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Author’s Preface

Many pages have no doubt been written about video. This book is an effort to 
present the information that the student, and maybe also the advanced video 
technician, is looking for. I have tried to give the book as wide a scope as possible: 
for instance, in Chapter 2 the video amateur will find information on building a 
black-and-white camera, while Chapter 5 will give the television technician his fill 
of transmission theory.

To avoid having to write a three-part manual of 1000 or so pages per part, a 
practical approach has been adopted. This is deliberate: no ballast, but a thorough 
dissemination of information, based on the PAL colour television system.

Generally, it may be said that an effort has been made

(a) wherever possible, without becoming incomprehensible, to avoid basic 
theory (no Ohm’s law, no picture analysis, no ‘how does television work') 
and thus to create possibilities for matters which are more in the field of 
video, such as video tape editing, studio lighting, etc.

(b) to present the material in such a way that, without violating the theoretical 
basis, practical use is emphasised.

(c) to indicate extensively how the professional and the amateur, both in the 
artistic field, can themselves be active and thus to write a modest reference 
book on video both for the video specialist associated with broadcasting, in 
business, training centre or audio-visual service, and for the amateur.

Special attention should be paid to the index; it is an essential part of the book 
and may be of great value to the reader coming across unknown terms when 
reading a certain passage. Although I am aware of the effects of Finnegan’s second 
law-‘What you are looking for is not to be found in a single manual; what you 
already know is to be found in all’—I do hope that with this book I have made some 
unreclaimed areas accessible.

Finally in relation to the original Dutch text, I wish to express my sincere thanks to 
Mr. Folkert Algera for the many hours he has spent on literature study and for the 
time he needed to read the manuscript together with Mr. Bob Vos and many other 
fellow-workers of the Stichting Film en Wetenschap; I would like to thank Mr. G.J. 
Kemerink for his careful perusal of the complete text and my charming models Corry 
van Stralen and Lindy Kolnaar for their patient posing in front of my camera, in spite 
of the usual words ‘Let’s do it just once more’.
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For the English edition, the fast-growing success story of video, added to the slight 
difference between the Dutch and UK standards, made a review of the Video 
Handbook desirable; particularly at the domestic level a vast number of different 
formats of video cassette machines are now on sale, while in the field of camera tubes 
several new types have appeared.

Whenever possible I have replaced the Dutch standards by the UK ones; in a few 
cases this would have meant an undesirable loss of information. So in particular I 
have retained the original text on the RMA testcard (because this card is more 
suitable in camera testing than the BBC 2 colour testcard F) as well as the EBU 
Insertion Test Signals on lines 17, 18. 330 and 331 in Figures 9.14 and 9.21. The UK 
Insertion Test Signal lines are shown in Figure 1.16.

To take account of the expanded domain of video recorders and camera tubes 
the corresponding chapters have been reviewed and updated.

I sincerely hope that you will find this Video Handbook useful and informative.

And now the word, or rather, the book is with you! 1 do sincerely hope that you 
will not hesitate to write and tell me, if after reading the book you still have any 
questions unanswered or comments to make. Many hands make light work!



Editor’s Foreword

Gordon J. KingBrixham, Devon

It was my pleasure to edit this excellent book for the English-speaking reader. I 
was astonished by how much material the author has managed to include within its 
400-odd pages, and 1 enjoyed the author’s light sprinkling of humour, particularly 
his renderings of the ‘laws of Finnegan’, which I feel certain all video technicians 
and engineers have experienced in one way or another from time to time. 
Finnegan’s third law is the one that always seems to come my way, in spite of digital 
instrumentation!

Translating from the Dutch is no easy matter, and I must admit to the need for 
rearranging pretty well all sentences in the book and often large tracts of text. I 
hope that, in doing this, the value of the work has not been diminished or the 
humour masked. To some extent the technical matter and mathematics have 
universal application, but there are some variations between the Dutch and English 
parlance.

Where ever possible I have retained the author’s ways of presenting the material, 
modified for the English-speaking reader by the addition of notes. For example, 
the author uses the term ‘picture sync (pulse)’ to describe a pulse or a series of 
pulses transmitted at the beginning of each field to hold the receiver scanning process 
in synchronism with that of the transmitter. The British term is field sync pulse or 
field synchronising signal. Also for line synchronisation the British term is line sync 
pulse.

Even though they may not have been changed in all instances, the expressions of 
the author’s text will be understood from the opening chapters of the book.

Although the original text was published only a short time prior to the preparation 
of this English edition, a number of things have happened in the field of video since 
then. I would have favoured the inclusion of a chapter on Teletext, but to do this full 
justice would have required far more space than was available. In any case, Teletext 
is not really in the video enthusiast’s domain, and it would have been out of place in a 
book of this kind, anyway.

It is my hope that this Video Handbook will complement my own Audio 
Handbook (also published by Newnes Technical Books), the two together giving a 
fairly deep insight into the prevailing video and audio arts.
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Finnegan’s first law:
If, theoretically speaking, anything at all can go wrong, it certainly will (during 
demonstrations)



Standards

i.o. The Nipkow disc

Figure 1.0. One of the first television receivers constructed by Baird to the principle of the Nipkow disc

1

The heart of this transmission system consists of a disc approximately 50 cm dia­
meter in which thirty holes of 0.8 mm diameter are arranged in the form of a spiral.

Summarising the above parameters should not be taken to be a laborious effort to be 
complete; it is to be regarded as honour done to the ‘father’ of television —

angular distance between holes: 12°
smallest radius: 215.9 mm
largest radius: 241.3 mm
picture dimensions: 26.2 x 45.2 mm
picture frequency: 25 frames per second
bandwidth: 15 kHz
synchronisation: hand-brake
camera tube: photo-electric cell
picture tube: neon lamp
carrier frequency: approx. 1 MHz (medium wave) 
sound: a second medium-wave transmitter.



Paul Nipkow
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Therefore, honour to Paul Nipkow and in him honour to many others such as 
Braun, Baird, Zworykin and Bruch, to mention just a few of the many people who, 
consciously or otherwise, have contributed to today’s television technique and 
unfortunately to the origin of a large number of television standards which can be 
characterised best by means of the word ‘chaos’. A striking example of the above is 
the so-called CCIR standard (Comite Consultatif International de Radiodiffusion). 
If anyone thinks that one name means one standard, they will be greatly dis­
appointed: to start with, the CCIR black-and-white television standards (Ref. 1.2) 
consist of systems A to M inclusive, where each country is represented by its own 
letter (and sometimes number).

2

’an indigent. 23-year-old student, Paul Nipkow, a poor, lonely and unknown 
student of natural sciences in Berlin who, on Christmas Eve, 1883, finds a brilliant 
solution to a problem; a solution other people had not even contemplated. While 
other people, sitting around a Christmas tree full of candles, are having their 
Christmas parties with their families, rejoicing in their hearts, he is sitting on a 
bench somewhere in a street, far away from his parental home in Pommeren, full 
of wonderful thoughts. With fabulous certainty he combines physical phenomena, 
energetically tries to solve an ever-increasing number of questions, and later that 
night when Nipkow blows out his candle, he knows the solution: television is 
possible and will show mankind its astonishing possibilities in future...’ (Leonard 
de Vries, Het jongens Radioboek. Ref. 1.1)



The UK colour television standard1.1.

Picture and field frequencies1.1.1.

Figure 1.1. Interlacing

3

A picture frequency of 25 frames per second is used because it offered two important 
advantages: Firstly, synchronising with the mains supply is possible with the least 
picture interference due to the mains frequency or its multiples (stationary inter­
ference is less annoying than moving interference); and secondly, this frequency is 
very close to the cinema film frequency of 24 frames per second, so that existing films 
can be used for television.

A disadvantage of this fairly low picture frequency is that the picture flickers. In 
film this is checked by projecting every picture twice with the aid of a shutter (so that 
the repetition frequency will be 48 frames per second without flicker is obtained, 
while no extra film is used). In television this can be effected only by increasing the 
picture frequency both for recording and for reproduction, increasing the bandwidth 
required (which is directly proportional to the picture frequency). Since a television 
picture consists of lines, a clever solution became possible by means of which ‘two 
birds could be killed wih one stone’. The 625 lines forming a picture are not 
transmitted in normal sequence, but instead in two groups of 312.5 lines. Each group 
is called a ‘field’. Note: In earlier British practice a complete picture was said to 
consist of two ‘frames’. This term is now deprecated, and current practice is to 
replace ‘frame’ by the more generally accepted international term ‘field’. By writing 
the lines of the ‘even’ fields between the lines of the ‘odd’ fields, line 1 in a picture is 
not followed by line 2, but by line 314. So the sequence will be 1 — 314 — 2 —

315 — 3 — 316 etc. (see Figure 1.1). In this way a repetition frequency of 50 Hz 
(the ‘field frequency’) is obtained without increasing the number of complete pictures 
(frames) per second (this number will still be 25).

3J4
2

315
3

The characteristic of the colour television standard used in the UK corresponds to 
CCIR I (PAL).

The characteristics of the system adopted for the UK corresponds to CCIR A and 
I; for The Netherlands CCIR B and G; for Belgium CCIR B and H; for Russia CCIR 
D and K; for France CCIR L; and there are others here also. We shall not try to 
unravel the entire problem but leave it as it is and confine ourselves essentially to the 
UK standard.



1.1.2. Line frequency

625 lines per picture enable

1.1.3. Interlace

Picture dimensions1.1.4.

Line duration1.1.5.

4

The picture visible in the camera and on the studio monitors has the height/width 
ratio (aspect ratio) of 3:4 (=12:16). Television receivers may have a 4:5 (=12:15) 
aspect ratio, which means that a receiver will sometimes show less picture horizon­
tally than a monitor. Moreover, to avoid the display of side edges, it is common 
practice to adjust a receiver slightly to overscan, thereby eliminating about 3% more 
picture (see also 9.1.1.1 and 9.1.1.2).

Line frequency is 15 625 Hz, which means that a horizontal line period corresponds 
to 1/15 625 second, or 64 pis, which contains approximately 12 pis of line sync­
hronising information (see Figure 1.2).

The term ‘interlace’ is used because the lines of the even fields are placed between 
the lines of the odd fields. Although it is possible to divide a picture into more than 
two fields, only the 2:1 interlace is important. At higher ratios the disadvantages of 
interlace, such as the splitting of quickly moving vertical lines and line flicker 
(although the field frequency is 50 Hz. every line still has a repetition frequency of 
25 Hz), will be much more apparent so that the picture would be unacceptable.

In some non-professional cameras ‘random interlace’ is used. This means that 
there is no interlace at all because no precise coupling has been effected between the 
line and the picture frequency. Line 314 is no longer exactly between lines 1 and 2, 
but it falls in a random place.

(a) The number of lines needs to be large enough to provide 
picture definition.

(b) On the other hand, the number of lines needs to be small enough to allow 
economy in transmitter bandwidth.

(c) There should be an odd number of lines, because the lines of the even fields will 
fall exactly between the lines of the odd fields only if every field starts or ends 
with half a line.

an acceptable level of

a fixed coupling between the picture and the line 
frequency with the aid of only four 5-divisors (625 = 54).

Since 625 lines comprise one picture and since one complete picture (two interlaced 
fields) lasts 1/25 second, the line frequency is 25 x 625 = 15 625 Hz. The choice of 625 
lines rather than any other number of lines is determined by a number of factors of 
which the following are a few:
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In the synchronising part we distinguish between the so-called ‘front porch’ and 
“back porch', which are both at blanking level, the synchronising (sync) pulse itself 
and a colour burst, which represents the carrier of the colour reference signal.

The rise time of the vertical sides of the sync pulses is very fast (0.2 ps ± 0.1 p.s). 
A receiver should be designed to pass them without overshoot.

During the time that the video signal is blanked, the synchronising part is also 
termed the ‘horizontal blanking interval'.

/ Sync part

(Horizontal blanking interval)

The picture part is defined by two levels, which are the white level and the blanking 
( = black) level. If the white level is said to represent 100% signal level, then the 
blanking level corresponds to 30% level. The black-and-white video signal should 
remain between these two levels. A colour signal may slightly exceed the white level 
or fall slightly below the blanking level (see section 1.9).

Blanking 
level

Picture sync

Picture blanking I

level

This is 1/50 second, or 20 ms, of which approximately 1.6 ms is reserved for the field 
pulses. The 1.6 ms period corresponds to 25 lines plus one horizontal blanking 
interval. Because the video signal is also blanked during this interval, the term

Sync I ' 

lev"_

16ms

I Front porch

/ Sync pulse

/ / Burst

! Back porch



1.1.7. Bandwidth

600
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200
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Figure 1.4. Relation between the bandwidth of a transmission system and the resolution

5.5 MHz.

whereSo /g =

This leads to the standard rule (see Figure 1.4)

the vertical resolution.

’Strictly, it would be more correct to speak of 574 'dots’ on every horizontal line, instead of 574 'lines’.

6

‘vertical blanking interval' is used (see Figure 1.3). The interval includes 2.5 line 
periods. 160 us total, followed by the field pulse chain, which also lasts 160 ps. For 
details see under Section 1.9.

Z, 
k

Bandwidth in 
MH1

Resolution 
(Ones)

This means that a horizontal resolution of 574 lines (the vertical resolution will be 
430 lines) corresponds to a basic frequency of 57^

0.0128Zverlwhere /g

7 ^vert

The video bandwidth is 5.5 MHz nominal in the UK. On the receiver only 575 of the 
625 hnes are visible. The 50 ‘lost' lines are to be found back in the vertical flyback 
time. So, theoretically, the vertical resolution is 575 lines. Investigations carried out 
by R. D. Kell prove that an unbiased spectator will, without realising it, view from a 
sufficient distance from the screen so that the lines are not discerned. The effective 
resolution will, therefore, decrease by a factor of approximately 0.75, i.e. 0.75 x 575 
= 430 lines. The multiplication factor 0.75 is also called the ‘Kell factor’. If an equal 
horizonal resolution is required, j- x 430 = 574 ’lines’ should occur in the available 
52 ps.* 287 white and 287 black lines will be the maximum obtainable number. So 

= 0.181 ps will be available for one white line -i- one black line.

'vert = k X 575;
= Kell factor = 0.75; and 

/ = bandwidth in MHz.

where Zvert

Lx ± 
2 3

52



Summary

Figure 1.5. The Radio Manufacturers Association of America’ test chart

Colour television. General.1.2.

A video recorder with a bandwidth of 3 MHz will reproduce 430 lines vertically 
and 235 horizontally (see Figure 1.4). The horizontal and the vertical resolutions are 
no longer equal.

The signal transmitted by a television transmitter is contained within approximately 
5.5 MHz. This implies that vertically a maximum of 430 lines and horizontally a 
maximum of 570 to 580 ‘lines’ (i.e. 287 white and 287 black) can be reproduced 
separately. Generally (also for the horizontal resolution) the number of lines is 
stated which vertically, at equal horizontal and vertical resolution, could be repro­
duced separately. So ‘Horizontal resolution 430 lines’ means that the resolution is 
such that vertically (i.e. from top to bottom) 430 and horizontally (i.e. from left to 
right) 570 to 580 lines can be reproduced separately. In the test pattern of Figure 1.5, 
the best receiver will not reach further than 430 horizontally and vertically.

From theory (Ref. 1.3) it is known that any arbitrary colour can be obtained by 
adding three properly selected primary colours in the right proportions. Although 
for these three primary colours in fact any combination of colours can be used, 
numerous considerations have led to the choice of the colours Red. Green and Blue. 
(One of the reasons is that the colours should not be too close to each other in the 
spectrum, because in making a certain mixed colour it would be necessary to add a 
negative quantity of one of the primary colours, and another is that the primary 
colours should preferably correspond to the available picture tube phosphors.)

Ina colour camera the picture is split into these three primary colours and supplied 
to three (one for each colour) camera tubes. These camera tubes determine the

7



Y = 0.3R +0.59G +0.1 IB

Transmission of the colour signal1.3.

(a) Excessive bandwidth (up to 15 MHz) and consequently.
(b) High costs.
(c) Registration problems.
(d) Non-compatibility with black and white. Compatibility in this case means that 

a black-and-white receiver should not 'notice’ the colour parts of the signal.

Without going too deeply into the ‘why’ of the situation, the following section 
describes the 'how' of one of the possibilities to satisfy the requirements: e.g., the 
'PAL’ system, which is used in the UK and increasingly in other countries around the 
world.
* This is assuming that all cameras are ‘ideal’. An ideal’ camera (black-and-white) in this sense is a camera 
which indicates such a voltage that a monitor connected to it reproduces a grey which has the same 
brightness as the colour recorded by the camera would naturally have to the human eye.
** The brightness of white will be called ‘luminance’ to distinguish it from the brightness of a colour.

8

Although in principle it would be possible to transmit (or to register) a colour signal 
by using a channel for each primary colour, this would lead to insurmountable 
practical difficulties in the majority of cases. Some of these difficulties are:

intensity of each of the colours (the intensity will from now on be called 'brightness’) 
and supply the R. G and B signals.

Let us now take the following set-up: A red, a green and a blue lamp are placed in 
front of a completely white surface. The light intensities of the lamps are set in such a 
way that the light reflected by the surface is white. In front of this surface a colour 
camera is positioned, which is set so that it gives 1 volt R, 1 volt G and 1 volt B. It will 
be clear that, if only the red lamp is lit, only the red channel will give 1 V R, and the 
two other channels will produce 0 V G and 0 V B respectively. The same applies if 
only the green lamp is lit (0 R/l G/0 B) and if only the blue lamp is lit (0 R/0G/1 B).

If a channel gives 1 V, then we say that the brightness of the appertaining colour is 
100%. In practice the output voltage of video equipment has been standardised to 
0.7V instead of 1 V. So 100% brightness corresponds with a voltage of 0.7 V. 
However, since in theory it is customary to start from a 1 V level, this will also be 
done here but without mentioning the unit ‘volt’, in order to indicate that we are 
dealing with the standardised value ' L. On the other hand, if the unit is mentioned, 
the real value, in volts of course, is meant.

If we were to put a black-and-white camera in front of the white surface which were 
set in such a way that it gave 1 (volt), it has been proved experimentally that, if only 
the red lamp were lit, 0.3 (volt) would be produced; if only the green lamp were lit, 
0.59 (volt) would be produced and, if only the blue lamp were lit, the output signal 
would be 0.11 (volt).*

Apparently, 100% red will, in a black-and-white camera, have a ‘luminance’** 
which is only 30% of 100% white. Therefore, if we want a colour camera to give a 
black-and-white signal ('luminance signal’), such a signal Y should be:



1.4. The PAL system (Phase Alternation Line)

called 'chrominance’

KC°
-0 14 7

9

(For a detailed description, see Refs. 1.4 and 1.5). 
From signals R, G and B:

are produced.
The exact values are: Y = 0.299R + 0.587G + 0.114B

U = 0.493 (B-Y)
V = 0.877 (R-Y)

In subsequent text, however, the rounded values are used. The choice of Y, U and V 
is arbitrary in that, apart from R, G and B themselves, every linear transformation of 
R, G and B is acceptable as a signal to be transmitted. Advantagesof this choice are:

90‘ 
+V

- 0 616

0.3R + 0.59G + 0.1 IB, called 'luminance’ 
0.49 (B-Y)
0.88 (R-Y)

Green 
24?"

Blue 
347“

Red
KX\

270°

Figure 1.6. Colour vectors for 100% brightness and saturation

^o‘

(a) Luminance Y has been included. It is also suitable as a drive signal for a 
black-and-white receiver (compatibility).

(b) It has been proved experimentally that, if the bandwidth of the two chrominance 
signals is limited to approximately 1 MHz, the average viewer will hardly, or not 
at all, notice colour impairment. In practice the bandwidths of both U and V are 
therefore limited to about 1.3 MHz and thus considerable 'space’ is saved in the 
transmission channel.

(0 Y
(2) U
(3) V

U and V are called the 'chrominance' signals, because they carry the colour 
information. For example, if a picture is not coloured, R = G = B = Y. U and V will 
then both be zero. If a picture is 100% red, G = B = 0; R = 1 and therefore Y = 
0.3R. U and V will be # 0. So colour means: U and V # 0.

The multiplication factors 0.49 and 0.88 respectively correspond to the require­
ment that the amplitude of the complete transmission signal (which is still to be



sin 2irfci modulated with U —> U sin 2irfct and

cos 2irfct modulated with V V cos 2Tvfct.

1.5.

and so

tan 6 = 76.6°

and the vector length

V(0.1472 + 0.6162) = 0.63K

For 50% red this will be

The relation between colour hue. brightness, saturation and the vector 
diagram

* It should be noted here that K refers to the entire vector, K means only the modulus (length) and 5 the 
angle of {Figure 1.6).
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a vector whose point is defined by

R = 1
G = 0
B =0

In the case of 100% red the following applies:
Y =0.3(1) + 0 + 0 = 0.3 
U = 0.49(0-0.3) = -0.147
V = 0.88(1-0.3) = 0.616

The length of the vector has been halved; the angle is unchanged. The brightness of a 
colour corresponds to the modulus (‘length') and the hue to the angle of the vector.

However, the length of colour vector K is not absolute but a relative measure for 
the brightness. For 100% red K has length of 0.63; for 100% blue it has only 0.45 and 
for 100% green it has 0.59.*

discussed) should be limited. Next, the amplitude of a subcarrier/ is modulated with 
U and V.

So the red colour will be found in the diagram as 
(-0.147, 0.616), and 

1^6 = 
0.147 0

The sum of these (i.e. U sin 2ir/cr + V cos 2irfct) is called chrominance K.
If we make a vector graph of this {Figure 1.6.) in which we draw U sin 2irfct 

horizontally (along the positive ‘x’ axis), V cos 2irfct will be along the vertical axis, 
the positive ‘y’ axis. In this graph every colour has its own place. If a picture is not 
coloured. U and V will both be zero and there will not be a colour vector.

t x 0.308 . 1O
tan 6 = 070735= 4'19 
—* 6 = 76.6°, and

K =0.315

R = 0.5
G = 0
B =0

Y =0.15 
and so U = 0.0735

V = 0.308



1.5.1.

0.075-* Y

Conclusions

1.6. The burst

or

Y and Kor

11

A colour consisting of a mixture of 
(a) Red with a brightness of 25%

R 
G 
B

R = 0.25
G = 0
B =0

Y will be: (0.3 x 0.475) + (0.59 x 0.225) 
+ (0.1 x 0.225) = 0.3

-0.368
0.154

0.154
0.0368

At equal brightness (for Y is 0.3, which is as much as for 100% red) K has fallen from 
0.63 to 0.158 (i.e. 25%) and 6 has remained unchanged (Figure 1.6).

Consequently U = 0.49 (0.225-0.3)
V = 0.88 (0.475-0.3) 
K = V(0.03682 + 0.1542) = 0.158 
tan & =4^4 = 4.19 6 = 76.6°

In brief: the vector angle d defines the hue, while 
K is the product of saturation and brightness.

(a) The precise vector angle of K (dependent upon the phase angle d) corresponds 
with the hue and the modulus of K (the length of K) is proportional to the 
brightness of the colour and to the saturation.

(b) At equal brightness halving K means that the saturation is halved.
(c) At equal saturation halving K means that the brightness is halved.

and
(b) White with a luminance which is three times as high as the brightness of the red 

Y = 3 x 0.075 = 0.225 
and so
R = G = B = 0.225

we shall
1. Continue to consider red
2. Define as a 25% saturated colour (25% red 4- 75% white = 100%).
In such a mixture:

0.25 4- 0.225 = 0.475
0.225
0.225

To reconstruct a colour picture three independent magnitudes will always be 
necessary:
either R, G and B (disadvantage: three wide channels are needed)

Y, U and V (disadvantage: three channels are still needed; however, two of 
them may be narrow)
(one wide and one small channel are needed; however, the 
modulus and vector angle of Kshould be used.)

The relation between the degree of saturation, the brightness and the modulus 
of K



Phase errors1.6.1.

Transmission path

Figure 1.7. The colour signal transmission path from camera to picture tube

Although matters may seem to be complete now, there is still one problem which 
should be considered, i.e. the colour accuracy. A phase error of 5° causes a clearly 
visible colour error. In addition, since phase errors can occur easily, especially at 
high frequencies, the problem is that of maintaining colour integrity.

Of course, if the burst has the same phase error as K. <5 does not change so the 
transmitter will reproduce the correct hue. However, when the phase difference 
between the burst and K is changed somewhere in the transmission path W between 
camera and picture tube, a colour error will occur (Figure 1.7).

>urst
From 
source 
(camera

---- •"-----burst

----- K
TO 
picture 
tube

Let us assume that a transmitter transmits Y and K. This implies that the transmission 
frequency is modulated with Y and K (in amplitude). Reconstruction on the recep­
tion side ol Y and K is no problem: for this the amplitude of the transmission 
frequency should be determined.

For the reconstruction of d a reference signal is needed. For this a separate 
transmitter could be used which constantly transmits the frequency fc with an exactly 
known phase (for example, the same phase as -U). d will then be the phase 
difference between/^ and K. (The transmitter itself cannot be used, because fc would 
cause a type of interference in the picture which could not easily be suppressed. The 
colour signal will then be supplied to the transmitter with suppressed carrier.)

In practice it is sufficient to transmit a short burst with frequency fc at the 
beginning of each line. The receiver contains a very stable oscillator whose frequency 
and phase are controlled and, if necessary, corrected by the burst every 64 ps. 
Because the burst (10 ± 1 cycles offe) lasts only 2.25 ps, is placed in the back porch of 
the horizontal blanking interval (see Figure 1.2).

To simplify matters, let us assume that W leaves the burst phase unchanged but 
turns K 10° to the right. To correct this error the PAL system does not transmit K 
uninterruptedly in W, but transmits in turn K (= U sin 2irfct + V cos 2irfct) during one 
line period and K * (= U sin 2irfct - V cos 2tt/cj) during the next line period.

Due to this complicajion it is necessary to reverse the polarity of the V component 
at the receiver when K* occurs, so that U sin 2irfct plus V cos 2-tt/j = K is again 
obtained.

What is the purpose of this Phase Alternation on Lines’? This can be explained in 
conjunction with Figure 1.8, as follows.

Let us assume that the colour Red (6 = 76.6°) is to be transmitted. This means that 
K is applied with a d of 76.6° and emanates with a 6 of 76.6° 4- 10° = 86.6°, whereas 
K* is applied with a d of-76.6° and emanates with a d of-76.6° -I- 10° = -66.6°. After 
reversing the polarity of the V component (in the receiver) this changes to a 6 of 
66.6°. In this way, if all even lines of a certain frame have a 6 which is 10° too big, all

12
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Figure 1.8. The elimination of phase errors with PAL
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A disadvantage of this system (‘PAL standard’) is a loss of resolution and, in the 
case of large phase errors, amplitude erors. The loss of resolution is no tragedy ; as a 
result of this the vertical resolution will decrease from 575 to half that value. This 
seems to be quite a lot, but if we consider that due to the limited bandwidth of the 
colour signal the resolution is already limited to approximately 100 lines (see Figure 
1.4), it will be clear that there is no deterioration.

As far as the amplitude error is concerned, with the aid of Figure 1.9 it is easy to see 
that, if the phase error is 45°, the amplitude of the sum vector will be only 1/2 V(2) 
multiplied by the value of the sum vector at a phase error of 0°. In some receivers a 
correction is carried out even for this.

odd lines will have a 6 which is 10° too small. Consequently all even lines will be 
slightly too purple and all odd lines slightly too yellow. At a proper distance however, 
the correct red colour will be seen. This system, in which it is left to the human eye to 
find the proper colour average, is called 'PAL simple’. Because the second field is 
interlaced between the lines of the first, a disadvantage of PAL simple is that the first 
two lines of a complete picture are too purple and the next two lines too yellow. 
Moreover, these lines seem to move.

This disadvantage can be avoided by supplying the sum of lines 1 and 2 to the 
picture tube instead of line 2, the sum of lines 2 and 3 instead of line 3, the sum of lines 
3 and 4 instead of line 4, etc. As lines 1 and 2 can be added only when they coincide in 
time, the video signal is delayed by 64 ps and then added to the non-delayed video 
signal (Figure 1.8). Averaging will then no longer be done subjectively, but elec­
tronically.

* rf 
066*

burst d f

u \ \

V' 
7fi.fi’ k

<. A
burst burst

66.6’
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The alternating burst phase1.6.2.

0.15

45’
U

015

015Figure 1.10. The burst phase

I

a>
(225’1

(135’1

As far as the phase is concerned, the burst oscillator, as implied in section 1.6, 
will follow the average phase (i.e. along the negative U-axis). By comparing this 
phase with the phase at the moment in question, a switching signal can be obtained 
in the receiver, which reverses the polarity of the V component of the K vector 
at the right moment.

14

Figure 1.9. The amplitude error caused by phase errors in the PAL system. K4i = \J2 x K,

As indicated by the foregoing, the polarity of the V component of the K signal 
should be reversed after each line, both at transmitter and receiver. This 
information should also be added to the video signal; this is done by not constantly 
allowing the burst to be along the negative U-axis, as earlier mentioned, but by 
forming it from a U component of -0.15 and a V component which is equally large 
but whose sign changes dependent on the V component of K. During K the burst will 
therefore be = -0.15 sin 2irfct + 0.15 cos 2irfct; during K* the burst will be B2 = 
-0.15 sin 2tt/c/ -0.15 cos 2tt/c/ (see Figure 1.10). So the amplitude of the burst 
will constantly be V(0.152 + 0.152) = 0.21; the absolute phase alternation 
(per line) will be 135° or 225° (d = 45° or -45°).



1.7. The complete PAL signal

The complete PAL colour signal is as follows:

X = Y + U sin 2ir/cz ± V cos 27t/cz, in which

1.8. The selection offc

Luminance
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Figure 1.11. The frequency spectrum of the PAL signal
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odd number of times half the line

This is mainly determined by the need to limit the interference caused in the 
picture by fc as much as possible. For this it is necessary:
(a) To suppress the carrier (i.e. fc itself) for the modulation of fc with U and V. 

Consequently, in the case of small brightness or weakly saturated colours 
(i.e. with U and V showing a small amplitude) the amplitude of the modulation 
product will be small. Interference will thus be minimised.

(b) To elect for fc a frequency which is as high as possible. As the bandwidths of U 
and V are approximately 1.3 MHz and as the highest frequency transmitted is 
5.5 MHz, this means that, in the case of single sideband modulation with 
suppressed carrier. fc will be approximating 4.4 MHz. The suppressed sideband 
will be above 4.4 MHz and the complete sideband below 4.4 MHz, as shown in 
Figure 1.11.

(c) To synchronise fc with the line frequency, because otherwise the result will be 
a disturbing, moving interference on the picture.

(d) To select an odd number of times half the line frequency for /c, because then 
the interference pattern will be least visible.

Y = 0.3R +0.59G +0.11B
U = 0.49(B-Y)
V = 0.88(R-Y) 
fc = 4.43 MHz.

5------
).)2a First field ).)2b After 2 fields ).)2c After 3 fields

Figure 1.12. The interference pattern caused by the colour carrier with an 
frequency for fQ



(2m - 1) (/i- 1/2)15 625

neNIn n x 15 625

it is not illogical that in the PAL system a choice has been made for

(n- 1/4) 15 625

ne/V
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•NTSC stands for National Television System Committee, and is the colour system used in North and 
Central America. Korea. Japan and some Pacific islands.

Finally, a further improvement could be realised by making the phase move by 1/2 
after each field. Consequently, the final result is:

fc = (n-\/4) 15 625 + 50 x 1/2

neN
(quarter line offset)

neN 
(half line offset)

31 <-----
2 -----

315 -----
3 -----

316 -----<--
317 -----
5----

and for Figure 1.13

15 625
2

Since for Figure 1.12

15 625
2fc

fc

fc

A difficulty with the PAL system is that (c) and (d) apply only for colours 
whose colour vector K coincides with the LJ-axis, Figure 1.12d then being 
applicable. For colours whose K. coincides with the V-axis Figure 1.13b 
applies, because the colour vector is changed line by line. This display is 
particularly irritating.

If we assume that the interference pattern is formed by a square wave 
frequency fc meeting the above requirement, then a pattern of diagonal 
lines will be formed after one frame as shown in Figure 1.12a\ after two fields 
as in Figure 1.12b\ and after 3 and 4 fields as in Figures 1.12c and 1.12d 
respectively. These patterns have been proved to be considerably less 
irritating than the vertical lines which arise if an even number of times 
half the line frequency is selected for fc (see Figure 1.13).

Although in principle all numbers, say, between 280 and 290 maybe considered torn, 
practical considerations such as chances of interference with other freq­
uencies and possible interchangeability with an NTSC* system adapted for Euro­
pean purposes, have led to n = 284.
So/Cwillbe: (284- 1/4) 15 625 + 25 = 4 433 618.75 Hz ± 1 Hz.

1 13i first field 1.13b mer^ or more

Figure 1.13. The interference pattern with an even number of times half the line frequency for fc
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1.9. Synchronisation and blanking
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Figure 1.14. Line sync levels and pulse times
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Every television picture consists of 625 lines (including the blanked ones). There are 
two fields each containing 312.5 lines. At the beginning of each line the line sync 
generator gives a pulse. Figure 1.14 shows the line synchronisation pulse (called 
line sync’ for short) and line blanking. Line blanking suppresses the video signal from 

the camera during the line sync and it also serves for the correct registration 
of the black level (at 30% of the total signal height). The white level is at 100%, 
so that for the picture contents (the ‘video’) 70% or 0.7 V is available.

Picture • line 
sync
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Highly saturated colours, which in addition are extremely bright or weak, may 
exceed 0.7 V by 33%, i.e. they maybe at most 1.0 V +33% of 0.7 V= 1.23 V and they 
should be at least 0.3 V - 33% of 0.7 V = 0.07 V. These limits only apply to colour 
information; the luminance may not exceed the 30- 100% range.

After each field the field oscillator also gives a pulse, often called field or 
frame sync, which we shall call the ‘picture sync’ (see Figure 1.3). If we assume
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1.10. The complete video signal

20

lines, i.e. 2.5 x 64 pts = 
together form composite

Figure 1.16a to d shows the complete signal surrounding the picture sync for four 
succesive frames. Though Figure 1.15 seems to indicate that all odd fields are 
identical (which in that case will, of course, also apply to the even fields), 
there is one important difference between fields 1 and 3, and 2 and 4. This dif­
ference is caused by the burst whose phase alternates line by line between + 135° 
(indicated by f) and -135° (indicated by 1). In the first field line 621, for 
example, will have a burst of -135°. In the third field the burst for this line will be 
+ 135°. This implies that a cycle will be completed after four fields.

Near the picture sync, the burst cycle is interrupted for nine lines such that 
the last burst pulse before the picture sync and the first burst pulse after the 
picture sync will always be -*-135°. This nine-line interruption of the burst phase 
cycling is called ’meandering'.

Lines 16 to 21 inclusive and 329 to 334 inclusive are intended for test signals. In 
the UK lines 19, 20, 332 and 333 contain national test signals. These signals are 
discussed in Chapter 9. The digital signals produced by the teletext information 
services occupy lines 17, 18, 330 and 331.

Figure 1.16e and /show the complete blanking. Just as is the case with the sync, 
it consists of the sum of the picture blanking (which starts 2.5 lines before the 
picture sync and is exactly 25 lines or 1.6 ms) and the line blanking, which is 12.05 pls

that the front edge of the first picture sync coincides with the front edge of 
a line sync pulse, the second picture sync will occur after 312.5 lines. So it will 
not coincide with a line sync, but lie exactly between line sync pulses numbers 313 
and 314. The third picture sync will again coincide with a line sync, the fourth 
will not etc. (see Figure 1.15a and b).

Summarising: the front edge of each odd picture sync coincides with the front 
edge of a line sync; the front edge of each even picture sync will be exactly 
between two line sync pulses. As shown by Figure 1.15, the picture sync is exactly 2.5 

160 jjls. Line sync and picture sync are added and 
or total’ sync with the aid of which the received 

picture is controlled and locked on the screen. In order not to lose the front 
edge of the line sync in the addition during the picture pulse, an ‘opening’ is provided 
for each line sync. This opening has approximately the width of the line sync, giving 
Figure 1.15 c.

In the receiver the line sync signal is obtained by differentiating Figure 1.15c, 
whereas the picture sync signal is obtained by integrating Figure 1.15c. In the 
latter case there will be a slight difficulty; at the moment that an odd 
picture pulse arrives, it will be 64 pts after the last line sync pulse, whereas the 
time difference with an even picture pulse is only 32 pis. The result is that at the 
beginning of this picture pulse the integrating capacitor will not have dis­
charged as far as will be the case with an odd picture sync pulse. The result is 
that the even picture pulses will arrive somewhat earlier than the odd picture 
pulses. To prevent these problems a number of equalising pulses are supplied to 
Figure 1.15c. The width of an equalising pulse is exactly half the width of a sync 
pulse. Figue 1.15d shows the final result.



1.11. General data

0

Figure 1. 17a. Idealised transmission characteristic of a television transmitter (not at carrier frequencies)

Nyquist edge

-•
365*05

Figure 1.17b. Idealised i.f. response curve of a receiver

Although really falling outside the scope of this book, some data concerning 
transmission and reception techniques are now given.

Figure 1.17a shows an idealised transmission spectrum of a colour TV transmitter, 
while Figure 1.17b shows the i.f. response curve of an ideal colour TV receiver. The 
carrier of the transmitter received should be exactly at the 50% point (-6 dB)
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and begins 1.55 |xs before the line sync. Because the beginning of the line blanking of 
line 311 and the beginning of the picture blanking of the second field coincide 
exactly, it follows that:
(a) the complete blanking is 1.6 ms + 12.05 p.s and
(b) because the line sync of line 1 and the picture sync of the first field 

coincide exactly too, the front porch of the picture sync will not be 
exactly 2.5 lines, but 2.5 lines + 1.55 p.s = 161.55 p-s.

Finally, Figure 1.16g to j show the burst gate. This derives from a switching pulse 
which is necessary to produce the complete pulse train, and which makes sure 
that the burst is gated on at the right moments (see section 3.3.1.2).

of the Nyquist edge. Only in that case will all frequencies detected be 
reproduced equally strong in the passband. It would be ‘ideal’ if the response curve 
were completely flat between 33.5 and 39.5 MHz and with a sharp cutoff over 39.5 
MHz, so that nothing beyond would be passed. As that goal is not attainable in 
real bandpass filters a characteristic has been chosen which passes 0% at 
40.75 MHz, 50% at 39.5 MHz and 100% at 38.25 MHz. In this way the ‘excess' on 
the left of 39.5 MHz is balanced by the ‘deficiency’ on the right of 39.5 MHz 
(e.g. after detection the frequency 39.0 MHz gives 0.5 MHz with an amplitude

21

395 365 375

\ I Sound carrier 
Colour sub - carrier \ |

I JL



<? //

6

ofil

5,

J5-

Figure 1.19. Response curve of the vision i.f. channel of a television receiver

The CIE colour triangle1.12.

39.5 MHz carrier frequency
41.5 MHz adjacent channel sound
33.5 MHz sound carrier
31.5 MHz adjacent channel vision 
35.07 MHz colour carrier

• MHz

Nyou 11 
c-age

44? “ MHZ

Figure 1.18. Limits within which the frequency specrum of a colour television transmitter should be situated. 
The sound carrier (f.m. maximum deviation ±50 kHz) is at 6 MHz. It is not shown in the figure. Bandwidth 

approx. 7 MHz; distance between two channels 8 MHz

ob\

—7 k z 30________ ; A \
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of 70%; however, after detection 40.0 MHz will also give 0.5 MHz, with an 
amplitude of 30%. Together 100%).

Such an edge is called a ‘Nyquist edge'. The idealised curves in Figure 1.17 are 
unrealisable in practice, but Figures 1.18 and 1.19 show two curves of a more 
practical nature. Additional information on transmission and reception stand­
ards can be found in Reference 1.6.

?5 335

Figure 1.20 shows the internationally used colour triangle of the ‘Commission 
Internationale de I’Eclairage’. Some characteristics are as follows: All colours of the 
rainbow along with their wavelengths in namometres are shown along the horseshoe 
curve. The co-ordinates x and y (colour coefficients) are dimensionless magnitudes, 
from which the saturation and hue of each colour can be determined. The brightness 
Y of a colour is not indicated in the colour triangle. Points on the horseshoe curve are 
completely saturated, points inside it are not saturated. E is the centre (x = 0.33;y = 
0.33) of the colour triangle representing ideal white, i.e. white composed of a 
spectrum of colours of equal intensity.

If we look at the line PE, P (x = 0.195; y = 0.78) represents a completely 
saturated green colour (X = 535 nm); Gc represents the same colour (X = 535 nm)

22



less saturated (saturation in this case can be defined as 100% = 85%)

A Tx yc
6735 K

N.T.S.C.

: white point (new standard)W 0.311 8500 K0.281

0 9
520

535 nm530
0-6

P
540

Gc0 7-

6500 K
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0.6-
W 570

500
05

ABluish green

04

Q03 490 1000K

0.2- Blue

460
0.1 Magenta

0 0.6 0.7 0.4 0.50.3

Figure 1.20. The CIE colour triangle

23

d
1.0

: white point NTSC; 
average daylight

Re : red
Gc : green
Be : blue

Rw : red 
Gw : green 
Bw : blue

new 
standard

610nm
535nm
470nm

610nm
540nm
465nm

0.31
0.67
0.21
0.14

0.64
0.27
0.15

0.316
0.33
0.71
0.08

0.34
€.59
0.07

2800 K
4800 K

JIXOOK 2000K 
4000K

f Green 
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^560 ~
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7^590

5600 K
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600
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I
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550---- 1—
Yellowish green 

‘•S\560v A : incandescent lamp
B : afternoon sun
D : average daylight (new 

standard)
: ref. white of the colour 

triangle
Z : colour of blue sky

and E represents white.
• The curve Rc - A - Z indicates the collection of dominant colours which are 
transmitted by a completely black body when heated. The appertaining temper­
atures have been indicated on this curve with the aid of short straight lines. An 
incandescent lamp (whose filament should, theoretically speaking, be completely 
black, although the deviations from the ‘ideal’ situation caused by the fact 
that the filament is not completely black, are small) whose filament has a 
temperature of 2800 Kelvin, will transmit a colour of light which is indicated by 
point A. Every colour on the curve will correspond with a certain temperature, 
called the ‘colour temperature’. The colours indicated with R, G and B in the

0.6
X

I

-vr 
d<& 
cJte

WyfODOOK 
/ 3000K
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47(\ °B” 
460\45CLe 
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Mixing1.12.1.

0.83 : 1.38

YQ

(Q cy.(c

24

(Y is the brightness, y is the y co-ordinate of the colour.) Figure 1.20 then shows 
that for Q

x
y
X

0.165
0.31
490 nm (by connecting Q and E and determining the point of intersection of 
QE with the horseshoe curve; for the sake of clarity this line has not 
been drawn.) 
0.59 + 0.11 = 0.7

Assume that Q is the mixed colour in question; that the brightness of Gc is 0.59 
and that of Bc is 0.11. In that case

With the aid of the colour triangle it is fairly simple to determine the mixed 
colour which arises if we additively mix two arbitrary colours, provided that we know 
the brightness of those colours. Let us take colours and Gc as an example.

The following will apply:
(a) The mixed colour is on the line Bc- Gc.
(b) The brightness of the mixed colour is the sum of the degrees of brightness of Bc 

and Gc.
(c) The place of the mixed colour on line Bc - Gc is determined by the brightness of 

the component colours such that as one of the component colours is 
brighter, the mixed colour will be closer to that colour.

(a): (b) = 
yc -Vb
0.59 0.11
0.71: 0.08

If you place a ruler on points Q and Rc you will notice that white point C falls 
on a line between points Q and Rc. This is not accidental, but arises because 
colours Gc and Bc have been chosen to have the same brightness which, in com­
bination with 0.3/?c, gives white (Tc = 0.3R + 0.59G + 0.1 IB).

Using the same procedure it will be found that the following is true:

Rc) =
yR yQ

previous sections can be found in the colour triangle as points Rc, Gc and Bc. 
The situation of the points shows that only Rc is a completely saturated 
colour; points Gc and Bc are not completely saturated. So by calling green 
100% saturated in the previous sections, this is meant to imply ‘green whose satur­
ation has reached the maximum level which can be transmitted by colour tele­
vision. i.e. the saturation indicated by Gc\



(c): (d)
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0.5

0<-

0.3-

0.2

0 I-

0 4 060 5010 0302

Figure 1.21. Determining the brightness with the aid of the colour triangle

(1)0.077 : 0.36 =_B

(2)Q

(1) and (2) result in
I 25

07

F

0.30
0.34 (see Table).

I

i

0.3 0.7
0.33 : 0.31
0.91 : 2.26

0 6

0 7

The figure gives 
c =0.077 
d =0.36

and )>q 
yR

Completing the formula gives

0.077 : 0.36 =Zb :
0.34 0.30

Because the luminance of W = 1, the following applies:

Yr + = 1

^0,, 

X 
al 
“i fcJ

It will be appreciated that the procedure can be reversed. For example, start­
ing from the three primary colours and the white point selected, it is possible, by 
making the calculations in reverse order, to find the brightness needed to produce 
white with the aid of the three primary colours.

If we take the white point W and primary colours /?w, Gw and 5W, which have been 
recommended as a new standard by the EBU for picture tube phosphors of higher 
output, and draw lines /?w - W and - Gw, calling the intersection point Q (see 
Figure 1.21), the following applies

2k ; yQ
yo
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