CORRESPONDENCE

FOR YOUR GUIDANCE

You are about to commence a course of training which can have a
tremendous influence for the goed upon your: future ‘career. I know that you
are enthusiastic to make the very most of your training, and that is why this
guidance booklet has been written.

In the pages which follow, I want to set out clearly before you
all the mein advantages and facilities the Australian Radio College offers you.
I want t0 go further than this, I want to show you how you can use these facil-
ities to get the very most out of your association with the College.

Before you commence studies, tread right through this booklet,
from beginning to end - make sure that you are thoroughly acquainted with what
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 béoklet can mean £.S.D. t0 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.

ﬁ% I R.E. (Austh low of ‘the Telévision
Society (England)

PRINCIPAL.



SITNURTIISY PROCEDURE.

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 meke frequent
references 10 these 'guide posts'. In this way you will make more
rapid and thorough progress.

This course has been carefully planned and prepared. The practical ex-
perience of many famous engineers has contributed to meke this the most
up to date and thorough radio training available.

l. 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 im-
portant points. Just half an hour of concentrated and uninterrupted
application 1o 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. 1In 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 to0 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 rewview. 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 lessomn.




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, Jjust as I have asked you to do.

There are questions at the end of each lesson sheet. These questions are
based on subjects covered in that particular sheet. Should you find your-
self 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 guestion 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.

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, it will be of benefit to you to be
as neat and correct as you can. It is only by striving towards perfection
that we reach it.

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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P o3, :
" WoELEVISION, FREQUENCY MODULATION SND FACSIMILE COURSE.®

It is brought to tho notico of studonts engaged upon tho
abovo gourso, that this guidanco booklot was originally compiled as a
profix for tho studont about to commonco our Radio Sorvice Znglinocering
Courso. Howovor, with tho execoption of minor dotalls, all information
contoinod horoin, is applicablo to studonts ongagod upon our Tolevision,
Proquency Modulation and Facsimile Courso.

uinor altorations arcde.sececes o;

Pago Referonco.

Pago G.eesTho T, F.¥, and F, cburae is comprisod of qne section only,
theroforo tho one original sot of sorvice covors ie gmpplied
.. .for tho completo courso.

rogoe 8.;,;Aworago rato of study is two lossons por month,

Pago 12...58inco tho 4,R.C. Fault Findor rofors to sorvicing work, it is
not suppliod with tho T, P,¥, and F, Courso, Howover, if you
roquiro one, theso aro availablo from the A.R.C. Salos

.. Dopartment.

Page 12,..Two sots of stiff covers aro roquirod if you wish %o bind the
comploto course.
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POSTAGE ON IESSONS

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 lesscn 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 mat-
ter 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,

Ay 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 re-
commended, 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. Make sure it is a round edged paper fastener, and not a
pointed one, 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,

-5 -



THE A.R.C. BADGE.

The College badge is given to every student, free of charge, when he enrols.
It is design=d 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. The A.R.C. badge has opened many a prospect-
ive customer's door for the student in business for himself.

This badge is recognised by the Radio Industry and public alike, as the
hall mark of all that 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 less-
on examination papers have been returned to, and corrected by the College, it
Wwill be necessary for you to thoroughly revise right through the entire course.
/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 might 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 guite 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 many years' experience of radio engineering work - student's problems
in particular. Call on them always, for advice and assistance with your lessons.



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. Certific-
ation Card.

Below: The A.R.C. Diploma,
Certificate & Lessons.
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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

AUSTRALTAN RADIO COLLEGE PTY. LTD.
Broadway -
and see that your envelope is addressed to the College, and not to individual mem-
bers 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 des-
patch of your remittance, please notify our accounts department, and the necessary
gearch 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.

3e Students paying for their training on the monthly plan, will, if they pro-
gress 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 time 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 devete to lessons, and wishes to progress quickly with his train-
ing, it would be tc his advantage to pay either cash in advance for the balance of
his course, or make 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
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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 & sincere effort to
see that you get the very most out of your training.

Just as some students wish to progress at & faster rate than average, &0
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 comfortab-
ly 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 small extra charge will be made, the extent of the
charge depending upon the amount of the course remasining 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 deter-
mined 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 in-
grease during this period. However, if a student wishes to prolong his course be-
yond 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 mater-
jals for the uncompleted part of the course.

If you regularly complete two and a half or three lessons per month you
will not 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 re-
cords 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 to re-
mind the student that the month's fees day is approaching.

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, un-
der any circumstances, make the money paysble to individuals, but always to the
College.

FREE EMPLOYMENT SERVICE

If you a2im to become placed in a radio position, 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.

Naturelly, 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 kept in mind is that employment cannot necessarily be found for
a student shortly after commencing the course. Quite frequently, especially in the
case of junior students, we are able to place them after a short period. 1In the case
of senior students, the rule is, that a student must have a thorough knowl edge of
the principles of radio engineering before any employer would consider an applicat-
ion 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 maenner. This can be done in various ways. ToO engage
in radio set building, and spare time radio service work are the two most profitable
that can be suggested.

When you reach a stage of proficiency in your treaining, make enquiries foi
eriployment 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 t0 give students every assistanée 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 al-
ways 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 studyinge

FREE TRECHNICAL 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 im a radio position,
or commences a service business he comes across a knotty problem which may puzzle
- 10 =~



him for the tims. A.R.C. students never need worry sbout such problems because the
Free Technical Consultation Service is always ready %o help them out.

This Service 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 gueries will be answered
immediately.

This Service is a lifetime Service -~ which means that you may use i%t, not only
whilst you are training, but even after you have finished your Course, - in faet
for the rest of your iife.

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

"SERVICE" OUR COLLEGE 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 de-
tails of new circuits and how to build them
are given, the latest 1in test equipment,
what other Countries are doing in Radio, Re-
frigeration notes, and indeed any articles
which are considered of value to A.R.C. Stu-
dents are ineluded 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 cop-
ies earefully 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 car-
ried with him when he is "on the job".
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Each fault common to radio receivers is taken in turn, it's probable cause
given, how to loecate it, -and finally how to rectify the trouble. There's not a
radio service engineer can afford to be without this pocket service aid. They are
given to you free when you enrol.

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 ref-
erence 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- Full 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 them 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
nemely, Lessons 1 to 18A - 19 to 34 - and -
35 to 50. (See Price List)




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 require-
ments 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 them, 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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TELEVISION, FREQUENCY MODULATION AND FACSIMILE COURSE,
LESSON Mo, I,

WHAT TELEVISION, 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 to-
day provide a pointer to the future, Our parents remember, perhaps more vividly
than we, the advent of the motor car (so-called "Horseless Carriage"), aeroplane,
telephone, telegraph - all nilestones marking the road of civilisation's pro-
gress, TFrom 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, TFacts remain however; and it is
provable 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 scien-
ces which interest us so much, So, in our backward 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 Nipkow's
contribution to the art was the avowedly simple device known as a "Nipkow Disc',
of which he completed a first experimental model in 1884, Just how it works will
be told later on, 4s the years rolled on, meny another name was added to the
ever growing list of experimenters, engineers and scientists, each adding, in his
own way, to the progress of Television towards the goal of perfection,

It is logical to assume that any intelligent person who has the necessary funda-
mental knowledge of Television could, in time, contribute to the art, and this
course has been prepared to provice a thorough grounding, not only in Television,
tut in Frequency Modulation and Facsimile as well, Although these three services
are more or lass in commercial use at the present time, much :emains to be done,
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and in thié 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 math-
ematical 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, unbound-
ed 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 obvious-
ly lesser degree to Frequency Modulation. Personnel réquirements, for the fac-
tories 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 meaintainence of these new types of
apparatus, and pcssibly 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"
technicians, a very large field will present itself,

In answer to a question, as yet
unasked, it is considered app-
ropriate to explain here, why the
three subjects of Television,
Frequency Modulation and Fac-
simile, 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 in-
volved in working at these fre-
quencies 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, photo-
graphs, 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, MA", "B" and "C", and treat in some detail the history
and nrogress of Television, Frequency Modulation and Facsimile up to the »nre-
sent day,

SECTION "A". TELEVISION,

First, what is televisien to the man in the street? Definitions a-plenty are
given by various authorities with slightly divergent viewpoints, but we can sale-
ly say here that "any means wheredby a scene in motion, such as a football match,
may be seen in intellisible detail at a point remote from the actual scene itself"
is a system of Television, Of course, the inference is that the scenc must be
reproduced at the remote point at the same time as it occurs at the first »nlace,
whence it is transmitted, It is possible to tuke a moving wicture of a cricket
match, end after the film is developed, this could be shown in a picture theatre
a year after it actually happened! ¥eed we say that motion nictures are not
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GENERAL ARRANGEMENT OF TELEVISION SYSTEHM.
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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 & 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 sales-

men for Television equipment.

The motion picture industry is watching the development of Television very close-
ly, 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
you are not aware that a movie is not made in one con-
tinuous film, but of countless "scenes", taken one at a
time and lasting maybe two or three minutes, This
enables the scenery to be suitably arranged for every
"shot", and eliminates the necessity for actors and
actresses to memorise an entire play. Tell now, if
plays and serial stories are to be successfully telecast
it is logical to assume that something of the same pro-
cess outlined above, will be followed. It would be
very convenient to film a play in short pieces, and
telecast the completed film, 1In this way it is readily
seen that the film makers will give the progress of
Television a helping hand, and also, in its turn, Tele-
vision 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,
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 tech-
nique 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 reascnably
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 individ-
uals, 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 pict-
ures 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 per-
sistence of vision, and he

realised that if a moving TRANSMITTER RECEIVER
scene could be captured in Nipkow’s Patent of 1884.
terms of 10 or more stationary 'S. " Selenium cell.

pictures per second, it would g: gﬂﬁ?;ﬁi?'“m'

appear to the observer as a A. Analysing prism.

moving picture; if reproduced

in some manner at this rate. . NIPKOW'S ORIGINAL PATENT OF 13884,
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 may 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. Now, let us imagine 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 necess-
ary 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,
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FIGURE 5,
SCANVING A SCENE,

Look carefully at the portrait on the side of Fig, 5 and notice the lines drawm
across it which effectively divide it into strips, one of which is shown in an
enlarged form ot A", It is at once sceen that any picture can be so divided

to provide a number of narrow strips, each of which nresent varying degrees of
lizht and shade throughout its length depending, of course, on the subject matter
of the nicture in question, Shown at "A® in PFig, 5, then, 1s a portion of the
man's head in vhich the hair is clearly indicated, Going a step further, we may
_further dissect this strip into a mumber of smaller compartments, and at "A'% we
have shown 25 divisions, four of these being showa 1a greater detall at "B, 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 énto each little sub-division in furn,
or, in other words, arrange for a light spot to travel the length of eacn qtrln
{into wihich the olcture 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 swot, It is fairly readily apparent why this process is called "scamning"

o picture, as that is precisely what our moving spot of light does,

Next we introduce o device called a photo-electric cell, which 1s so placed as

to catch the light reflected from the picture as the spot passes over it, Vary-
ing intensities of reflected light, caoused by the shadings in the strips as the
light spot scans them, cause current to flow in sympathy in the electrical cir-
cults connected to the cell, Of course, a nure white nortion 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 fol-
lowing lesson work, but it is considered essential to grasyp concisely, even in
this early lesson, the necessity for scanning a picture in order to convert a
reflected light 1nto the form of alternating or pulsating current,
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Harking back to our old friend, ir, Nipkow, we now kaow just what his problem
was — a means for accomplishing the scanning of a »nicture had to be found, His
answer to the question is diagrammed, somewhat. crudely, in Fig. 6, but if this is
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SCAIIING BY WMEANS CF HIPKOW DISC.

studied closely, more will be conveyed tc 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 sween across the top strip of the picture, Light
through hole Yo, 2 sweeps across the second top strip and so oz, 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
toking place, the individual spots of light would merge into a continuous blur,
conveyinz an imnression to our eyes of having seen the complete nicture directly,
If the man nortrayed in Fig, 6 happened to be 'a live artist rendering the "Donkey
Serenade", or some such mumber, we would like to see kis lins and face move as he
sang his song, This may be accommlished by rotating the disc more than ten times
per second (remember — persistence of vision?) and we have it!
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The reasons behind the fairly lengthy exposition of the virtues of Hr, Fipkow's
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 have fixed
firmly in your mind th. necessity for, and the »nrinciple of, scanning, Nowadays,
as will be told later in the course, the scanning disc is considered obsolete,.as
alectroric means aclLieving “he some result have Deen developed, 3But, and we labour
this noint, the princinle remains,

Hoving established this process of scanning 2 scene in our minds, we may pass on
to the most interestins 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 nirrotrs set at different anzles around
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its periphery, light from an
aperture being projected from

the revolving drum, through - ' B ’
a magnifying glass or lens, AHOT O FLECTRIC CELL

onto a screen, The staggered r——‘f—+*—7§ ;ﬁk
placing cf the mirrors caused O i AL R et b\\\
the light spot to %raverse '
the screen in a series of
adjacent lines, Then in I907
two eminent scientists con-
ceived the idea, quite inde-
pendently, of using a cathode
ray tube in conjunction with
the mirror drum scheme of
Weiller'!s, Thesc men were

Poris Rosing and Jompbell LE
Swinton, Now, the examples N NS e
e e s s MiIRROR DRUM AT o
given are some indication of N

E N
the nost of systems, some of i T

~ ~ -~
~

srem 1ittle mere than sugges—
ted methods put forward by S
these enrly workers, All 4 ‘\¢(’\>
these schemes had a common LIGALT M
failing - they were simply SOURCE K/
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
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 scohning device, The diffi=
culty was overcome when, in I9I3, de Forest and Fleming produced the first radio
valve which could be used for amplification, With the advent of this device, it
oscurred to one, dohn Logie Baird (often called "the father of Television!") that
the essentials for o successful Television system were now at hand, and in 1923
he had some success,with the simplest of apparatus, in tronsmitting shadows, 3By
1925, his apparatus had reached a stage where it was capable of sending the
outlines of simple objects over a short distance by wireless, and in this year

.a dlemonstraticn was staged in the London emporium of Selfridges, From here on,
progress became more rapid, and about the time of Baird's demonstration, C, T,
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,
Wi.a the coming or I930 the standard of Television had improved to such an extent
shat facss could successfully be recognised at the receiver, and in 1932 the 3,3,C,
Icndon commencol regular tronsmission, However, the pictures were lacking in de-
tail, and, morecver, had the severe drawback of flickering due to the low repeti-
ticn rate of I2.5 pictures per second, In America the interest in Television
became intense, and the old Telephone and Telegraph Co, gave a demonstration in
1927, cousing numerous people %o become interested in the new art, and to commence
axperirental iransmission, All these early systems were mechanical in their
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operation, but improvements finally enabled the 3B,3. . bto increase the number of
lines (strlps of nlcture shown earlier in Fig, 54) from the early 30, to 90, then
L20: ;80 and finally to 240, and this rate of scanning was used with a picture
renat uwon rate of 25 nictures ner second, making for a fairly reasonable overall
definltlon, 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 i1s 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 structure and gives an
inkling also of how it functions,
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me cathode emits electrons as in any normal radio valve, and these are formed
intc a beam by the focussing and intensifying eifect 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 nlates 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 snot
over the face of the screen, 1t is merely necessar to swing the beam in either a
vertical or horigzontal directlon, 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, We have a ready
mads spot of 11#ht s 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 A1l this, and no cumbersome mechanical

D‘J'T‘ 3 1

The cathode ray tube principle has also been apwlied to the transmitting end in
the guise of a telovision camera, So called an "Iconoscope! or "Orthocon" in
America and an "Emitron" or "Super Imitron" in England, the basic principle is
he same, and these names are trade designations by various monufacturers for
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what may be correctly styled a "picture tube". Fig, 9 gives an idea of what

a modern picture tube looks like.

FIGURE 9.

A TYPICAL TELEVISION CAMERA TUEE.

It is not intended that the stu-~
dent should study the operation
of this tube at the present

stage, for the technical details
will be dealt with at a more ap-
propriate 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 sub-
stantial 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 entertain-
ment and commercial point of view,
is here to stay, The tube is in-
corporated into a self-contained

FIGURE 10,
MODERN TELEVISION CAMERA - EMPLOYING

A PICTURE TUBE,
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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 connec-
tion 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 bteen
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 capa-
" bility 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, 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
tne 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 tand of frequen-
cies which (as the student will appreciate after studying later lessons) is neces-
sary 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 televi-
sion, But remember the saying; "It's an 111 wind that blows nobody any good".
With the war came a tremendous impetus to the development, in all major count-
ries, 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 yezrs, 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, in America) were mobili-
sed, 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, of just those types of compo: % (purticularly amplifying,
oscillating and cathode-ray tubes) and circuits for’, . we have been waiting
for the further perfection of television, And so % ruture appears to hold great

promise from the technical viewpoint. With the application of these new circuit
techniques at both transmitting and receiving —-
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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 tele-
vision 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
image 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, As in techni-
colour films, three basic colours
are used, those when blended in
varying proportions are made to
produce an almost unlimited range
of shades, Stereoscopic televis-
ion 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,
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Television Telephone Service:

This was developed in Germany bef-
ore the war, and enabled persons
miles apart, not only to converse
with but also to see -&dch other,
Whether the utility of such a
service, once the novelty appeal
had worn off, would be sufficient
to claim the demand of the public

Fig. 11,
Reproduction on the screen of a
London Theatre,
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(an essential in all commercial prosositions) is doubtful, One could visualise
many objections to such a service, How much easier it is to "tell off" a person
over the phone whea 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 sizning of a legal document to be witnessed at a remote noint,

Boird's Woctovision: About 1928, 3aird 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 woas reproduced at the receiving end in visible 1light rays, This idea

may have possibilities from the »noint of view ‘of navigation in fog, Infra-red
rays will penetrate fog of sufficient density to blot out completely the visible
light rays unpon which ordinary sight depends, o

Tlements of a Simple Television System; Before temporarily leaving ftelevision
to introduce you to Frequency Modulation Radio, let us attempt to zive you an
overall viev of a simple television system, We will not attempt to explain the

detailed operation of any section of the transmitfer 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 zet a clear insight into television is to compare its workings

with the workinizs of sound radio, It is fortunate that there is nothing to fun-
learn®, that all the rules and laws ap»lying to sound radio apply also fo tele—

. vision or to "sight" radio,
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FIGURE I2, FIGURE 13,

The difference between sound radio and television is that we deal with scunds in
the one case and in the other we deal with lights and shadows which make up a

Dicture,

In radio televhony we take the soundg apart, For examnle, a voice consists of
changes in air pressure which might be represented as at the left in Fig, 12,
Mese changes in air pressure oroduce corresponding changes in eclectric current
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through the microphone and the currents are renresented as at the right in Fig,
I2, The sounds have been broken dovn 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 nictures apart, If the objects or the people
arc in motion, this motion corresponds only to a series of rapidly changing pic-
tures, so it is possible to consider each picture separately and take it apart

senarately,

Whereas the voice in Fig, I2 is made up of numerous changes in air pressure or air
"density", the picture of Fig, I3 is made up of various degrees of light and sha-
dow 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 currcnt, Then the picture has been made to take
an clectrical aspect something like that in Fig, I3 at the right,

Farlier in this lesson you got an inkling of how the Nipkow disc together with a
photo~electric cell creatcd a varying electric current corresponding to the vary-
ing light and shade of different portions of thc picture, The current graphed in
Fig, 12 is, as you already kmow, called an audio current, because it is the elec-
trical 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 nroduced so as to
similate 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 photo-
electric cell (or in modern systems the television cemera),

Referring to Fig, I4, the audio frequency current representing the sound is ampli-
fied, and then caused to modulate the R,F, current (set up by an oscillator) by
varying the amplitude of the latter at the audio frequency, The modulated R,7F,
current is then amplified and passed to the aerial where it sets up corresponding
radio 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 recelver
and then passed to the detector, which demodulates it, »roducing an audio frequency
current exactly similar in form to that produced by the microphone, This &,F,,
after amplification, then operates the specker, which is simply a sound reproducer,
reproducing a sound wave exactly similar(in theory) to the original,

If you now compare the television system (Fig, I4b) with this televhony 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 nlace of the spealer) which consists of a variable light
source and a scanning disc or cathode ray tube, (More of this later)., The video
current representing the light variations from different portions of the picfure,
after amplification is made to modulate the R:F, current from the oscillator,
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FIGURE 14 ,
BLOCK DIAGRAMS COMPARING SOUND AND TZLEVISION BROADCASTING AND RECEPTION,

This current in the transmitting aerial sends out into space a radio wave, modu~
lated with the video (in place of audio) signal, The television receiver also
follows closely the lines of the radio telephone receiver, The detector here
demodulates the modulated R,F, wave renroducing a reslica of the original video
frequency current in the transmitter, This video current must now be made to
reoroduce the original light variations and hence build up an image of the
original scene being televised, This section we may here style '"the vnicture
reproducer" (corresponding to the sound reproducer - the loud spealer),

The picture reproducer in our simple crude system under discussion is a Neon Lamp
together with a Nipkow scanning disc, The Neon Lamp (see Fig, I5) 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, ¥hen an electrical noten-
tial is applied between the plates of the lamp, an electrical discharge takes
place through the rarefied neon gas, causing the more negative nlate to glow

with an orange-vnink Iight, ~How the electrical picture (video) signal from the
detector of the receiver is annlied, after amplification, to tuls neon lamp in
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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 nicture or scene
is scanned at the transmitter,

Assembling the Picture:

The simplest method of recon-
structing the picture is by
the use of our scanning disc
set w» somewhat as shown in
Fig, 16, The television lamp
is placed behind the disc in
such & position that its
nlate comnletely covers the
space which may. be viewed by
an observer looking through
any one of the holes in the
disc, That is, the height

of the plate is such that it
exXtends above the height of
tke hole which is farthest out, and so that it extends below the hole which
is closest in towards the disc's centre,

T

-3

Bl
E

VISION

A screen or "mask" is placed in front of the disc and through this screen
there is an owening which is just the size of the picture to be reproduced,
Therefore, the observer's line of sight cannot nass either to the right or
left of the picture size or area,

The holes in the disc are sweenming across the space at the back of which is
the lamn's plate, The observer will scee the glow of the ->late 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 excent 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, 16 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 zlow from the plate does not change, the picture arca will appear as a -
dull »ink evenly distributed, The color is pink because that is the color
assumed by the lamp's plate, % if the amount of light from tne plate is
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changing, then the :mount of 1lizt seen by the observer will change as the disc
holes move from place to place,

If the glow of the nlate is bright with a given disc hole in a certain position

\

FIGURE I6, _
that porticular position will zpoear bright to the observer, Then 1f the zlow is
reduced with another hole in another »nlace that new position 1will amnear darker,
Proper distribution of these light and darkz places will make it anpeer that the
lizhts and shadows are distributed over the nicture area in a definite pattern,

his pattern beinz 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 Nipkow disc holes
may be focussed onto a small sgreen, 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
spot's brilliancy varies in sympathy with the picture signal, the scene is repro-
duced, and may be viewed indirectly on the screen,

YHY REPRODUCING THE PICTURE IN TELEVISION IS LORE DIFFICULT THAN RERRODUCING
THE SQUMND 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 »nicture,
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, so that the light
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variations, which make up the whole picture, are dealt with in turn, In this

way, the original picture was broken into "elements" which were broadcast sepa-
rately,and in order, We have seen further how these separate light variationms

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 sconned at the transmitter, To achieve
this state of affairs the receiver's scanning disc must rotatc at the same speed
exactly as, and in step, with the disc at the transmitter,

The technique of ensuring this desired state of affairs is known as "synchroniza-
tion", To ensure that the rcceiver'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 teclevision systcms using cathode-ray tubes, the scanning of the scene
is performcd by beams of clectrons, The necessity for synchronising the electron
beam in the roceiver'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 ore therefore still used, The methods of utilising these signals (which
methods are fully decalt with in a later lesson) are, however, purely electronic,
and the results achieved are rmch more reliable than thoso which could be obtained
with the older mechanical methods of scanning, As a matter of intercst Fig, 17

is included to show the type of trouble encountered when synchronization is faulty,
resulting in pictures drifting across thc screen or from top to bottom,

DL Y A
has -




TEEXS NOISIATTEL 170 LdAL
‘9T HYNOTE

HINFOF LIS L
IV ISSANOT HQLINOW N\:,- dWy o
SQUINOW :
mevmqkwq%q _ INOHAOHIN
_/ 1 N &_Et\,\% _ &
AR oo YE, ] NN S =7 .
_ aav | | ainos s ﬁ@E%os ngom| | 3w
& M ONIL LIWSHY e [ 2 . 2]
> 7 avs - .3!.«1! Lognos -
\,\ 50 anmnos
oY
HULYHINTO
v Tt 8 [V FGNL - ONAS ¥
S ELED, / %SC\QA ~—— | oW | | MwOs
WINNZ DS | M HOLINOW \— HOLINOW| | —
_ 5 INAS ‘ b &l h
S Q ]
¥ g g — e
|
| _ » —
GV LMOLTL FO - Sl W | I WY O A TV | +
h\ 070N | [RINLIS T\ Py \ Gy T100H E¥ 100 INIT V‘\b\ e
N
FIU FUNLIE O g Z ¢ o R L L o @ ﬂ ; b !
A - TNV WFVY OMATFS T SOLY Jgry A0
| ONIIOS $ SHUIIed ToRE | - 771950 FANUDMS
LIS, FAUNS | S
5



BLOCK DIAGRAM OF A MODERN TELEVISIOY’SYSTEML

Fig, I8 shows in block schematic form, the overall arrangement, from televised
scene to receiver screen, of a modern television systen, The associated sound
transmitter and receiver are also included, This diagram should be compared
7ith that of the simple system of Fig, I4b,

Note that the Nipkow disc and photo-electric cell have been replaced by a modern
nlcture 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 pic-
ture 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
anplied to the outgoing wave, Block (2) simply amplifies the electrical picture
(video) signal from the picture tube, and may be separated from the actual trans-
mitter by a line of considerable length, 3lock (3) eives 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 reproduc-
tion of the scene for monitoring wurposes in the transmitter control room,

Tith reference to the receivers, note that both the vision and sound modulated
vates 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 a2t Block (7) by using the heterodyne method to produce lower and dis-—
tinct "intermediate" frequencies, The two signals are henceforward treated
separately as shown, B3lock (8) is the detector which demodulated the picture
carrier signal, Note also that at this stage the synchronigzing signals are then
used to synchronige 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 (IO) 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 light and shade, which constitute the diffe-
rent 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 (I2)
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 I6 millimetre variety, Of course, there is still a long way to go before
the excellence of clarity of the modern 35 M,}, theatre projection film is

achieved,
T, ¥ & F,/1 - 20,



The average picture size in a typictl modern Television receiver is of
the order of 9% X I2" and this is adequate for most home users,
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FIG, 19,

Fig, I9 has been included to illusirate 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 1lid for
added convenience and styling, At this point we temporarily leave the fage
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 Um®, FRFQUENCY 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 contimuous
striving after greater fidelity of reproduction has been exhibited by
engineers engaged on the deve10pment and design of domestic radio receivers,
As far as "man-made® static is concerned, the position has steadlly worse—
ned with the passing of time,
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lore housewives are acquiring vacuum cleaners and refrigerators to ease their
domestic burdens, factories arc becoming more numerous ond thus interference
due to their electric motors and other devices is on the increase, All this

is o 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 concerncd, and it is not surprising that an effort has been mode to devise
some schemc 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 .elevators, Furthermore, in
country districts, reception is oftentimes impossible due to static of natural
¢rigin, In non-technical language the results obtained by the use of a system
of Frequency Modulation are recduced 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 "Poulsen arc", when it was found
impossible to 'key! the arc as in spark tronsmitter 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 prac-
tical success came of those, Frequency llodulation wns, therefore, discarded entire-
Iy i favour of Amplitude Modulation +}mtll the introduction of the vacuunn 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 1t is wossible to impress intelli-
gence at audio frequency, on a radio frequency carrier wave, Firstly, we have the
means at present in universal use of Amplitude iodulation, in which the amplitude
or magnitude of the R,¥, carrier is caused to vary in sympathy with the audio fre-
quency 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 varyiagz forms
in most radio textbooks, and has also been Tcatured and explained in the 07 20, 3,
Radio Service Course",

The following facts, however, should be kept in mind, %When a wave is amplitude
modulated, the carrier frequency is hecld 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, 7, signal (or
pitch of the sound note), The extent to which the Amplitude is varied (i.,e., the
depth of modulation) renresents the amplitude of the A,F. signal (or the loudness
of the original sound),

Wow with frequency modulation, the amplitude or strenzth of the R,¥, carrier

D AUDIO FREQUENCY

FREGUENCY MODULAPED CARRIER- CONSTANY AMPLITUDE, VARYING FRETUENCY,

T, M &F,/ 1~ 23,



wave is held constont, while its frequency is varied or "swvunz" around .its
nominal valve at o rate equal to the sound frequency (4,7,). 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, 2I
illustrates the nature of a frequency-modulated corrier, Note that the
amplitude of the R,F, Carrier remains constant until the a,F, modulating
voltage begins to modulate it at %o¥, Then during the positive half-cycle

of the 4,7, the frequency of the carrier contimuously increases until the

A,F, reaches its peak at "b", As the 4,7, 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 4,F, modulat-
ing 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 "ecd" of Fig, 2I). Note that the strength or ampli-
tude of the R,7, carrier remains constant the whole time, This allows the
transmitter modulatéd~ and powver ammlifier tubes to be working at their maxi-
mum rated nowers the whole time, whereas, with amplitude modulation, these
tubes are worked to the limit on the occasional peaks of modulation only,

A rumerical example will serve to further illustrate, Suppose the carrier has
an unmodulated frequency of 40 megacycles/sec, For the loudest sound %o be
handled (i,e, for I00% modulation), it might be decided to swing the frequency
of the carrier between 39,9 mc/sec and 40,1 mc/sec, around the mean value of

40 mc/scc, This is a frequency "deviation" of ,I me/sec (or 100,KC/sec) on
either side of the average frequency, or a band width of ,2 mc/sec (200 KC/sec),
The rate at which the frequency is "swung" between these two limits is the

audio frequenc;” of the modulating voltage, TFor example, if a note of 2,000
cycles/sec is voing broadcast, then the carrier frequency is varied around its
average value =t 2,000 times wer sec, TFor a modulating voltage of one-half the
Amplitude (i,e, a weaker sound) of the greatest which can be handled, the carrier
frequency would be varied between 39,95 mc/sec and 40,05 mc/sec,, i,e, a devia-
tion of only ,05 mc/sec (50KC/sec), This would represent 50% modulation,

Again, suppose the carrier is to be modulated with a lower freguency sound sige
nal, sey 1,000 c/sec,, in this case the carrier's frequency would be "svwung"
around its mean value (40 mc/sec) at a rate of 1/000 times per second,

Svmmarizing, the nature of a frequency modulated (abvreviated F,M,) carrier is
such that:-

(I) The mumber 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),

With the introduction of the vacuum tube, the idea of Frequency Modulation was
revived, By this time the relationship between the band width required and the
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frequency of the modulating current was well understood in conanection with
amplitude modulation, It was realised, for example, that to modulate a carrier
with audio~frequencies ranging from say O to 7,5 Kc/sec, a band width of I5
Kc/sec, is required (due to the generation of side-bands),Now the idea occurred
that by using frequency modulation, the band 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 Xc/sec,,
giving a total frequency variation of only 4_Kc/sec.(as compared with the IO 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 would not
limit the range of audio-frequencies which could be superimposed on the carriers
for with F,M, a high audio frequency could be made to modulate the wave simply by
swingzing the carrier frequency over a part or the whole of the_A_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 2 narrow band-width was used,

In 1922, however, Carson published a paper showing, mathematically, that no reduc-
tion in band width was possible without a loss in fidelity, Carson showed that a
band width of at least twice the hishest modulating frequency was required, this
situation arising from the fact that frequency modulatirg a carrier resulted in
sido-band frequencies being produced in much tho same way as occurred with am-
plitude modulation, This proved that F,#, conferred no advantages from the

voint 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 commensating advantages whatsoever®,

As a result of Carson's conclusions F.M, was again practically forgotten until
1936, when Edwin Armstrong omublished a lengthy paper on the subject, This publi-
cation was the result of many years research carried out at Columbia University,
New York, and the construction of a complete system by R,C. 4, in I933%-4,

Armstrong's work demonstrated that the chief merit - ond this was a very substan-
tial one - of .}, - was that noise due to "static", man-made electrical inter-
ference, and valve "hiss", could be virtuolly eliminated by the correct applica-
tion 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 F,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

i) Kc/sec, on either side of the mean carrier frequency - a total band width of
I50 Kc/sec, Simple arithmetic will show that only six stations could operate in
our present broadcast band (550-I,500 Kc/sec,) if such a band width were univer-
sally 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 mc/sec,
was used, Torking at these hisgh frequencies there is ample "room" for these wide
band widths,

)
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So effective did Armstrong's suggestions prove to be, that working with a trans-
mitter of only 20 watts power on the Empire State Building in New York and a
receliver sixty miles distant, results comparable with the reception of 10,000
watt statfons using the conventional system were achieved, Armstrong's theore-
tical 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 relieble range to 30-50 miles, depepd
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 would
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 de-
sired 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 signale 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 Xc/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 trans-
mitter., Two separate transmitters have been shown in Figs. 234 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.
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The second scheme shown at "B" is somewhat more complicated in its action
in as much as instead of a reactance tube a complex 9(°Pphase shifting net-

work is employed in conjunction with a crystal oscillator.
Armstrong system at present in commercial use in America,

This is the

Turther details of these systems are contaiuned in a later lesson.
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There will always be both Amplitude, as well as Frequency Modulation, and it
is merely confused thinizing to assume that either one will entirely super-
cede 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,

SECTION “e%, FACSIMILE TRANSMISSION,

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 aforesald reproduction shall
bo an exact copy or facsimile of the original, ILiterally, any object which is

a direct and detailed copy of another may be styled a facsimile of i%, 4An
Mustralian pound note is a facsimile of another Australian pound note, and so on,

But - and 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
irpulses, which when picked up by a receiver in, perhaps, Sydney, will reproduce
on a paper an exact replica of thnt something still down in Melbourne, This is
vhat 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 ovm home, a news bulletin or paper, Mr, Suburban American just turns on the
works before retiring for the night and "hey prestol" when he wakes in the morn-
ing a neat roll of printed panmer is located near his radio receiver,

As mentioned briefly earlier, it is not necessary to have the linl between
sender and receciver a radio one; in this application wired systems are often
used and prove very satisfactory, Actually wé have had Facsimile services in
one form in use in this country for some time, for example, the Sydney-Melbourne
picturegram service, and the overseas radio-gram service operated by the PoMG &
Department and "A,%,A, Beam" service,

As in television, it is necessary to "scan" the picture or diagram ia order to
set up a succession of electrical impulses corresponding to the various parts

or elements of the subject, How in the case of television, remember, a whole
pleture must be dissected and reproduced at the recelving end in a small frage-
tion 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, ¥e may say that a facsimile
picture bears the same relation to a television nicture as does a magic lantern
image to that of the cinematograph, In practice a faesimile 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,
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The light reflected from the picture will vary with the light and dark por-
tions 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, and the beam of light rota-
tes around the picture in spiral fashion, Of course, the result is the same,

The electrical impulses are now amplified and used to modulate a high frequency
carrier current which in turn may be carried over a line to the receiver (pic-
ture-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 renroduce the picture a similar drum is used as that shown in Fig, 24 at the
transmitter, The picture-signal 1s caused to vary the brilliancy of a light
source which is focussed to a spot on a photographic film or poper 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 snot troverses 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 dlagrams, a simplified system is used,
Here it is necessary to reproduce two shades only - black and white, The trans-
mitter sends a current for white nortions of the diocgram, etc,, ond 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
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is lifted from or does not act on the papmer, leaving it white, When no current
is received, the stylus i1s made to act upon the paper colouring it grey or

black,

In this lesson we have investigated the general principles of three interesting
new services, Naturally, the comparitively brief and general description of
each will set you thinking and puzzling over some of the more intimate tech-
nical details, The following lesson papers will deal firstly with television
equipment, and then later with frequency modulation ond facsimile equipment

in considerable detail, so that, ns you progress, any points which at present
are puzzling you, will be explained,
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EXAMINATION QUESTIONS.,

What characteristic of the eye makes television possible,

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

The following represent a list of components or sections in an ordin-
ary radio telephonic system, Name the corresponding components or
sections in a television systems:-

(a) microphone, (b) loudspeaker, (c) audio amplifier, (d) modulator.

Explain briefly the meaning of "scanning", Why is scanning necessary
in television transmission?

What have television and the cinematograph in common as regérds the
reproduction of moving pictures?

Explain briefly the difference btetween frequency modulation and
amplitude modulation,

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

Name one advantage and one disadvantage of "wide-band" F.K, compared
with "narrow-tand" F.M.

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

Describe a simple method of scanning the picture or diagram to bte
transmitted by a facsimile system,

PLEASE_NOTE_POSTAL ADDRESS - Cnr, Broadway & City Rd., Sydney-

for return of papers, correspondence etc,

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 explanation on any point,
we are always ready to help you.
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TELEVISION, FREQUE:CY ODULATION & FACSILILE COURSE

LESSON 2.

SOURCE OF SIGINALS,

WEY TELEVISIO- IS TECHNICALLY LORE DIFFICULT THAX SOUND TRAN SidI SSTQLT:

In Lesson 1 we discussed some of the difficulties which faced the early
workers in television ~ difficulties which were long realised by many of
them beforec evenr the crudest of solutions werc practically devised.

Wigkow, for exzample, in 1884, clearly saw that it was not possible to

transmit in one piece a complete picture or scciae (even though no motion

vas involved). It was his brain-child to deal electrically with each

portion of the picturc in turn, by the method known as "scanning", which

was made possible by his famous disc. Thus, the gencral primciple, which
rules the operation of all modern television systems, was establisheld; at

least in a theorctical way.

Prior to this date

the photo-electrical
roperties of sclenium

%nade use of in the
seclenium photo-clectric

ccll) had been discover—

ed, Hence, ~ method

was immediately avail-

able to Jigkow and

others for converting

the verying light

inpulses to correspond~

ing electrical changes.
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FIGURE I.
So, cven at this early Mo carly types of Light Scnsitive Colls, Ab
datc, it appeared to be the left, strips of sclenium arc placed across
theorctically possible two spirnlsof wire lying ia grooves in an insu-
to trengmit these clec- lating tube. At the right, the wircs arc wound
tric current impulses over the strips of sclenium placed on a flat cord,

7B &7F,/[2 - I



4

at loast over wires to a distnat poiant where, if the current chornges vere
converted back into light varintions, in the correct order or pottern, the
picturc covld be re-crented, element by clement,

The renson vy no success was achioved was duc to the foct thnt the "picturo-

signal" output from the photo-cell wns too minute to serve ~ay such useful
PUrpPoOSC,

It wos not uatil some years after the iavention of the anplifyiang taormiouic
valve (in 1914) thnt practical success was achicved by Brird and others. The
studcnt should observe that the lack of menus for ammlifying ~n electricnl
signal wns the difficulty waich for many yeors baffled nll workers in the telo-
vision field. In the field of sound tclephomy, on the other hand, thails nbscace
of amplifying methods did not preveat the realisntion of practical success,

The clectricnl audio frequency output from the simplest of microphoncs is
sufficient, when transmitted through wires (at least for o short dist-nce) to

s Sound
Sound
\3EQFS P :::$:

Wires l
\ ! Battery =T

A T
/ L‘*’1—~ : }5(/ \\N : K\E}a,rphone

Microphone
A SIMPLE PRACTICAL TELEZPEONE SYSTEI.
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opcratc an car-phonc,

The problcms in teclevision, however, have dccper roots than thosc nlready
discusscd, Thesc problems arc bound up with the nnturc and characteristics
of the cyc itsclf. It is comparitively simplc to "fool" the humon car (or
rather the sensc of hearing) by means of an artifically roproduced sound,
For cxomple, although the human coar is sensitive to sound waves lying in
froquency between nbout 16 cycles/sce., and 15,000-20, 000 cyclos/éoc., the
scnsc of hearing is very well satisfied indced if o radio loudspeanker
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 exnmple of the lack of discriminntion of the enr, it is
of interest to note that ear detects no undesirable effect if the phase
relationship between different sound frequencies are altered during trane-
mission, In television, on the other hand, phase changes in transmitter or
receiver produce an effect in the reproduced scene which are readily percei-
ved by the eye,

The position may be summed 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 techmically 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 devise means to
produce at the transmitter an electrical picture signal of sufficient quality
to represent adequately the plcture 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 tochnical aspects of this problem,
however, we must fully realise the nature of the job which we are tackling,
We must know what the human cyc demands of an artificially reproduced picture
or scenc if the desired degrcc of realism is to be experienced,

Now we all realise that the eyc allows us to "see" by utilising light waves.
We are so familiar with light, or rather the cffects and sensations which
light produces in our minds, acting per medium of our cyes, that we rarely
stop to contemplate its true nature.,® The first question, therecfore, is

"THAT IS LIGHT?": Light is on electromagnetic form of energy which travels
through space with a wave-motiom., This definition will be made clearcr if

it is stated that light waves are of exactly the same tyne as radio-waves,
What then is the difference between light and radio waves?  The diffcrence is
one of frequency and wave~lcngth 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. ;

AN
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For Rodio communication purposes clectro-mngnctic waves lying in frequency
botwoon 550,000 cycles/scc. (550 Kc/sec,) and, say, 40,000,000 cycles/scc.
(40 mege~cyclos/sec,) arc in use, The wave lengths of these range from
5h0 metres dowm to 7.5 metres. The visible light waves, on the other hand,
have frequencies lying betwcen about 400,000,000 mege~cycles/sec. and _
800,000,000 mega~cyclcs/sec. The wave longths corrcsponding to these fro-
gquencies are ,00000075 metres and L,O0000037 metres.

Note how vastly different these are from the corresponding values for radio .
TaVCS,

It may bc of further intercst to note that radio and light waves are not the
only examples of electro-magnetic radiations, We have, in additiont -
Cosmic Rays (which have their source somewherc in space outside the earth's
atmosphere); X-Rays (used for medical and industrial purposes); Ultra~
Violet waves (not visible, but to which most photographic plates are sensi-
tive); Infra~Red waves (used for special photographic ~nd 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 soy that the eye can see only the light-waves because its construction
is such that it is sensitive only to these particular frequencies,

WHEAT IS COLOUR? The colour of a light wave depends upon its frequency,

Fig. 3 shows that the lowest frequency light-wave to which the cye can see

is xed. The highost fregquency light-wave is violet, The other main colours;
ornnge, yellow, green blue, have gradually increasing frequencies in thot
order, The strength or intensity of a light wave should not be confused with
its froguency (colour). A strong light of some particular shade of red will
have the same frequency as that of a werker light of the same colour,

WHAT IS WHITE LIGH®? White light is & mizture of light waves of all colours

frequency) in the proportion they apvear in naturnl sunlight. The incandes-
cent filament of an electric light globe sets up light waves of all colour
fréquencies in approximately this proportion,

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 QBIECTS APPRAR TO HAVE DIFFERENT COLOURS? When white 1light

za mixturc 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. A blue
surface would absorb 2ll colours in the white light except blue, which it
reflects to the eye, and so om.

THE FUHCTIQNS OF THE EYE: henl we look at a picture or scene light waves

of different colours and intensities, which are reflected from the various
eloments or details of the gcene, enters the front of the eye, vhere 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 (sce Fig.9 later in the lesson).
.The retina is a sort of screen covered with minute nerve ends, each of waich
couvey separately to the brain the sensation of light intensity nnd colour,
Thus ~ll the details of the scene moy be teken in simultaneously. The
chief functions of the eyc aret-

(I) Tae ability to distinguighbetween degrees of light and shade, i.,e, %o
evaluate different light intensitics;

(2) The ability to distinguish detnil in the scene, each detail being dealt
with by ~» sisgde, or smnll group, of nerve ends on the retinng

(3) The ability to distinguish colour;

(4) The ability to distinguish moti-a in thc imnge;
(5) The ability to distinguish "depth" in the scene.

WHEAT DOES THE EYE REGARD AS ESSENTIAL I Al ARTIFICIALTY REFRODUCE
To achiecve some sense of reality in reproducing a scene by artificial menns,
vhich is our problem in

television and in cinema~

tography, we must give

attention tos-

(I) Reproducing considerable
deteil;

(2) Reproducing considerable
voriations in light intcn~
sitics, i.e. in light ~nd
gshade;

(3) Creating the illusion : - Retina.
of motion, CRYSTALLINE LENS

The technique of generating -
an electric current which can HE .
be "earried" to a distant

point where it can be used Z1GU s
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to reproduce these esscatials in an imnge of the ~ctunl sceone, will form the
subject matter of the remoinder of tlis lesson,

It will be noted thnt colour and "depth" arc not considered essentinl for

n scase of renlism, This statement is justified by cxpericnce in cincmn~
tography, wherc coasidernblc realism cnn be obtained in ordinary "black-and-
vaite" imnges. Of course, colour, if natural, adds to the renlism, ~s docs
depth (as those of us who have seen the experiment~l "stcroscopic films
will well realise). It might be remembered herc that botlh colour ond depta
or stereoscopic effects have been renlised in tclevision, but the tcchmical
difficulties are comsiderable. Some description of the methods uscd to
produce thesc cffects will be given in o 1later lessom.

Area to be Scaaned.

SCANNI:(; DISC —— SEOWING POSITIQN OF HOLES IR
RESPEJT TC EACZ OTHER LND TO SCANNED .REA.

FIGURE

T, F¥ & F./2 - 1.



THE SCAN.IING DISC:

In Lesson I, we described briefly how the Nipkow Scanning Disc, in con-
Junction 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 under-
standing of the technique of breaking up the picture or scenc into small
sections or elements in the process of creating the electrical siznal in
the trazsmitter.

A plan of a simple scanning disc is given in Fig. 5, shoving the spiral
arrangement of the holes. Hote 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 reproducticn at the receiver.
Neither should there be gaps between adjacent strips as this will result

in portions of the picture being eantirely missed,with consecquent loss of
detail.

Since the first (outermost) hole of the disc scans a roughly horizontal
strip at the top of the picture
and the last nole scens a strip
at the bottom of the picture
it is evident thnt the whole
picture is scanned by a aumber
of strips exactly equal to the

st hale _ ., —— = number of holes in the disc.
19'21:::21——*—j Py, . T Futhermore, o comnlete scan
will be achieved in one revolu-
tion of the disce. These facts
will be made clear by refcrence
to Fige B As omercvolution

is being completed the innermost

e . scanning hiole will be Jjust

£ NN : finishing its scanning striop

AN at the bottom right hand corner of
the picture. At this moment

RV

Iad hole %fﬁi%z:i;;;zLi—i——__:::i;~1; tho first sconning hole will bo
G about to commence its excursion

across the top of tho picture,
beginning at the top left-hand
COTNCTe

Another important point to
notice is thnt the distance bo-
FIGURE 6. tweon successive holes around
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the disc is cqual to the
width of the picture.
Supnose we are scraning the
picturc of Fig. 7, the light

) PICTURE ! spot from hole onc has just
T wroTE s finished its sweep-across

: 18 } the picture and is lenviag
: A I3 the right hand cdge At
T - = S

gtohs e 1o y this instant the light spot
LIGFT?%ZM*( s j;ishﬁ"“‘_4 E L from hole‘;umber two is just
ok L ?i 6“‘ “‘,m” H0.1 HOLE- o ¥ & N
0.2 EOLE. s :é \% commenclng its SWCCD at the
{_MR 3 géfQ% left hand ocdges  The two
3 £

[, ® Sf spots must not be on the
[ Y '/) y/ ! picture at one time, becouse

the photo-cell must not be
affected by two arcas ot

one time. On thc other hand,
there must be no aporeciable
gap of time betwecn the leaw-
ing of omne spot and the com-
ing of the noxt, for this
would rcprcscnt a waste..of
‘scanning time. Therefore,
the separation between holes
FIQQEQ L ig the width of the picturc

or of the framg’as shown in Fige. . There is ~ final fact concerning the
"ocometry" of the scanning disc. Tae difference betwoen the distoncos of the
Tirst hole and the last hole from the contre of the disc is cqunl to the height
of the picture or "frame". This is evident from Fige 5, where a rectangle ro-
prescating the frame is shomm superimposcd on the disce Fig. 6 will, perhnps,
make this point clearecr. The first hole is at such a distonce from thc disc
centre thnt it scons the top sdge of the picturs. The distonce of the last
hole is such thnt its light spot scons the bottom edge of the picture. So

he difference between these twe measurcments must be the picture'!s heighte

Summnrising these points in the disc!s coastruction, the following should be
remembered as they will be referrcd to later in discussing the limitations nnd
disadvontages of mechonical methods of scraningd-

(I) The numbor of strips or lines by which the picturc is scanmed is equnl
to the number of holes in the disce

(2) The number of complete pictures or "frames" scoanned per second is ogual
to the number of revolutions made in one second by the disc. For example,
to tranamit, say 25 pictures per second, to give the illusicn of motion
in the scenc, the disc must rotate 25 revolutions vmer second, or 25 X
60 = 1,500 revolutions per midhte,
Te Fii & 7. /2 ~ 9.



(3) Adjacont holes must be scparated by ~ districe qqual to the width of
the wicture.

(4) The difforence in the distances of thie first nad last hole from the
contre of the disc is cqual tc the height of the picture.

METHORS: OF USING THE SCALING DISC. AT TRANSHITTER: The method used for
sconning large pictures or sccnes is illugtrated in Fig. 8.

Image focussed on

Image focussed on = disce
Picture or Sceme being - LR . 1 ‘\rx<\\
g5 ] -Televised. "  piogotube i
(';3 q & g Z /
(7 . / ’l ’ N
_/,,Jﬂfsy Lens {*~.
. [ ¢/ ' _‘.)‘ |

\

"y iz/’Beflector

mn
Scanuing
Floodlight directed Di ac.
on sceiles
FIGURE 8.

Hore tlae picturc @r scens is focussed by means of o lens to form o smnll
image on the disc as showmi. Tae nction of the lens is similar te thnat of a
cnmera, waerchby an imnge of tho scene is throwa on to the film at the back
of the box, as shown in Figure 9.

The imnge of the tree appears inverted, this being a chnracteristic of the
lens! focussing actione

Returning tc Figure 8, notc that the image on the disc must be the correct
size for the positioning of the disc holcs as discusscd in the previous
scction.

he disndvantage of this system is that the whole sceno being telovised must
be brillinntly lightcd. The anocunt of light falling on the photo-cell at any
ingtout is that passing through one smnll disc hole, and, thorefore, coming
from onec smnll point of the picturc or scene being televiseds
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Film

Cnmera Box

MNImage of tree
(invetted)

FIGURE 9.

The whole scene, conscquently, must be extromely brightly illuminnted if the
photo—cell is to producc n sufficiently large amount. This rules cut the
possibility of tclovising outdoor scencs, except under the most faveurable
circumgt-nccs of strong sunlight.

In the casc of studic scenes extremely powerful arc lamps must be used. Theso
lamps zive out so much light and heat thnt the cenditions under which the
announcer and other performers work arc most uncomforkablc.  Even with idenl
lighting conditions, however, the clectrical output frem the pheto-tube is
extremely minutc.

he othor system of using the sconning-disc is that known as the "Flying-Spot"

nothod illustrated in Figure 0. Therc light from a powerful arc ligiat is
focussed, by
means of lensg@s
through cach °

Picture,or Scene disc hole in
Bl \/ turn on to the
‘/eq% : scene grlpic':tuge
v : . ' being televised.
‘(TF:::‘( / . r ‘-‘\SPO*' of Light Withgthis systen .
! __L = i . all the light
Imp and 1. o )4 available from
Reflectors. . \ - a. civon scurce
i\ > -Photo cell is concentrated
\ Disc ‘ on the smnll
=m0 ~nplifier. part of the

picture or scecino
being sconned ot

FIGURE 10. o given moment,
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Tc brillisacy of the scraied arcas will, therofore, be muclk mors iateasc
thnn in the cose waea the wiole sceac is "flood-lit". In this way the
flying-spot methiod mnixes much aore economical use of the available light
from the sourcce.

Za interesting advontage of this method, compared witl the "flood-light!
system, is thnt, r~lthough thwe brillintey of the light-spot may be iatense,
tlLe ~poarent lightiag of tie studio scene mny be gquite modernte, or even dim.
The renson for tals is thant the spot of light traverses the whole ares in,
say, ouly one tweaty-fiftlh of n second. Owing to the persistonce of vision
effect the eye is conscious only of tlhe avernge light sprend over the wiole
arcn ia thnt time. This avernge brillinace will be much legs thra the nctual
brilliaace of the spot itself,

There nre seversl disndvantrges of this method of disc-sconning, howeger.

One is that the system is not suitnble for denling with large sceres. A

second is thnt tle scene rmmust be in comvlete dnrimess except for the ligut

from tle scraning spote Ay exbteranl ligitins covering the wiole sceone would
cise the paoto-cell to receive light contimuously from all parts of the scene,
nad tois would "magk" tle effect of the flying spot. This limitn~tion, therefore,
rules out tie possibility of televising outdoor sceucs.

A third failiang lies in
Le difficulty of utilis-
ing oll of tlhe reflected
light from tae scanuned ‘e
spot. ltlough the arr- )
~agcment gives maximum

illumina~tion for tle Tocussed Beams (-...
snll aren being sconzed of =

at any instant, tihe sit- g
untion is not as good as from Lens.
it miznt seem. Thae renson

for this is thnt ~ single

photo-cell would "collect" p.
only n am~ll fraction of ;
& o n f
the scene. The renson for P.E. Ce chttcr{ g.oh
Refleocted Lighte

t:is may be rerlised by
referring to Figure 1ke
Light reflected from on
unpolished surface is
"giffused"., Thae reflected
light sorends out in all directioms, ~mnd only those ligat rays whiell happen
to be reflected in the direction of the wvaoto-cell will have the desired

effect of settiaz up anr electric curreat.

FIGURE 1.
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This latter failing is
minimised in practice by
using a number of photo-
cells clustered around
the scene, and all connec-
ted electrically in paral-
lel, 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 rTeflec-
tor's surface will be
concentrated or focussed
on to the photo-cell,
This reflection is acting
in the "reverse manner"
to that of a car's head-
lamp,

Figure 13 is a photo of the
interior of an early tele-
vision studio using the
flying-spot method of
mechanical scanning. Note
the eight reflectors used
to gather the light reflec-
ted from the televised
object. Of course, each
reflector is fitted with

a photo-tube. The scanning
disc and lens system are
vigible at the rear of the
booth.

CHANGING LIGHT ENERGY TO
ELECTRICAL ENERGY - THE
PHOTO~-ELECTRIC EFPFECT:

When light falls on the
surface of certain substan-
ces, a strange phenomenon
occurs - electrons are

set free from that sub-
stance, in somewhat the

same way as they are emitted
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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 elec-
trons 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 partic-
les, 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 current.

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 acquired 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 glven moment there will exist a "cloud" of "free" electrons in the
space just ouside the surfoce, as illustrated in Fig. 15,

If nowv we apply a positive potentinl to a met~l plate placed nenr the pacto-
sensitive material, the "frece" clectrons waich have been cmitted from the
latter by the action of light will be attracted to this plate. [The metal
nlatc ¢ be made positive with respect to eloctron—cmitting body by using

a snll battery as in Fige 1%
Light < ¢
Source
VAN

f0louwd" of
Free Hlectrog
i ~ Light Sensitive

Surface

THE PHOTO-ZLECTRIC EFFECT
FIGURE 1k.

As the positive plate collects the cleoctrons o correosponding electric current
flows in the oxternal circuit (i.c. in the wires counccted to the battory).

If now the emount of light falling on the surfacc wore increascd, o groator
clectron emission would occur, and a heavier current would flow in the circuite
In this way, we have a means of controlling an electric curront simply by
varying the intensity or amcunt of 1light.

THE PHOTO FLECTRIC CELL.

A cormenly used type of photo-clectric cecll or phote cell is showmn in Fig.

16 alrig with its symbel. This gell or tube ccusists of ~ glass bulb contnining
twre clementsge Onc eloment ceonsists of o thin metal rod or ring called the

anode widich corresponds to the plate in the rndio tubes we have boen accustaned to.
The other element is the active material ap-licd te ~ curved metal plate and is
called the cathodc. Tho cathodo active materinl corresponds tc the cnthode

or filament in the ordinnry tube bocousc it cmits thoe clectrous which are drasm
over to the anode or platc.
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There are two gensral-—
classes of photo-electric
cellse In one tHe adx
has been exhaustcd and

a vacuum renains within
the bulb. This is called
the vacuun type of cell.
In the cther a small
amount of the gases argon
or helium is admitted
into the bulb after the
air is exhnusted. This
is called the gns-filled
cell. The gas cell is
nore sensitive than the
vacuun type nad was the
cne generally used in
television work.

In order to moke our
ordinary radio tubes do
work as amplifiers or
detectors we apply a

positive voltage or motential to their plates.

Electron Flow
1
wotan1rs®” + + + /
Plate ”
sl \
. \
. .Bl‘btery 246\,’\/
" 24
€ —Light
- .5 ~—Phot o
Sensitive

J/ Surfacos

= Elcctrons leaving surface
and attracted to positive
plate-

FIGURE 1A,

In the photo cell we likewlso

apply a’ positive. voltage: to the ahode Or rold Whfeh G8rresponds to the plate.
We make thec anode positive with reference to the cathode just as we make the
plate of an amplifying tube positive with reference to its cathodes

\

AN cathode
iINSurface

Anode

Cathode

Flectron

CURRENT

1 _je

4o 80 120 - 160
ANODE VOLTAGE.

FIGURE 17,
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As soon as this voltage is appliod to a photo cell thore is & flow of
cloctrong from the cathode to the anodcs his is czactly what talkes placo
in the ordinary radio tubes, but in thosc tubcs we havo to have a heated
cathode while in the photo cell we usc the cathode in a cold condition, at
erdinary room temperaturce

Werc we to hook up a photo cell, a battery and a resister as shown in Fig.
17, thore would be a flow of clectrons from the cathode to the anode and
this strcam would pass through the recsistor,

The anount of current flowing in the circuit of Fige 17 depends on two things
for a given photo cell. It depends on the voltage applied to the anode end
aad on the anount of light cntering the window of the cclles This is not
nuch different from the amplifying tubes where the plate current depends on
the platc voltage and on the grid voltage. The anode voltage of the photo
ccll corrcsponds to.tho plate voltage 6f the radio tube, and thc amount of
light entering the photo cell corresponds to tho grid voltage in the anmplify-
ing tubce

The rise of anode current with incroase of anode voltage (the amcunt of light
remaining constant) is about as shown in Fige 17 fcr a gas cells The current
is extremely small in amount, belng mecasured in microamperes or in millionths
of an anmperce - Wc have curronts running between I and I0 microamperes under
ordinary conditionse The steady anode current, which corrcsponds to steady
platc current, is fized by the anodc voltage for any given amount of lighte

If we apply an anale potential of 80 volts we will have some stcady value

of currcent, say 3 microampcros, until the amount of light cntering the cell

is cither incrcased or decrcasede Most gas filled cells cannot operate with
rore than 90 volts appliede

If we adnit more light through the window of aphotowclectric cell, all othor
things remaining the samc, the anode current will increaso. If we cut dom
on the amount of light cntering the cell the anode currcnt will become smalloer.
You might placoe a lamp at a certain distance from the cell and adjust the
anode voltage for a coertain amount of current. As you moved the light source
farther and fartheraway from the cell, less and less light would cnter the
cellts window and the anode currcnt would drop off as shown in Fige 18.
bringing the lamp closer would put more light into the cell and the current
would g0 upe Increasing and decrcasing the amount of light entering the
ccll causes the cecll!s anode current to incrcasc and decrecase correspondinglys

he curve in Fige 18 does not show just how the ccll current behaves with
change of amount of light becausc as a lamp or other source is moved further
from the cell the amount of light drops & f as the reciprocal of the square
of the distancc between lamp and cell, not directly as the distances If we
make the proper corroctions, so that our curve shows the cell current or

TeFM & Fo /2 « 170



anode curreat with respect to the total amount of light passing through
the window, we will have a curve like that in Fige 19. The importont
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 straight part of the curve in

Fige 19 we will find that equal changes of light produce equal and corres-
ponding chonges of anode currenge

N

Anode Currecnt
Anode Currcnt
=

. 1/
Py ¥

o

Di strce of Light ———— Amount of iighf “f;;‘“***'/

from Cell.
FIGURE 18. FIGURE 19,
PRODUCTION OF THE PICTURE SIGNALS

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 tc obtain a clear understanding of the principle of scanning from a
mechanical system than from the less tangible electronic systeme. For this
reason, we are examining in some detail the action cf what might be regarded
as an obsolete television gystem, but we are doing it deliberately so as to
impress the fundamentals and to lecad gently up to electronic scananing
pystems which will be described in following lessons.

We are now in a position to follow through exactly the manner in which a
scnnning beam of light divides up a picture or scene into a large number of
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small parts or clemeats, and how tac photo-cell ceaverts the varying
degrecs of light and shade of tnese elements into a pul snting clectric
current. This currcat output from the photo-cell we hnve called the
Wpicturo—signnl", and is used to modulate the outgoing wave from the
transmitter in the same way as the audio-frequency, or sound-signal
currcnt, from a microphone is used in radic tclephony worke

Let us consider the system of scanning known as the flying-spot method
illusjrated in Fig. 8. Suppose the disc has 32 squarc holes, and the
picturc of Fig. 20 is being scanned. The whole picture will be covercd
by the spot in 32 horizcantal sweeps from left to right.

These paths traced out by the spot will in practice be slightly curved.
In Pig. 20, however, these paths, or "lines", as they are termed, have
been dravm perfectly straizhit. This has been done partly for simplicity
in the explanations which follow, and also becouse it represcnts the

nost desired statc of affdirs for efficient scanning, and, further, it
nore truly represents the modern electronic method of scanning.

b g8 30 32 JN 1614 20 22 g)_{

= ‘fgtt-;‘g:"-— e D W7 227 T N5 SN
T - BESSSIRNDL WS R 19 21 23 55
=

L

M i o e e M.
. i e
oA

{ v W 24 v T 1 LA

e ko i CATR y
ey iy S ey .71_,...\‘\1‘;;: —
: -
3l

. et S P

I Yoot
$.

R 7 o - v
e y f‘ Tﬁ:‘t.h R
ol 7 y g

et _,,_._A.re-

QORBERL AT L W N oD, DR (PRI (e et e

FIGURE 20.

The area enclosed in Fige 21 might roproscent that of the picturc in Fig. 20.
We start off by directing our light beam onto the small square at the upner
left hnnd corner. his mny be considered as one of the small mumbered divi-
sions shown in Fig. 20. If the surface illuminnted by the berm is light in
colourwe 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 a~nmount of
light vhich represents the tiny aren being illuminatod. In the illustrations
thesc arcas have been shovm as being of guite considerable size, but as a
matter of fact it takes up to 300,000 of such spots to mnke up the complete
area of the picture in a modern system.
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FIGURE 2l. FIGURE 22
FFFECT OF i{OVING TEE LIGET BEAlM:

In Fig. 21 we begin cperations by directing the light beam at the upper left
hand coraer of the arca to be covered. ow we 7ill nove the beam towards
the right as shown by the arrow. That is, we shnll sweep the light beam
across onc of the horizental lines in Fige. 20. As the bean moves over diffe-
rent parts of the cbject or picture therec is reflected back a varying amount
of light, depcnding cn the shade or coler of the spot being illuminated at

oae instent.

Were the beam to sweep cover the line drawn out by itself in Fig. 20 we would
have a varying ancunt of reflecteod light as showmn by the irregular curve ia
Fig. 22. We would have the most reflected light from the white spets, medium
amounts of light from spots of somevhat dorker shade and the loast lisght from
the daricest spotse The curve of Fige 22 renlly represents tle —art of the
picture waich has been illuminated by cne sweep of the light beam, but re-
prescats it as rising and falling amounts of reflected light.

As the berm comes tc the end of the top strip in Fig. 21, it is lowered a
little bit and sweeps the second strip, tlien it is lowered still further ~nd
sweens the tIird strip. So the action goes on until the light beem has been
played over each part cf the whole picture or whole object beinz scwmned. The
ancunt of reflocted light is continually voarying as shown in Fig. 22.

dnw we arec ready to change the variations of light into variatioas of clectric
current.
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This roeflected light is allewed tc fall on the photo-tubes! cathodce Since
we have seen that the current flowing through the photowcell is proportional
to the ~mcunt of light, this current will vary in o monner exactly similar
to the voriations of the curve of Fige 22 o The simdlarity betwecn the
Mlight curve™ and the curreat curve is brougat out in Fige 23. Noto that
maximu roflected licht (i.c. when the scanning spot is directed on a write
part of the picture) ceuscs maximum reflected light (vhen the spet is on the
darkest part of the line) rosults in the maxirme: currcnt. Note that thoe
photo-tube!s current does not fall to zero at any peint as the spot scans
this linc, This is becausc there is still gome light reflected from thoe
picture, cven at the darkes part of the line showm in Fige 22. If there
were a jet black part in the picture the tubels current would fall right

to zero as the light spot passed cver this port.

It should be clearly understood that the current variotions shown in Fig. 23
ceeur in the very smeall iaterval of time during which the scanning spot is
traversing onc line only of the picture. ZEach of the other thirty-one lines
of Pigs 20 will rcsult in its owm series of current variations. Somec lincs
will cause norc variations, others less, depending upon the number of light
changes in the picturc as the spct moves horizoatally across ite

The student who
has follaowed
carefully the
preceding uotes
will probably
have realised
one imprrtoant
fact, vize. that
the smaller the
size of tac scanne- " Light Variations.
ing spot the
greater will the
number of changes
in reflocted 5
light be, and, ut
3

therefcre, changes
in curreat pro- £ Photo-Coll Currcnt.
duced in the é

B

photo-colls He

will, pessibly, 2
also have guessed Il
that the amount 1
of fine picture

detail which will G

be transmitted
will depend upon

the number of FIGURE 23
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those current variations which can be generated in the photo-coll by the
scanning systom. ;

THE PICTURE ELEMENT

If we minutely examinc & ncwspaper reproduction of a photogranh, we shall
sce that it consists of A large number of small black dots separated onc
from the other by whitc papcrs If the dots arc comparatively widely scpe~
rated the effect produced when vicwed at ordinary rcading distance is o
light groy. If the dots arc more closcly packed a darker shade is produccd.
If the dots are touching cach other a practically black arca rosults. Tho
varying lights and shades which rcprosent the picture arc thus produced by
the distribution of thesc "clementary" dots which constitute the picture
structurce Each of the dots is called the "picture clement's Wow it is
evident that the smallest detail which will show up in the picturc will

be the sizc of o single dots = Anything smallor than this will not apnoar as
separatc and distinet dctaile. For cxamplc, if the picturc shows a man's
head the individual hairs cannot be secn, cvon if a magnifying glass is
useds The thickness of a singlec hair is less than the diameter of a dot,
i:ce a picturc clcment. Such dotails as the individual hairs in a man's
head, thereforec, simply do not appecar in the rcproduction.

Wow, if we werc to procurc the original photograph from which the newspaper
picturc was reproduced, and we czamined it under a microscope wo would see
that it was also made of many minutc dots, these actually being grains of
metallic silver which appoar blacke. These dots, however, would be very
much smaller than those of the ncwspaper picture.  Hence we could say that
the: picture-clements of the shotograph werc much smaller than those of the
newspaper print. The photograph would, of ceursc, show very much greater
detail - we might cven be able to distinguish the separatc hairs on the
man®s head. The important point to notc is that the amount of detail which
appears in any artificial reproduction of & scene, i.oe in a picturc, depcnds
on the smallness of the picturo-clcments, and, thereforec, upon the number

of them used in the structure of that picture.

PICTURE FLEMENTS REPRODUCED IV A TELEVISION SCANMIING SYSTEM:

Returning to the question of picturc scamning with a disc system, the tiny
spot of light illuminates onc 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 picturc, which would causc o current variation in
the photo~cell ~ 1lsee¢ it would represent a picture-clement.

In order to understand morc clecarly the above statement, it should be
remembered that the current flowing through the photo-ccll is proportional
to the total light falling on its cathodc at any moment,

To illustrate, consider Fig. 24, where the light spot has an area equal to
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the square AECD, and is moving
along the line from left to
right.

In pofdtion 1 the light spot is
covering an area of the picture
which includes four black

squares, representing details

of the picture. The light reflec-
ted tc the photo-cell would came
mainly from the white parts of

the area ABCD, and the photo-

tubes current would assume a FIGURE 2Y.

certain value. When the spot had

moved to position 2 the tube'ls curreat would be exactly the same as for
position l; for the total light reflected from the area covered by the spot
would be unchanged. In position 3, light is reflected from the whole arsa,
but the total light received by the photo-cell for this portion of the pic.
ture 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 areag, 1, 2 and 3, would apnear alike — i.e., & taniform grey. The
picture details represented by the eight black dots in positions 1 and 2
wovld be completely missed out - because they are gmaller than the picture-
oloment determined by the size of the light beam ABCD.

Ia order to observe how this all-importaat question of area of light spot
affects the amount of detail repreoduced, consider the scnnning of the picture
in Pig. 25, using sixteen lines.

Say we have o light beam of the size indicnted by the sm~ll square in the
upeer 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 tle
second line we have the subjectis hair which is dark and which makes an
abrupt change. The corresponding rise and fall of light might produce pas-
sable results and indicate the top of the man's head.

But supposing we continuved on until the be~m rested om the subject!s right
eyes The beam would be illuminating the part of the picture shown enlarged
over towards the right. Here we have pnrt of an eyebrow, port of the skin
around the eye, part of the eye's "white", nlso the iris nad the pupil -
guite A collection of lights and shndows. But, coming from this spot, wkich
is illuminated, would be o single beam of light for the window of the photo
cell, The cellls anode current coflld assume only one value at this instant;
it could not assume o whole collection of wnlues all nt once. Thig one value
of anode current would represent the avernge shnding of the area showa at

the right in Fig. 5. In place of the various parts mnking up this eye, we
would have the same average current which would result if this spot did not con-
tain &n eye at all, but contained only a part of the subject's coat,
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FI1G. 25, FIG. 26.

wiaich 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 aot oaly the eye-
brow but also parts of the giin on both sides. Once niore the reflected
ligat would be of a value remreseating the average of the darl: eyebrow and
the lignter skia. BFven taocugh we were able to recognise that a face was
being transuitted, tae subject would have uo eyebrow — only a darker vlace
on 2is face. When this smaller beam came along to tue eyeball oa tie aex
line below the results would be even worse because tiaere is a greater detail
to be transmitied.

sein cutting the size of the beam as at "B in Fig. 25, we would actuvally
begin to get some cnenges of shade as the beam travelled across the eyebrow
and would lhiave corresponding caanges for the eyebell below. Bubt to show tae
eye's expression as denoted by the position of the iris and pupil with re-
ference to other parts we would have to use a beam so small it would give us
Le areas shown at "C" in Fig. . Then there would be a real changs between
the white of tiie eye and the darizer coloured iris and pupil.

In Fig. 25 we started with a light beam of such size that it would illuminate

the vhole picture in 255 sguares. At "A" in Fig. 25, 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 such varts
inthe original picture. To get any renl det~il we made a third division at "C",
woich would give us a bean dividing the whole picture into 16,384 small elemen—
tary areas.

From this ~nnlysis of the picture in Fig. 26, you caa see that the detail of
ToFolie & F. f2 — 2k



the picturs or the amcunt of informntica craveyed iu the chnaging electric
currents depends cn the number of parts ianto which we divide the picture.
The grenter the number of parts the grenter will be the ~meunt of Cetail
brought cut. The fever the pnrts the less detnil will show and the more
all tiwe different fertures will run together into even shndes. Wit modern
systeris a sceine mny be represented by as maay as 300,000 ialividu~l areas.

EOV TUMBER OF LIGES A'D FUEBER OF PICTURE-ELEMENTS ARE RETLATED:

It sarcld nov be evident thnt the nll-important factor in producing a
nicture~signnl ccatnining o grent amount of detnil (i.0., o large aunmber of
current catnbes) is the nunber of lines used in sconaning the scenc.

In order to obtnin a large amount »f tlhosc nicture-clements and current
cl.anges, we nwve fouad it aecessery teo werk with o light spot of smnll size,
207 the sanllor the size of tue light gpot the grcmtpr e number of tines

4—— 109 ————* €O— 200 =t
ol cmont s Qlcmcl’lt S
- » LY. - 'wi
N X -
= ‘\ \\\
100 | \\, 200 Onc clemeant.
lines Onc clement lines =
{
| = =
(a) FIGURE 27. (b)
it will aave to troverse the picture, i.e., the larger the aumber of lincse

Censidering o square picture in Fig. 27 suppose nt (a) we hove 100 lincs.
Te number of lgaents in ench line will alss be 100, The total amcunt of
areas equal tc the aren of thae llbut~S7Cu, i.c. the numbor of clemeats in
the picture will be 100 X 100 = (100)% = 10,000 = (mumber of lines)@  Jow
supscse in Fig. 27 (b) we inave incrensed tAO numbcr of lines to 200. Tho
number cf nicture clemeats will now be (200)2 = 40, 000. This is four times
the number of clements whea using 100 lines, and will result in Zcur times
the detail.

In present dny television nractice tie picture is not squarc, but the width
is ucuall oither four—thirds or five-fourths the height. Referring to

T. Fii & F. /2 ~ 25.



e
N — 100 X 3 elements —Pp

—

Fig, 28 and comparing with the 1 ———
100 1line 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 in-
creased in the ratio of 4/3 com-
pared with the square picture.
The number of elements will be

100
lines

2
(number of lines) X Picture Width
Picture Height

Picture Height FIGURE 28, Dy

e e e

The ratio Picture Width is frequen- y Aspect Ratio = 4.

tly referred to as the Aspect Ratio, Hence we may writes-

2
Number of Picture Elements = (Number of Lines) X Aspect Ratio,

NUMBER OF PICTURE ELEMENTS PER SECOND.

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 1s called the "Picture Freguency". The number of picture elements
converted to current changes by the photo-cell in every second will, there-
fore, be the number of picture-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 iss

(400)2 X 4/3 X25= 5,333,333 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.FM&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 pieture, 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 sereen of a
1932 model television receiver employing 30 line
scanning 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 cinemstograph
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 vieinity of 120,000-150, 000, If we consider a
400 line television picture of the same shape as a cinematograph picture,
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i.0. Agpset ratiold to 3, thc numbor of picturc-clements from our formula
above isi-

2
(4o0) X 4/3 = 213,000 clemeats.

This would nappenr to give coasiderably morc dotail than the 16 mem. film.
Zowever, in deriving the fermula nbove from the simple theory explnined a
number f facters srere not considercd. For examnle, it is found thnt, on
tno ~vorace, 400 lines will not produce 400 details cr elements in a vertical
directicne

The latter point can be understocd by referriag to Fig. 30. Here the object
being scnaned is a vertical bar coatalning n number of alternate black and
white segnents, the heighits of which are equal tc the width of the scruuing
lines.

As in Case A (Fig.30) tnze boar is so positicmed tiant a scomning line nasses
directly over a black segmeint or element nad the corresponding current im-

Dark Scanning Linecs
Picture =y :
Elcment 1 picture
AT I clcments
A g reproduced
7 5 4
Taite
Picture
Elcmont
Transmittor Scanning Reccived Picturc
All picture
B / oloments lost
: in uwaiform groy
Dark — strips
Picture
Elemont

Straddlcs 2
Scanning lincs.

FIGURE 30.
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" pulse reproduces a black element at the receiver. The next scanning line
passes directly over a white element, and a white element is reproduced in
the receiver. :

In Case B, however, the bar is so positioned that each element straddles

two scenning lines. In this case, as the sconning spot passes across the
bar, the area illuminnted will be half black and half white, and the nmount
of light producing the picture-signal will be the same as if the whole area
were a uniform grey, intermediate betwecn black and white. The bar repro-
duced at the receiver will thereforc be o uniform grey, and it will be
impossible to distinguish betwecn the black and white spots, i.e., the detail
is entirely lost.

In the one case (Case &, Fig., 30) wherc the picture-elements arc passed di-
rectly over by the scanning lines, all of these elements show up in the
reproduced picture, i.e., the number of picture elemecnts on a vertical line
contained in the signal will be exactly equal to the number of sconning lines
used, as assumed in our simple theory earlicr.

In Case B, however, where cach elcment "straddles" two scanning lines, it isg
possible that the signal will contain no current changes whatever, and the
number of celements reproduced on a vertical line is zeroe

In practice, of course, thc 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 picture-
elements which will show up is slightly mae than 75% or 3/4 of the number of
scenning 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 2, or a little over
150,000 picture-glemeatss Thus it is seen that 400 line scanning should
give a picture which compares very favourably with the best 16 m.m. cinema~
tograrh image.

For the reasons discussed above it was decided, before the War, to choosec a
nunber of lines in the vicinity of 40O, In England thc BeB.Ce chose U405
lines, and the number used in America was Ulle ILater, in 1941, the standard
in the latter country was raised to 525 lines. When treating electronic
scenning methods in alater lesson, it will be seen that not all the lines
actually scan the picturc area. Hence, assuming that 500 of the lines are
"active" in scanning we have - No. of Picture-Elements = (500)2 X L4/3 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 meme) cinema picture, which
contains about 500,000 picture element s.

INTER-LACED SCATHING:

As pointed out previously 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, arc used per second.
This rate, however, is not sufficient to eliminate entirely flicker. This
problem is solved in cirematograph 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 disapnears, leaving the effect of
continuous 2nd steady iliumination of the screen.

In a previous calculation we found that scanning at the rate of 25 pictures
per second (using 400 lines) the picturc 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 oérdcr to eliminate flicker, this number of
current changes would double, i.c. 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 seconde

Bach pair of current changos, that is, an increase or decrease in current
followed by a decrease or increasc respectively, would correspond to one
cycle of current at the output of the camera. Conscquently, 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, is too
difficult to be considered procticable.

An ingenious scanning system has been devised, however, which allows us to
produce the flicker-frec effect of K0 pictures/sec., without increasing the
frequency of picture-signal current changes. This system is known as "Inter-
laced Scanning', and is now in universal use.
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Scanning is describ-
ed as interlaced
waen the picture
area is coupletely
scaaned in two suc-
cessive steps as
illustrated in a
simple way in Fig. 3l.
Zere the scanning
beam covers the
picture in alternate
Tlaiga, 1,359,717, ebew,
leaving strips

equal iun width to

oie line between
each line of the
scan.  When the
beam has reached Scanning Lines of First Frame
the bottom right.--

hond corner of the Scanning Lines of Second Frame
frome, it snifts

back to the beginn- FIGURE 31. INTERLACED SCANNING.
ing nnd commences to

cover the strips omitted in the first scan, i.e., it covers alternnte lines,
2,4,6, etc. Thus all details in the picture will be covered in two opera~
tions — ench operntion using one-half of the total number of lines of the
scanning system. If, for excmple, 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 Americs it is called one field. The
second frrme or field is formea by the remnining 200 lines filling in the
gops migsed during the first field.

e

ng Lines

it it f
n’u' n’/"m’ Lillid

1l

ol

Sca

It should be noted that n single field, coansisting of ouly hnlf the scanning
lines, will reproduce the effect of n complete picture, although such picture
does not cont~in all the detnil. The missing detail will, of course, be
supnlied by the succeeding field, coasisting of the other half of the scann-
ing lines. hig second field will also create to the eye, at the receiver,
the effect of a complete picture lacking full detnil. In this woy, during
the time taken for n complete sconning, the eye receives the impression of

two complete pictures, as agninst one, if the sconuing were done by adjacent
lines. In other words the picture repetition rate would nppear to be doubled,
~nd the flicker would be greatly reduced.

The student should take careto understrmd clemrly how interlacing reduces
flicker, nnd should any doubt romnin in tho mind the following numerical
illustration should be studied wherc the question is tackled from a slightly
different aagle. Supnose 400 line, interlaced, scanning is used, the complet
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scanning process tnlking 1/25th of n sccond, i.c., n complcte nicture fre-
gucncy of 25 picturcs/scce After 1/50 second, 200 of the lines would have
covercd the picture aloag nltcran~te lines (2, 3+ 5y otcule A& $his

inst~nt the spot ~would leave the bottom right hond corner of the picturc
arca and return to the top left hand corner cormicncing on line 2. Wowr the
point to which the spot has returned is only the thickness of onc line

awny from the position it occupied when commencing the first scan. If the
receiver screcen is viewed fron normal distonce this small displacement of
the scanning spot 7ill not be distinguished by thic cyc, and it apoears thnt
the spot hns returned to its original position, and thc second scanniag is
being ropented dwer the saume lines. The agmarent froguency (each picture
consisting of the full 400 lincs) is kopt at 25 per second. As far as
flicker iseoncorned 7e liave ~cnieved an offect at least as zood as the

48 picturcs/scce ¢f the cinamatograph.

LIMITATICTS OF MEGEANICAT, SC.AITTING,

Mechanieal methods of scanning represcnt great difficultics, and have nany
faults when aigh-definition picturcs arc, requirecdid linny of these could be
lioted, but we will contont oursclves with considering tlie structurc of a
simple Wipzow disc designed for 400 line scanning, and, in considering the
gspeed at which the scnnning spot noves for a picture frequency of 25 per
second.

Sucll a disc would require, of course, Y400 holes arranged in an accurate
spirale If the picture is 8" high, the width of each line, and, therefore,
the diameter of cach disc hole, would be /400" = .02" (one fiftieth part

of nn inch)s TFor 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, wherc the relationship between picture and disc dimensions is shown.

The technical difficultics of constructing ~ disc with accurate positioning
of the holes to nroduce ndjocent lines are considerable.

Consider now the speed at which the 1light spot would move - this being also
the speed of the outer parts of the disc. If » picture is completely scanned
in 1/25 sec., each line will take 1/25 $ 400 = 1/10,000 sece If the pic-
ture is 10" wide, this is the length of each line, and the speed of the

spot will be 10" ¢ 1/10,000 = 100,000 inches per second. This is a speed

of nearly 1 2/3rd miles per second.

It will be evident that working with these high scanning speeds, mechanical
methods become almost out of the question, and we resort to electronic
nethods, where we use beams of clectrons which can be moved about with the
required agilitye.
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SUMLARY OF DE

Picture Froguency: The number of complete picturcs transnitted per seconde
25/s0c. in Englond, 30/sec. in AmericAa.

Lince Frecouency: The number of lines scnnuaed in oae second. Line frequency
= nicture frequency rultiplied by the number of lines in the nicturo.

Frane gEnzlandl or Field (America): In the case of interlaced sceonning, a
covernge of the complete picture aren by one-half of the sconning lincs
along alternate stripse There arc thus two or more frames or fields per
complete nictures (NeB. in America the term "frame" is used to mean the
seme thing as "picture")s

Picturc Element: The smallost aroa of the picture which can be transmitted
as o couplete picturce he picture element is approximately the area of
the scanaing spot, (The nunber of picture elements is given approximntely
by (Ho. of lines)@ X Aspect Ratio).

Dot Freguencys The number of picture elements transmitted per second,
divided by 2.

Agsnect Batio: The ratio of the length of the picture to its height. In
England the Aspect Ratio is now 5:l;  in America Wi3.
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T. FM & F. LESSOH 2.

EXAMINATION QUESTIONS.

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

24 ExPléin why a certain object, illuminated by "white light" appears to
have a characteristic colour, 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. ZExplain why
the photo-tube's current would rise from zero (or approximately zero)
to an intermediate value, and then to a maximum value.

Y4  Explain the meaning of "Interlaced Scanning".
De 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.

1s A simple Nivkow disc containing 30 holes, is rotating at 900 revolut-
ions per minute. What is (a) the picture frequency (b) the liné
frequency? (¢) Give two reasons for the poor quality or the reprod-
uced picture.

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

e A television 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 Hi4?

10. Interlaced scanning is carried out with a total of 405 lines and a
picture frequency of 25 pictures per second. What is (a) the frame
frequency (b) the linc frequency?

PLEASE NOTE POSTAL ADDRESS - Cnr. Broadway & City Road, Sydney —
for return of papers, correspondence ctcs
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TELEVISION UENCY MODULATIO. & FAC SIMI

LESSON HO. 3.
CATZODE RAY TUZES.

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, imown as tae "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 ~t very rapld rates, since no
mechanical movement is necessary, and also
in taat all control (such as synchronising
the schnaing of the screen at the receiver
with that of the scens at the trensmitter)
may be achieved by purely electrical
methods.

In addition, however, to these functions,
the cathode ray tube mny be used to serve
meny other purposcs. For cxample, 1t may
be uscd as an "electrostatic " voltmeter,
which cnables us to measure volteges (D.Ce
or A.C.) when other types of voltmeters mey
be uscless due to the fact thnt they inter-
fere with the normal operation of the cir-
guit under exemination.  Agnin, the tubc is
incorporated into the service instrument
kaowa as the cathode ray oscilloscope or
oscillogranh. This device allows us actu-
ally to sec o granaical revpreseantntion of
an A.C. voltage nt ~uy poiat in a radio or
televigion receciver. The oscilloscoone is
practically am essentinrl in carrying ot
service work on a television receiver, and

FIGURE 1. the time has caome waen ciginesers ~ad scrvice-
G aaay b men are realising jus W use Rk
12" GATHODE RAY TUBE ficn are realising just how useful tiis
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device can be as an aid in testing nand checkxing ordinary rcceivers of sound
Progromme se For these reasoans we shnll deal, in due course, with the detnils
of circuits and operntion of the cathodc ray oscilloscope.

TEZE JATURE OF A CATHODE RAY.

The cathode ray tube is renlly a very special type of thermionic vacuum tube.
As is ugunl when Approaching anything now in the field of electronics (which
jucludes tclevision), we can always go back to the things we learned about
radio in general. We almost invariably fiad thnt we have only a different
adaptation of the same old princinles. Here we nre going back to the element-
ary -rinciples of the vacuun tubes

Whon you first studied the bghaviour of vacuum tubes used in radio, you lenrned
tant electrons, which arc minyte negntively charged particles, arc emitted from
thc heated cathode and arc attracted townrds the positively canrged plate.

Wow a "enthode roy" is cssentially the same as the clectron stream ian the ordin-
ary tube, cxccpt that the cloctrons arc not allowed to spread out in =11 dircct-
tians, but travel in o be~m, more or less narrow, towards the positively chrrged
platec.

EN

Tu Figurc 2 wo hawve represcated nn experimentnl type of "Eathode ray" tube.
¥ote the cathode, which is ncated to o high temperature in order to cause it to
4row off a "cloud" of electrons. Wote also the anode or plate, to which a
aigh ~ositive potential has been npplied, waich causcs it to attrach the elect-
rons from the cathode. These electrons move at extremely high velocity, in o
poncil-like stream or beam. This is the "eathode ray'.

Path, of Electron

: Stream Cathode node
- Y-
i

L/Anode

p o L
i — " =
e e o e W .Mm‘._.j ! A e o
’i{ lf‘_‘:‘_q!‘ﬂ\ﬁml\ T 2k j’Electron
A B TIGURES 2 & 3 M

In Figurc 3 we hnve made a slight nlter~tion in the construction of the anode.
The anode or plate has been made ia the form of ~ ring or a short cylinder and
has beon brought cleose tc the cathode or filamcut. The clectrons are still
drayn from the cothode to the anode but tacy arce travelliag so very, very

fast that many of them fall to stop there ~nd keep right on going through the
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anodc opeaing and continue on tomards the far cnd of the tube.

The grenter the nnode voltage, thnt is the greater the potential differeace
botween the anode and cathode, the faster the celectrons travel, and the more
of them that got up to such a speed thnt thoy oass right tarough the opeaing
in the ~node. A.lso, the more nc",rly serfect id the vacuum in the tube, tac
faster the clectrons travel, aad the farther they go beyond the anodc. Uader
certain ccaditions the snepd of the clectrons in the bormr apwroaches the specd
of light whiclk is 186,000 miles por sccond.

FOCUSING THE FEAM.

e simple tube of Figurc 3 produces n beam of clectrons, but this beam is not
"focused". To focus the beam we nmust "sgueoze® nll the clectreas togetior so
thnt thoy do not spread out. We wont thoesc clectrons gradually to coaverge, so
that thoy all strixce the far ond of the tube at practically the snme point.

The iden of focusing may be illustrntecd by referenge to the action of = leas
systom on light 1ays. Ia Figure Y4 the raoys frem the source are diverging, or
spreading out. he first lens bends these rays, to some extent, towards each
other, that is, it produces o partial focusing effect. e second lens com~
pletes the action by further bending of the reays until they all couverge towards
o woint "f", called the focal point.

La\mp
\w\il/,
\\\ //

<
W\

. F
(Foeal Point)

Although two lens are si.own in Figure U4, light roys mey be focused by means of
a single leus, altasugh the effect is usually less perfect. Forther, a leas
system consisting of mare than two is somctimes used, this nroducing still
m@ ¢ norfect resultse.

In the case of the electron beom in a athodo ray tube, o method of focusing is

nccesshry, becnuse, no - matter Lov v " the bem is ag it leaves the cathede,
it will alwwys tend to spead out. Thls is duec to the fact thnt the clectrons
arc nll negatively chnrged, and 3ill tzoreforc tond to repel 2 otaer
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outwnrds. Thrco'ncthodc mny be used for focusing:
(n) B tho usc of o trace of gns in the tube
(b) B tho usc of olcctrostﬁtlc fiolds.
(¢) By tho usc of mngactic ficlds.

(n) The method of gns-focusing, as it is cnlled, uscd to be very popular for
laboratory work cn nccount of its simplicity. A smnll quantity of inert

(i.c. inactive, chemically) gas, such as argon or helium, is introduced iato
the tube Before it is scaled offs This means that the space in the tube will
bec filled with gas mecleculcs, or particles, which will be in the way of the
clectrons as they shoot up the tubc. The cloctrons will ccllide with the gas
nolocules and "ionigo" thom by collision. This means that when a collision
occurs the moving clectron of thc beam knocks off, or forccs out, one or morec
cloctrons belonging tc the gas moleculcs The molocule, being clectrically
necutral in its normal state, is thus loft with o positive charge, and is now
called a position ion.e Aftor the clectron beam has passed up the tube we

con thereforc imagine its path strow with positive ions. Thesc will act as a
kind of corc to the beam, and, being positive, they will therefore neutralisc
the ropulsion cxisting between the clectronse As a rosult the beoam will ceasc
to fan out nud will eventually become narrower, ie.ce it will be focused on the
SCToCh.

The principal advantage of gas-focusing is thc low anodc voltage required, aund
sonic tubes will operate on 300 volts. Cn the other hand the beam is only
sharply focuscd for onc particular valuc of beam intensity. In television
rcceiver work it is necessary to vary the becam intensity to correspond with the
varying degrecs of light and shadc of the picture clericntse We therefore re~
quirc some different focusing mecthod, one which will meintain a good focus of
the boam as its intensity, or strongth is varied. Agzain, when gas-focusing is
used, the focus is lost, and distortion occurs, when the beam is deflected or
moved about at high frequencies over the screen. Hence the method is unsuitable
for television scanning purposes, whore it is required to move the beam at the
llrc-lrcqucncy, which in the case of a 400 line, 25 pictures per sccond, system
~is LOO X 25 = 10,000 cycles per sccondse  For these reasons gas-focused tubes
arc not used in telev1s1on but are included here in order that the student will
have a picture, as COMElth as possible, of the most important device, the
cathode ray tube.

BLECTROSTATIC FOCUSING. The electrode assembly for producing a focused clectron
beam in an electrostatic type tube is shown in Figure 5.  Note, by the woy,
that the glass envelowne shape has been altered to allow of a louger screeils

As will be seen, there are now, in addition to the cathdle,threc clectrodes
within the tubes These include two anodes, and n control clectrode occasionnlly
.cnlled the grid. The latter, to which o negative potential is npplied in
relation to the cathode, performs the seme function as in an ordinory anplify—
ing tube, il.e. it controls the value of the clectron stream which flows from tho
cathode towards the anodose Note, however, that this control electrode has o
very diffcrent structure from the grid of the tubes you arc familiar withe
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It consists of &
hollow cyliader
waich nlmost come
i Control

Cx;inder

pletely surrounds ~2?9;Anode

the cathode ex-
cept for n sunll
cle in its ends

ing negati tk ) e ;
Efif: oigztiv:§l~56 Cathode \ Electrosta%EE\~Lang§\gf
1$der W 1st Anode force. o

o

back ~ny clectrons
waich hapnen to be
hrom out towards
then by the heated
cathode. IT the FIGURE H.
anodes are suffic-
iently positive, however, n thin stream of electrcus will be dramm through the
control cylinder's aperture. Ian this wny, the control cylinder serves the
adéitionnal function of aiding in the besm frcusing action.

The two anocdes are in the form of nollov cylinders (Fig. 5). The one nen~rer the
cathode is called the "first", or the "focusing" or the "accelerating' ancde.

Tae cther is callod thie "second" or "mninM nuode. Both are given o high nesitive
peteatinl 1t“ rognoct to the cothede, but the veltage oa the sccend is ususlly

avout three tc five tinmes ns ércwu as thnt on the first. Por ex~nrple, 1if the
first ﬁnqi is nt & notc tinl of, sny 600V, the second wreuld be in the vieinity
of 3,000 voltse Tn the cnsc of tubos uSud in tclovision receivers for picturc

renroducticn the final anode is werked at veltoges ranging frm 2,000 tc 10,000,
Those very high valucs arc noccessary tc produco on the serecen a picturc of
satisfactory brillisnccs Oscillescope tubes usually werk at lewer voltages
thon those, olthough the potentinl of the sccond anado is rorely belew abeoud
l,OOO volt se

The ancde asscmbly, in additica tc porferming the functions of forming the
clectreoz bonm (tae "eathode ray"), nlsc scrves the purposc of focusing it te a
fine spct on tho scrova at tlie large cad cf thwe tubo. Tn assist iu exnlaining
h0“ tlhe Iocu51ab sffoet is brovwght about the student gheuld refor to Fisure 6,

shich siows in disgramntic fom the clectrede assombly.

Tho first ancde, by virtuc of its ncs 1t1vp potentinl, attracts clectrens from the
hode tarcugh the control clectrede'ls aporture, s- ferming n fairly arrow
bente Br the time tdOSu clectrons anave reached the vieinity of the first ancde
theoy are travelling at hdga srced ~ad +Clu tr shoct straight thrcusgh thals hcllew
cloctrede, Thoy taen come Lnd"“ the influcnce of the morc pesitive second:
anode which accolerates then to nn ovon groater smocd, witi: the result thnt
hoy pess right ~ao, finally striking tle screon at the far cad cf the tube.

ol
W)

dote thot, after the cleetrous leave thc grid aperture, t;uy fan rut, as
oxplained onrlicr. 02 enteoring the clectrastntic field cxisting bctwcon the
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FIGURE 6.

tvr anedes, acwever, their patis arc saom bent inwards townrds the coatral
axis of thc tube. The net effece is thnt, no matter in whnt Girecction the
iadividunl cloctreons wore traveolling waen they cnterod the ficld of the anode
assenbly, thoy are all travelling in coaverping lines after leaviag it. Thoso
paths arc such tant nll the clectrens in the beam will meot over a very soell
arca on the screen's surfoce, vrovided thnt tho voltazes arc cerrectly adjustod.

Iz order te understand hcw the clectron —aths arc "bout" to bring about this
focusing action, it will first be accessnry to rccall a few polats about

& ’ r
glectrostatic fields.

An electrostatic ficld is the type of field sot up between tiac nlates of a
simple two-nlate condenser when a potentinl differcace is crented between then,
as in Figure 7 (a). The battoery forces n negative charge on the left and
rlate, ~nd positive charge ca the opposite xlate. Tie lines drawm between thoe
rlates are called "lines of clectrostatic forco" and simply rerrosent the lines
alons: which forces will act upon any charged warticles placed in the ficld. Fer
examnle n negntive olectron at X will be impelled ~long the line ia the dircet-
ion of theo arrow, for it will be attracted by the pesitive platc and sirmltan~
cously ronclled ly the negntive.

The he~wvy lincs in Figure 7 (b) rerresent ~:: clectrostotic ficld, the arrows
represcnting the direction of the force thich weuld net uron A nesnbively
chrrged »rticlos Suppose an clectroa travelling in a strnight line at high:
velocity cnters the ficld at A. Immodintcly the fidld is cntered a fexec
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Lines of Electrostatic Force.
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FIGURE [.

will nct unon the clectron ia the dircction of the lines of force, viz.,
horizontally tc the right. The result is that the electronts »nth will be
trvod to the right, i.c. in the direction of the field.

Roferring ngnin to Figurc 5, an electrostntic ficld cxists between the first
and seccad ancdes, since they arc at differeat potontials. The detted lines
7ith the arrcws renrascant tho dircction of the forces which will act upon
clectrons in thc ficlde An clectron which travels strnisht along the ceatral
linc or axis of the tube will not be defleoctod to right or left, because it is
travelling parallel te the lines of forcos

In the event, however, of aa electron diverging frem the central -ath after
leaving the contrnl cyliader, the case is different. Suppose such an clectroa
enters tho ficld betweeon the two anodes at X, so thnt it 1s moving rorticlly
across tic lianecs of force. In this casc the ecloctrostatic field will exert a
force, acting in the direction of thedotted lines, with tic result thnt the
electreonts path is beat so tnt it is tumod back towards the central linc as
shown, The greater the oxteont to which the electrous have diverged, or sprend
out, beforc entering the anodes?! ficld the greater will be the nmount of bond~
ing of their patis. The net reosult is thnt, -roviding this ficld is of tic
correct strength, all clectrons will coaverge in such o way thnt they strike
the distant screcn at yractically the same point, i.c. the boam is focused.

In practice the job of bringing the bemm to a sharp focus on the screen at the
end of the tube is achieved by using a potenticmeter to vary the vcltage on
the first nncdce Since the sccond nnodc is usunlly worked at ~ fixed
potentinl, amy change to thnt of the first will alter the potential
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differcnce betwoen thc two, nnd hwence tac stro xgth'o thc clectrostatic ficld.

If this ficld is nct exnetly thc corrcct valuc the boam will tond tc focu

at a ncint in front ef the scrcon, or boyond its In the formor cnsc tlc
clectxong will ccnvorbc to o n01nt and thon diverge or s-rond oub agnin as ot
(n) in Figurc 8 In the lattor cnse the screcn 3111 intercept tlho moviag cloc-
trens before tncr renci thoir peint of focus, as at (b) in Figuro & T:c rosult
111 b the same in both cosos - instend of scciang n small, shnrp snet of 1ight
on the séreon, thers will duiesr & large oroa of light =ith sagsod odgoss Cori-

-,

cct focuséingis shiomm at (¢) Figurc &

—
:;—-——"'/ f
Incorrect Focussing Ingorrect Focussing . Borrect Focussing
IIAII " BH n (0] "
FI” 1\

Although we have assumed two nnodes in discussing tlic focusing action, nodern
clectrostntic tubes for television purpescs usunlly cmploy threc anodes, This
allows of n more nearlyparfect focusing of the benm for all degrecs of born
intensity. When tweo nnodes caly arc used, alter~tions tc tiac coatrol cylinder
potential teond slightly to do-focus tiac boni. Thig, of coursc, is undosirablec.
A threce-anode assembly may be commarcd with a tarco-lens c-ticnl fecusing

systom wsed for cinematograph cr other purpescs waen a shnrply frcused lizht
beam is required. In the casc of thesc tubcs, fecusing adjustments ore useally
made by notentiometer ceoutrol of the netential on the geconld amode, the
potentials on tae first and third being mnint~ined at fixed valucs.

s
v

()

¢ electrode asscmbly cf A medern threc anodc television tube is shom i
srot to
o

Figurc Ge Tais picture also suows the "doflocting" plates, wikdch nwe
be discusscd.

Although, in ocur explanations cf focusing - acti~a abcve, tihc nnodes wore
described as cousisting of short hcllow metal cylinders, their structure mny
vary from tais in the case of a tubc as illudtratoed in Figure J. Oac! oF ncne

of the nncdes pmay consist of a siople circular disc of metal having o coatral
"hole or apertures (seec Figurc 10 (b))  daotlor common structurc consists of a
cylinder fittod with one cor two aperturcd discs as in Figurc 10 (c) In all
cases the theory of the fecusing actica is similar to that explained for simrly
hollowcylinder constructions It should bo noted that in the cass of A multiplo-
ancde tube, cach anode, or rather the cloctrostatic ficld cxistiang betweon “qy
two ancdes, forms nn “eluctron lons" (snnlogous with o light lems) and holy
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in the focusing actioi. The
complete job of focusing is a
function of the whole assembly,
as in a mmltiple-leas light
bean gystern.

iZAGUETIC A D ELECTRO-WAG.ETIC
FOCUSI.G.

It aas long been mown that
moving electrons may be deflected
in their wmatis by means of a mag-
netic field, aad exerimenters
nit unon thais method of cathode-
ray focusing ¢uite early in the
history of cathode~ray tubes.

As a natter of fact magnetic focus-.
ing was csed before electrostatic
and .ence the order in wiich we
have deald with thwe subject hwere
is not identical with that of

its nistorical develoument.

Let us sumarise thc important
facts in relation to the action
of a magnet ficld upon moving
electrons. Firstly a mngnetic
field is the ficld of force sct
up by ecithoer o permanent magnct,
or o coil of wire carryiag a
currcnt. Tigure 11 shows the
anturc of thc ficlds of A
sBtraight bar nermancnt magnet
and of a "solenoid" type of coil.

Tae "lines of magnetic force! are
usually regerded as running, out-
side the magmet, from .orth Pole
to South FPole. Note that the
field outside tne coil at (b)
Figure 11 is exnctly similar to
thnt of the bar magnet at (a)e
Hence tac right-hend end of. the
coil will act as a Jorth Polc,
and the left-hand cnd as A South.
Iaside the coil, however, the
lines nre porallel and concen—
trated ~nd run in the opposite

INTERNAL STRUCTURE OF CATHODE RAY TUBE.

FIGURE 9.
T.F¥ & /3 -9,
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FIGURE 10.
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(a)
FIGURE 1la

direction. It is this port of the field in vwhich we are intercsted when
dealing with electro-magnetic focusinge
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Consider, now, the well-known action of » wmngaetic ficld on o conductor, such
as n strright niece of wire carryiang ~an clectric currcent in a mnagnet field.
This is the wnderlying principle of the slectric-motor. At (+) in Figurc 12
the curreat-cnrrying conductor is lyiag parallel to the field - i.ce the
crrrent is flowing parallel to the field. In this casc therc is no force
waatever acting on the conductor. At (b) the currcat is flowing across the
field, i.e. at right-angles to it.

— . — — e

(a) (o) (e)
FIGURE 12

We now find that ~ 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 arc therefore shown as dots. Tho force on
the conductor is to the right as saown. Jote, then, that when o~ current
carrying coanductor lics ncross A wagnet ficld, ~ force ncts upon it ian a
ircction at right-nnclies to both the

conductor it sclf. ‘

If we now remcmber that ~ current in a solid conducter is simply a flow, or drift,
of electrons through that conductor, we moy deduce the action of n magnetic

field upon a stroam of electrons, suca as coastitute the berm in o enthode ray
tubes Such » beam may be rogorded as sn clectric current in space, and the
forces acting upon it when it entors a mngnetic ficld will be exnctly similar

to those which act upon a curreat in a solid conductor.

Referring to Figure 13, supoose we are viewing a magnetic ficld "end-on" (as
was done at (c) in Figure 12). The dotted line reprosents n strerm of
glectrons, travelling at high velocity, and catering the ficld from the
direction as shown. Thesc moving clectrons, representing ~ "ecurront" will,
when they enter the field, expericuce a force acting alwnys at right-angles
fo their dircction of motion. Tho rosult will be that cach electroals vabh
will be turned, or deflected, ccatimunlly to the right. The path of an
clectron beam will thierefore be a gpiral as shown.



he principle ceastructica of magactically

focused catihale roy tubc 1s shown in P T
Fizurc 14,
—
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The cathode and zrid structurc arc as orov- VP e b |
iously described. Thc anade 2erc ccusists 4 : Ll e

o " »
of & simple disc wita o coatral apcriurc. 2 Tl = Y
Thic focus1 coil is wound arcund snd cutside ' E '
né ] >~
° IS

tho tube., The magnetic ficld produced inside g il

the tube is ns showa. A stondy dircct curr Jli o I

is oassed thrcuszh tno ccil. After the cluctrea: i

beam nasses tiwcugh the hole of the anode,

some of the clectron math's bogiRk to fan cut.

Blectreons vaich nass directly deva the

cecatral %xis cf the tube meve pnrallel te the

lines of magnetic force, and arc thiercefore act FIGURE
affected by tn& latter. An clectren whiéh

hag "fanned~out" however, will cnter the ficld

at an angle. Cutting acress the lines of force it will expericince » force ot
righat-angles to the lines of mngaetic feorce nud at right-angles te its
direction of moticn.

Cross secticn of
Anode ; coil of wire around

\ PR neck. //
RN

=

It will therefcre, while in the Tield, move in a spiral pati. At the smme timo
it also possesses a gonornl movemeal down the leongth of thae tube. To visurlisc
the net pnth tazen by the electron, imagine n coil of wire wound on A tapered
voint cf wood as in Figure 15, n battery veing conmnccted so thnt ~a clectron-
stream flows in the dircctiocn shewm.

Iz this way all edectrons, warich eater thc coils field (Figurc 14) at an angle,
will commence tc rotate arcuad the central axis of the tube as thoy ccatinuc
tieir motioh townrds the screon. Mcreover, the whole time, as n result of the
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spiral motion thoy will be getting
closer nad closer to tais ceatral axise
Of cecurse, ns soca as the clectrons
leave the mngoetic ficld the spiral
rotation will cease, but they ~ll will
sosscss ~a inwnrds meotion, which is
carrying them clofier ~ad closer towards
he centrnl nxise At some disgtoant
peint, widck should be cn the screci,
all clectron wnths will converge to-
gotlher, cnd we will have a sharply
feocused benm.

The focusiug cnil is often cuclosed in FIGURE 15

a soft iron hecllow ring-like casc, in

which 2ns been leoft an air-gop. (Figure 16) This ceoufines the mngnetic ficld
within the coil, except for thosc lines which "escopo through tho gnpe  In this
way o morc concentrnted field within the glass tubc is obtnined, and "stroyh

L1,

ficlds, which upsct the feocus, arc avoided,

o factors which affect the focus ~ro the positicn of the coil ia relation to
the ancde, and the mognitude of the
curreint. In practice, provisica is
mnde to adjust both of theses 4 '
rou; 2 fecus is obtained by ncving
the coil on the acck of thoe tube,
and  finnl adjustment, te shhrpean

e focus is cnrried cut by adjust-
ing the valuc of thc coil's currcat.

ECTRO.. EEA.. VISIELE.

We have so far secn how it is poss-
ible to nroduce A . aigh-vclocity
stream of electrons which strike

the large cnd of the tubc at its
contral peint. We have discussed TIGURE 16,

the methods by which this beam may be aarrowed dovm until its dimensions, at
the poiat nf impact on the scrcen are nlmost s smnll as we choose to make
thome If the "enthode-ray" is to rceplace the light bewmn of wechnnicnl systoms
for television scamrniag purmneses, it remaias t- render the benm visible by

=

causing it to give cut light wnwves as it strikes thc screci.
FTLUORESCE.ICE.

As you lock at an amplifying tubc in action, you scc no visible evidence of

the flow of clectrens within the tubc —- at least ycu see ne covidenco waca thc
tube is being cpernted properlye. In the cathode rny tube, 2nwing o high degroc
of vacuum, you likewise soc uctiing of the ray as it travels throughstliic leagth
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of the tubce

The cnd of the ray is mnde visible by o proporty of certain subst~nces which

is cnlled "fluecrcscence.  When o filnm of such a substanco is struck by the
cathodc rny thore is produced a brisht glow where the substonce is couscd to
flucresce. There arc a number of such substonces, ameng thom being zinc
orthosilicate, called "willcemite", alsc calcium sulphide and colcium tungstato.
Instead of describing these substonces by their chemicnl ananes, we generally
refer tc them by number, such os "Phesvhor Ho. 1" and sc ons  Phosphor Ho. 1
produccs o groon light, Phosphor Hes 2 produces o bluish 7hite light, Phosshor
Wo. 3 produccs & ycllow light, Phosphor No. Y pives o white light and Phesvhor
Nos 5 gives n bluc light. Phosphors 1, 2, 3, and 5 arc used mainly in cathedo
ray tubcs intcnded for usc as clectrical test instruments, while Phosphor Ho. Y
has bcen specially doveloped for television purposcs as it produces a black and
whitc picturc similar to ordinary nmeving picturcse

In the cnthode ray tubc we ncw apply cne of these fluorcscent substances, vro-
ferably Prosphor No. 4, to the far cnd of the tube. Then as the cathode ray
strikes this surfacc of preparcd glass therc is produccd a bright spot of light
having n sizc proportional te the size of the ray and a brilliancy proportional
tc the strength of the ray.

Just like the grid in a radio valve, the coantrol clectrodo is given a negative
bias 7ith regpxt to the cathales  The amount of bias determines the amount of
clectrons which it allows to pass through to the rest of the tube and conse-
quently determincs the brilliancy cf the picturcs Malding the control clectrode
more noegative, reduces the number of clectrons and dime the spot of light, while
naking the control electrode less nogative incronses the clectron flow and makes
the spot mere brilliant.

Just as the signal voltages arc 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 clectrode of the cathode ray tube and
producc corresponding changes in the brilliancy of the spot of 1light.

PCWER SUPPLY FOR CATHODE RAY, TUEES.

We shnll first consider the question of supnlying the various clectrode potentials
and the hoater current for a typical threc-nnode clectrestatic type tubce

hic majority of thesc tubes require 2,000 - 6,000 V on the finnl anode, and for
television purposes thc latter figure is the most common. The potentials
sradually increase from the small negative potential (say 50 V max.) for the
control electrodc to the high positive potential on the final anodes  These voli-
'ages are invariably obtained by a chain of resistainces across an HeTs supply

from a rectifier. Thesc rcsistances form a voltage divider vhich allows us to
tap off the required voltage fer each electrode. A typical power sup. is
ghown in Figure 17,
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Tt will be noted that the finnl anode is at earta potential, waile the catliode
ig at a aizh (5000 V nesotive) poteatinl with resnect to ground. Tais is
cormon practice in electrostatic tynme tubes, and the reason will be fully uader—
stood after rending the section ca "deflecticen! later in the lesson. If ghould
be fully reslised now, aowever, thnt the third anodg,~lthovgh at zero potential
with respect to earth, is at a positive potential of 5,000 V vithres~ect to

the cnthode.

Rl VEGATIVE —~ 5,000 V.
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FIGURE 17,

The current token by the electrodes ig very small, and the culy drain on the
H.T. sunnly apart from the resistrince load is the current which flows in the
beamn itself. This seldom exceeds 100 micro ~mperes (0.1 mea.). 4s a conse-
quence the desizn of tihe power supnly 1s greatly simplificd. For example
resistance capacity filtering or smoothing may be vseds  Condensers O3 and Cp,
a Resistor Rp and the other resistors in the chidn form the filter circuit. Ian
nractice Rjand Cp may be omited, C) being simply a small capacity (e5 or .25mfd)
of high voltage rating. e total resisteaince in the chnin may be as high as

10 Megolms. .

The Intensity Control is a poteatiometer which allaws the anegative potential on
the control electrode, with respect to the cathode, tc be adjusted. This, ns
has beez exnlained varies the beam's intensity, and thereforc the brightness of
the spot cn the screei. In a television receiver, the videoc sisgaals arc nlso
ar~plied to the contrcl electrode.
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The Focus control allows of adjustment to the second anode's (42) potential.
Correct setting of this control produces a sharply defined spot on the screen.
In a two-anode tube the focus would be controlled by adjustment to the
potential of the first anode.

Hote that the cathale, and the heater, which is connected electrically to it,
are at a high negative potential with respect to the metal chassis. The trans-
former heater winding for the cathode ray tube amst therefore be insulated for
high voltages.

Tn the case of magneticelly focused tubes thore arc usually only two voltages
to supnly ~- that for the control electrode and for the single anode. The
cathale is usually at ground potential, while the anodc is at a high potential
(positive) above grouid. The focusing coil is sup»licd with a low voltage
direct currcnt from a scrarate supply.

DEFLECTIOW OF THE BEAM.

The cathode ray tubes so far described arc capable of producing a sharply

focused electron beam which will result in an intense spot of light which remalns
stationary at the centre of the circular screcn. In order that the tube might
be a useful instrument cither as a tclevision picture reproducer or as an
oscilloscope, it will be neccssary to provide means whereby the spot of light
nay oc moved to any point of the screcns

This is accomplished by bending, or deflecting the electron beam, within the tube,
sideways, or upwards, or in both dircctions sirmltancously. 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 ficld, or (b) a magnetic field.
Both methods are in use in modern tubcs.

ELECTROSTATIC DEFLECTIOJ.

Congider first the moving of the beam vertically across the screen. This nay be
done by two more or less flat and parallel metal plates, called "deflector'
lates, within the neck of thc tube, end on the screen side of the final anode.
%Figura 18,)

These platcs arc placed horizontally, and have conncctions which pass through
the glass walls of thc tubce Somctimcs one plate is connected internally to the
final anode, and is therefore at ground wctential.

If both plates are connected to ground the beem will pass straight through them,
without deflection, and will strikec the centre of the screens 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 nositive
plate and repelled from the negative as the bean passes between them. This
will cause 2 bending of the beam upwards as shown. The spot will now be found
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ZIGURE 18.
at the point X on the screeu directly above its central point.

The amount of bending of the beam, and therefore the asmount of movencat of the
spot awey from the ceutre of the screen will denend on severnl factors:—
(a) Tae potential differ-
euce between the deflect-
or plates. (b) The lexgth
of the deflector plates,
(c) The nnode volte
age used in the tubes

Concerning (a), the deflec-
tion will be found to be
~lopgt exactly proportion-
al to the epplied PeDs bet-
ween the plates. For
exanple if the voltage is
doubled, the novement of FIGURE 19.

the spot away fram the

centre of the screen is dovbled, aud so O It is this fact which allows the
cathode ray tube to be used as an electrostatic voltmeter. If the nuuber of
volts reguired to produce say 1 ci: deflection of the spot is kmows for a given
tube (Operated vnder given conditions of anode voltages), an unimow: voltnge

nay be mghsured by applying it between a npair of cdeflector plates, and meansuring
the actunl deflection of the spot.

With reference to point (b) above, thc longer the plates, then the grenter the
leagth of time during wiich ench electron is pessiing between tiem. IT the
electrons reunin o longer tine under the inflvence of the plntes the greater
will be amount of the bending of thelir paths. The plates cammot, iz practice,
be nmade too long, however, for tiais would limit the amount of deflection wi:ich
could be obtnined. & large deflection might »asidbly result inglthe clectroa
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strean actunlly striking the plates bofore omerging from betweon them. To
avoid this the plates are ofton flanged out as moy be scen by refercace to
Figere 9.

The finnl ooint (e¢) is of immortmmce.  If the nnodes? voltages nre incrensed
the clectrons in the bonm will be given na incroased velocity. For o given
deflecting force produced by the deflector plates, the actunl amount of bending
of the beam will now be decreased (~ad vice versa)e This offcct mny be under—
stood if one imngines a ball throwa aciross winde The faster tiac ball is throwma,
the less will be the deflection, or curviag of its math.

Deflection Scagitivity. This term-is uscd in order to compnre the easc with
waich the spot mny be deflected from the ceatral point of the scroen. of
different types of tubes, or for the one tube working under differcut onode
ratings. The deflection sensitivity is defined as the amount of deflectionm,
mensurcd in millimetres, nroduced by n potential differcace of onc volt npplicd
between o pnir of deflector plates. This vnlue, in the cnasc of aigh voltage
tubes, works out usunlly as ~ fraction of n millimctrec, Since 1 rm egunls about
1/25 of an inch it will be seen thnt quite o large voltage will be roquired to
rove tho spot right to the cdge of the screcn. For exnmple, suprosc that the
defloction sensitivity for o vair of plates of n tube is givea as 0.25 mm/volt.
If the tubel!s scroen is 12 inches in diameter, the spot must be moved 6 inches
to move it from the coatre to the outer cdge. This doflection is 5 X 25 =

150 mem., toking 1 inch = 25 mm.  The poteatial difference required betweon the
deflector plates will be 150 4 25. volts = 150 4 % = 600 volts. To move the
spot right across the screem from one side to the other, a distance of 12 inches,
a totnl potontinl differcnce change of 1200 volts will be rcquirede

It should be noted thnt the deflector plates of Figure 19, which are mouated
ph 9
horigzoatnlly will produce oaly a vertical movement of the spot. dL3E SL15w LR
desired to riove thc spobt horizoatally across tihc screcn as well, n second mair of
L ? =
plates is required. hese will be mownted vertically, but arc called horizoatal
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deflector nlates becruse their action on the beam and smot is in n Zorizoatal
wlane or direction. Tae t70 =nirs of »lates are shown in Figure 20.

LAGETIC OR ELECTRO-MAGSETIC DEFLECTION.

The deflection of the be~m explained in the last section was brouvght about by
ttilising the electrostﬁtlc field wroduced between a nair of rlates, which moy

be regarded ns forming ~ simple condegsei, wien o ﬂotentlsl difference was

an-lied between them. A mah#g ic field mny, however, also be tsed for deflection
of tie benm.

The effect of 1“bL t ic field was ex»hlained in scame detril when dealing wita
noagnetic focusing, nad tiis section should, if necessnry, be re-read. Thae
Eportant point to rvmgub r is that the bending of the electron is at right-
anzles to (not warallel wi th) the lines of mngaetic force.

Mngnetic deflection is illustrnted in Figure 21, where ~ orsesioe nermanent
pagaet —roduces vertical lines of forde through the tube. Waen the moving
electrOAS'd%ss through this field, tlheir -aths will be bent outwards from the
DOPET towards the observer. At (o) in this figure, thae front view of the screen's
tube is showa, where o deflection of the spot to the left is indicnted. Of .
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FIGURE 21

course, if the polarity of the mngnet (and therefore the direction of the lines
of force) were reversed, the spot would be moved to the right. Tne nsmount of
deflection obtained will dewend upon the strength of the magnetic field, as well
as upon other factors reationzed under electrostatic deflection.

The magnetic field produced by a current corrying conductor is exactly the same

as that produced by a nermanent maguet. T-oe two mngnetic noles showa in

Figure 21 mey th herefore be renlaced by a —-nir of coils to »roduce a similar

field for deflectioi. Such n ~ir is shown in Figure 22. The coils, are nlaced
0:x elither gide of the necik of the tube nad are sinneld like ~ snddle to fit the
rounded gzlxss surface. . this case the coils ~roduce a horizoatal ficld through
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the tube, and ares therefore used for vertical deflection. To obtain horizoatal
deflection a separate pair of coils would be required. These would be mnlaced
horizoatally one above, and one beleow the tube.

The amount of deflection occurring will denend on the number of turns in the
-air 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)s  The deflection may therefore
be controlled by varyiag the curreat in the coils. Reversing the direction

of current flow will roverse the magaetic field produced ~ud will therefore
cause a reversal of deflection of the light spot on the screen.

Pair of Deflection

Cathode ray tubes which use magnetic focusing ~nd deflection usvally have but

a single anode, wiich mhy take the form of a disc with a ceantral arcrture as
showar in Figure 2l. In some cases the anode is simply a coaducting conting on
the inside of the tube walls, It will be apprecinted nlso that the internal
electrode strocture of an electro-magnetically focused nnd deflected tube is
very much simmler than thnat of an electrostatic tynpc tube. This makes for
roduced manufacturing cost, and nlso nllows of o much shorter tube for a given
screenr dinmeter. This latter moint is an importnnt cne when coasidering the
problem of incorporating n large screcn tube in a television receiver, and the
tendency ncw is well in favour of the mngactic tube for picture reccption.

SPOT POSITIONING.

Due to innccuratc nligament of the clectrodes of n tube, the spot of light, when
no voltages are nn-lied to the deflector plates (or no current to the deflector
coils), may not be in the oxact centre cf the screens It will be necessry to
correct this defect by clectricnl methods. On tie other aand it wmny be desired,
under certain circumstances, to move thc spot to scme npesitica other thna the
centre of the screen.
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In the casc of cloctremngictic tubes, this s-ot "shift", as it is enlled, is
achicved by altering b~dily the npeositica of the focus ceil on the neck of the
tube. Agjustments for moviag the ccil are rrovided.

S-ot shift, ia cloctrestatic tubes, is carried out by clectricnl metheds.

Stendy voltnges, whése volues mny be adjusted by menus of uotentiometers, arc
ap-lied botween each ralr of deflector plates. Onc methiod —— the mothod usunlly
used for tolovisicn rcceiver tubes —— is shewn in Figure 23.

The final anode, it will be
remcmbered, is usunlly grounded,
the cnthode of tho tube being
maintoined ot o aigh wegntive
potential ( sny - 5,000 ¥)e In

figure 23, however, thc finnl EE= =
anode is coniected to the centre A {

point of a rcsistor across & ﬂ’iz i
comparatively low voltage scurce, i !

say 300 V, the anogative side of NN

which is carthed. This menas E___

thnt the nnode will be at a oy i

potentinl of 4150 V with rosnect R l

to ground ~nd its potential with i

rosnect to cothode will be =l 4 ,P‘,},_; ‘
5,000~ 150 V = 4 g50 V. = = +

ingtoad of The full 5,000 ¥, if

narticn of the cutput from the

5,000 velt weower suptly an-enrs

across thic rcsistor Ri. Tnis

slight reduction in anode werke FIGURE 23.
ing voltage will not, however, matorially

effect the corntion of tic tube. Tac voltage scurcc in Figure 23 mny, in
practice be the ordinnry He@e supply, as distinet from the cathode rays tubes!
V.ET. (very high tonsicn) sup-lye In tids casc the final anode voltoge may
be 5000 4 150 or 5150 volts mositive with rospect tn the cathode ray tube's
cnthodes

Ry is parnllcled by two potontiometers Ro 'nd Ry connected rospectively to
deflector nlates P2 and Py of tiac tube., Deflector nlates Py aad P3 arc connoct-
ed to the fianl anode, i.e. to & point 4 150 V abeve ground. Incideatally the
represcntation of the deflector nlates in Figurc 23 is wwrely a dingrammatic cne,
and is usuvally used in circuit diagrnms.

When the sliding ccntact of Rp is at its coutral pcint, the rotential applicd

to Pp is 4 150 V wwith respect to ground. Tant is, with this adjustment, there
is no potential differcuce mtween Py nnd Po.  If the sliding contnct is moved
to the rigat, Pp will tnke un a steady positive potential with respect te Py,
and the swot will be moved to a new nosition on the scrcon.  loving the slicing
contact of Rp tc the left, will arply a negntive petentinl tc Po in respect te

1
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P 1l, nnd the spot will be moved in the opposite direction.

The -otentiometer R3 operotes in an exactly similar manner on plates P3 ~ad Ph.
R2 is the horizoatal shift comtrol, cnd R3 the vertical shift control. By
adjwtmeat to both Rl and R2 the spot mny be moved to any desired position on
the screen, limited only by the range of voltnges wiich may be applied between
ench pair of plates, in this case 300 4 2 = 150 V.

A.C. VOLTAGE BETWEZ DEFLECTOR PLATES.

If ~n A.C. voltage is opplied between ~ny one pnir of deflector plates, or on
A.C. current —assed through a pair of deflector coils, the obscrver will secc
a stroight line of 1light on tae screcn.

This effect will be explnined by reference to Figure 24 showing nt "A" a front
view of the screcn with the tvo vertical deflector plates of =~n clectrostatic
tube.

Wave form of
A.Ce Volt

FIGURE 24.

The plates arc connected to » potentiometer (R) and Eattery (E) circuit in such
o way thnt the voltage betwecn them is zero when the sliding nrm of R 1s at the
centre point. As the arm is moved to the right the upper platc will tnke up o
positive pdential with respect to the bottom, and the spot will move from the
centrnl position up the screca. The farther the arm is moved from the centre
of R, the greater will be the PeD. betwecn the nlates, and thoerefore the greater
the spot movement.  Remcmber that the displacements of the spot is proportional
toc the voltage applied, sc that scual incrcascs in voltage will crusc-equal
displacemcnts of the screen.  kioving the sliding orm 6F R to the left will
reverse the pola#ity of the P.D. betwecn the platos, s0 that the lower one will
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become positive with respoect to the uppor. This will cnusc ~ dovmwnard move-
meat of the light spot on tho scrccen.

If nor tho sliding contact is moved nt o very rapid rate baciwards and forwerds,
the spot will perfeorm a corrcspondingly rapid movemont up and dom on the scrcen
and thopye will perceive » continuous and steady line of light. he persist-
ciice of vigion cffect anplicd here, as well as a persistence of fluorcsceuco,
vhorcby any point on the scrcen continues to glow for a short period after the
spot has passcd.

It should be noted that this backward and forward motion of the potentiomectoer
arm aprlicd an altcrnating voltage betweoen the deflector plates. If now the
circuit of Figurc 24 Zas is rcnlaced by sourcce of A.C. having a sinc-wave form,
the cffeet =111l be the snune czeept that the AdC. chnnges smoothly in the sino
wave shapc.

Referring to Figurc 24 (b) the voltages at O 6 and 12 arc zero and loave tho
spot in the ceatrnl position. The peak positive voltage at (3) produces the
maximum upward deflection, and the nock nogative voltnge at (9) produccs the

mazimum dovmward deflcction. Other positions of the spot, 1, 2, 4, 5, 7, &,
10, 11, +7ith the corrcsponding valucs of instantancous voltages ~rc shewn, as
it moves continucusly to fill in the solid 1line of lighte.

Observe the follewing points: (a) the thickncss of the line depends upon the
diamecter of thc spot, and this is dctermined the sharpness of focus.

(b) The distance travelled between (2) and (3) or (3) and (4) is less than
that botwoon (0) and (1) or (5) and (6)e  Since thesc roprosent cqual weriods
of time, it mecans thnt thc spood of travel of the spot is slower ncar the ends
of the line than ncar the centre. The effect of this will be that the line may
ap-car slightly brighter near the ends, than acar tho middle. The spot move-
mont is said to be mon-lincar, and this non-linearity is duc tc the fact that
the rate of change of current of sine wave form is not constaat, but is most
rapid ncar the points of zero current. (¢)  The length of the line is an
indication of the peak value of the A.C. If the deflection sensitivity of the
tube is known, the peak valuc of an unknown AeC. may be obtained by applying it
between a pnir of deflector plates and measuring the longth of the "trace", as
the line is cnlled.

OBTLIUING A LIVEAR TRACE.

For television purposes it is neccessary, as the student should realisc at this
stage, to swecy the spot across the screcn at A uniform rate in order to secure
correct scanning. Further, having mored the spot in.one direction, say left to
right, ncross the screcn, it is nocessary to return it to the left-hand side in
the snortest possible time. As we have seen, o sine-wave voltage will satisfy
neither of these conditions.

The type of A.C. voltage required for this "linear" swcep is that having a
Sav-tooth mve form (Figure 25).
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SAW.. TOOTH VOLTAGE
FIGURE 25.

Here the voltage rises from negative value at 4, at a uniform rate, to scme
moximum positive value at B. The voltage then returns, very rapidly to its
fermer value ~t C. This completes one cycle. The number of those cycles per
second is the freguency. The effect of a-plying such a voltage between, say,
the horizontal deflector plates, of A tube is shown in Figure 26. The spot will
move across the screen frem X
to X! at a uniform rate as the
voltage rises from & to B.

Thein as the voltage is suddenly
returned to its nsgative value
at C, the spot will ranidly
return to X, and the trace will
gommence again under the in-
1luence of the second cyclee

If the frequency is high enough
a continuous line of light will
apnear.

APPLICATIONS OF SAW-TOOTH
VOLTAGE .

Saw Tooth
{Generator

One Cycle of
40, Voltage.

Saw-tooth voltages are gener-
ated in special generator cir-
cuits, the operation of which
will be dealt with in detail in
a later lesson.

i
i

! ‘O
TIGURE 26.

We are interested here in the use of saw-tocth voltages ci the deflector plates
of cnthale ray tubes in twe main connections: (a) in oscilloscoves for obderving
wave forms of voltages under test and (b) for scanniag purposes in television
transmitter ond receiver.

I2 relatica to (a) above, the sw-tooth voltage is npplied between the

horizontal deflector plates, ~nd the unkncwn voltage (say the sine wave voltage)

between the vertical deflector nlates. When this is donc the spot will trace
T.7% F/3 ~ k.



out a gramaical representation (in this case tho woll-imowa sine curve) upon
taie scr Cle Further detnils of the oscillosconc circuits ~and o-erntica are
dealt with in o later lessoi.

Referring to (b) nbove, sup-cse it is required to scan, at the recelver, a

400 line micture, 25 nlcturus ner seccnds The line frcquency is 400 X 25 =

10,000 cycles wer seccad, this being the rate at "110; the shot must trace out

horizontal 1itioss A SQWhtooth generator - the horizcatnl scan generntor —-

ODurFuIAT at this frequency 10,000 cycles per second is counected between the
horizental deflector plates. Aunther sa—tooth generator of frequency 25 cycles

per second ("nlcturﬂ" or "frame" frequency) is np-lied between the vertical

vlates (Figure 27).
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Eoch cycle of the norizontal scan generator sweeps the snot across thwe screan
from left to right in l/lO 000 = ,0001 sec., and thca nlmost inst-atanecusly
returns it tc the left anand side, waea the aext cycle begins o second sweop, aad
SO Ol Simultanecusly Wiuﬂ tals nctic tnie verticnl scon geuerator is slowly
(comparatively) moving the spot in a vertical sodsc
dowa the screen. his resulte in the spot finishing
each horizontal line slightly below (a distance equal
to the width of the spot itself) the level at wiich
it commenced tine linc. As o counsequence the subse-
quent line will be adjacent +o, and sligntly below,
its oredecessor, as showa in Figure 28. It will be
obsefved nlso thnt this metliod of scaaning results ia
the lines being ot o small angle to the horizoat»l,
this peculinrity being due to thc contiauous down-
ward nmction produced by the saw-tooti veltage oa the
vertical nlates, which mction ncts simultanccously with
the horizoatal scaaning sweep. Suck angle, however,
ig immaterial, and is sc small ia the casc of 2 FIGURE 28,
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400 line scan as to be unacticeable.

After a timc equal to 1/25 sec. the vertical saw-tooth oscillator will have
moved the snot dowm thoe scrcen a distnace cqurl tc the picturc aeight. In this
time tho horizoatnl oseillator will have performed 10,000 X 1/25 (£ x ¢), =

400 cyclos, i.c. Y400 "lines" 7ill have bocn traced cut. At $his instant the
"frame" frequoncy saw=tooth voltage will suddenly f£nll to its minimum value, And
the spot will "switch" to the top left-land corncr of the screcn t- commence a
new scail

Consiler now thermanaer of reorcducing thc picturc. The picturc (videc) siganl
from the detector of the receiver is aprlied to the grid (or control cylinder)
of the tube. Thc grid potontisl, varioed at the signal frequency, rreoduces
corresrcnding chnnges in electron beem intonsity, and therefore in spot bright-
ness on the scrocn. This mothed of opernting the tube is universally used, aad
is ‘mown as "inteasity mecdulntion. So we have the snot of light coatinuously
travorsing the screen in the normel scaming manueyn widle At the same time its
brilliancy is varying in accordance with the light from the picture clements

At the transmitter. In this way, -assiming we -rovide menns for maintdining
correct synchronisation of tramsmitter and receiver scanning, » renmrcduction of
the origianl scene will appear on tie screcil The average brightaess of the
picture mny be adjusted by menns of the intensity control, shown in Figurce 27,
~hich adjusts tlio aegative bias on the grid. lirzinmunm shar-ness or clarity ian
the picturc is sccurcd by ndjustment to tho focus ceatrol which operntes on il
second ~nodc. If the picturc is not correctly ceatred or "framed" on the screen
mani-ulntion of the two "position" or "shift" controls (explained above) is
made.
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TELEVISION, FREQUENCY MODULATION & FACSIMILE COURSE
LESSON N0, 3

EXLMINATION QUESTIONS.

(1) Statc briefly the naturc of a cathode ray.

(2) A certoin twe-anodc electrostatic tube operatcs normally with 500 V
on the lst nnodc nnd 2,000 V on the sccond. If only 1500 V is avail-
able for the sccond anodc whnt voltage (approx.) should be applied to
the 1st anode?  What will bto the rosult if this rcadjustment to the
latter's potontinl is not made?

(3)  Ex-lnin bricfly the principles underlying focusing of (a) an clectro-
static tubc (b) and clectromasgnctic tubc.

(4) Whnt is meant by "deflection sensitivity" as ap-licd to an clectrostatic
tube? How is this proportyaffocted (if at all) by (a) incroasing
anecdes! voltages? (b) Increasing ncentive potential on contrel clectrode?

(5) State two advantages of the clectromagnetic type tube over the electro-
static.

(6) An clectrostatic tube hns a deflecticn scnsitivity of 0.25 mm/volte. The
spot ig adjusted tc be exnctly at the centre of the scrcen, thea the
following voltages arc applied in turn betwecen the horizontal deflection
platcs (a) a steady DeCe of 100V (b) * * LCe of ReM.S. valuc 100 V.
State in cach casc thc affect as scen on the scroeen.

(1) Give two reasons 7y sinc wave voltages (or currents) arc unsuitable
for television scaming purposcse

(8) A tubc has a horizontal deflection scnsitivity of 0.3 rm/V and o
vertical of 0.25 rm/volt.  Statc completcly the characteristics of the
two . voltages (waveferm, frequency, peak value) required to rroduce a
400 line picture 4" high, at 25 pictures per second, aspect ratio being
Sl (take 1" = 25 mm),

(9) What colourcd light is produced by Phosphors 1 to 5 cmploycd in cathodo
ray tubes?

(10) State briefly the purposc of tle following controls, mentioning the
electrode upon which they opcrateoi-
(a) TFocus control, (b) Intonsity control, (c) Vertical position (or
shift) control.
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ELECTROSIC SCAITEG ALD TELEVISION ELZOTROJ CALTRAS.

Haviag studied in the last lesson how & narrow electron besn may be forued,
focused, made to give out 1licht, and deflected at nractically eny desired sveed
*or scanuing mirnoges, ﬂLODODO now to derl witn ch¢lonmbntv of cathode-ray
tubes for nroducing t.:e eloctrical nicture signnl at the transsitters It should
be understood thot the tubes explained so far ars oaly uSqul for micture remnrod-
uction at the receiver. They nrovide weans ounly for oroducing o spot orf lirht
which may be novel in the ueunl scanniag faghion, and wilch may Dbe varied ia
intensity by the incoming 31tnﬁ1 to reproduce bthe varyiag lifats ond shades oF

the original nicture elements. They o not, hnowever, orovide rwans oo craating
an electrical siganl from the varying 1i?hts and shades of the scansed scenc A%
the tronzaitter. It is the wurvose of taig lessgom, thereiory, to deecrive uid

“Xpl in several types of tubes which have boen develioped to produce t.c nicwurc
ignal at tne tronswitter. A1l of these tubos mnlze usc ol focussed cloctron
rng and are n specinl development ol the ordinty crthode ray tubss. We obnl
cquently refer to all or tuaom by the gemeral tern "gectron Comeras'

m,_,
,g

TED FARJISTORT: CalERa.

This ingeuious device was the first tube d’v010ped to mal-e use ol the gro-t
~dvantnges of clectronic acrnnings It uight be mentioned here thot clectrounic

L=y
i

sconning ot the receoiver, lees the uso of thae ordin~ry cathode rmy tube, wni
put into oractice wail riecl nical methods were still relied upon at Tho Srons-
nitter. The Jmprovenent of victure¢ definition, by 1nuru1 ging the aumber oX
picturc lines, and thersfore the scraniags spceds, wns thus largely held vp
pending the applic~tion of sloetronic scrnning nt the trnsmittiag end.
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Figure 1. shows the Farnsworth Camera. At the left-hand end of the tube we
hewe o cothode in the form of a flat plate coated over its whole surface with

a photo sensitive material, such as coesium. Iight is focused,. by means of

a lens system onto this cathode, in much the same way as the lens fccuse{“g&.
ovtical 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. Taese
clectrons will be libernted proportionately to the amount of illuminntion‘at

any pointy The light image is thus conwerted into an "electron image" near

the surface of the cathode, the density, or concentration, of the clectrons
varying with the light and shade of the various parts of the picture.

Imnedintely the electrons are freed from the cathode by the action of light, they
are attracted up the tube by & hollow cylindrical anode, to which a positive pot-
ential is applicde.

If these libernted electrons were left to themselves they would diffuse, that is
clectrons in the regions where the density was high would svread out into the
less donse regioas, so that very quickly we wculd have an ordinnry photo-electric
current, of uniform electron deasity, flowing up the tubes If this occurred the
electron imnge would be lost, the electron curreat being simply proportional to
the average illumination of tiaec cathode.

To vrevent this diffusion of the liberated photo-electrons as they move up the
tube they arc subjected to a magnetic focusing field of the type used in ordinary
cathode-ray tubes for focusing . the beam. The result is that when the electrons
have reached the far eand of tae tube they are still concentrated in their criginal
densities as wien they were liberated from the cathode, i.e. the 'electrdh image"
has been retained. T.F.M & T 4/ 2



The magnotic Focussing ficld is produced by ~ coil of wirc wound arounc the

out side of the tubes Tais coil carries n stendy current. It ghould de aoted

hnt the ~ction of the focusing ficld is not to »roduce n concontrated beam

of clectroas as in an ordinary cathode-ray tube, but ratlier to form an clectron
image at the right-hand end of the tube from the clectroz image produced at the
cathode by the photo-clectric action. The function of tais focusing field might
be likeined to the focusdng effect of a lenms wherc used to project o light imnge
orn to a screcm, by controlling the diverging light wnves rcflected from an object.

At the far end of the tube is the collector electrode which is surrounded by a
screun except for a smnll hole which corresponds to the scanning aperturc. As o
cousequence, the collector will collect oaly those clectrons vhich pass through
the hole, i.e. only the electrons of one point of the electron imngc. o with
this arraugement the scamning aperture cannot be moved to scan the whole pleture
as 7ith the Wigkow disc). Instead the electron imnge is moved, as a whole, in
such o way that the electrons rassiag through the hole to the collector arec talzen
from the image in a succession of sc-nning lines. This is accomplished by two
sets of scanning ccils which act similarly to the deflscting coils of o cathode-
rny tube. One set of coils moves the electron imnge, bodily, in a horizomtal
direction at the "line" frequency whilc the other moves it vertically at the
slower picture or frome frequency. These deflections are, of course, obtained
by using saw-toothed currcats in the scoaning or deflector coils.

The useful output from the tube is tihc electron current flowing from the collector
clectrode., It +All be secn that this curreant veries in sympathy with tlhe varying
amounts of light reflected from different parts of the scene, as the scnuing
action vroceedss

The Farnsvorth Camera, sometimes called an "image disector", thus does away with
the difficulties of mechanical scanning, but its output in the form described

ig no greater than thot of the ordinary photo-tube. This draw-back wes overcome
by the use of the electron-multiplier described belows

HOW WEAX PICTURE SIGWAL OUTPUTS EAVE RESTRICTED TELIVISION.

The picture signal (video) current output from a vhoto-electric cell (or from the
Farasworth tube in its original form) is very minute ~- much smnller than the
audio output from a microphonc. It might be thought, ot first, that this posit-
ion could be rectified by using more amplifying stnges, or stages hnving greater
coine  The student probably, however, realises thnt it is imoossible to amplify
effectively, an extremely weal: signal. In the case of audio nmplification o very
wenir signal would be drowmed in "noise", no matter how great the overall gnin of

the amplifier might be.

This "noise" is due to two cousesi~ (a) the "shot" effect, due to irregulor
emission from the heated cathode of the amplifying tube, (b) the generntion of
irrogulor voltages across the resistor in the input eircuit of the tube, due to
continuous random motions of the electrons in it. Unless the sigual voltnge
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is considerably greater than these "noise" voltages very hnigh gein in the ampli-
fiers will be useless, for the latter will be amplified as well as tue signnl.

In the case of television signals the undesired voltages which are generated in
all amplifying circuvits will apvear 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 wiere dealing with television worl.

It will be apprecinted, then, that the photo-electric devices so far dealt wit.
are uselss unless the scene can be very brightly illuminnted. Such illumination
requires very specinl studio arrangements, ~nd the televisiig of outdoor scenes
would normally be impractical.

THE ELECTRQON MULTIPLIER. Path of high
- velocity electron
This device, first suggested in 1919, but Péths of emitted #

developed considerably by Dr. Zworykin aad
Farnswortl since that date, largely overcame
the difficulti€s associated with the amplii-
ication of the very wenk outputs from the
vhoto-electric devices. It is incorporated,
in various forms; in the very latest clectron
cameras to boost still further the extreme
seasitivity of these tubes. /7

"secondars;

" electrons, Iﬁ/

Various tyves of electron multipliers have

been developed to n high state of efficiency.

All types, however, operate on a common prine FIGURE 2,

ciple -- they all utilise the phenomenon kinown

as "secondary emission", whereby a single elec- SECONDARY EMISSION OF EIECTRONS.
tron striking a solid surface may liberate from

that surface a number of other electrons. Tuis

effect occurs, or teads to occur, at the anode of the ordinnry amplifying valve,
vhere, since it is undesirable, » suporessor grid is included to reduce it.

Oaly 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
ig the same 1w all casess This is illustrated in Figure 3, where we show a
type of photow-clectric tube intc which an electron~multiplier has been incormor-
ated betweea the photo-sensitive cathode and tliie collecting anode.

Light falling on tco the photo-scasitive cathode at the left hand-end of the tube
liberates a few electrons. A number of pairs of plates are arranged at intervals
down the tube, the upper plates P1,P3,P5, P7 being "staggered" witlh respect to

the lower omes P2,P4,P6 and P8. Gradually increasing poteatials arc apolied to

the pairs of plates as they go down the tube. The "photoelectrous thrown off

by the cathodc are first attracted towards plate Fl, but a strong magnetic field
applied across the tube deflects them on to plate P2. Thais plate is coated with

a substance which readily emits sccondary electrons, and ou impact of the electroas

T-an- & F.\L.L / )+.
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FIGURE

ELECTRON MULTIPLIER,

arriving from the cathode a large number arc emitted. These in turn are attracted
towards P3 but strike P4, due to the doflecting magnetic field. Here many more
"secondary" clectrons arc emittod, end so on wntil the aumber warich are finally
collected by the snode may be hundreds or thousands of times as grent as those
originnlly freced at the cnthode. Thus we have a comparitively large clectron
current flowing through the resistor R, across which correspcading voltage chrnges
appear. The latter are thoen fed to the external circuit and amplified further in
the usual we

he electron~multiplier is really an ammplifier, but it possesses the advantage

over ordin~nry thermionic tubec amplifiers in that extremely great ammlification may
be obtained with very little "anoise® or "masking" voltages. It will be noted that
there is no hot cathode to produce the "shot" effect, and no large resistors (as in
he input circuits of tube "umallners) across which randem voltages due to thcrmal
agitation would appear. Dr. dworykials

clectron multiplier gave aa nmplificat- f
icn of 5,000,000 — an extremely high ?

Signal
Currents

fizure. J

‘ -‘L la’u
The electrcn multivlier was introduced -~ Electron
into Farnsworthls camers to increase Multiplier C_J
its sensitivity. The multiplier was cn~ Structure 2y
closed in the shicld contnining the Lens

sinple collector eclectrode of Figure le /}\‘**~:::::: oo
The primary eleetren stresn was that en- &V
tering through $hp shield's aperture.

These electrons set up A series of sec—. Pg(s)lglve _ . .

oudary cmissions from a number of plates éoatln Scannlng
in a manner sirdlar to that described in IGURE 4. Aperture
connection with Figure 2. In this way A MODERN IMAGE DISSECTOR, TUBE

TeFlie & Fola/ 5.



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 INEFFICIENT USE OF AVAILABIE 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 lightespot. If the picture is gcanned at 25 pictures/sec, these

150,000 elements are swept by the spot in 5%— second, The time for which the spot

rémeine on any one element will therefore be Z%; — 150,000 second = 1
| 3,750,000

sec, Since the number of electrons emitted by a photo-scnsitive surface is affect-
ed hy 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), For the remainder of the
period, i.e. -%%g&g%%— of it, this particular element is remaining in darkness,

2
L somewhat similar state of affairs exists in the case of the image dissector,, If*
this device light from the entire scene illuminates the photo-sensitive surface,
but the light effectively usedi, 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, as before, only 1501000 th of the total number of photo-electrons
’

emitted during & scan period are utilised, the rest are wasted, It will be seen
therefore, that the theoretical efficiency of these devices is very low == only

I X 100 = ,0007% "
T5o}e0 A

STORAGE TYPE EIECTRON CAMERAS -- THE_"ICONOSCOPE'" AND EMITRON",

Rosing 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 achiev-
ed by Zworykin in America, in 1925, when he applied for his patent on the -~ = '-
"Toeonoscope", 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, TR & F.4 - 6,




Electron Beam

Photo Sensitive
Mosaic

Optical system —-»f Metal Back Plate

projecting picture
on to photo sensiti
mosaic, ,

First
Anode
Cathode

% Electron
. | Path L. Anode
kontrol * Terminal -
Electrode Signal Elcctrode
FIGURE 5.

AN TCONOSCOPE-EMITRON
TYPE OF TUBE.

An "Iconoscope-Bnitron" type camera is shown diagrammatically in Figure 5.

The tube contains an "electron-gzum™: and beam deflection coil as in an ordinary
cathode-ray tubes Electrostatic focusing, using twec anodes is used, the second
anode being a metallic coating on the inside walls of the tube, as showa in
Figure 5. The deflection of the beam for scemning purvoses is achieved electro-
magnetically, :by.-using ‘two  mairs of deflection coils outside the tube neck.
The image to be televised is focused on to a special nhoto-sensitive plate,
usually referred to as the mosaic, because of tae nature of its construction,
Gescribed below. A nhotograzh of an Iconosccpe is showa in Figure 6.

he mosaic consists of a thian sheet of mica, about'f-ﬁuﬁ—{hvlncn thick, and
measuring about 5" X 4",  The front side of t:is shéet, i.e. the side upon which
thae light image is focused 1is covered with millions of tiny globules of silver,
cach globule being coated with a tiain layer of photo-scnsitive cacsium. The
globules are isolated and insulated one from the other. The back of the mosaic
sheet is covered with a thin metallic donducting layer (the "signnl vlate®) to
which the wire band which conveys the clectrical signal to the external circuits,
is connected. Each silver globule may be regarded as the cnthode of o tiay photo-
electric cell, which emits electrons when light falls upon it. ho millions of
these tiny cells all have o common ccllector electrode, which is the seccnd nnode
of thec tube's electron gun. Electrons libernted from the mosaic drift back
townrds this seccond anode which collects and removes them. A simple explanation
of the operation of the tube is given in the succeeding paragraphise

ToF.le & F/4 om T
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at any
pointe
Each sil~
ver glob-
ule forms
e tiny
caprcity
with the
metnl sig-

FIGURE 6, aal plate,

4N TCONOSCOPE_TUEE ﬁgfnzliﬁe
dielectric. Thus the whole mosnic may be cosidered as consisting of millions of
tiny condensers, all of which have one common plate — the signnl plate on the
back of the mica. This idea is illustrated in Figure 7.

Iron laminations / \
§

The effect of the emission of elec- ) FIGURE 7.

trons from the globules will, there- SHOWING HOW EACH GLOBULE TOGETHER WITH
fore be to leave them positively SIGNAL PLATE AND MICA DIELECTRIC FORMS
cinrged (with respect to the signel A TINY CONDENSER. .

plote). Remembering that the amount Silyer Glo ules

of electron emission is proportional
to the light intensity of the mosaic

at nny woint, it will follow that the Capacity dﬁ; S '4b"T‘ ‘?f‘*‘ Mica
degree of chorge over the mosaic sur- EBffect ']TZT:Z ; ;ﬂ'irll;l*lr,‘//
face will vary with the light and Al 2 et el
shade.distribution of the light imnge

focused from the scene being televis- Signal

ed. We com therefore visunlisc the Plate b

light image building up an clectrical : -

imnge or pattern on the mosaic surface.

In the abscnce of sconning, this electricnl imhge would remain indefinitoly ir
the insulation of the mica were 100% perfect. It is for this reason thnt the
icoacscope is somctimes described as the "coathode-ray tube with o mcmory"l

Now let us see want happens whon the mosnic is scrnned. The scanuing, of course,
is carried out by the clectron beam which is fermed, focused, and deflected in

DTl & F/l4 — 8,



the normal scanning motion .just as described in the previous lessom.

Of course interlaced scanning is used, whereby the beam first scans every other
line, thus covering one complete "frame". The second frame scanaing fills in the
Iitos gnitted during the first frame. How interlaced scanning is achieved elec-
tronically will becxovlained in a later lesson, but Figure 8, will indicate aow the
electron besiz moves over the mosaic. Here 405 lines are used. he Dbeam, in the
first frame scans the heavy lines marked
1,8,3,4 ———= 2058 The 203rd line only
203travorsos half the screen, then the beam
2Q4i§ jerkedﬂback: and scans the othér half
122050L the 203rd line at the top of the

3 screen. The next frame is now corrmenc-
4 ing, and the dotted lines are scanaed,

/ filling in the gops left by the Tirst

/ frame. ote that each frame consgists of
/ 2023 lines - a total of 405 for the

—r

A whole picturc scan.

!
2011 / Both line and frame deflection of the
AOAT:ttTtHMHJ“““ e g, L] beann is achieved by magnetic coils
ZS%MV A s N 1 8% which are symbolised in Figure 5 (also

P - Q3 see Figure 6). If the picture frequency
RO T NS s S gl ¥ 25/sec. the frame scamiing frecucncy
will be 50/sec (2 frames per second)

-] ED SC NG .
.;NTERLAC SCANIING and the line scanning freguency will be
2023 X 50 = 10,125 c/sec.

As the scamming beam passes over any particular globule the positive charge

caused by the emission of electrons from the latter is instantly neutralised,

with a corresponding eloctron mévement "frem  the' back - signal plate through
the externnl resistor (sec Fis.5). This ourront will represent one part of the
"Picture signal" current, and its value will depend upon the amount of charge the
globule in guestica hnd ncquired, and therefore upon the light intensity reflected
from the corresponding point of tho scene. As the scanning benm pnsses over the
mosnic all the globules will be progressively discharged in®tura, and nence the
curreat output from the tube will vory according to the intensity of the charge

of 4the "electrical imnge" on the mosanic surfacc. ‘

Te olectrical nction imvolved in the foregoing exwlanation may be further elucid-
ated by rcfercnce to Figure 9.

Here a singlc globule on the mosnic surf~ce is renresented as the cnthode Pe of

a sanll commlote phroto-clectric cell P The anode of this cell, Pa, is the
collcctor clectron, i.c. the sccoad anode of the cnmera gun. C. reorescnts the
capncity cffect cxisting between globulc and the metal signal plate at the back

of the mosaic « Dight falling on the ohoto-sonsitive globule Pc emits clectrons
waich arc collected by Pa. This loaves the loft-hand plate of C positively
chnarged with respect to the right hand plate. Roemcmber that this charging action
is going on comparativoely slowly, for the wholc time, and the finnl charge roached

T.F.M. & F/4 . 9.
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depends upon the light intensity coming f 5% &y Bl S:annlgg

from thc particular point of the picturs . e
<y

scene in guestion. Waen the scouning beam
passes roplidly over the globule the pos-
itive charge on the left-hand plate of C
is instantly ncutralised, with » corrcspon-
¢ing electron movement - awny from tle
right-nand plate through Re  The Poltage
developed ncross R will tlus be proport-
ionmal to the intensity of the lighte.

é, To Amp,

R

FNMAA

FIGURE 9,

The important point to note is that, nltiaough the scanning bemm is acting upon
cnch elemont of the mosnic for oaly L (nssuming 150,000 picturc clements)
of the total scamning periocd (soy l/EEEn’ séc), the light is effective for the
w.iole of this scrnning period. As soon as the mosnic globule is discharged by
the beam passing over it, the light gets busy in storing up n chnrge on thnat
globule for the next l/25th second until the scoaning beanm returns agnin. Tor
this renson one would expect that thesc "stornge" type tubes would be 150,000
times as scunsitive as devices in wvhich no such stcorage ~ctica takes place. In
actunl oracticc the Iconcseope-Emitron ty, ¢ of tube is only 5% to 10% cfficicut,
i.0. only 5 - 10% of the wtput predictec from the above theory of operation is
actually renlised. ZEven so this gives a sensitivity from 7,500 to 15,000 timcs
as grent as that of the old systems.

WEY TEE STORAGE ACTION OF TEE ICC.JOSCOEE IS :TOT 100%.

The storage offeciency of this type of tube is comparatively low for scveral
reasoas: ?a) all of the clectrons cmittod by the light arc not collected nn
magy return to thie mosaic, (b) loss of globulo charge due to sccondary omission.

() Tac vhoto-sensitive globulos, togetier with the collector anode form very

incfficient photo-cells, bocouse tiac voltage differcace between thiom 1s only

soveral volts, waich dous not produce ~ oclectric ficld to draw off from the

mosaic all of the cmitted clectroas, i.c. the photo-omission is not saturated.

Tae result is similor to that walch would be obtained if an ordinary vphoto-tube

woere operated at a low collcctor ancde poteutial. £Of the clectrons cmitted from

the mosnic then, many will retyrn to it, and the globules will not be charged

to tlic extent they othervise might bee This factor roduces the scasitivity to a

factor of about 4 or 1/3rd.

The studeant might woender wiy there is nany potential difference at nll betrcen

the mosmic and tac collector (sccond nnodef, since no voltage is applicd betwecn

then from an externnal scurce. Tac mcshic tnites up o poteatial several volts

negative with respect to the second amode (which is at ground poteati=l) due to

the clectron bem coutimvally  impinging uwpon it. Considor the scAnning beam

in operation when no light ig folling uwnon thic mosnic. The latter will be collec-—

ting tiac clectrcus of the be~m, nad its charge as a whele will tond to go more

and more negative. But the high velocity electrons will imock secondnry clectrons

out of the surfrece nnd some of these will return to the collector. The mosaic.
T.7.i. &FM. 10,



in practice, is fouwnd to take up an equilibrium votential of several volts negative
woen, for every electron arriviag to it from the veam, ouze secoudery electiro:

leaves it. This mesns that the collector (second anode is several voits p031uive
with resmect to thle mosaic.

(b) Loss of effecteacy due to secondary electrons occurs thus. Zach beam electron
liberates, on tle averaﬂe about i or 5 secoadary electroas, and, as exnlained

under (a) ebove, most of these eventually return to the mosaic. At any moment,
taerefore, uuere will ez 1st a cloud of these electrons just outside the mosaic,
(Figure 10), forming a negative space-charge (etuilar $o tie gnace-cLarge surrouading

tlie cathode in an ordinary thermionic tube).
This negative somace ciuarge will tend to rewel,
vact to the mosalc paoto-electrons wiich are
emitted by tae light image, so retarding the Space charge
building up of the desired electric charge im- p Secondary
age. It is thought that this secondary elec- electrons.
tron effect reduces the tube seangitivity by

anotiher one-tiaird.

Beam electrons.

Thus, as a reg-lt oI ftae two factors discussed SPACE CHARGE DUE_TO SECONDARY

under (a) and (b) above it awpmears that the EMISSION, FIGURE
SpAQIbIVIuV of the iconoscope-emitron type camera would e aLO“t 1/9%ta | f”7 = Wiy 7!
or 1/12th (% X 1/3) of that which would De obtained if 100% "3tor agc” action were

achieved. In oractice a storage effecieucy ranging hetwesn H and lOp ig obtained.

"SPURIOUS" SIGUALS AUD "SEADILG! CORRECTTIEN,

g

- "

By these we mean electrical signal oubput from the tube wiich ig uobt due to the
ligat image. Spuriovs signals apvear in the oubtoput of ths tube even wiea no light

at all apsears ou tac mosaic, and are dve to tus secondary electroas falling back

on the mosaic in ah irregular, or nosuvaiform manacre We will not attewupt to

explain the details of how these spurious signals are gencrated, bul will simply
note thelr nature, end discuss wow they are compensated for.

If the mosalc were scaaned by the beam in tie absence of any 113nt upon it, the
electrical output, say measured in tiac plate
circuit of one of the transmitter's video

Thite anplifiers, snould be a D.C, represented by a
straight line in Figure 11 at (a) {i.e. mno

Black T AC. signal). Iastead, however, it is found,

due to toe uwadesirable action of tae secondary

- electrons that, during the scanninz of one

(a) line, ths current output varies as shom at

White (b)s Tote that therc is o curve or "bead! in

the grapi of the curreont, as well as o gradval

i upward "tilt" as the scanuing nrocecds from

Black left to right. 4 similar cffect occurs as

e the scamning beanm moves Iraa the ton of the

FIGéE% scresn towards t:c bottam at.frame frogueacy.

Y Since the effect of more light nomally pw
S

the @
duces an in ¢ ia current, tie c¢ffect of

T.F.H. & Ffh - 11,



those undersired sigials would be to produce a shadinz on the recciver scenc,
vhaereby the right-hand side of the picture is lightsr thasn the left and the bottam
of thie sceine is lijhter than the tows Wien an ad.unl gcene is scenned the real
video signnl will be superimposed uwon this spurious siganal as siowa at g 9%
Figure 12« Here we have shown tae output for tiuree sconmned lincs.

These "bend" and "ilt" spurious sig-
nals are compensated for in nractice,
at the transaitter by generntiag equal
and Montosite" signals (scc Fig. 12Db)
in specinl "bend" ~nd "tilt" gencrat- (a)--+
ors, ~xd wixiag these witn the cnmerals

oatput. One prir of "bond" nnd "eilt

1
3
|
|
penerators is necessary for the line (b)
cexmaction, and rnother pair for the | et =1 o
frauae correction. The result obtrined i - j i
for liac "an~ding! correction, nsg it ! 1y ] gl .
ig cnlled is suown at "' iz Fig. 12. (e) ?“A%NVW(M&*M“UwaﬂgﬁuNhAmuﬂzx#\/
-‘—E __________ i RS d 1 i

!
It vill be woted thnt the crmera also i i
genorates n large amplitude sigael : f
in the interval between the cud of one (d) quaA@,vth$44valp]ny
line ~nd thc beginning of the next (i.c. {
waerc the beam is ropidly returning E
from the right-inad cdge of the screen !
to the left)s This gyurious eiznal (&)
would overlond thc amplificrs, nnd is
therefore sunpressed, by neans of spec—
inl circuits. Thc rcsult is now &

,___m_“~§:;—__-,

<
e
g
i

L OWIl
Ao {a) Bizs 2. Tt #ill e woeted that
a tinc-iaterval gop r?mnins botween . FIGURE 12,

succcssive scraning lines. Tais gop is N W

made use of For carrying syachronising

voltnge pulses, saowa inserted ~t (e)

(Fig.12). These ~re siow as sharp negntive surzes of voltnge, nnd when scparnted
froo tlic rost of the signal in the receiver, arc used to ansure that the lattorts
line seoaning sam-tooth gonerantor sceps in stop witl thnat at the trrasaitter.

It might be meationed here tunt cdditioanl voltage pulses arc ianscrted ot the cad
of ecach frong, for thoe murposc of synchronising the receiver frame scvming
saw-too0th gonerator with that of the trengrittor's oclectroa cruacra.

A=

-

GZ ICQ.0SCOPE SUPER.- 5.:I1TRO., TYPE CALE

~

Tcse arc similar cameras, the one beoiang a developacnt of tho Amcricrn Iconoscope,
aad tac other ~ developmont of the Hpitron in England.

The operntion of this tyne of tube combincs that of the Faransworth Imnge Dissec—
tor and tho Iconoscone (or Dmitron). Tho scnsitivity is about 10 times that of
the latter tywe tubes.



Referring to the dingrnm of Figure 13, a lens system focuses the light image on
to a traansnrrent photo-electric cataode Pc. This emits electroas, proportioaal
4o tae 11"Ht 1nten51tv at any woint, from its rear surface, thus forming an elect-
ron image as explnined in
connection with the vlage
di ssectbr,: e ge
: 5 . eritted electrons are accel-
: ' erated up the tube Ty an
anode, tnl-iug the form of
conducting coating ou tie
ingide surface of tne tube,
and maintained at a high
positive motentinl (5007)
with resmect to tue photo-
cathode. The iron-clad mng-
netic coil C. produces a
maginetic field witiin the
tube, aad thisg Iocu el iRs:
electron streams, thus pro-
jecting the electron image
on to the "mosaic" or screen
M. This is not photo-
seasitive, nnd is not really
FIGURE 13. a mosaic at all, but simply

a sheet of iasulating mice
THE THAGE ICONOSGOPE, Bl o b ST

.
When the photo-electrons from Pc impinge on the mosaic gfag?éh velocity they releasc
a larger number (nbout 5 times as large) of secondn v electrons. These latter nre
raw Awny to the anode, waich is extended around the walls of the buld. Thus tie
mosricls surface is pos1t1vely caarged, in A pattern similor to that of the origin-
al light image. Hote t“nt the c“urgu dls ribution on the mosaic surface connot
"sprend” and wi-e out tae "charge imnge" because the surface is ~ good insulator.

The tube has nn exbtension coutaining an electron~-gun and deflector ceils, which
produces Aan electron beam, just as in the iconoscope, which scans the rosnic. The
action from now ou is similar to the enrlier type tubes. The electrons in the
beam mrogressively dischargestine various sectioans or elements of the mosaic, thus
causing current imptlses in the circuit coanected to the signnl plate (sp).

T:ze gnin in sensitivity over the older tymne tubes is due to two fnctors. Firstly

a powerful field is r~wvnilable (ROOV) to craw all of the electroans emitted by
photo-electric action Aaway from the cathode. Secondly aun electron multiplier effect
occurs at tlhe iosnic screen. A single photo electron from the catiaode impinging
upo: tiuis screex causes that particular point to loose, soy 5, secondnry electrons-
A net loss of U electrons. Remen bering th~t ~ loss of electrons means & positive
charge it will be seen that the crarge distribution on the screen, correspoading
to the image, will be much stronger tian in the cose of tie Iconoscope or Emitron.

An additionnl advantage gnined by tids type of tube is that the ohoto-catliode, upcn
waich the lisght image is focused: is quite close to the end of the tube, wiere a

T.7.M, & 74 _1°



grouad glass window (W) Fig. 13 is provided. This allows leas:* of szort Tocal
length to be used. Thus it has beenr Tound possible to adopt miaiature comera
techmique, using the dga gquality leasss specially developed for small comeras.
The tube is also warticularly suitable for outdoor telepnoto work becouse of its
Migh sensitivity, and also becanmse of the fact that high quality televioto leas
cnn be obtained to suit it.

The Imnge Iconosconme (aad Saper Emitron) also produce spurious "$ilt" and "bend"
signnls described earlier, tlhiese beiug dre, as in the case of tiie Iconoscone, to
canving bear. The studeut shouvld take ceare ot o
confuse tids secondary emission witl. thnt coused by the "electron imnage" electrons
falling on the mosaic. Tae latter is advantageous, siince, as explaiued, it results
in an increase in sensitivity, due to the electron mulkiplication effect.

=5 ORTEICO..OSCOPE.

Details of the Orthiconoscope (Orthicom for short) were relensed esrly in 1939.
Tie tube, unlike the Iconoscope, uns a "stornge offeciency® of 100%, i.e. full
advaatnge is token of storing the effect of the lignt by building up the caarge on
the mosaic during the whole scauning period. Furiliermore, siuce no secondanry eniss-
i0a occurs in %the new tube it oroduces uno swerious signals. The sensitivity is from
10 to 20 tines ns great as t.e Iconoscope.

=

4 schienbic diagram of nn ortiicon is showa in Figure 1.

. : . ; Transparent
Coil pro@gp%gglgx1al magnetic i dhvoag T W s

\

Lens
Electron (=UE
gun Objec
Imagemg; ﬁosaic
‘. Scanning beam hits mosaic
Collecta ‘ i e > perpendicularly
electrode gffd -
; Signal output
/
——
Horizontal deflee-~ Vertidal deflecting
ting platss, coils,

FIGURE 14,
DIAGRAM OF ORTHICON.
The secret of the success of thls tube is that secondary emigsion at the mosaic isg
avoided by using an electron scanaing besnn which strikes the former at very low
velocity. This low velocity benm is aciieved thus:- nn electron beam is oroduced,

Tl & T < 1l
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in the usunl manner, by the electron gun, shown at the left of Figure 14 Im tes
gun the anode is at n high potential in respect to the catlode. Heiice as the eloc—
trons leave the gun's amerture they anave a fairly high velocity. Adter they lenve
the gua, Lowever, and as they onss up the tube towards tle target screen, or wmosaic,
tle electrons are coutimunlly decelerated, or slowed down, to a low velocity. Thoe
reason for this is thnt tle screen itself is nt cathode potential; nence between
the screci and tie finnl anode of the gun tiere exists A electrosgtntic field wiicl
is contimually acting againgt the electroa strenm.

This state of affairs

is illustrnted in Fig. _ Accglerating y X
15. Waen the screen ov ‘fleld i ¥ 10w Retarding fleld ov

is at zero (or cathode)
potential tie elcct-
rousg in the scomuiag
benn will be stopped
just ian front of the
screen, Taey will

plRes BUan Dack fTd
will be fimally coll-
ected, nnd removed Y
a specinl collector
electrodc sao0¥it As a FIGURE 15.

I1at rectrngular plate

near the electron gun

(Fig. 14). Tnus, whex no light falls on the screen the latter collects no electroas

Electron beam

e T e e T

Roturn beam | |00
Electron speed continuallyl|
decreasing. ) :

The screen or mostic itself is ~ trousparent plate upon whose outer surface the
ligat inage is focuseds: The inner surface of the screen is pnoto-sensitive, ~and
emits electrons vroportionately to the light intensity at the various poiants on
its surface. Hence, as in the iconoscope, an electric currge image is built up.
Tote tirt tle charges o t1is surface are positive, since electroms hove been lost
from £t by whoto-emlssion.

Tne scanaing beam s made to scrin the screen line by line, freaume by frame. Waen
the bemui encounters nn area waich is "black!, i.e. no light, it is turned bnck

as described above, aud the screen collects no clectrong., ~When an illuminnted area
is encountered, however, taig aren will be slighatly positive, ~nd electrons from
the beam will be collected, surficient to meutrnlise the chrarge. Then this occurs

s number of electrons -will ‘now move - awny from tie siganl plate to the exteraal
circuit. This curreat will represent the siganl for thnt »marticular siganl &rea.

4

The grenter the light iutensity on any point, the grenter will be the electric
charge oroduced, o~nd Zeuce tlie grenter the number of electrons collected from tie
bewun, and the greater the signnl curreat.

Since there is o gecondary emlssion from tls screen no svurious ciganrls are »rod-
wced, and no hindrance s encountered by the photo-electrons (due to the 1Light) im
leaving the surface. Purtiermore a powerful field draviag off the emitted photo-
electrons is available- (about 100V) Dbetween tle screen and the collecting electrode.
(Rerember that in the case of thae iconoscone type tube tiis field was only several

TLF.E. &Th - V5



volts, and'asuf“”icient to remove all the electrons released from the mosaic).

These two factors account for the substomtial increase in sensitivitys

In the development of this tube it was found that great difficulties were encount-
ered in focusingi a low velocwy beam when the latier was being continually deflect-
ed for scanning murposes. Tae chief of these was that the beam became de-focused
when deflected to any point not near the centre of the screen. Fow in an ordinary
cathode ray tube, as in theiconoscope etc, the beam is rarely il ever, striking the
screen perﬂpe.ldlculg,: e It was found that if the beam could be made always to fall
on the screen in a perpendicular mamer, despite the fact thnt 1t was being contin.
ually deflected, then node=focutsing occured.

For these reagons a special mcthod of beam deflection, for scauning purposes 1s
employed. A coil wound around the waocle lengtin of the tube nrodiuces a magnetic
field parallel to the tube itself. This coil focusscs the beam, and grides all
clectrons in paralleéli paths perpendicular to tie screen (see mngastic focusdhgy,
lesson 3)e TFor Zorizontal or line deflection a pnir of eclectrostatic vlates nre
used. Tote, however, that thc beria is only deflected while between ti

Undeflected Beam parallel Fi

beam to undeflected beam ‘
/. Diverging

Beam deflected / be am
sideways L —— y 7
._‘_ J’ / —-.—-._s—‘—— —d +
a8 " AN
~N / i / /
' Magnetic AV \z Behm def]
== e ld, Pty / ted downs.
//'f /"v; ’fj I / /
Electrostatic Deflection ' Ordinary Elec':trostatic
in Magnetic Field. Deflection
(a) (b)

FIGUEE 16,

after emerging from them the powerfuvl magnetic field cnuses the electron beam

to travel parallel to the tube agoin. The nature of this deflection is showm

in Mg. 16(a). As a result of the powerful azial magnetic field combining with
the electrostatic field of tihe plates A peculiar effect occurs. Iastead of the beam
being doflected in a le‘P(‘thl’l gerrendiculnr to the plates, it is deflected oarall-
el to theme Fipnwra 16(h) shows ordinnaty olectiostatic dnflactica, [lor compari son
TN UNRES Se
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Ia this woy the besm can be deflect
always stizes it in a perpendicula

and yet

jeds

ed rignt across the screen, it

IANIGET e

The verticel deflection for frame scanming is brought about by a pair of magaetic
coils waich produce a vertical field ncross, or treasverse to, tne tube (Fig.1ld).
Eere also tle beom is deflected only while possing between these coils, and after
smergiag fran them rioves pbrpe“dlcul v to the screen, as shown in Fig. 1l

Here the deflection occurs in two fields acting at rignt nngles to sach otler,
and the deflection is found to be in ~ direction marnllel to the lines of force
of the deflecting field. (Remember thnt, normnlly, mangnetic deflection is at
right-ansles to the mazaetic deflecting ileld.)

TEE IMAGE ORTZICOL.

and is = development of the ordinnry

Tais 1s o very receut type of electron camera

orthicon., The image orthicon separates the functions of coaverting a light image
into aa electricnl imnge, aud of scanuning the image. 3Bgeause of this division of
Tuactions each ¢ oponen 2t con be designed for maximum performence, thus obteining
a high degree of sensitivity.

Mgure 17 shows A somewhat simplified schematic diagram. The imnge is focugui
on to n transwnrent vhoto sensitive surface which emits electrons from its inner
surface, thus forming an electron imnge a#-in the case of the Image Iconoscope and

Wall coating

CF (+180V) e
-8 Photo
Electron Multiplier , o
(150+V) PR, O Eipetron | ji SORCE IO
X Image - Surface
" Return Beam . - e o . L (1500
G il '1 ."“".* > \ = : - = = A N P f‘. "/‘ i -
Y e “~Scanning Beam 2,_:: A
Cathode | | 5m- ~ —1— - £~ W S
(oV) R ", 3 2 e = -
44 i)
+150V " /Secondary
/ Emission
i‘"’"' ""'} L
Qutput ”F”

Farnsworth Image Ihssector.

FIGURE_17.

\“Target'Screen (ov)

Referring to Figure 17, the phdto-sensitive surface

is at 2 potential of -150V, while ~ wall coating further up the tube is at — 180V.
he target

This provides a field walch nccelerates the

emitted electrons townrds
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screen. The eclectron image is focu&;édi'&y means of o wmAagaetic field due to

coils Ci. Thc photo-electrons of the electron image impinge uvon the target screecz,
and eaclh one Gislodges from the latter several clectroms by secondary emission,
tavs leaviig tae surface with a positive canrge. In tzds way the rigat-hond side
of the screeir is covered with positive ciharges forwing an electric caarge image

ag described in the case of the immge iconoscope.

Wow :he target screem is o very thin semi-conductor, being a glass plate.001 inclh™™
thick. The ccuductivity of this plate is sufficient for the positive cuarges 3
formed vpon the rigat-hand surface to seep through in the time required to scan

one picture (say 1/25th sec.), tims charging the left-hand surface with o similar
charge (positive) distribution (or image). The conductivity over tie gurface,
however, is not sufficient for the cliarges to spresd apovreciably in this time ond
wipe out theiimage.

e scanning beam is formed in the couventional manmer. As in the ordiaary ortni-
con coils CF provide a focusimgs mngaetic field waich extends over rractically the
whole path of the electrons. The result is as wreviously described, viz. the beam
ig only deflected witile in the transverse (i.c. across the tube) field due to the
deflector coils CDy and after leaving the latter travels perpeundicularly %o the
target screen, thus avoiding “de~fagusings Two sets of deflector coils - one set
for norizontal line scamning are provided — nlthough one set only is shown.

As in the case of the ordinary orthi-
con a low velocity beam is used, due
to thie fact thnt the target screen
is at zero or cathode potential
(when no image is received). As
A explnined earlier, in this condition
0 _— the beam will come to 2 halt just
(a) No image output, before the screen and then will tura
- bac, alwost exactly retracing its

original patih. Instend of returaisg
//ﬂ\\v/” . ‘\\\//f“\ to the anode of tie electroa gua,
Value s \\\\ \ however, it will be attrocted to the
of C)L“”/’ S W L T 1Y more positive plates of the slectron
Screen (b) Variation of Charge along a rmultiplier. Thus, when no light
Charge. line, image falls on the tube, tle oulput
current is & steady D.C. equal to

it alu rent,

SR UL AR A — e
When a light imnge is received elec-
tric charges are produced on the
screen surface, the sizes of the
FIGURE 18, charges varying with the 1ligzht ianten-
sity At the various points. 4t (b)
in Fig. 18 is shown the charge varintion along one scanning line. As the beam scang
Lig line not nll of the beam electrons will be reflected back fram the screen,
but the latter will collect sufficient to neutralise the positive ciarges on its

(¢) Signal output.

A, T.F.i. & F/4 - 18.



gurface. Hence the return beam current will egual the forward beam curre:t less
those electrons collected. The return beam curreut will therefore decrease in
value waien the screen vositive charge image is intense, i.e. when the light from
the scene is intense ead vice versa. Tais returi besm curreat is shown at (c)

in Figure 18, It is this return current, collected by the electron multivlier
near the gun, which forms the signal. XNote that the electrical signal output is
an inverted or negative one, unlite that of other tubes. The electron multiplicr
produces an amplification of the signal currcnt of several hundrods of times.

The charge imaze on the target plate is built up for the vaole time between succ-
essive scans, and since all photo-electrons are utilised 100% storage efficicncy

is obtained. The socondary emission effect from the target screcn gives a further
gain, as of course does the electron multivlier. Thosc facts, together with the
one mentioned earlier, that each component can be scparately designed for naximum
efficicncy resulte ia an cxtrcomely sonsitive camera. It is claimed that the

sensit vity oxcceds that of a 35 mm super XX cinema film —- which means thet

scenes may be televised with the most adverse conditions of ligliting.

CA RA CONTROL APPARATUS.

Ha ng roviewed the various types of electron cameras which have been developed

to roducs the picturc signal, we shall conclude this lesson by a bricf description
of he circuits vaich are closely associated with the camera itself, and of tae

ca ra control apparatus.

Pi re 19 shows a typical sct-ups

Th first gtages of the amplifiers are built into the camera itself. Fig. 20

gh s an Boitron Camera with Tour stages of amplification built in. Tae sigaal
ig Jhen fed to the so-celled "AY amplifier. It ig into this stege that the
"shoding" signals, from the special generators shown, are fed to correct for the
spurious ":ilt" and "bond" signals. Of course with the later typc cameras, such
as the Imnze Iconoscope, Orthicon and Image Orthicon, thesc geucrators are ot

roquired, since 2o such uwndesired distortion occurs it tho camera output.

A number of camercs, of vhich twe arc shown may be used. The difierent comera
may be focused on different parts of an outdoor event, such as a cricket mab
and the oper~for cni, at will, fade one picturc into another by weans of the
fading coatrol ghovil ’

S
ci,

The "B and "C" Amplifioers ~re video amplifiers, the former having a variable
gaiie

The "Suvpnwression generator" provides voltage pulses, at line scauming frequency,
and, these fed into the swonression mixer, blockk out the spurious signals formed
between guccegsive scaaning lines.

The sync. generators provide the syndéhronising voltage pulses, which are fed
into the signal, between successive scanning lines and successive scanning fromes.
These pulses wartially fill the gaps left after suporessing the spurious siguals
climinnted in the orovious stage.

T.Fie & F/4 - 19,
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The final signals are taizen, by means of specisl lines, or links (described next
lesson) to the transmitter and monitoring units.

‘Generator Generators
L i

1, p— s 3 .
The camera scanning generators provide the line and frame frequency saw-tootlh voltages
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(or currents) which deflect the camera
beam for interlaced scanining purposes.
Here the framefrequeucy is 50/sec, giving
a picture frequency of 25/seci (remewber
two fremes per picture with iaterlaced
scaming.) The line frequency is, with
405 lines equal to 405 X 25 = 10,125/sec.

All of the generators used are fed from
a single master oscillator, in order to
ehsure correct syachronisation. This
master oascillator is "locked" to the
frequeacy of the vower mains (50c/sec).

The signals in the various stages of
ke equipment are shown by their wave-
form grapis.

In the next lesson we will follow the
passage of the video signals tharough
tlie transmitter.

FIGURE 20,
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F, IESSON NO, 4,

INATION QUESTIONS.
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" Why are the current impulses from a photo-electric cell so very weak when

used as a source of picture signal?

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

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

Describe the nature of the mosaic in an iconoscope tube,

What is meant when it is said that the "storage" efficiency of the
iconoscope is between 5 and 1072

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

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

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

State three reasons for the great sensitivity of the Imege Orthicon tube,

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

TCFM & Ft 4- b 22.
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T,F.M, & F, LESSON NO, 5,

Lt

VIDEQ 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 nccessary

to reproduce the desired sound when passed through the appropriate repr-ducing
device, vizt the loudspeaker.

In the case of the vision side of televisicon transmission, it is the "vidco"
signal (Latin - Video = I see) which corresponds to, or is analogous tc, the
audio signal of sound transmission. This video signal is not itself visible,
being also a varying clectric current or voltage whose frequency and wave form
are such that when passed into the television receiver reproducer, the cathode
ray tube, it re-creates a visible picture or scene,

If we consider carefully a complete sound transmission and reception system we

the circuits, Referring to Figure (1) (a) the signal voltages are generated

by the microphone, and persists throughout the amplifying circuits to the moduleted
;emp, . These are the audio amplifying stages of the transmitter, Once passed
into the med, aemp, 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 reapnear again in the rcceiver.

This re-zppéarance takes place inor 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
vransmitter stages to the modulator, where it "modulatea" a much higher (radio)
freguency signal,

T.M&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 () Fig.l

/4/7’\//
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(b) Simplified Vision Transmission
Sxsten. FIGURE 1,

This lesson, then, will deal with the nroblems associated with those stages be tween
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 Ntelevision" 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 hend side of the picture to thc 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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THE _FREQUENCY OF THE VIDEO SIGNAL.

We shall firet 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 clements, 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 thc number of picturc elements
per second wass-

Number of Picture Elements per sec., = (No, of Linos)2 X Picture Frequency
X Aspect Ratio X iz;_

&
4

This formula, however, does not give the freguency, measured in eycles/see,,
of the camera output current, The reason why this i3 so may be understood by
referring tc Figure 3. i =T B

Here we suoposc the scanning beam is scanning :
a line consisting of a number of al*ernate ) st 10N b

i e 2 : - o * 1
black and white squares, each agugre element L-~*—Mf~>. ScaAnlqg ]

being equal to the size of the spot. This will ";#1”"“—" Spét
represent a pattern giving the greatest amount i
of picturc detail, since, as we havc alreedy Thite P | i 3 )
seen, (Lesson 2), picturc elements which are A f At //”\\<’//{Illuminatjw
smaller than the scanning spot cannot be re- Bilagic PN \/ /|
produced as separate details, P ;

Max. N |/ Video
As the leading edge of the scanning beam passes - t || Camera
from the beginning of the line onto the first ‘ Current
black spot the reflected illumination from } 1
the spot will be gradually decreasing. The
video current will therefore decrcase from FIGURE 3
some maximum value to a minimum (from (a) to  gHOWING HOW THE SCANNING BEAM GIVES
(b)). RISE TO A FREQUENCY OF HALF THE NUM=
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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 veluc agein at (c¢). Note carefully two
factss (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 threec complcte
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 picturc 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)2>X Picture Freg. X Aspect Ratio X 7
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 —L. was a figure arrived at by theoretical considerations, end

practical experiménts, to account for the foect that some picture clements 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 cese. In other words the scanning
speed, and thcrefore the rate of repetition of picture elements (and cycles in
the video current) will be increased by l%% times. Hence the corrected formula

for videoo frequency isi-

Video Frequency

(No,of lines)2 X Picture Freq. X Aspect Ratio X _7_ X _100
P 10 8

(No.of lines)2 X Pieture Freg, X Aspect Ratio X _7_ C/Sec.
17

Taking an actual case, consider scanning of 525 lines, 30 picture per second,

T.FM & F,5 = 4,




aspect ratio being ~é%

7
Video Frequency = (525)2 : ol (11 ’%’ X T7~ = 4,500,000 C/sec. (approx.)
i,e. a frequency of 4.5 megacycles/sec,

This figure represents approximately the highest video fregquency dealt with in
the standard equipment for black and white reproduction at present in use in
America.

In England, at present, where a total of 405 lines are used, with a picture
frequency of 25/sec, and an aspect ratio of aﬁﬁ, 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 picturc, no
matter how much detail the picture might contein, It is a freguency which
2llows a horizontel resolution or definition equal to the vértical resolution
or definition., It represents the most severe requircments,

Horizontal or ey Vertical or
=3 E ol
Line Scanning Frame
| Scanning

4

s st it

FIGURE 4, FIGURE 5,

If we were to trensmit a simple picture having no fine detail and no sharp out-
lines from black to white or vice versa, we would not come anywhere near this
maximum or "limiting" frequency. The changes in currcnt brought about by the
changes in light while scanning across the picture would be comparatively
gradual, and gradual changes of current are cquivalent 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 thesc 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 equivelent to a much higher frequency.,
We could say that in the average type of picture the frequencics 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, & F/ 5 - 5,



picture consisted of no changes in light and shade =t 2ll, 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 erce the camera produces

a sudden rise in current, and every time it lecves the area a corresponding fall,
This reoresents one cycle (one rise nnd one fall) in output current, and occurs
at the line frequency, say 10,125 cycles per second for 405 lines, 25 pictures
per second. This is, of course, by no means a very low video signal, But in
addition to the line scanning we have the verticel frame scanning, see Figure 5,
Wien the beam passes on to the frame at the top of the picture a sudden rige in
camera currcht occurs, with a sudden drop when the beem leaves the frame To sec.

later (with interlaced scanning). Hence the cemers output will contain a frequency
of 50 cycles/secc.

Now it is important that the video amplifiers be =ble to handle =& 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
pioturc frequency. The necessity for this low frequency will be seen if a picture
containing e gradual increase (or decrease) in shnding from top te bottom is consid-
ered, To reproduce a complete picture contcining this gradual shading (as well os

the super-imposed detail) it will be necessery for the anplifiers to handle effect-
ively a frequency equal to the rate of repetition of the pictures, vizs 25 per second.,

Our video frequency, then, will range from 25 cycles/sec, to betwesn 2 and 4 megoe
cycles/sec. Compare this with the usual renge of audio frequencies, from about 100
cycles/sec to, say, 7,500 cycles/sec. at the most, It is immediately obvious thet
a video smplifier must be much more carefully designed than its counterpart - the
audio amplifier,

REQUIREMENTS OF A VIDEO AMPLIFIER.

The video amplifying steges of a television transmitter or receiver must satisfy the
following conditionss=

(a) Amplify equally well all signals whose frecuencies extend over the video
range, In other words there must be no veriation in gain with frequency,

(b) 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 emounts of time,
The idea of "phase" and the menning of pheso shift and phase distortion

will be discussed a little later in the lesson,

WHAT TYPE OF AMPLIFIER?

It will be recalled that several methods of inter-stage coupling are used in eudio
amplification work, Trese ares- (o) Choke Cepacity (Impedance)Coupling, (b) Trons-
former 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 "flat"'response 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 frecuency
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 inductence
of the choke, A somewhat similar result is obtained when using transformer
coupling. Ficure 6 shows a typical amplificat-on curve (gain plotted against
frequency) for a transformer coupled amplifier, Using triode tubes, a fairly
flat curve may be obtained over a limited renge for audio work., In the graph
shown the useful part of the range is from zabout 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,

Remembering that we require equal amplification for 21l frequencies over a range
from 25 cycles/sec up to about 30 pe—ym—r- r - : YT
500,000 cycles/sec, it will be [N LIS |
- (an ‘ NN e D Q1)
realised just how far short of 25 i i 1L LAl
our requirements this typs of i X,ﬂ
1 it i.l"‘

amplifier coupling falls, 20 ‘_{E;;?{AA j ;:;~ s
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For wide-range amplification
we must devend on the resis-
tance-capacity coupled
amolifier. The merit of this
type of amplifier lies in the : |
fact that the value, measured PR WAL R N
in ohms, of a pure resistance 10 100 - «1,000 e 10,000
does not vary with frequency. FREQUENG%@EURE'é Cycles/sec.

Amplification

CHARACTERISTICS OF RESISTANCE-CAPACITY COUPTED ALPLIFIERS.

The essentials of a voltage amplifier, with the necessary resistor and cavacity
for developing the signal voltage, and passing the latter on to the next stage
is shown in Figure 7.

The load resistor Ry, in the plate circuit develoos, or builds up, the A.C. signal
voltage, and the coupling condenser Cc passes the latter to the grid of the next
tube. The grester the value of Ry, the larger will be the output voltage from
the stage, that is the greater the gain.

The voltags gain (G) from such a stage is usually calculated from formula (1)
below, when a triode tube is used.

G = Amplification Factor X Load Resistance (1)
Plate Resistance + Load Resistance

When a pentode valwd is used a more useful formula is:z-

G = Mutual Conductance X Load Resistcnee (€)=
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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 seem there-
fore that such an
amplifier would
amplify signals of
all frequencies eg-
ually well; and,

in point of fact,
the registance=-
capacity amplifier
does have a very
flat amplification
curve over a much
greater frequency
range than cen be
handled by stages
using other coupling
arrangements., A
"frequency response"
curve (i.e.

RL

. ANV

FIGURE 7.
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graph showing variation of gain, or amplification, with frequeney) is

showm, fcr e 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
to .& muéh higher
freguency, compared
with the former case,
The curve of Figure

g is drawn for a

OOtypical audio voltage

amplifier == a 6 J 7

operating with a .25
meg, plate load
resistor. Note that

the response is "flat"

range of frequencies from about 200 cyeles/sec up to 30,000 cycles/sec. At

T.FM & F/5 - 8,



100,000 cycles (100 Ke/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 adequatc for audio~-amplification
work, but hopclessly inadequate for videco amplification, wherc 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 separatecly.

THE _HIGH FREQUENCY RESPONSE.

The formulae(l) and (2) given ebove are accurate for the middle frequencics 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 resactance of "stray" capac-
ities, with the result that the total impedance in the platc circuit may be very

much less than the actual value of the resistor iteelf. When this occurs, we should
repliace 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:igure 9, where
the—latter is repreésented by Ry.
The "stray" capacities whose
total effect is represcnted by
Cp arise from several different
causes discussed below, Notice
that Cp is in parallel with RL,
and remember that the total

" cffect of two impedances in
parallel is always less than
either impedance alone. The
value of the stray capacities,
may be anything up to 100 micro-
micro-farads (100 mmfd), 50
mnfd being quite a representative
value, Now this, measured by FPIGURE 9,

ordinary standards, is a very

small capacity and its effect in shunting R; 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 ohms ,
24 f ¢
Where T = 3,14 (approx.), f is frequency in cycles/sec., and C is capacity in farads.

Now, since G (stray capacities) is small this reactance will be very large (much
T.F & F/5 - 9,



larger than RL) at low and medium velues of frequency (f). Hence, in this
case, the shunting effect of Cp on Rj will be negligible, and no loss of gain
will be suffered. As the frequency of the signal increases, however, the react-
ance of Cp becomes smaller and smaller. When this reactance is reduced to a
value not very much larger than Ry, the shunting effect becomes noticeable, and
the gain begins to fall off, as shown by the curve of Figure 8.

The gain for a pentcde tube at any high frequency will be given by:-
G = (Mutual Gonductance) X (Total Impedance in Plate Circuit)  (3)

Where Total Impedance in plate circmit = impedance of R; and reactance of Cmp
in parallel,

As the frequency increases further, the reactance of Cp 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 Ry, 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 Cp
exactly equals the resistance of the plate load resistor. ™hen these conditions
obtain the total plate load impedance works out at ,707 (1A% ) 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 cap-
acity in parallel, however, the calculation is not so simple, and the effective
value works out as stated at ,707 of each equal branch. See Figure 10),

In Figure 8. the ]
gain at 100 Xc/ o (““~w~“
sec, 1is about ! \

.707 of that at J = ) }

middle frequen- . ) r=> a

cies, this rep-~ R < ,Zr2 Z< /2 Riaitfmce
resenting the \ ) [ I

freguency where R ‘ ' 3

the reactance of ' T \
the stray shunt-

ing capacities

equals the load R = 1 ohm, Impedence (g) = ,707 ohms,
resistance, As

the freguency is FIGURE 10,

jncreased still

fimbher this reactance falls below the value of Ry, and the response curve is
seen to fall off very rapidly.

The stray capacities, which cause the loss of gain at high frequencies, eonsist
of ¢~ % 3o
(a) Wiring capacities to ground, i.e. capacity effects_ixiSting between the

plate lead of the tube and ground, plus similar cepacities between the grid lead
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of the pext tube and ground, These are represented by Cw in Figure 3L

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

(¢c) The input capacity (Ci) of the following tube, i.e. the effective capacity
between grid and cathode of this tube.

A1)l of these capacities are V2
in parallel with each other, I e :
and also in parallel with R i ] } et
the load resistor RL, The 7 N o 3 C '
total stray capacity (Ct) is o 1 <t i
therefore the sum of Cw, Co \
and Ci and in Figure 9 has NN //
been represented by the éd::_m, =
"lunmped" capacity Ct in i
parallel with RL, >

4

!
i
In addition to distributed Bl ?
capacity one must also con- B+
sider the effect of the
plate load resistor of V1
and the grid leak resistor 2 FIGURE 11,
of V2, The frequency-
voltage characteristic of a resistance capacity coupled amplifier is not determinad
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 rcactance
of the coupling condenser C (Fig. 12), which is in series with Rg. The grid of the
valve is connected to the junction point, of C and Rg, consequently as the reactance
of € increases, at low frequencies, the voltage supplied to the grid of V2 will bo
reduced,

At extremely high frequencies the gain of the amplifier is limited not merely by thc
resistive combination of Rl and Rg but by the impedance of the paraliel combination
of R1, Rg and the circuits stray capacities.

The inter-electrode capacities of a triode tube are indicated in Figure 12, wherc

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" capae-
ity shown in Figure 11,

- The input capacity shown in Figure 1l is not simply the grid cathode capacity, nas
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 betwecn grid
and cathode capacity, and varies with the stage gain, The reason for this is due
tc an important phenomenon, known as the "Miller Effect”,
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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

s e v

1 .
/’$‘~\ ]
s Sl |

/ hY

Cep \
Cek j * ;
// | i Grid
A gl e 1L
L B ./
i i ] 1o
! = = f\ :
i N Cathode | Plate
(a) (b)
Triode not Amplifying Equivalent Input Circuit of (a).
FPIGURE 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 causec

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 res-
pectively. 1In other words Cgk and Cgp must be regarded as in parallel 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, ii2i Ci = Cgk + Ggp.

New 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 follows: 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, plug the
20V (peak) between plate and cathode =~ a total A.C. voltage of 21V (peak), These
voltages are gdded because when, for example the grid voltage is at its negative
peak of ~-—1V, the plate A.C. voltage will have gone 20V positive (remember grid
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Ly = 1V = 234 ,:
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(a) Egquivalent of (a),
iy () (c)
FIGURE _13.

and plate A.C, voltages out of phase)., Hence, at this instant, the pcak voltage
betwesn grid and plate will be 21V,

Now this 21V A,C. =acts across Cgp (See (b) 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 n simple condenser, of capacity equal to
Cgk, in parallel with another condenser whose value is 21 times as great as GCgp.
This is shown at (c¢) in Figure 13,

The total inpubt capacity is thus equal to grid-cathode capacity plus 21 times grid-
plate capacity, i.e.

Ci
or Ci

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

LIt

Now since 20 here represents the stage gain we may write:
Ci=0Cgk+ (G+1) Cgp.

As an illustration, take the case of the 6B6-G (75) tube, with Cgk = 2,7 m.m.fd,
Cgp = 1,7 mmfd and stage gain (G) = 60,

Ci=27+ (60+1) X 1,3 mmfd,
2,7 + 61 X1.3 mmfd,
83 " mmfd. approx,

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

"WMiller Effect",
T.FN[ & F.S - 13.
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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 1is
in triodes. The ecrecn 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 6B6,

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 respomse of an
amplifier. We have also to consider the effect of its grid-cathode capa¢ity end
grid-screen capacity on the gain at high frequencies of the preceading Yalve,
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 mgtter 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/éec -= 2 or 4.5 mc/éec is to be adequately covered.

This may be partially achieved by the following methodss-

(a) Reducing to a minimum the stray capacities across the load of the stage
concerned,

(b) 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 onec
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 be 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 expcdient which has the effect
of decreasing the input capacity is the use of negative “eed-back (degencration).,
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 lesscon 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 stra
capacities equal to the load resistance. If theload resistance is reduced to one-
half, the reactance of the stray capacities will also have to be reducsd to onc-
half before the gain in the new case falls to .707 of its value at middle frequencie.
This means that the signal _— 56 or 6P5G
frequency will be doubled i //fi:\\

e . S \
(since reactance X | / :

ohms) before the response
curve shows any serious
drop, This, of course, is
assuming that the stray {
capacities remain equal in n
the two cases., Thus halv-
ing the load resistance
will approximately double
the high frequency range
of the amplifier, and so
on, Figure 1l4. shows the
effect of various values
of load resistor upon high
frequency response. Of R Lh) L Pl - AL LR U A SN
course, reducing the load 1Ke 10Kc 100Ke lic 10nic
resistor will reduce the Frequency

normal gain of the amplif- FIGURE 14,

ier for all freguencies, G -FREQUENCY RESPONSE CURVE OF A R-C COUPLIED

This is the price we pay for AMPLIFIER SHOWING EFFECT OF EXTENDING RANGE AT

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 rcducing
RL is much greater than a casual glance at the diagram would seem to indieatc. For
example when using a 50,000 ohm resistor the upper frequenci limit of the amplifier
is ebout 80 Kc/sec. When the load resistor is reduced to z5 of this valuec, vizs

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 a 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
reguired 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 regquire

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 cxperienced by reducing RL mey
be offset by increasing Gm. Since Gm may be defined as

Change in Plate Current
Change in Grid Voltage

Gt =

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 videco voltage amplifier, with large Gm, carriss 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 9,000,ﬂﬂ/V and carries a normal
plate current of 10 m.a. - Compare this with the audio voltage amplifier 6J7, having
a Gm of 625 UA/V, 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 valuc
of amplification factor might (and often does) mean a large value of plate resist-
ance, with comparatively low values of plate current and mutual conductance. Since
tubes designed as output power amplifier for cudio work usuelly have high valucs
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 HA/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"
ig 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 FREQUENCY COMPENSATION.

We have seen that it is impossible even when using specially designed tubes, to
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extend the frequency range of an ordinary resistance-capacity coupled emplificr
to that required in television, The problem is solved in practice by "boosting'
the higher freguencies, wherc 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 achicved by connecting a small inductance, or two inductances,
in the plate circuit of the tube. The principle of the various schemes dcpends
upon two important facts, vizs-

(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
increcases as the resonant frequency is approached, and is a maximum
at the resonant frequency.

In Figurc'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 wvaried, 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
(b), where fr is the resonant frequency,

At (a) in Figure 16 is
shown a geries tuned
circuit, consisting of an
inductance L and capacity

SISO 4

C in series. A variable g 2 ;

frequency voltage is app- ! l G |

lied across this circuit, ! C“I =

Here the current through : i C 8 il

the circuit increases as vyarixble by W' =L

the resonant frequency is f, N B i
approached, and becomes a . . g ‘

maximum at resonance. When - FREQUENCY e
the current through C (orI) (a) '

is a maximum the voltage PARALIEL TUNED CIRCUIT,
(A.C.) developed across C FIGURE 15.

(or L) will also be a maximum. The manner in which the voltage across C increases
ki to a maximum as the resonant
frequency is approached is
shown at (b) Figure 16,

]_"“"“‘a, ‘ /
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Vs 4 : "SHUNT PEAKING" COMPENSATION.
3 l e Sy /’\.\ ’ : .

V§r1a 3 f}L T 1 Figure 17 shows how a small

‘ 3:-—~4 | e  fr "pesking" inductance coil

Frequency -——— > may be inserted in series wit
(a) (b) the load resistor to compen-
e SERIES TUNED CIRCUIT sate for the effect of stray
g capacities at high frequencie.
FIGURE 16,
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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 (b) in Figure 17, Romember that the B+ end of L is
connected to ground, i.c. 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
thercfore acts as a short-circuit,

“““—'1—"“—r——‘“' - The value of L is chosen so that the

,/f:fj\\\ resonant frequency of the parallel

/ \ J circuit lies a little above the

i 2 L”JI"”' 4 RL highest frequency it is desired to

L; i 2 amplify, As this frequency is

! ? approached the irpedance of the par-

' . allel circuit tends to rise, as

[ = 1 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 ctherwise would occur due to

(a) (b) CT shunting RL.
SHUNT PEAKING COMPENSATION, FIGURE 17,
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The effect of the compensation is
shown in Figure 18, Here, with no compensation the gain is shown as dropping off
at about 200000 c/sec. The compensation -——~——-Tw——-- :

|
e

¥

-

has maintained the gain curve "flat" up |
{
l Comﬁensated
Bl

to a frequency of 1,000,000 C/sec (lmc/
sec). Note that the gain actually rises

zw_,’\

E
)
. 2 l | ,//)V |
_{*_, Q> i : Uncompensat da
b 1L ;L:’L ( ! i
) . Gl =y 100 1000 10,000 Jocb,ooo Lcloo_,_@g_ __l )
2 RL - ?IRL £ 10,000,
4 > FIGURE 18,

_ET'““B ; i slightly after this as the resonant freg-
- ! uency of L and CT is reached,

(b) Figure 19 shows a slightly different arrang-
FIGURE_19. ement 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 equiv-
alent 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. The same, of course applies to the stray capscities Cs.
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SERIES PEAKING GOMPENSATION.

Hore (Figure 20) the peaking coil is placed in the lcad 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 tubc., L and Ci form a series tuned circuit
which resonates at a frequency just outside the desired video range. In deriving
the "cquivalent" circuit, shown at (b) the coupling condenser has becn omitted,
since athigh 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 (b) Figure 20,
As oxpleined above, as the reson-

e 4 3 ant frequency of the series cir-
o W\Ogjlf’*{ e éfL cuit L and Ci is approached, an
S b ¢ = — “n - increased yoltage is obtained
- T ; ‘ L »geross Ci, This ccmpensates for
e Z RIS S == G : !
; { % CE - ~£1 the loss of gain due to the shunt-
{NJM i g : %“ “““““ ¥ ing effect of Co upon RL,
oL ‘
QE:I- = = e % (b) This series peaking has the advan-
(a) ' tage that it divides the tctal
HTRURE: w20, . 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 Figurc 19, and note the difference, Here the output to the grid of the
next tube i% taken from the lower (B+) cnd of L,

=]

i t

The equivalent plate load is shown

at (b) Figure 21, Note that as in : fz L s

series peaking the inductance separ- i C. F? ' G ‘ng

ates the output capacity of the tube I ENg : Co == J—r—-—tG
(Co) from the input capacity of the = ' fRL ; 5 .
next tube (Ci). This capacity Ci 2 - . , iy RI{_T Ci

is in geries with L, thus tending 1, f i .......... B T”ul e
to produce a voltage step-up to = : > ' :1,
off-set =ny loss of gain due to 2 = = - E

the shunting effect of Co., The = (a) (b)
latter shunting effect, in addition EICGURE =5,

is minimised as a result of Co forming a parallel tuncd circuit. with the combin-
ation of L and Ci. Thus the characteristics of series and parallel peaking arc
combined in this circuit,

By making use of two inductances, a direct combination of shunt (parallel) peak-
ing (Figure 22) and series peaking (Figure 20) may be obtained, as shown in

Figure 22,
T.MM & F, 5, - 19,



COMPARISON OF SHUNT,SERIES, AND SHUNT~SERIES COMPENSATION,

Tt is found that the characteristics of series compensation are such that, for the
same high frequency rcsponse, a larger load resistor may be used than for shunt
compensation, This of course means a higher stage gain. If_series-fhunt is used

a still higher load may be inserted, Hence the NPT L1 \ﬁﬁiiig.
shunt-series combination is thc best method from
the point of view of gain for a given frequency
response, or of frequency response for a given | e
gain, In the following table the relative gains 4 G
for the three methods, covering the samc frequency § L “—"“%P""ﬁ
range are shown, 5
Lype Gain Nl

Uncompensated . 707
_Shnht, 1136 i

Series 1.5 FIGURE_22.

Shunt-Series (Fig. 22) 148 e

LOSS OF GAIN AT VERY LOW FREQUENCIES, Referring back to the frequency-response
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. Thc reasons
for this effect ares=-

(1) Reactance of coupling condenser Cc increasing and becoming appreciable
to very low frequencies,

(2) Inefficient by-passing of cathode bias resistor by by-pass condenser
at low frequencies, y

(3) Inefficient by-passing of screen dropping resistor by screcen by-pass
condenser at low frequencies (in the case of screen-grid tubes)

él | 2 ey
. 1 < $Re o t SRe I Ry g}eZ
—.WEI I B+ JK |, Bl _ F
' (a) 3 (b) (c)
FIGURE 23,

At (a) 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 apolied betwecen grid and cath-
ode of the next tube, This idea is illustrated diagramatically at (b) Figure 23.

4 simple resistance voltage divider is shown, for comparative purposes at (c).

At all but the very low frounencries the recactance of Cc is negligibly emall compured
with Rg, and practically all the signal vi.ltago eapprave acrons Rg. At very low

TFM & By 5 =205



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 (¢). 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 voltege across Rg, =and on
the grid of the next valve, suffers a further reduction, In this way the loss in
gain becomes more =znd more serious a3 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 sxcept 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 foréed to flow
through the impedance of Rk and Ck in parallel, 1In other words RK is not completely
by-passed. An un-by-passed cathode resistor is shown at (b) 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 gocs positive, plate current riscs,
cathode also goes more positive. When the grid goes negative, plate current falls,
and cathode potential also falls (i.e, less positive or more negative), The effect
of these cathode pctential variations is thus partially to cancel the A,C. signal
voltage applied between grid and cathode, This means a weaker signal, or a loss &f
gain,
Net A.C. voltage

//// ggggggg grid’& cathode

)

A.C. ‘\‘-”/7 »...«7
Voltage on L i !
N i

4 i

Cathode \

The A.C, 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 PJ. 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:-

(a) 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 (b)

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 largc 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 condenser's capacity., 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 bc 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 lesk for any particular type of tube,
For most tubes this limit is 1 megohm or less. The question then arises, is there
any 1limit 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, cousing a loss of gain at high-
frequencies,

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 gathode by=-pass condenser
omitted entirely. The result, of course, will be a reduction of gain, 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 resporise 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.IM & F, 5- 22,



with the normal load resistor RL, RF is
shunted by a condenser CF. The capacity
of the latter resistor is such that, at
all but the very lowest of frequencies CF
effectively by-passes RF, and the load in
the plate circuit is simply RL. At very
low frequencies ho‘rever, when the gain

An extra resistor RF is placed in series l
$

ﬁ
previously discuszed, the reactance of CF g {

commences to fall off due to the causes 4 AJ_
RFS —CF
rises and forces part of the A,C., compon=- - €"ﬂ__J

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, Csg and Rsg, the
response curve may be maintained flat down to a few cycles/sec.

{
ent of plate current through RF, In this- i

4|
.'H '-

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,

1-\P¢\f\}iﬁwxﬁ \JLjSQﬁlQ, A O
| [ "} I

i, T O

FIGURE 26,

When however the circuit contains reactance (either due to an inductance or a
capacity) a difference in phase hetween 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 *by 4+ cycle, as shown at (b) and (c) Figure 26.
This represents a phase "differesse" or phase/of 90° (1 cycle = 360°), In the
case of the inductance the current %lags" behind the applied voltage, since, as

TP &, 5 = 230



the graph at (b) shows, I reaches a peak value 7 cycle or 90° later than B attains

its corresponding peak. When capacity is in the circuit, as at {(e); E and I ere
also 90° out of phase, but here I is in advance of E by 4 cycle or 90°, 1In 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 diiference also occurs, but the current and voltage are now less than
90° out of phase., The phase angle in such a case as this depends upon the rel:it-
ive values of reactance and resistance, Now the reactance of a wmdven-éagdcity
changes with frequency, Therefore if the freguency 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 displace-
ment 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 ncgligible at normal frequencies. At very
high, and very low frequencies the wieffé8tsi 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,

P e e

This is an "amplifier" in which the load resistor is placedentirely 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 excludc 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 = B+

output voltage, however is that
developed across the cathode reg-
istor Rk, The tube may be either
a triode or a pentode, providing
the Mutual Conductance (Gm) is
high,

The word "amplifier" was insert-
ed 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 arc its advant-
ages and its uses? We may state
that the stage has a very high
input impedance and a very low T.MM & F, 5 =24




output_impedance, 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, Suppcsc the input signal voltage (Ei) applied between
grid and ground is 10V, This A.C. voltage causes the plate current to vary accord-
ingly, and develops a varying (A.C.) P.D. across Rk, The result is that the cathod
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 respcet to ground, the increase in respect

to cathode is only 10V~ 9,8V = 0,2V, On the other hand when the grid goes 1OV
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, mocre
negative), Onee again the grid-cathode potentisl 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. —i6~ ;%n, is effective in driving the tube,

e MR AVSVAN
VARV ERY,

Grid-Ground Voltage. Cathode=-Ground Voltage Grid-Cathode Voltage.

~ (a) ) T (©
FIGURE 28,

e e
A e 8 A :

i o

Difference between
(a) & (b)

The grid, cathode, and grid-cathcde 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 (b) Figure 28) and this is 9,8V,
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 cancell-
ed, and the tube would not operate at all, 1In the case given the stage gain is

9.8 = .98,

10

Seeondly notice that the effective A,C. woltege operating across the tubes grid:-
cathode capacity (Cgk) is only .2V, i,e.-d. of the total input voltage., This will

50
meen that the A.C, current through Cgk will be only L of the value it would norm-
ally be, The result is that the reactance of Csk appears to be increased by 50
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times, or in other words the effective electrical value of Cgk is reduced to 3%-

of its normal value. This is what we mean when we say the input impedance 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.

QUTPUT INMPEDANCE OF THE CATHODE FOLLOWER.

With regard to the term "output impedance™ of a 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., We have previously seen that the shunting effect of given stray
capacities on the amplifier gain is less if the load resistor (output impedance?)

igs 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

voltage will not fall to —%— of its former value, because any reduction in output

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 cath-
ode will increase to .5V (10V- 9,5V), as against ,2V before. Thus, a small red-
ucticn in output (cathode) voltage - from 9,8V to 9.5V~ will increase the active
grid-cathode voltage by 5  times., This may be seen clearly by referring back to

2
the voltage curves of Figure 28. The result will be that the 4.0, plate current

will correspondingly increase, i.e, by -g— times, This increase in A.C. component

of plate current, flowing through the cathode load resistor (Rk), will easily off=-
set the reduction of this resistor from 5,000 to 2,000 ohms, as far as the stage's
output voltage is concerned., Actually in the case tuken, the output voltage would
not quite be reduced to 9.5V, Thus we see a reduction of load impedance of 80ﬁ
(5,000 ohms to 2,5000 ohms) causes a reduction in gain of less than 0,3V in 9, v,
i.e. a reduction of aboutt 37 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 bc appreciated that this type of circuit will show up to advan-
tage 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 is
equal to al— ohms, where Gm is the mutual conductance of the tube, For example,
m

in the case of the 6AC7 tube, with a Gm of approx, 9,000 JiA/volt, (i. e'l_(?'boo A/Volt)

il d 1 1 1,000
} = i o= = L 1 =] O ] r o -
the output impedance will be o /1,0 5 9 110 ohms (epp 0x)

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

oLl . e °



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 Figure 29, where Ro
equals the output impedance _1_ = 110 ohms as calculated.
Gm
UMMARY OF CHARACTERISTICS OF CATHODE FOLLOWER

(1) Stage gain less than unity, (2) Output Impedance very low (=L ohms,
approx. )
(3) Input impedance very high, (4) Output voltage in phgse with input

voltage (see Figure 28),

-————_m——;—_——_—.—-

A cathode follower is sometimes TN g

used between successive amplifying [ _ _ _ __

stages to reduce the shunting effect \\ iy

of the input capacity of one tube on .. L/ " N —

the load resistor of the previous 5‘"“” s s

stage. ; Z Ro=110-~ e
*?Rk— 5,000 = )eo ¢ 2 ’

In Figure 30 V1 and V3 are ordinary e 4 B >

pi?tOdi ampligyigghstﬁges, incorpor-  petual “output circuit of Equivalent outp:

ating low- and high- frequency compen-""TaFhode” 2117“p (2 ) ; - :

sation, V2 is a cathode follower, oS GURE 29. Circuit (D)

acting as a type of "puffer" betwecen
V1l 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
: i =~ N0 2 W 7 V3 | W
L - bf éix V2 % S
AT i L .I\ ) o e 7 g
;L3 “”“g N’ J“Tx{: : ¥z
s L QRF £ 3 : 3L ff!
7 { 4 % 4
Fle 14 £ 1]

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 offect, 1In
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 amplif-
ier 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 amplificr V1
(of high output impedance) and the cable whose impedance may be very low, The
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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 impedagce of the
speaker's voice coil,

THE_ELECTRON MULTIPLIER.

In this lesson we
have discussed the
problems of video

Low impedance cable

£
amplification, and - r, :
how the ordinary ] A b i
2 * SRy o 2 - ! S i
resistance-capacity TR A y
c e K I % & -
coupled amplifier F” 1= l 2 f
may be designed, and ' TL ‘ l_ e, ok i

modified, tc meet 2 B+

them. In the future

it seems very prob- FIGURE_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,

I.FM & F.5 - 28,



(6)

(7)

I.FM. & F, LESSON NO. 5.

EXAMINATION QUESTIONS.

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

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

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

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

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

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

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

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

Draw a circuit diagram of a cathode-follower stage, showing clearly the
input and output terminals,

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,FJM & F. IESSON NO, 6.

TRANSMISSION OF TEIEVISION SIGNALS,

If one is interested purely in the reception side of telephonic communication

a study of details and techniques of transmission can be largely dispetfsed 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 rmdidte a wave carrying
the exceptionally wide range of frequencies involved in the picture signal. 1In
addition the transmitted signals must be modulated in such a way that the receiver
can reppoaduce 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 syhghron-
igation 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 incrcase

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-corres-
ponding techniques in the transmitter that a study of one without the other would

be rather a fruitless undertzking.

The asbove observations are made lest the student who feels that his interests lic
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
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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 ultra-
high 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 freq-
uencies 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.

Television, F.M.
' and Special
Marine Broadcast International Short Services.

Communication Band. Wave Band-g
; Y

42%2523

Ot

_JIAVE_BANDS_ ALLOTTED TO VARIOUS SERVICES.

BIGURE 3,
REQUIRED BAND WIDTH OF A TEILEVISION 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, 1In the previous lesson we have seen that with a 441
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 corpesponds to the audio frequency in radio telephony,
and which modulates the outgoing carrier wave, With regsrd to the subject of
modulation the féllewing important facts should be recalled, When a carrier sig-
nal 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 "side-
band" frequencies., Each frequency in the- modulating signal will produce two side
frequencies == one above and one below the carrier frequency. The side-frequencies
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differ from that of the carrier by an amount 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) mc/sec. and 47.5 (50=2,5) me/sec. would be produced. The other
(Lower 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/gec. 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 me/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 ultra-
high frequency range.

In England, at the present time a video signal ranging up to 2.5 me/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 metres.
The accompanying sound is broadcast on a separate carrier of frequency 41.5 me/sec,
(i.e. 7.2 metres), The sound channel allows for audio frequency modulation up to
10 Ke/Sec, a band-width of double this figure, i,e, 20 Ke/Sec., being provided.

Figure 2 shows the range of frequencies for the complete vision and sound trans-
mission,
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FIGURE 2.
Note that a gap of .75 me is allowed below the lowest side-band frequency and the
sound channel, This is to prcvent 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 telev-
ision system thus occupies a channel 6 mc/sec wide as shown., Note that pearl
of this 6 me 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 & me, wide, which
is too great,even with a carrier of the order of 40-50 mc/sec. The channel would
form nearly _l_ of the carrier frequency, rendering it difficult to design tuned

: : 5 :
circuits to accommodate all the side-band frequencies without distortion, and, in
addition, leading to other technical difficulties. The problem is solved by
utilising "single sideband" transmission,

Since each modulating (video) frequency generates & pair of sideband frequencies ==
one above and one below the carrier frequency =-- it is obvious that the upper side~
bands 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 mec. of this side-
band is transmitted, because if it were attempted to cut ocut all of these frequen-
cies 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 somctimes called "vestigial" or "guasi-single-sideband"
transmission., A typical channel is shown in Figure 3,

25 me.
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i 15" T a8 49 50 mc/sec, when using double

Frequef(}a’ énc/sec. sideband transmission,

In the case of carrier frequen01es at present in use in Englend and America, vizs
40250 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 commun~
icaticn 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, (Sec Fig. 4.)

Ultra-high frequency waves are not reflected by the 1onosphere, but pass into the
the latter and are either absorbed by it :

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,
in a typical case, about 30 to 60 mlles. /
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 ete)., It is important, therefore, that a
television transmitter aerial be situated as high as possible above the ground,

In New York the N.B.C's aerial is atop the Empire State building -- well over

1,000 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 advan-
tage. 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 dis-
tortions on a television signal, however, is so serious as to render the reproduct-
ion practically useless. Hence, even if we could use medium waves for television,
with the greater range obtained, the reception at points distant from the trans-
mitter would not be worth while,

Secondly the restricted soverage of the ultra-high frequency wave reduces the
problem of interference between different transmitters situvated in different
cities. The question of such interference is an important one, on account of thecy,

T.FM & Fo6 -~ 50



‘Wroad channels required by television transmitters, and the consequent scaﬁé&fy.ﬁf
the number of separate channelg 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 picturc signal from its scurce -- the original scenc -=
through the television system until it finally reaches the receiver's 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 inscrted. 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 dis-
cuss 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, with a frequency
range from 25 c/sec up to several megacycles/ sec. Ordinary telephone lines or
cables are quite inadequate for transferring such a signel, for the higher frequen-
cies would be lost, and phase distortion would be introducéd.

The usual link used between studic and transmitter is a special concentric cable
of low loss. The ccnstruction of such a cable is shown in Figure 5, A hollcw
cylindrical sheath encloses a solid cenductor 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 egem.i: A
currents of all frequencies in the video - ] &

signal, say from 25 cycles/sec up to 3 or

4 me/sec., without attenuating, or reducing, N Inner Quter connecting
one current more than another. This reg- Conductor . sheath

uires special insulating materials, since b

most insulators used in ordinary radio :

work absorb much more clectrical energy : .. Insulation
when the frequency is high than they do Sepearating

at low frequencies, 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 outgide 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 tc a distant transmitter for radiation.
Now we are going back in the system to the original camera signal. When outdocr
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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 clectrode eircuits, deflection
circuits etc, Usually all these conductors are included in the single cable, the
coaxial cable (for the camers video signal) and other wires being separated by
insulating material . Figure 6 shows a typical cable of such a type. Note that
two concentric casbles, 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 transmitters 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 ¥ision
transmitter (low powered) is usually
operated on a very high frequency -~
up to 200 mc/sce. At the main
R transmitter this frequency is red-
FIGURE_ 6. uced by means of a converter to =
comparatively low or intermediate frequency of the order of 20-30 me/sec. This,
of course, is still a Yearrier" frequency carrying the videc modulation. The
intermediate frequency is then amplified, and finally the freguency is stepped up
to that of the station's normal channel, usually between 40 and 70 mc/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 studic. 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 CAiRIER.

The generation of stable radio frequencics in excess of about 30 mc/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.
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FIGURE 7.
The system im more or less general use comgrises: a low-powered oscillator (say 5
to 10 watts) controlled by a crystal groumd for a frequency of about 5 me/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 me/sec,
this comparatively low frequency is preferred to obtain the advanteges of greater
frequency stability, which the thinner crystal lacks,

FREQUENCY MULTIPLIERS.

Sincé it is desired, for reasons already discussed, to radiate the signal in the
ultra high frequency region of 40 mc/sec or higher, it is necessary to step-up

the frequency of the lower powered oscillator from the 5 mc/sec or so to that of
the carrier chosen. 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 c¢ircuit tuned to a harmonic

of the original voltage, 3 el

Figure 8 illustrates the principle of the circuit. Applied to the grid im an A.C.
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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 (b) (Fig. 8) the tubes output current

Tuned to 2nd or - st

______3rd Hgrmonic.
] i? o ,///// Distorted
= i - .l q ,E plate current
//// \ k} i containing
4 % 2
! !

appreciabls

. AR :
Za & R I 1 harmonic
_cfflan;._.__-__ -ig-aii%;;;gzgquencies
[B+ Cffvff?izgz_rzr
— .:—__,,_, ety
—%=__ Sine-Tave Voltage
on Grid.
(a) (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 rcsulting current is analysed, the latter is found
to contain a number of harmonics, i.e. currents whose frequencies are multiples
(twice, three times ete) the orlginal 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 m;/sec is applied to
the grid of the tube, the output voltage will be either 10 mec/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. oscillat-
ion may be stepped up to the final carrier frequency which is usually between 40
and 70 me/sec,

Figure 9 shows in block-diagram form a typical 7.5 Kilowatt transmitter for the
vision signals., The crystal oscillator operates &t a frequency of 5.65625 me/scc.
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
emplifiers =-- the Intermediate and the Final Power Amplifier, The latter are
operated Class C and supply the antenna with the 7,5KW required.
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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,
cons1st1ng of camera signal plus synchronising pulses, at a level of about 1,0
volt (peak to peak) is built up by fiwe video amplifiers to a level of 350 volts
which are necessary to modulate the powerful final R.,F. amplifier,

MODULATION OF THE CARRIER 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
videc modulating current, Two questions now arise, The first of these questions
ist shall we cause the amplitude of the carrier to rise or to fall when the pic-
ture brightness increases? TWhen we arrange matters so that the carrier strength
increases with an increase in picture brightness, and to decrease as the spot trav-
erses 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 bgight-
ness, afd 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.1Q) of the transmitter,

THE_COMPOSITE VIDEQ 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 modulat-
ing signal. The video current is divided into two sections, The upper section
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FIGURE 10,

comprising about 70% (i.e. from 30%Z tc 100%) of the maximum amplitude is devoted
to the camera signal. Within this range the variations in current represcnt 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 pure
black, i.,e, no reflected light from the scene., The lower section of the composite
‘video current, i.e, from zero to 307 maximum is devoted to the synchronising
signals, These consist of gho#it 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 voltege are utilised
in the receiver to regulate the frequency of the saw-tooth oscillator which provid-
es 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.ec. the
time taken to scan one complete linc). 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 thé 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 vol-
tages less than that which produces pure black,

At (b) in Fig. 10 a negative video signal is shown, Here picture signals are
T.Fi & F,6 - 11,



represented by current variations extending from zero up to about 80%Z of the
maximum amplitude, Zero voltage is utilised tec represent pure white, and the

80% level pure black, This means that an increase in voltage represents a dccrease
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 "wlacker-than-
black" or ultra-black region, It is this region that is occupied by the sync.
pulses,. That is, the sync, pulses are represented by sudden increases in voltage
from the 807 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 signals it should be appreciated that
the receiver will be able to separate the synchronising pulses from the actual
picture signal, hecause of the difference in amplitude of these two parts of the
composite video signal, Just how this is done will be dealt with in the approp-
riate lesson on receivers,

POSITIVE AND NEGATIVE MODUIATION,

The result of utilising each of the two types of video signal to modulate the
outgoing wave in the final power amplifier of the transmittey is shown in Fig, 11,

At (a) positive modulation is shown, and at (b) negative modulation, Remember
when referring to this diagrem that the radio-frequency carrier current is an
alternating one with both positive and negative half cycles. Theeffect 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 envelone, Note thet 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%
(1007 modulation) for a white element of the picutre, and reduced to 307 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 807 of peak amplitude, The carricr 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 synchronisaticn troubles. Experiment has shown that such interference
causes sudden sharp increases in carrier amplitude, rather than reduction in this
amplitude, Since with pesitive modulation, the syne, pulses cause a reduction

of carrier-applitude (from 30% to zero) the latter will be relatively immune from
the effects of electrical interference. Such interference, on the other hand,
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causing sudden rises
in carrier amplitude,
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FIGURE 11(b) Pulses 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 here that, at present, positive
modulation is used in Englandy, 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
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carrier in the transmitter's output stage, we must also discuss the nature of this
signal during the frame retrace period, i.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 fyame 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 pichurc area. Similarly,
during the following frame, alternate lines are traced, but these arc 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 S T - : -
for a complete picture is illus- 20é9§7‘~“ e gt B i UL ERE S
trated in Figure 12. We are here . 3\ 711070070 o o 37
supposing that 405 lines per
picture afe used. The lines trac-
ed out during the first frame :
are shown by continuous black | s : i
lines in the diagram, Those E S &
traced during the next frame are i R
shown by dotted lines. During Frame
the first frame lines numbered Retrace ™ - |
1 to 202 are completely covered,
and line No, 203 is half covered, ; 5
Wi lEie usually referred to as LO;OI_ ....................... :{,--M.A.-.,...-...»...... ............. !
an "odd" frame. The student LO§ R o A e PN Iy B o 1
should recall that while the -sz” ; SRR A
horizontal saw-tooth oscillator 363’“-““—_»"«~~w~~»~:;;~g;. L e
is moving the electron beam
across the picture, the vertigal
saw-tooth oscillator is simultan- : FIGURE 12

eously moving it down the picture, i i

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.
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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 ¢ to d., to begin the next odd frame. Note
the reason for using an odd number of lines, like 405, for scanning. This gives
2024 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 piecturé
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 (MODULATING) 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 _l_th second (50 frames/sec.).

o0
The student will appreciate thet the receiver must be able to distinguish between
the framesync. pulses and the line sync. pulses, these latter recurring every

izr%zg 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% ( 1. ef sdle
sec, = i—%aa sec, or more., The student should recall the method where%? (lesggn 3)
9.
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 deflectecr plates in the camera tube
or cathode ray tubc. These saw-tooth voltages are generated by special oscillators.
Figure 13 shows one and a half cycles of @ saw-tooth voltage as used for the frame
scanning. The frequency here is 50 cycles/sec, so that the time for cne cycle (ac)

is gl- sec, As the voltage gradually rises from a, b the beam moves at uniform
sp898 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 ¢/sec. is
moving the beam across the screen for line scanning, When the voltage has risen to
(b) Figure 13 the beam has rcached 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 dec, during which the
beam is returning from bottom to top of the picture is called the "fly-back" time,

b Now the point is, that in design-
Jf,»“x ing saw-tooth oscillators of this
T A frequency it is difficult to
-~ i\ _~ obtain a fly-back time less than
B!

= about 5% or _L_ of the period of

one cycle (a ¢ in Fig. 13). In
practice, therefore the fly-back
time, d ¢ is, as calculated above,

1
bout
FIGURE 13. abou 1,000

interval which occurs between frames, gives us dmplc opportunity to insert the
frame sync, pulses. Note also that during this between-frames interval about
10 complete lines will be traced,

|

QO Voltage
hY

\
|
1
oo
|
|
!

sec, or so., This

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 signel 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 Yedwmw the

80% black level),

The synchronising pulses are now superimposed on the blanking signal, These pul-
ses of course carry the modulation up to 100%. The interval at the end of even
frames is shown at (b) Figure 14. Line 405 has just been completed during the
previous even frame,

The camera signal is blanked out at this instant and & 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 separste 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,
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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 receiver's
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 freguencies
are eminently suited for freguency-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, and frequency
modulation, on a separate, but adjacent, channel for the sound. The B.B.C. in
England, however, uses amplitude modulkation for both.,

SINGIE 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 3s;used . for the #ision sigmal,

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 "still8"which when passed through a projector at a sufficiently
rapid rate will produce the illusion of a moving picture, Similarly a serics
of sound "stills" when passed through a receiver can repreduce 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
gsecond 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 "snap-
shots" 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 intervalg) 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 pulsc depending upon the amplitude of
the modulating voltage at that instant. This is c=zlled pulse-phase modulation,

The idea of pulse~height and pnlse-phase modulation is exemplified further in
Figure 15, At (a) igrshown the moduleting (audio) voltage, At (b) the pulses
vary about a mean height in accordance with the amplitude of the moedulation at
that instant. At (¢) 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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(¢) 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

101,250

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 extrcme-
ly short duration indeed,

The wave from of a complete video signal together with sound-pulses (width modul-
ation) 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, 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 ‘ulation is
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used for sound, o¥eathod® of. seperetion is to further limit the vision signal so
that pure white is something less than lOO%_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,

Advantages 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 maintemsnce 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

Sound pulses

z/// i i i
Wibe i YE L i N Al o ’
o ¥ fV‘ | /-‘,«f\,\._ TP |
l J J O
Sync., Pulseg——ttt—- Bl Im_._.w“ :

Pulse-Width Sound Modulation on 9%51on Carrier (Positive Modulatlon)

FIG 3
one-half the frequency of repet“t‘t"“g‘the pulses, In the case of a 405 1+ne,

25 picture/sec. transmission this repetition frequency is 10,125 per sec. (i.e.

the line frequency). Therefore the audio frequency transmltted 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 corres-
pondingly 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, .operating in the vicinity of 600 me/sec (4 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 GQUESTIONS.

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

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

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

State three characteristics of ultra-high frequency waves com-
pared with medium and low frequency waves,

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

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.

Explain the difference between positive and negative modulation of a

picture=-carrier,

Explain carefully why, in the case of negative modulation, the pic-

ture modulation is limited to 80% of the total signal amplitude,

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

uged?

Why is no separate sound cerrier required when pulse modulation is

used? State the ,advantages claimed for this system.
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AR

LESSON NO, 7.  ABRIALS.

The question of acrials is relatively more important in television work than it
is in the case of normal radio tclephony in the broadcast band. The student
well knows the lack of attention usually displayed in the installation of an
aerial for the heme-radio. Certainly excessive carclecssness is often shown in
this respect, the performance of a recoiver being frequently marred to some
degreec by failure to observe simple elementary principles. The fact remains how-
ever, that the performance of the average broadecast recciver is not critiecally
affected by the aerial installaticn under ths great majority of operating conc-
iticns, And in only rare cascs is any great knowledge of aserial thecry and
technique required by the serviceman.

When we are dealing, however, with ultra-short wave communication in gencral,
and in television in particular, the acrial installation looms much larger in
the picture. The performance of a television receiver can he made or marrcd by
the type of antenna system provided, and thec manner of its installntion, The
term "antenna system" has been used here purpcscly to include the so~-callcod
"lead-in", The design and adjustment of the latter is of at least esqual impor-
tance as that of the aerial proper.

The underlying reasons for this stress on the antenna system of a television
resceiver are bound up with the ultra-short-wave (high frequency) nature of the
carrier wave, and also with the necessity tc avoid relative phase-shift (i.e,
time delay) in the handling of the different parts of the signal, These 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 frequeney, A4Ls we shall sce the resonant frequency of an
aerial depends upon its length, This length, thereforc, must bear 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
casc, rarely is any attempt made to tune it te the received wave,
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- Wave=length long.

Prene . LaRhs
THE HALF-WAVE DIPOLE . B T

ol N R

The fundamental rcsonant aerial is that c#lled 4

the Half-Wave Dipcle. This consists simply of. ’

a straight length of wire, or more usually a !

rigid rod, having a length approximately equal | .

to one-half of the radiated or reecived wave- §‘~‘.L%2§etooTr%22-
. mitter or Rec-

v

length, In normal television practice the :
antenna is broken at the eentre and cach part S
is connected tc one of a pair of wires forming
what is known as a transmission line or "fceder", HALF-WAVE DIPOLE "CENTRE-FED",
The arrangement is shown in Figure 1, FIGURE 1.

The transmissicn line or feeder serves, in the case of a transmitting antcnna, to
fecd 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 circnit,

"DISTRIBUTED" CAPACITY AND INDUCTANCE OF A CONDUCTOR.

The student may at first find it difficult to imaze how a simple straight conductor
can act a5 a tuned or resonant cir-
cuit, We commonly regard as the
essential components of the latter a
coil of wire possessing the electric-
LA e .o al property  known as inductance,
Lo S, 1 My b e A wiu— By ooother with a condenser whoso clec-
a < b (1) trical prcperty is that known as
Pigtls capacity or capacitance, Inductance,
j% it will be recalled, is that property
T whereby = circuit opposes or tends to .
- Dielectric oppose any change (i.¢. increasc or
i Conducting decreasc) in current flowing in the
F3 V' Gircuit circuit, Capacity is the property of
o circuit to store an accumulated
////1 clectric charge, positive or negative,
4 " Now egven a straight piece of wire,
(B) 1solated in space, possessefsithosge
FIGURE 2, two properties to some small degreec.
The inductance and capacity, however, of such a simple conducter, are not " lumped",
or concentrated, as in the case of a coil and a condenser respectively, but they
are distributed over the whole extent of the wire,

' : i T $
N L ST | RNPE £ U FE { NP |

v ¥
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To understand thic idea of distributed capacity refer to Figure 2 wherc a straight
conductor AR is shown., This wire may be regarded as consisting of a very large
number of small sections, or'elements". Two of such elcments are shown labelled
ng" and "b", These two elements form, in effect, a condenser, since they consist
of conducting material and they are separated by the surrounding air which is an
insulator, and acts as a dielectric. To be sure the two clements of the wire are
also connected by the intervening section of wire ¢, vwhich is a conductor, but this
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does not destroy the capacity effect existing between a & b, For cemparison
purposes a condenser, consisting of twe metal plates separated by a dieslectric

is shown at (b) Figure 2. Ailthough the two plates of this condenser are shown
connected by a conducting circuit this in no way affccts the valuc of the capacity
formed by them,

Returning to the conductor of Figure 2(a) we can say -that betwgen every pair of
small eclementary lengths of the wire there exists a small capacity effect, and
the sum total, or effective value, of all these small capacities is known as_ the
distributed cr self capacity of the wire.

Dealing now with the question of the distributed inductance of a straight cenduc-
tor several fundamentel electrical facts and ideas should be recalled. The first
of these is that whenever a current flows (i.e. a charge moves) a magnetic ficld
is created around the conductor inveclved. This ficld is a circular one, the lincs
; of force forming = series of concen-
Magnetic Lines tric circles or rings around the
‘Q;S? Foree _ conductor, Figure 3 shows the way in
y/ﬁ?/4 N . which these lines of force are dis-
’_ x i tributed around the current-carrying
' conductors a "side~on" view of which
is shovm at {(a)., At (b) a cross-
sectional, or "end-on", view illus-
trates clearly the circular nature
of the field, UNote that some of the
lines of magnetic force exist within
: (b) the ccnducter, these being mainly due
EEURE. 2, to thet part of the current flowing
near the centrec of the latter. Now if the current is increased extra lines of
force are.created,: -and the. field expands outwards,.:Thus 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 ferce collapsc
inward into the conductor. This moving field (or part of it) again cuts the
conducter and induces the ¢,m,f., which, however, is in the reverse direction
to that of the former case. The inducod e¢.m.f. is now acting in the same direct-
ion as the direction of current flow, and tends to prevent the decrcase 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
oppose 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 tc 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 ccnduc-
tor possesses some inductance, even though its value, measured say in micro-henrys
is small. At low and medium frequencies the cffect of the inductance cf 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 secn that a straight conductor possesses the clectricel properties of .
inductance and capacity, Now the student well knows that amy circuit possessing
these two properties can act as a resonant or tuned: circuit, whereby either a

mazimum or a minimum impedance is offered to the applied alternating e.m.f,depend-
ing upon how the latter is applied to the combination of inductance and capacity.

In Figure 4 we have shown a source Parallo}301rcu1t

of alternating e.m.f. (G) applied . . s S i) T
across a series tuned circuit at (a) _S§ile? Clr?glt i ]
and a parallel tuned circuit at (b), A LT Y “ D905 |
Concentrating on the series case, L ¢ | EX)LQ) {
i }

remember that when the frequency of “”“““'iigjy“' mf { ‘(35)

the appliede.m.f,coincides with the

resonant frequency of the circuit; Impedance'éﬁéll Tmpedance Large
the reactanccg of the inductance and current large, Current small
the capacity are then equal, and (a) FIGURE 4, (b)

instead of adding, as in the case of resistances, they cancel each other. This
leaves only the resistance of the wires to oppose the 4,C. In cther words the
impedance of the circuit, at resonance, will be small, and the current correspond-
ingly large. A series tuned circuit may allow a very heavy current to flow, even
though the appliede,m.f, is small,

Inductive In Figure 5 we have shown a

' coupling. straight ccnductor AB, broken
L S R - I [ R . at the centre in order to

- gV e WML insert a source of alternating
?*’66 X e.m.f., directly applied as at

(a) ! i (a) or indirectly applied by

L“f§\W”‘ (b) means of a transformer as at
FIGURE 5. e (b). It is found that an A.C.

will flow in the conductor due to the fact that it possesses distributed -~ or
self-capacity.

The reactance of this small capacity, however will be very large, and therefore
the current may bhe very small. But remember that the conductcr also possesses
inductance., If the frequency of the generator is adjusted it will be found that,
at some particular frequency (ultra-high) thc rcactances of the inductance and
capacity will cancel out, and a heavy alternating current will flow, Actually
the conductor acts like a geries resonant circuit. Since the inductance and
capacity of the wire are very small, the rescnant frequency will be very high
(remember that resonant frequency of a tuned circuit is given by the formula,

T |
297 /i€
RELATIONSHIP BETWEEN RESONANT FREQUENCY AND IENGTH OF A HALF-WAVE AERIAL,

It is found that the resonant frequency of an aerial of this type is indirectly
proportional te ite 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.;M & F.7 = 4,



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
frequency corresponds to a wavelength approximately double the total length of

the gerial. 1In other words the aerial's length is one-half a wavelength of the
radiated wave corresponding to the given frequency. The reason for the name
"hglf-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. Nows-

Frequency = 300,000, 000.
(in cycles/sec.) Wavelength (in metres).
= aoo,ogo.ooo. = 50,000,000 ¢/scc.

50 me/sec,

ALTERNATING CURRENT AND VOLTAGE DISTRIRUTION IN A HALF-WAVE AERIAL.

By utilising our knowledge of a tuned circuit consisting of capacity and inductancec,
we have seen how it is possible for a straight conductor to resonate at some partic-
ular 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 clectrons 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, so:that the
electrons excecd the protons in number, the body is said to be negatively charged,
On the other hand if a deficiency of electrons has been crcated; 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 half-
wave 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 through-
out 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 displaced,=&n
that, direction, These 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 poved: away from it. This state
of affairs is shown at (b) Figure 6. The ability of the conductor to store charges
in its various sections is exactly what we meant previcusly when we said that it
possesged distributed self-capacity.

As the applied voltage now fzlls off to zero, and then reverses, elcctrons will

TN & F, 7 - 5.



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

,______._f__"(ﬁj} pea O -
e = P |
Megative.charge Positive.charge Potentials Zero. ReYer§ed Potentials
& potential & potential - N building up,
- - - - "C\ + 4+ 4+ 4+ 4+ / r\} \ tht + + + /"'\ e
\\q/ S P
Ele tron flow electron flow (maximum) electron flew

FIGURE 6. (c) ' (3)

It will be evident that, at every point in the conductor an glternating” flow of
- electrons is taking place at the frequency of the applied c¢.m.f., The size or

amplitude of this current will be a maximum at the centre 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 (pressurc) 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 generator.). : -
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FIGURE 7, d
CURRENT AND VOLTAGE CURVES FOR_A_RESONANT HALF-WAVE AERIAL.

The mode of oscillation of a half-wave dipolo méy 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 @ conductor excited at its resonant
' T.FM & F.7 - 6,



frequency when behaving as a half-wave dipole, The applied exciting voltage
is not ‘actuallvy shown in the diagrams.

We could imagine the current at various points along the conductor to be mecasured
by an A.C. ammeter (or series of ammeters) placed as shown at (a) Figure 7,
Remember that such a meter shows a gteady 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 at the centre (o) of the conductor would show the
maximum reading., The deflections on the other meters would gradually fall off
as we go from the centre of the wire towards the ends., At (b) Figure 7 we have
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 way,
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, remember 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 max-
imum and zero.

The Potential or Voltage distribution curve is plotted at (d). The curve, as
drawn, actually conveys more information than the meters would show. It indic-
ates, in addition to the relative magnitudes of the voltages, the fact that,
at_anv given instant the potentials of the two halves of the dipole are oftoppes-
Atgsgign, 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
~otential 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 plctted 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 DIPOIE .,

Impedance is a measure of opposition to alternating current flow, and is equal

alternating voltage _ _E_
alternating current i

Impedance (Z) is measured in ohms,

to the ratio :

L]

By the impedance of an antenna we mean the impedance presented by it to the
I S



transmitter (or rather to the feeder-line from the transmitter) .

Now since, as illustrated by the curves at (b) 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 which

the antenna is "fed", The impdeance, at any -point is equal to the ratio.of

E  at that point., At the centre, voltage is shown as zero, and currcnt as a
maximum, Therefore the impedance at the central point would appear to be zero
ero Voltage) .
Max,Current, ®
rfherefore the impedance at these ends appears to be infinite

At either end the voltage is a maximum,and the current zero.
____'P:'Iaxﬂ_f_o;is_a,gs} .

| Zero Current| °

The impedance will thus increase from zero at the centre, to a very large valuc

as we move towards either end,

This variation of impedance along the dipole is illustrated by a curve in
Figure 8,

"
COMPARTSON WITH SERIES FED AND PARALIEL ‘ /-/
FED RESONANT CIRCUITS. i T~ ~ 1 B
If the source of alternating e.m.f, i.e. IMPEDANCE CURVE OF HAIF=WAVE
generator or transmitter, is inserted in the DIPOLE . FIG, 8.

centre of the dipole, the latter is said to be "centre-fed". This method is
illustrated at (a) in Figure 9.
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Centre Fed Dipole.

{
} be §

/_(/" Q : @) ;; it
\79)- . v &

-~ ' ‘ =
Lis () | bl L
~  End-Fed Dipole. éd)

FIQURE c 1lel-Fed Regonant Circuit

Here the antenna may be strongly excited by a low- agE generavor, bu €

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 ease
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 diffcrent state of affairs exists if the dipole is cnd-fed as shown

at (c¢), Here onc 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, otherwise the nurmelly large A,C, voltage
at the ond of the dipole will be grounded, and the normal mode of oscillatinn
of the antenna will be completely modified).,

In this case the impedanco presented to the gencrator 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 ultra-
high frequencies, due to skin-effect, dielectric losses etc, it might amount
to several ohms, Even so, this r.f. resistance certainly would never exceed
sbout 10 ohms, Yet we find that the impedance measured at the centre of the
dipole (which is theoretically zero if resistance cffects are neglected) is in
practice ground about 80 ohms. Whence comes this extra resistancc?

It must be remembered that resistance in a circuit results in the loss of clee-
trical energy in the form of heat energy. Conversely any loss of electricnl
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, namcly
inthe form of the radiant energy of the outgoing wave. This continual outpouring
or loss, of energy gives risc to an increase in the effective resistance of the
antenna, This extra resistance, due to radiation, is known as the Radiation
Resistance of the antenna, The radiation resistance of gll 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 appar-
ent, If a resistance of 73 ohms were placed in serics with the inductance and
capacity of the circuit shown at (b) 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 increese the impedance of the dipole at
its central point by this amount. Actually, in practice, the central-point p
resistance of a dipole is usually taken at about 80 ohms, the extra 7 ohms allov-
ing for ordinary radio-frequency rcsistance 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 (@) Figure 9. When the tuned circuit contained no
resistance, the impedance mcasured across it was infinite., If a resistance
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were inserted in either arm (L or C) of the circuit the rcsult 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 o dipole, meas-
ured at either end is found to be about 2,000 ohms. Notg, .however, that this
impedance is still much higher than that measured at the centre (80 ohms),

THE "EIECTRICAL LENGTH" OF AN ANTENNA,

In an earlier section of the lesson it was pointed out that a half-weve 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 antennats
length is approximately onc-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 dis-
tribution 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
racdiant, waves in space will be elaborated upon in more detail at a later stage
in the lesson, under the heading of transmission lines, At the moment, however,
it is sufficient tc note that "the standing-wave" (of frequency equal to the
resonant frequency of the aerial) gives rise to the electro-magnetic wave radiatel
into space. Furthermore, as the curves of Figure 7 show, exactly gne~half =
complete standing wave exists upon the antenna. Consequently the wavelength of
these standing waves, and therefore the wavelength of the radiation is fwice the
length of the wire.

In explaining the current distribution in such an aerial it was assumed that tho
latter was completely isolated in space. In practice, however, the aerinl 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 stand-
ing wave of current,. and result in the antenna acting as though it were roughly

5% longer than its mctusl length, In other words, if the wavelength of the radiat-
ijon from s half-wave dipole is measured, and the figure divided by 2, the result,
instead of corresponding exactly with the length of the wire, will be approximately
5% greater then the lattcr,

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 957 of the "electrical" length. In calculating wave-
length and frequency (at resonance), therefore, 5{ must be added to the measurcd
length of the wire before applying the calculations illustrated at an earlier point
in the lesson.

DIRECTIONAL PROPERTIES OF A HALF-WAVE DIPQLE.

An antenna of this type does not radiate (or receive) equally well in all directicns,
Referring, at the moment, to a transmitting aerial, the dipole radiates most strong-
ly in directions perpendicular to its length. The radiation in directions parallel
to its length is practically =zero, T RM &F. 7 - 10



These directional properties of an antenna may best be illustrated by means of
a "Polaer" Diagram. Such a diagram shows at a glancc the relative intensities
of the radi.ted wave (or the received signal) for all directions around the
aerial,

The Bolar diagram for a half-wave aerial is shown in Figure 10. The diagram
bakes the form of twor circuler "lobes", forming an idealised "figure-of eight".
Here AB represents the aerial. The 3ignal strength radiated in any given direct-
ion is proportionzl to the length of the line drawn from %he point (o) in that
direction to the boundary of the polar

o . diagram. For example the radistions in
the directions OC znd 0D (perpendicular
to the wire) are proportional to OC and
0P, which are equal and are a maximug,
The signal strength in the direction OE
is proportional to the length of OE which
is approximately one~half of OC, Hencec
the sigral radiasted in the direction CE
will be one-~half the strength of that
radiated in the direction OC (or OD).
Note that the strength of the waves rad-
iated in the directions OB or OA is =zero,

Lssuming that the antenna AB of Figure 10
is placed horizontally, (i.e, parallel to
the ground,) the pdar diagram drawn is
FIGURE 10, described as a*herizontal" polar disgran.

If it is imagined that one is observing the antenna from above, i.e. looking
down upon it, then the disgram shows the relative signal strengths for all
directions taken in a horizontal plane.

If now the antenna, while still placed horizontally, is viewed "end-on" ag 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 egual, The polar
diagram will therefore be simply a eircle. This is the "vertical" polar diagram,
because the plane taken is perpendicular to the ground,
Actually the circular diagram would only be observed = =
if the antenna were well gbove the ground, When placed S
horizontally and close to the earth the radiation b
from a dipole is greatly modified by reflcetion from -'”\
the ground of those waves radiated in a downward §
direction. |
/

POLARISATION OF THE WAVE . ! .
\

The "Polarisation” of a wave is determined by the
arrengement of the transmitting antenna, and depends
upon whether the clectric fisld of the radiation is EIGURE_11.

parallel to the earth (horizontal) or perpendicular VERTICAL POLAR _DIAGRAN
o 1t (vertical), . | HORIZONTA . DIFOLE .
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The nature of an electro-magnetic (radio) wave should be recalled., It consists of
two glternating 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 ficld, Both
fields move through space (with the speed of light), in a direction which is perpen-
dicular to both the electric and the magnetic lines of force. MW
#
|

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 yerticslly_polar- Direction of

“Wave

ised wave. In the case of a horizontally placed dipole, ‘/} . :
on the other hand, a horizontally polarised wave is radia- @/ | () Hoylzontaily
ted., The clectric field will now be in a horizontal plane, ’ Polarised Wave.
with the magnetic field in a vertical plane, Both types of E B
polarised waves are illustrated in Figure 12, } i y

-, . L/Q/‘Direction of
The nature of the polarisation of the wave radiated from IV * S

a television transmitter is of utmost importance when /q /f 7 Wave
considering the crection of the receiving antenna., If M P

vertical polaristion is in use, i.e. i1f the transmitter's P
rediating conductor or conductors are vertical, the receiv-

er's dipole must also be placed vertically. Conversely for
horizontal polarisation and a reeeiving dipole placed parall-

(b) Vertically
Polarised Vave,

el to the ground is required, B = clectrical ficld
THE_RECIPROCAL RELATIONSEIP BETWEEN A TRANSMITTING AND M = magnetic field.
RECETVING AERIAL. EIGURE 12,

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., ZFor example it has been szcn
that the half-wave transmitting dipole presents, at its centre, an impedsnce of about
80 ohms to the exciting generator, this impedance being due mainly to radiation rosis-
tance, 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 applicat-
ion to the receiver. The antenna, still acts as though it possessed an impedance of
€0 ohms at its centre. The receiving acrial may now 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
polar diagrams of Figure 10 and 11
apply equally well when the aerial
is used for reception as it does
when used as a radiator., That is,
maximum signal strength is receilved
for waves arriving from directions
CO and DO (perpendicular to aerial)
and gero strength from directions
A0 and BO ( "End-on"), Thus a
horizontal televisien receiving
dipole should be placed at right
angles to the direction from which
the signals will arrive from the
transmitter,

Dipole Internal Impcdance
~ 80«'.—

\ F,
N &Y,‘..__.( E ) LYV S
\ j
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L To Receiver
To Receiver

¥

Receiﬁina Dipole (a) & its Equivalent

FIGURE_13. Circuit (b).
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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 means of a single wire,
known as the "lead-in", possessing no particular electrical properties. In the
case, however, of television reception, operating with a resonant aerial, such
a casual arrangement would prove quite inefficient. Improper design or adjust-
ment 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
reccived image.

PHYSICAL CONSTRUCTION OF A TRANSMISSION LINE,

There are several types of transmission lines in use, Thesc, though differirg
considerably in physical construction, all possess similar electrical propertics.

The first type is that known as the parallel -- or twin-wire. This consists,

usually, of a pair of parallel wires, of fairly heavy gaugec (eug. L4 SiW.G.Y,

separated and held in place by "spaccrs" of insulating material placed at regular
intervals, as shown in Figurc

Insulating B, . 14, The spacers may be circu-
- .A\Spacersxxf.-\ yd ™~ lar, as shown or simply fiat
- 1-4?%1' e e { strips of insulating materisi
SONSEEVA S 5 S —4-{@»} 3 \ *] to hold the wires the reguircd
/&/ \ N g distance apart and parallel
; to one another,
Parallel
s Spacer A second, and very common

EIGURE_14. End-View  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, is the "coaxial" or concent—ic

line, illustration in Figure 15, Here Outer Conductor
one conductor, in the form of a wire, - o § g i»
is run centrally through the other ; b4 J/ /f‘“"
conductor,the latter consisting of a ] m;mmmﬁ;‘ I AR |
bylindrical tube, The two are separ- . Loy PR y/
ated by means of low-loss insulating Inner \ </’
material, Conductor e

y 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 A LINE,

Suppose we have a line consisting of a pair of 12 S,W.G. wiros mounted upon pol:zs,

as shown in Figurc 16, end extending away an infinite distance.

this transmission line is shown
leading into a building which
is supposed to contain a radio-
frequency generator or oscillat-
or feeding the line with an
alternating voltage of constant
amplitude. The R.F. generator:
is provided with a vacuum tube
voltmeter tc measure the send-
ing potential, and a thermo-
ammeter indicating the current
passing into the line, as shown
in Figure 17,

600

== 600 ohms.,

Rl e R e -
sy N2 4

R.F. Generator fV}::- A
< L !
}VJ
R = 600--

FIGURE 17.

tor is being all dissipated in the latter (in the form of heat).

The near end ‘of

FIGURE 16,

Now suppose the voltmeter reads 600 V (R.M.S.) and the ammeter 1A (R.F.S.).
the output is connected (by means of the double nole-double throw switch qhown) to
an unkcwn resistor R. The value of this resistor must by, by Ohm's Law, R =2 =

hen

Further suppose that the test engineer, by throwing the sw%tch

applies the output. to the line,
and the meters register the same
readings as before, Viz: 600V

and 1A, It is obvious that the
line must present an impedance

to the generator cxactly equal

to the resistance of the resistor,
that is 600V,

There is one important differcnce,
however, bectween the case of tho
resistor and that of the line.

The energy output from the gener-
ator when connected to the resis-
The transmission

line possesses comparatively little resistance, and therefore the energy from the
generator is not immediately dissipzted as heat, but must pass continuounsly along

the line,

This energy is transforred down the line in the form of electrical

waves, which will, theoretically in this ideal case, travel for an infinite dist-

ance,

The nature of these "guided" waves, and the manner of energy transfer may be under-
stood 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 s

‘1 condensers. We may state the
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inductance and capacity per unit_lepeth (e.g. per foot) of the twin-wire line
in micro-henrys and micro-farads or :micro-micro farads: regrsctively.

If a potential is suppled to ﬁmw«WAEQ; w“?%gL Wt ey

the input end of the line the  g,F, RS R N | L
first condenser Cj will charge Generator T Cq Tib T r to infinity
up through the first set of B s 81 W 0 g 0 o i e 4
inductances L; until the vol= Ll Ly

trge across its plates equals

that of the generator. C3 FIGURE 18.

then discharges through Lp  charging C,, 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: 186,000 milcs
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 generztor supplying continuous r.f. voltage, the “"wave"
motion will also be continuous, each capacity being, in turn subject to a contin-
uous 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, bec in opposite directions. Cons1der
for example the case where C; (Figure 18) is charging through the twc halves of Ll-
The direction of the charging current is shown in the diagrem, and it is clearly
seen that the current in the upper wire ig opposite tc 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 C1 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 reascn for the latter statement is that the
electric and magnetic fields produced by the current in one wire will be practicnlly
cancelled by the opposing fields sét 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-INMPEDANCE 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, 1In the

case cited this was 600 ohms when the line consisted of twin-wires of 12 S.W.G.
gseparated by &", 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 "characteristich

TM&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 werds the line show no reson-
ant_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 great
length compared with a wavelength., A little later we shall see how this stipulat-
ion may be modified.,

Factors Controlling the Characteristic Impedance of g 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 wircs,
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 proportionate-
ly) and vice versa. If the thickncss of the wire, on the other hand, is increascd,
Zo is decreased, and vice versa. For the sake of those students who are familiar
with logarithms, the following formula for Zo is givens-

d
Zo = 276 ;log ("r") Ohms,

Where d = spacing between conductors, r = radius of each conductor, (see Fig.19).

In any actual case "d" may be measured directly, and "r" may be obtained, for any

given gauge, by referring to standard wire tables, R L Bt 3

In the case of a coaxial or concentric line, Zo dep- : J

ends upon the inner radius of the outer tube or cyl- > 4 >

inder, and upon the outer radius of the inmer conduc- / | \\ A

tor or tube. The formula is:- /Ek/*‘ J k a\ég\\
Zo = 138 log ( ;EL ) Ohms, e ~— Ny

4 END VIEW OF TWIN-WIRE LINE,
Where T2= inner radius of outer conductor = FIGURE 19

Tl = outer radius of inner conductor,
(See figure 20)

In the case of the "twiatedspair" 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 20 - 140 ohms,

_ Outer ‘
Conductor For comparison purposes the Zo of the parallel twin-wire type
is usually found to be in the range 200 - 600 ohms, It is

r2 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, usu2lly

TR & 4 1 found to be in the vicinity of 70 ohms,
Conductor - nsilati .
- Tngwating  opaNSMISSION LINE OF FINITE IENGTH-LOAD MATCHING.
FIGURE 20 In considering the operation of the transmission line ecarlier,
the line was considered to be of infinite length, so that the energy from the
generator could pass down the line continuously in one ction, This energy

p T & 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 mnext adjacent element of the line, In this way the capacities
of succeeding sections progressively become charged, at the speed of an electro-
magnetic wave, vizs 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). ML &

When the generator is switched on, a 4—-"(E?**fﬁxh\ TE ~L'KL“\“””_“‘

wave passed down the line from left = )

to right, as described; the final Genqz—Pkaiﬁfﬁ“jﬁj J\Q PR : Lij;——~*
condenser becoming cha?ged up. This Open-Circuited Finite Llne,

condenser cannot pass its charge fur- (2)
ther to the right on account of the -
open-circuit. In discharging, there-
fore, it sends a current back along
the line, 1In this way a wave is
initiated from the right-hand end of
the line, and travels back as a refl-
ected wave, We now have two waves,
one passing from generator to the

= .
R.F. Generator

Forward Current Wave thus/_ ‘\\

right and the other (reflected wave) Y
in the opposite direction, Reflected " " gl POORETES - ol
The net A.C. currcnt and voltage at Resultant (Standing)" “u L::__‘Kfi;“7
the sending terminals may be greatly (b

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 ratic of _E_at the generator,

pi
and therefore the impedance presented to the latter, may be considerably diffcrent
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 large,
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 certain points, and cancelling it
at others. The forward current wave, the reflected current wave, and the resultant
(or net) current wave are illustrated at (b) in Figure 21 (b). The waves are shown
for one wire only, Those on the other wire will be similar but opposite in phese.
The important thing to notice is that at certain points (4,B,C,D and E) on the line
the current is always zero, due to the forward and backward waves always cancelling
at these points, Ammeters inserted at A, B, C, D, and E would never show any read-
ing of current. Meters inserted at points F, G, H, I, on the other hand would rec-
ord maximum readings, because the forward and reflected waves reinforce each other
at these points, The resultant wave obtained is called a Standing Wave,

TM&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). A4 wave motion will travel continuously down the rope from
left to right. All points of the rope will be . //,Ig\fnfinity ——f;rrrf

affected by the motion. This is a travelling _53:‘ e . - [

wave, and is analogous to the casc of the {% fQ?’ RO

infinite transmission line. Now consider a fg;”l (57”’

finite length of rope tied to a wall as at [pi

(b), If the rope is continuously shaken a 2

standing wave will be crcated, whereby cer- : éi

tein points on the rope (4,B,C) will remain

(comparatively) at rest. Other points, (D,E, 9 .

F) will be in a state of continuous oscillat~ P hata F ,_@ ¥ ,,LL\‘

ion or agitation. Thc motions of the points 4@ f\}m(z’”*b\\\é% = w\% ™

B and C due to the forward wave are cancelled f}ﬁﬁ o el 0 £ S ok

by the wave reflected from the wall, at all ! o (b)

instants, ¢ la Wal
s FIGURB £2,

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 befcre,

£
R. .
Generator % MATCHING A LINE TO A LOAD,

FIGURE 23. Consider now an infinite line of characteristic
impedance Zo, fed by an R.F. generator (Fig 24 (a)). The actual impedance expericn-
ced or "seen" by the generator will be Zo, Imagine a wave reaching the point 4 c¢n
the line, This wave will "see" ahead of it an impedance of Zo (for the line is
still of infinite length meas-

Lo Inf%g}ty s ured from A), Suppose now the
R.F é  — - same line is broken at A, and
by 70 b =y the remainder of it replaced
Zo :
Gen, .. ' f L by a resistor of value Zo, as
5 (a) shown at (b) Figure 24. The
Lop wave on reaching A will still
e 'see' an impedance of Zo.
——-—g p

(vizs the resistance Zo of RL)
as if the remainder of the
(b) line extending to infinity
were still there, Hence tho
energy of the wave will pass
FIGURE 24, into the resistance, without
reflection, As far as the generator is concerned the line in case (b) 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 the capcity of the last element of the linc
precceding 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). Wherc the line is terminat-
ed by resistance equal to Zo, however, the encrgy of the wave, instecad of travell-
ing on forever, is quickly dissipated in the form of heat in RL. This is just
T.FM & F, 7 - 18,



what we require. All the cnergy passed into the linc by the generator, travels
down the line and is received by the load,

If RL is greater or less than Zo, reflected waves will be set up, The strength

of these reflected waves will depend upon the amount of mis-matching. The reflected
wave will reinforce the forward wave at certain points, and opposc it at others,
resulting in the formation of standing waves. If a meter is moved along the linc
points of minimum current and others of maximum current will be found. The currcnt
will never by zero, however, as in the case of an open-circuited or short-circuitud
line, because the reflected wave will be woeker than the forward, so that completo
cancellation can ncver occur, The ratios=-

Max, current at points_of reinforcecment.
Min, current at points of cancellation,

is called the "standing-wavc 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 corroctly matched (Rl = 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 are called
Standing Wave indicators. The indic=-
ation may be moved along the line,

maximum and minimum readings being //
noted. No variation in reading as / | /s
the indicsation is moved down the line N 4 //‘ L
indicates correct load matching. |/ // &59‘

LOAD MATCHING OF A TRANSMISSION LINE 9 e
AT THE SENDING END. 5 7

/?%av\ 7%
It is a well known fact that if an A.C, bl | /21 ™~ Capacity
generator is to deliver maximum power 5 ~\"Ccupling
into a load, then the load impedance y a '
must equal the internal impedance of Neon Bulb Crystal or
the generator. In the case of a trans- diode detector
mission line, therefore, it is import- and meter
ant to ensure correct load matching at the FIGURE 25,
"sending" end as well as at the receiving end, The load imposed on thc generator
is, 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-matching 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
importaiit (undesirable) effect occurs if both ends are incorrectly matched, The
energy of a wave reaching B (Figure 26) is partially absorbed by the load RL. 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. 1In this way a rcflected 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 ™M&PF, 7~-19,
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at A at any given moment only a fraction will

be received in the load RL when the wave’ first Sending -
passes the length of the line. A small inter- End 33091V1ng
val of time later, after the reflected wave has .. ;ﬁ End B
had time to pass back along the line and down <§> TS T

again, RL will receive a little more of this
energy, and so on. This effect as explained
later causes serious distortion in the case of
a transmission line coupling a receiving aerial
to a television receiver. FIGURE 26,

TRANSNIS3ICN ANTENNAE, )
In the problem of transmission of television signals there are two important

considerations to be dealt with, The first concerns the directivity of the radiat-
ion. 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 pularis-
ation is used, a single dipole has desirable properties, in that it radiates no
energy vertieally upwards, and a maximum of energy in the dircction of the horizon.
On the other hand it radiates equally well in all horizontal directiocns, and cannct
be used, therefore, to ccncentrate the horizontal radiation towards a particnlar
city, If horizontal polarisation is used, the dipole radiates no energyiin the
horizontal line which coincides with the length of the dipole, and maximum encrgy
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 pepulat-
ion, 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

short-lengths of coaxial cable, The dipol- _2;
cs are fed so that the current in any one P
is of opposite phase to the current in ite

opposite: fellow, If a point in space agbove Coaxigl

the system be considered, the wave arriving Line

from any dipole will be cancelled by the mA-

egual and oppositely phased wave from the b :
opposite dipole. ‘Note that such a point s
in space is ‘equidistant from all the di- e 357505
poles, so that out-of-phase waves setting Mo some ey g
out from a pair of dipoles will still be A ) 1
out of phase when they reach the given

point., This means that the net radiation }

upwards is zero, In other words the ver- .

tically radiated wave is entirely supp- 4

ressed, S

In the case of a wave radiated horigontally {

the situation is different, OJonsider a IEIEVISION TRANSMITTER RADIATOR -

point in the same horizontal plane as the  2CROSSED" DIPOLES AND COAXTAL LINES,

dipoles, say to the right of them. At any HORIZONTALLY POLARISED WAVE., FIG, 27,
T-FM&F. ’7 "20.




A

instant the waves radiated by dipoles 4 and B nre 180°

owt. of phigse. A CHPEEEICR

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 waye from A will have changed its phase by an amount equal

to 4 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 gs it passes

the latter dipole.
points to the right of A,

Direction of

Propogation S~

Z = )
w ~ Vallc
4 1/

% f" B

e———}-—-}?\
5

- Waves
 Adding

Wave from A , e

Wave from B o Ty ;7

Iy

<
Re -ltant Wave. /’/—\\\\\\,,//

FIGURE 28,

datos on the mast depicted in Figmre 30,

This means that the two waves will reinforce each other at all
Figure 28 will show clearly how this additive effect

occurs, Here the plane of the paper is supr-
ogsed to represent a vertical plane, the dipolcs
being viewed '"end-on",

Figure 29 shows the horizontal polar diagram

of the system at (a). Note that radiation

is roughly uniform in all hcrizontal directions.
Such a radiator would be used when the trans-
mitter is situated near the centre of a pop-
ulated area to be ccvered, At (b) is shown the
vertical polar diagram., Note thatthe energy is
concentrated into a horizontal radiation patt-
ern, the skyward wave being reduced to a mini-
mug,

The dipoles of this type of radiator are some-
times curved, so that the four of them form the
circumference of a circle. The appearance of
such an arrangement is shown by the upper rqd-
Actually in this figure the electrical

arrangement is that known as the "folded" dipole system, which is somcwhat differ-

ent from that described above,

Dipoleé//
/
HORIZONTAL POLAR

DIAGRAM.
(a) FIGURE 29,

As explained in this lesson a

VERTICAL POLAR DIAGRAM.,

The second problem
to be considered in
transmitting antenn-

///"’_—157:\\. 2 ae concerns the
o= g - - & 4 , antenna impedance
; ﬂ / over the frequency

band of the trans-
mission, This band,
" as we have secn in
an e~rlicr lesson
is usually widey up

to 6 me./sec, forthe
vgdeo cqg;ger.

Dipoles

(b)

dlpole is resonant at one frequency only, when its

impedance (measured at the centre of the radiateor) is a minimum and purely resis-

tive,

rises and becomes partly reactive,
If the sidebands are not to be appreciably weak-

like a series resonant circuit,

At frequencies on either side of this resonant frequency the impedance

In this respect the dipole behaves cxactly

ened or distorted this de-tuning effect must be made negligible over the width of

the transmission channel.

the radiator elements with resistors, and by special shaping of them.
radiator of Figure 30 shows one system,

The problem is solved in practice by heavily "loading"

The lower
rotpude from a curved

JM & F, 7 - 21,
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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 rad-
iation (previously referred to) is used for sound
transmission (ultra-high frequency F.M,), while the
lower, just described, is used for the picture tran-
smission,

RECEIVING ANTENNAE ,

The antenna system of a television reeeiver requir-
es to be much more critical than that of a broad-
cast 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 acrial
for both the picture signal and the sound. The two
signals, lying in adjacent frequency ehannels, are
Wgorted out" in the early stages of the receiver.

Television receiving antennac are usually of the

simple dipole type. Sometimes special arrange-
ments of several dipoles (multi-element "arrays") ' ﬁEEQEEE_ﬁQf
A 4 . - TELEVISION TRANSMITTING
are used, when special directional properties are - =
desired - ANTENNAE .

In erecting an antenna the first point to coneider is the polarisastion characteris-

tics of the transmitted wave. In England vertical polarisation has been in favour,

and in this esase the receiver dipole must be placed so that its length is perpendic-
ular to the ground, If the wave is horizontally polarised, as in America the dipnle
is erected parallel with the ground,

Secondly, the direction from which the signal arrives must be c-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".tothe line joining transmitt.r to
receiver, If it is desired to operate upon more than one transmission, a c morom-
ise must be decided upon in this respect,

Figure 31 shows the necessary orientation of antennae for vertically polariscd 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 direcctions, 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

TM&F, 7 - 22,
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FIGURE 31.

TOR, due to reflection from the building B, The effeet is to produce a blurred

image on the receiver screen due to the reproduct-

ion, twice, of each picture element. The reprod- ¢ =y L R kk?R

uction of a particular picture element due to the ™ ) A

reflected wave will not appear on the screen in G “

exactly the same spot as* that produced by the Py

direct wave., To understand this remember that the N ///f/

picture elements are superimposed on the r.f, wave ™ i///

in succession, and in the form of modulation. Now L

imagine that at the present moment a particular ? i
i‘

picture element appears as modulation on the wave
just leaving T. This picture element will be re- |

produced on the receiver screen a short time i j

later =~ the time the direct wave takes to pass e (i

directly from T to R, The same picture element

will be reoproduced a second time -~ a little later 'FIGURE 32,

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 contin-
uously moving, at high velocity, over the screen. A ‘blurred image will result,

Suchreflections 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.

LENGTH OF RECEIVER DIPOLE,

Aspreviously discussed, the dipole, to be resonant, must have an elcctrical 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 numbor
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 "geometrie
centre" of the range. This is calculated by multiplying the two extreme frequen-
cies and taking the square root, thus:-

geometric centre = AL T I08 = 70 me/sec,

The dipole is designed so that it is 4 wave-length long at 70 mc/sec. 4 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 very broadly tuned, and it is found in
practice that the band of frequencies can adequately be convered by a single acrial,

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 ohms impedance, if maximum
energy is to be transferred to it from the antenna., A4gain, if the recceiver input
(aerial eircuit) 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 arc 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 at the centre,
and the transmission line is flared out, the dimensions being shown for 2 600 ohm

line. The theory of this matching method is &~ JL8A :
rather complicated and will not be discussed (Vegisrees SIL2) st
in detail here. M i
a f\: \‘ . fi
The effective load on the other end of the s W /
line must also be equal to its characteristic 16 M } '
impedance == 600 ohms in this case., The trans- [

former effect is usually used for matching pur-
poses here, The load imposed on the line will
depend upon the naturasl impedance of the input
cireuit of the receiver and the turns ratio of 1
the transformer, The arrangement is shown in

Figure 34, Note that the centre point of the 4, S

primary coil is grounded. The reason for this R

is to cause cancellation of any signal pick-up in DELTAjﬁATgHING

the two wires of the transmission line. These sig- (-;——:-i*ﬁgzgigé th)
nals will cancel out in the two halves of the primary FIGURE 33 g

coil, so that all signal fed to the receiver comes
T.FM & F,7-24



from that absorbed in the dipole itself, This precaution is called "balancing:

iy \%/ the line,
\rﬁ {Transmigsion Line

The twisted-pair type line has a lower characteristic
:; 3 ¥ impedance == usually 50 to 150 ohms ~= so that direct
X coupling to the dipole (Zo = 80 ohms) is in most cases
e s satisfactory (See Fig., 35). The attenuation, due to r.f.
“““"——”1:; = wl losses, of the twisted~pair is, however, high, Although
— S K, this results in loss of signal strength, the high atten~
FIGURE 34, gircuit uation is actually an advantage in damping out reflect-
ions, due to imperfect load matching, as discussed below., For these reasons the

i
ey

)

twisted-pair is usually to be favoured above all other e g pipole

types for ordipary household reception purposes. : ?C

DISTORTION DUE TO LINE REFLECTIONS. (> Twisted Pair
p!

If the transmission line from the dipole is not correct-

ly matched at both ends, reflections, producing standing ) lT

waves are set up, as previously discussed, These line 0 receiver

reflections cause exactly the same type of screen dis- FIGURE 35,

tortion as occurs when the antenna receives a wave reflected from an object, as
shown in Figure 32. If the line is not accuratcly matched to the load of the

input circuit, a part of the energy, instead of being absorbed by the receiwer, 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. Z¥ach time it strikes the receiver
end, a part of it is passed to the receiver screen. In this way a picture elecment
may be "laid dowm", at adjacent points, several times on the screen, with conseg-
uent 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, howewer, the distortion can be very
serious,

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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BXAMINLTION QUESTIONS.

Explain with the aid of a diagram the meaning of the terms
distributed self ceopacity and inductance of a straight conductor,

Draw a disgram 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,

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?

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

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

Give and explain one reciproeal property of a dipole when used
for #eception and transmission,

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

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

Explain the meaning of the term "polarisation of a wave", Should
a receiver's dipole be vertical or horizontal to receive a2 vertic-
ally polarised wave?

Why may the presence of large buildings. near a receiver aerial
result in a blurred picture?

T.FM&F.7"26.
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TFM, & F, LESSON No, 8.
TELEVISION RECEIVERS.

The broad general principles underlying the reception of television signals are
jdentical with those you have learned about in your earlier lessons on ordinary
sound broadcast receivers. For this reason we shall concentrate here on elucid-
ating the special problems which are characteristic of the reception, amplification,
and detection of the high frequency, wide-band wave which constitutes the televis-
jon 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 rec-
eiver, operates in the same general mgmner as its counterpart in the more humble
broadcast set.

THE SPECIAL PROBIEMS OF TELEVISION RECEPTION.

As has been pointed out in an earlier lesson of this series the complete televis-
jon 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,
of 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, vize the cathode ray tube
in the one case, and the loudspeaker in the other.

Then sgain, 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

TM&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 design. 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 broad-
cast 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.

Sound Signals —~——"——~ Frame Synchronising Pulses ww wm
Picture Signala ~~~"M Line Synchronising Pulses fretannd
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FIGURE 1,

Just as it is possible to use a straightforward TRF receiver or a superheterodyne
f?r 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
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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. eircuit 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 sec-
tion 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 sig-
nal consisting of a sound carrier of 41.5 me/sec, and a vision channel of carrier
frequency 45 me/sec, with side-bands extending from, say 43.5 me to 46.5 me. 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 mec, vision carrier.

The sound earrier is separated from the vision carrier by a sharply tuned r.f.
circuit adjusted to 41.5 mec. This signal is then reduced to the I,F. of 4,5 me.
by means of the frequency converter (lst detector). Compare this I,F. with that
commonly used in broadeast reception (4565 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 (1line)
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, amplif-
ication, 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. 1In
this stage, of course, the signal is de-modulated, i.e, the video signal is sep-
arated from its carrier. This video signal, representing the picture elements, is
then amplified by one or more stages of wide-band amplificiation, Video amplif-
iers were discussed in detail in Iesson 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.S"B.
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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 me. to 46,5 mc, 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.F's of 9,7 mc. and 13.2 mc. respec-
tively. The sound section then follows, in principle, the conventional superhet.,
layout. The picture signal passes through two stagas of I,F, amplification,
where the tuned circuits have broad characteristics to accomodate the wide band
of side-frequencies (e.g. 3 me,).

The detector is normally of the diode type. Such a detector if sufficient amplif-
ication 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
scgnning. It will be observed that no attempt is made to suppress the sync. sig-
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nals from the modulating electrode., Such suppression is unnecessarys; 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 compon-
ents 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 discuss-
ion of the:-particular problems associated with the aerial,mixer, I,F. and detector
stages of such a typical receiver,

THE_INPUT (AERIAL) 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 trans-
fer 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 me, 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 cir-
cuits are usually induc-
tively tuned, i.,e, they

employ coils with adjust- Transmission Antenna System
able iron cores. The Line . Losses

tuning capacities then x

consist of the stray wir-

ing and valve input cap-
acities,

If the receiver is desig-
ned to be tuned to a large
number of television chan-

1T

nels it is usual to employ L W CircuitEgEéxgign:ffect
a separate circuit for of Transmission Line
each channel, The stations losses

are then selected by a suit- ]

able switching arrangement FIGURE 3.
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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

Antenna
Faamc

Station Selector

cemvEEsTseavevsannea

, To grid of frequency changer,

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 £it within the coils, The fiwve channels provided for are 44 to 50, 50
to 56, 66.to0 72, 78 to 84 and 84 to 90 me,

Coupled circuits, to produce a band-pass effect, are often used in preference

to a single circuit, The idea here is not tc 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 usin