowing in the plate circuit. One of them is the
voltage applied to the plate, the greater the positive voltage on the plate, or the
greater the difference in voltage between the plate and the filament, the more
current will flow.
The other thing which we may change is the temperature of the filament. If the
filament is cold no current whatever will flow between the plate and filament. As
the filament is gradually heated it will reach a temperature at which a little current
will flow. More and more heat allows more and more current to flow and as the
filament lights up more and more brightly the plate current will increase. After the
filament reaches a certain high temperature, the plate current no longer increases
in proportion to the heat and beyond a certain point increasing the filament
temperature causes practically no further increase in plate current.
Now we add a third element, the grid. This third element is the one which allows
the tube to amplify or strengthen radio signals and to do many other remarkable
things.
No plate current will flow until the filament is heated. There must be same good
reason for this effect. There must be something different within the bulb when the
filament is hot than when it is cold.
In Figure 4 we have three pieces of filament wire, greatly enlarged. The one at the
left is supposed to be cold, the one in the centre is quite hot and the one at the right
is very hot.
L. 12 – 2.

Nothing in particular happens in the space
around the cold filament. But around the
hot one a very peculiar action is taking
place. This hot filament is sending out from
its surface the things we call “electrons”. The
electrons fly out for a little distance, then fall
back into the filament. The very hot filament
is also sending out or is emitting electrons
but it is sending out many more than before
it became so highly heated and the emitted
electrons travel away from the filament to a
much greater distance before they again fall
back.
The term “electron” is no stranger to you because it was introduced into the very
first lesson. However, you will hear more about it from now on because it plays
such an important part in the operation of a radio valve. Thorough understanding
of what it is, what it does, will greatly simplify your more advanced studies. In
Lesson No.1 we explained in some detail exactly what the “electron” is. In the
following paragraphs of this lesson we propose to show you, in even greater detail,
exactly what the “electron” does, but first of all here is a brief resume of the earlier
discussion on the nature of the “electron”.
ELECTRONS:
Of course you know that any common substance may be divided into smaller and
smaller particles. Take salt, for instance. You can pulverize the salt as fine as you
will and you still have salt. The smallest possible piece of salt would be called a
“molecule” of salt.
You could take that molecule of salt and by chemical action you could break it
down into two things. One would be the metal sodium and the other would be
the gas chlorine. In place of salt you would now have one atom of sodium and one
atom of chlorine.
For years and years the scientists believed the atom to be
the smallest division of matter. They considered that the various kinds of atoms
were the materials of which everything was made up by combining the atoms in
different ways.
Now we know that the atom is not the smallest thing in existence. The smallest
thing is an electron. One or more electrons in combination with what is called a
“positive nucleus” form an atom. An electron is electricity itself, it is a particle of
negative electricity or is a negative charge.
You cannot possibly realize how small is one electron. If you had a ball or sphere of
copper so small that 100,000 of them laid side by side would extend one inch it
would be something pretty small. Yet in each one of those balls of copper there
would be twenty thousand million (20,000,004,000) electrons.
Hydrogen gas is one of the lightest of all things in weight. It would take two
hundred and fifty million (250,000,000) hydrogen atoms in a row to make a length
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of one inch. And yet every one of those hydrogen atoms would weigh two thousand
times as much as an electron. What you should remember out of all this is that an
electron is negative electricity.

ELECTRON FLOW:
Remember that the plate in a tube is at a higher potential than the filament, the
plate is positive and the filament is negative with respect to each other. Any thing
which is positive has an attraction for something also which is negative, the positive
body exerts an attraction on the negative body and they tend to come together.
When you were younger you probably played with a magnet and a small compass,
the kind of compass that tells you which way is north. Then you found that the
positive or “North” end of the magnet would attract the negative or “South” end of
the compass and that the north end of the compass was drawn toward the south
end of the magnet as in Figure 5.
A similar sort of attraction exists between the positive plate and the negative
electrons which are emitted by the hot filament. The electrons are negative
electricity and are attracted to and are pulled over to the positive plate as indicated
in Figure 6. As shown by the small arrows between filament and plate, the
electrons leave the filament after being released by the heat, got caught by the
plate's attraction and some of them fly across and enter the plate.
The electrons which travel across the space and got into the plate flow down
through the wire to the plate battery, go through the battery and than go back into
the filament at the connection between plate battery and filament battery.
If you will compare Figure 6 with Figure 2 you will see that we spoke of the electric
current as flowing from the plate to the filament, but that the electron flow is from
filament to Plate - Just the other way around. It is unfortunate that we
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cannot think of current and of electrons as flowing in the same direction. The flow
of current from plate to filament is what we call a “convention” - it is just an idea, or
something assumed to be true by those who first worked with electricity. The fact of
the matter is that electrons, which are really negative electricity, pass from the
heated filament to the positive plate. We also have to assume, because it always
has been assumed, that the current flows in the other direction.
This difference in direction of electron flow and current flow is very confusing.
Perhaps you will be able to understand more clearly the action in a radio tube or
circuit, if I explain how this apparent contradiction in the direction of flow came
about.
In the early days of electricity, scientists knew that for certain electrical actions to
occur, there must be a movement of electricity around a circuit. This movement of
electricity was called a “Current” of electricity, just as we speak of a movement of
water as a current of water. At that stage, they did not know exactly what it was
that circulated nor the direction in which it moved. There is no way of seeing the
current moving and no instrument was available to definitely show in which
direction it moved. As it was necessary to have same way of visualising the action
of the current and some way of referring to it, one terminal of a source of voltage
was called the “positive” terminal, the other was called the “negative” terminal and
current was assumed to flow from positive to negative.
Many years later it was definitely proved that a flow of electricity consists of a
movement of electrons around the circuit in the direction from negative to positive,
and it is now realised that a movement of electricity really consists of a flow of
electrons. Nothing actually moves from positive to negative in an ordinary circuit.
As the electrons are negative charges of electricity and similar charges are repelled
from one another, obviously electrons would tend to move away from the negative
terminal of a source of voltage around the circuit to the positive terminal.
Of course, before the “Electron Theory” was clearly understood, it had become
common usage to speak of c u r r e n t as flowing from positive to negative and many
text books w e r e written a l o n g t h e s e lines. Even now, although we clearly
understand that a movement of electricity consists of a flow of electrons from
negative to positive, most people, in using the word “Current” still conform to the
old assumption of a movement of electricity from positive to negative. Many text
books also, whenever they employ the word “current” assume the flow from positive
to negative but in explaining, valve action it is common practice to refer to the term
“Electron Flow” or “Electron Stream” and whenever these terms are employed, the
modern conception of electrons moving from negative to positive is used.
F r o m the above, you will have gathered that there is no difference between a
current of electricity and the electron flow in a circuit. These are just simply two
different terms and two different ways of looking at the same thing. Actually in any
ordinary circuit, the only movement is that of the electrons from negative to positive
and we only imagine that some force called “Current” is moving from positive to
negative
.
The two filaments in Figures 7 and 8 are both heated to the same degree and are
bath emitting the same quantity of electrons. In Figure 7 only a small voltage
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is applied to the plate, say that the plate potential to about twenty volts above that
of the filament. The plate has a rather weak attraction for the electrons which
form a cloud around the filament and only a few of these electrons are attracted
over on to the plate. In Figure 8 conditions are different. The plate voltage is much
higher, say it is ninety or one hundred volts, The filament is not emitting any
more electrons than before but now the plate exerts a very strong attraction and
many more of the electrons are drawn away from the space around the filament,
and pulled on to the plate.
Increasing the plate's voltage causes a greater electron flow just as it causes a
greater flow of current. You will find this true always; electron flow and current
flow obey the same laws and obey them in the same way because they are really the
same thing.

When electrons leave the filament because of its heat, a certain amount of negative
electricity has been removed from the filament. Therefore the filament is left more
positive than before the electrons left it. Since the filament is then positive with
respect to the electrons in the space around it, the electrons that are not drawn
over to the plate are attracted by the filament itself and fall back into the filament.
The cloud of electrons around the hot filament which are not attracted to the plate
is called the “space charge”.
HOW THE GRID CONTROLS THE TUBE’S ACTION:
Up to this time we have been using two elements in our tube. Now we will add a
third. In Figure 9 you will see the usual filament and coiled around it another wire,
the grid. The grid winds round and round the filament. At its lower end the grid is
attached to one of the tube's prongs or pins, but the upper end is left without
electrical connection, it just sticks up into space around the filament. In Figure 10
the plate has been put around the outside of the grid so that, from inside, we first
have the filament, then the grid and finally the plate. This is
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the way the three elements are actually arranged within the tube. In order to
explain the grid's action it is convenient to show the three elements as in Figure
11. Here again the grid is between the filament and the plate, so this symbol for a
three-element tube or “triode” really shows the relative positions of the parts.
Looking back at Figures 7 and 8 you will recall that a space charge of negative
electrons exists all around the heated filament. Once this space charge exists
around the filament, it makes the emission of more electrons from the filament
more and more difficult. Positive and negative things attract each other and it is
just as true that things alike in polarity repel each other. That is why the negative
space charge repels the emission of any more negative electrons from the filament,
and so hinders the flow of plate current. Two negative charges repel each other, or
try to keep away from each other. The same thing would be true of two positive
charges, they too would repel.

Now look at Figure 11. You see the grid is located right in the midst of the space
charge. You can also see that the potential of the grid is higher than that of the
filament because the grid is connected to the positive side of a small battery of
which the negative side is connected to the filament. Therefore, the grid is positive
and the filament negative. Whenever the grid is at a higher voltage than the
filament we say the grid is positive.
The positive grid counteracts to some extent the negative space charge. The electrons
leaving the filament find fewer negative electrons or a less intense negative space
charge to oppose their emission. Therefore, more electrons leave the filament. The
positive grid acts to same extent like the positive plate, it pulls the electrons away
from the filament and makes it possible for the emitted electrons to fly out further
from the filament.
The plate in Figure 11 is held at a positive voltage by the plate battery. The voltage
of the plate is very much higher than the voltage of the grid. Once the grid helps
the electrons to got further from the influence of the filament, the plate steps in
with its still greater pulling power and lots of these electrons are drawn over and on
to the plate.
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Since the grid is positive it attracts some of the electrons to it, they enter the grid
and flow around through the battery and back to the filament. People who have
become thoroughly addicted to thinking in terms of the older convention of current
flowing from positive to negative will prefer to assume that current flows from the
grid battery through the connecting lead to the grid and then across the space
within the valve to the filament and from the filament back through the grid
battery. However, we consider that the operation of a radio valve is far easier to
understand if one thinks always in terms of the “electrons” which are emitted from
the heated filament and their subsequent attraction towards any element within the
valve which is at a positive potential in relation to the filament.
In Figure 11 the voltage of the grid is positive in relation to the filament, but it is
nowhere near as high as the voltage of the plate. The electrons enter the grid and
enter the plate in proportion to the voltages of the grid and plate. Inasmuch as the
plate has much the higher voltage, it gets most of the electrons and the grid gets
only a few. The real purpose of the grid in this case is to make it easier for
electrons to get over to the plats when the grid is positive with respect to the
filament.
In Figure 11, with the positive grid, there are a great many electrons flowing in the
plate circuit and a few electrons flowing in the grid circuit.
There is a
correspondingly large current flowing in the plate circuit and a small currant flowing in the grid circuit.
Now look at Figure 12. Here the grid is negative. We could say that it is at a lower
potential than the filament because the grid is connected to the negative side of the
small grid battery and the positive side of this battery is connected to the filament.
When a battery is connected in this manner, so that it keeps the grid's potential
below the potential of the filament we call it a “C-battery”. Now we have a Cbattery for the grid, a B-battery for the plate and an A-battery for the filament. In
Figures 11 and 12 the A-battery is not shown because we do not reed it for this
explanation of grid action.
When the grid is negative with respect to the filament, the grid’s action is just the
reverse of what it is with a positive grid. Now the negative grid adds its effect to
the always present negative space charge and the electrons emitted from the
filament find it more difficult than ever to get far from the filament. They meet
not only the repelling effect of the space charge but the repelling effect of the
negative grid as well.
The result of the negative grid is that only a few electrons get fax enough away from
the filament to be attracted to the plate. Of course, a few electrons do got through
the grid because the plate voltage is still as high as ever and the plate exerts a
strong attraction for the electrons. Now there are comparatively few electrons
flowing through the plate circuit and there is a proportionately small amount of
plate current.
Because the electrons themselves are negative and the grid is also negative, these
two negative charges repel each other. The negative grid keeps the negative
electrons from entering the grid and there is no electron flow and no current flow
whatever in the grid circuit. When the grid is negative with respect to the filament
there is no flow of grid current. This is the condition we want for most purposes.
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We call the voltage of the grid with respect to the voltage of the negative side of the
filament the grid's “bias”. In Figure 11 the grid has a positive bias. In Figure 12
the grid has a negative bias.
In tubes having their filaments operating on direct current the grid bias is the
voltage difference between the grid and the negative end of the filament. In Figure
13 there is a C-battery of 4 ½ volts between the grid and the filament. The positive
end of this battery is connected to the negative end of the filament or to the end of
the filament which attaches to the negative side of the filament battery.
Since the negative side of the C-battery is 4½ volts lower in potential than this
battery's positive side and since the grid is connected to this point of lower
potential, the grid must be 4 ½ volts lower in voltage than anything connected to
the positive side of the C-battery. Then the grid must be 4 ½ volts lower than the
negative end of the filament. Here we would say that the grid has a 4 ½ volts
negative bias. A voltmeter connected between the grid and the negative side of the
filament will show the grid bias.
In Figure 14 the grid is connected directly to the negative side of the filament. Since
these two parts are connected directly together they will be at the same potential,
there will be no potential difference and we say the grid has a “zero bias”. A
voltmeter between grid and negative filament would read zero because there is no
voltage difference.
In Figure 15 the grid is connected to the positive side of the tube's filament. This
places the grid at a higher potential than the negative end of the filament because,
of course, the positive end of the filament is at a higher voltage than its negative
end. A voltmeter placed between the grid and the negative end of the filament would
now show the grid at a higher voltage than the negative end of the filament and the
grid would have a positive bias.
In these drawings illustrating different grid biases the tube is not doing anything
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in particular. A little later on we are going to give this tube various kinds of jobs,
the first of which will be to amplify a signal. The signal will raise and lower the
grid's voltage but will not change the bias.
We will have to make an addition to
our definition for grid bias and say, grid bias is the difference between the grid
potential and the potential at the negative end of the filament when no signal is
being applied to the grid circuit.
OTHER NAMES FOR TUBE ELEMENTS:
We have been calling the part through which current (in the plate circuit) enters
the tube by the name of “plate”. The plate is often called the “anode” as marked in
Figure 16. One name is as correct as the other. The plate current leaves the tube
by way of the filament and therefore the filament may be called the “Cathode”.
The grid has but one name.
In the tubes shown you so far the electrons are emitted from the filament or the
cathode, these two names here referring to one and the same part. There is
another kind of tube, the, A.C. heater or indirectly-heated type, in which the
cathode or electron emitter is separate from the part which supplies the heat. The
construction of such a tube is shown in Figure l6.
The plate and grid of the A.C. heater tube are the same as similar parts used in
any other tube. But in the A.C. heater tube there is no filament which carries
the heating current and at the same time acts as the electron emitter. Taking
the place of the filament there are two other parts, a heater element and a
cathode element.

Around the outside of the heater is the cathode, a cylindrical metal surface which is
heated and which then emits electrons.
Whereas the tube construction of Figure 17 is designed especially for use with
alternating current, it is also possible to use alternating current with which to heat
the filaments shown in all the other illustrations. The heater type of tube is less apt
to produce hum when used with alternating current than the filament type. There
are certain jobs which are performed better by the heater tube and
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others which are performed better by the filament types. One symbol for an A.C.
beater type tube is shown in Figure 18. Other similar symbols are also used. As the
heater and cathode are used together to emit electrons they are usually referred to
as one element.
THE TUBE'S CIRCUITS:
In the filament type of tube the filament circuit includes the filament within the
tube, the battery or other source of filament current and the wires connecting the
two parts together.
The plate circuit of any tube includes all the parts through which the plate current
flows. One plate circuit is shown in Figure 19. It includes the battery or other
source of plate current, it includes any coils or resistances between the source and
the tube's plate, it includes the plate itself, the space within the tubs, the filament
through which the current returns to the source and all the wires which connect
these parts together. In following the plate current from its source all the way
around and back again to the source you will have followed the plate circuit.
The grid circuit of a tube includes all the parts between the grid and the filament
as shown in Figure 20. This particular grid circuit takes in the grid, then the coil,
then the resistor, then the C-battery, then the filament, and it also includes the
space within the tube and all the wires used to connect the other parts together. In
A.C. heater tubes the cathode takes the place of a filament as far as these circuits
are concerned.

WATCHING THE GRID DO ITS WORK:
In Figure 21 you will see a tube with a 4-volt C-battery in its grid circuit and with a
milliammeter in its plate circuit. We will say that the B-battery voltage applied to
the plate is such that the 4-volt negative grid bias allows a current of 10
milliamperes to flow in the plate circuit. The word “milliamperes” is a rather long
one so radio men generally speak of “mils” instead. Hereafter, when someone
speaks of so many mils you will know that the number of milliamperes is meant.
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You know that changing the voltage of the tube's grid will cause a change in the
amount of current in the plate circuit. You know that the more strongly negative
the grid is made the less current will flow in the plate circuit. Of course, making
the grid less negative will reduce the repelling action on the emitted electrons, more
of them will flow and there will be a larger plate Current.
We are going to change the grid's potential without changing the amount of bias. In
Figure 22 you see the same circuit as in Figure 21 with the addition of another
small battery, the one marked “extra voltage”. This is a 2-volt battery.
Now look carefully. In Figure 22 the grid is connected to the negative terminal of
the extra voltage. The grid was 4 volts negative to begin with because of the Cbattery. Now we have made the grid still more negative by this extra 2 volts. So
the potential of the grid is now 4 volts plus 2 volts, or 6 volts below that of the
negative end of the filament. Making the grid more negative allows less flow of plate
current and we find that the milliammeter now reads only 7 mils.
Next, look at Figure 23. We have just the same parts as in Figure 22 but the small
battery giving an extra voltage has been turned end for end. Now the tube's grid is
connected to the positive of this extra voltage. Does that make the grid positive? No,
it does not.
Remember that the 4-volt C-battery is there in the grid circuit all the time. And that
the extra positive voltage applied to the grid is really doing is lessening the negative
voltage of the C-battery. The 2 volts extra is taken away from the original 4 volts
negative bias so that the grid is now only 2 volts below the negative end of the
filament in potential. That is, the grid is now only 2 volts negative.
With the grid only 2 volts negative it does not oppose the flow of plate current
nearly so much as when it was 4 volts or 6 volts negative and upon looking at the
milliameter we find that the plate current has increased to 13 mils.
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Making the grid voltage more or less negative has changed the amount of plate
current flowing. Notice particularly that, because of the C-battery, the grid's
potential has always been below that of the negative end of the filament. The grid's
voltage has changed, but all the changes have been on the negative side. It gets
more or less negative, but it never goes over on the positive side with respect to the
filament's negative and.
The tube is “worked” with a negative grid potential at all
times so that no current will flow in the grid circuit and so that all the electron flow
wi11 be in the plate circuit.
From what you have seen in Figures 22 and 23, it is perfectly evident that any extra
voltage applied to the grid circuit will cause the plate current to change in step with
all changes in the amount of this extra voltage. The illustrations just used brought
out the fact that the plats current changes with changes in grid voltage, yet you did
not really see a very clear picture of just how much effect the grid voltage had on
the plate current. There is a way of letting you see those changes very clearly. It is
by moans of “graphs” or curves.
You often have watched the liquid in a thermometer rise and fall with changes in
temperature. The liquid changes its length. You could draw straight lines which
would correspond to the length of the thermometer's liquid just as they are drawn
in Figure 24. One line represents a temperature of 20 degrees above zero, another
represents zero, a third represents 50 decrees above zero and the last one corresponds to 20 degrees below zero.
Suppose you started at one o'clock some morning during cold weather and at each
hour you drew a line corresponding in height to the height of the liquid in the
thermometer at that hour. You might start off with 20 degrees above zero at one
o'clock as in Figure 25, then at two o'clock mark off 15 degrees above, at three
o'clock make a line standing for 10 degrees above, at four o'clock make one
representing zero and so on as the lines are shown all the way through to twelve
o'clock.
Anyone looking at Figure 25 could tell exactly
how the temperature changed with the changing
hours during that time. Still this method is not
simple and clear enough. It is only the position
of the tops of the lines that counts, so you might
draw a line connecting all these tops together.
The vertical lines are no longer of any use
because the single new line tells the whole story;
accordingly we will erase the vertical lines and
leave the single line as in Figure 26. We have
drawn a graph or curve showing the relation
between hours of time and degree of
temperature. With only a glance you can tell
instantly that the temperature dropped to its
lowest paint near the middle of the period, was
higher at the beginning and end, and was higher
at the end than at the beginning.
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Let us draw a graph telling the story of Figures 21, 22 and 23. In Figure
27 the horizontal or cross-wise lines indicate the number of milliamperes
from zero (0) up to 15. They are equally spaced and divide the vertical lines
into 15 equal parts. The vertical or up-and-down lines indicate the number
of volts on the grid from zero (0) at the right down to negative 8 or minus 8
at the left. The three circles are placed where the lines cross for grid
voltages and plate currents that we know. Then these three circles are
joined by a single line which shows the effect of changing grid voltage on
the flow of plate current.
In Figures 21, 2.2 and 23 we took readings with only three different
voltages, with2volts, 4 volts and 6 volts negative. Suppose you want to know
how many mils will flow with negative five volts on the grid. Look at Figure
27 at the vertical line drawn at 5-volt position. It crosses an imaginary
crosswise line at the position for 8½ mils and you can be sure that 4 mils
will flow in the plate circuit when the grid is held at negative 5 volts.
There is no end to what you can determine from looking at a graph. A little
way back you were told that heating the filament above a certain point
would have very little effect on the electron emission or on the flow of plate
current. In Figure 28 you are told the same thing in a graph. The
temperature of the filament depends on the amount of current you send
through it and t h e a m o u n t o f c u r r e n t d e p e n d s o n .
the amount of voltage you apply to the filament.
The more the voltage,

the greater the current and the higher tho temperature.
Figure 28 shows the
relation betwean the filament emission and the voltage put on the
filament of a certain tuba which normally requires 5 volts to
operate it correctly.
The filament emission is measured in the number of
~.~illiampores of current it allows to flow in the plate
circuit. With a high plate voltage) the greater the emission the
greater will be the amount of plate current. Notice that in
Figure 28 there
is no emission at all until you apply nearly 2 volts to the
filament.
Th
en there
is a very slow increase until you get to about ~ volts4
From that
point the emission goes up more rapidly until, at 5 volts, it
begins to increase less rapidly. From h volts to 5 volts the
emission increased from 3 to 6 mile or an increase of
3 mils, But from 5 volts to 6 volts, the same voltage increase,
the emission increased only from 6 mile to 7 mils or an increase of
only one mil for the same increase in voltage.
So you see,
increasing the voltage above 5 volts does not

help much with the emission, Dc you also see what a complete
picture of the whole process we get from an examination of the
graph in Figure 28.
Figure 29 shows a graph of the actual relation between grid
voltage and plate current in the 1127" heater type of tube, one

of the first indirectly-heated tubes. The plate mi111ampE:ras,
from zero to 15, are arranged along the left hand edge. The grid'
voltages, from 4 positive down to 12 negative, are shown along
the bottom, edge. Zero grid voltage or zero bias is shown in a
heavy line.
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Notice

that the plate current is 9 mils with zero grid bias. With a
drop in grid voltege, with this voltage becoming more negative, the plate current drops sharply to a point where the
,rid is 4 volts negative, then drops less rapidly with further
d,t,croase of grid voltage.
When we get down
around
8 volts negative the plate current is not decreasing nearly
as rapidly for a given voltage drop as it was when nearer the
zero point.
When the grid voltage is made positive there
is a rapid rise in the plate current.
This graph tells you
exactly how the plate current acts as the grid voltage
is changed. i. graph makes a real picture
of chan4;ing conditions. With the help of graphs you will be able
to learn how tubes amplify, how they dsteot, how they modulate
a carrier wave, how they act as oscillators or generators of high
frequencies, how they rectify alternating current into direct
current and how they do a11 the other wonderful things a tube is
capable of doing.
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Everyone who has heard anything about radio has heard about
"amplification", .'nd, of
Grid Voltage. FIGURE 29.
course, everyone has heard talk about "volume".
In spite
of the fact that many people seem to think these two mean
the same thing, they are actually quite diff

erent. Volume is a measure of sound intensity.
has more volume than

Loud music

faint music. Volume affects the ears directly.
speaker can make the

If a loud

window panes rattle, it is delivering lots of volume,
have to get your ear

If you

alongside the speaker to hear what is going on, there is not

much volume.

Volume

is sound intensity. Amplification is a measure of how many
times you multiply the strength of a signal. If a part of your
receiver takes in a signal having a strength of 1 volt and
then turns out that signal at a strength of 20 volts, the
signal has been amplified twenty times. This is very good
amplification.
Yet the volume may be so small that you can
hardly hear it,
If you tune in a station 1,500 miles away on an ordinary
receiver o you may be amplifying the aerial signal hundreds or
thousands of times,
Still., the
original strength from the aerial may be so exceedingly small
that the volume is hardly
worth speaking about.
On the other hand you may take a
signal from a station only three or four miles away, amplify
it a comparatively little and get enough volume to drive
people out of a room.
tympl3fication is the ability of a receiver or of any radio
"amplifier" to multiply the strength of a signal. Volume is
the result of the strength of the incoming signal and the
amplification applied to it.
HOW ii TUBE 1,14
Suppose you had an outfit like the one shown in Figure 30.
There is an
aerial and ground with a resistor connected between them.
The aerial
and of this resistor is connected to the grid of a tube and
the ground end is connected through a C-battery to the
filament of that tube.
In the plate
circuit of the tube, between the plate

and the B-battery, is a second resistor.
happcns.
I:erial

Let us see what

Plate
FIGURE 30.
«s you know, radio signals reaching the aerial cause very
small currents to flow between it and, ground.
Carxent
coming down from the aerial to the grid cannot flow through
the space in the tube and the tube's filament to the ground
resistor might be measured in millionths of a volt, but just
to explain the action we will say the difference is 1j volts,
This .1f volts is really applied to the tube's grid circuit and
the grid becomes less negative than before, You know that
increasing the grid's voltage or making the grid less
negative, allows an increase of plate current, This increase of
plate current will h.ave to pca s through the resistor in the
tube's plate circuit,
7 Mils of Plate Current when Aerial Voltage is Positive.

4 Mils of Plate iCurrent when erial is tegat3.ve.

Grid voltage
when Aerial

is Positive,
Grid Voltage when w©rial is Negative.
C-Battery Voltage,
FIGURE .11 4 .
FIGURE 3~.
We can "plot" the current changes on a graph,
In Figure 31
there is drawn a heavy arrow pointing toward the value of
plate current when the aerial voltage is positive. The plate
current with the aerial positive is higher than the current
when there is
no voltage from the aerial.
You can compare the graph of
Figure 31 with that of Figure 29 and see how we use those
curvE)s.
In Figure 32 there is another graph on which the heavy arrow
points towards the value of plate current when the aerial
voltage is negative. The grid voltage is now brought down
below where it stands with no aerial voltage, or with only the
C-battery voltage. In Figure 31 we find 7 mils of plate
current due to the aerial action raising the grid voltage, In
Figure 32 w© find only 4 mils of plate current because the aerial
action has lowered the grid voltage.
Now we will. see what this changing plate current does in the
tube's plate circuit. Of course, we have shown only one rise
and fall of aerial voltage, but as the signal continues to come
in, the rises and falls follow each other rapidly and the plats
current rises and falls just as rapidly,
In Figure 33 w© have the plate circuit resistor carrying the 7
mils of current while the aerial voltage is positive. The
resistor has a value of 5,000 ohms and the voltage drop across
it with 7 mils of current is 35 volts,
In Figure 34 w© havc the plate circuit resistor -^arrying only
4 mils of current while tht aerial voltage is nogetivo.
This reduced curront
produces a drop of only 20 volts,
L.12 - 17.

connection because the resistance of the spacc between grid
and filament is tremendously great.
So the serial current
flows down through the resistor to ground.
Here you have
current and resistance, consequently, according to Ohm's law,
you must also have voltage drop.
It is true that flow of the
aerial current through the resistor causes a voltage drop and
at the instant during which current flows downward, the top of
the resistor is at higher voltage than
the bottom. The actual potential difference between the two
ends of the
L,12 - 16,
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LESSON NO. 13.
MATHEMATICS No.3 - ALGEBRA
In Radio work practically all the problems we met can be figured out with simple
arithmetic. However, we occasionally find a problem that is difficult to solve by
arithmetic, but which can easily be solved by Algebra. Although Algebra is
sometimes considered a somewhat difficult study, nevertheless, I am not going to
take you into the deeper parts o f i t , f o r i t w i l l not be used in your Radio
work. You will find this lesson just as practical and to the point as the rest of
the Course. If after going over this lesson you find it hard to understand, carry
on with your course but do n o t n e g l e c t this lesson entirely. I advise you to
take this lesson section by section, and spend a few minutes each day or a couple
of hours each week reading the one section ever and over again until you
understand it. By taking, the lesson in small “doses” in this way, I feel sure you
will be able to manage it before long. At the same time, you will not be delayed in
your studies because you can carry on with your other lessons.
SIGNS AND SYMBOLS.
The same signs are used to indicate operations as in arithmetic. Thus + is read
“plus or add to”; - is read “minus or “take from”; X means “multiply by”; and ÷
means divided by”. Instead of the multiplication sign between two symbols, the
multiplication sign is often omitted and the symbols written side by side. For
example, instead of writing ; 3 x a x b, we would normally write 3ab. Where
symbols are written side by side in this manner. It is intended that they be
multiplied together.
Symbols or letters are used to a very great extent in Algebra to represent numbers.
When the letter is used to stand far a known number or quantity, a letter from the
last part of the alphabet is chosen; while if the value of the letter is not known or
an unknown quantity is to be represented, a letter the first part of the alphabet is
chosen. The operations are thus performed with these symbols or letters as
though they were numbers. However it is permissible to assign numerical values
to these symbols when it is desired.
Another important use of symbols is that t h e y enable one to abbreviate ordinary
language in the solution of problems. For example:Three times a number equals 20 diminished or made less by 5. What is the
number.
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If we let n represent the number we can write the above statement and the question
in the following way;
3 n = 20 - 5
n=?
The statement 3 n = 20 - 5 is called an equation in algebra and n is the unknown
number. Furthermore:
3n = 20 - 5
3n = 15
n = 5 Hence 5 is the number.
This example illustrates the algebraic method of stating and solving a problem.
ALGEBRAIC QUANTIES
In algebra quantities are represented by one or more numerals or letters, or both
combined. Thus we say 4XY AND 2A+3. Remember that when no sign is written
between a number and a letter, or between two letters, they are always to be
multiplied together. Thus 5ab means that 5 is to be multiplied by a and by b.
We dc not know the value of such an expression as 2x + 3y until definite values
have been given to x and y. In one problem these symbols may have quite
different values from what they have in another problem.
If we let x = 3 and y = 5, then the expression 2x + 3y has a definite value, namely
2x3 + 3x5 or 6 + 15 which, equals 21.
A factor of a product, or an expression is any one of the letters or numbers which
multiplied together produce the product. Thus, in the expression 5mn, 5, m, and
n are each factors of the expression 5rmn, for if they are multiplied together the
result will be the given expression.
An exponent is a little number written to the right and slightly above another
number or letter to show how many times it is to be taken as a factor, that is
multiplied by itself. Thus, in 32, the 2 is the exponent and means that the 3 is to be
multiplied by itself two times; namely 3x3 = 9., Similarly 53 means that 5 is to be
taken as a factor three times, namely, 5x5x5 = 125.
32 is read “three squared”, while 5 3 is read “five cubed”.
Likewise a5 means that a is to be taken as a factor five times, namely :- a x a x a x a
x a. Also 4a2c3 = 4 x a x a x c x c x c.
A coefficient is any one of the factors of a product. Thus in 5mn, 5 is the coefficient
of m, and m is the coefficient of 5n, and n is the coefficient of 5m. The 5 is called
the numerical coefficient while the m or n is called the literal coefficient; because it
is a letter while 5 is a number.
Parentheses ( ) are often used to enclose a certain algebraic expression. If two or
more numbers or letters are connected by any of the four operating signs and are
enclosed in parentheses, the entire expression is treated as a single symbol or a
single number. Thus 3(6 + 4) = 3x10 = 30. Likewise 6(x + y) means the sum of x
and y. multiplied by 6.
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Square root in Algebra as in arithmetic is indicated by the sign

The symbol

for cube root is
The small figure in front-of the radical is generally called the
index of the radical or root, sign.
ADDITION AND SUBTRACTION.
In order to add a number of expressions in algebra, we always place like terms
under each other and then add their numerical co-efficients.
Similar terms are
terms having the same letters in them with the same exponents.
Thus similar terms are in the following manner:
5ac

9x2y

11

7ac

6x2 y

5

3ac

7x2y

2

13ac

22x2y

18

NEGATIVE NUMBERS.
For certain purposes in algebra it is necessary to use negative numbers. A negative
number is one having a - sign in front of it, thus -7, and indicates an “un finished
subtraction”. Thus the + and - signs are used not only to indicate operations, but
also to indicate the kind of number. The + sign is generally always omitted, and
whenever a number is written without any sign preceding it, the + is always
understood. Thus in making a thermometer a certain point on the stem is taken as
zero, and temperatures are marked both above and below this point. Those above
are generally called positive temperatures and preceded by a + sign, while those
below zero are generally called negative temperatures and are preceded by a - sign.
Similarly what a man actually has might be called a positive number, while his
debts would be called a negative number and written with a – sign. This illustrates
the use of negative numbers.
ADDING POSITIVE AND NEGATIVE NUMBERS.
If several algebraic terms are to be added which all have the same sign, they are
written in a column and their numerical coefficients added up. Th e same sign is
then given to the answer. Thus.
.
5ab
-6xy
3ab
-3xy
2ab
-4xy
10ab
-13xY
If however, two like terms are to be added and they have different signs, that is, one
a positive and one a negative, then we subtract the smaller numerical coefficient
from the larger and prefix to the difference the sign of the larger number. This rule
is illustrated in the following examples, in which the two t e r m s h a v e u n l i k e
signs and are to be added.
7mn
-3mn
+4mn

-8xy
+3xy
-5xy

10ab
-15ab
-5ab
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The same principle applies when several positive and negative numbers are to be
added. First all the positive coefficients are added and then all the negative
coefficients are added, and the difference between the two sums with the sign of
the larger is then the coefficient of the sum of all the terms.
SUBTRACTING POSITIVE AND NEGATIVE NUMBERS.
Whenever positive and negative numbers are to be subtracted, we change the sign of
the subtrahend (that number which is to be subtracted) and then proceed just as we
did In addition. Thus in each of the following examples the second number is to be
subtracted from the first. In each case we change the sign of the second number
and then proceed according to the rule given above for addition. However, it not
necessary to make this change of sign on paper, for we can do so mentally ,and go
ahead just as well. For convenience I have shown the changed sign in parentheses.
15mn
(+)-7mn
22mn

8xy
10xy
-2xy

-12ab
(+)-18ab
6ab

In the left hand example the sign of subtraction is - when changed it becomes + as
shown within the parentheses. The problem then becomes adding a positive 15 and a
positive 7, in the second example the sign of the subtrahend is changed from +to and then we must add a+8 and a-10 which gives as a sum -2. The right hand example
is done in a similar manner.
MULTIPLICATION.
In multiplying algebraic terms there are two steps to perform. Either similar or unlike
terms can be multiplied together. The product will be different from either one of the
factors. The general rule for multiplication is the following.
First multiply the numerical coefficients in order to obtain the Coefficient of the
product. The same letters occur in the product with the exponents equal to the sum of
the exponents of the of letter in the factors. This rule is illustrated in the following
example.
To multiply 2ab by 3a2b we first multiply the numerical the numerical coefficients and
then follow this by letter giving each letter an exponent equal to the sum of its
exponent in the factors. The result becomes 6a3 b 2 .
If two terms with like signs (either both + or both -) are to be multiplied together, the
sign of the product will be +. But if the signs are unlike the product is -. This is
illustrated in the following examples.
DIVISION.

-3mn x

-4mn = 12m2n2

6ab x -3a2b2 = 18a2b3

In division there are are two steps to follow as in multiplication. First we divide the:
numerical coefficients as in ordinary arithmetic. Then we write the letters, but giving
to each an exponent equal to its exponent in the dividend minus its exponent in the
divisor.
Thus to divide 12m3 by 3m, we first divide 12 by 3 and the follow the quotient 4 with
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with the letter m, but subtracting the exponent in the divisor which is 1 from the
exponent in the dividend which is 3. The quotient then becomes 4m2.
The rule of signs in division is similar to the rule in multiplication, that is, if two
terms with like signs (both + both -] are to be divided, the quotient is 4; but if the
signs are unlike, the quotient is -. The following example will illustrate this rule.
To divide 18x4y3 by -3x2y

the quotient is -6x2y2

REMOVING PARENTHESE.
Often in algebraic work it becomes necessary to remove the parentheses, which
enclose certain expressions.
When the parentheses are preceded by a + sign
(when no sign at all is there the + sign is understood) the parentheses can be
removed without making any changes on the terms enclosed. However, when the
parentheses are preceded by a minus (-) sign, then the sign of every term within the
parentheses must be changed. This is illustrated with an example. Suppose we
wish to remove the parentheses in the following example:
8a + (6a - 3b) - (7a - 13b + 15) + 10
Removing the parentheses and observing the rules just given you we get
8a + 6a - 3b - 7a + 13b 15 + 10
Combining terms the result becomes:
EQUATIONS.

7a + 10b - 5

An equation is a statement of equality between two equal numbers or number
symbols. It consists of two numbers connected with an equal (+) sign. One is called
the left hand and the other the right hand member.
An equation always contains a letter whose value is to be found.
called the unknown.

This letter is

To solve an equation means to find the value of, the unknown letter. The first step
in solving an equation is to collect all the terms containing the unknown on the left
hand side and all those not containing the unknown on the right hand side.
Whenever a term is taken from one side of an equation to the other, it is necessary
to change its sign.
I will now show you how to solve an equation.
Let us use the equation
5x - 4 = 2x + 17
As I said, we transpose the term 7x to the left side and the -4 to the right side, and
at the same time change the sign. The equation then becomes:
5x - 2x =17 + 4
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The next step is to combine terms, and we get
3x = 21
Lastly, we divide both sides of the equation by the coefficient of the unknown, and
we thus obtain the value of the unknown, or x, in this manner.
x=7
I will solve another equation for you, according to the same method. Follow the
steps carefully.
13n + 7 m = 5n - 17
13n - 5n -17 -7
8n -24
n = -3
The solving of equations is often simplified considerably by multiplying or dividing,
both side of the equation by the same amount or by changing the signs of both of
the equation.
For instance, the equation 8 = 6 + 2 is obviously correct. Supposing we multiply
both side of this equation by 3.
3 x 8 = 3(6 +2)
24 = 18 = 6
If on the other hand we divide both side by the same amount say 2.
8=6+2
2
2
4=3+1
You will realize that as long as we multiply or divide both side of an equation by the
same amount, the answer is not affected. Now let us consider an algebraic
equation.
3a = 75
a
Multiplying both sides by “a”

3a x a = 75 x a
a
3a2 = 75
a2 = 25
a=5

In other cases it may be beneficial to divide instead of multiplying, take the
equation.
3ax = 9a
Dividing both sides “a”

3ax = 9a
a
a
3x = 9
x=3

FACTORING.
Factoring is the process of finding those quantities or expressions which multiplied
together produce a given number. For instance, the factors of the number 10 are2
and 5, because 2 and 5 multiplied together produce 10. similarly the factors of
25a2b3 are
5x5xaxaxbxbxb
There are many cases in factoring, but I will consider only the simplest one for none
of the more complicated ones are likely to come up in your radio work.
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The simplest form of factoring is that of determining the factors of a simple number
or term, such as 10 or 25a2b , as already explained. This form is useful reducing
or canceling fractions.
One of the most common processes is that of finding the factors of an expression
which consists of two or more terms. These expressions are called polynomials. In
this work it is generally not desirable to reduce the expression to the lowest possible
factors, but to find the largest factor which is part of each term. This largest factor
is called the highest common factor. For instance, in the expression 12 - 18 + 24
the highest common factor is 6, because 6 is the highest number which is a factor
of all three terms of the expression. The other factor which, when multiplied by 6,
produces the complete expression is 2 - 3+ 4 and is found by dividing 6 into the
expression. The two factors could be written:6(2 – 3 + 4)
Now we will find the factors of the algebraic expression:25a2b3 + 15a3b2
It will be noticed that 5 is a factor of the numerical coefficient of each term, also
that a2 is the highest factor of both a2 and a3 in the two terms, and that b is the
highest factor of b3 and b2. Thus the highest common factor of the expression is
5a2b2 a because this is the largest quantity which is a factor of each term.
If we now divide the entire expression through by this factor we will get the two
factors of the original expression. These factors are:- 5a2b2(5b + 3a)
The 5b is, of course, found by dividing 5a2b2 into 25a2b3 while the 3a is found by
dividing 5ab - into 15a3 b 2
FRACTIONS.
The expression a/b in which a and b represent numbers is called an algebraic
fraction and is read “a divided by b” or “a over b”. A fraction is merely an
indicated quotient in which the numerator is the dividend and the denominator the
devisor. The numerator and denominator are often called the terms of a fraction.
Fractions in algebra are worked according to the same rules as in arithmetic.
The following facts are important to remember.
The numerator and denominator of a fraction may be multiplied or divided by the
same number or letter without changing the value of the fraction. To illustrate,
2a
let us use the fraction
3b
We can multiply the two terms of this fraction by 5a and the fraction will still have
the same value. The fraction then becomes 10 ac
15bc
A fraction is in its lowest terms when the numerator and denominator contains no
common factors.
The sign of a fraction is the + or - sign placed before the line
separating the numerator from the denominator. There are thus three signs to
consider, the sign of the fraction, the sign of the numerator and the sign of the
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denominator. Thus in the fraction
- +5a the sign of the function is -, of the
numerator +, and of the denominator -.-7b
In a fraction the sign of both the numerator and denominator may be
changed or the sign of the numerator and the sign of the fraction, or the sign
of the denominator and the sign of the fraction, without changing the value
of the fraction. Thus the above fraction could be rewritten in the following
forms and have the same value in each case.
- +5a
-7b

- -5a
+7b

+ -5a
-7b

+ +5a
+7b

REDUCING A FRACTION TO LOWEST TERMS.
To reduce a fraction to its lowest terms we must factor both numerator and
denominator and then “cancel” the common factors, that is those that occur
in both. Thus to reduce a fraction we proceed as shown in the following
examples:

MULTIPLICATION OF FRACTIONS.
whenever fractions are to be multiplied, we do just as we did in arithmetic,
that is, we multiply all the numerators together and all the denominators to
get the product. This is illustrated in the following examples:

DIVISION OF FRACTIONS.
Whenever it is necessary to divide a fraction, the general rule is to invert the
divisor and then multiply. This is also i1lustrated.
Let us divide to expression 12a 3 b 3 by 2a
3b
According to the rule just given you, w e invert the 2a so that it becomes
3b
Then we multiply 12a 3 b 3 by 3b and the answer becomes 36a 3 b 4 . But
can be reduced to lower terms, for there are common factors in
numerator and denominator. It then becomes 18a 2 b 4 .

3b
2a
this
the

Following is a further illustrative example:

A knowledge of algebra, while not essential in radio work will prove to be of
considerable use if it can be attained. One of its most useful purposes i s
in connection with the various formulae found in various lessons
throughout the Course. For instance, supposing a formula, is given for
finding current when the resistance and voltage in a circuit are known. A
knowledge of algebra allows us to change the
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formula around so that we can find the resistance if the current and voltage are
known, or so that we can find the voltage if the resistance and current are
known.
T a k e the formula for current equation by R.

Multiplying both sides of the

Divide both sides by I.

We now have a formula for finding resistance. Again let us start with the same
formula.
This is of course the same as saying
sides by R.

Now multiplying both

Thus we now have a formula for finding voltage.
We will take another example to see how useful algebra can be to us. In the
next lesson you will be told about a formula for finding the reactance of a
condenser when of the current and the capacity of the condenser are known.
This is the formula.
159,155
Resistance in Ohms = Cycles x Microfarads
Multiplying both sides “cycles”.

Dividing both side by “reactance”

We have now changed our formula around so that instead of finding
reactance we can now find the frequency necessary to produce a certain
reactance in a condenser of a certain capacity. By similar means we can
change the formula to enable us to find the capacity in microfarads if we
know the reactance we require and the frequency of the current.
Starting with the same formula
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M u l ti p l y i n g bo t h si d e b y m i c r o f a r a d s we have
Dividing both side by reactance

159,155
Reactance x microfarads = cycles

The same principles can be applied to practically any of the formulae given in the
various lessons, so that even if only one formula is given you will be able to able to
change it around and thus make it tell you a number of useful things.
Although there is a great deal more to study in Algebra, this, however as far as is
necessary for you to do at this time. It may seem a little difficult at f i r s t because
it is such a new subject, but if you will study it a little each day in connection with
your other work, and I am sure you will master it without serious troubles.
For those of y o u who have taken Algebra at school this lesson should completely
refresh your memories on the subject. For those who have not and still experience
difficulty we suggest that in the meantime you carry on with the other lessons in
the course as they come to you, but at the same time give an hour or two each
week to this lesson on Algebra until you have completely mastered it. If you
require a good elementary book on the subject, “Elementary Algebra” Parts 1 & 2,
written by Barker & Bourne can be recommended. It gives examples of Algebraic
problems for you to work out, together with answers, so that you can check your
working. Most well known book-shops stock the book.
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EXAMINATION QUESTIONS LESSON 13 M3.
1.

Add the following , 4xy2 - 2ab + 3xy2 + 7ab

2.

(a)
(b)

Subtract -11xyz from 3xyz
“
18ab from 6abx

3.

(a)
(b)

Multiply
“

4.

Divide 12p2q5 by 3pq2

5.

Simplify the following 6a – (3ab+4a) – (5a +3ab – 15)

6.

Simplify the following equation:-

4ab2c by 10abc2
2ab by 5axy

18x + 7 – 5 = - 4x + 40 +6
7.

Find the factors of 20 x5 y2 c4 + 16 x2 y3 c4

8.

Reduce the following fraction to its lowest terms.
3 x3 y
12 x4 y2

9.

Multiply

3x by –x2
4a2
4a

10.

Divide 20 a2 b by 4ab
15x4
6x2
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LESSON NO. 14.
OPPOSING THE FLOW OF ELECTRIC CURRENT.
You have been doing quite a bit of studying on the effects of resistance in various
kinds of circuits and have found that resistance is very useful in allowing us to
control the amount of current
flowing. When you first took up the
study of radio, you were told that
resistance in electrical c i r c u i t s
corresponds
to
friction
in
mechanics. This is true because
resistance changes electrical energy
into heat, t h e heat passes away
and the energy which produced it is
lost as far as the circuit is
concerned.
In Fig, 1 is s h o w n a n experiment which illustrates the effect of resistance. If you
use two dry cells, connected together as at the left, or if you use a single cell of a
s t o r a g e battery such as a radio A - battery or an automobile battery, you will have
the source of electric energy. Then get hold
of a small steel wire. Steel has considerable
resistance. Then connect this wire between
the fixed
terminals of the car battery as
shown in Figure 1. The ends of the wire
must be bright a n d clean.
The wire gets hot. Be sure you don't keep
hold of it.
Then it gets red hot, and
finally a dazzling white heat just before the
metal in the wire melts and burns apart.
You changed electric energy into heat energy, the heat was radiated into the air
and it disappeared never to return. The resistance of the wire
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changed the form of the energy, it allowed the production of heat and the
final result was a loss of electrical energy. Resistance always represents a
loss of energy.
Resistance opposes the flow of electric current. In order for the current to
get through the resistance, the electricity has to work hard. T h e work
produces heat, Resistance is not the only thing which opposes the flow of
electric current.
There is resistance in every part through which electric current flows. Every
conductor has ohmic resistance. Sometimes good use is made of the
resistance. In Figure 2 the tube filament’s resistance is used to make
current heat the filament. The flow of current is controlled with the fixed
resistor or with the rheostat. A rheostat is another name for a variable
resistor used for the control of current flow. But every wire and every other
current carrying part also has resistance even though it is undesirable.
It has been said that all conductors have resistance. They have resistance to
direct current and to alternating current too. Therefore, even the coil and
condensers in Figure 3 have resistance to alternating current or to any other
current. Resistance is found wherever there is electric current flowing matter
what kind of current,
OTHER WAYS OF OPPOSING CURRENT FLOW.
In an earlier lesson you learned that coils and
condensers, such as shown in Figure 3. oppose
current flow because they have a property
called “reactance”. You were told that reactance
is the ability to “react” or give back energy.
Coi1s and condensers absorb energy and
hinder the flow of current, but then they give
back the energy into the circuits. The effects
of reactance were illustrated by showing you a
steel sizing which, after being twisted, will untwist and give back energy.
You were also shown how a weight may be lifted and then, upon falling will
give back energy or do work.
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Reactance requires energy to overcome it in the first place, but the energy is then
given back. You see there’s a big difference between resistance and reactance.
In Figure 4 is shown another simple experiment, this one to show the effect of the
reactance in condensers. Over at the left hand side of this picture is an ordinary
house lighting lamp connected to an alternating current line with a direct wire on
one side of the circuit and with a 1.-microfarad condenser in the other side. The
lamp will light, but will light dimly. If the condenser was Left out and a direct
connection made as shown by the broken line, then the lamp would light up brightly.
The condenser has a reactance. The reactance makes it difficult for the alternating
current to flow to and through the lamp, consequently the lamp lights less brightly
with the condenser in the circuit than when there is no condenser. The effect on the
brightness of the lamp filament is as though we had connected in series with it a
resistor having a value of 3180 ohms. The reactance of a 1 mfd. condenser at a
frequency of 50 cycles per second is 3180 ohms. If you wish you may calculate
this figure for yourself by using the formula for condenser reactance shown on the
next page.
Now look at the right hand side of figure 4. Here we have substituted for the 1microfarad condenser another condenser having a capacity of 4 microfarads, the
reactance of which at 50 cycles per second in approximately 800 ohms. Now the lamp
lights up much brighter than with the 1-microfarad condenser. More current must
be flowing to and through the lamp with the large capacity condenser. The
large
condenser has less reactance than the small one and because it has less reactance it
is easier for alternating current to act through it. now you can memorise the first
rule about reactance in a condenser; MORE CAPACITY – LESS REACTANCE.
In the earlier lesson called “The Operation of Condensers and Their Part in Radio”,
you learned that alternating current can flow in a circuit containing a condenser by
virtue of the fact that as current flows firstly into one plate, where it is stored, it
forces an equal amount of electricity to leave the other plate and continue on around
the circuit. Then a fraction of a second later the current reverses and flows into the
plate from which it previously emerged at the same time causing an equal amount
to leave, the plate which it originally entered. Now the opposition or reactance to
the current which flows around the circuit from one condenser plate to the other
naturally depends on the amount which can be stored in the condenser or on the
capacity of the condenser. A large capacity condenser can store a large amount of
capacity so that it is easy for the current to flow into and out of the plates.
Consequently the reactance of a large capacity is low. A small capacity cannot store a
large quantity of electricity so that there is more opposition or reactance to current
flow in the circuit.
This explains how the rule “MORE CAPACITY – LESS
REACTANCE comes about.
In Figure 5 is shown another experiment with a condenser, at the left a small
condenser, one with 0,005 microfarad capacity, is connected between the aerial and
the receiver. Whether the condenser is placed between aerial and receiver or whether
a wire is run directly from the aerial without any condenser there will be practically
no noticeable difference in the loudness of the signals. Evidently the condenser has
but little reactance.
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In Figure 5 at the right the same 0.005 microfarad condenser formerly used in
the aerial line is connected between the receiver and the loudspeaker. With
this condenser in the speaker line you will hear hardly a sound while with a
direct wire to the speaker the loudness is as usual. In this position it is
evident that the condenser has a great deal of reactance.
Now you will he told the difference between the condenser connection at the
left and the one at the right. At the left the condenser is in a circuit carrying
very high frequency, a circuit carrying radio frequency currents. At the right
the condenser is in a circuit carrying comparatively low frequency or audio
frequency. The condenser is the same in both cases, but its reactance to high
frequencies is very little and its reactance to lower frequencies is very great.
This condenser lets the high frequency currents through practically without
hindrance, yet almost stops the low frequency currents. This gives the second
rule for reactance in a condenser MORE FREQUENCY - LESS REACTANCE.

It is very important that you memorise these two rules about reactance. Always
remember “more Capacity -- less reactance” and “more frequency -- less
reactance”, whenever you are dealing with condensers.
HOW TO CALCULATE A CONDENSER’S REACTANCE.
Anything which opposes the flow of electric current as measured in the unit
called an “ohm”. Resistance is measured in ohms and so is reactance
measured in ohms. To figure out the reactance of a condenser in ohms you
have to know the condenser’s capacity and you have to know the frequency of
the alternating current which is to flow through the condenser -- only two
things.
Condensers are used in three different portions of a radio receiver, as follows:(1) in the radio frequency amplifier, (2) in the audio frequency amplifier, and
(3) in the power supply parts. In those three portions of the set we are
handling three classes of frequencies. In the radio amplifier we are handling (1)
high frequencies or radio frequencies measured in kilocycles. In the audio
amplifier we are handling (2) lower frequencies or audio frequencies measured in
cycles. In the power units we are handling (3) very low frequencies or power
frequencies also measured in cycles. Three parts of a receiver are indicated in
Figure 6.
First we'll take the formula for condensers used in the power supply units and in
audio amplifiers where the frequencies are measured in cycles. The condenser
capacities are measured in microfarads. Here is the formula:
Reactance in Ohms =

159,155
.
cycles x microfarads.
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You multiply the number of cycles by
the number of microfarads and divide
the result into 159,155 which is the
constant.
(Special note;- This constant, 159,155
is obtained by dividing 2 Π or 6.28 into
one million. In many text books
Capacity Reactance formula is shown
as
1 .
1 .
2 Π FC or CW where C
equals capacity of condenser in farads
and W equals (2 Π x F) and F equals
the number of cycles per second. As a
farad which is one millionth part of a
farad.
In Figure 7 is a diagram of a typical
power unit which contains three condensers of 2- microfarad capacity
each. These condensers are acted
upon by the power line frequency
which in this case is 50 cycles. To
find the reactance of each condenser
we place these values in the formula
as follows:
Reactance in Ohms = 159,155
50 x 2
= 159,155
100
= 1591 (approx.)
In Figure 8 is a diagram for one type of loudspeaker connection. A 2-microfarad
condenser is placed between the tube's plate and one of the speaker leads. One of
the keys on a piano produces a musical (audio) frequency of 1035 cycles. What is
the reactance of the 2-microfarad condenser at this frequency? Again we place
known values in our formula tike this:
Reactance in Ohms = 159,155
1035 x 2
= 159,155
2070
= 77 (aprox.)

Notice that at a frequency of 50 cycles the 2-mfd, condenser has a reactance of
more than 1500 ohms while at a frequency of 1035 cycles the same condenser
has a reactance of only 77 ohms. Here you see that the rule “more frequency –
less reactance” holds good.
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When considering the radio frequency end of the set we are going to deal with
frequencies so high they are measured in kilocycles (thousands of cycles) so we will
want a formula using kilocycles instead of cycles. We will still measure the
condenser capacity in microfarads. Here is the now formula:
159
.
Reactance in Ohms = kilocycles x microfarads
This looks a lot like the first formula, except that the number above the line is now
“159”instead of “159,155”.
In Figure 5 we connected a condenser of 0.005 microfarad capacity in the aerial
circuit. At a frequency of 1000 kilocycles what is the reactance of this small
denser? We will put the known value into the second formula like this:
159
.
159159
Reactance in Ohms = 1000 x 0,005 =
5
= 32 (approximately)
The number “0.005” is the same as 5/1000 and when we multiply the number
1000 by 5/1000 the result is 5. So we just divide the number above the line (159)
by 5 and the answer is 32 ohms reactance for this condenser.
With this same condenser in the loudspeaker circuit, should the speaker attempt to
sound the piano note of. 1035 cycles the condenser's reactance would be more than
30,000 ohms.
Here, again you see the working of the rule “more frequency -- less
reactance”.
THE REACTANCE OF A COIL.
Now that we have finished our investigation of the reactance in condensers we will
look into the subject of reactance in coils. Both condensers and coils have
reactance or opposition to the flow of alternating current. We will go back to
experimenting with the house lighting lamp and connect it as in Figure 9.

In the left hand illustration we have connected a small coil of wire in one of the two
wires carrying alternating current to the lamp. The lamp does not light quite so
brightly as without the coil i n circuit., but still it does burn quite well. In the right
hand picture we have changed coils and are now using a much larger one. The
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lamp lights very dimly. Evidently the large coil has much more reactance to
alternating current than the small one. We can be sure that it is not just the
resistance of the coil that dims the lamp because current is coming from the power
and light lines through a much greater length of wire than is contained in even the
large coi1, and the great length of wiring in the outside circuits does not dim the
lamp.
In order to explain about the reactance of coils it will be necessary to go back quite
a bit and explain first some very important things about the behaviour of a coil
when alternating current flows through it.
LINES OF FORCE.
At same time in your life you have probably played with a horse-shoe magnet like
those in Figure 10. You found that such a magnet would attract and hold nails and
other small objects made of iron or stool, also that the needle of the compass would
be attracted towards one of the ends or “pales” of the magnet. It is perfectly evident
that some peculiar invisible force exists around the magnet's poles and in the space
between them.

Between the magnet poles there are invisible “lines of force”. The nail tries to come
close to the magnet so that it can carry more of these lines. The Compass needle
turns so that the lines pass through it from end to end. These lines of force make
up what we call the “magnetic field”.
There are similar lines of force around any conductor carrying current. If you have
alternating current flowing through a wire, or if you have direct current in the wire,
there are lines of force around the wire as indicated in Figure 11.
These lines of force have
direction, they whirl around
in a certain direction. The
direction travelled by the
lines or by the force which
they represent depends on
which way the current is
flowing in the wire. You can
see what is meant in Figure
12. If the current flows
from left to right, according
to the arrows,
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the lines would whirl in a clockwise direction as you looked at the right hand end
of the wire. If you reverse the direction of the current, the direction of the lines of
force will also reverse in direction around the wire.

In Figure 13 the straight wire has been formed Into a number of loops or into a
coil. Now the lines of force are closer together because you have brought some
parts of the wire closer to other parts. The lines still whirl around the wire just the
same as when it was stretched out straight. At the left hand side of figure 13 you
will see that a11 the little arrows, representing lines of force, are travelling toward
the left hand end of the coil while they are on the outside of the coil. What really
happens is shown at the right. All the lines on the outside, which are flowing
toward the loft, join together and flow along together as shown. All the lines in side
the coil likewise join together and flow together from left to right. All the lines of
force inside the coil flow in one direction and all those on the outside flow in the
other direction. The lines come out of the “IN” end of the coil and go back into the
“S ” en d. Reversing the direction of current flow through the wire of the coil will
reverse the direction of a11 the lines of force. Then the lines will go through the
coil and around i ts outside in the other direction.
Remember that there are no
lines of force when no current is flowing and that there will be the greatest number
of lines when the greatest amount of current flows.
Then if we take the coil at the left in Figure 14 and find that the ammeter shows
zero, or no current flow, there will be no lines of force or no field around the coil.
With a moderate amount of current flowing as shown in the next coil toward the
right there will be a field of moderate strength or of a moderate number of lines
around the coil. If the current is increased to the maximum amount shown in the
centre drawing there will be a strong field or many lines around the coil. Then,
decreasing the current as at the next picture will reduce the number of lines around
the coil and if the current falls to zero, or stops, as at the extreme right the lines will
disappear. This is exactly what happens around a coil carrying alternating
current. First there is no field then it increases to its maximum strength or greatest
number of lines as the current rises to its greatest flow in one direction. As the
current dies down again, the field is reduced in strength and when the current drops
to zero there is no field, no lines around the coil. As the alternating
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current swings the other way, the process is repeated, the field builds up to the
maximum number of lines of force, then drops back to nothing again.

With the action shown in Figure 14, the lines seem to rise out of the coil to spread
out as their number increases, and then to drop back into the coil, finally to disappear altogether.
GENERATING ELECTRIC CUIRRENT.
In Figure 15 a hollow coil of wire is connected to a couple of turns of wire around an
ordinary magnetic compass.
If you were to plunge a bar magnet down into the
coil while watching the compass needle, you would see the needle swing to one side.
Then as you withdrew the bar magnet from the coil, the compass needle would
swing the other way.
You have moved the magnet's lines of force down through the turns of wire
composing the coil and the cutting of the lines through the conductor produced a
voltage and the electric current in the coil and the wires attached to it.
The tiny
lines of force in the wire around the
compass caused its needle to swing.
You know that lines of force appear
around any wire carrying current,
consequently
the
compass
indication of lines of force shows
that you have produced a current in
the wire around it.
The faster you move the bar magnet
into and out of the coil, the more the
compass needle will swing or the
farther it will swing.The more
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rapidly the lines of force cut through the coil's conductors the greater is the
voltage and current generated.
Exactly the same result could be secured were you to hold the bar magnet
stationery and move the coil of wire up and down around the magnet. Any
relative movement between the lines of force and a conductor produces a
voltage in the conductor
COUNTER ELECTRO MOTIVE FORCE
If you look at Figure 14 you will realise that the lines of force rising out of
the coil and falling back into it must be cutting through the coil's
conductors. This movement of the lines of force produces a voltage in the coil
of Figure 14.
In Figure 14 we had a voltage and current which caused the lines of force to
appear in the first place. Then the movement of the lines also produced a
voltage in the coil. Therefore, there must be two voltages in the coil -- one
being the voltage that produced the lines of force: and the other being th e
voltage which the moving lines produced.
The second voltage, the one produced by the moving lines of force is called
“counter electromotive force”. Electromotive force is just another name for
voltage, so we might as well say “counter voltage”. Counter means opposite,
or the other way round, so we find that counter electromotive force means a
voltage acting in the opposite direction.
It is true that the counter e.m.f.
acts just opposite to the voltage originally applied to the coil. This action may
be illustrated by the steam cylinder and flywheel of Figure 16. The original
voltage is represented by the heavy flywheel. As the steam pressure is
applied and tries to revolve the flywheel, the weight of the flywheel opposes

the turning and acts against the steam pressure.
Then, as the steam
pressure decreases, the weight of the flywheel tends to keep the wheel
revolving. A similar action takes place in the coil. While the current in the coil
is increasing, or while the lines of force are rising out of the conductors and
spreading out, the counter e.m.f. acts against the original voltage.
This is
shown in Figure 17.
Then, when the current in the coil commences to drop off, the lines of force
move the other way, drop back into the conductors.
This
reverses
the
polarity of the
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counter e.m.f. and it tends to keep the current from dying down, tends to keep the
current flowing. The counter e.m.f, holds back the current as it tries to increase,
then tries to keep the current flowing when it wants to decrease.
It was the counter electromotive force in the coils of Figure 9 which made the lamp
burn dimly. This opposing voltage worked against everything that the regular line
voltage tried to do. With the coils, and their counter electromotive force, in the
lamp's circuit the regular voltage from the supply line was unable to get as much
current to the lamp as it could have had the coils been out of the way.
In Figure 18 is shown a curve representing one complete cycle of alternating
current such as might pass through the lamp circuit when no coil is included. The
current rises to the value marked “8” in each direction. Now supposing we have a
coil in the circuit. Then the alternating current may be represented by the curve in
Figure 19. The opposing voltage, or the counter electromotive force, holds back the
current and it can only rise to the value marked “5” in each direction. That's the
way counter electromotive force acts; it reduces the amount of current that can flow
in an alternating current circuit.

EFFECT OF FREQUENCY ON THE COIL’S REACTANCE
During one cycle of alternating current the current rises to maximum in one
direction, falls to zero and increases to maximum in the other direction and finally
falls to zero again as indicated in the lower part of figure 20. Were this current
flowing through the coil shown at the top of this illustration, there first would be a
very strong field, then no field at all, then another strong field, and then no field
again -- the strong fields occurring along with the maximum currents.
You have been told that voltage is generated by lines of force cutting through conductors.
As the field around the coil of Figure 20 rises out of the coil its lines
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of force cut through the coil’s wires and voltage is generated. As the lines fall back
through the wires another voltage is generated. This is the action that produces
the counter e.m.f.
The more rapidly the lines rise out of the coil and fall back into it, the greater will
be the rate at which the lines cut through the wires and the greater will be the
voltage generated. You were told that the voltage generated depends on the
number of lines cutting a conductor within a certain length of time. So the faster
the lines cut, the greater will be the counter e.m.f. generated. The greater the
counter e.m.f. the more the opposition to the action of the original voltage.

As the frequency of the alternating current increases, the number of times the field
rises out of and falls back into the; coil in one second will increase. Consequently
the greater the frequency, the greater will be the counter e.m.f. and the more
opposition there will be to the original voltage. So you see that increase of frequency
increases the reactance of the coil since the opposition to the original voltage is
what constitutes reactance.
Now you have the first important rule dealing with the reactance of a coil; M0RE
FREQUENCY -- MORE REACTANCE.
This is just as important as the rules
dealing with a condensers reactance and it is quite necessary that you remember
it.
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A little farther along you will be given the second rule for a coil's reactance;
then you will know two rules applying to condensers and two similar ones
applying to coils.
First you will be told about the name used for the ability of a coil to generate
voltages in the way that has just been explained.
INDUCTANCE
The property of an electric circuit (such as a coil) by means of which it is able
to generate voltage is called “inductance”. When a coil generates voltage in
itself the property is called “self-inductance”. We have just seen how this selfinductance acts in a coil. If the voltage is generated in a different circuit, as
is done when two circuits are coupled such as in a transformer, we call the
property by the name of “mutual inductance”.
The greater the coil's ability to generate a voltage within itself, the greater is
the coil's inductance. The amount of inductance possessed by a coil depends
on the size of the coil, on the size of the wire, and on the material around
which the coil is wound
The two coils in Figure 21 have the same
number of turns of wire and are of the
same length. But the one at the right is
twice the diameter of the other one,
therefore the right hand coil has much
more inductance than the one at the left.
The left hand coil in Figure 22 has 10
turns of wire and the right hand coil has
15 turns of the same kind and size of
wire. The two coils are of the same
diameter. Because of more turns of the
same wire, the right hand coil is longer
than the other one. Because of the extra
turns the right hand coil has more
inductance than the one at the left.
The two coils in Figure 23 have the same
number of turns of wire and are of the
same diameter. The coil at the left is one,
inch long and the one at the right is only
5/8 inch long. Therefore, the effect is
more concentrated in the right hand coil
and the right hand coil has more
inductance than the one at the left.
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At the left In Figure 24 we have a coil with nothing but air inside it. The Inductance
of this coil is determined by its diameter, its length and the number of turns of wire.
At the right hand side of the illustration we
have the same coil but now the space inside
is completely filled with iron. Were you to
measure the inductance of the two coils you
would find that the one with the “iron core”
has hundreds of times as much inductance
as the one with the “air core”.
There you have the four things which affect a coil's inductance, (l) diameter, (2)
number of turns, (3) length of winding, and (4) material inside the coil.
You have learned that the more counter voltage generated in a coil the more it
opposes the flow of alternating current through it, or the more reactance the coil
possesses. Now you have learned that the coil's ability to generate voltage is called
inductance. Then it follows that the greater the coil's inductance, the greater must
be its reactance. This is the second rule for coil reactance, MORE INDUCTANCE MORE REACTANCE. Now you have the two rules for coil reactance to match the two
for condenser reactance. You will notice that those two rules for coil reactance are
just the opposite to the two for condenser reactance.
HOW TO CALCULATE A COIL’S REACTANCE.
A reactance of a coil is measured in ohms, just as the reactance of a condenser and
the resistance of any circuit is measured in ohms. We will always find coils in three
portions of any receiver, in the radio amplifier, in the audio amplifier, and in the
power supply parts. The coils are handling three classes of frequencies -- radio frequencies, audio frequencies and power frequencies.
In order to figure out the reactance of a coil we must know its inductance and we
must know the frequency of the alternating currant which will pass through the
coil. The inductance of a coil may be measured in any one of three common units,
first comes the “henry” which represents quite a large amount of inductance. The
henry is used for inductance measurements of coils having iron cores. Iron-core
coils are used in transformers and in chokes for audio frequency amplifiers and for
power supply units.
A smaller inductance unit is called the “millihenry” which is the one thousandth
part of a henry. Transformer coils and choke coils used in radio frequency circuits
may have their inductances measured in either millihenrys or in “microhenrys”.
Here is the relation between the three, inductance units:
1 henry = 1,000 millihenrys = 1,000,000 microhenrys.
Now you will be given three formulae used for calculating the reactances of coils
when the inductances are given in henrys, millihenrys or microhenrys and when
the frequencies are given in cycles or in kilocycles.
Reactance in Ohms =

C y c l e s x henrys x 1000
159

(3)

Reactance in Ohms =

kilocycles x millihenrys x 1000
159

(4)
L.14 - P.14

Reactance in Ohms

=

kilocycles x microhenrys
159

(5)

Another formula is sometimes used for calculating the reactance of a coil:
Reactance in Ohms

=

2ΠfL

In this formula the symbol “Π” is culled “pi”, and is usually taken as 3,14. The
letter “f” represents the frequency in cycles per second and “L” the inductance in
henrys. If we multiply 2 by Π as in the beginning, we have a value of 6.28.
Now

also w works out to be 6.28 and the rest of this formula (cycles x henrys) is

the same as the rest of formula 3. Therefore, this formula is exactly the same as
formula 3 except that it is written in a slightly different way.
In Figure 25, showing part of a power supply unit, there is a “filter choke” having
an inductance of 20 henrys. To calculate the reactance of this choke at a frequency
of 120 cycles we will use the formula (3) and fill in the values as follows:
120 x 20 x l000 = 2,40,000
159
159

=15,000 ohms (approximately)

The resistance of a choke such as shown in Figure 25 may be between 200 and 300
Ohms. That would be its resistance to direct current and of course it offers the
same amount of resistance to alternating current.
Yet, in addition to the fairly
low resistance, we find that this choke has a reactance to alternating current of
15,000 ohms. Direct current would flow through this choke quite easily but
alternating current would have a hard time getting through because of the great
reactance.

In Figure, 26 we have part of a transformer coupled audio frequency amplifier
showing the coupling transformer between two amplifying tubes. Although this
arrangement does not conform to modern practice we have included it with a view
to providing a simple example of impedance calculation. The same remarks may
be made regarding the circuit diagram of Figure 27. This also is not typical of
modern practice but has again been included as a concession to simplicity. The
primary winding of this transformer has an inductance of 60 henrys. Supposing
we are amplifying a musical note having a frequency of 500 cycles, to calculate the
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reactance of the transformer at that frequency we use formula (3) again and fill in
these new values as follows.
500 x 60 x 1000 = 30,000,000 =188,000 ohms (approximately)
159
159
This shows you what very great opposition we have to alternating currents of audio
frequencies when our coil has plenty of inductance. The circuits used around a
detector tube are shown In F i g u r e 2 7 . On the left of the detector w e h a v e a
radio frequency transformer in which the secondary coil or winding has an
inductance of 170 microhenrys. To calculate the r e a c t a n c e of this coil at a
broadcasting frequency of l000 kilocycles we will use formula (5) and fill in t h e
values given:
1000 x l70
159

=

1700,000 = 1070 ohms (approximately)
159

In the case of this radio frequency transformer, we have a very high frequency; of
1000 kilocycles or of 1,000,000 cycles. Yet, because the inductance is very small,
being measured in microhenrys, we have only a comparatively small reactance. You
can see that the reactance does not depend on the frequency alone, nor on the
inductance alone, but on the relation of these two to each other.

Over at the right hand side of the detector tube in Figure 27 you will se a radio
frequency choke coil having an inductance of 85 millihenrys. Let's figure out the
opposition or reactance of this coil to radio frequency currents having the
frequency of 1000 kilocycles. Here we will use the formula (4) and fill in the values
this way.
1000 x 85 x 1000 = 85,000.000
159
159

= 530,000 ohms (approximately)

The purpose of the radio frequency choke coil is to prevent currents at radio frequencies from going over into the audio frequency transformer. You can see that
this very high reactance of 530,000 ohms would certainly hold back these radio
frequency currents and would force them to pass through the condenser marked
“C” in figure 27. The reactance of the choke coil to audio frequency currents from
the detector would be very low and these currents would go over into the audio
frequency transformer.
We could use the more complicated formulae giving answers which would be
slightly more exact, but our formulae here are easy to use and give answers
accurate enough for all ordinary work.
L. 14 – P.16.

In this lesson you have been given five different formulae for figuring out the
reactances of condensers and coils. It is not necessary for you to memorise all of
these formulae, but it is essential that you know at least one formula for calculating
condenser reactance and one for coil reactance.
In all this work we are doing with reactances of coils and condensers, there is one
point you should notice especially. We speak of reactance only when alternating
currents are being considered. In order that reactance may appear we must have
alternating current. There is no such thing as reactance to direct current, once the
magnetic field surrounding a coil has reached the limit imposed by the normal
resistance to direct current. To explain this last remark, lot us take an example. It
is assumed that we have a coil of wire with a resistance amounting to 100 ohms. If
to the end of this coil, we apply an e.m.f. of 100 volts, one ampere of current will
flow through the coil if the voltage is a direct one. However, one ampere of current
will not flow through the coil immediately it is connected to the voltage source.
There will be a short lag - only a fraction of a second - but - time lag nevertheless
before the current flow reaches its full intensity of one ampere. The time lag is
caused by the counter e.m.f. developed within the coil at the instant current
commences to flow through it. As with A.C. the counter e.m.f. tries to prevent
current flowing through the coil, but immediately the current flow has reached its
maximum intensity . , one ampere in this case, the field about the coil is no longer
moving and, consequently, no longer creating a counter electromotive force within
the coil as a result, all reactive opposition ceases until the circuit between the
voltage source and the coil is broken. When the circuit is broken, the field
surrounding the coil collapses and in doing so creates another counter
electromotive force within the coil.
This second counter electromotive force
endeavours to keep current flowing through the coil and so creates a delay between
the time the circuit is broken and the time current ceases to flow. This is the only
way in which reactance will affect a D. C. circuit.
In effect, reactance is
continuously present in an A.C. circuit but only temporarily present in a D.C.
circuit.
Resistance is different -- we have resistance to all kinds of currents, to alternating
current as well as to direct current. Resistance is due to the size and material of
the conductors. Reactance is due to the form of the parts and is greater where the
conductors are formed into coils or into condensers. Now you will be told something
about the combined effect of reactance and resistance on the flow of alternating
currents.
IMPEDANCE.
You learned that every circuit has resistance, or ohmic resistance, to the flow of
alternating current and to the flow of direct current. Resistance is always there.
Reactance is there only when alternating current flows in the circuit. For the total
opposition to the flow of alternating current, for the opposition offered by both the
resistance and the reactance combined, we have new name. “impedance”. This is a
perfectly natural name because the impedance is the thing which impedes
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the flow of alternating current. If you know the resistance of a circuit and also know
that circuit's reactance, you can figure out the impedance.
Unfortunately we can't just add the resistance in o h m s to the reactance in ohms and
get the impedance i n o h m s .
You haven't been told before„ but impedance is
measured in ohms - just as all other kinds of opposition to current flow are measured
in ohms.
It is also unfortunate that the formula by which we figure out the impedance is not so
easy to use as the formula for reactance. To figure out the impedance we have to
“square” the resistance in ohms, then square the reactance; in ohms, then add the two
squares together and extract the square root of their sum. That doesn't sound so very
easy. The lucky thing about it all is that you do not often have to figure out the
impedance of a circuit. In radio work we can got along by knowing the resistance and
reactance separately.
The formula for calculating impedance is very important and should be memorised
It is as follows:-

(6)
When you write a number with the figure 2 following it and a little above the line it
means that you square the number. To square a number simply means to multiply it
by itself. Thus, the square of 2 is 2 times 2 or 4. The square of 10 is 10 times 10 or
100.
Let’s take a practical problem. Say you want to know the impedance of a circuit having
a resistance of 6 ohms and a reactance of 8 ohms. You use the formula (6) and fill in
the values like this:

The number 6 squared is 6 times 6 or 36. The number 8 squared is 8 times 8 or 64.
Adding, 36 and 64 we get 100. Then we have to figure the square root of 100. The
square root of number is some other number which, multiplied by itself will give you
the original number. Now 10 multiplied by 10 gives 100, so the square root of 100 is
10. We find that 6 ohms resistance and 8 ohms resistance in a circuit results in 10
ohms Impedance.
The impedance of a. circuit is always less than the sum of the resistance and the
reactance. The impedance is always greater than either the resistance or the reactance
taken alone
.
Impedance in alternating current circuits measures the whole amount of opposition to
flow of alternating current just as resistance alone measures the opposition in direct
current circuits. If you know the impedance of a circuit you can use it in all the rules of
Ohm's Law in place of the resistance when dealing with A.C. circuits.
L.14 – P.18.

EXAMINATION QUESTIONS No.14
1.

Does reactance affect The flow of direct current or of alternating current?
How?

2.

In what units do we measure (1) reactance, (2) resistance?

3.

Which, has the greater reactance, a condenser of 2 microfarads capacity or
one of 6 microfarads capacity? Why?

4.

If the frequency of a circuit is increased, does the reactance of a
condenser in the circuit go up or go down?

5.

Which has more reactance a coil 2 inches in diameter, 3 inches; long and
having 60 turns or a coil 2 inches diameter, 3 inches long and having 30
turns? Explain why?

6.

Will a coil have more reactance at a frequency of 1,000 kilocycles or at
a frequency of 600 kilocycles? Why?

7.

In what units can we measure the inductance of a coil?

8.

Which has more reactance, a coil of little inductance or one of big
Inductance?

9.

What two things do you have to know to calculate a condenser’s
reactance?

10.

What do we call the combined opposition to alternating current of both
the reactance and the resistance in the circuit? In what units is it
measured?
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LESSON NO. 15

Undoubtedly you have looked inside a radio set to see what happens as you turn
the tuning knob. Only one thing moves or rather only one set of parts has any
motion. The moving parts are one of the sets of plates of each section of the
“tuning condenser”.
In Figure 1 you will sea one of these tuning condensers attached to a pulley drum
which is part of the tuning dial mechanism. The tuning knob is attached to the
drum, usually by cord or flexible cable, and as you turn this knob it rotates the
drum and moves the condenser plates. If the receiver is in operation, movement of
the condenser plates causes first one broadcast station to “come in” and fade out,
only to be followed by another station. So it goes, all up and down the dial. You
are “tuning” the receiver
Most tuning dials have the station call signs directly marked on them. The
carefully designed tuning condensers and coils are so accurately made that
turning the knob and moving the dial
pointer to a particular call sign will
automatically
move
the
tuning
condenser plates to just the right
position to tune in that station, if it is
broadcasting.
A tuning condenser with its movable
plates in three different positions is
shown in Figure 2. Looking carefully
at the condenser, you will see that its
two principal parts are two sets of
plates.
The plates of one set are
stationary and remain fixed in their
original positions. The other plates are
attached to a shaft and as the shaft
turns, these plates move in between
the fixed ones, depending which way
you turn the dial.
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The three pictures in the lower part of Figure 2 show what is happening, You recall
that a condenser consists of plates separated from one another by a dielectric. Air is
the dielectric of the tuning condenser. The only part of the plate surface which is
effective in producing capacity is the part opposite another plate. The only part of
the air dielectric which can be placed under an electrical strain is the part between
the plates.
In the condenser at the left of Figure 2, only a small portion of the plate surface is
In mesh or is opposite the surface of the stationary plates. Therefore, in this
position the condenser has small capacity. Moving the plates farther into mesh as
in the centre picture of Figure 2 increases the capacity because more plate surface
is in use. Moving the plates nearly all the way in as at the right causes the
condenser to have nearly its full capacity. When the plates are all the way in, you
have the maximum possible capacity far that particular condenser.
Then the operation of tuning consists of changing the capacity of a condenser, or
changing the capacity of several similar condensers a11 connected together. By
this simple operation you are able to select from several hundreds of stations on the
air at one time just one particular station to which you wish to listen. All the other
stations are there, all of them are sending out radio waves, and all those waves are
striking your aerial at the same time. Yet you hear but the one station. As far as
your receiver is concerned there is only one difference between one transmitting
station and another. The difference is indicated in Figure 3.
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The different stations send out
“carrier
waves”
of
different
frequencies. Broadcasting stations
use the frequencies between about
500 kilocycles and 1600 kilocycles.
A kilocycle, as you remember,
in 1,000 cycles per sec.
Now we may conclude that
changing the capacity of the
receiver tuning condenser changes
he frequency to which the set
responds.
The set accepts one
frequency and at the same time
rejects all the others.
Of course the same effect may be achieved by changing the inductance of the coil in
a tuned circuit and this method is actually used in television receivers when
changing from one channel to another. Variable inductance tuning is also used in
some motor vehicle radio receivers. Further details about each of these specialised
applications will be provided towards the and of this lesson.
Were you to trace out the connections made to each of the
tuning condensers in the receiver,
you would find that each one
connects to a coil as in Figure 4.
The symbol for such a circuit is
shown at the right hand side of
this illustration.
Such an
arrangement of coil and condenser
makes what we call an “oscillating
circuit” or an “oscillatory circuit”.
The action that takes place In one
of these circuits is as follows:At the left hand side of Figure 5 we start off with a charge on the plates of the
condenser. This means that one plate is at a higher potential than the other. The
difference in potential causes a flow of current from one plate, through the coil
winding and back to the other plate.
Flow of current through the winding produces a field of lines of force around the
coil as shown at the right hand side of Figure 5. The condenser is discharging.
This means that the voltage difference between the condenser plates is diminishing.
Once the condenser is fully discharged, it has no voltage left to maintain the flow of
current, so the current tends to stop. As it decreases, the magnetic field around the
coil collapses back through the winding as at the left hand side of
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Figure 6. Movement of the lines of force back through the winding generates a
counter E.M.F. in the coil which tends to prevent the current from stopping, that is,
positive at the bottom of the coil and negative at the top as shown. This counter
E.M.F. actually forces the electrons to keep on moving in the same direction, that
is, on into the top condenser plate and away from the bottom plate so that the
condenser becomes charged again. But now the bottom plate is positive and the
top negative. The circuit has completed one half cycle of its oscillation.

The energy of the falling lines of force now having been expended in charging the
condenser, the charge of the condenser again exerts itself in causing electrons to
flow back again from the top plate to the bottom. The lines of force are again set
up and again keep the current going when the condenser's charge has been
expended. This charges the condenser again, positive at the top and negative at
the bottom, just as it was at the start.
The oscillating circuit has now completed one whole cycle; the entire process is
repeated over again many times, the energy being stored at one instant in the
condenser’s charge and then in the coil's field. The preceding explanation has been
based upon the modern conception of electron movement from the negative end of
the circuit to the positive end. Although this conception of current flow was
introduced in an earlier lesson we remain conscious of the fact that many students
will have had some initial training in electrical theory and practice before
commencing this Radio Course , and that such training may have assumed the older
conventional idea of current flowing from positive to negative.
As initial
impressions are sometimes hard to change, many people brought up on the
conventional idea prefer to retain it and think always in terms of current flowing
from positive to negative. There is nothing fundamentally wrong with this provided
one remembers always that a flow of current is actually a movement of electrons
and that movement of electrons from negative to positive and flow of current from
positive to negative simply represents two ways of referring to the same thing. For
this reason we have made a practice of using both methods of expression so that
students may think either in terms of electron movement or conventional current
flow, whichever they prefer.
The preceding reference to the alternate charge and discharge of a condenser when
connected in a tuned circuit may be changed to conventional current flow
terminology
L 15 - 4.

by simply reversing the direction of the arrows shown on the illustrations and
transposing the terms “top” and “bottom” when referring to the condenser plates.
However, do not overlook the fact that the respective polarity of the plates remain
the same. At the left of Figure 5, the top plate of the condenser will still be positive
while the bottom plate is negative and at the right hand side of Figure 6 the top
plate will still be negative while the bottom plate will be positive.
Flow of current back and forth in this circuit means that the current must
overcome the resistance of the circuit. Current flowing through a resistance
means that power is being used up or converted into heat and lost. This loss of
power gradually reduces the voltage and the amount of current flowing until finally
the oscillations are reduced to nothing.
The number of oscillations and their strength thus depends on the voltage applied
in the first place and on the resistance of the circuit. The greater the applied
voltage the more powerful will be the oscillations and the longer will they continue.
The greater the circuit resistance the weaker will be the oscillations and the quicker
they will cease.
BALANCED REACTANCES .
In one of the early lessons, you were shown a picture of a spring and a weight on
opposite ends of a pivoted beam. You can see the same thing in Figure 7. The
spring is of such strength that it just balances or supports the weight, and, of
course, the weight is just heavy enough to counteract the spring's tension.
If you compress the spring, then release it, the spring will stretch out and the
weight will drop. Then the spring will contract and raise the weight. The weight
will drop and stretch the spring. The spring will again contract and so the action
will go on.
The spring in Figure: 7 corresponds to the condenser in the oscillatory circuit and
the weight corresponds to the coil, Energy will oscillate back and forth between
spring and weight, first appearing in the tension of the spring, then in the elevated
position of the weight. The oscillations of the spring and weight Will continue until
the energy is used up in overcoming friction of the beam's pivot.
This friction corresponds to the resistance of the oscillatory circuit.
If, in Figure 7, you were to use a very
light spring or a very stiff one with
the same weight, there would be a
different balance between the energy
contained in the spring and in the
weight. The oscillations would be at
a different rate than before. Likewise, were you to use a very light
weight or a very heavy one with the
same spring you again would
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have a different balance and oscillations at a different rate, faster or slower.
We will find that a similar balance is required in the electric circuit if the
oscillations are to be of the greatest possible strength at a certain rate or frequency.

In figure 8 we have a coil and a condenser which we will assume are correctly
balanced for one particular frequency. They are balanced because the number of
ohms inductive reactance of the coil is the same as the number of ohms capacitive
reactance of the condenser.
Were you to use a much larger coil with the same condenser, as at the left hand
side of Figure 9, the balance would be destroyed for that frequency but they would
balance for some new frequency. And were you to use a much larger condenser
with the same coil, as at the right hand side of Figure 9, you would again have an
imperfect match for that particular frequency but again, they would balance for
some other frequency.
In the last lesson you spent a great deal of time studying reactance. You discovered
that reactance changes with frequency. Because reactance actually does change
with change of frequency we must secure our balance between inductive and
capacitive reactances for curtain frequencies - the frequencies of the stations to
which we wish to listen.
POSITIVE AND NEGATIVE REACTANCES.
You learned that the reactance of a coil increases with increase of frequency. As
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the frequency goes up the coil's reactance goes up with it. We call the coil's reactance “Positive reactance”.
You also learned that the reactance of a condenser gets less and less as the
frequency of the applied voltage is increased. As the frequency goes up the
condenser's reactance goes down. We call the condenser's reactance “negative
reactance”. The reactance of a coil at various frequencies is shown by the graph in
Figure 10. This coil has an inductance of approximately 64 microhenries. At zero
frequency, which is direct current, the reactance is zero because there is no such
thing as reactance unless we have a changing current. At a frequency of 500
kilocycles the coil's reactance is 200 ohms as shown by the graph. At 1000
kilocycles the reactance is 400 ohms, and so the reactance increases with frequency
all the way up the line on the graph in Figure 14. This is positive reactance - it
increases with increase of frequency.
The reactance of a condenser at various frequencies is shown in Figure 11. This
condenser has a capacity of approximately 0.0004 microfarad. This is four ten
thousands of a microfarad or 400 micro-microfarads. The reactance to direct
current, zero frequency, is not shown because it would be so extremely high that
the curve could not take it in. You remember that direct current cannot got
through a condenser.
At a frequency of 500 kilocycles in Figure 11, the condenser's reactance is 800
ohms. At a frequency of 1400 kilocycles the reactance has dropped to 400 ohms.
The reactance continues to drop as the frequency increases - here we have negative
reactance.
COMBINING THE REACTANCES.
In Figure l2 graphs of Figures 10 and 11 have been combined. The top half of
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this graph in Figure 12 is exactly like the graph of Figure 10, it shows the positive
reactance of the coil. You will notice that the line for zero reactance is across the
centre of Figure 12. The positive reactance is shown above this zero line and the
negative reactance is shown below the zero line. Positive reactance increases as it
gets farther above the zero line and negative reactance increases as it gets farther
below the zero line.
The lower part of figure 12 is like Figure 11, but the curve has to be turned upside
down because the number of ohms reactance increases as it goes downward. You
will see that the lower part of Figure 12 shows the same number of ohms for each
frequency as shown in Figure 11.
Now look at Figure 13. Here we have combined the reactances of Figure 12 into a
single curve. Take the 500-kilocycle frequency far an example. In Figure 12 we
have 800 ohms negative reactance in the condenser and 200 ohms positive
reactance in the coil. So, the 200 ohms positive reactance is taken away from the
800 ohms negative reactance, leaving the difference, 600 ohms negative reactance
at 500 kilocycles. Consequently the curve of Figure 13 shows that at 500 kilocycles
frequency we have a negative reactance of 600 ohms. Now we'll take the 1000
kilocycle frequency. Looking at Figure 12, we have a positive reactance of 400
ohms in the coil. Down below we have a negative reactance of 400 ohms in the
condenser. We combine the two reactances, 400 ohms positive and 400 ohms
negative. They balance each other and we have no reactance. This happens at a
frequency of 1000 kilocycles. Nothing opposes the flow of alternating current
except the ohmic resistance in the coil and condenser - the reactance is gone. The
curve of Figure 13 crosses the zero reactance line at 1000 kilocycles.
Zero reactance is called “resonance”.
The circuit composed of a 64 micro
henry coil and a 0.0004 microfarad
condenser is resonant at a frequency
of 1000 kilocycles. Continuing with
the curve of Figure 13 at 1500
kilocycles we have 600 ohms positive
reactance and 266 ohms negative
reactance so the result is a positive
reactance of the difference, or 334
ohms as shown by the curve. At
2000 kilocycles we have, From
Figure 12 a positive reactance of 800
ohms and a negative reactance of
200 ohms. This makes a net reactance of 300 minus 200, or 600
ohms positive reactance. The rest of
the curve of Figure 13 shows the net
reactances at the other frequencies.
In Figure 14 we have made one more
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change.
We have put al the net reactances from Figure 13 back above the zero
line. The alternating current is opposed at low frequencies mostly by the negative
capacity reactance of the condenser. At the frequencies above resonance the
alternating current is opposed mostly by the positive inductive reactance of the coil.
Except at resonance the alternating current is opposed by one reactance or the
other really by the combination of the two. So to show the reactance to alternating
current of various frequencies we can indicate it as in Figure 14.

AMOUNT OF CURRENT IN THE RESONANT CIRCUIT.
Voltage can be applied to a resonant circuit in any one of several ways. Two of the
most common methods are shown in Figures 15 and l6. In Figure 15, voltage Is
introduced into the coil “L” through its coupling with Coil “E”. A changing current
in “E” produces a field which encloses “L” and generates a voltage in “L”. Coil
“E” may be included in the plate circuit of a radio tube.
The method shown in Figure 16 places the resonant circuit, coil “L” and condenser
“C” in series with the plate circuit of the tube. This method is seldom used in
modern practice. The impedance of the coil and condenser combination forms
impedance in the plate circuit. We need a high impedance or high reactance in
the plate circuit in order to secure good amplification from the tube. In the circuit
of Figure 16 there is a drop of voltage between “A” and “B”.
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We now want to find out how much current flows in these resonant circuits at the
different frequencies. The amount of current will depend on the voltage applied to
the circuit and on the impedance of the circuit. The impedance is a combination of
the reactance and the resistance. The reactance is shown in Figure 14. We will
assume that the resistance of the circuit is 10 ohms, When we speak here of
“resistance” we mean a11 the effects that act like resistance and which cause a loss
of power in the circuit. We will study this resistance to high frequency currents
later on. The resistance really changes somewhat with change of frequency, but to
make this explanation simpler we will just say that we have 10 ohms resistance at
all frequencies in the coil and condenser combination of Figures 15 and 16.
You could figure out the
Impedance
at
various
frequencies from the formula
given in your last lesson, but
to save you that trouble,
following is a list of the
r eac tan c e s
taken
from
Figure 14 and the impedance
resulting from the 10 ohms
resistance to high frequency
alternating currents.
Frequency Reactance Impedance
in
in
in
Kilocycles.
Ohms.
Ohms.

250
500
750
1,000
1,250
1,500
2,000

1,100
600
260
0
190
330
600

1100.45
600.08
260.2
10
190.3
330.1
600.08

In this table you should notice
something of importance. At
frequencies quite far removed
from the resonant frequency the
impedance in almost exactly the
same as the reactance. Closer
to the resonant frequency, the
impedance begins to rise more
above
the
reactance.
At
resonance there is no reactance,
but there is still impedances,
the impedance at the resonant
frequency being equal to the resistance of 10 ohms.
Now
that
impedance

we

know

the
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at the different frequencies, we will assume an applied potential of 20 millivolts
20 thousandths of a volt and figure out the amount of current which will flow in
our oscillatory circuit. The current in microamperes is equal to the number of
millivolts multiplied by 1000 and divided by the number of ohms impedance.
Here is of current values.
Frequency in Kilocycles.
250
500
750
1,000
1,250
1,500
2,000

Impedance in Ohms.
1100.045
600.08
260.2
10
190.3
330.1
600.08

Current in Microamperes.
18.181
33.329
76.864
2000
105.097
60.588
33.329

In this list just look where the current goes at resonance, or at 1.000 kilocycles. At
resonance we have 2,000 microamperes – many times the current that flows at any
other frequency. The only way to really see electrical actions is to put them on a
graph, so that's what we'll do with the values of the current in this list. They are
plotted in Figure 17. The current at resonance goes up to a sharp peak, if the
resistance is low.
OSCILLATING CURRENT.
The current which rises to 2,000 microamperes (2 milliamperes) in Figure 17 is the
“oscillating current”. It circulates back and forth between coil and condenser,
following the path shown by the arrows in the diagram at the left hand side of Figure
18. This oscillating current does not flaw through
from “A” to “B” in Figure 18.
There is another current, called the “line current” which does flow from “A” to “B” in
the right hand diagram of Figure 18 as shown by the arrows. You remember that
our oscillatory circuit (at its resonant frequency of 1,000 kilocycles) had a coil
reactance of 400 ohms. Then we are actually sending a current of 2 milliamperes
(2,000 microamperes) through a reactance of 440 ohms. How much voltage does it
take to do this?
The number of millivolts is equal to the number of milliamperes times the number
of ohms. So, multiplying 2 (milliamperes) by 400 (ohms) we find that a pressure of
800 millivolts is acting round the circuit shown by the arrows in Figure 18.Here we
have resonance producing an oscillatory potential of 800 millivolts, yet we applied
only 20 millivolts across the ends of the circuit. We have 40 times the original
voltage.
To any current of 1,000 kilocycles attempting to pass through this resonant circuit,
as from “A” to “B” in Figure 18 at the right, there is a very great opposition. We had,
in the case we are studying., 40 times the original voltage and we have 40 times the
original reactance of 400 ohms. In other words we find that there is an impedance
of 40 times 400, or 16,000 ohms to flow of current from “A” to “B” through the
resonant circuit.
This is called the circuit's “dynamic impedance”. Now look
back at Figure 16. The oscillatory circuit in the plate circuit of the
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tube has an impedance of 16,000 ohms to current at the resonant frequency of
1,000 kilocycles which flows through it from the tube to the current source.
We can learn the opposition, in ohms or dynamic impedance, of any resonant
circuit at its resonant frequency to current through it from a simple formula. Here
it is:
Inductance in Microhenries
.
Ohms = Capacity in Microfarads x Ohms of high frequency resistance
As an example we will calculate the dynamic impedance of the circuit of Figure 16.
We have 64 microhenries inductance, 0.0004 microfarad capacity and 10 ohms of
high frequency resistance. Filling these values into the formula, we have :
64 .
64
.
Ohms = 0.0004 x 10 =
0.004
= 16,000
Unless you got into the design of radio circuits you won't be using a formula such
as this one very much. But it is likely that you may want to do some experimental
figuring on your own account, so you are given this formula and lots of others
similar to it. Even though you don't make use of this kind of information while you
are studying your radio course this first time through, you will probably use it in
your future work:
RESONANT FREQUENCY.
In order to make our circuit resonant at
1,000 kilocycles we used an inductance
of 64 microhenries and a capacity of
0.0004 microfarads. We found that these
two parts form a circuit which is
resonant at the frequency which makes
their reactance equal, because then the
reactances balance out and leave only
the resistance to oppose current flow. In
Figure 19 the coil reactance curve of
Figure 10 and the capacity, or condenser
reactance curve of Figure 11 are drawn
on the one graph.

Notice that the two curves cross each other at the resonant frequency, 1,000
kilocycles.
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Now look back at figure 16 and notice the position of the condenser plates. They
are nearly all the way in mesh. In Figure 20 the plates of the same condenser have
been moved farther out of mesh. This has reduced the capacity of the condenser
from 0.0004 microfarad to approximately 0.00018 microfarad capacity. it is more
difficult for the alternating current to flow in this smaller capacity, consequently the
reactance must be greater.
In Figure 21 the two reactance curves are again shown. The coil curve is the same
as the one in Figure 19; for the 61, microhenry coil. But here the condenser curve
is for the smaller capacity; the one of 0.00018 microfarad, which gives us greater
reactance for each frequency. The two curves of Figure 21 cross each other at a
frequency of 1500 kilocycles. So the coil and condenser of Figure 20 are resonant
at 1500 kilocycles, whereas the circuit of Figure 16 (with the same parts) is
resonant at 1,000 kilocycles.
Moving the condenser plates, changing the condenser capacity and changing its
reactance has changed the point of resonance. With the condenser set as in Figure
16 we will have the greatest amplification at 1000 kilocycles while with it set as in
Figure 20 the greatest amplification occurs at 1500 kilocycles.
Now you see how movement of the condenser plates in the receiver allows the
reception first of one station transmitting, on one frequency, then allows reception
of a different station because that station transmits on a different frequency.
Our next step is to take the condenser of Figure 16, leaving its plates in the position
for 0.0004 microfarads capacity, and connect it to a larger coil.
This new
combination is shown in Figure 22. We will say that the coil in Figure 22 has an
inductance of 256 microhenries, four times the inductance of the first coil.

We will make a new set of reactance curves for the parts in Figure 22. These curves
are shown in Figure 23. The larger coil with its greater inductance makes the coil
reactance go up very
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rapidly with increase of frequency. The two reactance curves cross on the 500
kilocycle line, so this combination of 256 microhenries inductance with 0.0004
microfarad capacity is resonant at a frequency of 500 kilocycles.
Now it is quite apparent that changing the capacity, with the inductance remaining
the same, will change the resonant frequency. Also that changing the inductance,
the capacity remaining the same, likewise makes a change in the resonant
frequency. It is also true that no matter what the inductance and no matter what
the capacity of an oscillatory circuit, the combination will be resonant at some
frequency.
The frequency at which a combination of capacity and inductance is resonant does
not depend alone on the capacity. Neither does it depend alone on the inductance,
It depends on the combination of capacity and inductance. We can truthfully say
that the frequency of resonance depends on the product of the capacity and the
inductance or on the capacity and the inductance multiplied together.
This can be made plainer with a simple example. Let the frequency be represented
by the number “64”. You might take a capacity represented by “8” and an
inductance represented by “8”. Multiplying 8 by 8 gives you 64. You might also
take a capacity represented by “4” and an inductance represented by “16” because
multiplying by l6 gives 64, the same result. Again you might take the numbers
“2” and “32” and multiply them together to got “64”.
It is the same with capacity and inductance. You may take a large capacity and a
small inductance, a small capacity and a large inductance, or a moderate capacity
and a moderate inductance. The combination of any of those pairs will give the
same frequency.
To get resonance at some certain frequency you can use
coil, a small condenser and a big coil, or a medium size
all resulting in resonance at the same frequency. Like
there is a very definite rule for resonant frequency. It
formula:-

a big condenser and a small
in both condenser and coilall other actions in radio,
is stated by the following

In this formula “L” is the inductance in henries and “C” is the capacity in farads, It
is generally more convenient to work in terms of microhenries and microfarads
instead of henries and farads. To suit these units, formula (2) becomes:-

If we wish our answer to be in kilocycles Instead of cycles, formula (3) becomes:-

We can simplify formula (4) still further by dividing the “2” in the bottom line
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into the “1,000” and obtaining the figure “159”.
rewritten:-

Formula (4) can therefore be

This formula says that you are to multiply together the number of microhenries
inductance and the number of microfarads capacity, then find the square root of
the result. The number “159” is then divided by the square root you found. The
final answer gives you the number of kilocycles at which that combination of capacity and inductance will be resonant.
It is generally rather hard to work out square roots, so these formulae would be
difficult to use. Luckily there is a very easy way of finding what capacity is needed
for any inductance or of finding what inductance is needed for any capacity when
the combination is to be resonant at a certain frequency. You see, any coil can be
made resonant at any frequency by choosing a proper condenser capacity to go
with the coil. Also, any condenser or any capacity can be made resonant at any
frequency by choosing the right coil to go with it.
In talking about condenser capacities we have been figuring in microfarads. That is
a unit commonly used. One of the common tuning condensers has a capacity of
0.00042 microfarad. Decimals aren't as easy to work with as whole numbers and
we can just as well speak of our condenser capacities in micro-microfarads, and get
whole numbers. A capacity of 0.00042 microfarad is the same as a capacity of 420
micro--microfarads. A further abbreviation of terms is available in the picofarad.
The picofarad has the same numerical value as the micro-microfarad, thus 420
picofarads represents the same value of capacity as 420 micro-microfarads. The
abbreviation for picofarad is p.f.
All you have to do in changing microfarads to micro-microfarads is to add enough
noughts (0) to the decimal figure so that you have six figures following the decimal
point, then leave off all the noughts between the decimal point and the first
number. To change 0.00042 microfarads, you add the noughts to make six figures
and have “0.000420”. Then you leave off everything to the left of the “4” and this
gives you 420 - the number of micro-microfarads.
Here is a list of all common
condenser sizes with their capacities in both microfarads and in micro- microfarads
or pf.
Microfarads.
0.00042
0.0004
0.000385
0.00035
0.0003
0.00025
0.00015
0.0001

Micro-microfarads
Or Picofarads.
420
400
385
350
300
250
150
100
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According to this way of naming capacities, the condenser of Figure 16 and Figure 22
has a capacity of 400 micro-microfarads and the condenser of Figure 20 has a
capacity of 180 micro-microfarads. We had these odd amounts of capacity
because the plates of these condensers are shown part of the way out of mesh.
The capacities given in the list are the “maximum capacities” of standard
tuning condensers.
The maximum capacity is the capacity when the
condenser plates are all the way in mesh.
OSCILLATON CONSTANTS.
To calculate the correct capacity or inductance to tune a circuit to resonance use
is made of “oscillation constants” An oscillation constant Is a number which
can be divided by the capacity to find the inductance, or which can be
divided by the inductance to find the capacity required to tune to resonance,
at the frequency which corresponds to the particular oscillation constant
used.
The oscillation constant for any frequency can be found by using either of the
following formulae:

The highest frequency used in broadcasting is 1605 kilocycles. The lowest
frequency is 525 kilocycles. In tuning a broadcasting receiver you have to
make it resonant at 1605 kilocycles at one end of the dial and resonant to
525 kilocycles at the other and. All carrier wave frequencies are included
between these limits. Consequently we are usually only concerned with the
oscillation constants for those two extreme frequencies, because if the circuit
can be tuned to the highest and to the lowest frequencies used by
broadcasting stations it must also tune to all the frequencies in between
those two.
The two important oscillation constants have been worked out by means of the
above formula and that for 525 kilocycles is 91,809 and for 1,605 kilocycles
9,801. To find the number of microhenries inductance of a coil which will
make a resonant circuit at either of these frequencies divide the oscillation
constant by the condenser capacity in micro-microfarads. Any other frequency
requires the use of the proper oscillation constant for it.
As an example, say you want to know the Inductance of a coil which will tune to
525 kilocycles with a condenser of 400 micro-microfarads capacity. You
divide the oscillation constant, 91,809, by 400 and the result is 229.5
microhenries for the coil. Now find the coil inductance with which the same
condenser will tune to 1,605 kilocycles.
You divide the other oscillation
constant, 9,801 by 400 and get as a result 24.5 microhenries inductance for
the coil. But in ordinary radio receivers we don't change the coil - the coil
remains the same for all frequencies, and we change the condenser capacity.
So now we'll work with the fixed inductances.
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The oscillation constants are the same - “91,809” for 525 kilocycles and “9,801”for
1,605 kilocycles. To find the required condenser capacity in micro-microfarads you
divide the oscillation constant by the coil's inductance in microhenries. Supposing
we have a coil of 210 microhenries inductance, what capacity is needed for 525
kilocycles.
You divide the oscillation constant, “91,809”, by 210 and get as a
result 437.1 micro-microfarads for the condenser capacity. Then
to
find
the
capacity for 1,605 kilocycles you divide the other constant, “9,801”, by 210 and find
that you need a capacity of 46.6 micro-microfarads.
Now you will have to be able to change the condenser capacity from 437.1 micro
microfarads at 525 kilocycles dawn to 46.6 micro-microfarads at 1,605 kilocycles.
What size condenser will you use ? One of the standard sizes has a maximum
capacity of about 420 micro-microfarads and since this is even greater than 437
when we add the parallel capacity of the usual trimming condenser amounting to
about 30 micro-microfarads, we can use that size. Turning the plates out of mesh
will gradually reduce the capacity. Good tuning condensers have a “minimum
capacity”, with their plates all the way out of mesh, which is one-tenth, or less, of
their maximum capacity. If the parallel capacity introduced by the trimming
condenser is included, the minimum capacity of the condenser is close to 1/10th
of the maximum. So this 400 micro-microfarad condenser will reduce its capacity
to about 45 micro-microfarads (one-tenth of 420 plus 30), This is below the
smallest capacity we need for tuning so we can cover the whole broadcast range of
frequencies with the condenser of 420 micro-microfarads capacity and the coil of
210 microhenries inductance.
Because the minimum capacity of 45 micro-microfarads is very close to the 46.6
micro-microfarads required to tune to 1,605 kilocycles with a coil of 210 microhenries inductance, we would find it necessary to make some adjustment to the
parallel trimming condenser to ensure a more even margin or overlap at each
extreme of the tuning range. The nature of the trimming condensers and the
manner in which they are used will be explained in the next lesson.
The things to figure with are the maximum capacity of the tuning condenser and
the oscillation constant for the lowest frequency, 525 kilocycles. Dividing that
constant, “91,809” by the condenser-capacity will give you the number of micro
henries inductance required in the coil. The other end of the dial, at 1,605
kilocycles, will be taken care of by the change in capacity as you turn the condenser
plates out of mesh.
Here is a list of coil inductances needed with each of the standard tuning
condensers to let you tune to resonance over the whole broadcast range of
frequencies.
Tuning Condenser Capacities.
Microfarads.
0.00042
0.0004
0.000385
0.00035
0.0003
0.00025
0.00015
0.0001

Micro-Microfarads.
420
400
385
350
300
250
150
100

Inductance of Coil
In Microhenries.
199.36
209.3
217.4
239.22
279.1
334.92
558.2
837.3

or 200
or 210
or 220
or 240
or 280
or 340
or 560
or 840
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We allow slightly more inductance than actually required so that the set will.
surely tune to the lowest frequency with a little left over. The two smallest sizes of
condensers are not used in broadcast receivers because with coils of such large
inductance we run into other troubles which you will be told about in a later lesson.
APERIODIC CIRCUIT.
The circuits which we have studied so far in this work sheet have been oscillatory
circuits in which energy oscillates back and forth between a coil and e condenser. It
is possible to have a circuit containing inductance and capacity And so much
resistance that a11 the energy is used up during the first half cycle and the current
does not reverse its direction at all, but just dies away without making an
oscillation. Such a circuit is said to be “aperiodic”, it has no period and when
alternating current is applied to it no frequency can be found at which oscillations
occur.
NATURAL FREQUENCY.
If a circuit has a certain amount of inductance and a certain amount of capacity it
will be resonant at some particular frequency. At this frequency there will be the
greatest possible flow of current in the circuit. We have used the new “resonant
frequency” for this particular number of cycles per second at which the greatest flow
of current takes place.
We might say that it is natural for the circuit to oscillate at the one frequency and
we sometimes use the name “natural frequency”. The natural frequency and the
resonant frequency are the same.
FUNDAMENTAL FREQUENCY.
You have learned that any circuit oscillates at a frequency determined by the
amount of inductance and the amount of capacity in the circuit. Later on in your
studies you will find that, in addition to carrying a very large current at one
resonant frequency, some circuits will carry currents almost as large at one or
more other frequencies.
You might have a condition somewhat like that indicated in Figure 24 where the
current increases at a number of different frequencies. The lowest frequency at
which the current reaches a high value is called the “fundamental frequency” and is
the resonant frequency of the circuit, the other frequencies of high current are
called “harmonic frequencies”. We use these terms mostly when we are speaking of
aerials which radiate signals. These harmonic frequencies are always multiples of
the fundamental frequency.
VARIABLE INDUCTANCE TUNING.
Earlier in this lesson it was stated that the frequency at which a tuned circuit
resonates may be changed by altering the inductance of the coil. To turn to a lower
frequency the inductance of the coil is increased while to tune to a higher frequency
the inductance of the coil is reduced.
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In the great majority of radio receivers,
tuning is carried out by varying the
capacity in the oscillatory circuits while
the inductance remains at a fixed value.
This method of tuning was also
employed in radio receivers designed for
use
in
motor
vehicles
until
manufacturers realised that distraction
of a driver's attention while tuning a
radio receiver with the car in motion
could create a traffic hazard. Some form
of automatic or semi-automatic tuning
was clearly desirable.
A direct result was the introduction of
push-button tuning. This allowed the
required station to be brought in by
simply pressing the appropriate button
on the instrument panel of the vehicle.
The first receivers of this type were merely adapted to use the standard variable
capacitance method of tuning, in that the push-buttons were mechanically linked
to the receiver's variable condensers, by a system of levers, so that depression of a
particular button would automatically turn the condenser to a pre-sat position and
so bring in a particular programme. Usually at least five pre-set positions were
available so that the user could have the choice of any one of five programmes. In
an effort to do away with the somewhat bulky system of levers and gears required to
actuate the variable condensers some manufacturers resorted to variation of
inductance instead of variation of capacity when tuning from one station to
another. One method of achieving this result employed a separate set of coils for
each frequency required. If a choice of five different programmes was desired, five
sets of tuning coils were installed. Depression of the appropriate push-button
connected one set of coils into the tuning circuits and allowed that particular
programme to be received. If, while listening to a station tuned by No. 1 set of coils,
No. 2 button was depressed, No. 1 set of coils would be disconnected and No. 2 set
connected into the circuit in place of them. As a consequence, one programme
would be tuned out and another tuned in automatically. With this system variation
of inductance for each set of coils was achieved by using a different number of
turns for each set. A greater number of turns would increase the inductance of the
coils while a lesser number of turns would reduce the inductance.
Another factor which influences the inductance of a coil is the permeability of the
material on which the coil is wound. Permeability, a property of magnetic materials
which is discussed in later lessons, indicates whether such material will provide a
path for a large or small number of magnetic lines of force. If a materiel has high
permeability it will provide a path for a comparatively large number of lines of force
while if it has low permeability it will only provide a path for a comparatively few
number of lines of force. If, with a core material
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having a certain permeability, a coil has an inductance of so many microhenries,
substitution of a metal having higher permeability will bring about an increase in
the coil inductance.
Conversely, the use of a core material having lower
permeability will reduce the inductance.
A similar effect can be produced by changing the amount of permeable material
used as core material. A greater quantity of material used in the core will raise the
inductance while a reduction of the core material quantity will reduce the
inductance.
This latter effect has been used in some push-button tuning units. In this type of
unit only one set of coils is used. Tuning is carried out by moving a “slug” of high
permeability metallic dust embedded in a plastic material in or out of the centre of
the coils.
Moving the “slug” further into the coils reduces the frequency at which
the tuned circuits will resonate, while moving the “s1ug” in the reverse direction will
reduce the inductance and so increase the frequency at which the tuned circuits
will resonate. Movement of the “slug” is, of course, carried out by depressing one of
a number of push-buttons. Each one is mechanically adjusted to move the “slug”
to a pre-determined position, and thus provide a choice of programmes.
TELEVISION TUNING UNITS.
We see another application for variable inductance tuning in television receivers.
The problems associated with tuning a television receiver from one station to
another are vastly different to those related to the tuning of an ordinary radio
receiver designed to operate on either the medium wave broadcast band or one or
other of the short wave bands. Considering the short wave band of a normal dual
wave receiver we find that the frequency coverage is usually between 7 megacycles
per second and 23 megacycles per second, a bandwidth of 16 megacycles. The
frequencies on which television stations in Australia operate either now or in the
future range from the lower limit of Channel 1 (49 megacycles) to the upper limit of
Channel 10 (216 megacycles). This represents a total bandwidth of 165 megacycles
per second, approximately 10 times that required to tune over the short wave band
in ordinary sound broadcasting. There can be no question of using variable
capacity tuning to cover such an enormous frequency range because it would be
impossible to provide a condenser with a sufficiently large ratio between maximum
and minimum capacity which would, at the same time, have a sufficiently small
minimum capacity to allow the tuned circuit to reach the extreme high frequency
end of the television band.
The problem is overcome quite simply by using coils having fixed inductance, small
inductance for the higher frequency channels and larger inductance for the lower
frequency channels, and switching each set of coils in or out as we tune to a
different channel.
As with any tuned circuit, resonance will only occur when inductance and capacity
are both present and when the reactance of the inductive and capacitive
components are equal. The tuning capacity in an ordinary radio receiver is quite
obvious as it consists of a comparatively large variable condenser or condensers
where there is more than one tuned circuit.
The capacity which resonates with
the inductance in television receiver tuned circuits is, however, not at all
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There is
capacity between adjacent turns of a tuning coil, between wiring and grounded
metal surfaces, and also across input and output circuits of radio valves. The sum
of all these capacities, together with vary small values of inductance, is sufficient to
provide a resonant circuit when we are working at the very high frequencies
associated with television. Additional capacity in the form of a very small trimming
condenser is provided to allow fine control of tuning after one has switched to the
required channel.

obvious, being distributed throughout the

circuit.

In one form of television tuner, known as a “turret” tuner, each set of coils is wired
directly to switch contacts set in a moulded plastic block. There are usually two
such blocks for each channel. One strip containing the aerial and R.F. coil while
the other contains the oscillator coil. The moulded blocks are clipped into a drum
like structure which may be rotated by a shaft protruding through the front of the
receiver cabinet. As the drum is rotated the contacts on the outside of the moulded
strips connect with a set of spring “fingers” which connect the appropriate set of
coils to the various grid and plate circuits of the valves associated with the tuner.
To allow for slight variations of distributed capacity, the inductance of each set of
coils may be increased or decreased slightly by altering the permeability of the core
within small limits. A turret tuner of the type mentioned above is illustrated by
Figure 25.

L 15 – 21

SUMMARY OF THIS LESSON.
In this lesson you have studied the most important circuit in radio. The symbol for
an oscillatory circuit composed of a coil and a condenser is almost a symbol of radio
itself. When the reactance of the coil and the condenser are exactly equal they
balance each other and allow current to oscillate in the circuit as easily as if there
were no reactance there at all. Under these conditions current flows back and forth
round the circuit, the energy being stored up in the circuit first in the condenser's
charge and then in the coil's magnetic field.
This state of resonance only holds for one particular frequency, because if another
frequency is applied to the circuit one of the reactances goes up while the other
goes down, and so they are no longer equal and the current is opposed by the reactance that is left. If the capacity of the condenser is altered its reactance is also
altered, and so the two reactances will now be equal at some different frequency,
and a transmitting station of that frequency will now be received.
You have also learned that a circuit can be tuned by varying the inductance while
the capacity remains unaltered and that the capacity used to resonate with a coil
may not be actually visible but may be scattered throughout a circuit in distributed
form. Distributed capacity is discussed with greater detail in later lessons dealing
with its effect in audio-frequency amplifiers.
When a circuit is resonant the oscillating current rises to a very high value and
builds up very high voltages across the combination of coil and condenser. This
high voltage opposes any alternating current which is trying to pass through the
parallel circuit from one side to the other and so makes a path of high impedance to
it.
The more resistance there is in the oscillatory circuit the less will be the amount of
oscillating current, the less the voltage developed across the circuit, and the less the
circuit's impedance to current through it. We want as much impedance as possible
to this current, so we always take care to keep the resistance as low as possible.
Also the less the resistance in the circuit, the greater is the oscillating current at
resonance in comparison with the current at any other frequency and the more
selective the tuned circuit becomes.
The more reactance we have in the coil and condenser, that is the larger the coil
and smaller the condenser, the more voltage we have built up across the circuit
and the more amplification we get. However, if we make the coil too large and the
condenser too small, our variable condenser will not be able to cover the whole of
the range of frequencies we want to receive. So for receiving the broadcast stations
on frequencies between 525 and 1605 kilocycles we generally use a variable
condenser having a minimum capacity of 385 to 420 mmf. with a coil having an
inductance of about 220 to 200 microhenries.
The size of coil for any condenser to give resonance at any other frequency can be
found by using a table of oscillation constants, or by the formula given in this
lesson.
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OSCILLATION CONSTANT FOR ANY FREQUENCY EQUALS INDUCTANCE IN
MICROHENRIES X CAPACITY IN MICRO-MICROFARADS.
Frequency
K.C.
100,000
75,000
60,000
50,000
30,000
15,000
10,000
7,500
6,000
5,000
3,000
2,000
1,600
1,500
1,400
1,300
1,200
1,100
1,000
950
900
850
800
750
700

Wavelength
Meters.
3
4
5
6
10
20
30
40
50
60
100
150
188
200
214
231
250
273
300
316
333
353
375
400
428

Oscillation
Constant.
2.5
4.5
7
10.1
28.2
113
253
450
704
1,014
2,820
6,330
9,890
11,270
12,930
15,000
17,600
20,900
25,300
28,100
31,300
35,200
39,600
45,100
51,700

Frequency
K.C.
650
600
550
500
490
480
470
460
455
450
440
420
400
375
350
325
300
275
250
225
200
175
150
125
100

Wavelength
Meters
461
500
545
600
612
625
638
652
659
667
682
714
750
800
857
923
1,000
1,091
1,200
1,333
1,500
1,714
2,000
2,400
3,000

Oscillation
Constant.
60,000
70,400
83,730
101,300
105,500
110,000
114,700
199,800
122,600
125,300
131,000
143,900
158,300
180,100
207,000
239,000
282,000
335,000
406,000
502,000
633,000
828,000
1,127,000
1,622,000
2,530,000

EXAMINATION QUESTIONS – No. 15.

1.

What difference is there between carrier waves of different transmitting
stations that allows a receiver to select one station and reject the others ?

2.

At resonance there is no net reactance in an oscillatory circuit. Then what is
there in the circuit to prevent the oscillations from continuing indefinitely?

3.

Is the reactance of a coil called positive reactance or negative reactance?
Why ?

4.

As the frequency increases does the reactance of a condenser become greater
or les?

5.

If, at 1100 kilocycles, a coil has a reactance of 500 ohms, what must be the
reactances of a condenser to make the coil and condenser resonant at this
frequency ?

6.

What happens to the amount of current in an oscillatory circuit at resonance?
Why ?

7.

In order to tune a radio circuit to a lower frequency, do you increase or
decrease the capacity of the tuning condenser ? Explain the reason.

8.

If a circuit is resonant at a certain frequency and you want to use a coil of more
inductance with the resonant frequency remaining unchanged will you have to
use a condenser of greater or less capacity? Why ?

9.

The oscillation constant for 550 kilocycles is 83,730. What must be the
inductance microhenries of a coil to tune with a condenser of 410 micromicrofarads capacity at 550 kilocycles ?

10.

If you find that a circuit is resonant at several different frequencies, is the
fundamental frequency the highest or the lowest of those frequencies?What are
the other frequencies called ?
--------------------
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LESSON NO. 16

VARIABLE CONDENSERS – THEIR PURPOSE, CONSTRUCTION AND USE.
Before getting into the subject of tuning
condenser operation and construction
we shall review briefly the work done
by these condensers in radio circuits.
The purpose of a tuning condenser is
to make its circuit resonant at the
carrier frequency which you wish to
receive. At resonance, currents of this
frequency areexceedingly large and
currents at all other frequencies are
very small in comparison.
A condenser tunes its circuit to
resonance by changing its own
reactance. As the plates are turned out
of mesh, the condenser's capacity gets
less and less, its reactance becomes
higher and higher. The condenser's
reactance is negative, while the
reactance of the tuning coil is positive.
Whenever the condenser’s negative
reactance is made to just equal the
coil's positive reactance at a certain
frequency, all reactance to currents of
that frequency will disappear from the
tuned circuit. With no reactance remaining, any signal at this resonant frequency will
produce very great currents in the condenser-coil circuit and high voltages will be
generated.
Consider the coil and condenser of Figure l,
The coil has an inductance of 318
microhenrys and the condenser has a maximum capacity of 300
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micro-microfarads or 0.0003 microfarads when the plates are all the way in mesh.
Let us write down the reactance of the coil at several different frequencies used for
broadcasting.
Here they are;
550 kilocycles frequency .......... 1100
750 kilocycles frequency……….. 1500
1,000 kilocycles frequency …….. 2000
1250 kilocycles frequency ……… 2500
1500 kilocycles frequency ……… 3000
1600 kilocycles frequency ………. 3200

ohms reactance.
ohms reactance.
ohms reactance.
ohms reactance.
ohms reactance.
ohms reactance .

If you want to receive a signal from a station transmitting on any one of these
frequencies, all you have to do is turn the condenser shaft until the condenser's
reactance equals the coil's reactance for the frequency you want to get. From this
list you see that the higher the frequency to be received, the greater must be the
reactance of the condenser. To increase the reactance you have to turn the plates
out of mesh, so the higher the frequency the further out of mesh you turn the
condenser plates. That is all there is to tuning.
Were you to calculate the capacity needed in the condenser to match the coil's
reactance at the frequencies in the foregoing list you would find that it would take
about 265 micro-microfarads at 550 kilocycles and about 35 micro-microfarads at
1500 kilocycles. The capacity at the low frequency is about seven and one-half
times the capacity for the high frequency. Therefore, the movement of the
condenser plates must change the capacity by this proportion at least. As a matter
of fact, most tuning condensers are made to change their capacity about ten or
more times. That is, a condenser having a maximum capacity of 300 micromicrofarads will have a minimum capacity with its plates all the way out of at least
30 micro-microfarads, but generally much less.
Most condensers currently
manufactured have a minimum capacity between 11 and 15 micro-microfarads.
PARTS OF A CONDENSER.
A typical tuning condenser is shown in Figure 2. The plates which remain fixed in
place are called the “stator”, while those which are moved as the condenser’s
capacity is changed are called the “rotor”. These are the two chief parts of the
condenser. The rotor plates are carried by the condenser shaft, which, in turn, is
mounted in two bearings one in each end plate. One bearing is in the front plate
and the other is in the back plate. The two end plates, front and back, are held in
their correct relative positions by spacer rods or a metal frame. This condenser is
mounted on the receiver chassis by bolts passing through the mounting brackets.
The rotor plates, their shaft, the bearings, the end plates and the spacer rods all are
made of metal and all fastened tightly together. Therefore, all these parts taken
together form one electrical part of the condenser -- the rotor plate assembly. From
the electrical standpoint these parts make up one part of the condenser and this
part is provided with a rotor terminal or lug to which the outside wiring may be
connected.
The other part of the condenser, considered electrically, is the stator. The stator
plates are supported in the condenser of Figure 2 by small pieces of insulation, one
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on the top and one on the bottom of the condenser. The stator is provided with a
soldering lug to which wires may be connected.
ROTOR CONNECTIONS.
It is essential that a good electrical contact be maintained between the rotor plates
and the rotor terminal no matter what the position of the plates and even while
they are being moved from one position to another. It is not safe to depend on the
shaft bearings to make this connection because these bearings finally collect dirt
and become loose and in addition are usually greased. This results in noisy
reception.

To provide a dependable contact, the condenser of Figure 2 has a contact spring or
wiper to which the connection is soldered and bearing with considerable pressure
against the shaft.
A similar method of insuring good electrical connection is shown applied to a “two
gang” condenser at the left of Figure 3. Here a spring brass plate clips on to the
centre section of the condenser frame and fits into two grooves cut in the rotor
shaft. It is important that the rotor plates be “earthed” by means of a wire
soldered to this spring brass plate. At the right of Figure 3 a short length of
flexible wire or springy metal strip is attached between the shaft and frame. As
the rotor plates move this “pigtail” connection coils up around the shaft or
straightens out. Either of these methods provides a very satisfactory connection,
but the spring wiper method has been the one most commonly employed during
the last several years. It has the advantage that one end of the wiper may be
extended to provide an effective ground connection to the rotor plates and
condenser frame. The flexible pigtail type has a tendency to break under
conditions of hard usage, leaving that particular rotor section with an inefficient
connection to frame.
PLATE FASTENINGS.
Good electrical connection is of first importance throughout a condenser at all
times. There must be the least possible resistance to flow of current between parts
which are supposed to be connected together. One method of fastening rotor plates
to their shaft is shown in Figure 3. Slots are cut on the shaft and the rotor plates
are pressed firmly into the slots.
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One method of fastening the stator plates is also shown in Figure 4. Here the edges
of the plates are pressed into grooves in a metal piece at each end which connects
all the stator plates together electrically. A very tight press fit insures a fairly secure
joint.
When plates are made of brass or some metal which can be readily soldered it is
better practice to run solder over the joints between plates and supports. Solder
might easily be applied to the construction of Figure 4 by flowing it on to the plates
and bushings where their edges come together. Some condensers have all the rotor
plates fastened to each other and all the stators similarly fastened to each other
with lips like those in Figure 5. The lip on one plate is bent over until it rests on the
lip of the next plate and the joint thus made is thoroughly soldered, making all
plates thus joined act as one electrical conductor. Most condensers are made with
aluminium plates and as it is almost impossible to solder to aluminium, a good press
fit has to be relied upon for good conductivity in these condensers.
The entire rotor plate assembly is sometimes cast as one piece of metal. The stator
plates may also be cast as one piece. This construction is ideal from the electrical
stand point but is quite costly.
Brass and aluminium are the two metals generally used in the construction of
tuning condensers. Brass is an excellent conductor, it is not magnetic and has
plenty of mechanical strength. Soldering to parts made of brass is very easily done.
About the only objection to brass is that it corrodes but this is prevented by covering
the surface with a thin layer of lacquer which protects the metal from the air and
moisture.
Aluminium does not corrode as badly as brass. In order that there may be good
electrical conduction between two surfaces of aluminium, both of them must be very
clean and must be held together tightly to keep them clean.
Condenser plates must be strong and rigid to keep them from warping or from being
bent out of shape (which would change the capacity). Aluminium is a very rigid
metal and makes good durable plates. Brass is more flexible and is often ridged to
give it stiffness. Whether the plates are thick or thin makes little difference. Thin
plates reduce certain kinds of electrical losses while thick ones reduce resistance by
providing a larger path for the currents flowing in the condenser and also prevent
the possibility of the plates vibrating by the action of the loudspeaker and
producing a howl in the speaker.
Some years ago, it was not unusual to find the outer plate at one end of each rotor
section slotted so that individual portions of that particular plate could be bent
nearer to or farther from its adjacent stator plate. This was done to facilitate
“tracking” between the tuned circuits of superheterodyne receivers, a subject which
will be treated at some length in later lessons.
CONDENSER INSULATION.
The stator plates are held rigidly in place and are kept properly spaced from the rotor
plates by the insulation. You can see the insulation in Figure 2 for one type
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of construction and In Figure 6 for another type. This insulation is often made of
some kind of phenol compound such as “bakelite”. The material used must have
very great resistance to passage of electric current through it or over its surface.
It must be of such nature that there is very little loss of electrical energy in it.
Bakelite and similar products, also certain kinds of glass and of quartz meet all
requirements for condenser insulation. Hard rubber would be perfectly satisfactory
as far as the requirements already mentioned are concerned, but hard rubber has
not enough mechanical strength to fill the bill. This rubber will get out of shape and
then the plates would change their positions or would even touch and cause a
short circuit.
Whatever insulation is used should be kept as far as possible from the stator and
rotor plates. The greater the distance, the less likely it is that some of the lines of
force forming the condenser's field will stray from their proper place between the
plates and pass through the insulation rather than through the air. The air
between the plates forms the condenser's dielectric. The insulation should not
form part of the dielectric and will not do so if it is kept away from the plates. It is
also desirable to use the least possible bulk of insulation because reducing the
amount of insulation further reduces the tendency of the electrostatic lines of force
to stray away from their proper place in the condenser. The design of Figure 6 is
good in this respect because there is only the one piece of insulation running
across the bottom of the condenser.
Another method of placing the insulation out of the way of the plates is shown in
Figure 7. Here the stator plates are joined together and supported by a metal bar.
The ends of this bar are passed through the pieces of insulation which are attached
to the end plates, running vertically as shown.

The distance, measured along the insulation, between the stator terminal and the
nearest metal which is connected to the end plates and rotor assembly should be as
long as it can be made. This practice makes it harder for electricity to leak across
between stator and rotor of the condenser because any leakage current will have to
travel further over the insulation with well spaced terminals. Notice how
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this precaution is observed in the condenser of Figure 7. In some makes of
condensers the insulation is reduced to a very small amount by using small balls or
pillars about 5/32” in diameter made of isolantite or bakelite to insulate the stator
plates. Figure 8 shows a condenser with a small isolantite pillar at the top and
bottom of the stator plates.
NUMBER OF STATOR AND ROTOR PLATES.
At one time, in the earlier days of radio, tuning condensers were commonly rated in
the number of plates. This rating is no longer in use; nowadays all condensers are
specified according to their capacity in microfarads or in micro-microfarads,
because after all it is the only specification which rapidly and definitely identifies a
condenser. Specifying the number of plates can give no indication of capacity
unless all manufacturers standardise on plate area and spacing between adjacent
plates.
According to the old rating, a “43-plate” condenser had a capacity of 1000 micro
microfarads or 0.001 microfarad; a “23-plate” condenser had a capacity of 500
mmfds, or 0.0005 mfd; a “17-plate” size had a capacity of 350 mmfds, or 0.00035
mfd.; and the “13-plate” condensers had a capacity of 250 mmfds, or 0,00025 mfd.
These figures assume a measure of standardisation among manufacturers of the
period. Some condensers have one more stator plate than they have rotors while
others have one extra rotor plate. There is no definite rule either way. Still other
condensers have an equal number of both kinds of plates.
The condenser at the left hand side of Figure 9 has five rotor plates and four stator
plates. This brings a rotor plate at each end of the collection of plates. The rotor
plates are electrically connected to the end plates, consequently are at the same
potential. When two pieces of metal are at the same potential, there is no capacity
affect between them. Therefore there is no capacity effect between the end plates
and the outside rotor plates.
The condenser at the right hand side of Figure 9 has one extra stator plate,
therefore is a stator on each end of the
collection of plates. The stators are insulated
from the end plates, consequently there can
be a potential difference and there is a
capacity effect between the end plates and
the stator plates. Because of this extra
capacity to the end plates, the right hand
condenser has slightly more total capacity
than the left hand and, even though it has the same number and same size of
plates.
STRAIGHT LINE CAPACITY CONDENSER.
The condenser of Figure 10 has rotor plates shaped like half circles or semi-circles.
It is what we call a “straight line capacity” condenser because the capacity changes
exactly according to Law far you turn the rotor.
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In the centre drawing of Figure 10 the rotor has been turned half way through its
total movement from “0” to “50” on the dial readings. Then half of the surface or area
of the rotor plate is in mesh with the stator plates. The capacity of a condenser is in
proportion to the plate area in mesh, so with the rotor turned half way in we have
one-half the total capacity.
In the right hand drawing of Figure 10 the rotor has been turned to “75” on its dial,
or three-quarters of the whole way into mesh with the stator. Then we have a
capacity area of three-quarters of the whole rotor area and have three-quarters of the
condensers total or maximum capacity.
We will assume a condenser of the straight line capacity type having a maximum
capacity of 500 micro-microfarads. How many micro-microfarads, or what proportion
of this maximum capacity, must we have to tune to various broadcasting
frequencies?
First we must calculate the capacity needed for various frequencies. If the condenser
is used with a coil having an inductance of 175 microhenrys the following list gives
the amount of capacity needed for tuning to several places in the broadcast band.
550 kilocycles
600 ’’
650 ’’
700 ’’
750 ’’
800 ’’
850 ’’
900 ’’
950 ’’
1000 ’’
1050 ’’

…. 482 mmfds.
…. 402 mmfds.
…. 343 mmfds.
…. 297 mmfds.
…. 257 mmfds.
…. 226 mmfds.
…. 201 mmfds.
…. 179 mmfds.
…. 160 mmfds
…. 145 mmfds
…. 131 mmfds

1100 kilocycles
1150 ’’
1200 ’’
1250 ’’
1300 ’’
1350 ’’
1400 ’’
1450 ’’
1500 ’’
1550 ’’
1600 ’’

…. 120 mmfds.
…. 109 mmfds.
…. 101 mmfds.
…. 93 mmfds.
…. 86 mmfds.
…. 79 mmfds.
…. 74 mmfds
…. 69 mmfds.
…. 65 mmfds
…. 60 mmfds.
…. 56 nnfds.

Now notice some things that this list brings out very clearly. Remember, with the
straight line capacity condenser, the capacity is in exact proportion to the dial
readings or to the amount you turn the condenser shaft. Also remember that there
is a broadcasting channel every 10 kilocycles; that is, there are channels at 550,
560, 570, 580, 590, 600 kilocycles, and so throughout the entire range. In the list
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given above, the capacity for every fifth channel or every fifth frequency is
shown. In Australia not all the possible channels are actually used.
From 550 to 700 kilocycles we change from 482 mmfds, to 297 mmfds; a
change of 185 mmfds for 150 kilocycles.
From 700 to 850 kilocycles we change from 297 mmfds, to 201 mmfds; or 96
mmfds. for 150 kilocycles.
From 850 to 1,000 kilocycles we change from 201 to 145 mmfds, or 56 mmfds.
for 150 kilocycles.
.
From 1000 to 1150 kcs. we go from 145 to 109 mmfds.; 36 mmfds, for 150
kilocycles.
From 1150 to 1300 kcs. we
kilocycles.

go from 109 to 86 mmfds.; 23 mmfds. for 150

From 1300 to 1500 kcs. we go from 86 to 69 mmfds.; 17 mmfds. for 150
kilocycles.
Between 550 and 700 kilocycles there are fifteen broadcast channels and we
alter the condenser capacity 185 mmfds., more than one-third of the total
capacity and more than one-third of our total dial movement for fifteen
stations.
Between 1300 and 1450 kilocycles we again have fifteen channels, fifteen
places to find stations, but we change the capacity only 17 mmfds. We would
have a station for approximately each one micro-microfarad change. All across
the dial gives us 500 micro-microfarads, so to separate these stations around
1450 kilocycles we would have to move the dial only one five-hundredth part of
its total movement to get from one station to the next.
At one end of the dial you find stations separated by a movement of more than
twelve mmfds., or a movement of 1/40 of the whole dial. At the other end you
find stations separated by only one mmfd. a movement of 1/500 of the dial.
At one end you will move the dial a long way to change from one station to the
next one, while at the other one it would be almost impossible to make a
movement small enough to go from one station to the next. Therefore, this type
of condenser is not satisfactory for tuning purposes.
In the early days of radio we did actually use such condensers, but then there
where only two broadcast channels whereas now there are more than 100
available channels. Straight line capacity condensers are now used only for
laboratory and experimental work.
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STRAIGHT LINE FREQUENCY CONDENSERS.
Since the broadcast stations arc separated according to frequency, and since the
separation between channels Is 10 kilocycles from one end to the other of the whole
range, it is but natural to build tuning condensers which have equal movements of
their dials for change from one channel to the next. Such a condenser goes by the
name of “straight line frequency”.
The plates of a straight line frequency condenser, which are designed so that the
rotor shape provides the straight line effect, would look somewhat like those in Figure
11. The rotor is long and has a sharp taper toward the outer and. The sane
condenser, in the position given by one-half of the total dial movement is shown in
Figure 12. Notice that, although there has been a large dial movement or large
movement of the rotor shaft, only a s m a l l p o r t i o n of the plates is in mush. Again
look back at the list of capacities required for various frequencies. That list applies
to a 500 micro-microfarad condenser which may be assumed to have a minimum
capacity with the plates all the way out, of about 50 micro-microfarads. At 1600
kilocycles the list shows 56 mmfds., which is 6 m m f d s . M o r e than the minimum
capacity of 50 mmfds. At that frequency of 1600 kilocycles we are using about 6
mmfds. of the variable capacity. At 1000 kilocycles we need a total of 145 mmfds.
according to the list and this will be the 50 mmfds. minimum plus 9 5 m m f d s . of the
variable part of the capacity. So at 1000 kilocycles we are using about 95 mmfds, of
the total variable capacity of 450 mmfds. We say the variable capacity is 450 mmfds.
because we have to subtract from the condenser's maximum capacity, its minimum of
50 mmfds. Which is always there and which is not variable.
A frequency of 1000 kilocycles is about half way between 550 kilocycles and 1500
kilocycles, consequently is about half way around the dial movement for a straight line
frequency condenser. In Figure 1 2 w e have moved the dial half and have about one-f i f t h
o f the whole capacity a r e a i n u s e . Since from the foregoing paragraph, we need
about 95 mmfds. of our variable capacity and have a total 450 mmfds. to work with, the
capacity area of Figure 12 must be about right because 95 is about one-fifth of 450.
In Figure 13 the straight line frequency condenser has been turned further into
mesh, to the position corresponding to about 800 kilocycles frequency. Here we have
approximately 40 per cent of our whole variable capacity in use. You see, the
capacity of this condenser increases very slowly at first, then more and more rapidly.
This gives an even separation of stations on the dial because from our list of
capacities and frequencies, you can sec that the change of capacity must be more
and more rapid for equal changes of frequency as we go up the dial.
It is possible to get the straight line
frequency effect by proper shaping of
the stator plates just as wall as by
shaping of the rotors. A stator shaped
f o r straight line frequency work is
shown in Figure 14. The capacity area
with the dial turned through half its
movement is shaded on the stator.

L 16 – 9.

STRAIGHT LINE WAVELENGTH CONDENSERS.
Before all broadcast stations were definitely assigned to certain frequencies, those
stations as well as most other transmitters operated on “wavelengths” rather than
on frequencies. You have already learned the relation between wavelength and
frequency and how long wavelengths correspond to low frequencies.
In between the time of the straight line capacity condenser and. the arrival of the
straight line frequency typo we used a good many “straight line wavelength”
condensers. As you might suppose, those condensers provide separation according
to wavelengths just as the newer type provides separation according to frequency.
With the straight line wavelength unit you will find that a spacing of ten wavelengths
at one part of the dial is the same as a spacing for any other ten wavelengths at some
other part of the dial.
The shape of the plates of a straight line wavelength condenser are shown in
Figure 15. You can see that turning the rotor plates half way on the dial divisions
gives considerably more capacity area than a similar position for the straight line
frequency type in Figure 12.
With a straight line wavelength condenser you got better separation of the high
frequency stations than with the old straight capacity type, but you do not have as
good separation as with the straight line frequency type. It is possible to use
straight line wavelength condensers in modern receivers and have satisfactory
separation on all except the stations operating at very high frequencies.

A straight line wavelength condenser changes its capacity according to the “square”
of the amount you turn it, and is sometimes called a “square-law” condenser. For
example, the difference in capacity between “20” and “40” on a dial would be in
proportion to the difference between 400 (square of 20) and 1600 (square of 40).
Doub1ing the dial reading will give four times the capacity.
MODIFIED CONDENSERS.
A true straight line frequency condenser must use plates either of considerable
overall size as in Figure 14 or else must use a large number of smaller plates to
provide the required capacity. With the condenser of Figure 14 we find a very great
width from one side to the other when the plates are all the way out of mesh. This
width, of course , requires a lot of space within the receiver.
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These objections to the straight line frequency condenser have led to the use of
modified straight line frequency condensers. These are in between the true straight
line frequency type and the straight line wavelength type in their shape and
characteristics.
They tend to bunch the high frequency stations closer together
than true straight lire frequency condensers, but they are better in this respect
than the straight line wavelength or straight line capacity types. Nearly all modern
sets use modified condensers to conserve space and give a better mechanical
construction.
The problem of maintaining a satisfactory frequency-capacity relationship has
been aggravated by the modern trend towards miniaturisation. As
components,
including variable condensers, have become smaller and smaller, manufacturers
have been forced to adopt various modifications in physical shape to preserve an
adequate ratio between maximum and minimum capacity. Two types of miniature
variable condenser in current use are illustrated by Figures 16 and 17. Notice that
even though both follow a modified straight line frequency characteristic., the shape
of the rotor plates differs slightly.
CHANGING CONDENSER CAPACITIES.
Sometimes you find a tuning condenser which will not quite reach the stations on
the highest frequencies or else will not quite reach those at very low frequencies.
You can correct either of those conditions by using a small fixed condenser along
with the regular tuning condenser.
To reach a higher frequency you need loss capacity. To reach a lower frequency you
need more capacity.
You can make the capacity less, so as to reach higher frequencies, by connecting a
fixed condenser in series with the tuning condenser as in Figure l8. You can make
the capacity greater by connecting a fixed condenser in parallel with the tuning
condenser as shown in Figure 19. To make a series connection you take off the
wire

or wires connected to the stator terminal of the tuning condenser, connect one side
of the small condenser to this stator terminal and attach the wire or wires removed
to the other side of the small condenser. To make the parallel connection you do
not take off any wires but just connect the extra condenser between the stator
terminal and the rotor terminal as shown.
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Although there is seldom any need to make such modifications as are outlined
above, to modern receivers using factory built coils and tuning condensers
conforming to present day standards, it is necessary far the student to be
completely aware of the effects of series and parallel capacity because modern
superheterodyne receivers make use of series and parallel condensers to achieve
accurate tracking between dial pointer and station call-sign throughout the
receiver's tuning range.
As you will learn in later lessons, a superheterodyne receiver takes a radio signal
and mixes it with another signal developed by the receiver's own oscillator, the
result being a third signal which is amplified, detected, or rectified, and converted
to sound in the usual way.
Because the internally developed oscillation is always at a higher frequency than
that of the incoming radio carrier wave, the section of the tuning condenser
controlling the oscillator frequency must have a smaller capacity range than the
other sections of the tuning gang. Reduction of the ratio between maximum and
minimum capacity is achieved by connecting another small condenser in series with
the oscillator tuning condenser. This condenser is called a “padder” or “padding
condenser”.
As we have mentioned earlier, the theory related to the
superheterodyne principle is discussed fully in later lessons.
When you use a series condenser you charge the tuning for all stations, making
them all come in with the tuning condenser turned further into mesh than before.
If, before you used the series condenser, you received a given station at one point
on the tuning dial, you will now have to turn the dial further in the direction that
turns the plates into mesh in order to receive that same station. This will let you
get stations which are at higher frequencies, but it will cut off some of the other end
of the tuning range. As a general rule, when you cannot get far enough in one
direction you have room to spare on the other and of the dial, so cutting off some of
the other end does not make any difference.
When you use a parallel condenser you also change the tuning of all stations, but
now you move them the other way on the dial. To get stations which you received
before at certain dial settings, you will have to turn the dial further in the direction
which moves the condenser plates out of mesh. Here again you will gain at one end
of the dial and will lose at the other end.
If the set with which you are working uses a dial numbered from “0” to “100” you
generally find the high frequency stations at the low numbers and the low
frequency stations at the high numbers on the dial. Then, using a series condenser
will move all stations up on the dial and will leave more room at the lower end for
the high frequency stations. Using the parallel condenser will move all stations
down on the dial, will leave more room at the upper end to receive more of the low
frequency stations.
Now, about the size or capacity of the fixed condenser. You do not want much
change of tuning capacity because much change will throw the tuning away off.
With the series connection, the greater the capacity of the extra condenser, the less
change you will make in the total tuning capacity. For tuning condensers of 500
mmfds. capacity you can try fixed condensers of 0.004, 0.005, 0.0075 and 0.01
mfd. capacity. These will change the total capacity from 10 per cent to about 5 per
cent.
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If the tuning condenser has less capacity than 500 mmfds., the same extra fixed
condensers will work., but will give you a smaller percentage change in the total
capacity, the easiest way is to make the connection . , then try out the receiver to see
how it tunes.
With the parallel connection, the smaller the extra fixed condenser's capacity the
less change you will make in the total tuning capacity. You will not want to use any
fixed condenser of more than 0.0001 mfd. capacity. Smaller sizes, such as 0.00008,
0.00006 and 0.00004 will make plenty of change in most cases.
CONDENSERS IN SERIES AND IN PARRALEL.
You must have noticed that with the series connection we want to use a large extra
capacity, while with the parallel connection we want to use a very small extra
capacity - yet both make about the same percentage change in the total capacity for
tuning.
Condensers in parallel add their capacities together. The three condensers in Figure
20 are connected in parallel because current can divide between them part going
through each one. Their combined capacity is the sum of the separate capacities,
like this:
1000 mmfds. or .001 mfd.
250 mmfds. or .00025mfd.
500 mmfds. or .0005 mfd.
1750 mmfds. or .00175mfd.
It does not make any difference whether the condensers are of the fixed type as
shown or are variable tuning condensers, or are part of one kind and the rest of
another -- the rule holds good just the same. Condensers in parallel add their
capacities. That is why, in Figure 19 for the parallel condenser, you add only a
small one because then you make only a small change in the total capacity of the
two condensers.
Another thing which must be considered is the following. All coils . in addition to
having inductance and resistance, have a small amount of capacity.
This
capacity, generally called distributed capacity, exists between the various turns of
the coil and between the coil and nearby metal parts. In addition, all valves have a
certain amount of capacity between their grid and the other elements and also all
wires in the receiver have a certain amount of capacity to other wires, metal objects
and the metal chassis. While each of these condenser effects is very small in itself,
we find that the combined capacity made up of the coil capacity, valve capacity and
that of the wires joining these units generally mounts up to about 20 mmfds, in
ordinary sets. You know that the coil and tube are wired in parallel with the
variable condenser in ordinary tuning circuits, so you will realise that the 20
mmfds. or so of distributed capacity is in parallel with the tuning condenser and
therefore must be added to the tuning condenser capacity. The addition of this
extra capacity has the effect of decreasing the range of frequencies to which the
circuit can be tuned.
Supposing our condenser has a maximum capacity of 385 mmfds, and a minimum
capacity of 25 mmfds. The distributed capacity in the circuit amounts to 20 mmfds.
Now the total maximum Capacity is 405 mmfds and the total minimum capacity is
45 mmfds, or a variation of nine times (the maximum capacity is nine times the
minimum capacity).
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The range of frequencies which the circuit will tune to is approximately equal to the
square root of the change in capacity, so the variation in frequency in this case will
be the square root of 9, or 3 times. This means that if the lowest frequency the

circuit will tune to is, say, 525 K.C. to allow a small margin at the low frequency
end of the broadcast band, the highest frequency will be 3 times 525 K.C. or 1575
K.C..
The important point to remember is that the distributed capacity must be taken
into consideration when considering the tuning range of a particular condenser and
coil.
When condensers are connected in series, as in Figure 21, the reciprocal of their
combined capacity is equal to the sum of the reciprocals of the separate capacities.
This is not so simple. You know that the reciprocal of any number is “1” divided by
that number. For the three condensers shown in Figure 21 we would go about
figuring their combined capacity by writing down the reciprocals like this:
1
1000

+

1 . + 1
200
500

=

1
.
Combined Capacities

You have to change all the fractions so that they can be added; you change them all
so they have the same “denominator” or the same number under the line. Then our
figures look this way:
1
1000

+

5 . + 2
200
500

=

8 .
1000

So we have 8/l000 amounting to the same as “1” over the “combined capacity”.
Then, turning this fraction upside down, we have 1000/8 as equal to the “combined
capacity” divided by “1”. Any number divided by one is the number itself, so 1000/8
is the combined capacity. This fraction is equal to 125, so the combined capacity of
the three condensers is 125 micro-microfarads.
The combined capacity of any number of condensers in series with each other is
less than the smallest separate capacity, is less than the capacity of any one of the
separate condensers. If you remember this fact you will not often have to figure out
the actual capacity of condensers in series -- just remember it will be smaller than
the smallest of the separate capacities.
Now you have learned how to calculate the combined values of both series and
parallel connections of condensers or capacities, and also of resistors or resistances
and of
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coils or inductances. We have just dealt with capacities. The resistances and
inductances were in earlier lessons. Here is a little table to remind you of what
happens when we make series or parallel connections of these things.
Kind of Unit Being Handled
Resistances
Inductances
Capacities

When Connected in Series.
Add Separate Resistances.
Add Separate Inductances.
Add Reciprocals

Combined Value.
When connected in Parallel.
Add Reciprocals.
Add Reciprocals.
Add Separate Capacities.

Of course, when you add the reciprocals, the sum of the reciprocals is equal to the
reciprocal of the combined value. You can see from this table that resistances and
capacities act just the opposite way.
GANG CONDENSERS.
In modern types of radio receivers we seldom, if ever, use single tuning condensers
all by themselves. We “gang” them -- use several similar units all connected
together so that their rotor plates move together.
Some receivers for broadcast work use one or more stages of radio frequency
amplification. Each stage is tuned by means of a tuning condenser. In the earlier
set, you would find three or more tuning dials and you would have to work first one
then the others until you got them all in tune. With that kind of set it was a real job
to find a distant station and only the real “fans” had patience enough to do it.
Every part of each tuned radio frequency stage is just like the corresponding part in
each other stage. Therefore, when such a set is properly designed and built we can
have all the condensers alike and can work them all together so that they all have
the same capacity at any one time.
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A typical gang condenser containing three tuning sections is shown in Figure 22.
All of the rotor assemblies are attached to the one long shaft. Turning this shaft
moves all the sections together. Using a common shaft connects all the rotors
together electrically. This works out all right because the rotor side of all
condensers is connected to the “B-minus” or the grounded side of the circuit in
practically all receivers. Each stator plate assembly is thoroughly insulated and
separated from all the other stators. The symbol for such a condenser, showing the
electrical connections, is shown in Figure 23. The broken line shows that all the
rotors are connected together.
It is not always convenient to have the several condensers all in one place; it may
work out better to have the different ones separated by some space. Then a type
such as illustrated in Figure 24 can be used. This condenser has a hole right
through the centre of the rotor shaft from end to end. The
separate
condenser
units may be mounted anywhere, just so they are in line with one another, and a
single long shaft pushed through al of them. There are one or more set screws in
the hollow rotor shafts of each condenser section and after the rotor plates are
properly adjusted for position this screw is tightened down, fastening the rotor to
the long shaft.
To successfully use a gang condenser of any kind requires exceedingly accurate
workmanship and uniformity of materials in the radio frequency amplifier. You can
realise that the slightest difference between coils, the least difference between the
layout of the wiring or the slightest change between one condenser unit and
another will throw the tuning all out of gear. Any of these things will make some
slight change in either the capacity, the inductance, or both. Then the different
stages will not tune together. One or two will be resonant at a frequency while the
others are more or less off resonance. Then you will get only part of the
amplification that the set should give because, of course, the voltage falls away off
when you get a little bit off the resonant point.
In order to allow for slight variations in wiring and in other parts of different tuning
stages, most gang condensers have fitted to each section a small extra
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condenser connected in parallel with the main tuning condenser section. This
small condenser is generally called a “trimmer”, a “compensator” or some similar
name. One kind of trimmer condenser is illustrated in Figure 25a. It uses mica for
the dielectric between the plates and secures a change of capacity by pressing the
top plate down closer to the lower one by means of a screw. The plates are normally
held apart by the springiness of the top plate. Turning the screw down forces the
plates closer together and increases the capacity. Two other kinds of trimmer
condenser are shown at “b” and “c”.
Both, are air dielectric types. Capacity is
changed by screwing two cylindrical sections one into or out of the other. Screwing
the sections together increases the capacity.
Adjustment of 25(b) is by rotation of a small nut attached to the movable outer
cylinder. Adjustment of 25(c) is by a screw set in the top of the enclosed assembly.
Movement of the screw pushes or pulls the outer cylinder in or out.
The one illustrated at 25(c) is totally enclosed against dust and other foreign matter.
The symbol for a gang condenser equipped
with small trimming condensers is shown
in Figure 26. Around each main tuning
section, in parallel with it, is connected one
of the small trimming condensers. Those
small
condensers
have
maximum
capacities of only a few micro-microfarads.
After the receiver is ready for test, if it is
found that that all tune exactly together,
the auxiliary condenser for the stage out of
line is altered in capacity just enough to
make the needed correction. In many
circuits the trimmer condensers are not
actually shown connected to the condenser gang, but are completely omitted, it
being understood that all modern sets use trimmer condensers either on the gang
itself or connected to the coils.
TUNING DIALS.
The subject of tuning dials is really a mechanical one. A tuning dial has no
electrical action and by simply looking carefully at these devices, you can always
see how they work and what is wrong, if any-thing.
When tuning closely for distant stations the job is much easier if the condenser
rotors are moved only a very little distance at a time. To allow this you often find
some sort of reduction gear between the knob which is turned by the operator and
the main dial and shaft which operate the condenser rotors. Flexible cords running
over pulleys are very popular for this work. Other devices include toothed gears or
friction wheels, all of which are designed so that it requires several turns of the
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tuning knob to move the condenser rotors from their fully meshed position to the
position where they are completely out of mesh. Those connections which reduce
the motion of the condenser shaft are sometimes called “verniers”.
Yet another arrangement not often used nowadays, was to arrange the condenser
at right angles to the front panel and to use a large circular, semi-circular or
rectangular dial with a friction drive. Most dials are usually illuminated from the
side by means of one or more small electric lamps similar to those used in torches.
Power for the lamp is usually derived by connecting them to the source which
supplies the filament or heater of the amplifying tubes.
Many older types of radio receivers are fitted with dials which have no station callsigns but are merely numbered 0 to 100. One may sometimes be tempted to
“modernise” one of these receivers by fitting a new dial inscribed with station callsigns. However, any move in this direction should be carefully considered before
actually making the replacement. If the receiver is a very old one, say of mid1930 vintage, and there are still some receivers of that period in active use the
result of such replacement is likely to be very disappointing.
Modern dials have a frequency calibration and, consequently station call-sign
spacing which is related to a modified straight line frequency characteristic
condenser having a capacity range of about 11 to 410 micro-microfarads. If we fit
such a dial to a receiver tuned by condensers having different frequency capacity
characteristics, and a noticeably smaller capacity range, considerable difficulty will
attend any attempt to make the dial pointer coincide with the call-sign of the
station to which we happen to be listening. In most cases it would probably be
possible to achieve the desired result at one end of the dial but then ore would find
that the pointer would come nowhere near a required station's call-sign at the other
end of the dial, or perhaps, even in the middle of the dial.
If it is particularly necessary that the replacement be made, reasonably satisfactory
tracking will be achieved if the tuning condenser is also replaced by one suitable for
use with the new dial, in which case some mechanical modification would
undoubtedly be necessary because modern tuning condenser gangs are much
smaller than those employed twenty or more years ago.
The products of present day condenser manufacturers are so similar in
characteristics that we need not worry unduly about using a dial expressly designed
for a particular condenser, but we most certainly should be careful about fitting a
modern dial to an old receiver.
In this lesson we have gone quite deeply into the matter of tuning condensers and
their action. The condenser is one-half the oscillatory circuit allows us to pick out
the station we wish to hear. The other half is the coil or the inductance. One part of
the resonant circuit is just as important as the other, the coil is just as important
as the condenser, and the condenser is just as important as the coil.

L 16 – 18.

EXAMINATION QUESTIONS No. 16.
1.

Do you increase the capacity of a condenser as you tune to higher frequencies
or to lower frequencies?
Explain.

2.

If the maximum capacity of a tuning condenser is 350 micro-microfarads, about
what should be its minimum capacity?

3.

Do the stator plates move or stand still.? Are they connected to, or insulated
from the condenser frame?

4.

Should the insulation of a tuning condenser be close to or far from the plates?

5.

Can an old receiver be fitted with a modern dial showing station call signs,
without any other modifications? Explain.

6.

With a straight line capacity condenser are the stations crowded together at the
high frequencies or at the low frequencies?

7.

With a straight line frequency condenser does the capacity increase rapidly just
as the plates start into mesh or when they are almost all the way in mesh?

8.

if there is a separation of 20 dial divisions between stations l00 kilocycles apart
when using a straight, line frequency condenser, how many divisions will there
be between stations 50 kilocycles apart?

9.

In addition to the capacity of the tuning condenser itself, what other capacities
affect the range of frequencies to which a resonant circuit will tune?

10.

If two condensers, one of 100 mmfds, and one, of 500 mmfds, capacity are
connected in series, what will be their combined capacity?
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LESSON NO. 17
COILS AND THEIR FUNCTION IN RADIO
The coils we use i n radio are given
the job of forcing the alternating
currents to give up part of the energy
being carried through the circuit. As those
currents flow through the coil we have
voltages produced or differences of
potential produced across the coil
from one end to the other. It is the
coil's
reactance
to
alternating
current which makes the current
work for us.
A coil has reactance because of the co il's inductance. Inductance
is
the ability of a coi l to generate voltage within itself if or to generate
voltages in some nearby circuit when there is a charge of the current, flowing
in the coil.
Any coil of wire has inductance in radio
transmitters and receiver we make use of
many different kinds and shapes of coil. In
radio receivers the most noticeable coils are
those used in resonant circuits which
tune the receiver to various stations.
These are the coils you can see in
Figure 1 and they are the kind we are going
to investigate in this lesson. Frequently
these coils are en closed in a metal screening “can” and so are not
readily visible. Even if the “can” is r emoved from a modern tuning coil
it is generally still invisible because of a complete coati ng of moisture
excluding wax.
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One kind of coil which may be used in parts of radio sets carrying high frequency or
radio frequency currents is shown at the, left hand side of figure 2. This coil consists
of a single layer of wire wound evenly and closely on the outside of a piece of tubing
which is made from insulating material. We call this a single layer “solenoid coil”.
Inside of the winding tube of the left hand coil in Figure 2 there is nothing but air.
The inside, or the core of this coil is of air --- therefore, it is called an “air-core coil”.
At the right hand side of Figure 2 is a coil wound around a bundle of iron wires.
This is called an “iron-core coil”. Most coils used for carrying currents at radio
frequencies are of the air-core type. The coils used in the audio frequency circuits
and in the circuits handling power current at house lighting frequencies are of the
iron-core type.
THINGS WHICH AFFECT INDUCTANCE.
The inductance of a coil depends on the number of turns of wire, on the length of the
windings and on the diameter of the winding. Now, to this list, we will add two more
things which have their effect on the coil's inductance.
Were you to test the air-core coil shown
at the left hand side of Figure 3 you
would find that it has very little
inductance because it is a small coil
and has only a few turns of wire. Then,
taking a handful of iron wires or rods,
you might slip some of them inside the
coil as at t h e r i g h t h a n d s i d e o f
Figure 3. The effect of the iron would be to immediately increase the coil's
inductance. The more iron you put inside the coil, the greater the inductance will
become.
The reason for thin action is very simple. Iron carries magnetic lines of force ever so
much easier than air carries them. Therefore, with a given amount of power used in
the coil, the iron will allow the production of many times the number of lines of force.
The greater the number of lines, the greater the voltage generated and since the
voltage is in proportion to the inductance we must have mere inductance, so the kind
of material in and around the coil changes the inductance.
Now we come to the last thing affecting a coil’s inductance -- this being the “shape
factor”. The shape factor turns out to be nothing more than a number, a number
which depends on the ratio of the coil's diameter to its length. A. “ratio” is the
relation of one thing to another written out in the form of a fraction. The
ratio
of
diameter to length means the number which you get by dividing the diameter by the
length. Thus, if the winding of a coil has a diameter of 4 inches and this winding is 2
inches long, you divide 4 by 2 and get as a result the number 2, which is the ratio.
If the coil happened to be 2 inches in diameter and 4 inches long, you would divide
2 by 4 and get 2/4 which is equal to 1/2 or, in decimals is equal to 0.5 -- the ratio of
the 2 inch diameter to the 4-inch length.
At the und of this lesson you will find a table or list of shape factors corresponding
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to various ratios of diameter to length. To use this table you divide the diameter of
the winding in inches by the length of the winding in inches. This gives you the ratio.
Then you find thin ratio in the table and opposite it you will find the shape factor
number. If the ratio you get is between two of these numbers you can use a shape
factor between the two.
All of our calculations h e r e refer to single layer, close wound cylindrical coils like
the type shown at the left hand side of figure 2. This is the most generally used kind
of coil, and, for a given amount of wire, gives us the most inductance.
In figure 4 you can see all the things which affect the inductance of a coil, at least all
which affect the inductance of the kind of coil we are investigating just now.
Notice that the “length of winding” has nothing whatever to do with the length of the
piece of tubing on which the wire is wound. The winding length is the distance from
one end of the wire part to the other end of this part. The “diameter” is the distance
from the centre of a wire on one side of the coil
to the centre of a wire directly opposite. You can
see what I mean by the dimensions marked “D”
in the right hand drawing. The “radius” is the
distance from the exact centre of the coil out to
the middle of one of the wires in the winding -the dimension marked “r” in the right hand
drawing. The radius is equal to one-half the
diameter. In determining these dimensions of
the coil we are considering the wire winding
only and do not take into account the form or
tube carrying the winding.
As with everything in radio we can calculate the result of sizes and shapes by using
a formula. Here is the way in which we work out the inductance of a coil:(number of turns)2 x (radius)2 x (shape factor)
Inductance in Microhenrys =
Length of winding x 10
This formula says to square the number of turns, square the radius, multiply those
two together and multiply the result by the shape factor. Then you divide that
number by ten times the length f the winding. All dimensions are taken in inches.
Take this formula as an example: There are any number of things which it will tell
you. Among other things it says that the inductance of the coil depends not on the
number of turns directly, but on the square of the number of turns. The left hand
coil in Figure 5 has 20 has 20 turns and the right hand one has 40 turns. Other
wise they are alike, anyone would say that the right hand coil would have twice the
inductance of the left hand one. But the formula says to square the number of turns,
to multiply the number by itself. So you square 20 and get (20x20) 400. Then you
square 40 and get (40 x 40 ) 1600.
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So with no other difference between the coils except twice the number of turns in
one of them, that one will have four times instead of twice the inductance.
Then take the coils of Figure 6. The only difference between them is that the left
hand one is 4 inches in diameter and the right, hand one is 2 inches in diameter.
Then since the radius is half the diameter, they have radii of 2 inches and 1 inch.
The formula (1) tells you that the inductance is in proportion to the square of the
radius.
Squaring the left hand coil's radius gives (2x) 4, while squaring the radius of the right

hand coil gives (lx1) l. The left hand coil will have four times the inductance of the
right hand one, yet has only twice the diameter or radius.
Once more look at the formula. You see that the “length of winding” is underneath
the line. Any quantity underneath the line has an entirely different affect on the
result from the effect of quantities above the line. To illustrate what is meant take
the following fractions:
1
2

1
4

1.
10

1.
100

You know that one-fourth is smaller than one--half, that one--tenth is smaller
than one-fourth, and that one one-hundredth is smaller than one-tenth. Now
you see that the larger quantity below the line, the smaller is the real value of
the expression. Then look at the following quantities:
4
2

6
2

10
2

100
2

We have four halves, then six halves, then ton halves, and. finally one hundred
halves. These are equal to the quantities 2, 3, 5 rind 50. So you see that the, larger
the quantity above the line, the larger is the final result.
Thon, since the “length of winding” is below the line, we know that the greater the
length or the longer the coil, the, smaller will be its amount of inductance, all other
things remaining the same. We can also tell that increasing the number of turns
or increasing the radius will increase the inductance because these things are
written above the line in our formula.
This formula for inductance has been taken and some of the things it tells you have
been explained. Any other formula is equally instructive. If you examine them
carefully and work out what effect a change in one quantity will have on the result
you can learn all manner of useful facts.
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Now we’ll use the formula to work out the inductance of the coil in Fig, 7. We have
68 turns of number 30 double silk covered wire a length of 1 inch and having a
radius of 1 inch. Dividing the diameter by the length (2 divided by 1) we get 2 for
the ratio. The shape factor table gives, for the ratio 2, a shape factor of 0.526.
Then we fill in the formula this way:
682 x 12 x 0.526
1 x 10

=

4624 x 1 x 0.526 = 243.2 microhenrys
10

So we learn that the inductance of this coil is about 24343 microhenrys.
What good does it do to know the inductance? Among other things it tells what size
tuning condenser to use. You were told that the “oscillation constant” for 550
kilocycles is the number 83,730. To find the required tuning capacity in micro
microfarads you divide the oscillation constant by the inductance in microhenrys.
Dividing 83,730 by 43 (microhenrys) gives
approximately 345 micro-microfarads. One of
the standard tuning condenser capacities is
350
micro-microfarads
or
0.00035
microfarads -- so of course that is the tuning
condenser to go with this coil of Figure 7.
EFFECT OF TUNING COIL INDUCTANCE.
The greater the inductance of the coil or the less
the capacity of the condenser in a tuned circuit,
the greater will be the voltage developed across
that circuit. This means that a bigger coil or one
of greater inductance will increase the amplification. The amplification depends not only
on the tube used but, also on the voltage drop in the circuit connected to the tube's plate.
It is possible, as you know, to use various combinations of inductance in the coil and
capacity in the condenser to tune to the same frequency. In broadcast reception we can
use any of the standard condenser with suitable coils and tune from 550 kilocycles to 1500
kilocycles. Here is a list of corresponding condenser and coil sizes with the reactances of the
coil at 1500 kilocycles.
Condenser Capacity
In Micro-Microfarads
250
300
350
400
500
1000

Coil Inductance
In Microhenrys
340
285
245
215
175
85

Coil Reactance in Ohms
At 1500 Kilocycles
1500
2688
2311
2028
1651
802
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A reactance of 1500 ohms is considered to give good results in amplification.
More reactance (due to greater inductance) is not objectionable and in fact
gives greater amplification provided we do not run into other troubles such as
oscillation. These will be explained in a
later lesson. A tuning condenser of 500
micro-microfarads capacity is about the
largest
that
will
give
really
good
amplification, that is, amplification that
compares well with the average good
receiver.
To make a mechanical comparison with
electrical actions in a resonant circuit you
can always compare the inductance to a
weight and the capacity to a spring. If, as
at the left in Figure 8, you have a heavy weight (large inductance) with a
comparatively small spring (small capacity) a pull on the weight will set it into
oscillation which will be powerful and
which will continue for quite a long time. The lighter weight attached to a stiff
spring, or the smaller inductance with a large capacity, as at the right hand
side of Figure 8, will have shorter oscillations and these oscillations will die
away quite rapidly. The advantage is with the resonant circuit made up of a large
inductance and small capacity rather then with the one containing a large
capacity and small amount of inductance.
INDUCTANCES IN SERIES AND PARALLEL
The three inductance coils of Figure 9
are connected together in series. That
is all current flowing through any one
of them must also flow through the
others. We will assume that the three
cols
have
inductances
of
300
microhenrys, 100 microhenrys and
200
microhenrys.
The
total
inductance of the three, connected in
series is 300 plus 100 plus 200, or 600
microhenrys.
Inductances in series
add together just as resistances in
series add together.
In Figure 10 we have the same three
inductances in parallel so that the total
current flowing through each of the coils.
The case here is similar to that with
the parallel resistances. The inductance of the three coils combined in a parallel
circuit is lass than the inductance of the smallest one of the lot. To figure out
the combined inductance we add the reciprocals of the separate inductances
and this gives us the reciprocal of the total inductance. A “reciprocal” of any
number is “1” divided by that number. Thus the
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reciprocal of 2 is ½ (which is 1 divided by 2). The reciprocal of 10 is 1/10 (or 1
divided by l0.)
As an example we will calculate the total inductance
of the three coils of Fig. 10.
The reciprocals are added as follows:
1
300

+

1
100

+

1
200

=

1
.
Inductance

To add those fractions we have to change them over like this:
2
600

+

6
600

+

3
600

=

11 .
600

So we have 11/600 as the reciprocal of the inductance. We turn this fraction upside
down, giving 600/11 as the inductance. This cancels out to 54, 6/11 microhenrys
inductance for the throe coils in parallel. Therefore inductances in parallel reduce
the total inductance to an amount smaller than the smallest of the separate
inductances.
OTHER THINGS AFFECTING INDUCTANCE
The items which we have considered are those which have he principal effect on a
coil's inductance and they are the ones s ordinarily considered when we work out
the inductance in building or remodeling a radio part. There is however, several
other things which have a slight effect on inductance.
Frequency changes the apparent inductance of a coil.
As the frequency
increases, the inductance appears to increase with the frequency. The following
list shows how one coil's apparent inductance increases over the broadcast band
of frequencies:
Apparent, Inductance at 550 kilocycles . . . . . 300 microhenrys
Apparent Inductance at 700 kilocycles . . . . . . 306 microhenrys
Apparent Inductance at 1000 kilocycles . . . . . 320 microhenrys
Apparent Inductance at 1500 kilocycles . . . . . 355 microhenrys
In order to make up for the greater inductance at the high frequency, the tuning
condenser’s capacity at this frequency must be still smaller than you would
naturally expect. The greater the inductance the smaller must be the capacity to
tune to a given frequency. This frequency effect means that the condenser must
be able to g e t d o w n to a smaller minimum capacity than would be the case
were the inductance t o remain unchanged.
In addition to their inductance all coils have some capacity as well. There is
capacity between the different turns of a coil because those turns are metal and
they are separated by insulation (a dielectric). This makes a condenser. The
resulting capacity is called “distributed capacity” because it is distributed all
through the coils winding. We will study distributed capacity a little later on.
This distributed capacity helps to make the coil’s inductance appear larger than it
really is as the frequency is increased.
Now we will see something that makes the coil's apparent inductance smaller
than its real inductance. If the coil, of Fig, 11 has an actual inductance of 300
microhenrys
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placing the metal plates in the position shown will make the inductance
seem or act as though it were somewhere around 290 microhenrys. Most
modern receivers use metal “shielding” around coils and other parts and
the effect of this shielding is to reduce the apparent inductance of the coils.
Then larger tuning condensers must be used to obtain resonance at a
frequency. Providing the shielding is correctly spaced from the coil it does
not make a very great change in the apparent inductance.

MUTUAL INDUCTANCE.
The coil of Figure 12 has self inductance, the kind of inductance we have
been studying so far. The self-inductance causes voltage to be generated
when a change of current makes the lines of force rise and fall. Selfinductance considers the lines of force which cut through the conductors of
the coil producing the lines.
The two coils of Figure 13 are placed close together and lines of force
generated in either one of them will cut through the wire winding of the
other one. Change of current in coil “A” will not only cause a voltage to be
generated in coil “A”, but the moving
lines of force will cause a voltage to
be generated also in coil “B”. We
have self inductance of coil “A”, we
have the self-inductance of coil “B”,
and in addition we have the “mutual
inductance” which is a property of
the two coils together. Mutual
inductance is the property or ability
of a coil to produce a voltage in
another coil.
The coils “A” and “B” may be placed end to end on a single piece of tubing as
in Figure 14. Then nearly all the lines of force from one of the coils will pass
through the conductors or turns of the other one. The amount of mutual
inductance depends on the number of lines which link through both coils,
consequently we have much more mutual inductance in Figure 14 than in
Figure 13.
Mutual inductance is measured in the same units we use for self-inductance,
namely, the henry, the millihenry and the microhenry.
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In Fig. 15 coil “A” is wound right over the middle of coil “B” and right on top of “B”.
This gives the greatest possible mutual inductance for any ordinary construction
because nearly all the lines from one coil must link with the other one.
The amount of mutual inductance depends on how close the two coils or two
circuits are to each other. They are closer in Figs. 14 and 15 than they are in fig. 13
and we have more mutual inductance the closer we g et the circuits to each other.
The amount of mutual inductance depends also on the size of the two circuits or
coils. Big coils or coils having large amounts of self-inductance in themselves will
have much more mutual inductance when brought together than smaller coils will
have.
The shape or design or construction of the two coils or circuits has a great deal to do
with the amount of mutual inductance between them. If a coil is built so that its
field spreads out a little way, than the, lines composing the field won’t link very well
with other circuits and the mutual inductance will be lessened.
Ordinarily, two coils placed end to end as in Fig, 16 would have a considerable
amount of mutual inductance because the field of one would pass through the turns
of the other. But if a sheet of metal be placed between them as shown, there will

be little or no mutual inductance. The lines will pass into the metal, will produce
voltages in the metal instead of the neighboring coil, and the two coils will have
practically no effect an each other.
Now we come to one of the most important things affecting the amount of mutual
inductance between two coils -- the angle between their axes. The axis of a coil is a
line drawn from end to end through the centre, as the line “A-B” in Fig. 17. The
plural of the word “axis” used when speaking of more than one, is the word “axes”.
In Fig, 18, the line “A-B” forms the axis of both coils. The axes of these two coils run
together and form a single line. For a given distance apart of those two coils this
single axis gives the greatest mutual inductance. If the coils are moved closer there
will be m or e mutual inductance if they are moved farther apart there will be less
mutual inductance, but as long as you keep the separation “1” between the coils, the
single axis arrangement gives the most mutual inductance.
In Fig. 19 one coil has axis “A-B” and the other has axis “C-D”. These two axes run
in the same direction, they are parallel, but they don't form one single line. This
arrangement gives less mutual inductance than the arrangement of Fig, 18. If the
separation “l” in Fig. 19 is the same as the separation “1” in Fig. 18 separating
the axes as in Fig, 19 will reduce the mutual inductance between the two coils
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In Fig. 20 one of the coils has axis “A-B” and the other has axis “C-D”. The two
axes cross each other at “X”. They are at an angle to each other. The amount of
mutual inductance between these two coils depends on the angle between their
axes.

In Fig. 21 we have the two coils of Fig. 20 with no angle or a zero angle between
their axes. This, of course, gives the greatest possible amount of mutual
inductance because most of the lines of force from each coil cut the conductors of
the other coil.
In Fig. 22 the axes of our coils have been turned at an angle. The axis of one coil,
line “A-B”, is crossed by the axis of the other, line “C-D”, at the point marked “X”,
Then we have the angle “A-X-C”. In Fig. 22 we have about three-quarters as much
mutual inductance as in Fig. 21.
In Fig. 23 the axes of the two coils have been turned to a greater angle. Axes “A-B”
and “C-D” still cross at “X”, but now the angle “A-X-C” is greater than it was in Fig.

22. This greater angle reduces the amount of mutual inductance which here is
about one third as much as it was in fig. 21. The greater the angle between
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The coils, the fewer lines of force from one of them can cut the conductors of the
other.
In Figure 24 The axes “A-B” and “C-D” cross each other at a right angle,
they make a square corner. This is the position of least possible mutual
inductance between any two coils. If the axes of one crosses the axis of the other,
and If the crossing is a right angle, very few lines from one coil will generate voltage
in the other.
COUPLING.
When any two circuits are arranged so that the change of current flowing in one
causes voltage in the other, the two circuits are said to be “coupled.” With two coils
having mutual inductance, change of current in one of them causes lines of force
which cut the conductors of the other coil and generate a voltage in that the other
coil. Therefore, two such coils are coupled and have coupling with each other.
All of the pairs of coils in Figure 13 to 24 are coupled by means of the lines of force
which are “mutual” to both or which cut through the conductors of both. This
coupling effect is due to the inductance of the coils because the inductance
produces the lines of force which do the coupling. For this reason we call these
couplings by the name “inductive coupling”.
If you take the two coils separates by a great distance from each other, each one
alone has self-inductance – it is capable of generating a voltage within itself. If you
move these two coils towards each other they will commence to have mutual
inductance. The closer they are brought to each other, the more the mutual
inductance between them.

The two coils then have their self-inductance and also have mutual
inductances. The total amount of inductance is then more than the sum of
the two self-inductances; it is the sum of these separate inductances plus
the mutual inductance. You might take the two coils of Figure 25, each
having a self-inductance of 100 microhenrys, and couple them as shown.
Upon measuring the inductance of each coil you might find that it had
increased to 130 microhenrys and in place of the combined inductances
being 200 microhenrys (100 plus 100) it would be 260 microhenrys. The
increase is due to mutual inductance which is added to the inductance of
each coil.
Suppose you built the tuning coil marked “S” in Figure 26 and connected it
to the
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tuning condenser. Before adding the primary coil “P” though, inductance of the
secondary “S” might be 210 microhenrys. But just the minute you added the
primary with its own microhenrys, the mutual inductance would get to work and in
place of the 210 microhenrys of the secondary you would have something more than
210 microhenrys, you would have added the mutual inductance to the original
self-inductance of the secondary and you would change the tuning of the
condenser.
Every time you change the coupling and thereby change the mutual inductance
between two coils used for tuning a circuit you will change the tuning points of the
condenser. If the condenser tunes the circuit to resonance at 600 kilocycles with
a dial setting of 80 and you increase the coupling between primary and secondary,
you will find that it takes less capacity and you will get the same 600 kilocycles
resonance with a lower dial setting.
AMOUNT OF COUPLING.
If two circuits are coupled together so that change of current in one of them makes
a considerable voltage in the other one we say that the circuits are “Close coupled”
or that the coupling is close or “tight”. If change of current in one of them makes
only a little voltage change in the other we say that the circuits are “loose-coupled”
or that the coupling is loose.
Any device which allows coupling between two circuits is sometimes called a
“coupler”. This word is more often applied to parts coupling the antenna circuit to
the tuned circuits of the receiver than to parts used between two tubes within the
set. If the coil “P” in Figure 26 were connected to antenna and ground the whole
device, consisting of coils “P” and “S” together with the tubing on which they are
wound, could be called an antenna coupler. There is no provision for easily varying or
changing the amount of coupling between the two coils in Figure 26, so this
particular job could be called a “fixed coupler”.
If one coil is mounted, as in Figure 27, so that it may be moved with reference to the
other one we can change the amount of mutual inductance and the amount of

coupling as was done in Figures 21 to 24. We can vary the amount of coupling and
so we call such a device a “variable coupler”. The name “vario-coupler” was once
used to mean the same thing as variable coupler.
If two coils have the same line for their axes, bringing them closer together along this
line will increase the mutual inductance and increase the coupling, while moving the
coils further apart will reduce the coupling. A device for thus sliding one coil within
another is shown in Figure 28. This is called a “slide coupler”.
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Th e sl i de cou pl er w as u sed a g r eat deal i n s o m e o f th e ear l y c r y s tal
sets, bu t i s n o w used ch i efl y fo r ex per im en tal wo r k. Th e sy m bo l fo r a
var i abl e c o u pl er su ch as th e ty pe s shown in Figures 27 and 28 is shown in
Fi g ur e 29. Th e s y m bol sh o w s th e tw o co i l s w i th a n ar r o w dr aw n
th r ou g h th em . I n r adi o sy m bol s an ar r o w al w ay s m e an s th at th e
dev i ce m ay be al ter ed w h il e i t i s bei ng u s e d.
Th e am o u n t o f m u tu al i n du ctan ce, an d co n s equ e n tly th e am o u n t o f
co u pli n g , depen ds o n th e sel f-i n du ctan ce o f th e co i l . Th e m or e s el fi n du ctan ce, th e m or e mu tu al i n du ctan ce an d mo re co u pli n g , wi th
an o th er co i l . Yo u al so kn o w th at th e i n du ctan ce depen ds o n th e
n u m ber o f tu rn s, th e m or e tu rn s the g r e ater th e i n ductan c e . S o , by
al ter i ng th e n u m ber o f tu r n s, we can al ter th e c o u pl in g be cau s e w e
al ter the inductance. This i s wh at th e de vi c e o f Fi g ur e 30 a cc o m pl i sh e s.
In Fi g u r e 30 w e h ave a t ap swi tch co n s i sti n g o f a m o vabl e ar m w h i ch
m ay be pl aced i n co n tact w i th an y one of a nu m ber o f con tact po i n ts
n u m ber ed fr om “ 1” to “ 5” . Th es e ta ps ar e c o n n ec te d to th e s wi tch
co n tacts. Cu r r en t th r ou g h th e pri m ar y
fl o w s fr om “ A ” to “B” . Th e s wi tch ar m
i s s et o n co n tact “ 3” th er efo r e cu r r en t
fl o w s fr om “A ” goes to th e to p o f th e
pr i m ar y wi n di ng , th en th ro ug h al l the
tu r n s between “ A ” an d “ 3” . Fr o m tap
“3” th e c u rr en t go es o ver to th e swi tch ,
th r ou g h th e co n tact, i n to th e s wi tc h
ar m an d to w i r e “ B” .
w e ar e th en
u si ng al l th e pr im ar y tu r ns betwee n
po i n ts “A” an d “ 3” bu t ar e n o t u s i ng
th e tu rn s betw een “ 3” an d “ 5”. If t h e pr im ar y co n si sts o f 25 tu r n s,
w i th 5 tur n s betw een each two taps, we h ave 15 tu r n s wor ki ng
betwe en po in t “ A ” an d po i n t “3”.
Now if the switch am is turned up to point “ 1 ” , current through the primary
can flow o n l y th r o ug h th e fi ve tu r n s betwe e n po i n ts “A ” an d “1” on the
coil. If the arm is moved al l th e w ay do w n to point “5” w e w i l l u s e th e
w h o le 25 tu r n s Betw een po in t “A ” an d “5”, be c au se cu r re n t fr om “A ”
m u st go th ro u gh al l th ese tu rn s to r e ach w ir e “B”. Thus moving the
swi tc h arm ch an ges th e n um ber o f tu r n s wh i ch carry current and do
work. This changes the pr i m ary coi l 's in du ctan c e an d i ts co u pli n g w i th
th e co i l abo ve i t. Th i s arrangement, in a considerably refined form, is used
i n th e tu n in g sectio n o f sam e tel ev i sio n receivers.
There are still other w ay s o f u si n g a pa r t o f any w i n di n g . O n e method is
sh o wn i n Figure 3 . H e r e w e h ave a slider co n tact moved along a part
of th e winding w h i ch i s bar ed o f i n su lati o n . Cu r r en t enter i ng th r o ug h
w i r e “A ” wi l l g o th r ou g h th e ro d, i n to th e sl i der , an d w i l l en ter th e
co i l at po i n t “ X” w h er e the sl i der i s m aki n g con tac t. T h i s cu rr e n t wil l
th en fl o w th ro u gh th at po r tio n o f the co i l betw e en po in t “X” an d th e
r i g h t hand end where it flows o u t th r ou g h w ir e “B”. Th e par t o f th e co i l
betwe en “ X” an d th e l e ft h an d en d i s n o t u sed. Th e amo u n t o f th e co i l
bei n g u sed, o r th e number of tu r n s be i n g u sed, depends on the position
of the slider. This changes th e i n du ctan ce o f th e co i l an d th e am o u n t o f
i ts co u pli n g ; to an y o th er coi l .
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In certain types of transmitting sets you will find coils made of copper tubing as in
Figure 32. Connections to such a coil may be made with a spring clip as used on
Wire “A”. Then current will flow only in that portion of the coil between the clip
and the terminal. All the turns above the clip being unused, or else used in
another part of the circuit. This is still another method of varying the amount of
coupling. The symbol for couplings such as shown in Figures 31 and 32 is shown
in Figure 33. Variable coupling devices are very seldom used in modern receivers,
but are frequently found in old sets which you may be called upon to service at
some time.
COEFFICIENT OF COUPLING.
The words “Loose coupling” and “close coupling,” are not very definite. We have a
definite measure of the amount of coupling, a measure which can be calculated.
It is called the “coefficient of coupling” or the “coupling factor”
The closest possible: coupling is indicated by the number “1”. This is called unity
coupling. No matter how close the coupling, no matter how much the mutual
inductance, the coupling can never be greater than “1”. We indicate less amounts
of coupling by decimal fractions. Thus, half as m u c h coupling as unity coupling
is indicated by 0.5

which is the decimal fraction “five-tenths” or one half. A still smaller coupling
would be indicated by the factor or coefficient 0.3, which is three-tenths.
These coupling factors may also be written as percentages. Thus, a coupling of
one-half or 0.5 may be written as 50 per cent because fifty per cent of anything is
one-half of it. Then a coupling of 0.3 would be 30 per cent and so on.
The official (Institute of Radio Engineers) definition of coefficient of coupling is as
follows:“The coefficient of coupling is the ratio of the mutual or common impedance
component of two circuits to the square root of the product of the total impedance
component of the same kind in the two circuits. (Impedance components may
consist of inductance, capacity or resistance)”.
Following is the formula as arranged for inductive coupling:
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The inductance may be measured in any unit - henrys, millihenrys, or
microhenrys. But you must use the same unit all through the formula. If you
use microhenrys to measure mutual inductance, you must use microhenrys to
measure the inductances of the first circuit and of the second circuit.
Let's calculate the coupling factor for
the coils in Figure 34. The left hand
winding has an inductance of 32
microhenrys and the right hand one
an inductance of 200 microhenrys.
Their mutual inductance is 20
microhenrys. Putting these values
into the formula, we have:

FINDING THE MUTUAL INDUCTANCE.
In the example just worked out we found the coupling factor to be 25 per cent,
But to do this we assumed that the mutual inductance is 20 microhenrys.
There is no simple method of calculating the mutual inductance between two
circuits.

We generally measure the actual inductances and from them learn the mutual
as will be shown.
At the top of Figure 35 current is flowing around the coil winding in the
direction shown by the arrow marked “current”. This direction of current flow
makes the lines of force come out of the top of the coil and re-enter the bottom.
At the bottom of Figure 35 the direction of current has been reversed in its flow
around the coil. This reverses the direction of the lines of force and now they
come out at the bottom of the coil.
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In Figure 36 the two coils are connected so that current flows around
both of them in the same direction as shown by the arrows.
The lines
of force generated in one coil add their affect to the line of the other
coil. The two sets of lines or the two fields help each other.
In Figure 37 the same are connected so that current flows one way around the top
one and the opposite way around the bottom one. Now the lines of force
from one coil oppose those form the, other coil because the lines, are trying to
travel in opposite directions. If the coils are alike their fields are alike, and
the fields balance each other to some extent. This s is called a “series
opposing” connection.
In figure 36 we have the self-inductances working together, or adding
and also have the mutual inductance of each coil. This means that the
actual inductance is made up of the first inductance plus the second
inductance plus twice the mutual inductance. In figure 37 we still
have the two self inductances adding but the mutual inductance of each
coil is opposing the self inductance so the total inductance now is the first
inductance plus the second inductance – twice the mutual inductance.
To find the mutual inductance you first make the connection of figure
36, series aiding and measure the total inductance. Say in one case, you
find it to be 2240 microhenrys. Then you change the connections to that
of Figure 37, series opposing, and again measure the total inductance.
It a1ways will be less; say in this case it proves to be 160 microhenrys.
Then you subtract the smaller value of inductance from the larger, 160
taken away from 240 and find that the difference is 80 microhenrys.
This in the value of four mutual inductances, so you divide. it by 4.The
number 80 divided by 4 gives 20 microhenrys as the mutual inductance
between those coils.
The equipment necessary for measuring the total inductances in each
case, is somewhat complicated so that it is not an easy matter to
determine the mutual inductance.
OTHER KINDS OF COUPLING.
We have spent all this time on studying , inductive coupling because it
is by far the most useful and important coupling which we use in radio.
There are, however, other kinds of coupling with which we will beco me
qu i te fam i l i ar l ater o n .
In Figure 38 there are two tuned circuits. One of them has s as its
capacity the condenser “C1”, and as its inductance the two coils “L1” and
“M”, which, as you can see,
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are connected in series with e a c h a n d t h e c o n d e n s e r . T h e other tuned
circuit has as its capacity the condenser “C2” and as its inductance the two coils
“L2” and “M” which are connected in series with each other and the condenser.
Both tuned circuits contain the coil “ M ” . T he inductance “M” is mutual to both
circuits and this mutual inductance provides coupling between the circuit
containing “L1” and “C1” and the circuit containing “L2” and “C2”. This
arrangement is called “direct inductive coupling”.
A direct inductive coupling is shown in symbols by Figure 39. This is the same
circuit us shown in Figure 38, and the parts are similarly marked. The principle
of direct inductive coupling is easy to see in Figure 39 and from this diagram you
will he able to recognise such coupling when you see similar circuit arrangements
in the future.
The circuit of Figure 40 is, with one exception just like that of Figure 39. The
exception is that the mutual inductance “M” of' Figure 39 is here replaced with a
“Mutual Capacity” or a condenser marked “M”. Were you to take out the coil “M” of
Figure 38 and replace it with a condenser you would have the circuit of Figure 40.
This arrangement is called “capacity coupling or capacitive coupling” because a
capacity or condenser provides the reactance which is included in, or is common, to
both tuned circuits.
The greater the reactance which is common to both circuits, the closer will be the
coupling. You know that t h e voltage depends on the amount of reactance, the
more the reactance the greater the voltage drop across it. More voltage means more
energetic action and more coupling. So the more reactance, the more coupling.
In Figure 39 we can secure more reactance by using a coil having greater
inductance in other words a larger coil. So a larger coil means a greater direct
coupling. In Figure 40 w e can secure more reactance by using a smaller
condenser or one having less capacity. You remember, the less the capacity the
greater its reactance. So with capacity coupling, we secure a closer coupling by
using a smaller condenser.

In Figure 41 we have the resistor “M” common or mutual to the two circuits and
this makes what we call “resistance coupling”. This particular arrangement would
not be used in practise because we do not wish to add resistance to tuned circuits.
A least, we don't want to add the amount of resistance which would be required to
give us a good degree of coupling.
An actual example of resistance coupling in shown in Figure 42. This is a resistance
coupled audio frequency amplifier. The same circuit is shown in symbols by Figure
43.
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The plate circuit of the left hand tube consists of the plate, the resistor “R”, the
current source “B”, the connection “X”, the filament “F1” and the space between
filament and plate. The grid circuit of the right hand tube consists of the grid, the
condenser “C”, the resistor “R”, the battery “B”, the connection “X”, the filament
“F2”, and the space between filament and grid. The purpose of condenser “C” is
to prevent the high voltage the battery “B” from reaching the grid and making the
grid positive. The resistor “R” is common to both the plate circuit of the left hand
tube and the grid circuit of the right hand tube; therefore, it provides coupling
between these two circuits. When we take up the matter of resistance coupled
amplifiers we will make a complete investigation of this kind of coupling.

LITZ WIRE.
From a previous lesson we learnt that the dynamic impedance or gain of a tuned
circuit depends on the amount of resistance included in it. The more resistance
the less the efficiency becomes. In modern receivers we endeavor to make all
parts as efficient as possible, and special material is sometimes used in coils to
make the resistance as low as possible.
Generally coils are wound with wire which consists of one strand covered with
either enamel or silk insulation, but it has was found that the high radio
frequency currents are carried more easily by wire consisting of several strands of
very fine wire. Each strand is separately insulated from the others by silk or
enamel insulation and all strands are twisted together and wound around with
silk to hold then together. This typo of wire is known as “Litzendraht” but in more
frequently abbreviated to “Litz” wire. Usually 5,7,9 or 11 thin strands are used,
but it is possible to obtain Litz wire with other numbers of strands.
A coil can be wound with litz wire to have exactly coil the same inductance as a
similar coil wound with ordinary wire but it will be found that the resistance of the
litz wound coil to H.F. currents will be much lower, so that a higher efficiency can
be obtained.
IRON CORES FOR R.F. COILS
It is easy to realise that, if a coil can be made to have the desired inductance
with only about half the normal length of wire, its resistance will be considerably
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less than it otherwise would be.
Earlier in this lesson it was pointed out that the inductance of a coil can be
increased by placing a certain amount of iron in the centre of the winding. I f
we require a certain inductance, to go with a particular tuning condenser to
tune to the broadcast range of frequencies, we can obtain the necessary
inductance by using fewer turns if we wire them over an iron core instead of
using only air in the centre of the coil. The reduction in turns means that less
wire will be required and as a result resistance will be decreased.
The type of iron core used in audio frequency or power transformers is not at
all suitable for use in R.F. coils there would be tremendous losses which would
result in very poor efficiency. To prevent serious losses from taking place, the
cores are made of very fine particles of iron mixed together with some binding
substance and made either in the form of a small rod or tube in the form of a
bobbin.
Figure 44 illustrates the rod or tubular type of core which is usually about
3/8” in diameter and about ½” long. The coil winding could be wound
directly on the core, but generally the core is placed inside a piece of
insulating tubing and the coil wound on this.

The bobbin type of core is illustrated in Figure 45 and the parts forming it in
Figure 46. The screw at the left of Figure 46 is used for holding the core to the
holding strip. In the centre of the bobbin itself and at the right is a screw
made of the same material as the bobbin which can be screwed inside the
bobbin to vary the amount of iron in the core and consequently adjust the
coils inductance.
Losses in the type of iron used in these cores are sufficiently low to permit
them to be used in coils carrying any frequency up to the higher end of the
broadcast band (1500 K.C.). Coils for higher frequencies than this are wound
on ordinary air cored formers.
The formula given in this lesson for finding the inductance of a coil, does not
apply to iron cored coils but only to the more usual air cored type. Due to the
fact that the inductance depends on the quantity and characteristics of the
iron used there is no simple formula for calculating the inductance of iron
cored R.F. coils.
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DATA SHEET.

SHAPE FACTORS.

This is the factor used in formula (1) of Lesson 17 for determining the inductance in
Microhenrys of single layer, close wound air core coils.
Diameter
Divided by
Length.

Shape
Factor.

Diameter
Divided by
Length.

Shape
Factor.

0.00
.05
.10
.15
.20

1.000
.979
.959
.939
.920

1.9
1.95

0.538
.532

.25
.30
.35
.40
.45

.902
.884
.867
.850
.834

2.00
2.10
2.20
2.30
2.40

.526
.518
.503
.492
.482

.50
.55
.60
.65
.70

.818
.803
.789
.775
.761

2.50
2.60
2.70
2.80
2.90

.472
.463
.454
.445
.437

.75
.80
.85
.90
.95

.748
.735
.723
.711
.700

3.00
3.10
3.20
3.30
3.40

.429
.422
.415
.408
.401

1.0
1.05
1.10
1.15
1.20

.688
.678
.667
.657
.648

3.50
3.60
3.70
3.80
3.90

.394
.388
.382
.376
.371

1.25
1.30
1.35
1.40
1.45

.638
.629
.620
.612
.603

4.00
4.10
4.20
4.30
4.40

.365
.360
.355
.350
.346

1.50
1.55
1.60
1.65
1.70

.595
.587
.580
.572
.656

4.50
4.60
4.70
4.80
4.90

.341
.336
.332
.328
.324

1.75
1.80
1.85

.558
.551
.544

5.00
5.20
5.40
5.60
5.80
6.00

.320
.312
.305
.298
.292
.285

Diameter
Divided by
Length.
6.20
6.40
6.60
6.80

Shape
Factor.
0.280
.274
.269
.263

7.00
7.20
7.40
7.60
7.80

.258
.254
.249
.245
.241

8.00
8.50
9.00
9.50
10.0

.237
.227
.219
.211
.203

11.0
12.0
13.0
14.0
15.0

.190
.179
.169
.161
.153

16.0
17.0
18.0
19.0
20.0

.146
.139
.134
.128
.124

22.0
24.0
26.0
28.0
30.0

.115
.108
.102
.096
.091

35.0
40.0
45.0
50.0

.081
.073
.066
.061

60.0
70.0
80.0
90.0
100.0

.053
.047
.042
.038
.035
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EXAMINATION QUESTIONS NO. 17
1.

Air core coils used in circuits carrying high frequencies, or low frequencies ?

2.

If you double the number of turns in a coil, leaving other things unchanged
will the inductance be doubled more than doubled or less than doubled?

3.

Which will give the greater voltage across the tuned circuit, a large condenser and a
small coil or a small condenser and largo coil? Why?

4.

If three coils have inductances of 50 microhenrys, 100 microhenrys and 150
microhenrys are connected together in series, but have no inductive coupling, what
will be their combined inductance?

5.

Does the apparent inductance get larger or smaller as the frequency increases?

6.

Which will give the greater coupling, separation of one inch or a separation of two
inches between the centre of two coils having both their axes in the same straight line
straight line? Why?

7.

If you turn two coils so that their axes lie in one straight line will the mutual
inductance be more or less than with the two axes turned at right angles?

8.

If a coil has an inductance of 200 microhenrys and you couple to it another live coil
having an inductance of 50 microhenrys, will the inductance of the first coil remain at
200 microhenrys or will it be more or less than this figure? Explain the reason.

9.

Which will give the greater voltage in the secondary of a coupler, a coupling factor of
80% or one of 25%?

10.

What is litz wire? What is its advantage over ordinary wire?
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LESSON NO. 18
AMPLIFICATION – ADDING STRENGTH TO THE RADIO SIGNAL
Amplification is an important subject, because in any radio receiver all but two of
its valves are amplifiers. In later lessons you will read much more on this subject
when we come to radio frequency amplifiers, intermediate frequency amplifiers, and
audio frequency voltage and power supplies.
This lesson is a comparatively
elementary introduction which will prepare you for the more specialised treatment
of individual types later on.
AMPLIFICATION FACTOR.
Were you to apply a pressure of 40 volts to the plate of a valve, you might find that
a millimeter in the plate circuit would read about 3 mills as in Figure 1. You could
increase the amount of plate current by increasing the plate voltage. Using 60 volts
on the plate you might find a current of about 5 mills as in Figure 2. It required a
change of 20 volts (40 up to 60) in the plate circuit to raise the plate current 2
milliamperes.
In Figures 1 and 2 the grid circuit comes through the coil to the negative filament
terminal of the valve, therefore the: grid has a zero grid bias. In Figure 3 we have
inserted a small battery in the grid circuit. This battery raises the grid voltage by
2½ volts. Now, with only the origina1 40 volts on the plate there is a plate current
of 5 milliamperes, The 2½ volt change in grid voltage has produced just the same
change in plate current that was produced by a 20 volt change on the plate itself.
It took eight times as much change of plate voltage as of grid voltage to produce a
given change in plate current. The 20 volts plate change divided
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by 2½ volts grid change equals 8, or 8 times 2½ equals 20. So we say that the
amplification factor of this tube is 8.
You can see what a great advantage we gain by applying the signal voltage to the
grid of a valve. A very small voltage on the grid releases or controls a whole lot of
energy in the plate circuit. This energy comes from the B-Battery or from any power
unit which supplies plate current to the valve.
A valve may be built to have almost any amplification factor desired. Some of the
common types have factors as low as 3 while others have an amplification factor or
a “mu” of 1000 and more. The less space there is between the wires of the grid the
greater will be the “mu” of the valve because the electrons have to come closer to
the grid wires in getting through from filament to plate. The smaller the diameter of
the wire used for the grid the greater will be the amplification factor. The greater the
distance between grid and plate, the nearer the grid is brought to the filament, the
greater will be the grid's control of plate current and the greater the amplification
factor.
Why use two valves, each with an amplification of 8, when we could apparently,
obtain more amplification with only one valve with a “m” of 1,000? There are many
reasons why, in some oases, it is preferable to use two valves to do the work of one,
all of which will be explained in the more advanced lessons. Suffice it to say here
that, as a general rule, the higher the amplification factor of a valve the smaller will
be its permissible grid voltage swing before running into grid current on the one
hand and down to the bend of its curve on the: other. As a consequence, the very
high “mu” valve may, in certain circumstances, be badly overloaded by its input
signal, necessitating the use of another type which, while accepting a larger input
signal voltage, will not amplify to the same degree.
VOLTAGE AMPLIFICATION AND POWER AMPLIFICATION.
The amplification we have been talking about so far has been voltage amplification.
We have been getting a higher voltage drop in the plate circuit than that which is
applied to the grid circuit of the valve. Voltage amplification is very fine in the radio
frequency amplifying stages, it is fine in the detector stage and it is what we want in
the audio frequency stages immediately following the detector. But high voltage
alone will not operate a loudspeaker satisfactorily. To operate the speaker we must
have power.
To operate the modern typos of speakers with plenty of volume and with good tone
quality under all conditions calls for about 3 watts of power. Having even more
than 3 watts available will make for still better results. The “watt” is the unit of
electrical power.
VOLTAGE AMPLIFICATION.
The voltage amplification given by a valve
depends on the “mu” or amplification factor.
The amplification factor is the greatest
multiplication of voltage you could possibly got
under ideal conditions. It is the valve's limit of
amplifying ability. In actual practice you can
never quite reach this limit. Let us find out
why.
In Figure 4 You will see a plate circuit including the valve itself, a source of plate
current (such as a B-battery) and a coil which, as you know, has reactance. Change
in plate current, or alternating current in the plate circuit, is opposed chiefly by the
coil's reactance and by the resistance of the space between the valve's plate and
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Filament. The opposition met with by alternating current in passing between the
plate and the filament is called the “plate resistance” of the valve. In this circuit we
have two large amounts of opposition to the plate current variations, the plate
resistance and the coil reactance. Both of these are measured in ohms. The
resistance of the wiring and of the battery or other source of plate current may be
neglected because they are so very small.
In place of Figure 4 we can draw out the equivalent circuit of Figure 5 where the
plate resistance is represented by the symbol for a resistance and where the coil's
reactance is represented by another symbol far resistance. If current flows around
this circuit of Figure 5, it will have to
overcome these two resistances just as in
Figure 4. Current flowing in the plate circuit
would have to overcomes the plate resistance
and the coil reactance.
You know that a flow of current through a
resistance or through a reactance produces a
drop of voltage across the resistance or across
the reactance. Then let us take a circuit in
which we have a plate resistance of 10,000
ohms, a coil reactance of 10,000 ohms and a
current change of 10 milliamperes. According
to Ohm's Law, the voltage drop is equal to the ohms times the amperes. A current
of 10 milliamperes is equal to 10/1000 ampere or to 1/100 ampere. So we must
multiply 10,000 ohms by 1/100 ampere and we get as a result the number 100,
which is the voltage drop across the resistance and across the reactance.
If you look back at Figure 4 you will realise that the only part useful to us in getting
amplification from the valve or in making use of any voltage step-up in the plate
circuit is the coil. The voltage drop across the coil's reactance is useful, because we
can get at it to connect it up to something else. But the voltage drop across the
valve's plate resistance is wasted because we cannot get in there to apply that
voltage to anything else. Then, going back to the above example, the 100-.volt drop
across the coil reactance is useful and the other 100-volt drop across the plate
resistance is lost.
Another example. Let us have the same plate resistance as before and increase the
coil's reactance to 20,000 Ω double it. Assuming the same current change we will
get the same voltage drop across the plate resistance, l00 volts, but we will got twice
that drop, or 200 volts, across the increased reactance.
Suppose, in place of increasing the coil's reactance, we lowered it. The plate
resistance is 10,000 ohms but the outside reactance is only 100 ohms. With the
same current change of 10 mills or 1/100 ampere, multiplying the amperes by the
ohms we multiply 1/100 by 100 and find that there is only one volt drop across the
coil reactance. This one volt is not going to do much for us. Now you can see that
the greater the external reactance or resistance is made, the greater will be the
voltage drop across it and the greater will be the actual voltage amplification.
The
amplification depends on two things - on the “mu” of the valve and on the
reactance or resistance in the valve's external plate circuit. It also depen ds o n the
valve's plate r esi stance.
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In the first example the total voltage drop in the whole circuit divided evenly between
the tube and the coil. In the second example we found one third the total voltage in the
tube and two-thirds in the coil. In the third example we had one hundred times as much
voltage lost in the tube as was made useful across the coil.
Let us use a tube with lower plate resistance, say 2000 ohms resistance between plate and
filament, and a coil with 10,000 ohms reactance and have the same: 10 mils or 1/100
ampere current change. This arrangement would give a drop of only 20 volts in the tube and
a drop of 100 volts across the coil. We now have five times as much useful voltage as lost
voltage because of using a tube with lower plate resistance.
In all those circuits only so much work will be done for a given amount of power applied. We
can get the work done inside the tube, where it does us no good, or we can get it done
outside the tube whore we can use it to good advantage. The proportion of the work which
is useful depends on the relation between the plate resistance and the external reactance or
resistance. The greater the external reactance and the less the tube plate resistance, the
greater will be the available voltage and the greater the actual voltage amplification.
All of this can be put down in a formula, thus:
Voltage amplification =

Mu x External impedance
External Impedance + plate resistance

(1)

The term “electrical impedance” has been used rather than the reactance or the resistance.
The impedance is the combination of the reactance and the resistance, in their opposition
to alternating current. For practically all the work in amplification the ohmic
résistance of the coils is so small in comparison with their reactance that we can just
go ahead and use the number of ohms reactance without waiting to figure out the
impedance. Of course , to be very exact, we should use the impedance value.
EFFECT OF FREQUENCY ON AMPLIFICATION.
Do you remember the two things which determine the reactance of a coil? They are the
coil's inductance and the frequency of the applied voltage. Now, since the amplification
depends on the reactance and the reactance depends on the frequency, then the
amplification must depend on the frequency.
Reactance in ohms = Cycles x henrys inductance x 1000
159
Let us consider a circuit of a tube and a transformer. The tube's “mu” is 8½ and its
plate resistance is 10,000 ohms. The transformer inductance is 100 henrys. We will
calculate some amplification values. Say we are interested in a very low note, one of
100 cycles; also in one near “middle, C” (about 250 cycles) and in a violin note of 3000
cycles. Because we are now interested chiefly in the tube, we will assume that the
transformer’s inductance remains, the same at all these frequencies in spite of the fact
that there is really a slight change in its apparent inductance.
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Now for the first frequency, the one of 100 cycles: putting the values in the
reactance formula we have:
100 (cycles) x 100 (henrys) x 1000
159

=

63,000 ohms reactance (approximately)

For the 250 cycle frequency we have:
250 (cycles) x 100 (henrys) x 1000
159

=

157,000 ohms reactance (approximately)

And for the high frequency of 3000 cycles:
3000 (cycles) x 100 (henrys) x 1000 = 1,890,000 ohms reactance (approximately)
159
Now we have the following reactances:
Reactance at 100 cycles - 63,000 ohms
Reactance at 250 cycles - 157,000 ohms
Reactance at 3000 cycles - 1,890,000 ohms
These reactances can be used in the formula numbered (1) to find the voltage
amplifications. At 100 cycles we would have:
Voltage amplification =

8½ (tube’s mu) x 63,000 (external reactance)
63,000 x (external reactance) = 10,000 (plate resistance)

Working this example out we find that the amplification is about 7-3/10
Then we can take the same formula and substitute the reactances for the other
frequencies. Here are the answers for all three frequencies:
Voltage amplification at 100 cycles, approximately 7-3/10
Voltage amplification at 250 cycles, approximately 8
Voltage amplification at 3000 cycles, approximately 8½
Now you can see that the higher the frequency, the greater the reactance, and the
higher the amplifications. You can never get the full “mu” of the tube in voltage
amplification because some of the voltage is always lost in the tube's plate
resistance. But the higher the external impedance or reactance the closer you can
come to this ideal amplification.
GRID RETURN.
The grid return of a tube is the point at which the direct current grid circuit is
connected to the tube's filament circuit or to its cathode circuit. Fig. 6 shows the
grid return to the negative side of the tube's filament. You can always find

L 18 - 5

the grid return point by starting at the grid itself and following the path which could
be followed' by direct current until you reach either the tube's filament or the
connection of its cathode. The cathode is the part of an A.C. heater type tube from
which electrons are set free.
In following the grid circuit on its way to the grid return point, remember that direct
current cannot pass through a condenser. You have to go through wires, coils,
resistors and other conductors of direct current. In Fig. 7 the grid return is to the
positive side of the filament. In Fig. 8 the grid return is through a C-Battery to the
valve's filament.
The grid return to the cathode of an A.C. heater valve is shown in Fig. 9. In Fig. 10
there is a condenser between the grid and the coil in its high frequency circuit.
Consequently, direct current could pass only through the resistor and this resistor
forms part of the grid return circuit.
The point to which the grid return is made determines the bias voltage placed on
the valve's grid. In Fig. 6 it has a zero bias because the grid return is made to the
negative end of the filament. The valve in Fig. 7 is using a positive grid bias because
the grid return is to the positive side of the filament. The valve in Fig. 8 has a
negative grid bias because the grid return is made to the negative side of a CBattery. In Fig. 9 the grid has a zero bias because its return is made directly to the
cathode which corresponds to the negative side of an ordinary filament. The valve in
Fig. 10 has a zero bias because the resistor in the grid return circuit connects to
the negative side of the filament.

The grid bias voltage is the difference between the potential of the negative side of a
filament or the potential of a cathode and the potential of the point to which the
grid is connected. If the grid return point is at a voltage higher than that of the
negative filament or the cathode, then the grid has a positive bias. If the grid return
is to a point at a voltage lower than the negative filament or the cathode, then the
grid has a negative bias. If the return is to the negative side of the filament or
directly to the cathode, then the grid has no bias or has a zero bias.
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SOMETHING ABOUT DISTORTION.
Many times you have heard the word “distortion”. What does it mean?
In Fig. 11 the wavy line represents the alternating voltage applied to the grid of a
valve and another similar line represents the amplified voltage in the plate circuit.
The rises and falls of plate voltage are equal to each other, just as the rises and falls
on the grid side are equal. The frequency is the same on both sides. The only
change is in the strength of the signal there is no distortion.
In Fig. 12, the changes in the plate
circuit side are not true reproductions
of those on the grid side. The rises of
plate voltage are not as great as the
falls in plate voltage. Music or speech
amplified in this manner would not
sound right and the result would be
called distortion. In Fig. 13 the rises
of plate voltage are all out of
proportion to the falls in plate voltage,
and again we have distortion.
If a true signal voltage is applied to the grid of a valve and if the reproduction of this
signal in the plate circuit is not like the input voltage (except for being stronger)
then we have distortion. This is true when the valve is being used as an amplifier.
Of course the detector is different - it takes in radio frequency and gives out audio
frequency
Correct grid bias will prevent most forms of distortion which may arise in an
amplifying valve.

You remember from a previous lesson that so long as the grid has a negative
potential with respect to the filament or cathode, no electrons are attracted to the
grid and no current flows in the grid circuit. While the grid is positive, however, it
attracts electrons and there is a flow of current in the grid circuit.
Suppose you were using zero bias and were applying a 2 volt signal to the grid,
that is, a signal which first swings the grid 2 volts positive and then 2 volts
negative
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This signal is shown at the left in Fig. 14. During the positive signal alternations a
small grid current flows, but while it is negative no current flows, this gives a
pulsating current in the grid circuit as shown at the centre of Fig.14.

It requires an expenditure of energy to force current to flow through the high
resistance between grid and filament inside the valve when the grid is positive.
When the grid is negative no such energy is required. It is the previous valve's plate
circuit which has to supply the lost energy. Unfortunately this valve is not capable
of delivering much power, and if you
attempt to take energy from its plate
circuit to supply the grid of a
following valve it fails to do its job.
The result is that the voltage in its
plate Circuit falls off when energy is
taken from it, and of course the voltage supplied to the grid of the next
valve also falls off. Now this only
occurs when the grid of the second
valve is positive, so the decrease in
voltage only happens on the positive
signal alternations and not on the
negative.
The result is shown at the right in Fig.
14. Instead of the grid going 2 volts
positive as it should do, it only goes
up to 1½ volts positive. Yet the
negative alternations are unaffected,
and the grid still goes 2 volts negative.
Instead of having an equal rise and
fall of grid voltage, it falls more than it
rises. The result is that the signal is
distorted even before it gets into the
valve we are considering.
GRID VOLTAGE.
This kind of distortion, due to grid current, really occurs in the previous valve, but
the remedy lies in preventing the grid of the second valve from ever becoming
positive. This can be done by applying a negative
L 18 - 8

bias at least as great as the strongest signal voltage to be handled by the grid. Then
the signal just makes the grid alternately more negative and less negative. Since the
grid is never positive no grid current flows and there is no distortion due to this
cause.
In Fig. 15 are two curves for a valve on the same graph. One of them, the one
lower down, shows the relation between grid voltage, and plate current when the
plate voltage is 90. The other one higher up, shows the relation for 135 volts on
the plate.
Look at the 90-volt curve in Fig. 15. At zero grid bias (point “a”) the plate current is
6 mils. At 1 volt negative (point “b”) the current is 5 mils. At 2 volts negative (point
“c”) it is 4 mils. At 3 volts negative (point “d”) the plate current is 3 mils. So far we
have one mil drop in plate current far each volt drop in grid voltage. But now,
continuing on down, the curve commences to change its slope. From negative 3
volts down to negative 6 volts (point “o”) the current drops from 3 mils to 1 mil, a
change of 2 mils for 3 volts in place of one mil per volt as before.
Now suppose we put a steady negative grid bias of 3 volts (point “d”) on the tube of
Fig. 15 with 90 volts on the plate. If the incoming signal swings 3 volts positive, it
will compensate for the grid bias and the actual voltage on the grid will rise to zero
(point “a”). The 3-volt positive signal will increase the plate current from 3 mils to 6
mils.
Then, if the signal voltage swings evenly positive and negative, it will change over to
3 volts negative. This will add itself to the steady grid bias and the grid voltage will
become 6 volts negative (point “e”). At 6 volts negative the plate current (as shown
on the 90-volt curve) will become 1 mil. With even swings of signal voltage, 3 volts
each way, the plate current will rise 3 mils (from 3 to 6) but will drop only 2 mils
(from 3 to 1). This means distortion. Evidently the 3-volt steady bias is not the right
one.
From the foregoing it will be seen that the total swing of signal voltage must be kept
on a straight part of the grid-voltage, plate-current curve. Otherwise we will have
distortion. The straight part of the 90-volt curve in fig. 15 extends from zero (point
“a”) down to 3 volts negative (point “d”). The steady bias voltage must be in the
middle of the straight part, or at 1½ volts negative. Then, with a signal that swings
no more than 12 volts each way, up and down, the changes of plate current will be
equal on both swings.
Now it is quite evident that the greatest signal voltage which may be amplified
without distortion when 90 volts is applied to the plate is a signal of 1½ volts. A
stronger signal will result in distortion because it either will have to make the grid
voltage become positive or else it will force it down to the part of the curve where
the slope is changing rapidly.
The way we show an action of this kind is illustrated in Fig, 16. We start off with a
regular grid voltage, plate current graph. From the bias voltage which is applied
steadily to the grid, we draw a line straight downward, the line “a-e-i” in Fig. 16.
On this bias line we draw a line representing the swing of the signal voltage.
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In Fig. 16 the signal voltage cycle starts at “a” drops its voltage to 1½ volts
negative at “c”, then comes back to zero at “e”, rises to 1½ volts positive at “g” and.
goes back to zero at “i”.
If you follow upward on the 12 volt bias line you find it crosses the curve at 4½ mils
plate current (point “x”). Consequently, with this 1½-volt negative grid bias, the
plate current will be 4½ mils.
Now,
when the grid signal goes to “c”, it
makes the grid voltage go down to 3
volts negative. Following upward with
the arrow on this 3-volt negative line, it
crosses the curve at 3 mils plate
current (point “y”) so the current drops
from 4½, mils to 3 mils.
As the signal voltage returns to its own
zero at “e”, the plate current rises to
4½ mils again because the grid voltage
rises to 1½ volts negative. Then the
signal voltage swings to 1½ volts
positive (its own positive) at “g”. This
balances the steady grid bias of 1½
volts and the grid
voltage becomes zero. Following upward on
the zero voltage line we find it crosses the
curve at 6 mils (point “z”). Consequently,
the plate current increases to 6 mils.
The resulting plate current curve is drawn
at the right hand, side of the graph. With
the signal voltage at “a”, the plate current is
at “b” on its curve. This point is on the 4½
mil line extended out from the graph. Then,
with the signal voltage at “c” on its curve,
the plate current is at “d” on the 3-mil line
extended out to the right.
The signal
voltage at “e” brings the plate current to “f”;
The signal voltage at “g” brings the plate
current to “h”; and the signal voltage at “i”
brings the plate current to “j” on its curve.
Now we will see what happens with a 3volt negative bias. This condition
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is shown in Figure l7. The 3-volt line is extended downward and the signal with its
12 volt swing each way is drawn on this line. As the signal goes negative the plate
current drops to a little less than 2 mils (point "a") from its steady point of 3 mils
(point “b”). Then, as the signal voltage swings 12 volts positive the plate current
rises to 4½ mils (Point “c”). So you see, with a grid swing of 12 volts each way, the
plate current drops only a little over one mil but rises a full mil and one-half. The
unequal fall and rise of plate current is shown over at the right hand side of the
graph. We have distortion caused by too much negative grid bias.
HANDLING STRONG SIGNALS.
All this time we have been handling a signal of 1½ volts, one which swings 1½
volts positive and 1½ volts negative. But suppose we want to take care of a signal of
3-volt swing or a 3-volt signal, what then?
If you were to use a 3-volt bias, as in Fig. 17, so that the positive swing of the signal
would not make the grid voltage go over an the positive side, you would have even
worse distortion than shown in Fig. 17,
because you would be working still
further down on the negative side of the
curve, where its slope is changing more
and more. If you were to keep the 1½
volt bias of Fig. 16, the 3 volts positive of
the signal would use up all the original
bias and would throw the grid voltage
way over onto the positive side.
This positive voltage on the grid would
cause an uneven change of plate current,
because a positive voltage allows grid
current and produces less plate current
change than the same amount of negative
voltage, as already explained.
To handle this stronger signal, the one of 3 volts, we must do two things, we must
increase the plate voltage on the tube and we must also increase the negative grid
bias. If you will look back at Fig. 15 you will see a curve drawn for 135 volts on the
plate. In that curve there is an almost
straight part from zero grid volts (point “a”)
at 14 mills, way down to negative 6 volts.
(Point “b”) at 5 mils.
This means that the grid voltage may
change from zero down to 6 volts negative
and produce equal rises and falls of plate
current because all the change will come on
the straight part of the curve.
Now, for our 3-volt signal, we can use a 3-volt negative bias. The steady plate
current will be about 9½ mils (point “c”). When the signal voltage goes to 3 volts
positive the grid voltage will became zero because the bias voltage will be exactly
balanced and the plate current
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will rise to nearly 14 mils. When, with the signal 3 volts negative the grid voltage
will be 6 volts negative and the plate current will drop to 5 mils. There is a change
each way of about 4 3/8 mils in plate current.
The best we could do with the 1½ volt signal was to get a plate current change of 3
mils (from 3 mils to 6 mils in Fig. 16). With the 3-volt signal and the proper plate
voltage and grid bias we are able to get a plate current change of 8¾ mils (from 5
mils to 13¾ mils in Fig. 15). We not only have a great deal more change in current,
but we are operating with higher voltages. With more current and more voltage too
we are certainly getting a lot more power in watts.
For any valve, there are certain grid biases which correspond to certain plate
voltages. When the plate voltage is made high enough to let the signal work on a
straight part of the curve, and when the grid bias is equal to the greatest swing of
signal voltage, the valve is going to do its best work. Then, and then only, there will
be the least possible distortion.
The greatest signal voltage that can be handled is equal to the negative grid bias.
Any greater signal will swing the grid voltage over onto a part of the curve that
should not be used and distortion will result.
The strength of signal which a valve can handle without distortion depends on the
shape of the grid-voltage, plate-current curve. The signal must not extend beyond
the straight part of the curve. The length of the straight part depends on the plate
voltage - the higher the voltage, the longer the straight part. When we speak of the
straight part of the curve, we refer only to the portion which is on the negative side
of the zero grid voltage line. The part on the positive side must never be used for the
kind of amplifiers generally used in radio receivers.
The grid-voltage, plate-current curve in Fig. 18 is straight from “a” to “c”, from zero
down to 4 volts negative. Then the signal voltage may be allowed to swing between
these points. The centre of the swing must be at “b”, at the centre of the straight
portion of the curve. As shown in Figs. 16 and 17, the signal voltage swings back
and forth on the grid bias line. Consequently, in Fig. 18 we must use a 2-volt

steady grid bias - then the signal can swing up two volts and down two volts
always working on the straight part of the curve. The greatest signal that can be
handled is one having a swing of two volts positive and two volts negative in other
words, a 2-volt signal.
In Fig. 19 the plate voltage has been raised. The grid-voltage, plate-current curve is
higher up and its straight portion is correspondingly longer. The straight
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portion extends from the zero line at “a” down to the 8 volt negative line at “c”. We
have 8volts within which to handle a signal. That means the signal voltage can swing
4 volts each way. 4 volts positive and 4 volts negative. To allow this 4 volt swing we
will set the steady grid bias on “b”, the 4 volt line. Then a 4 volt signal or any
signal of less voltage, will stay on the straight pert of the curve. A stronger signal, one
of higher voltage, will run off the straight part of the curve and will cause distortion.
Now you can see that the strongest signal that can be handled is the one whose
voltage is equal to the grid bias. In Fig. 18 with a 2-volt bias we can handle a 2-volt
signal. In Fig. 19 with a 4-volt bias we can handle a 4-volt signal. In Fig. 16 with a
1½ volt bias we can handle a 1½ volt signal. This rule assumes that the bias is
placed at the centre of the straight portion of the grid voltage, plate-current curve on
the negative side of the zero line
Any signal having a voltage smaller than the grid bias will be handled without
distortion because such a signal will stay on the straght part of the curve. The. grid
bias fixes the maximum signal strength.
HOW AMPLIFICATION IS LIMITED.
A type of audio frequency amplifying system which was commonly used at one time,
is shown in Fig, 20. Following the detector tube we find a transformer which couples
the detector to the audio voltage amplifying tub, then comes another transformer
coupling it to the power tube.
Transformers used in audio amplifying systems are capable of stepping up the
voltage furnished to them. The amount by which a transformer increases the voltage
is called the transformer‘s ratio. The transformers shown in Fig: 20 are marked “3 to
1” because they multiply the voltage by 3.
We will assume that the detector tube delivers a signal of ½ volt. The transformer
steps this voltage up to 3 times ½ making it 1½ volts. The amplification factor of the
voltage amplifying tuba is 8½ but we will neglect the fraction and call the “mu” of
this tuba 8. Then the 1½ volt signal is multiplied by 8 and comes out as 12 volts.
This 12-volt signal is again multiplied by 3 in the transformer and comes to the grid
of the power tube with a swing of 36 volts. The “mu” of the power tube is 3, so the
6-volt signal is multiplied by 3 and goes to the loud speaker as 108 volts.
We
started with ½ volt signal ended with 108 volts, so we multiplied the ½ volt signal
by 216. The original signal comas out 216 times as strong so we have in this
amplifier an “overall amplification” of 216. This calculation is not vary accurate,
because we have been making assumptions which are not strictly true.
To the grid of the voltage amplifying tube we applied a 1½-volt signal which this tube
has no trouble in handling without distortion. To the grid of the power tube we
applied a signal of 36 volts which is safely within the limit of 40½ volts which this
tube can handle. So, providing the detector does not deliver a signal of more than ½
volt, this s amplifier will work without distortion.
Suppose the set were tuned in to a powerful local station, making the detector
deliver a signal of 1 volt - what then? Then first transformer makes a 3-volt signal
the voltage amplifying tube raises it to 24 volts and the second transformer delivers
a 72-volt signal to the poor tube. The power tube will not handle anything more
than 40½ volts without distortion and the sounds from the speaker are not pleasant
to hear. To avoid distortion we would either have to turn down the volume control
or use a larger7.argur power tube in place of the above power tube. This now power
tube will have to handle signals up to approximately 80 volts without trouble.
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Now we will take the audio amplifying system shown in Figure 21. Here we use
resistance coupling instead of transformer coupling. Resistance coupling provides
no step up ratio. As a matter of fact, there is a slight loss of voltage, but we will
consider that the voltage is transferred from valve to valve without change. We will
consider the detector as delivering ½ volt and since the resistance coupler does not
increase this voltage, the ½ volt signal is impressed on the grid of the first audio
valve. This valve, with its “mu” of 8, multiplies the ½ volt by 8 and delivers 4 volts
to the next coupler. There is no step-up in the coupler, so the second audio valve
receives the 4 volt signal, multiplies it by 8 and produces 32 volts. This 32-volt
signal is applied to the grid of the power valve and is raised to 96 volts by the power
valve's “mu” of 3. No valve is overloaded. The first audio valve receives ½ volt and
the second one receives 4 volts on the grid, both voltages being well within the
valve's ability to amplify without distortion. The power valve receives only 32 volts,
whereas its limit is 44 volts. We have no distortion with a detector output of ½
volt.
We will take another resistance coupled amplifier, the one in Figure 22. Here we
have one of the high-mu type amplifying valves. This valve has an amplification
factor or “mu” of 30, but in actual practice we can seldom realise an amplification of
more than 20, so we will use this value of 20 in our calculation.
Starting as before with ½ volt from the detector, this ½ volt reaches the grid of the
high-mu valve through the resistance coupler. The high-mu valve increases the
signal to 10 volts (½ times 20) and the 10 volt signal reaches the grid of the power
valve. Now we have only 10 volts for the power valve grid. Not much use using a
power valve the same as above, because we have not enough voltage to get the best
work out of such a valve. Also, the “mu” of the above power valve is only 3 and we
would got only 10 times 3 or 30 volts into the speaker circuit. We will select a more
suitable power valve.
Another power valve has an
amplification factor of 8 and will
handle signals up to 13½ volts with
180 volts on its plate. This is the
valve to use. It handles the 10 volt
signal without distortion and
delivers 80 volts into the speaker
circuit instead of the 30 volts we
would have secured with the
previous power va1ve.
Every valve has its particular use. Some of them capable of handling strong
signals without distortion. Others have large amplification factors. Some are
designed to step-up voltages and are primarily “voltage amplifiers”. Others are
designed to deliver considerable power in watts in their plate circuits and are called
“power amplifiers”.
POWER AMPLIFICATION.
The power output of a valve, like any other electrical power, is measured in watts.
Valve outputs are often measured in milli-watts; one milli-watt being the onethousandth part of a watt.
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The power depends on the voltage change and on the current change, or on the
combination of these two things. The output voltage depends on the voltage applied
to the valve's grid and on the “mu” or amplification factor of the valve. The “mu”
raises the input voltage to the output voltage. The current depends on the plate
resistance of the valve and on the impedance of the coils or resistances in the plate
circuit. The parts of the plate circuit in which work is done are called the “load”. So
we call the impedance or reactance of these parts the “load impedance” or the “load
reactance”.
All of these things can be taken into account by using one formula. Here it is:
Watts = Load impedance x (amplification factor x grid voltage)2 .......(2)
2 x (plate resistance + Load impedance)2
The top part of this formula says: Multiply the amplification factor by the grid
voltage and square the result, then multiply the number you get by the load impedance in ohms.
The lower part says to add the plate resistance and the load
impedance (in ohms) together and square the result, then multiply that number by
2. Finally, you divide the number you got from the upper part by the number you
got from the lower part of the formula and that gives you the number of watts of
power in the plate circuit.
The greatest amount of power is obtained when the number of ohms load
impedance is exactly equal to the number of ohms plate resistance of the valve.
But, strange as it may seem, we do not dare use the greatest possible power
because with it we would have a great deal of distortion. Increasing the load
impedance reduces the distortion and we find that satisfactory operation is secured
when the load impedance in ohms is about twice as great as the valve's plate
resistance in ohms. The exact load impedance which is best depends somewhat on
various condition of operation, but it is a safe general rule to work on this external
impedance as being twice the plate resistance for triode power valves. However,
with special types of power valves known as pentodes it is from 1/4 to 1/8 of the
plate resistance. Here is a list of the output powers secured from a small and a
large power valve according to the formula:
VALVES “A” (Small power valve)
Grid Bias and
Signal Voltage
16½
27
33
40½

Plate
Voltage
90
135
157
180

Amplification
Factor
3
3
3
2-9/10

Plate
Resistance
2500
2200
2100
2000

ohms
ohms
ohms
ohms

Load
Impedance
5000
4400
4200
4000

ohms
ohms
ohms
ohms

Power in
Watts
109
332
518
767
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VALVES “B” (Large power valve)
Grid Bias and
Signal Voltage
9
12
18
27
35

Plate
Voltage
135
180
250
350
425

Amplification
Factor
7½
7½
7½
7½
7½

Plate
Resistance
7500 ohms
7000 ohms
5600 ohms
5100 ohms
5000 ohms

Load
Impedance
15000 ohms
14000 ohms
11200 ohms
10200 ohms
10000 ohms

Power in
Watts
67
129
362
894
1530

These two tables will show you some very important things. Notice that the valve
“A” will handle a stronger signal without distortion than can be handled by valve
“B”, Valve “A” will handle up to 40½ volt signals while valve “B” reaches its limit
at a 35-volt signal, Yet, on the 35-volt signal, the valve “B” will deliver about twice
the power (1530 milliwatts) that “A” will deliver with the larger input voltage.
You might look into a receiver and find a big power valve similar to “B” and you
would expect great performance from it. But suppose that big valve were being
supplied with only 180 volts on its plate. It would handle signals only up to 12
volts and would deliver only 129 milliwatts of power. The same plate voltage, 180,
applied to valve “A” would allow handling a 40-volt signal and would allow an
output power of 767 milli-watts. If you have available only 135 volts or 180 volts for
the plate, then the “A” valve is far better than the “B” valve. At 135 plate volts, valve
“A” will deliver 332 milliwatts, valve “B” will deliver only 67 milliwatts. At 180 volts
the comparison is 767 milliwatts against 129 milliwatts.
But, if you want to handle a 33-volt signal and have the voltage available, then the
valve “B” will deliver about 1400 milliwatts as against only 518 milliwatts for the
valve “A”. A big power valve is fine if you can “swing the grid” by applying a strong
signal. But if you can bring to the power valve only a weak signal the fact that you
use a big valve ahead of the speaker is not going to do you a bit of good. Those are
the things a radio serviceman has to look out for. Many and many a time you will
find grid biases away off from their proper values. Again and again you will find big
valves operating with low plate voltages. Almost all good sots will operate to the
satisfaction of anyone if you apply the most suitable valves for each part of the
work, then operate those valves with the proper plate voltages and grid biases.
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EXAMINATION QUESTIONS -- No. 18 & 18A.
1.

How many watts of power will be required to light a filament taking 2
amperes of current with a pressure of 5 volts?

2.

In the radio frequency amplifying valves are we interested in voltage
amplification or in power amplification?

3.

Which gives the greater voltage amplification, a load impedance of 12,000
ohms or one of 5,000 ohms? E x p l a i n w h y .

4.

Will lowering the plate resistance of a tube increase or decrease the voltage
amplification?

5.

Does the voltage amplification of a valve with a transformer coupling increase
or decrease with higher frequencies? Why?

6.

To allow a valve to handle a stronger signal without distortion, would you
raise or lower the plate v o l t a g e ?

7.

With a 3-volt signal and a 3-volt negative bias there is no distortion. If a 4-volt s i g n a l m u s t b e handled. What is it necessary to do in addition t o
raising, the plate voltage? Why?

8.

What is the minimum grid bias for handling a signal which swings 4½volts
each way?

9.

What is the greatest signal voltage that can be handled without distortion by
a valve having 250 volts on its plate and a negative grid bias of 30 volts?

10.

If you connect a 240 volt, 1000 watt radiator to a 120 volt power line, how
much power is used?
Why?
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