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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’.

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!
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.
Haaksbergen. Holland

Ru van Wezel

Editor’s Foreword

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.

Brixham, Devon

Gordon J. King
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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

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.

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.

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

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 —

1

’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)

hi
rJ'-^ygs

Paul Nipkow

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

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.

The UK colour television standard

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

1.1.1.

Picture and field frequencies

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 —

3J4

2
315
3

Figure 1.1. Interlacing

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).
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1.1.2.

Line frequency

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:
(a) The number of lines needs to be large enough to provide an acceptable level of
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.

625 lines per picture enable a fixed coupling between the picture and the line
frequency with the aid of only four 5-divisors (625 = 54).
1.1.3.

Interlace

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.
1.1.4.

Picture dimensions

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).
1.1.5.

Line duration

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).
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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).
level

1007.
I Front porch
Sync pulse

/

Burst

/

/

Back porch

!
Blanking
level

Sync I

'

lev"_
, AOprot.l2uS '

52ps

!*•------Picture part

/ Sync part

Figure 1.2

(Horizontal blanking interval)

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'.
1.1.6.

Field duration

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
20ms

t

!60ps(2 5 lines)

IT

Picture sync

r

Picture blanking I

25 lines • 12 OSpsec I vert blanking nterval)

Figure 1.3

16ms

If.Ims

I
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‘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.

1.1.7.

Bandwidth

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.
600
Resolution
(Ones)

500

COO

300

200

100

0

1

2

6

5

3

Bandwidth in
MH1

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

This means that a horizontal resolution of 574 lines (the vertical resolution will be
430 lines) corresponds to a basic frequency of 57^ 5.5 MHz.

So /g =

Lx
±3 7
2
^vert
52

where

Z,'vert = k X 575;
k = Kell factor = 0.75; and
/ = bandwidth in MHz.

This leads to the standard rule (see Figure 1.4)

where /g

0.0128Zverl

where Zvert

the vertical resolution.

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

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

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.

1.2.

Colour television. General.

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

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:

Y = 0.3R +0.59G +0.1 IB

1.3.

Transmission of the colour signal

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:
(a)
(b)
(c)
(d)

Excessive bandwidth (up to 15 MHz) and consequently.
High costs.
Registration problems.
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

1.4.

The PAL system (Phase Alternation Line)

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

(0 Y
(2)
(3)

U
V

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

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:
(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.

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
90‘

Red
KX\

KC°

+V
- 0 616

^o‘

-0 14 7
Blue
347“

Green
24?"

270°

Figure 1.6. Colour vectors for 100% brightness and saturation
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discussed) should be limited. Next, the amplitude of a subcarrier/ is modulated with
U and V.

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

V cos 2Tvfct.

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.
1.5.

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

In the case of 100% red the following applies:
R = 1
Y =0.3(1) + 0 + 0 = 0.3
G = 0 and so U = 0.49(0-0.3) = -0.147
B =0
V = 0.88(1-0.3) = 0.616
So the red colour will be found in the diagram as a vector whose point is defined by
(-0.147, 0.616), and
tan 6 =

1^6 =
0.147

0

76.6°

and the vector length
K

V(0.1472 + 0.6162) = 0.63

For 50% red this will be
R = 0.5
G=0
B =0

and so

Y =0.15
U = 0.0735
V = 0.308

t x
0.308
. 1O
tan 6 = 070735= 4'19
—* 6 = 76.6°, and
K =0.315
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.*
* 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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1.5.1.

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

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

R = 0.25
G=0
B =0

-* Y

0.075

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:
R 0.25 4- 0.225 = 0.475
Y will be: (0.3 x 0.475) + (0.59 x 0.225)
G 0.225
+ (0.1 x 0.225) = 0.3
B 0.225

Consequently U = 0.49 (0.225-0.3) -0.368
V = 0.88 (0.475-0.3) 0.154
K = V(0.03682 + 0.1542) = 0.158
0.154 = 4.19 6 = 76.6°
tan & =4^4
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).

Conclusions
(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.

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

1.6.

The burst

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
or
them may be narrow)
(one wide and one small channel are needed; however, the
or
Y and K
modulus and vector angle of Kshould be used.)
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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).
1.6.1.

Phase errors

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).
---- •"----- burst

>urst

From
source
(camera

-----

K

TO
picture
tube

Transmission path

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

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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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.
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066*
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burst d f

u
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^56>

u

burst

burst
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2

W

T
TT*

T*

-r

L2

V >

V

4

I*-

K 76.6*

burst

burst

u

burst
66.6’

U

-66.6*

u

\ \
U

K *—76.6*

Figure 1.8. The elimination of phase errors with PAL

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.
13
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Figure 1.9. The amplitude error caused by phase errors in the PAL system. K4i =

1.6.2.

\J2 x K,O

The alternating burst phase

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°).

0.15
(135’1

45’
U

015

Figure 1.10. The burst phase

a>

015

(225’1

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.
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1.7.

The complete PAL signal

The complete PAL colour signal is as follows:

X = Y + U sin 2ir/cz ± V cos 27t/cz,

1.8.

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

in which

The selection offc

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.
Luminance

I

Cnromnance

Amplitude

Audio

7

0

7

7

4*

|

5^
5'

6
------- » t m MHz

Colour sub ■ earner (suppressed)

Figure 1.11. The frequency spectrum of the PAL signal

(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.
/ ----

/—
3

315---------3)6

3)7----5
------

5-----).)2a

First field

j
3/42
•
3)53
3/64 3)75
•

314
2 ------315----3
------316
4 ------317----5 ------

3)4
2

2

).)2b After 2 fields

).)2c After 3 fields

).)2d After 4 fteldi

Figure 1.12. The interference pattern caused by the colour carrier with an odd number of times half the line
frequency for fQ
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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).
31 <----2 ----315 ----3 ----316 -----

<--

317 -----

5---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

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.
Since for Figure 1.12

fc

(2m - 1)

15 625
2

(/i- 1/2)15 625

neN
(half line offset)

and for Figure 1.13

fc

In

15 625
2

neN

n x 15 625

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

fc

(n- 1/4) 15 625

neN
(quarter line offset)

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

ne/V

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.
•NTSC stands for National Television System Committee, and is the colour system used in North and
Central America. Korea. Japan and some Pacific islands.
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1.9.

Synchronisation and blanking

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.

+

64ps

■—p- 12051025^5
------- 1.551 Q25ps
.FT—2251023ps

-r1— 4.710 2ps

line Sync

4-

O.7Vtl5mV
—.

0450.3-

307.

0.150-

07.

J®

+^0 3VlX)mV

4-

3Vi>SmV

10 periods 14 43361875 MHz , 1Hz)

Line blanking

52ys

*

12051025^5
Figure 1.14. Line sync levels and pulse times

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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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
lines, i.e. 2.5 x 64 pts = 160 jjls. Line sync and picture sync are added and
together form composite 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.
1.10.

The complete video signal

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
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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).

1.11.

General data

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)
♦ Amplitude t’/. J
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60
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Figure 1. 17a. Idealised transmission characteristic of a television transmitter (not at carrier frequencies)
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Figure 1.17b. Idealised i.f. response curve of a receiver

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

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

1.12.

The CIE colour triangle

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)
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Gc-E
100%
P -E

less saturated (saturation in this case can be defined as

= 85%)

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
A
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Be : blue
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Figure 1.20. The CIE colour triangle
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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\
1.12.1.

Mixing

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.

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

(a): (b) =

yc -Vb
0.59 0.11
0.71: 0.08

0.83 : 1.38
(Y is the brightness, y is the y co-ordinate of the colour.) Figure 1.20 then shows
that for Q
x
0.165
y 0.31
490 nm (by connecting Q and E and determining the point of intersection of
X
QE with the horseshoe curve; for the sake of clarity this line has not
been drawn.)
YQ 0.59 + 0.11 = 0.7
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:

(Q

cy.(c

Rc) =

yR
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yQ

0.3 0.7
0.33 : 0.31
0.91 : 2.26

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

The figure gives
c =0.077
d =0.36
and )>q 0.30
0.34 (see Table).
yR

2k ; yQ
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(c): (d)
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Figure 1.21. Determining the brightness with the aid of the colour triangle

Completing the formula gives

0.077
=ZbB :
0.077 :: 0.36
0.36 =_

(1)

Yr +

(2)

0.34 0.30
Because the luminance of W = 1, the following applies:
Q

= 1

(1) and (2) result in

I

I
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Yr = 0.20
Yq = 0.80

For Bw, Q and Gw
(a): (b) =

and

yc yB
yG + yb=yq
Completion with the aid of the figure gives
Yr
Yr
0.24 : 0.29
0.59 ’ 0.07
Yc +Y^ = 0.8

(3)

(3) and (4) result in

yc = o.7
Yb =0.10

For this combination of colours the following thus applies
Ywhile = 0.2R + 0.7G +0.1B

This implies that if the new colour points are used, the luminance signal will be
produced in accordance with the above formula. However, since the camera
luminance is still defined with the aid of the old points Rc, Gc and Bq in accord
ance with
Yc = 0.3R 4-0.59G 4-0.11B,

it follows that the luminance signal from the camera will fail to produce pure
white (point W) on the picture tube with the new phosphors unless special measures
are taken in the receiver. Without these measures, the display is a purplish white.
Moreover, all colours will have a purple hue.
Theoretically, this error can only be corrected by
(a) first forming Rc, Gc and Bc in the receiver from Yc, (Rc - Yc) and (Bc - Kc),

(b) then producing the new colour points in accordance with

and

— ci
/?w =
g^Rq
Gw =
p
= (InqR^
sw = CItRq

4+ byG^
b\Gc
-44- A_r7_
b^G(j
4- Z?3GC

4- c^Bq
+ c^Bc
4~
+ C3Bc

a,b and c are constants
to be introduced

(c) finally forming a new luminance signal in accordance with
Yw = 0.2Rw 4- 0.7Gw 4- 0.1Bw

and, with the aid of this, producing the signals
«w -rw
5W - Y w
Gw - Yw, which are delivered to the picture tube.
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Generally, these measures have proved to be superfluous because the uncorrected
hue differences which occur in practice are considered to be of small sub
jective significance.

1.12.2.

Colour range

From the comments in the previous section, therefore, it follows that the
colours which can be accommodated by colour television all fall within the
triangle formed by the three primary colours used. Range
— ^W’ ’n ^act’
practically corresponds to the range provided by colour photography and colour
printing techniques.
1.13.

Literature

For those looking for basic information on television systems Ref. 1.7 can be
recommended.
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2
2.1.

The Camera

Optics

The main component in optics is the lens. A lens can be regarded as the cross-section
of two spheres with different or equal radii. If the spheres intersect, the result will be
a bi-convex or a concavo-convex lens (a positive lens, see Figure 2. la)\ if the spheres
do not intersect the result is a bi-concave lens (a negative lens, see Figure2.1b}. The
connecting line of the spherical centres (M1 and A/,) is called the main axis.

Figure 2. lb. Forming a biconcave lens

Figure 2. la. Forming a biconvex lens

A parallel beam of light projected on the lens will, after refraction, pass through
one point, the focus*. The distance from the focus to the optical centre of the lens is
called focal distance,/, where

— ++
in which n is the refraction index, and Rx and R2 the spherical radii, n depends on the
colour of the light and the kind of material of which the lens is made. It is approx
imately 1.5 for most lenses. If for Rx and /?, a distance of 2 metres is taken with
respect to Rx and /?, for a bi-convex lens, the focal distance will be
f = (1.5 - 1)( 1/2 4- 1/2) = 0.5 metre.
If we take Rt — x and R2 = -1.5 metres (i.e. a plano-concave lens)/will be negative

/=(1.5-1)

1
oc

1
-1.5

= -0.33 metre.

The parallel light beam arriving at the lens will, after refraction, fail to go through a
single point at f metres behind the lens; instead, it will appear to come from a point/
•This, in fact, applies exclusively to paraxial beams (beams close to the main axis); beams arriving at the
edges of the lens will not go exactly through the focus, the result of which is ‘spherical aberration’.
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metres in front of the lens. Because the thickness of a lens is generally negligible with
respect to the focal distance, a lens is mostly represented by a line which is perpen
dicular to the main axis. A minus or plus sign indicates whether it is a concave or
convex lens (see Figures 2.1c and 2. Id).

□
Figure 2.1c. Real focus

Figure2. Id. Virtual focus

The power of a lens is defined as: S = 1//. If/is in metres, the unit S is the dioptre.
A lens of focal length 0.5 metre has a power of 1/0.5 = 2 dioptres. A (concave) lens
with a focal distance of -0.33 metre has a power of 1/-0.33 = -3 dioptres. If two
lenses of powers S, and S2 are placed in line, the power of the system will be S, + S2.
In such a system, therefore, the above two lenses would have a power of 2 + (-3) =
—1. In other words, the two-lens system has the same effect as a single concave lens
with a focal distance of 1/-1 = -1 metre.
From geometric optics the lens formula is:

2
o

p

J
f

where

o is the object distance
p is the picture point distance
f /is the focal distance

This formula can be derived mathematically from two properties of light beams
passing through a lens:
(a) A ray of light going through the optical centre (O) is passed without being
refracted,
(b) A ray which is projected onto a lens parallel to the main axis, will, after
refraction, go through the focus. In the case of a concave lens it will appear to
emanate from the focus.
Properties (a) and (b) make it possible to construct a mathematical model. This is
shown in Figure 2.2, and reveals that for the positive lens a reversed real picture
resolves, while for the negative lens an upright, reduced and virtual picture resolves.
(Virtual = not actually reproducible on a screen.)
h
Defining the linear magnification (/V) as N = ~ then it can be appreciated that
no
N =—
o

Example
Assume that an object is placed 1 metre in front of a concave lens with a focal distance
of-0.33 m. Where will the picture be and what will be the magnification?
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Solution 1
o

1
P

_1

___1

T+p = -0.33

f

J_

p = -0.25 metre.

P

N

P
o

N=

-0.25
1

---- 0.25 times

The fact that the picture point distance is negative means that there is a virtual image.
The minus sign before the magnification has no meaning and is usually left out. A
linear magnification of 0.25 times is, of course, a reduction.

Ob/ect
Picture

Figure 2.2a. Positive lens; picture real

»0
Focus

Ob/ect

M

Picture
o

Figure 2.2b. Negative lens; picture virtual

2.1.1.

Applying the lens as an objective

A lens applied as an objective should meet many requirements. To mention a few:
It should show no barrel or pin-cushion distortion,
there should be no colour errors,
the entire picture surface should be sharp,
there should be no astigmatism (each object point is represented as a circle; this
must not be an ellipse),
(e) it should be light-intensive.

(a)
(b)
(c)
(d)

The ‘light intensity’ of a lens (F) is defined as|F = //D|, where f is the focal distance
and D the diameter of the diaphragm (iris). A lens with a focal distance of 25 mm and
a diaphragm of 9 mm has a light intensity of 25/9 = 2.8. It is better to speak of
‘diaphragm number’ or ‘aperture’. So the aperture Fis 2.8.
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If the aperture is reduced by one ‘stop’, the flux of light that is passed will be
halved; to effect this the lens aperture should be reduced by 50% or, which is the
same, the diameter should be reduced by V2. D will be 9/V2 = 6.4 mm and Fwill
be 25/6.4 = 4. A further reduction by one stop means that the aperture is again
reduced by V2: F= 5.6. Thus we get the well-known aperture series: 2.8-4-5.6-8
- 11-16-22 etc.
If a lens is used as an objective for a television camera, it may be said that
(approximately) the picture will be in the focus of the lens, because o » /. (Assume o
= 2 metres and/= 25 mm, thenp = 25.3 mm, i.e. an ‘error’ of 0.3 mm or 1%).
So for these applications

N = P=L
o

o

Assume that it is required to reproduce an object which is at a given, fixed distance. If
the picture is to be large (N large), then f should also be large (‘telelens’). If the
picture is to be small (N small), then a lens with a small focal length would be chosen,
a wide-angle lens. An objective with a continuously variable focal distance, a zoom
lens, is an objective with a continuously variable magnification. The main problem
for the constructor of a zoom lens is to ensure that, when/is changed, the distance
between the lens and the camera is also changed (p = f) without the lens casing
moving. When the requirements previously summarised are added — remember the
list was not complete — it will be understood that many compromises are involved in
the design of a zoom lens. An illustration of one compromise is shown in Figures 2.3a
and b. The distance between the reference ring of the objective (i.e. the ring at the
I

♦ p'
(mm)
I
31
~
Nominal
value

/

30

p'
(mm)
31

30
Nominal
•alue

29

29

/

2d

28

10

20

to

60

ao

Figure 2.3a. Top-class zoom objective (1:8)
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Figure 2.3b. Simple zoom objective (1:3)

back of the lens mount which screws down to the mounting face on the camera casing
when the lens is fitted, see also Figure 2.4), and the place where the objective
projects the sharp picture — the picture plane — should remain constant in the ideal
situation. In Figures 2.3a and b this distance (p') is shown as a function of the focal
distance set for two zoom objectives, top-class and simple respectively. The graphs
have been plotted by the author but they represent the practical situation. The simple
and cheap objective has a limited zoom range and provides a sharp picture at only
three points within the range. The expensive objective provides not only a greater
range, but also the approximation to the real value is better. One thing is for sure:
making a good zoom objective is a real technical feat.
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2.1.2.

Objectives for television cameras

The objective of a television camera projects a focused picture on the target of the
camera tube, generally a ‘vidicon’ or ‘plumbicon’ (see Sections 2.2.1 and 2.2.2).
Target diameter is practically equal to the diameter of the camera tube, which is a
primary tube parameter, often stated in inches.
Generally, it may be said that for cameras with a 1-inch vidicon an objective with a
25 mm focal distance is considered normal. The aperture angle will be 22? For a
camera with a 2/3 inch vidicon the focal distance will be 18.5 mm. In both cases a
standard lens from a 16 mm film camera is well suited. Ensure that the lens has a
‘C-mount’ thread. A number of practical data are given in Figure 2.4.
1" vidicon

picture area 9.6 x 12.8 mm
objective:
f = 25 mm/C-mount
(normal)
e.g. Schneider Xenoplan
F 1 : 1.9/25 mm
zoom objective: f = 25 - 100 mm/C-mount
e.g. Canon V4 x 25
Fl : 1.8

II

Picture surface

Reference ring
Metric thread
,00 mm pitch

C-mount

>

2/3,z vidicon

picture area 7.2 x 9.6 mm
objective:
f = 18.5 mm/C-mount
(normal)
zoom objective: f = 12-72 mm/C-mount
e.g. Cosmicar Z 7223
Figure 2.4a.
Fl : 2.3

17.5

An old 8 mm film lens is unsuitable for use with a 1 in or 2/3 in vidicon because it
covers insufficient area. This can be corrected, however, by using a ‘rear lens’. Such
lenses are very hard to acquire, if they can be obtained at all. However, they can be
made. There are firms that can supply virtually any lens to order at a reasonable
price. When a lens of the power required is obtained, it is best trued up by an
optician.
8 mm film

Reference ring

picture area 3.5 x 4.8 mm
(double-8)

I

Picture surface

Metric thread
0 8 mm pitch

picture area 4.0 x 5.4 mm
(super-8)
D— mount I

Figure 2.4b.

objective:
(normal)

f = 12.5 mm/D-mount

zoom objective:

f = 6.5 - 52 mm/D-mount
e.g. Angenieux 8 x 6.5 B

>2,7

tb

With an 8 mm zoom lens made suitable for a camera with a 2/3 in vidicon, the
picture (without rear lens) will have a minimum height of 4 mm (Super-8) and will be
12.7 mm behind the reference ring (see Figure 2.5. For clarity the reference ring only
is shown and only the part of picture above the main axis). Without rear lens A the
picture is projected at P{. When the rear lens is applied Px will be a virtual object O2
for this lens.
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Assuming that the distance between the reference ring and A is 3.7 mm (the closer
A is to the zoom objective, the better), then the distance between A and O, will be:
12.7-3.7 = 9 mm. In other words, the object distance will be-9 mm. (o, = -9 mm).
Because O, is 4 mm high and the height of the picture (P2) to be produced by A
72
7.2 mm (picture field 2/3 in vidicon), the linear magnification is 4-q = 1.8.
Reference ring

h

P2

Pt
02

3.7

90

162
A

Distance ref ring to new picture surface
137+162= 199mm)

Figure 2.5. Picture construction with a rear lens

The following applies: N = P
o

P2
9

1.8

p, = 16.2 mm

Completing the formula:

1^1
1 we get:
♦ —177
---F — =-7
o p j
0 -9

+ ih= xf

whence/ = -20.25 mm

Figure 2.6 shows a possible construction for an adapter. The lens should be
glued into the central area (8.4 mm dia.; 2 mm deep). Because the picture has
become almost twice as large, the light intensity of the objective will have decreased
by almost two stops. (Twice as large means an area which is four times as
large, i.e. one quarter the light = two stops down.) In a practical construction it is
recommended first to make a test arrangement; a mistake of half a millimetre will
make the adapter useless, and it is quite a job to remove a lens which has been glued
down!
6.5r

25 1
32* Pitch
08

Figure 2.6. Adapter for a
make-it-yourself rear lens

|04*

15 9
Pitch
08

40*

d521I 90
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2.1.3.

Definition depth

Assume a camera is focused on an object (for simplicity take this to be a luminous
point on the main axis) which is o metres in front of the lens. The picture will be
produced on the target p metres behind the lens, and if our lens is ideal, it will also be
a point (see Figure 2.7). The light beam striking the target at P is limited by the
diaphragm.
Let us assume that the distance between lens and target remains unchanged. In
that case it will be apparent that a point light source at O' or O" does not give a point
picture on the target, but that the beams converge at P' and P" respectively, so that
in both cases a light spot instead of a light point resolves on the target. If the spot is
not too large, we may still regard it as a point, and may say that the picture is sharp.
The diagram shows that, if the aperture is decreased, the light beam will become
narrower and the light spot on the target smaller: the picture will become sharper. A
disadvantage is that the amount of light reaching the target will also decrease.
Let us now first make an estimate of the diameter of the light spot that will be
acceptable without the picture appearing unduly blurred. The vertical resolution of a
television picture is approximately 400 lines; with a 1 in vidicon the height of the
96
picture field will be 9.6 mm. Consequently, for each ‘line’
= 0.024 mm will be

available. So a light spot of that dimension will be acceptable. In photography a limit
of 0.03 mm is often used, a value which is adopted in the following description.
One question which arises immediately is: how far may O' and O" be away from O
to get a light spot whose diameter is not bigger than 0.03 mm?
• tens

Z Target

L
c

0

Mun arrS

ID)
Light spot,

diameter x
Diaphragm

Figure 2.7. Depth of definition for given diaphragm and focal distance

F

Looking afresh at Figure 2.7, and assuming that the diameter of the diaphragm is D
and that, for the time being, assuming that the light spot has diameter x, then

or

x : D = PP' : CP'
x Qp. cp
---- CpT
D

Writing// and p for CP' and CP then
x -P' ~P
D
p'
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(uniform triangles, having x and D respectively as their bases, and PP' and CP' as
their heights)

Conversion gives

(£>

D

x)

x

1_
P

1_
P'

If

for

1
P

we

fill

1 1 1
and for---- 7
p f o

in:

£
7

o

we get

1 1
1 1
f o
From this o' can be calculated
Dof
o' = —
xo + (D-x)f

(D-x) x
D

As x is negligible with respect to D, we can simplify this to
/W
o' = —
xo + Df
with D

o

f (see section 2.1.1) and some conversion this results in

F f

f*+xF
~o

(1)

in which f is the focal distance, o is the object distance, x is 0.03 mm, F is the
aperture, and o' is the distance determining the definition range.

A formula for o" can be found similarly

f2

(2)
f--xF
o
All magnitudes, of course, must be expressed in the same unit when the formulae are
completed. If o' is to be in metres, then f, o and x should also be metres. F is
dimensionless.
o" =

Example
With a lens with f = 25 mm
F = 1 : 5.6 (briefly 5.6)
and o = 3 metres.
0.2522
1.66 metres
0.0252 + 0.000 03 x 5.6
3
0.252
= 15.5 metres
and o" =
0.0252(0.000 03 x 5.6

Then o' =

In other words, when focusing this lens to 3 metres with F5.6, everything between
1.66 and 15.5 metres from the lens will be sharp.
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Figure 2.8 shows possibilities for various focal distances and lens apertures.
Generally, it may be said that
(a) Depth of definition ‘backwards’ is larger than the depth of definition ‘forwards’.
(b) A smaller aperture gives a better depth of definition.
(c) A lens with a larger focal distance (telelens) gives a smaller range of definition.
(d) Depth of definition close to the lens (small o) is smaller than at a large distance
from the lens.
k in metres
Idefinition depth I1

12

10

26

1

56

J

r

x :0.03 mm
F= 5.6/26/11

I
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2-----------26.
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Figure 2.8. Depth of definition as a function of the focal length (f)

2.1.4.

Photometry

To measure the amount of light which is incident on a surface or which is supplied by
a lamp, it is necessary to agree on the units and magnitudes to be used. Different
units are in current use (in Ref. 2.1, p. 201 a complete summary can be found),
however, the following discussion is based on SI symbols and units.

2.1.4.1.

Lumen

The lumen is the unit of luminous flux (p and is a measure of the number of photons
emitted from a source, falling on a surface or passing through a lens in one second. It
is, in fact,*the total energy of those emitted in one second, which means that it equals
the power of the light emitting source.
The lumen instead of the watt is used as unit of luminous flux because our eyes are
not equally sensitive to all colours. By definition, a luminous flux of 1 watt cor
responds to 682 lumens at a wavelength of 555 nm. At 500 nm, however, 1 watt
corresponds to only 200 lumens. Although the energy is the same, the luminous flux
value is different, because we discern the light of shorter wavelengths as less bright
(see Figure 2.9).
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Figure 2.9. The eye-sensitivity curve

Example
A 250 watt sodium lamp emits monochromatic light having a wavelength of 589 nm.
Assuming that the efficiency of the lamp is 25%. then the electric power of 250 watts
25
corresponds to a luminous flux of — x 250 = 62.5 watts. Figure 2.9 shows that at

589 nm a power of 1 watt corresponds to 500 lumens; so the lamp emits a luminous
flux of 62.5 x 500 = 31 250 lumens.
2.1.4.2.

Candela

The candela (the stress is on the second syllable) is the unit of luminous intensity /
and is a measure of the amount of photons emitted in one second into a solid angle of
one steradian.
Assume a point light source inside a sphere of radius 1 metre with a square drawn
on the surface of the sphere with an area of 1 m2. The solid angle from the corners of
the square to the centre of the sphere is 1 steradian. If a luminous flux of 1 lumen
passes through the square (1 lumen/m2) then the luminous intensity / is 1 candela.

Example I
The lamp in our last example emitted a luminous flux of 31 250 lumens. Assuming
that it emits that much light equally in all directions, then 31 250 lumens will pass
through the surface of a sphere having a radius of 1 metre with the lamp at its centre.
31 250
The surface of the sphere is 4tt7?2 = 4tt m2; a luminous flux of —r— = 2 487 lumens
4tt
will pass through one square metre of the surface (one steradian). Consequently, the
luminous intensity of the lamp will be 2 487 lumen/steradian or 2 487 candelas.
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Example 2
By definition, a candela is the luminous intensity of
temperature of solidifying platinum.

cm 2 of a black body having the

Since platinum has a melting point of 2 043 K and since

Ptot
t = 6 x 10‘8 T4 watt/m2 (Stefan-Boltzmann’s law)

the total radiation power emitted by a black sphere having a surface of 1/60 cm2, will
be
/I
\
/’to.
x (6 x 10'8) T4
= (1 x 10",3)T4
= (1 x IO’*3) x 20434
= 1.74 watt.

The greater part of this radiated power is infra-red; (under Wien’s displacement
law the wavelength at which the radiation energy is at its maximum is inversely
proportional to the absolute temperature; Xmax = - ^?^) the luminous intensity of
the visible part is, according to the quoted definition, 1 candela. In other
words, the sphere emits 4tt lumens of visible light. If we assume that 1 watt on
average corresponds to approximately 250 lumens (see Figure 2.9), the sphere will
emit approximately

= 0.05 watt of visible light. The efficiency will be

x

100%-3%.
The efficiency of an incandescent lamp will generally be somewhat better
because of the higher temperature of the filament, but it will mostly not exceed
10% (Table 2.12 gives 6% for a 100 watt incandescent lamp, 13% for a halogen lamp
and 31% for a fluorescent tube).
2.1.4.3.

Candela !m2

The candela/m2 is the unit of luminance (brightness) L and is a measure of luminous
intensity per unit of effective surface area of the light source.

Example 1
The sodium lamp used previously had a luminous intensity of 2 487 candelas. Assume
that it has been provided with a bulb having a surface area of 100 cm2 = 0.01 m2.
The brightness will then be lumlnous^tens“y =
= 248 270 cd/m2.
U » LU

v/ • \ f 1

Example 2
An evenly lit surface, e.g. a fluorescent TV screen, emits light in all directions.
Assume that the luminous intensity / is 40 candelas in the centre of the screen.
If we sit a degrees to one of the sides (see Figure 2.10), the screen seems to be
smaller by a factor cos a; the luminous intensity will then be I cos a. For an angle of
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60° this will be 40 cos 60° = 20 candelas. This proportionality to cos a for a
diffuse, reflecting surface is called Lambert’s cosine law. So the luminous
intensity in direction a is less because the surface of the source seems to be
smaller, in that direction anyway; the luminance, however, remains unchanged, being
equal to the luminous intensity per unit of (apparent) surface area.

/

cos K
tK

A"
/ COS DC

Figure 2.10. Lambert's cosine law

Assuming that the surface area of the screen is 0.2 m2, then the apparent surface
area in direction awill be: 0.2 cos 60° = 0.1 m2. In this direction luminance L will be

— = 200 cd/m2; in the direction perpendicular to the screen (pt= 0°) L =
which is
0.1
0.2
also 200 cd/m2.
Hence, expressed as a formula L =

2.1.4.4.

/i COScx

= x c^/m •
/A

Lux

The lux is the unit of illumination E and is a measure of the luminous flux incident on
1 m2 of surface. So one lux is one lumen/m2.

Example (see Figure 2.11, next page)
Our sodium lamp is at a height of 3 metres over a table having a surface of 1 m2. If
we consider the table to be part of a sphere having the lamp as its centre and
having a radius of 3 metres,

= 0.0088 of the luminous flux emitted by

the lamp (31 250 lumens) will fall on the table. That is 0.0088 x 31 250 = 275 lumens.
Consequently the illumination will be 275 lumens/m2 = 275 lux.

At a height of 6 metres, the illumination would be: E =

x

x 31 250 = 69

lux, which is one quarter as much. The illumination is inversely proportional to the
square of the distance.
If we turn the table through an angle a (dotted), the luminous flux incident on
the table will proportionately decrease by cos a, as will the illumination.
A brief summary of the above is given in Table 2.12 (next page). The data given
have been carefully compiled from a number of sources.
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Figure 2.11. The illumination as a function of the angle of incidence. E =

0
cos
4ttZ?2

Table 2.12
Luminous flux

= amount of energy emitted (lumen)
in one second

Luminous intensity
Luminance

Illumination

(candela)
I = luminous flux emitted
per steradian
L = luminous intensity per nr (candela/m2)

E = luminous flux incident
on 1 m2

Luminance

sun
incandescent
lamp 100 W
moon

candle flame
bright sky
clouded sky
TV screen
film
projection

1.65 x 10’cd/m2

1.3 x 10s cd/m2
7 600 cd/m2
7 000 cd/m2
4 000 cd/m2
700 cd/m2
200 cd/m2
30 cd/m2

(lux)

1 watt = 628 lumens
at 555 nm
for a sphere: / =
/,
,.L

o
4rr

^/^apparent
(t)

E = —=,x cos a
4it7<-

Luminous flux

Luminous intensity

33 000 lumens
Halogen lamp
I(XM) W
14 500 lumens
Photolita N
500 W
8 000 candelas)
(with reflector
Argaphoto B
11 000 lumens
500 W
5 500 cd)
(with reflector
high pressure
12 500
mercury lamp
5 000 lumens
fluorescent lamp
65 W incandes
1 500 lumens
cent lamp 100 W

outside,
unclouded
fully clouded
inside, daytime
lit very well
halogen lamp
1000 W at 1 metre
(with reflector 50
to 100% more)

100 w
incandescent lamp
at 1 m distance
average living
room level

15 000 lux

5 000 lux
2 500 lux

2 500 lux

150 lux
50 lux

However, don't shoot the author if they happen to be not exactly correct; most of
them are averages and should be considered as such, of course.
2.1.5. Calculating the illumination on the target of a camera tube at a given illumina
tion of the scene shot

Referring to Figures 2.13 and 2.14 and assuming that the illumination of the object in
front of the lens is Eo lux, then a luminous flux of Eo lumen per m2 is incident on the
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object. Assuming the surface of the object to be Ao m2, then the total luminous flux
will be Eo Ao 'lumen. If the object reflects this flux completely and diffusely, the

gox A- candela, because the light is

average luminous intensity will be /av

2tt

spread over a solid angle of 2tt steradians.
Ob/ect

1

"I

I

CX

♦ ,o

IgCOSCX

Figure 13. Diffuse reflection on a surface under Lambert's cosine law lQV = 1/2 lo.

Under Lambert's cosine law the luminous intensity is not equal in all directions
(Figure 2.13). It can be proved that

/av
nv

=1/2 Iobj

or

/.
^obj — 2 'av
Consequently, the luminous intensity in the direction of the objective will be {Figure
2.14)
/obj
K = 2/ av

7T

° candela.*
Lens

\
Ob/ect

\

Target

\ ,D

CJ steradians

hp

Iq

L

II

/
-u
/
/

o

p

Figure 2.14. Relationship between the illumination EQ of an object and the illumination E{ on the target of a
camera tube

To calculate the luminous flux incident on the lens look again at Figure 2.14, and
assume that around the object lies a sphere of radius o which passes through the lens.
The surface area of this sphere is 4iro2 m2 and the lens covers area A (. As the sphere is
^obj

* The luminance of the object will be L =

4o x Ao = -^ candela/nv.

x „

IT
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/4|
4tt steradians, the space angle covered by the lens will be co _
— -----— 4 it = oA7',
4tto2
steradians.
The luminous flux on the lens will be
4> lens = u) 4>bj
A EoAo
o2
7T
|/4o
lumen.
4>i = Eo
to2

0 lens

This flux is projected on the target of the camera tube by the lens (so <Pt = 0|ens)If there are no further losses, then the illumination Et of the target (surface
At) will be
=

A
= ±L
t4|

with

Ai

7T

¥4 7T D2 ¥4 IT /1q2
% TT lip TT O2

D'-K,1

with N

°w

= E.

/4O =

v4t = ¥4 TT A
hP 2

At 7XO2

this will be Et = Eo

= lA TT .D2

hp
ho

P

. D2o2
we will get Et = E(
° 4o2 p2

D2
4p2
For most applications, the picture is in focus; hence

E

. . f rc

or with

E = E —

Fis the aperture number of the lens.

Note: If p / /, it will be

1
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E = £ ___ 1____
O4F2(7V+1)2

withp = f(N 4- 1).

(i)

Example
Table 2.12 shows that a cine lamp at 1 metre gives an illumination of 2 500 lux. As the
illumination is inversely proportinal to the square of the distance, this will be 625 lux
at 2 metres and approximately 275 lux at 3 metres. These figures will be higher if a
reflector is used.
If an average illumination of 500 lux is obtainable and if 30% is lost through various
causes, such as reflection losses and lens losses, then at a lens aperture of F = 1.9,
formula (1) above give as the illumination on the target
Et

2.1.6.

1___
= 24 lux.
4 x 1.92

70% of 500

Special lenses and filters

The following gives a brief description of a number of lenses and filters which are
often used with video cameras.
2.1.6.1.

The close-up lens

Assume that you have an objective lens of 25 mm focal length which can be focused
from 1 metre to infinity. Using the lens formula it can be calculated that the picture
point distance varies from 25.6 to 25 mm. By placing a lens with a focal length of
500 mm in front of the objective lens, the focal distance will be 23.8 mm.

— +
25 500

fsy = 23.8 mm, also see
Section 2.1).
By focusing the objective lens on infinity (p = 25 mm), then

4

o

25

23.8

4

-> o = 500 mm;

By focusing on 1 metre (p = 25.6 mm), then

1+-L
= -X
o 25.6 23.8

o = 333 mm.

This means that it becomes possible to focus on objects at distances from 0.33 m to
0.50 m from the lens. The rule of thumb is: ‘With a close-up lens having a focal length
of x m, focusing can take place on objects which are at a distance of x m from the
objective lens or closer to it.’
For experimenters a spectacle glass (obtainable from any optician) may be used.

2.1.6.2.

The extension ring

A similar effect to that obtained with a close-up lens can be achieved by the use of
extension rings.
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If an extension ring of 1 mm length is inserted between the objective lens and the
camera, then by focusing to ‘infinity' a picture point distance of 25 + 1 = 26 mm is
obtained. Focusing to ’1 metre' will give a picture point distance of 25.6 1 1 =
26.6 mm. Withp = 26 mmand/ = 25 mm in the lens formula, an object distance of
650 mm is obtained; with p = 26.6 mm and f = 25 mm the object distance is
406 mm.
Consequently, by this method focusing on distances from 0.65 to 0.41 m from
the lens becomes possible. Neither by using the close-up lens, nor by using an
extension ring will the nature of the objective lens change. A normal objective lens
will remain a normal objective lens; and a wide-angle objective lens will remain a
wide-angle lens. The focal length will remain virtually unchanged and it is this
distance which determines the ‘nature’ of the objective lens.
If a particularly powerful close-up lens is applied or many extension rings used
(seldom done with television), an important difference between the close-up lens
and the ring will become clear: if a close-up lens is used, the focal distance of the
objective lens as a whole will decrease, which is not the case with extension rings. In
comparison, a close-up lens will provide a greater depth of definition and a greater
aperture.

2.1.6.3.

The converter

The ‘rear lens' described in Section 2.1.2 is a converter which changes the nature of
the objective lens as opposed to the above mentioned extension rings and close-up
lens. Thus:
(a) The converter (in this case a negative lens with f — -20.25 mm) increases the
focal distance, for the picture will be farther from the lens for the same object
distance.
(b) The converter increases the aperture number of the objective lens (if the focal
length increases by x times, the aperture number F will also increase by x times,
forF=^).

(c) The converter increases the picture area.
Converters for C-mounts are, among others, supplied by Canon.

2.1.6.4.

The Fresnel lens

A Fresnel lens is used when the requirement is for a lens of very large diameter (e.g.
200 mm). Made in the normal way, such a lens would have a mass of many kilograms,
be too large to handle and very costly. A Fresnel lens has the appearance of a kind of
transparent audio disc, the original lens being divided into a large number of
concentric rings of equal thickness. The construction is shown in Figure 2.15.
Once the mould has been made, these lenses can be produced cheaply and in large
number from plastics. The convex Fresnel lens is used in searchlights, floodlights and
camera viewfinders (in the latter case it serves both as a lens and as a frosted glass
44

Figure 2.15. The Fresnel lens

screen). The negative (‘concave’) Fresnel lens has a particularly large ‘wide-angle’
effect when viewed from the rippled side, whereas it can be compared with a
so-called ‘fish-eye’ lens when viewed from the smooth side. It is sometimes used for
special effects, but can result in distortion and impair image sharpness— more so
than might be thought from its appearance when looking through it with the naked
eye.
2.1.6.5.

The soft-focus filter

A soft-focus filter is a piece of glass which has concentric rings engraved which
disperse part of the light. The remainder of the light passes through the parts of the
filter without rings. The non-deflected light produces a sharp picture, whereas the
dispersed light causes a soft haze. Soft-focus filters can be obtained with intensities
0, 1 and 2. The effect disappears as the aperture is reduced.
2.1.6.6.

Dichroic mirrors

The function of the dichroic mirror can be appreciated by considering a soap film
having a thickness of 0.5 pm, see Figure 2.16. Here a and b are two raysof light which
are part of a beam of white light (containing all wavelengths between, say, 0.4 and
0.8 pm), which is incident almost perpendicularly to the soap film. At A light beam a
is partly reflected (not shown) and partly passed. At B the same applies; however,
here the beam which has passed through the film is not shown. The beam passed at C
coincides exactly with the part of b that is reflected. At C, therefore the light beam a
travelled an additional distance ABC which is not covered by light beam b. Distance
ABC is approximately 1 pm. If the phases of a and b are practically equal before
reflection, then after reflection they will be unequal because in C a has covered the
Soap film

05p

'C

B

Figure 2.16. Reflections from a soap film
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additional distance ABC. There will be a phase difference of——. An extra phase
Xs
‘jump’ of 1/2 is added, because a is reflected (at point B) from a medium of lower
refractive index and b (at point C) from a medium of higher refractive index.
If we take green light of X = 0.5 jxm. then A
fl| =
Xal' =
= 0.33
1
soap nIm 1.3
gm (n is the refractive index of the soap film). Consequently, after reflection, the
phase difference between a and b at point C will be

= J-P™. +-1=3 5
Xs
2 0.33pm 2
Both beams will extinguish each other.
Calculated in the same way, the phase difference of orange light with Xajr = 0.6
gm, will be 3 (a and b are in phase resulting in enhancement) and the phase
difference for red with Xair = 0.75 pm will be 2.5. (As with the green light a and b are
in phase opposition and extinguish each other.) Anyway, extinguishing (e.g. cancel
lation) will be complete only when both beams have the same amplitudes after
refletion. Figure 2.//shows how the amplitude of the reflected light depends on the
wavelength.
A<D

I
Amplitude of
reflected light

05

06

07

06

"K m

jjm

Figure 2.17. Reflection of white light as a function of the wavelength for a soap film

What is applicable to beams a and b can, of course, also be applied to all other
beams from the beam of white light incident on the soap film ; of the white light from
the beam, only violet and orange will be reflected. Colour break-up (dichroism) will
thus occur.
By vaporising thin films on glass (comparable with a soap film in terms of thick
nesses) practically any response or reflection curve can be obtained by selecting the
thickness of the layer, the refractive index, and the number of layers.
Note: The phase ‘jump’ need not always be

this will only be the case when the

film is between two media having the same refractive index.
Dichroic mirrors are, for example, used in colour cameras to break up the incident
light into red, green and blue.
2.1.6.7.

The polarising filter

Comparing a beam of light with a rope in which completely random waves occur,
(now horizontally, then vertically, then diagonally) will give a fair impression of the
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wave phenomenon of light. Suppose that the rope is connected to your nose and that
you look down it. If the rope vibrates in a vertical direction, you will see a vertical
line; in a vector graph (with your nose as its centre) it is represented by a line along
the y-axis. If it vibrates horizontally, it is represented by a line (a vector) along the
x-axis, while a diagonal vibration results in a diagonal vector.
It is possible to express a diagonal vector in terms of horizontal and vertical
components. In natural light the horiontal and the vertical components will, on
average, be equally long. Experimentally, the following is proved:
(a) If natural light is incident at an angle a on a surface having a refractive index n for
which tan a = n (for glass tan a = 1.5 —> a = 56°), the vertical component will
disappear from the reflected beam, and only the horizontal component will be
left, a is also called the ‘Brewster angle’ (see Figure2.18).
| = Vertical component

Natural light

I
I
I
I
I
I
I
I

• = Horizontal component

\ Polarised
completely

Glass

I
I
I
I
I

Polarised
partly

Figure 2.18. Full polarisation of the reflected beam if the angle of incidence is equal to the Brewster angle.

If the angle of incidence is not equal to the Brewster angle (also for glass #
56°), the vertical component will not disappear completely, but it will be weak
ened. In the former case the reflected beam will be fully ‘polarised’, in the latter
case it will be partly polarised.
The refracted beam will always be partly polarised.
(b) By drawing a sheet of plastics material in one direction and by slightly colouring
it with a special colorant, it will pass light of only one component. When a beam
of natural light falls upon the sheet, only the light polarised in that direction is
passed, the beam which leaves (as well as that reflected in Figure 2.18) then
being fully polarised. If the beam is projected through a second polariser, there
is a chance that nothing will be passed at all; if the pass directions of the two
sheets are perpendicular to each other, the second sheet will stop precisely light
of that polarisation which is passed by the first sheet (see Figure 2.19).

Figure 2.19a. ‘Parallel'polaroids

Figure 2.19b. 'Crossed' polaroids
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If a notarising filter is placed before a camera lens irritating reflections can be
‘ J even eliminated (in the theoretical case of a fully polarised reflection) by
burning the filter until the pass direction is vertical.

With the aid of a polaroid filter the beauty of a nose, even when shiny, can be
considerably enhanced. For the first experiments polaroid sunglasses may be used.
More about’optics can be found m Ref. 2.2.
Camera tubes

2.2.1.

The vidicon

Figure 2.20 shows a vidicon camera tube on the left. The glass tube contains an
electron gun, mounted directly on the pins. The electron beam produced by this gun
produces the well-known television frame on the target (visible at the topof the tube)

Figure 2.20. From left to right: a vidicon, a plumbicon and a deflection unit for a plumbicon

with the aid of the deflection coils Figure 2.21 shows the construction. gt is the
Wehnelt cylinder by means of which the beam current can be set, g2 is the anode, g3 is
the focusing electrode (electrostatic), a coil wound around the vidicon providing
magnetic focusing, a g4 is a piece of fine-mesh metal gauze which makes the electric
field between the target and g3 as homogenous as possible.
Many kinds of vidicon are made and they come in many sizes. The above descrip
tion refers to a standard vidicon such as the XQ 1031 or the XQ 1044 (cross-section 1
inch). Attainable resolution varies from 600 to 1000 lines. 2/3 in vidicons are e.g. the
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MOW

|— Centring magnets

6/453 window
Target

g3

Target
connection
ring

Horizontal and vertical
deflection coils
Focusing coil

Figure 2.21. Cross-section of a vidicon with focusing and deflection coils

QX 1270 (magnetic focusin) or the XQ 1272 (electrostatic focusing). Both tubes have
a resolution of 400 lines. There are even vidicons with which no deflection coil need
be used. For example, the XQ 1010 has electrostatic focusing and deflection.
Returning to the standard vidicon. Figure 2.22 shows the target construction. The
glass window is provided with two films:
(a) A transparent film of tin oxide connected to the connection ring around the
vidicon.
(b) A film of photoconductive semiconductor matrial (usually antimony trisulphide,
Sb,S3).
r

Transparent film
of tin oxide

b

Light - sensitive
semiconductor material

6/433 window

<*>&>

Connection ring

To preamplifier

X?

»40V

Figure 2.22. Construction of a vidicon target

Since the electron beam forms a direct connection with the cathode, the back of
film b is brought to cathode potential each time the electron beam passes. To prevent
the beam from reaching the target during flyback (which would result in black lines
across the picture), it is either
• suppressed during flyback by means of a negative voltage pulse of approximately
75 V on gx (grid blanking) or
• prevented from reaching the target by means of a positive pulse of approximately
20 V on the cathode (cathode blanking, see also Section 1.9).
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An electron arriving at the target has, on its way from cathode tog, (potential
about 250 V), been subjected to an acceleration of 250 - 20 = 230 V, and fromg,
to the rear of the target (potential about 0 V) been subjected to a deceleration of
250 - 0 V = 250 V). This means an electron is decelerated more than accelerated,
so it can never reach the target. Although it is quite usual to apply cathode
blanking (in which case only one 20 V pulse is needed), grid blanking is better
because the undesirable electrons will not even come near the target.

The front ol the target (the conductive tin oxide) is now supplied with e.g. +30 V
through resistor R.
Let us now consider a small element p of the target (see Figure 2.23). This may be
regarded as a small capacitor which is slowly discharged through the semiconductor
material after the electron beam has passed, and which is, through /?, recharged to 40 V
the moment the electron beam passes.
Target element

P.

Resistance of the
semiconductor element

Electron beam

Tin oxide

Capacitance of the
semiconductor element
To preamplifier

p

+ 40V

Figure 2.23. A target element of a vidicon

This charging current is called ‘dark current’ when the vidicon is receiving no light.
The dark current depends on the target voltage. At 40 V it is approximately 20 nA.
When light falls on /?, the resistance of the semiconductor material decreases and the
capacitor is discharged more quickly. This means that a larger charging current is
needed, which is dependent not only on the light but also on the target voltage. At
8 lux and 40 V it is approximately 150 nA and Figure 2.24 shows the relationship
between the target voltage, te dark current /d and the signal current /s respectively.
Illumination 8 lux.
l(nA) 600

|

%
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400
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----- ► Target voltage

Figure 2.24. The dark current and the signal current of a vidicon as a function of the target voltage

50

As the dark current is a variable (determined by the target voltage and to a smaller
extent by other factors, such as the point of impact on the target), the dynamics of the
vidicon are determined essentially by the ratio /s : /d. From Figure 2.24, it follows
that the dynamics of the vidicon are 8:1 at 20 V, 7:1 at 40 V and 2.5:1 at 60 V. Up to
approximately 40 V the sensitivity reduces by only a small amount, whereas at 40 V
the sensitivity is more than three times as high than at 20 V. When the target voltage
is increased, the so-called ‘slur effect’ of the vidicon also increases. This is because if
the target element p is considerably discharged on account of strong lighting, a single
pass of the electron beam is not sufficient for a full recharge. When the beam passes
the next time, a signal current will be generated, even when lighting has not taken
place. This manifests as a retarded fluorescent effect on the picture, which is
particularly disturbing with moving objects, which show a kind of tail.
Dynamics (e.g. signal dynamic range) of 7:1 (approximately 17 dB) will be ad
equate to produce a good picture. At an illumination of 40 lux and a target voltage of
40 the dynamics are 20:1 (approximately 26 dB). (These dynamics should not be
confused with the signal-to-noise ratio; the noise of a vidicon is very small, and at 40
V and 40 lux it is approximately 55 dB below the signal level. The noise of the
vidicon, which is practically frequency-independent, will be mostly outweighed by
the noise of the video amplifier.)
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Figure 2.25. The relation between signal current and illumination for a camera tube with a y of 0.65 and
0.45 respectively.

Figure 2.25 shows the relation between the illumination and the signal current.
The target voltage has been adjusted so that the dark current is 20nA. For this curve

A=
4

in which /s
^8

y

is the signal current at illumination Es,
is the signal current at illumination 8 lux, and
is the ‘gamma’ of the tube.

If y = 1. the signal current will be directly proportional to the illumination ot
of the
target. For most vidicons y is about 0.65. Assuming that for the picture tube (display
tube) the relation between brightness and signal voltage is linear, this would mean
that the picture produced would show insufficient contrast in the white parts.
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However, a picture tube has also a curved characteristic with a y of 2.2 (due to the
non-linear elation between beam current and grid voltage). For a vidicon this is
slightly too much; the ideal situation is reached only when yvjd. x ypjcture tube = 1There are three ways to achieve this: either correct y^. and leave ypt unchanged, the
reverse, or to bring both to a ‘standardised’ value. The first possibility has been

chosen, which means that y^ should be artificially given the value

Ypt

= 0.45.

The advantage of this choice is that in the receiver no special measures need to be
taken to obtain correct contrast. In practice, the disadvantages are small (See Ref.
2.3 para 12.6).

A

R

r

i i I

01
oTT
02

£3
E2
El

D3T

£'l "1 "I

£

Figure 2.26. Circuit designed to obtain y correction (left) and the correction obtained (right)

Gamma correction is usually obtained with the circuit of Figure 2.26. If it is
assumed that point C is unloaded, Vc will follow the voltage on point A until one of
the diodes D opens. The diodes are taken to be ideal: no resistance and no threshold
voltage. As soon as
exceeds the voltage of E\, D i will open and the voltage divider
R Ri is connected in circuit. This will last until VB exceeds the voltage of Ew at that
moment Ri will be connected in parallel to R\ etc. In this way it is, in fact, possible to
approximate any curve required.
A practical example is given in Figure 2.27. Here it is assumed that the output
voltage of a video amplifier varies between 1 and 3 V in the case of full-power drive.
(1 V black level, 3 V peak white.) If a vidicon with y = 0.65 is connected to the input
of the video amplifier, the relationship between the illumination and output voltage
will be as shown by the topmost curve in Figure 2.27. which should correlate with y =
0.45. A good approximation is possible with the circuit in Figure 2.27. The result is
the dotted curve. Until 1.45 V is reached, the diode will not conduct and the curve
with y = 0.65 will be followed. From the point of conduction the entire value by
which Vin exceeds 1.45 V will be divided down in the ratio 0.5 : 0.64.
The circuit of Figure 2.27 is a purely theoretical one; there are no ideal diodes and
voltage sources of 1.45 V arc not easily obtainable. If we assume that the diode has a
threshold of 0.65 V, the 1.45 V is reduced to 0.8 V by subtracting 0.65 V. Further
more, if we take the preferred value of 560 fl instead of 500 fl, the internal resistance
640
of the diode together with R will be
x560 = 717 fl. Assuming an internal
dUU

resistance for the diode of 17 fl, 700fl is left for R, the circuit then resolving to that in
Figure 2.28.
Consequently, a circuit should be connected to point P which has an Rx of 700 fl
and an e.m.f. of 0.8 V. Starting from +5 and 0 V, using the circuit in Figure 2.29, it
will be found (Thevenin’s theorem)
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By taking preferred values of 820 and 4700 O respectively for R j and
the circuit in
Figure 2.30 is obtained. Finally, it should be noted that, in simple cameras using a
vidicon, gamma correction is not usually applied.
Some practical points:
(a) Never stand a vidicon on its target. The consequence may be internal damage to
the target due to small particles of glass.
(b) Do not expose the target to excessive illumination. Never store a camera without
a lens cover. Reflection of the sun may be sufficient to damage the target
permanently. If a burned target is experienced, some improvement may be
obtained as ‘kill or cure' remedy by removing the lens and subjecting the target
(camera switched on) to uniform lighting for 5 to 10 minutes (e.g. 50 cm under a
100 W lamp). Burning may also result from extended exposure to very bright
objects. However, after some minutes the effects of target burning may gradual
ly vanish.
(c) The tube may be destroyed if local overheating of the target occurs as the result
of deflection failure. NEVER operate a vidicon until it is certain that the
deflection currents cannot be cut off.
Also avoid ‘underscanning’. Use the whole target area (9.6 x 12.8 mm for a 1
in vidicon) with the image properly positioned. If the tube has been in use for a
couple of hours, a change in position of the tube may cause a moire effect*,
owing to frame pattern burning.
(d) Ensure that Vg4 cannot be lower than Vg3. If it becomes lower the target may be
damaged. (In some vidicons g3 and g4 are interconnected so problems in this
respect cannot occur; g3 and g4 are separated in other tubes to improve the
resolution, especially at the edges. E.g. if the potential of g4 is 100 volts higher
than that of g3, there will be an accelerating field; the electrons will move
according to the lines of flux and will, consequently, strike practically per
pendicularly even at the edges. As a result the electron beam will have the
smallest effective cross-section at the place where the target is located. The same
effect can be achieved in tubes with internally interconnected gy and g4 by
increasing Vg3g4. A disadvantage, however, is that the focusing and deflection
currents will need to be increased.)
7 7 7

The Plumbicon

Except for the construction of the target, the construction and function of the
plumbicon tube are very similar to those of the vidicon tube. The target construction
is shown in Figure 2.31. A film of lead oxide (PbO) is vaporised on the transparent
film of tin oxide. On the tin oxide side it has the n-properties of a semiconductor due
to the contact with the tin oxide. P-properties are obtained on the reverse side by
suitable doping. A semiconductor diode with a broad boundary layer is thus
achieved. Leakage current corresponds to the dark current of the tube (about 3 nA).
At a sufficiently high target voltage (> approx. 20 V) the dark current will be
independent of the target voltage (see Figure 2.32).
* Moire patterning will arise if two slightly different frame structures arc superimposed (see also Section
6.1.2).
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Figure 2.31. The target construction of a plumbicon

The difference between the target constructions of the vidicon and the Plumbicon
is similar to the difference between a photoresistor (vidicon) and a photodiode
(plumbicon).

Vidicon (photoresistor)
The resistance depends on the lighting and does not change linearly, y vidicon = 1.
The photoresistor shows lag. A kind of ‘hole storage’ will occur, especially after the
removal of a strong source of lighting (which has resulted in a very low resistance);
there will be some delay before the resistance rises to its former value. Both the dark
current and the signal current depend on the target voltage. Sensitivity of the vidicon
is thus dependent on the signal plate voltage.

Plumbicon (photodiode)
The signal current is directly proportional to the number of photons arriving at the
signal plate. The thicker the film of PbO, the greater the chance that a photon will
release a charge carrier which discharges the capacitance of the target at that point.
As the signal current is directly proportional to the luminous flux, the y of the
plumbicon will be approximately 1. The signal current is practically independent of
the target voltage because the photodiode already will be saturated at a rather small
target voltage.
The ‘lag’ of a photodiode is smaller than that of a photoresistor. A vidicon takes
approximately 80 ms for the signal to become smaller than 10% of its original value,
after removal of the illumination. The plumbicon takes approximately 40 ms.
Some more remarks on the plumbicon (which are also more or less applicable to
the vidicon):
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Figure 2.32. The relation between dark current and target voltage fora plumbicon
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(a) Beam current remains constant during operation. G, serves only to set the beam
current so that the lightest picture elements result in completely recharging the
target when the beam scans forward (retrace for some tubes). Insufficient beam
current results in incomplete recharging, with the result that the peak white parts
of the picture are not fully defined (lack of contrast). Too much beam current
encourages defocusing due to mutual repulsion of the electrons.
(b) Target illumination should not be so great that video signal peaks of tens of volts
develop. With adjacent black and white picture elements, for example, the
inside of a black element produces zero volts, whereas an adjacent white
element may be responsible for, say, 20 V. An electron arriving at the black
element has zero speed (as described in Section 2.2.1) and its direction is
reversed just before the black picture element. Therefore it can be easily
removed by the high voltage of the neighbouring white element. The result will
be a video signal which is too early and consequently the borders between black
and white will fade away. Excessive illumination, therefore, can impair black-towhite transitions, causing ‘blurred' boundaries.
(c) It will now be appreciated why perpendicular incidence on the target is im
portant. The delaying field between g4 and the target will influence the perpen
dicular component, but it will not influence the cross component of the electron
speed. Hence the result of slanting incidence will be that at the moment of
reversal the cross component will still be present causing the electron to move on
along the target for a moment. In that case the chance of the electron being
removed by an adjacent picture element is not an imaginary one, even though
the voltage graph will show peaks of only a few volts. The effect manifests most
strongly at the edges of the picture, of course.
(d) Finally, too high a ‘picture’ voltage is undesirable because the focus depends on
the total transit time of the electrons through the tube, which is influenced by the
voltage between g4 and the target. If this is not sensibly constant, the focus will
be affected by the brightness of the picture elements which, of course, is
undesirable. For the same reason it is also important to ensure that the voltage
on the focusing electrodes is not contaminated by video hum.
(e) As some electrons fail to leave the cathode at ‘speed zero', it is possible for the
rear of the target to acquire a negative charge due to the ‘fast’ electrons. At
target points corresponding to a small discharge (e.g. dark parts in the scene) it is
possible that the rear side of the target will fail to become higher than zero volts.
Therefore the electron beam cannot land, resulting in zero signal current and a
lack of detail in the dark parts of the scene. This problem can be resolved by
applying a weak, uniform background lighting to the target by a built-in lamp.

2.2.3.

The silicon-target vidicon

The construction of the silicon-target vidicon is identical to that of a normal vidicon
except for the construction of the target. The target consists of a self-supporting slice
of silicon, about 20 mm diameter, and 10 pum thick (see Figure 2.33). On the picture
side a film of n + silicon is produced by diffusion, the substrate consists of n-type
silicon and the other side (on which the electron beam will land) bears an insulating
film of silicon oxide (SiO2), which contains approximately 1 million ‘frames’. Borium
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is allowed to diffuse into the n-type substrate through the frames so that p-silicon
islands will grow in the substrate. In this way one million separately insulated diodes
are obtained. Finally, a ‘resistive sea’ of hafnium-tantalum nitride is spread over the
diodes. The electron beam places the p-side of the diodes at zero volts, whereas the
n-side is placed at about 10 V, via resistor R. The diodes are thus connected in
‘counter-pass’ mode and the capacitance of the diodes is biased to 10 V. Light causes
pairs of electron holes. The (positive) holes are drawn to the p-n junctions, and the
n- type silicon

I

7
n’type film

StQ?

— resistive sea

J5.p

tOjJ
Electron beam

Light

o'
Photon

p-type silicon

•

R
.10V—CZZ

To amplifier

Figure 2.33. The target of a silicon-target vidicon

capacitance of the diodes discharges in proportion to the light intensity. As with the
vidicon and plumbicon, the recharge current constitutes the video signal current,
which is developed as the video signal voltage across R.
As far as the target construction and the operation are concerned the striking
difference with the plumbicon is only that the silicon target p-film has been divided
into small island-like areas. For plumbicon and vidicon the p-film is not divided into
islands because the target material of these tubes has a very high longitudinal
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resistance. Once a charge has been brought about, it will not leak off along the target.
With silicon, however, the ‘longitudinal resistance' is very small; to avoid leaking
along the target it is necessary to divide it into islands. Another difference is formed
by the above-mentioned resistive sea', which is necessary to prevent the SiO2 from
being charged negatively, which would result in the electron beam not landing on the
target any more. The resistance of the ‘sea' should be chosen in such a way that the
possible charge on the SiO2 can just leak away without too much influence on the
charge of the diodes. This would again lead to decrease in resolution and increase in
lag. The surface resistance is chosen to be about IO13 fl. Wc need not go into the
painstakingly accurate manufacture of the islands; a defective diode will result in a
conspicuous dot in the picture. Gradually you will have started wondering: ‘Why use
a silicon target, if there are so many problems?'
Advantages of the silicon-target vidicon are:
(a) Quantum efficiency (i.e. the number of electrons released on average per
photon) is approximately 60%, compared with camera tubes using photo
cathodes which are generally not more than about 20% efficient.
(b) Spectral sensitivity penetrates the infrared (400-1100 nm).
(c) Sensitivity to visible light approximately 1000 p.A/lumen. For 8 lux that is about
1000 nA. which is six times as sensitive as a vidicon.
(d) Very little lag. especially at low light levels.
(e) Minimal dark current (10 nA) and consequently enhanced dynamics (1:250).
(f) Insensitive to target burning. A silicon-target vidicon camera can be pointed
directly to the sun without trouble of this kind!
(g) It is possible to achieve an electronic ‘zoom’ by decreasing the deflection
currents with a silicon-target vidicon, because of the lack of burning-in
phenomena.
Disadvantages of the tube are:

(a) Signal plate voltage cannot become too high without danger of the diodes
breaking down (25 V maximum).
(b) Sensitivity does not depend on the signal plate voltage as with the vidicon.
Sensitivity control based on this cannot be adopted.
(c) The y of the tube is 1. The question remains as to whether this is a disadvantage;
however, it does imply that gamma correction is necessary.

2.2.4.

Comparison of camera tubes

Since the vidicon appeared on the market as early as 1951 many manufacturers have
tried to improve upon it. As almost all weak image points can be traced back to the
target photoconductive layer, it is obvious that most of the newcomers differ from
the vidicon by the use of layer-materials only. Table 2.34 makes a comparison of the
best known types.
58

Table 2.34a. A comparison of some camera tubes

Vidicon

Designed by :
in :
Photo-sensitive
target

Plumbicon

Silicon
target
vidicon

Chainicon
Pasecon

Saticon

Newvicon

R.C.A
1951

Philips

1963

Bell
1960

Toshiba
1972/77

Hitachi
1973

Matsushita
1974

SbiS.1

PbO

Si

CdSe

SeAsTe

ZnSe/ZnCdTe

Picture-size (1 in)

9.6 x 12.8 mm

Sensitivity (p.A/lm)
(visible light)
Y

variable

400

900

1500

350

1200

0.7

1

1

1

1

I

Signal current (p-A)

0.2

0.2

0.2

0.2

0.2

0.2

Dark current (nA)

20

10

<1

<1

6

Lag (% residual
signal current
after 60 ms)

20

2

7

10

3

10

Modulation depth
at 5 MHz(%)

60

50

40

60

60

55

Signal-noise ratio
(linear, dB)

45

47

45

>45

>45

>45

max. temp
50°C

dark
current

Disturbing co-effects

•blooming at highlightsdots; dark
lag
current

lag;
dark
current

Target burns

moderate

good

very good

Infra-red
sensitivity

moderate

moderate

very good

P8021
P8160

P8120

good

sufficient

moderate

good

BC 4395
BC 4390

4906
4904

Type
EEV

1 inch
2/3 inch

7262A

RCA

1 inch
2/3 inch

8507 A
8844

Philips

1 inch
2/3 inch

XQ 1032
XQ 1270

XQ 1070
XQ 1427

XQ 1402

Heimann

1 inch
2/3 inch

XQ 1291
XQ 1311

XQ 1352

XQ 1205
XQ 1313

4532 H
4833

XQ 1440
XQ 1274
XQ 1461
XQ 1451

Deflection yokes for 1 inch tubes : Philips AT 1102
2/3 inch tubes : Philips KV 19B
KV 12
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2.2.4.1.

The vidicon

Designed by RCA; today’s application especially in the amateur and commercial
sector because of its relatively low price and two properties: a simply regulated
sensitivity and a y of 0.7.

Most important disadvantages: Relatively large dark-current and lag. Susceptible to
image burns.

2.2.4.2.

The plumbicon

Designed by Philips and commonly used in most professional colour cameras.

Most important advantages:

Very small dark current.
Very low lag.
Most important disadvantages: Low red-sensitivity (Figure2.34b).
Blooming at high lights.
sens

0.7
0.6

quantum off. 100 */•
newvicon

0.5

cftaf/wcon

0,4

—

0.3

silicon target
vidicon

0.2
0.1
plumbicon
sat icon

0
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500

600

— vidicon
700

A in nrr

Figure 2.34b. Spectral sensitivity of the tubes from Figure 2.34a

2.2.4.3.

The silicon-target vidicon

Designed in the Bell Laboratories, it has a target consisting of about 500,000 isolated
silicon islands.

High sensitivity (even in the infra-red region).
Completely insensitive to image burns.
Most important disadvantages: It is extremely difficult to manufacture a faultless
target; therefore the tube is relatively expensive.
Temperature-dependent dark current.
Relatively poor resolution.

Most important advantages:
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The Chainicon

2.2.4.4.

Designed by Toshiba, is also known as ‘Pasecon’ (Manufactured by Heimann).
Most important advantages:

Very high sensitivity (quantum efficiency about
100%). Equally sensitive to all colours (‘Pasecon’
stands for ‘Panchromatic Sensitive Vidicon').
Most important disadvantage: Relatively large lag.

2.2.4.5.

The Saticon

Designed by Hitachi, this tube has almost the same properties as the plumbicon; a
great disadvantage is its temperature sensitivity. At temperatures above 50°C the
amorphous selenium, on which the photoconductive characteristics of its target are
based, will crystallise and the target is destroyed.
2.2.4.6.

The Newvicon

Designed by Matsushita.
Very high sensitivity up to the infra-red.
Quantum efficiency almost 100%.
Most important disadvantage: Strongly temperature-dependent dark current.

Most important advantages:

The plumbicon is often used in colour-television cameras (for broadcasting^
because of its low inertia, uniform properties, and especially because of its small and
constant dark current. A dark current which is not constant will cause coloured areas
in the picture, especially with three-tube cameras.
There is little doubt that the silicon-target vidicon will ultimately conquer the
amateur market when its price falls. For the time being its application will be limited
to the commercial market where its special properties such as infra-red sensitiveness,
high ‘light intensity’ and the fact that burning-in does not take place, can be used to
maximum advantage. In almost any camera the vidicon can be replaced fairly simply
by the silicon-target vidicon. Alterations required are:
(a) Setting the target voltage to a fixed value of about 10 V.
(b) Re-adjusting the camera; Vg3 and Vg4 are particularly important.

Literature about the vidicon can be found in Refs 2.4 and 2.11; for the plumbicon
Refs 2.5 and 2.11; for the silicon target vidicon Refs 2.6 and 2.7 and for all other tubes
Ref. 2.11.

2.3.

The colour camera

As described in Chapter 1, the camera should ultimately provide ‘Red’, ‘Green’ and
‘Blue’ signals. For this there are various systems. Most straightforward is a camera
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with three separate camera tubes, one for each colour. With the aid of filters, the
optical picture is split into the three primary colours and each then directed to its
appropriate camera tube. It is not so simple to reconstruct the original picture from
the three separate colour pictures later on. Consequently, in some cameras four
tubes are applied: one for the luminance signal Y and the remaining three for the
primary colours. Owing to the limited bandwidth of the colour information, recon
struction will not be a problem, but a camera with four tubes is obviously more
complicated. In fact, one of the four tubes could be left out, and we could, for
example, use one tube for red. one for blue and one for the Y signal.
It would, of course, be even better, if ‘ Y', ‘red' and ‘blue' could be supplied by one
tube. The FIC vidicon (Filter Integrated Colour) is an example of such a tube.
The three-tube system (RGB) and FIC vidicon are discussed below.
2.3.1.

2.3.1.1.

The three-tube plumbicon colour-television camera

Optics

Figure 2.35 shows colour separation as it is applied, e.g. in the IVC 101 colour
camera. The actual separating system consists of two dichroic mirrors (one for blue
and one for red) and two reversing mirrors. The reversing mirrors are necessary
because left and right are inter changed by the dichroic mirrors. This cannot be
compensated by reversing the scanning direction in the deflection coils because
reconstruction faults would occur owing to asymmetry in the coils, which can never
Reversing mirror

Red

Blue
mirror

Objective

Green

3Red mirror

Blue

Reversing mirror

Figure 2.35. Colour separation with the aid of mirrors

be avoided completely. Moreover, using reversing mirrors enables the camera tubes
to be positioned in parallel so that they will be about equally affected by external
interference fields. It will be seen that the colour-separating system uses a fair
amount of space. As the picture is approximately in the focus of the objective lens, it
follows that the focal distance of the objective lens should be 15 to 20 cm to ensure
that the picture reaches the target of the camera tube. To obtain a reasonable
aperture number at such a focal distance, large and expensive objective lenses would
be needed.
This is overcome by using a relay-lens system placed between the objective lens
and the camera tubes. As a result, the picture obtained with the aid of the objective
lens is referred to the camera tubes along the required distance. This is accompanied
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by a three-fold reduction of the picture. Excluding lens losses, this implies a decrease
in aperture number by a factor 3 (F5.6 becomes Fl.9) and an effective reduction of
the focal length by the same factor (a focal length of 55 mm will be 18 mm effectively,

for N =~SS:~ )• A. disadvantage of relay lenses is that extensive correction measures
are needed to neutralise the picture distortion caused by them.
An alternative system is shown in Figure 2.36. Here the effective picture distance
has been increased by filling the space between the mirrors with glass. Taking the
refractive index of glass as 1.5, then the picture distance is increased by about the
same factor. The lens aperture and the focal length of the objective lens are not
influenced by this artifice.
Air gap for
complete reflection

’7V

Rea mirror

Light

-----------------1

Greer

Anti-halo plate
Blue mirror

Figure 2.36. Colour separation with the aid ofprisms

It will be noticed that the oblique sides of the practically rectangular prisms serve
as reversing mirrors. Light is reflected against these planes provided that the refrac
tive index of the medium outside the prism is sufficiently low (total internal reflec
tion). This is achieved by an air gap between the two prisms (refractive index 1).
Another advantage of the prisms is that the reflective planes are simple to make and
not unduly delicate mechanically. Disadvantages are that extra correction is neces
sary and the camera tubes are no longer in parallel.

2.3.1.2.

Video amplifiers/signal-to-noise ratio

Along with the deflection circuits, the video amplifiers constitute the 'heart' of the
camera electronics.
Camera tube

G

I

/OOn
I to 2 M (much greater
than R I

1 *1
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I
I
I

I

Target voltage
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',n»sr

I

Figure 2.37. The principle of the video amplifier
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Camera tubes can be regarded as current sources charged by the input resistor of
the amplifier (F) and some stray capacitance (C) (see Figure 2.37).
Noise sources are (a) The camera tube, (b) Resistor R. (c) The amplifier.

(a) The camera tube produces a noise current according to the formula

Zn = V(2e a B /s)
where e is the charge of the electron (1.6 x 10'19 coulomb),
a a correction factor depending on the type of camera tube (about 3),
B the bandwidth of the circuit (5 MHz) and
/s the signal current (approx. 0.3 p.A).
Substituting actual values give a result of approximately 1.2 nA. Hence the

signal-to-noise ratio of the tube is

= 250, corresponding to 48 dB.
1 .z n/\
Improvement can only be expected by increasing the signal current. Twice the
signal current means a V2 times increase in signal-to-noise ratio (3 dB improve
ment).

(b) Noise in resistor /? is expressed by
Vn = V(4£ TBR)
where k is Boltzmann's constant (1.4 x 10-1 J/K).
T the absolute temperature (300 K),
B the bandwidth (5 MHz) and
/? the resistor mentioned above.
Substituting values and rearranging the formula the noise voltage becomes

0.29 V(Z?) p.V.
From a signal voltage (at /s = 0.3 p-A) of 0.3/? piV across the resistor, the
signal-to-noise ratio becomes:
03/?
v
0.29 V/?
From first principles, therefore, it follows that the greater /?, the higher will be
the signal-to-noise ratio. However, there is little object in making /? infinitely
large, as this would make it necessary to increase the value of pre-emphasis (a
correction which compensates for the loss of high video frequencies owing to
shunt capacitance) in the following amplifier stages. The input impedance of the
camera amplifier would then also become very high, which can itself result in
various problems. There is little future in endeavouring to achieve a ratio greater
than about 48 dB, a value which is limited by the camera tube, anyway!
The signal-to-noise ratio with an /? of 100 kfl will approximate 50 dB.

(c) Amplifier noise can be derived from noise factor Fof the input stage. Fis defined
as the noise power (as a dB ratio) added by the camera amplifier to a given input
noise. In other words
Fin x G + Pn
F 10 log
PmG
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With F'

F'

10°-11'

wjj] be

Fin X G + Fn

and after conversion:
Pn = (F'-l)PmG

(1)
where F' is the noise factor (as a direct ratio),
pn the noise power added by the stage,
P'm the noise power produced by the internal resistance of the noise
generator connected to the input during the determination of F,
and
the power gain of the stage.
G
Note: The term (F' - 1) P, from equation (1) is also called the ‘equivalent noise
power' of the amplifier stage. For if it is assumed that the amplifier is
noise free, and further that the output noise is caused by a noise source at
the input, this source would need to have a noise power (F' - 1) Pjn to
yield noise (F' - 1) Pin G at the output.
If this equivalent noise power is caused by an equivalent noise resist
ance at the input, then

= V(4£T£Feq)

with F

(2)

= (F'-l)F,

where R is the internal resistance of the noise generator connected to the
input during the measurement.

A manufacturer will state either Fand F,
orFeq,
or Veq.
For example, an amplifier stage using the f.e.t. BFW 10 as the input device with F =
10°2.5 dB at a generator resistance of 1 000 Q will give an F' of 10o lF = 10
0-25 = 1.78.

R will be (F- 1) R = (1.78- 1) 1000 = 780(1
Veq will be V(4F/BReq) = 0.0036 V(S) ixV.

(3)

Based on B = 5 MHz, Veq will be 8.1 pV.
Due to stray capacitance C (Figure 2.37) the signal at Q will have a roll-off

according to —----- .
1

I

| CO i\

(pre-emphasis in the amplifier offsets this). Hence the

amplifier will require a voltage gain of 1 + jco RC (1 4- a>2F2C2 power gain).
Note: It does not matter whether the frequency-dependent behaviour of the
amplifier (pre-emphasis) is obtained by negative feedback (active circuit) — as in
Figure 2.37 — or by a passive R-C filter. Incorporating R in the feedback path does
not change the fact that the amplifier has a gain which rises with frequency, thereby
amplifying high-frequency noise more than low-frequency noise.

65

In other words: An ‘internal’ signal corresponding to the noise voltage of the first
stage is returned from the output to the input. The high-frequency components are
shunted by C; so there will be less negative feedback for these high frequencies. An
‘external' signal corresponding to the signal current of the camera tube or the noise of
R is amplified frequency independently, which means that the negative feedback (or
the R—C filter, if there is no negative feedback) will cancel the influence of C. The
noise component of the amplifier can now be calculated as follows:
Squaring equation (2) gives: Eeq2 = 4kTBRc^

As the gain is frequency dependent, the complete bandwidth for B cannot be
entered; instead B needs to be split into small parts d/, then
dEeq2 = 4Z:7'/?cq d/

(4)

Assuming for simplicity that the input resistance of the amplifier is equal to the
output resistance and that the power gain at low frequencies is unity, then the noise
voltage at the output (Vn) will be

dVn2 = (1 + a>2R2C2) dVeq2, which with (4)
gives dVn2 = 4A'77?eq (1 + co2/?2C2)d/
For

uj?/?2C2»1

and with in = 2'n/simplification resolves to:

d Vn2 = 4kTReq4iT2fR2C2 df
Substituting the known values for k and Tand integrating, then with /?cq = 780 II the
result is
= 1.72 x Ur'^’/^C2
= V[1.72 x 10’,6(5 x 10'6)3K2C2]
= 147 KC volts.

The signal-to-noise ratio at a signal current of 0.3 pA will be

0.3X 10->K
I
- 22 x 10
10 C
147 R C

(5)

which is independent of R and inversely proportional to shunt capacitance C.
Because the negative feedback is smallest for the high-frequency noise com
ponents, the noise will be mainly high-frequency, which is agreeable because h.f.
picture noise is of subjectively smaller moment than low-frequent picture noise.
For C = 10 pF, a signal-to-noise ratio of 46 dB will follow from equation (5).
A summary of the requirements are:

(1) Choose a value of 200 to 300 k(l for R.
(2) Keep C as small as possible (mount the amplifier close to the camera tube).
(3) Provide an input stage of high input resistance and low input capacitance (e.g.
f.e.t. first stage).
(4) Use a strong feedback to maintain a ‘flat' overall frequency characteristic in spite
of the influence of C.
Figure 2.38 shows the circuit of a video amplifier using the low-noise N527BFY.
A substitute for this input f.e.t. is the E300.
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Figure 2.38. Video amplifier LDK 4805/01 (Philips)

2.3.1.3.

Deflection circuits

The vertical deflection circuit is not usually positioned in the camera but in a
separate control unit, which also contains adjustments for focus, colour balance
etc. The deflection coils and associated circuits can be established separately
because of the low frequency involved (50 Hz), the vertical deflection current
being led to the camera through the camera cable.
At 15 625 Hz line frequency the coils exhibit almost pure inductive impedance,
sawtooth current being obtained by the application of a square wave voltage to

the coils (V = L jy). To avoid complications, this square wave is usually
generated in the camera itself, with the sync pulse and the d.c. voltages required
to set the amplitude, linearity and position being supplied by the control unit.

2.3.1.4.

Miscellany

The monitor tube is an element belonging to ‘miscellany1, on which the camera
operator can display red, green, blue video signal or the luminance signal. Other
signals passed to his camera from the control room can also be displayed on the
monitor tube.
A number of supply voltages, the tally light and the intercom are also part of
‘miscellany’.
One section of the camera control unit (CCU) carries most adjusting controls,
together with the vertical oscillator, the supply unit, cable correction, contour
processor (see Section 2.4.2), white balance, focusing, y correction and aperture
67

correction (see Section 2.4.2.1). Figures 2.39 and 2.40 depict a three-plumbicon
camera and associated camera control unit (CCU) respectively.
The connection between the CCU and the camera consists of an 85-way cable
having a formidable weight (approximately 1 kg/metre) and an equally formidable
price (approximately £15/metre). Attempts have been made to reduce the number of
cores required (and hence both the weight and price) which, for amateur and
semi-professional applications, have proved successful. In these fields the days of
heavy cables have passed. At the professional level, ‘cable-dragging’ will remain a
fatiguing job for the time being, anyway.

Figure 2.39. Philips LDK3 in opened position

2.3.2.

The FIC vidicon

Figure 2.41 will help towards the understanding of the primary aspect of the ‘Filter
Integrated Color’ vidicon. A fine frame of vertical dichroic filter lines are vaporised
on the target of a normal vidicon. Let us assume each filter line reflects red light
100% and passes all other colours. With red light the video signal of one line resolves
as shown in Figure 2.42a. With green and blue light it resolves as shown in Figure
2.42b (e.g. green and blue are passed unchecked). The red information thus yields a
square wave of frequency f= ——n n_^Hz, where n is the number of pairs of lines on
the scanning width of the vidicon (12.8 mm) and 52 x 10"6 s is the time required by the
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Scanning line

Vertical filter lines

Figure 2.41. The filter lines
applied on the target of the
FIC vidicon by vaporisation

Figure 2.42a. The video signal of
a FIC vidicon for ‘red’

J

I

Figure 2.42b. The video signal for
green and blue

Figure 2.40. The Camera Control Unit of the LDK3
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electron beam to traverse the scanning width. For n - 200 this will involve a
frequency of 3.9 MHz. When video signal from the camera is passed through a
selective amplifier tuned to this frequency and subsequently rectified, the resulting
signal will correspond to the red component of the picture at the vidicon. The green
and the blue information, which has no 3.9 MHz carrier wave, is not passed by the
selective amplifier.
For adequate operation the target must be made unresponsive to other signals
which also happen to have a frequency of 3.9 MHz. One solution is for the ‘optical’
resolution to be no greater than approximately 3.5 MHz. This can be achieved by
slightly defocusing the lens. A solution of greater elegance exploits the property of
double refraction (a property found in such materials as calcite or quartz) to reduce
the horizontal resolution. By providing the vidicon with a quartz window of the
proper thickness (approximately 6 mm) the horizontal resolution can be decreased
to the value required without decreasing the vertical resolution. So much for the
colour red.
As described above for red, if filter lines were provided for green and blue, the
problems would seemingly be solved for these colours loo. In practice, however,
there are a number of difficulties:
(a) To subsequently distinguish between red. green and blue, either the number of
line pairs for the three colours would need to be different, each colour producing
its own ‘carrier* frequency, or distinguishing by phase would be necessary.
(b) The difference frequency approach would require frequencies separated by, at
least. 1 MHz(e.g. 4 MHz. 5 MHz and 6 MHz), which is a drawback considering
the limited resolution of the vidicon. The modulation depth of the colour with
the highest frequency would differ considerably at the edges and in the centre of
the target, which would result in undesirable colour effects.
(c) Because of (b) it is not desirable to use three kinds of integrated filter lines. It is
not necessary, anyway, even if other problems are left unconsidcred.

In practice, two kinds of filter lines are chosen (‘red' and blue'). Luminance signal
(Y) is derived by a proper choice of filter characteristics in combination with the
spectral sensitivity of the vidicon (see Figure 2.43).
Of several approaches for red and blue separation, we will discuss two. which are
phase discrimination and frequency discrimination.
iooy.

t
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A Response curve red
B Response curve blue
C! Response curve f
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Figure 2.43. The response curves of the F/C vidicon for red (A), blue (B) and luminance Y (C)
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2.3.2.1.

Phase discrimination

The filter lines are established at equal angles a to the vertical (see Figure2.44}, and
dR = C,B-

With the Y-axis as reference, it may be said that the signal, generated with the aid
of the red filter lines, will always have a quarter-phase lead with respect to the
corresponding signal of a preceding line. Line 2 will thus lead by a -j- with respect to
line 1, line 3 will lead by a -i- with respect to line 2, etc. For the blue filter lines the
.
.
.
1
converse situation obtains. That is, the signal of line 2 will lag a — phase with respect

to that of line 1; line 3 will lag with respect to line 2; line 4 will lag with respect to line
3, etc.

Figure 2.44. The filter lines for red and blue on the target of the FIC vidicon

From Figure 2.44 the following can thus be derived

1 p
4 n

4
3

tan ct
— —
—— — ——
a=

.........

iii
in which
wiiivu

1.
—
4
P
n
_4_
3

is the above phase difference,
the number of lines in one field,
the number of filter lines, and
the height-width ratio of the TV frame.

With p = 312.5-25 = 287.5 and n = 200, a will be 25.6°.

Finally, the video signal from the vidicon is supplied to the circuit of Figure 2.45.
After automatic gain control (a.g.c.) the luminance signal Y is derived from the
video signal by means of a low-pass filter (turnover about 3 MHz), while the colour
information is available through a band-pass filter.
In the next circuit any arbitrary line is compared with its predecessor by passing the
latter through a 64 p.s (time of one line) delay line. Delaying the ‘second' line by 90°
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means that for the red information the two lines will be in phase, whereas for the blue
information they will be in phase opposition. Consequently, if they are added the
blue will be eliminated yielding the red signal (with double amplitude); if subtracted
the red will vanish leaving the blue signal (also with double amplitude).
VidlCdn

low pass
filter

lurrnna ice
---------------------o Y

AGC -- j
Bandpass
filter

chroma^

Delay line

z5 «
90*
------

DET

0£7

►< Bed

---------- Blue

Figure 2.45. The video processor (phase discrimination) of a camera with a FIC vidicon

An advantage of this system is that it is possible to use a fairly low frequency as
colour information carrier without causing undue bandwidth limiting of the
luminance signal. As a consequence, the colour signal-to-noise ratio will be better
than where two different frequencies are used, one of which is necessarily rather
high. Filtering out desirable and undesirable signals is also simple with the above
system.
Disadvantages are:

(a) Mechanical construction requires the greatest care.
(b) Line frequency must be exactly 15 625 Hz and also line jitter is absolutely not
permissible because this will result in phase errors.
(c) Complication of the decoder.

2.3.2.2.

Frequency discrimination

This system uses filter lines of unequal d and a (see Figure 2.44).When Jr=61 pm and
d& = 47 pm, andanglesaare 15° and 20° respectively, carrier frequencies of 3.9 MHz
for red and 5.1 MHz for blue will arise. Figure 2.46 shows the cross-section of a
vidicon to these parameters.
Applying the filter lines obliquely is not essential in this case; it has been done,
though, to reduce interference between the two carriers, the difference frequency
being 1.2 MHz, which is within the frequency band of the Y-signal. The angles of 15°
and 20° have been found to cause the least interference.
For as large as possible vidicon resolution (in connection with the high carrier
frequency of 5.1 MHz), a higher than normal focusing voltage is used. The result
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being me need for an increase in F 4 and focusing current through the coil. To
maintain the same scanning width and height the deflection currents also need to be
increased. Extra power is thus dissipated and special attention needs to be paid to
ventilation and cooling. On the credit side, the resolution at the centre of the target
may rise from 750 to about 1000 lines. The decoder required for the system is fairly
simple, as shown in Figure 2.47.
Connection ring
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Glass window
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I 1—

Filter lines reflecting blue

'------

Filter lines reflecting red

Figure 2.46. The target construction of the FIC vidicon for frequency discrimination

Further data: Horizontal resolution 250 lines.
Minimum illumination 200 lux.
External synchronisation is possible.
In the author’s opinion, the vidicon described above will enable the amateur to
construct a colour camera meeting reasonable requirements (Refs. 2.8 and 2.9).
Cameras with a FIC vidicon are marketed (e.g.) by Hitachi and Sony (name
Trinicon).
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Vidicon
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filter
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___ tow pass
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Y
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Figure 2.47. Video processor using frequency discrimination

2.4.

Practical circuits

To conclude this chapter a number of hints and practical circuits of particular interest
to the ‘build-it-yourself enthusiast are presented. A major problem concerning the
circuits supplied by industrial sources lies in their complication, the use of special
components and their virtual impossibility for ‘do-it-yourself reproduction. Taking
account of the swift obsolescence of such circuits, where integrated circuits and
currently being used to replace ten or more separate transistors to better effect, then
it is perfectly understandable why authors of video books tend to restrict the
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presentation to block diagrams only, leaving the rest to be sought elsewhere by the
,L ThVfollowing circuits and diagrams should be considered with the above in mind.
The use of currently obtainable components has as far as possible constantly pre
vailed over the use ot new ones which may be technically more desirable but are not
commonly available.

2.4.1.

Build-it-yourself black-and-white camera with 1 in vidicon

The design has the following parameters:
(a) Horizontal resolution over 400 lines.

Figure 2.4K. The camera described in the text
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Electronic viewfinder of 7 cm diameter.
Resolution of the monitor picture approximately 180 lines.
Output 75 fl video signal.
External triggering allowing the output signal to be mixed with the signals from
other cameras.
Automatic sensitivity control (switchable).
Mains voltage stabilisation over + 10% to-15%.
‘Tally light’ (small red lamp on the camera, visible to the actors) which glows
when the director selects the picture provided by the camera.
All signals and supply voltages from and to the camera passed via a single
eight-core cable.

(b)
(c)
(d)
(e)
(f)
(g)
(h)

(i)

General

2.4.1.1.

Roughly four groups of circuits are positioned around the vidicon; viz., video amp
lifier, supply circuit monitor and pulse unit (see Figure 2.49). The supply circuit
yields the setting voltages for the vidicon and monitor; the pulse unit provides the
deflection voltages, blanking and the sync pulses; the video amplifier the ultimate
video signal and includes sensitivity control for the vidicon. Figure 2.49 shows these
four main groups and their primary connections.

Vidicon

x
H44

<— 220V
Supply unit

Target

9^ 9j 92 9] M

Horizontal

Vertical

focus

|\

'-----------

| Reference voltage for beam
current stabilisation

Pulse unit

Bunking

fsyoc

Helir

6

<

Video amplifier

T

i__

Monitor

Target roitage

— + 40
Video signal out

Figure 2.49. The block diagram of the camera
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2.4.1.2.

The video amplifier

Based on a target illumination of 24 lux (see Section 2.1.5), the signal current will be
300 nA (see Figure 2.25). Assuming that the vidicon for‘top lights’supplies 500 nA,
the vidicon can then be regarded as a 0.5 p.A current source in parallel with a
capacitance of about 15 pF. About 5 pF of this comes from the vidicon itself. The
remainder is stray capacitance arising from the deflection unit, wiring and the rest of
the circuit.
The effect of this capacitance is compensated for by a degenerative amplifier. If we
take the upper limit frequency to be 5 MHz (the lower limit frequency should be
about 20 Hz), then the RC product of input resistance and input capacitance will

approximate

0-03 jis:
R x C = 0.03 x 10'6
R x 15 x 10-,2 = 0.03 x 10‘6
R = 2 000(1
From this a maximum input voltage follows:

V- = / x R
= 0.5 x 10’6 x 2 000

= 1.0 x 10’3 V

If the requirement is for a video signal of 0.7 V across 75 fl, the output amplifier
should be capable of delivering double this voltage (in connection with the line
adaptation), i.e. 1.4 V.
AU transistors not
specified are BC 107
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Figure 2.50. The video amplifier. Transmission impedance Vout^ 2.8 x 106V/A. Output impedance75 fl
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Voltage amplification should then be 1.4 : 1.0 x 10‘3 = 1 400. To achieve this over
a bandwidth of, at least, 5 MHz a three-stage amplifier has been used consisting of
one i.c. p.A 702 and two transistors (see Figure 2.50).
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Figure 2.52.
Figure 2.51b. Non-keyed clamping

The adder circuit for video signal and sync

The negative-feedback resistor from the output to the input of the i.c. is 390 kfl.
The amplification factor of the p.A 702 is sufficient to provide a virtual input
resistance of 2 000 fl maximum at 5 MHz with 390 kfl for NFB. With the 390 kfl
NFB resistor, the 0.5 p-A input current will yield an output voltage of 0.5 x 10-6 x
390 x 103 = 0.2 V, which is amplified 2x by T1 and 3.5x by T2, giving an approximate
output towards 1.5 V. The signal is coupled to the collector of T3 via a 22 puF
capacitor. As positive blanking is present on the base of T3 (also refer to the
discussion of the pulse unit), the signal level is determined by the 1 500 and 18 000 fl
resistors during the flyback (i.e. during the blanking period) when T3 starts to
conduct. The level is 1.7 V.

• Fixing the bottom of the video signal to a specific level is called ‘clamping’, and
Figure 2.51 shows two of a number of possible clamping methods.

Figure 2.51a shows the principle of keyed clamping (just described) whose dis
advantage is that a keying pulse is needed. Figure 2.51b shows non-keyed clamping,
which is based on the fact that, when the bottom of the signal attempts to fall below
0 V the diode will open and C will charge, thereby keeping the signal at the clamping
level.
For proper functioning two conditions must be met:
(i) The ‘charging time’ must be small compared to the ‘discharging time’. This
implies that the source resistance should be small with respect to R.
(ii) The ‘discharging time’ (RC) should not be too long otherwise variations in signal
amplitude will not be followed properly, and the bottom will lose clamping hold.
A reasonable value for C is 0.1 to 1 p,F with R = 100 kfl.

A disadvantage of this method is that D must be constantly switched to maintain the
clamped level. If there is no signal, the diode will remain permanently slightly open
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(and not during blanking only, which would be the normal situation) and the black
level will change.
After the emitter follower T4. the signal is added to the sync pulses in an ANDgate. formed by D 1. D2 and the 47 and 22 kiI resistors (see Figure 2.52). During the
sync pulses D2 conducts and the output goes to chassis potential. If the sync pulse is
at +20 V. D2 will ‘block’ and the signal supplied via D 1 will be lower in potential than
the signal supplied via D2. DI will open so that the output follows the signal
waveform fed through D 1. Summarising the above, it may be said that the output of
the circuit follows the lowest of the voltages offered.
Finally, the video signal from the emitter follower is rectified and fed to the base of
T6. As soon as this voltage exceeds the emitter voltage of T6 (0.7 V), T6 will start
conducting and its collector voltage will fall.
When S 1 is in the ‘auf position, the target voltage of the vidicon will decrease and
so will its sensitivity so that the video signal produced will be smaller. Consequently a
balance will be reached which is determined by the (preset) emitter voltage of T6.
Construction and trimming

It is desirable to keep all connections in the video amplifier short. Figure 2.53
exemplifies a possible construction. The deflection unit can be seen over the video
amplifier. The target connection is visible at the right-hand side and below the input
i.c. of the video amplifier. Input and output have the desirable maximum spacing
between them due to the elongated construction. The amplifier should be earthed at
the input.
The d.c. voltages are shown in Figure 2.50. The 470 ft trimming potentiometer in
the emitter chain of T1 is adjusted so that the video amplifier response is flat (about
±1 dB) from 20 Hz to 5 MHz. This can be checked by connecting a sine wave
generator to the input of the amplifier through a 1 M!1 resistor. If the input is 1 V (at

Figure 2.53. The video amplifier
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the terminals of the audio generator), a voltage of 2.8 V should be measured over the
spectrum at point A.
During these measurements the vidicon should not be removed otherwise the stray
capacitance will change. The amplifier should be able to produce a 4 to 5 V video
signal.

2.4.1.3.

Supply unit

For a television camera with monitor a number of supply voltages are required, some
of which need to be stabilised. This is particularly important in those cases in which
large mains voltage variations should be taken into consideration. In most television
cameras stabilisation problems are solved by converting the mains supply to a d.c.
voltage of, say, 20 V, stabilising it rigorously, and then deriving all the other voltages
from it. This involves the use of a mains-voltage-powered oscillator from which the
required d.c. voltages are obtained.
The above provides a good solution for cameras without monitor, or with a
magnetically deflected picture tube if such a picture tube and suitable high-voltage
coil are available. For factory cameras this will not be a problem. It will be a big one
for home-made cameras.
Reasonably priced 3-inch picture tubes with suitable deflection yokes and highvoltage coils are not easy to get, unless service parts for a factory camera can be
obtained.
On the other hand a wide variety of oscilloscope tubes is available. The rather high
deflection voltages (and do not forget the deflection currents) required for them are
not easy to produce with a high-voltage oscillator. Therefore, I have in this context
refrained from dealing with them. For those who nevertheless want to experiment
with an h.t. generator, see Elektuur, March 1975, page 346, or R.B. 1972, page 355
onwards.
The circuit diagram is shown in Figure 2.54. This is generally self-explanatory, but
attention needs to be given to such things as the stabilisation of the focusing current,
the focusing voltage and the beam current.

The focusing current and the focusing voltage

The focusing voltage is stabilised by T7 and T8. This relatively simple circuit is
incapable of rigorous stabilisation in the case of extreme variations of mains voltage.
However, this is not necessary here due to the type of circuit selected.
The focus coil embracing almost the entire vidicon provides a homogeneous axial
magnetic field. Electrons from the electron gun enter this field at different velocities
and directions. From theory it is known that electrons entering a homogeneous
magnetic field will be diverted from their original course (if this is not parallel to the
lines of flux) and will follow helical paths with different radii due to their different
velocities and, because all the electrons take the same time to complete one revolu
tion, they will pass through one point after each revolution. For correct focus, one of
these points must be the focus point (Figure 2.55). The helical path may be con
sidered to be the sum of two separate movements:
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(1) A rectilinear movement, caused by the velocity component parallel to the
magnetic field (vp).
(2) A circular movement, caused by the velocity component perpendicular to the
magnetic field (vc).
The following applies with respect to the circular movement
Florentz — Fcentripetal
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Figure 2.55. In the vidicon electrons follow a
helical path
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If 5 is the distance to be covered rectilinearly within the magnetic field, then to obtain
proper focusing, this distance should be covered in the time that one revolution is
completed (2/nmlBe seconds). In other words, vp should be sufficiently large so that s
is covered in 2mnlBe seconds too. vp is determined by the potential difference
between the cathode andg3: focusing voltage Vf.

Then
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The result can be interpreted as follows: To obtain proper focusing, quotient
should be constant; in other words, if /f is increased by a factor of 2, Vf should be
increased by a factor of 4. It follows that for small changcsof if l/f increases by x %,
then /f will increase by 1/2 x% (to keep the quotient constant)*. This is achieved by
the circuit in Figure 2.56. If, in spite of the stabilisation, the 4- 400 V rises by x%, Vf
will also rise by x%. The 10 V between A and B will also rise by x%. As 20 V is
present between the emitter of T12 and earth, and as the emitter follows the voltage
on A, the emitter voltage will rise by half the value, i.e. by 1/2 x% (and so will the
emitter current and consequently the current through the focusing coil). In this way
the quotient Vf//f2 will remain constant and proper focusing will be maintained.
• COO

To g3lfocusmg anode)

focus coil

T12

B

X*
Z10

Figure 2.56. The stabilisation offocusing voltage and current

Beam current stabilisation
If the mains voltage varies widely, it is unavoidable that the heater current of the
vidicon, and consequently its emission, will change.
will not be constant either.
Though it is not strictly necessary, it is advisable to stabilise the beam current (/k).
The principle applied is shown in Figure 2.57.
Ik

>

Vidicon

T •* ° Blanking in

9>

<3

Figure 2.57. Beam current stabilisation
Vf=Cx/f2—

dVf =2 d/f
V'f
zf
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The cathode chain of the vidicon includes a 1 kO resistor. The beam current
passing through it varies because during blanking the beam current is momentarily
reduced. This signal is amplified, rectified and compared with the emitter voltage of
T14. If the beam current decreases (the televised picture has hardly any influence on
the beam current), the base voltage of T14 will fall and the transistor will draw more
current.
will rise and the beam current will resume almost its former value,
because ofIhe high loop amplification.
Construction and trimming
Special attention should be paid to the winding of the power supply transformer.
Adequate insulation between the layers of turns is essential. For example, under
operating conditions the heater windings will be subjected to a potential difference of
about 700 V. The high-voltage winding should also be processed with extreme care.
It is best not to wind in layers, but in ‘slices’. (Note: The mains transformer must be
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Figure 2.58a. The printed circuit board of the supply unit
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Figure 2.58c. Components and connections on the copper side of the printed circuit board

Figure 2.59. The control section of the supply unit

suitable for the local supply, both for voltage and mains frequency (usually 50 or
60 Hz).
T8, T9, T10, T12 and T13 should be provided with cooling fins. The capacitors
decoupling the various electrodes are best returned to earth at the vidicon. Figure
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2.58 shows the printed circuit board of the control section of the supply unit. P8 and
P9 should be adjusted so that at a mains input which is about 90% of nominal
stabilisation should just begin. This implies that the collector of T7 should be 1 to 2 V
lower than the emitter and that (in case of full operation) the collector of T9 shuld be
1 to 2 V higher than its emitter. Figure 2.59 shows the control section of the supply
unit.
The focusing coil should be connected so that a south pole is formed at the vidicon
target. The direction of the lines of flux in the vidicon should be opposite to the
direction of the electron beam. Figure 2.60 shows the connections of three vidicons
that can be used (two 1 in ones and one 2/3 in). With some vidicons (e.g. Philips
XQ 1032) g3 and g4 are interconnected. Connection to g4 can then be omitted and P^
replaced by a 100 kfl resistor. The 180 kfl resistor and the 0.82 p-F capacitor can also
be omitted. No further changes are necessary.
IC
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Figure 2.60. Pin connections of three vidicons

2.4.1.4.

Monitor

The monitor tube used for the original design was a Philips DB 7-11. In principle,
any small oscilloscope tube will be suitable, provided that the required deflection
voitages and the helical voltage are within 100 to 200 V respectively between the
plates and a 3000 to 3500 V acceleration voltage. Higher deflection voltages may
cause difficulties with transistor selection, while the higher supply voltages will make
it more difficult to wind the supply transformer.
When using an oscilloscope tube for monitoring a big problem lies in obtaining a
picture of good sharpness and brightness. These depend on the values of high voltage
used. When this is increased, the brightness will also increase considerably, but the
deflection sensitivity will decrease proportionally. With the tube used in the design a
compromise has been the selection of approximately 3500 V for the helical supply.

The diagram
In Figure 2.61 the signal from the video amplifier is inverted by T17, clamped at
approximately 3 V (trimmed by PIO) and amplified by T19. The ultimate connection
to gl of the picture tube is via the 0.1 |±F coupling capacitor. As there is around
-700 V at gl, a capacitor that can cope with this voltage must be selected.
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Figure 2.61. Circuit of the monitor

Construction and trimming
Because the amplitude of the video signal at g 1 is fairly large, instability may occur if
the decoupling and screening are inefficient. The amplifier is best housed in a metal
box, and is mounted close to gl. The picture tube should be screened with a mumetal
screen. The amplifier can be seen at the top left-hand corner of Figure 2.62. PIO

Figure 2.62. Part of the interior of the camera. The box with the video output amplifier is in the left-hand top
corner at the foot of the monitor tube
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Figure 2.63. Block diagram of the pulse unit

should be trimmed so that, on signal peaks, T18 emitter voltage does not ‘latch' to
earth. If the picture is not centred on the screen, even after the pulse unit has been
adjusted, correction is possible by removing one of the 180 kfl resistors (atxl,x2,yl
ory2) and, instead, connecting a trimming potentiometer of 330 kfl between +20 V
and earth.
2.4.1.5.

Pulse unit

It is the job of this unit to produce the horizontal and vertical deflection voltages for
the vidicon and monitor utilising the incoming sync signals. The blanking and the
sync pulses are also produced by this unit. Figure 2.63 gives the block diagram and
Figure 2.64 the printed circuit layout of the dot-dash boxed part of Figure 2.63.

The ‘vertical’ chain
The input consists of a Schmitt trigger, which triggers a free-running square-wave
generator. The pulses coming from the square-wave generator are shortened by the
pulse-shortener and fed to an integrator. From this integrator there is a line to the
vertical deflection coil of the vidicon and one to the vertical electrodes of the monitor
tube. At 50 Hz the vertical deflection coil can be regarded as pure resistance due to
its small inductance, and is consequently driven by means of a sawtooth voltage.
The ‘horizontal’ chain
This chain is completely identical to the ‘vertical’ chain except that it is designed for
the higher line frequency of 15 625 Hz, and that the drive of the horizontal deflection
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Figure 2.64. Printed circuit layout of the dot-dash boxed part of Figure 2.63

coil takes place in a different way due to the significant inductance of the line coil.
The principal part of this circuit is enclosed by a broken line. Coil S can be regarded
as an infinitely large value ‘resistor’ at 15 625 Hz, while capacitor ‘E’ can be regarded
as a ‘virtual’ short-circuit. When T cuts off ‘E’ is loaded to E volt via 5 and L.
Consequently it may be considered an invariable voltage source E in the following
description.
As a starting point assume that T conducts, ‘E’ is then charged to E volt and /L is
zero. The constant voltage source (capacitor ‘E’) will then try to pass a (negative)
current through E, to which the following applies

-E

Ld
±
dr

-Edt

Ldl

d/

As E is constant this will be

I=- ffdt
or, apart from a d.c. current component

‘-fr

(See Figure 2.65)

At the moment that the transistor is cut-off by the voltage from the square wave
voltage generator, the circuit is determined essentially by L and C. The kinetic
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energy present in the coil (¥2 LI2) is transformed into potential energy of the
capacitor (¥2 CV2). The capacitor in turn returns this energy to the coil, reversing the
current direction. The voltage across C will vary sinusoidally and the current through
the coil cosinusoidally. At the moment that the voltage across C becomes more
negative than-E (i.e. after half an oscillatory period), the diode will start to conduct.
(The voltage in series with the diode serves to balance its threshold voltage). As a
result, voltage source capacitor ‘E’ is returned to circuit and again causes current
£
I = -—Tto pass through the coil.

0

■

0

il

Diode
transistor Diode blocks
conducts conducts t transistor cutoff

Figure 2.65. Voltage and current in the horizontal deflection chain

It follows, therefore, that the flyback period is determined by the frequency to
which the EC circuit is tuned. When the Philips deflection unit AT 1102 is used for E,
the correct flyback period results from a 4.7 nF capacitor. Although it looks as
though the transistor might conduct after the flyback (because the base voltage has
again become high), this cannot happen as long as the collector is negative with
respect to the emitter. As soon as the current swings negative again, the transistor
will start to conduct instead of the diode, and the process will repeat.

The maximum flyback voltage is given by
¥2 C V2 max

V max

= V -Q I2 max

^max

(L/C).

As for the AT 1102
7m = 85 mA and E = 750 p,H,
750 x 1Q~6\
V max 0.085 V
4.7 x 10“9)

34 V.

The transistor and the diode should have peak ratings above this voltage.
The adder stages for the blanking and the sync pulses
The addition of the horizontal (7>h) and the vertical (bv) square wave signals results in
the blanking signal. For instance (see Figure 2.63)
k = bh + bv

89

IC supply

12 V

'"Kuiiiiiiiiiiiiiiiiiiuir

+12

i80a It

Point 0

+12
IN 914

4093

---- 1

K

synchronisation
on positive
I I

ST

ST

ph
68 k

J

1^1'

II

13

j

—

-ilfTr
70 13^'2 93.

,N 9li

£0QL

s r/

12

100k

r- 7

”

p,, |

vertical

A

+ 12

4007

8

D

10

Sync out
Ito video amplifier)

9

+ 20
P7j] 5a

\lk

220

680

' T32

3 3k

BC177

T33
BC1O7

T31

BCIO7

Vertical
deflection coil

Ped I
Brown

ex

P16
5k

+ 40

1 5k
400/j

\1.0k

1 T36
EiO24Vpp

T34
BC107 ,

BC177

n'/'G
1—I p - <> To Y1 monitor

IK
J \

720

\PIS
\2.2k

27k\

4.7)

■0

Approx 15 Vpp

*—I k----------------------- 5 To Y2 monitor

Z

"7p

T35

Zx,

BC107

bv

Approx 15 Vpp

T35

20V Bi^nl(in9 out (k I

\l0k

BC107

’ 0 niiiiiiiiiiimini

Deflection unit AT 1102

(To control amplifier in supply
unit and lo video amplifier I
bh

+ 100

+20

0

BC107
BC177
2N3O53
2N398a
BFH7

Approx 60 Vpp

+20
22k

I T38
I
lflC/77^*

T4O
2N398a

22k

PI9

500
27n

/

220

-jf—“To X2

27n

0--

monitor

To XI [

\22k

0 46Vpp

15m H

monitor

82k

T39
BF117

l±1.5n

TAI
BCI07

r?7 BC107 32

Approx 60 Vpp

7
4 1 2 6 51

12n
Horizontal
sync in
o—
' vpp
synchronisation
5 6a
on positive
edge

JF-

7A/{.
974

Figure 2.66. The pulse unit

90

5

4093

ST.

6

r

1

• 093

9
5

4001

>1<r
6
27k

+ 12

100p\

PI2
56k

ST.

2.7k

T
I

8
330 p

5

10
sn

6

4001

j-

Because the sync pulses have to be shorter than the blanking pulses, the output
pulses of both square wave generators for the horizontal and for the vertical deflec
tion respectively will be reduced first. This gives Sh (the ‘horizontal’ or line sync) and
Sv (the ‘vertical’ or field sync). Sh and Sv are added according to
5 = 5hSv

The diagram
The circuit diagram is given in Figure 2.66. P14 and P18 serve for ‘base trimming’;
e.g., to establish the start of the sawtooth. Data for the AT 1102 (1 in vidicon) and
the KV 12 (2/3 in vidicon) are given in Figure 2.67. The main difference between the
two sets of coils lies in the focus coil. That of KV 12 requires 120 mA, whereas the
AT 1102 coil requires 17 mA. If the KV 12 is used, the circuit around T12 should be
substituted by that shown in Figure 2.68.
The 15 mH coil in the collector circuit of T42 is not critical. A value near 15 mH
will be suitable. A suitable coil can be wound on a Philips 122020 core of dimensions
11x7 mm, a = 70. The number of turns can be found from the formula
n = aVL (L in mH): n = 70V15 = 270 turns.
Copper wire of 0.15 mm diameter can be used.

Construction and trimming
Construction is not unduly difficult and the placement of the components is not
critical. In the prototype the entire circuit was built on a piece of matrix board
measuring 270 x 50 mm.
Figure 2.69 shows the rounded values of the internationally standardised blanking
and sync pulses. When trimming it is best to make the blanking pulses slightly shorter
than shown in Figure 2.69, using a master control desk if possible (see Chapter 3) to
facilitate coupling.
So

Horizontal blanking 11 pls instead of 12 p.s.
Vertical blanking 1.2 ms instead of 1.6 ms.
KVI2

AT 1102
Red

Red o-

Lme deflection

Blue

750/uH

Hi.k *

R--25-*.
170mA

R;3.2jc
160m A p p

Blue o----------------Green o

-

Red

R=i3 NTC
33

23 mH

26.7mH

24 mA pp

R:U6jl
25mA

Picture deflection

White
Grey
focus * °-------------

Yellow o------------------

R-.iZOOjc
17 mA

Brown

White
—o -

R : 55 JI
120 mA

Figure 2.67. Data for deflection units A T 1102 and KV 12
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Adjustment is done without vidicon and without external sync pulses. Pl 1 is set to
a pulse-to-pulse distance of 21 ms; P12 to 66 p.s.
Next adjust P13 and P17 so that the monitor screen is fully scanned. Correct
sawtooth waveforms with P14 and 1 18 tor as accurate as possible shape. Finally,
adjust P15 to 0.24 V pk-pk at point A. Adjust P19 so that 0.46 V pk-pk is measured
at point H. These values are valid for the AT 1102. For the KV 12 the voltages will
be 0.25 and 0.43 respectively. This completes the adjustment of the pulse unit.
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Figure 2.68. Focusing circuit when using the KV 12

2.4.1.6.

Figure 2.69. Rounded values of blanking and
sync pulses

Final adjustment

Insert the vidicon and put the slider of P4 (supply) at its earthy end. Set all
potentiometers which have not been previously set to central positions. Switch on the
camera and turn P4 until the monitor tube shows a display, which will probably be a
vague, hazy spot of light. Set P3 for 20 V on its slider (12 V in case of the KV 12).
Next try to obtain a sharper picture by turning P2 (focus vidicon) and P6 (focus
monitor) in turn.
Once a reasonably sharp picture has been obtained, the following potentiometers
should be checked:
Supply
Not critical. Adjust for a uniform picture sharpness over the entire target.
Pl
Adjust for 20 (or 12) V on its slider.
P3
This is the beam current preset. Adjust for best peak white (to achieve good
P4
contrast).
Astigmatism monitor. Adjust so that a light point is the least elliptical (best
P5
circle).
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P7

PIO

Brightness monitor. Adjust together with PIO of the monitor to achieve
correct brightness and contrast of the monitor.
See P7.

Pulse unit
P16 Adjust to centre the frame on the vidicon. (The control provides vertical
shift.) This can be checked by applying a mask of 9.6 x 12.8 mm on the target
of the vidicon. It is advisable to adjust the centring magnets shown in Figure
2.21 along with P16.
This completes the adjustment of the camera. For checking purposes the following
tests may be carried out:

(a) Cover the lens and put SI in ‘aut’ position. The target voltage will now rise to
about 90. Using an oscilloscope, the video output should resolve as shown in
Figure 2.70a with about 64 ps timebase sweep. (A similar picture will appear
with the timebase at 20 ms.) The video part of the composite signal is formed by
the dark current of the vidicon, which is very large by now. If displays like Figure
2.70b or c appear, the cause will either be a bad vidicon (which is unlikely) or
camera maladjustment.

b

Figure 2.70. Video output voltages with the lens cover on the camera and SI in position 'aut'. (a correct; b, c
and d incorrect)

Attempt to obtain the correct display (Figure 2.70a) by experimenting first
with the trimming of Pl, P16 and the centring magnets and, if necessary, by
retrimming P4. Excessive deflection currents will cause the display to appear as
in Figure 2.70d too.
(b) Remove the cover from the lens and aim the camera at a properly lit scene with
SI in the ‘aut’ position. The video signal should be as shown in Figure2.71 (zero
load). Incorrect signal amplitude may call for adjustment of the voltage divider
at the base of T6 (video amplifier). Incorrect black level can be remedied by
20V

Figure 2.71. The video signal with output at zero load

j

AU

rr
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changing the voltage divider at the emitter of T3 (also in the video amplifier).
Note: The zero level in Figure 2.71 is a relative zero level; its absolute value is
slightly higher than zero.
(c) Aim the camera at the test bar of Section 10.6 (reproduced on a smaller scale in
Figure 2.72). Take care that the bar (in a horizontal position) just fills the screen.
The video signal (’scope at 64 p.s) should be as shown in Figure 2.73. The
0.5 MHz, 1 MHz and 2 MHz lines should be reproduced practically 100%, and
the 3, 4 and 5 MHz lines should also be clearly visible, although their amplitudes
will no longer be 100%. This is due to the scanning properties of the vidicon. A
description is given in Section 2.4.2.1.

I

Figure 2.72. The test bar with, from left to right, lines having frequencies of 0.5, 3, 4, 5, 2, 1 and 0.5 MHz

3 4 5 2 1 05 MHz

Figure 2.73. The test bar oscilloscope waveform

Finishing
Figure 2.74 shows a complete camera, which has been constructed on a U-shaped
frame of 10 mm aluminium. The cover is also U-shaped and made of 1 mm alumin
ium plate. This construction is strong, relatively light and it meets the demands
made.
The camera is connected to a master control desk, a video recorder or a monitor
via a substantial plug/socket assembly and eight-core cable. The connecting ar
rangement offers possibilities for the following circuits:

Video (75 fl coaxial cable).
Horizontal sync (not screened).
Vertical sync (not screened).
Earth.
Tally light. Connected in the camera to the lamp in the cover (see photograph).
This is discussed in the description of a control desk (Section 3.5) designed for
use with the camera.
(7/8) Mains voltage.

(1)
(2)
(3)
(4)
(5/6)

Because the power supply is also connected to the plug, one of substantial quality
should be selected.
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Figure 2.74. The complete camera. Switch SI, mentioned in the text, is in the bottom left-hand corner

The only electrical control mechanism mounted at the outside is SI, which is
positioned underneath the monitor next to the plug (see Figure 2.73).

Final considerations
The camera design described above has been extensively tested and is capable of
good results. We do not, however, pretend to be able to compete in all respects with
its factory counterparts which are often much more expensive.
The aim of the design is really twofold: one to satisfy those who intend to build a
camera themselves and are seeking a suitable design; and two as a starting-point for
one’s own experiments.
Should you intend to build a camera, first make sure that a vidicon and com
plementary deflection coil are at hand. These are the most difficult parts to obtain
and the most expensive. The other components are much more readily obtainable.
Do not underestimate the construction of a camera, however simple it may seem to
be. I have learned by hard experience myself that the slightest deviation from the
original diagram results in problems which, while easily solved by one constructor,
can cause endless trouble to another. Nevertheless, you will look upon the first hazy
spot which you conjure up from your camera as the eighth wonder of the world and
certainly experience a high degree of satisfaction from your efforts.
Finally, a short survey concerning the quality achieved:
• Video amplifier : excellent
• Pulse unit : excellent
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• Supply unit: Good. Rather complicated.
5'
• Picture : Excellent. Resolution over 400 lines, sharpness and contrast good. Noise
level excellent; sensitivity more than adequate.

2.4.2.

Picture correction

In modern camera circuitry there are two important ways to obtain picture cor
rection. which are aperture correction and crispening. The former corrects for the
loss of resolution resulting from the finite beam cross-section in the camera tube,
while the latter accentuates the ‘jumps' in the video signal so that a picture of
apparently greater sharpness is obtained.

2.4.2.1.

Aperture correction

As the electron beam has a finite diameter (‘aperture’), the video signal supplied will
fail to ‘jump’ abruptly from 100% to 0% when it passes a white to black transition
(see Figure 2.75). It will exhibit a sloping edge. (Other causes of this phenomenon
are the charge on the target leaking away and bending of the electron beam near
sharp changes in brightness.) Although the video signal shown in Figure 2.75
resembles a poor square wave caused by an amplifier with a dropping frequency
characteristic, the cause lies not in the amplifier but in the camera tube. Therefore,
correction by pre-emphasis is not possible. By attempting such correction the edges
would indeed become steeper, but this would be accompanied by an unpermissible
overshoot because excessive h.f. correction would almost certainly result in a phase
error which is undesirable. An overshoot of even 10% is subjectively unacceptable,
so the required results cannot be achieved in this way. Looking more closely at the
aperture error, we can say: ‘The electron beam fails to convey the correct
information present at a certain point on the target because it scans both the wanted
picture point and its neighbours at the same time’. Consequently, we can correct the
signal by subtracting from the incoming signal parts of the signals of the preceding
and the following picture points. These parts must be determined.
The circuit of Figure 2.76 provides the solution. The ingoing signal is delayed
twice. The required delay time t depends on the diameter of the scanning electron
beam, generally about 140 ns for a normally adjusted camera tube will do. Signal

Electron
SCtnn.ng

VOut

100'/.
KOO

v2
\

07.---------------------------- ---------------

Figure 2.75. The aperture error
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Figure 2.76. Principle of horizontal aperture correction

(V|), which has been delayed once by 140 ns, will further serve as video signal; the
undelayed signal and the signal, which has been delayed twice will serve as correction
signal. These two signals are added together and, in adequate strength, subtracted
from the (new) video signal V{.
A simple circuit providing these functions is given in Figure 2.77. The delay lines
can be constructed from T filters (see Figure 2.78). As each filter gives a delay of
20 ns, 14 filters will be needed (2 x 140 ns). They are best wound on a piece of nylon
or p. v.c. tube of about 170 mm length and 6 mm diameter. Winding 19 close-spaced
turns per section (0.25 mm dia. copper wire) and with approximately 6 mm spacing
between each section, the total delay line will be 160 mm long. The delay line so
produced has a characteristic impedance of 75 ohms and should, therefore, be
terminated with 75 Q at input and output.
Another possibility of obtaining the required delay is by using so-called ‘Delax
cable’. This gives a delay of about 350 ns per decimetre and should be terminated
• 12V

Figure 2.77. A simple aperture corrector
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Figure 2.78. T-filters to build up delay lines

with approximately 2 000 (1. An old 0.83 p.s delay line from a colour TV receiver can
be adapted for the purpose by shortening it. In principle it will be possible not only to
achieve the so-called ‘horizontal aperture correction’ as described, but also to realise
‘vertical aperture correction’ with an identical circuit, when the delay lines should
give a delay of a complete line duration period, i.e. 64 ps. A circuit which gives both
horizontal and vertical aperture correction is also called a ‘contour processor’.
Now a few words on the signal to be corrected (Vin). For black-and-white cameras
this is the video signal without the sync which is supplied after aperture correction.
For colour cameras it is not the luminance signal as might be expected, but the green
channel which supplies Vin. By adjusting potentiometer P {Figure 2.77) to 100%,
V'out
no longer be the slightly corrected signal
but
will be fully suppressed
and Vout will contain only the correction.
With the aid of this correction signal the three channels (R, G and B) are provided
with the same aperture correction. So each individual channel is not allowed to
provide its own correction: the proper reconstruction of the three colour signals into
one picture, which is difficult in itself, would in that case lead to even greater
difficulties. The choice to ‘contour from green' is made because 59% of the average
colour picture consists of green.

2.4.2.2.

Crispening

A meaningful expression of crispening is difficult; it is not aperture correction,
because it is not meant to correct the scanning properties of the camera tube. On the
other hand, the final result resolves almost to the same thing. Essentially crispening is
the addition of the inverted second derivative of the video signal to the main signal.
As a result, brightness transitions are accentuated and the picture appears to become
sharper. The original picture, though, can never be reconstructed. Not only will
those contours whose sharpness have been impaired by insufficient bandwidth of the
transmission channel be made sharper, but also originally gradually decreasing
transitions will be corrected. In those cases, therefore, crispening will give an
unnatural ‘glittery’ effect. It is therefore advisable to apply crispening moderately.
Figure 2.79 shows the principle. Assume that Vil? is a square wave whose slopes
have deteriorated through a number of causes. The first derivative (a) and the second

vn

a;

dt

dt2

Figure 2.79. Correction by means of'crispening'
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derivative (b) are made from this signal. If (b) is subtracted from V- , the result will
be (c).
An inherent problem is that (a) and (b) carry a relatively high noise level, because
the high frequencies (and consequently the noise) are passed due to the different
iation. So when (b) is supplied to Vjn, the noise level is significantly increased. To
some extent, this has been taken into account in the circuit shown in Figure2.80.

LI 40 turns t» 0 4 mm
on dust iron core
6 a Up on turn 20

I
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Figure 2.80. 'Crispening' circuit

Diodes DI and D2 which have been connected anti-parallel, pass only signals
above a certain amplitude (set by Pl). Signals whose amplitude is lower (e.g. noise
signals) are blocked. Of course, this applies only to the flat parts of (a). Noise signal
which is superimposed on the peaks of (a) is unfortunately passed by DI and D2.
Differentiation is achieved by LI and L2. Pl is adjusted so that the noise is
suppressed as well as possible. The correction level is set by P3. Going through Tl,
T2, T3 and T4, the signal is delayed slightly, so the signal passing direct through T5
and T6 (Vin) must be delayed equally. The required delay is best determined
experimentally; it will be somewhere near 100 ns (5 sections of 20 ns. Figure 2.78).
Since rather strong h.f. currents occur in the circuit, it is necessary to decouple
thoroughly the two supply voltages.
Although the circuit described yields good results, it has two disadvantages, which
are:
(1) The corrected picture will be sharper but it will also contain more noise than the
original picture.
(2) The slope of the corrected signal depends on the accepted overshoot because the
slope can be increased only by increasing the amplitude of the correction signal
(b).
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Both objections can be offset to a considerable extent by means of a so-called
‘switching corrector’. This is explained in Figure 2.81.
dV
Again ^in is derived from Vin. (a) This signal is rectified, (b) By differentiating once
more (c) is derived from (a). Signal (c) is used as drive signal to switch (b) in such a
way that, if (c) is negative, (b) is inverted. This results in (d). With (d) as correction

dt

I dt
c):

J

dt?

Switched with

d^Vn
di?

Figure 2.81. Principle of the ‘switched corrector'

signal it is possible to reclaim the original square wave from Vin almost without
overshoot. Figure 2.82 shows the practical circuit. T8, T9, T10 and T11 are the heart
of the circuit. By putting (a) and the inverse of (a) on the bases of T10 and Til
respectively, the current through the common emitter resistor (270 £1) will cor
respond with (b). (c) is present on the base of T8 (it is inverted because T7 inverts the
signal — thereby giving an effective phase inversion of 180°). If this signal is positive,
T8 will conduct and T9 will be short-circuited. The collector current of T10 and Til
(= the current (b) through the emitter resistor) goes via T8. If the signal on the base
of T8 is negative, it will block and the current will go via T9. The voltage drop across
the collector resistor of T9 (1 kO) and the voltage drop across the common emitter
resistor of T10 and T11 are added by T13 and T14, and result in the desired signal (d).
P5 sets the noise suppression threshold. P4 is adjusted so that sufficient voltage is
supplied to T8 for reliable switching. P6 sets the amplitude of the crispening signal.
To obtain a complete crispening module the circuit of Figure 2.80 can be ‘opened’ at
N and M and the intermediate circuit replaced by that in Figure 2.82. As relatively
large currents are present in most of the transistors, it is desirable to check the base
voltages on putting the circuit into operation. For all transistors (except T8, T9, T10
and Til) these should be about 2.5 V.
If fairly large differences are found, a check should be made of the base-voltage
dividers and, if necessary, the transistor(s) replaced. An ideal test signal would have
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Figure 2.82. The switched corrector

the characteristics shown in Figure 2.81 (rise time approximately 600 ns); if such a
signal is not available, a sinusoidal voltage of about 800 kHz (amplitude about 0.5 V)
will be suitable.
More information can be found in Ref. 2.10.
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3

The master control desk

Although the term ‘master control desk’ can hardly be misunderstood, some ex
planation may be necessary, because a control desk is also used for mixing. Mixing
television signals is not as simple as mixing two or more audio sources. In the latter
case mixing requires little more than the connection of a number of (stereo) potentio
meters. With television the following problems will have to be dealt with:

(a) To mix two or more video sources, they should be completely synchronous. This
means that the control desk should contain a sync generator for controlling all
sources.
(b) When a video source is turned down, the sync pulses should remain, otherwise
all the other equipment connected would be affected.
(c) With colour mixing the above will, of course, also apply to the burst.
(d) If a video tape recorder derived signal is added, it must be borne in mind that
such a signal is not perfect: drop-outs, noise, and jittering sync are quite normal.

Figure 3.1. A professional control room
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I

1

Figure 3.2. A semi-professional control room. The control desk contains (he Sony special effects generator
SEG-2

Figure 3.3. /bi example of an insertion keyed by a wipe pattern
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The control desk should, therefore, preferably contain a sync processor to
restore the signal as adequately as possible.
(e) Finally, it is usual to provide the control desk with a number of ‘trick’ pos
sibilities. Thus not only should normal fading (gradual transition) and cut
(abrupt transition) be provided, but also ‘wipe’ (the replacement of part of a
picture by a different picture according to a certain ‘wipe’ pattern, see Figure
3.3) or a form of keying (the replacement of part of the picture by another
picture according to limits determined by the picture itself).
We will now discuss both the control desk and the associated auxiliary equipment
(sync generator, sync processor and ‘trick’ equiment).
3.1.

Mixing circuits

Generally, two systems are considered when mixing, say, five channels:

(a) Each channel has its own fader, which is connected to a collecting rail (see Figure
3.4a).
(b) There are two collecting rails A and B. Each channel can, as desired, be
connected to A or to B. The collecting rails have one fader each (see Figure
3.4b). A cross stands for a selector switch (‘matrix point’).

5

B jf-

Figure 3.4a. Mixing with one fader
for each channel

4-

IJ---- p?-

Figure 3.4b. Mixing with collecting rails and only two
faders

Both systems have their advantages and disadvantages, but system (b) is used most.
Figure 3.5 shows the block diagram of a simple control desk built according to the
principle of this system.
Video signal emanating from each of the sources 1, 2, 3, or 4 is stripped of the sync
pulses (if present). If the sync pulses remained, there would be problems in mixing,
because the leading edges of the pulses would never exactly coincide due to different
cable lengths etc., in spite of the sources being synchronous one source to another.
The control desk proper consists of four rails, which are a ‘preview rail’ by which
camera settings can be checked beforehand and trick effects prepared while the
programme displayed on the actual monitor continues normally; a ‘cut rail’ permit
ting immediate switching from one source to another; and finally the two collecting
rails A and B.
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In the mixer A and B are added and again provided with a sync pulse. This sync
pulse is supplied by the sync generator, which is either free-running and in the
meantime driving the four sources (not shown), or which in turn is driven by one of
the sources. The latter will be the case especially when a source is involved which
cannot (or not easily) be synchronised (e.g. open-net transmission).
e*t keyng

r £ £ £
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Wipe
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generator

sync,

sc

clip

pre.
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Cut

cut
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actual monitor
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miter monitor
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Figure 3.5. A simple control desk

3.1.1.

The sync clipper

A suitable circuit is shown in Figure 3.6. The 75 fl cable terminating resistor is
followed by a clamp circuit (discussed in Section 2.4.1.2), which fixes the level of the
incoming signal at about 1.4 V. After the emitter follower the video signal is stripped
of sync pulses by the diode. The clipping level is determined by the 470 fl potentio
meter. Advantages of the circuit are that it functions well and is simple. A dis
advantage is that it is not suitable for colour, because the colour information which is
below the black level is clipped, and that a changing amplitude of the input signal
consequently necessitates an adjustment to the clipping level. Fortunately sources
varying in amplitude hardly ever occur.
4 XV
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Figure 3.6. Sync clipper
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3.1.2.

The matrix point

Although an ordinary switch may serve as a matrix point, it is advisable to use an
electronic switch to avoid unexpected flashes on the picture when switching. An
additional advantage is that without too much extra complication the switching can
“
‘ “
be arranged to take place during the vertical blanking interval.’ Figure
3.7
shows a
simple four-channel circuit. (The circuit for channel 1 only is shown, the other
channels being identical.)
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The mode shown corresponds to the ‘rest’ position. The output of the flip-flop
formed by ICs 2 and 3 is low. Consequently, diode D2 is open and diode DI blocks.
When a video signal arrives, it is not passed. If switch S is closed, both inputs of IC1
will be high and the output of IC1 will be low at the moment that the vertical sync
pulse enters, so the flip-flop will change over and the output of IC2 will be high. As a
4 Control input
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Input |
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Input resistance
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Figure 3.8. The Siemens Pl active matrix point
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30MHz(-3db)

result, the other channels will be reset and diode D2 will no longer conduct. Diode
D1 will be conductive and the video output will follow the video input. Releasing S,
or the disappearance of the sync pulse, will not change the state. Only if one of the
inputs of IC4 is high for a little time, will the flip-flop change over and the matrix
point block again.
The input of the circuit is conneted to the d.c. output of the sync clipper or, if there
is no sync clipper, it can be driven by any video signal between 0 and 5 V. As the
output impedance of the circuit is rather high it is desirable to terminate the output
into an emitter follower (shown separately).
The section between the dotted lines corresponds to the matrix point. If necessary,
this can be replaced by an active matrix, especially developed for this purpose, e.g.
Siemens type P1 (see Figure3.8). A disadvantage is that the control voltage (on point
4) is required to vary from -10 V (open) to 0 V (blocked).

3.1.3.

The mixer

The mixer is used to control the intensities of the signals arriving from rails A and B,
and to mix them. A simple circuit is shown in Figure 3.9. Both video channels are
mixed in the two BC107s which are connected in parallel; the signal from the
common collector is then inverted and clamped to a level determined by the 1 kfl
potentiometer. After the emitter follower, the sync is again added to the video signal
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Figure 3.9. A simple mixer/fader

6 sync in

-inr:

by the two diodes and the 15 kfl resistor. A ‘fairly straightforward’ circuit thus
resolves, with little to go wrong, but which has its disadvantages. For one thing,
fading takes place mechanically and, secondly, it is not suitable for colour. Figure
3.10 is a circuit devoid of these disadvantages.
The ‘heart’ of the circuit constitutes the two dual-gate f.e.t.s (one for each input).
It is known that the channel resistance of a f.e.t. depends on the gate-source voltage
(V ). When V is 0 V, the channel resistance is low, and when the gate voltage is
turned below me source voltage, the channel resistance increases until it becomes
infinitely high (for most f.e.t.s at about -3 V). The V required for this is called the
‘pinch-off’ voltage Vp. (The above is applicable to the type of f.e.t. which is most
frequently used, e.g., n-channel, depletion type). Consequently, if Vgs is 0 V,
excluding the effect of g2 for a moment, the output of T1 is connected to the input of
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T3 (common base circuit). When Vgs becomes more negative, the channel resistance
will increase and the output voltage of T3 will decrease correspondingly. By con
necting a linear potentiometer to ‘drive A', which controls Vgs between 0 and Vp, an
almost linear control action obtains.
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Figure 3.10. A mixer/fader, suitable for colour and with remote control

A disadvantage of this circuit is that ‘channel-resistance modulation' will arise,
because Vgs varies in relation to the video signal fluctuations. The channel resistance,
and consequently the amplification of the entire circuit, will thus differ between
‘peak white’ and ‘black’. So-called ‘differential gain’ will occur. There are two ways
to minimise this:
(i) Keep the video signal small with respect to VLS. A practical value is 0.1 V p-p.
(ii) Use negative feedback. It would be ideal if giwere to follow the video signal on s
exactly. However, there are some problems with this. A good second solution is
to use a dual-gate f.e.t. for T2 and to connect g2 tos. In the original article (Ref.
3.1) the Toshiba j.f.e.t. 3SK-28 is recommended. Experiments with a m.o.s.
f.e.t. like the 40673 also yielded acceptable results, though they were not all that
much better than those obtained with an ordinary BF256 {without g2).

Trimming
The base potentiometer of T3 (P2) should be adjusted so that the black level at the
output is independent of the drive on gl. This means that when (P3) is operated the
black level at the output should remain constant. The clamping potentiometer Pl at
the input is then adjusted for a positive voltage on the emitter of T1 equal to the V of
the f.e.t. The result will then be that when Vgl is 0 V, the f.e.t. will not conduct, while
a positive voltage on gl will cause conduction. For the 40673 this means about 2.5 V
on the emitter of Tl.
The special feature about the circuit in Figure3.10 is, as already noted, its ability to
be controlled by a voltage on gl. In this way it will be possible:
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(a) To mix two colour signals in a simple way. It is not necessary to remove the sync
and the burst and then to add them again later. Instead of a controllable d.c.
voltage fed to points C and D as ‘drive A’ and ‘drive B’, a kind of blanking pulse,
whose level can be set with Pl and P2 respectively (see Figure 3.11), is used. If
voltage shape C of Figure 3.11 is used to drive channel A, and voltage shape D as
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Figure 3.11. Voltage waveforms required to drive the mixer/fader of Figure 3.10 and circuits involved

drive to channel B, sync and burst of channel A are not passed to the output
because C is 0 V during the blanking interval. By making the level of C in the
picture part controllable with Pl, the strength of A can be controlled. Sync and
burst of channel B are passed because D is V V during the blanking interval.
Consequently, the output signal is provided with the sync and burst of channel B.
As sync, burst and picture signal follow exactly the same path, there are no phase
errors. Moreover, no special circuits are needed to remove the sync first and add
it (with burst) later.
(b) To obtain a so-called ‘soft wipe’ and other effects. For these see under Section
3.4.2.

3.2.

The sync processor

The requirements of the sync processor are as follows:
(a) Separation of picture, sync and blanking.
(b) Separation of picture sync and line sync.
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(c) Separation of picture blanking and line blanking.
(d) All pulses from b and c should be stripped of‘foreign’ pulses (e.g. track-changing
pulses of a video recorder) and noise, and all pulses should be provided with the
proper slope.
(e) Reconstruction of the complete signal in correct ratios (most control desks
handle this in the mixer).
(f) Preferably, the sync processor should also be provided with a pulse-cross circuit,
by means of which the pulse crossing is displayed on the monitor, see Figure
3.12, and flywheel synchronisation, to stabilise the sync and avoid a jittering
picture.
(g) Separation of the colour burst (in colour processor), cleaned and added again.
The block diagram of a simple sync processor is shown in Figure 3.13. Colour is not
included here because to make a sync processor which really improves a bad colour
signal the circuits needed are so complicated that their discussion falls outside the
scope of this book. Chapter 10 (Section 10.2) shows a 940A video processor of the
Grass-Valley Group Inc. for those who are interested.
Although the circuit in Figure 3.13 is self-explanatory, some details are appro
priate. In the first block the signal is strongly amplified and then clamped. The sync
separator is little more complicated than a Schmitt trigger, which changes state when
Sync out to miner

Viaeo in

Ciamp •
amplifier

a

Synchronising
ouise
separator

A

l^S'
Vertical/
horizontal
sphtter

Pulse reshaper

Pulse cross

Vert out

vert sync

Hor sync

Pulse reshaper

Flywheel
synchron

isation

- Black level

Pulse cross

J'

1.

s?

s Hor Out
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Figure 3.12. The pulse cross

the sync exceeds a preset threshold level. By means of the Schmitt trigger and
amplification, sync error and noise are corrected as well as possible (see Figure3.14).
The splitter for horizontal and vertical sync (the restoration of blanking is not
considered here) is followed by pulse reshaping circuits, which restore the pulse
parameters, and then by the pulse cross and flywheel sync circuits.
3.2.1.

The amplifiers and the sync separator

In Figure 3.15 T1 and T2 are amplifiers, and the signal is clamped to chassis by the
two diodes. For the upper channel this constitutes the complete sync signal, while for
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111

the lower channel it constitutes the integrated sync signal (see Figured. 16). The time
constant of the integrating network (150 to 200 p.s) is chosen so that the 15 nF
capacitor hardly charges during the approximate 5 p.s period of a sync pulse. How
ever, the picture pulse lasts 160 |xs (excluding the brief discharges through the
‘openings' in the picture pulse), so during this period the integrating capacitor will
Dulses

’3 collector
voltage

Equalising pulses

'st field

Equalising pules

£ZMx±W~wnni^ijmi
Picture Pulse

’st held

■

'4— Start of 2nd held

JI n LJUULirTTTTTULJUUUL

2nd held

?
----- ♦— Response level re
1st field

14 oase
voltage

2nd field

T4 collector voltage

Figure 3.16. Deriving the picture sync from the total sync

charge to almost 60% of the maximum value (if t is the time constant of the network,
the capacitor will be charged to 63% of the maximum value in t seconds.
As shown in Figure 3.16, T4 output supplies a picture pulse which starts slightly
later than the original picture pulse and which is also slightly longer. Although this is
rarely a disadvantage, correction is possible (see Section 3.3).
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3.2.2.

The pulse reshaper

Returning to Figure 3.13, the sync separator is followed by pulse reshaping circuits.
Figure 3.17a shows that for the horizontal sync and Figure 3.17b that for the vertical
sync. The pulse length is given its proper value by the potentiometer.
An advantage of the circuit in Figure 3.17a (you can call it a disadvantage too, if
you wish) is that the picture pulse which was present on the sync signal at the collector
of T2 (Figure 3.15), has been eliminated. In the circuit shown the NE555 is an astable
multivibrator which is triggered by the negative edges of the pulses arriving at pin 5.
If required, the pulse shapers in Figure 3.17 can be connected to the outputs of Figure
3.15.

3.2.3.

The pulse cross circuit

Figure 3.18 shows the complete pulse cross circuit (for pulse shapes, see Figure3.19).
The incoming line sync is differentiated by the 220 pF capacitor and the 8.2 kfl
resistor. Positive pulses are avoided by the clipping action of the 1N914. The
monostable multivibrator, which is formed by two gates of IC1, is driven by this
signal. The result is a square wave voltage whose length is determined by the RC time
of the resistor and capacitor between the gates (in this case approximately 50 pis).
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Figure 3.18. The pulse-cross circuit
The negative edge of the square wave is fed to pin 2 of IC2, and the positive edge to
pin 1 of IC3. Switch S determines which of the two is passed to the output. If the
former (switch open), the output signal will correspond with the leading edge of the
line sync; if the latter (switch closed), there will be a pulse at point a which is delayed
with respect to the leading edge of the line sync. If this pulse is delivered to a monitor,
which is also in receipt of a (non-delayed) video signal without sync pulses, the pulse
cross shown in Figure 3.12 will appear on the picture tube provided the picture pulse
is given a similar treatment. The pulse-cross circuit can be connected direct to the
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sync separator in Figure 3.15 and outputs a and b arranged to drive the monitor.
Standard length pulses can be achieved by using the pulse shapers shown in Figure
3.17. In that case, outputs a and b should be connected direct (i.e. without the
interconnecting emitter follower) to pin 5 of the NE555. As the i.c.s used are of the
CMOS type, it is desirable to connect the unused pins to earth.
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Figure 3.19. Pulse shapes in the pulse-cross circuit of Figure 3.18

The pulse cross circuit represents one of the simplest ways of gleaning information
on the video signal off-screen without the need for complicated test equipment such
as oscilloscopes, waveform monitors etc.
(a) One can discern easily whether the programme material fills the picture frame
completely. (Another method is called ‘underscan’ achieved by reducing the
deflection currents of the monitor tube so that the frame becomes visible.)
(b) The pulse cross shows whether the black level of the video signal corresponds
with the blanking level. If the sync pulses in the video signal have not been
removed, the correct positioning of the sync (and burst) can also be checked.
(c) If flywheel synchronisation is used (see Section 3.2.4) timebase errors (jittering
sync etc.) can be observed and steps taken to minimise them.
(d) Tracking and tension errors (see Section 6.4.2) can also be observed with the aid
of the pulse cross and reduced to a minimum.

3.2.4.

Flywheel synchronisation

The purpose of flywheel synchronisation in a sync processor is twofold.
First, to ensure that if drop-outs (in the video recorder, etc.) result in the elimina
tion or attenuation of sync pulses, the pulses are restored and second, in the case of
strongly jittering sync, to supply an ‘average’ which does not jitter, and whose pulse
repetition frequency is the average of the original sync pulses.
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It is important to know whether the jitter is the result of electronic interference in
the video signal (e.g. noise) or mechanical interference such as tape stretch or
irregular tape drive in a video recorder. In the latter case, there is no sense in
stabilising the sync pulses by using extremely strong flywheel synchronisation
because although the new sync pulses may have stopped jittering, the video signal
will still happily flutter on. The remedy will be worse than the disease! For if such a
signal is supplied to a television receiver — which also has flywheel synchronisa
tion — the video signal will have hardly any relationship with the (new) sync and the
picture will ‘belly-dance’ across the screen. In such a case only a timebase corrector,
which will correct both the sync and the video signal, will provide a solution (for this
see Section 6.4.3).
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Figure 3.20. Flywheel synchronisation

Figure 3.20 shows a flywheel synchronisation circuit which is based on the principle
of the ‘phase locked loop’ (p. 1.1.)- The main parts of the p. 1.1. are always a voltage
controlled oscillator (v.c.o.) and a phase detector. The v.c.o. gives a certain nominal
frequency, which is supplied to the phase detector via the pulse shaper and inte
grator. The sync is also supplied to the phase detector; if a difference in phase (or
frequency) between the two signals is detected in the phase detector, it will supply a
d.c. voltage which re-adjusts the v.c.o. In this way the oscillator frequency is locked
to the incoming sync in phase (and frequency).
Assume that the incoming sync starts making 10 Hz jumps. The phase detector
will detect the phase difference between oscillator signal and sync and will try to
correct it by supplying to the v.c.o. not only the d.c. voltage but also a 10 Hz a.c.
voltage. Result: if the amplification in the feedback loop is sufficient, the
oscillator will also start jumping at about the same rate, unless secretly the 10 Hz
signal is not passed to the v.c.o. by placing a suitable filter in the feedback path. The
v.c.o. will then supply a signal whose average phase and frequency correspond to the
incoming sync: flywheel synchronisation is born.
Looking at the diagram in detail the v.c.o. is an oscillator (Elektuur, March 1972)
whose nominal frequency is determined by Rx and Cv
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However, we need not necessarily employ this oscillator here. Any other v.c.o. (e.g.
the NE555 in the circuit of Figure 3.17a, supply control voltage direct to pin 5) will do
as well (also see Section 3.5.1.3). The oscillator is followed by a differentiating
network (1 nF/12 kfl), which gives the square wave from the oscillator the proper
shape, and an integrating network, which changes it into a sawtooth voltage. For
example, if the collector of T6 is high, C2 will be recharged via D2 with a time
constant of about 20 pis; if the collector of T6 is low, C2 will be discharged via D1 with
a time constant of about 300 p,s (see Figure 3.21).
The incoming sync and the sawtooth voltage are added and compared in the phase
detector so that in the event of phase errors a correction voltage will be delivered at
the emitter of T8 to control the oscillator. If the oscillator signal leads the incoming
sync, the emitter of T8 will rise (the sync pulse will crawl up the slope as it were, see
Figure 3.21) and the oscillator will be adjusted; if the oscillator signal lags, the
reverse will apply.
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Figure 3.21. Voltages from Figure 3.20
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Figure 3.22. J as a function of f

To obtain the flywheel effect a de-emphasis filter is connected between the emitter
of T8 and the oscillator; this filter consists of R2, C3, R3, R4 and C4. R3 and C4
influence the high-frequency behaviour of the circuit; fast variations with small
amplitudes are smoothed by C4. R2 and C3 determine the flywheel operation; a
large value for C3 and a small one for R2 mean that the oscillator will hardly follow
any changes (= strong flywheel operation). Conversely, it will only lock with great
difficulty, or even not ‘lock’ at all. R2 determines the intermediate-frequency be
haviour of the filter; for these frequencies C3 forms a short circuit, while the output
impedance T8 (7?o) together with R2 form a voltage divider which determines how
large the feedback will be at h.f. This means the bigger R2 the lower the flywheel
operation for high frequencies.
Figure 3.22 shows the ‘moment of inertia’ (J) of the electronic flywheel as a
function of jitter frequency /, where
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3.2.5.

is determined by R3 4- R4.
by voltage divider R-JR2 (b
.by the
. RC time R2 C3.
mainly by the RC time /?3 C4.
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I.C.s for sync processing

Of the many i.e.s made for this purpose we will deal here with only one: the Philips
TAA700 (identical to Fairchild |xA785 andTBA550). TheTAA700was designed for
use in television receivers and it therefore contains an a.g.c. (automatic gain control)
circuit, which is of little use for video purposes. On the other hand, it also contains a
video amplifier, a noise suppressor, a sync separator and a phase detector, which are
very useful in a sync processor.
Figure 3.23 shows a circuit in which the i.c. functions as a sync separator, noise
suppressor and supplier of video signal and horizontal and vertical sync pulses. For
more details, see the Fairchild application information on this i.c.
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Figure 3.23. The TA A 700 as sync processor

In Figure 3.23 the i.c. gives a.g.c. voltages on points 4 and 6, which are pro
portional to the amplitude of the sync from the applied video signal (pin 4 is the direct
a.g.c. and pin 6 the delayed a.g.c., dependent on the position of Pl). These voltages
are not required in the sync processor; potentiometer Pl may, therefore, be omitted
and pin 7 earthed. Pin 11 is the blanking input; a positive pulse of 1 to 5 V suppresses
the video signal completely.
A disadvantage of the TAA700 is that the total sync is not available. It is true that
the vertical sync pulses occur in the horizontal sync, but with reversed polarity, so
that this sync cannot be used as ‘composite sync’. There is no other point from which
to take the total sync.
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3.3.

The sync generator

A sync generator should produce the following pulses:
(a)
(b)
(c)
(d)
(e)
(f)

Line sync.
Picture sync.
Blanking pulses.
Composite sync (also called ‘total sync’ or ‘mixed sync’).
Burst blanking (the inverse of burst blanking is also called the ‘burst gate’).
Burst switching pulse (for PAL).

The sync generator should also deliver the PAL subcarrier (4.43 MHz). It is possible
to synchronise to the electric mains (‘mains lock') and/or to other sync generators. In
the latter case we have ‘genlock’ where the sync generator adapts itself to the video
signal coming in, and ‘slave lock' where the sync generator transmits error signals to
the other sync generators to effect their adaptation. Most sync generators have only a
genlock possibility.
3.3.1.

A digital sync generator with a number of possibilities

Figure 3.24 shows the block diagram of a sync generator with the following character
istics:
(1) Produces digitally all the pulses mentioned above with the necessary degree of
accuracy.
(2) Has a possibility for mains lock and genlock.
(3) Has no burst generator. If this generator is added, the digital sync generator will
then be suitable for colour.
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The heart of the sync generator is the 6.25 MHz crystal oscillator. When this
frequency is divided by 10, the result is a ‘basic pulse’, having a length of 0.8 p,s, from
which all the other pulses can be derived (e.g. the front porch of the line pulse at
2 x 0.8 =1.6 jjls, the sync pulse at 6 x 0.8 = 4.8 jjls, the burst at 3x 0.8 = 2.4 p,s, and
the rear porch at 7 x 0.8 = 5.6 p.s (see Figure 3.25)). Comparison with Figure 1.14
shows that in this way pulse lengths will arise which are all within the prescribed
tolerances.
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Figure 3.25. Pulse lengths in the sync generator

3.3.1.1.

The block diagram

Before discussing the block diagram some information on the switching operations
will be of value. For clarity, the switches are shown in a slightly different form from
reality; S1 to S4 inclusive are push-switches, but are shown as two-way switches in the
diagram. If switch I is in position SI (SI has been pushed), switch II will be in position
S14 and switch III in position S1. If S2 is depressed, all switches, excepting IV, will be
in the positions shown. Depressing S5 means that switch IV will be in position S5,
releasing it means that IV returns to the position shown.
The remainder of the block diagram is self-explanatory. The pulse cross ciruit is
connected via switch IV while switch 1 serves to select the various modes in which the
generator can operate.
Position SI. The distributor chain produces the various pulses (line sync, equal
ising, picture sync etc.) delivered by the sync generator from the 6.25 MHz crystal
oscillator. The oscillator frequency can be accurately set with the control voltage.
For colour it is necessary to synchronise the generator with the burst frequency,
supplied externally. The control voltage input is also suitable for this application.
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Position S4. Using a pulse shaper, a picture pulse is produced from the 50 Hz a.c.
mains voltage. In the p.l.L it is compared with the picture pulse from the distributor
chain. If there is a difference in frequency or phase, the p.l.L v.c.o. will readjust to
compensate (‘mains lock’).
Position S2. The genlock mode. The only difference between this and the mains
lock mode is that the p.l.L is not driven by a picture pulse derived from the mains, but
with one derived from the incoming video signal.
To avQid undue circuit complication, a real genlock has been omitted. In a real
genlock system firstly the burst generator is put in step, next the p.l.L is automatically
reversed and line sync put in step and, finally, the picture sync is locked to the
incoming video signal. All these operations take place without them being visible in
the picture. The circuits needed fall outside the scope of this simple design. For those
interested, however, the circuit of a real ‘genlock’ is given in the diagram of the FA70
(the Synchronex FX70), Section 10.1. In the sync generator here described, we
simply switch over (by switch II) to the line and picture sync derived from the video
signal. However, since the p.l.L will put the distributor chain in step, the blanking
pulses will remain.
Position S3. The difference between this and position S2 is only the way in which
the picture sync is derived from the incoming video signal. Section 3.3.1.3 will deal
with this.
3.3.1.2.

The distributor chain

Figure 3.26 shows the printed wiring board of the distributor chain, and Figure 3.27
the diagram. The distributor chain consists partly of TTL i.c.s and partly of CMOS
i.c.s. This i.c. intermix is connected with the availability and price of the CMOS
series, also because it was found that the CMOS i.c.s did not function well enough at
high frequencies when the distributor chain was originally designed.
Figure 3.28 shows the shapes of the main pulses present in the distributor chain.
The series of voltage waveforms (ABCD 1 up to 6 inclusive) are derived from the
6.25 MHz signal entering at point M and operating a number of five and two-dividers
(each 7490 contains one five-divider and one two-divider). The pulses required are
selected from these voltage waveforms by the CMOS gates. Pulses e (line burst) and
6 (burst gate) need further explanation. Pulse e is a positive pulse occurring after
each sync and located at the position of the colour burst. In spite of this, it would not
be correct to call it the burst gate or to use it as such, for in that event a burst would
appear after each sync pulse and also during the picture blanking. Figure 1.16 g to j
inclusive show where the burst may come and where it must not. From Figure 1.16
can be seen that in each field 9 lines are without bursts. However, the first line with a
burst is not always the same each field. In the first field it is line no. 7, in the second
field no. 319, in the third field no. 6 and in the fourth field line no. 320. To process this
‘9-line meandering’ in the burst gate it is necessary to be able to distinguish between
the even and the odd fields. It is a characteristic of all even fields that all odd
equalising pulses coincide with a line pulse; with all odd fields it is the other way
about (equalising pulse no. 1 coincides with line no. 311).
In the sync generator a drive signal 5 is derived which consists of a negative pulse,
which occurs when the 26th equalising pulse coincides with a sync pulse. This drive
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4 th field
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signal connects to a two-divider (A6). A6 will be high at the beginning of the first odd
field, and low at the beginning of the second odd field. In this way the four-division is
realised, which is the requirement for meandering The Boolean expression for the
burst gate (and all other pulses) is to be found in Figure 3.27.
Burst switching pulse h also requires further explanation. This pulse ensures that
the burst phase is reversed from 4-135° to -135° after each line. Nothing is simpler
than that. After each line a two-divider is driven by the beginning of the line blanking
pulse, and the output signal to the two-divider (A5) is the required burst switching
pulse. If it is positive, the phase is e.g. 4-135° and if negative, the phase is-135°. But
the question is how does A5 know that it should be positive, for example, after the
7th sync of the first field, and that, therefore, this field should not start negatively?
The problem can be looked at in a different way. If A5 happens to be positive, say,
after the 7th sync of the first field, no action will be necessary, for then everything will
be all right for all fields. Taking this into consideration, a correction pulse x is
produced in the sync generator only if A5 is not positive after the 7th sync of the first
field. Pulse x will then cause the two-divider to switch over once more so that A5 will
become positive. However, pulse x will not occur if A5 is not positive after the 7th
sync of the first field, but it will occur if A5 is not negative after sync no. 11 of the first
field. This resolves to the same, really, but it is easier because in that case we can use s
as a possible switching pulse. To x the following applies: x = s. A5 . A6. 5 will occur
in the first and third fields; s.A6only in the first field; S.A5.A6 only in the first field if
A5 is not negative (but positive) before line 11.
The design uses not only the line blanking pulse b, but also the sum of x and b as
switching pulse t for the two-divider which supplies A5; thus: t = x 4- b. Substituting
s. A5. A6 for* along with some conversion per de Morgan’s theorem, the result is

t = s + A5. A6 4- b
Such a pulse can be produced with an AND gate, two OR gates and an inverter.
One more remark on the supply: for simplicity, a common 5 V supply is used for
both the CMOS gates and the TTL i.c.s. It is advisable to stabilise the supply
properly and to decouple the entire printed circuit board with a good 1 pF capacitor
(not an electrolytic capacitor).

3.3.1.3.

Control unit

See Figure 3.29. The sync separator in the block diagram is formed by T1 to T3
inclusive. T2 and T3 constitute a ‘reaction amplifier’ whose main characteristic is that
the feedback path is non-linear. T2 is an emitter follower and T3 the real amplifier. A
normal video signal on the base of T2 is amplified so much by T3 that even the sync
tops alone would drive T3 to full power. During the sync tops DI conducts, which
greatly reduces the amplification of T2 and T3 owing to the negative feedback which
then occurs. The result is that the sync tops are clamped to a fixed value (approx
imately 10 V). If, owing to the capacitive coupling to the base of T2, the d.c. sync
level tends to move down slightly, this is corrected by the clamping action of DI. If
the sync top rises, the same clamping effect occurs provided the voltage on T2 base
does not rise so much that DI blocks; in that case the negative feedback is neutra
lised, and even before the voltage on the base of T2 has reached the black level, the
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voltage at the collector of T3 has fallen to zero owing to the high degree of ampli
fication.
This sync separator has many advantages and in my opinion it is an ideal circuit.
The output signal is practically independent of the amplitude of the incoming video
signal and the clamping is as perfect as equalled only by keyed clamping. Problems
occurring in other circuits because the d.c. level of the picture pulse cannot be
properly maintained by clamping, are completely absent. T3 is followed by an
integrator (R1 - Cl), which filters the picture sync from the sync (see Figure 3.16).
This integrator is followed by a second integrator with a slightly smaller time
constant, which further shapes the output pulse.
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When switch I is put in position S3, the integrator is out of operation, and the
picture pulse is removed from the sync by the circuit associated with T7 (called ‘pulse
shaper I’ in the block diagram). T7 is an amplifier whose rise time is too long to pull
the amplifier out of saturation during the short time of a line sync pulse. During the
picture pulse there is enough time for this to happen; during the picture sync T7
supplies six short positive pulses, which mark the leading edge of the ‘blocks’ into
which the picture sync has been divided. Consequently, the first of these six pulses
will almost correspond with the leading edge of the picture sync.
The advantage of this method of picture sync restoration over the integration
method is clear: from the monostable multivibrator connected after T7 is obtained a
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picture sync whose leading edge neatly coincides with the original picture sync. The
reason that the integrator was, nevertheless, maintained too is that it can better cope
with strongly distorted signals.
The P.L.L.
The 74121 is the v.c.o., while the 7473 and T10 to T13 inclusive constitute the phase
discriminator. An advantage of this phase discriminator is that it will operate until
the leading edges of the reference and picture pulses coincide (phase difference
zero). With most other phase discriminators the phase difference will be 74 in locked
position.
At the moment of arrival at pin 5 of the 7473 of the negative edge of the picture
pulse derived either from the video signal or from the mains, the associated flip-flop
changes over so that pin 9 goes high and T10 collector low. Should the negative edge
of the picture pulse from the distributor chain, arriving at pin 1 of the 7473, happen to
coincide and so change over the bottom flip flop, pin 13 will then be low and Til
collector high. At that moment, however, pins 9 and 10 of the AND gate would have
become high, causing this i.c. to reset the two flip flops.
Should the negative edges of the signals from pins 1 and 5 of the 7473 continue to
coincide both flip flops will constantly be reset immediately after they have changed
over. As a result the collectors of T10 and T11 will simultaneously jump up and down
between high and low (if T10 is high T11 will be low, and vice versa), and the T12 gate
will set to 2.5 V. However, should the negative edge of the pulse going in at 1 be
slightly later than the pulse at 5, T10 collector will be low, with Til collector also
remaining low (instead of moving from low to high simultaneously). As a result, the
potential on T12 gate will fall and the 74121 will change its frequency. Should the
negative edge of the pulse arriving at pin 1 be somewhat earlier than that at pin 5,T12
gate potential will rise, and the 74121 will be readjusted in the other direction. The
special thing about this phase discriminator is that, contrary to a ‘standard’ phase
discriminator, the control voltage does not depend on the size of the error to be
corrected, but will always be 100%, independent of the size of the error, until the
error has been eliminated. Only then will the adjusting cease. This is because T12
does not charge the 0.47 jjlF capacitor. Hence, the capacitor can be charged to a
potential of +5 V when the voltage on pin 1 is leading, or to a potential of 0 V when it
is lagging, with a time delay determined by the 82 and 68 kfl resistors.
To ensure that T11 does not conduct at all when pin 13 of the 7473 is high, it may be
necessary to connect the 1 kfl resistor (shown in broken line). Finally, the 100 Mfl
resistor helps to reduce jitter, which can otherwise occur with this phase discrim
inator too. The 100 Mfl value is a compromise between jitter reduction and the
phase error caused by the resistor. For the function of the high-down filter, see
Section 3.2.4. SI to S4 inclusive are push-switches which make contact on being
depressed, and which break contact immediately they are released. For example, by
the depression of S4, flip flop 7-8 of the 7475 is changed over and the associated light
emitting diode (l.e.d.) glows. Resetting via reset inputs 4 and 13 will follow only if
one of the other switches is depressed. The lower part of the diagram is the pulse
cross circuit discussed in Section 3.2.3.
Finally some general remarks. The picture pulse for the monitors is a sawtooth,
essential for some monitors. A normal, negative-going pulse can be obtained from
pin 9 of the NE556 should this be required by a monitor.
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All inverter i.c.s are shown with two inputs. Of course, a real inverter (e.g. the
4009) could be employed, but it is simpler (and cheaper) to use an OR gate or an
AND gate (with interconnected inputs). A number of AND gates are shown in the
old-fashioned way. These are TTL i.c.s (7400). The other gates are CMOS i.c.s.
Finally the control input. If it is not intended to progress to using colour, it is
desirable to earth this input and adjust the frequency of the crystal oscillator by the
25 kfl potentiometer. Incidently, the crystal can be obtained from TV component
shops and should not cost more than a few pounds’ It is even simpler to leave out the
entire circuit between the crystal and the output of the AND gate (6), merely
replacing it by a 60 pF trimmer.

3.3.2.

Sync generator i.c.s

For some time now complete (black-and-white) sync generators have been incor
porated in one i.c. Figure 3.30 shows the ZN A103E by Ferranti. This i.c. needs to be
driven by a crystal oscillator of 656.25 kHz, division by 42 results in line frequency,
division by 21 x 625 in field frequency. It has been actually designed for camera use,
so apart from well-known pulses such as line sync, picture sync etc., so-called
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Figure 3.30. Ferranti ZNA103E sync generator i.c.

‘cathode blanking’ pulses are also available. It delivers slightly shorter pulses than
the ‘real’ blanking pulses at pin 18. Moreover, the pulses supplied for cathode
blanking are negative-going, whereas all other pulses are positive-going. A clamping
pulse can be taken from pin 5 to drive keyed clamping in the video amplifier, if
necessary. The i.c. is fully TTL compatible. A disadvantage of this i.c. is that the sync
pulses supplied do not correspond with the CCIR standard. The equalising pulses,
for example, are missing and not all the pulses are of prescribed length. This is not a
big problem, but if the requirement is for a more ‘standard’ sync, then this is given by
the circuit in Figure 3.31. For this pulses G 1 and G2 are obtained from the i.c.
Together with the sync at pin 7, the ingoing crystal frequency and some logic it will
produce the CCIR sync.
Another sync generator i.c. is the Texas Instruments MOS i.c. TMS3808NC, also
intended for camera use. (It is used in the Grundig FA70 camera, whose complete
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circuit is given in Section 10.1.). This i.c. also supplies the complete CC1R sync, but
the outputs are not TTL compatible. Figure 3.32 exemplifies a phase-inverter stage
connected to pin 4, which can simultaneously serve as a buffer between the 3808 and
the TTL logic. This i.c. requires a crystal frequency of 750 kHz; pins 10 and 2 are the
standard changeover connections. E.g. by connecting pin 2 to 4-5 V instead of to
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earth and by raising the oscillator frequency to 756 kHz, the i.c. will supply the
525-line standard (USA). However, connected as shown in Figure 3.32, the number
of picture lines will be 625. Finally, the Siemens MOS i.c. S178 should be mentioned;
in this device the horizontal and vertical synchronisation signals are derived from a
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central input frequency using dividers. The resulting signal meets the CCIR require
ment (adjustable over 525/625/735/875/1023 lines). It can also be synchronised with
an external source, if required.

Trick facilities
Electronic trick possibilities offered by television can be roughly divided into three
main groups, which are:
(a) Wiping, of which Figure 3.3 is an example. The picture of the conductor (left top
corner) comes from camera 1 and the picture of the choir from camera 2.
The line between the two pictures may, of course, also be horizontal, or
oblique, or it may show any other wipe pattern producible electronically. Figure
3.33 shows a number of simple wipe patterns.
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Figure 3.33. Wipe patterns

(2) Inlay, of which Figure 3.34 is an example. Camera 1 produces picture a, camera?
picture b and camera 3 picture c, the cloud. An inlay is really a wipe, but with the
wipe pattern produced by a third camera.
(3) Keying (see Figure 3.35). In this case the wipe pattern is produced by one of the
picture sources itself. A wipe pattern is made of the girl; this pattern is then used
to make the inlay possible. Of course, only pictures with a sharp contrast
between foreground and background provide a good wipe pattern.

Finally, professional equipment also has a so-called ‘colour-effect circuit’ (CEC),
with the aid of which it is possible to influence the brightness and saturation of red,
green and blue separately, to interchange colours, to generate complementary
colours, etc.

3.4.1.

Wiping

Figure 3.36 shows the block diagram of a simple mixer for two channels. Both
channels contain a gate whose operation is well known: if the gate input is high, the
output follows the incoming video signal (assuming that the sync pulse has already
been clipped from the video signal); if the input is low, the gate input diode will draw
the output to 0 V. If instead of a direct voltage a pulse-shaped voltage which is high
for only part of the line and low for the remaining period, is fed to the gate input the
gate will open for only a part of the line.
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If. for example, a square wave whose length is half the line time is fed to the gate
operating channel A, the right-hand half will be cut off from the picture supplied by
camera A. If next the square wave is inverted and used to operate the gate of channel
B, the left-hand half of the picture produced by camera B will be cut off. If the two
are added, the result will be a picture whose left-hand side comes from camera A and
the right-hand side from camera B (see Figure 3.37). By making the length of the
square wave variable and by allowing it to increase from 0 to 100%, picture A can be
pushed aside by picture B and a wipe is born.
To produce the square-wave voltages mentioned above, the circuit shown in
Figure3.38 is normally used. The line sync is supplied to the base of Tl, and together
T1 and T2 form a sawtooth generator (T2 is a current source which charges the
1000 pF capacitor; when a line pulse arrives, Tl short-circuits the capacitor via the
3.9 kQ resistor). In the same way T4 and T5 convert the picture sync into a sawtooth
voltage. In a comparator (p.A 710) these sawtooth voltages are compared with a d.c.
voltage level, which can be trimmed with the aid of P2 or P4. When the sawtooth
passes this level, the comparator changes over, as shown in Figure3.39.

Figure 3.34. An example of an inlay. Camera 3 determines the form of the inlay
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fj. 7"

Figure 3.35. Keying. In this case camera 2 determines the form of the inlay
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The output of the 710 will supply the square wave mentioned above. When the
output of IC1 is connected to the gate input of channel A and its inverse to the gate
input of channel B, the wipe pattern of (a) in Figure 3.33 is produced, P2 serving as
wiper. If the connections are exchanged, pattern (b) will result.
The above also applies to the output of IC2. In this case P4 is the ‘wipe potentio
meter’ and the result will be patterns (f) and (g). If the ‘line’ and ‘field’ square waves
are added in an AND gate, the result will be as at (c). The corner in which the
rectangle will appear is determined by the polarity of the square waves.
If the two sawtooth waveforms are first added and then fed to the comparator, the
result will be as at (d). Because the sawtooth waveforms are rising, the diagonal goes
from bottom left to top right (see Figure 3.40). To obtain the other diagonal one of
the waveforms needs to be reversed. This has been achieved in Figure 3.38 with the
aid of switches SI to S5 inclusive. SI and S2 determine the comer for the rectangle;
S3 adds both waveforms, giving the diagonal when SI and S2 are in the same
position; with S1 in position 1 and S2 in position 2 (or the other way round) the result
will be a diagonal bar as shown at (e).

Line sawtooth,
• picture
Sawtooth
\

b

Figure 3.40. Voltage waveform to obtain the diagonal wipe

In all these cases it is assumed that S4 and S5 are closed. If, however, S4 or S5 were
open and S3 closed, then the two sawtooth waveforms would not be added, but
instead only one sawtooth would be supplied to both comparators. With S4 open this
would be the picture sawtooth and with S5 open the line sawtooth, the results shown
respectively at (h) and (i). The only wipe pattern which cannot be produced with the
circuit of Figure 3.38 is the circle. This requires the application of parabolic voltages
to the comparators instead of sawtooth voltages.

i
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With this pattern generator it is of the greatest importance to keep all connections
short, particularly those to the switches. Long leads will result in increased capa
citance, which will impair the rise time of the square waves. When it is considered
that a slope of 20 ns/volt results in a width of approximately 1 mm on a normal
screen, it will be appreciated how unwanted capacitance could deteriorate the edges
by reducing the rate-of-change to such an extent that the result on the screen would
be unacceptable. In this respect it is also important to consider the quality of the gate
diodes in the mixer. Schottky diodes are best ;j_hejype indicated (1N914) will also do
very well. CMOS should not be used for the AND gate and the inverters due to long
rise time; it is preferabe to use the 7400. For IC1 and IC2 the p.A 710 has been shown;
the pA 810 is slightly faster and more sensitive, but this is not visible in the picture.
What has been said about the long leads to the switches is also applicable to switches
S3, S4 and S5. These should be of low contact resistance and noise-free.
Symptoms of poor switches could be ragged ends along vertical lines in the picture,
which can also be caused by badly stabilised -1-5 V supply. The best method of testing
is to feed the same video signal to both channels. The picture should show no
separation line at all. Perfect results are nigh impossible, but if the wipe-pattern
generator has been built correctly the line should only be discernible close to the
picture tube. A bad monitor may also lead to many difficulties, and because there are
quite a lot of bad monitors (television sets), the programme maker should take great
care with special effects. Oblique lines particularly can result in very strange twists on
the screen owing to non-linearity of the receiver. Strong black/white transitions can
also lead to difficulties with some receivers. Overshoot, for example, can cause a dot
or line to appear next to such a transition.
Finally a word on trimming: both sawtooth signals are trimmed for maximum
amplitudes by Pl and P3. This completes the trimming.

Keying

There is hardly any difference between an inlay (the wipe pattern comes from camera
3) and keying technique. In the latter case, though, the wipe pattern is produced by
one of the two picture sources itself. The picture in Figure 3.41 is excellently suitable
for keying. The video signal of the black line approximates the form shown in Figure
3.42. If this video signal (instead of the sawtooth) is fed to the comparator of the
preceding section (Figure 3.38) the comparator will supply ‘square wave A’, which
opens and closes the gate operating channel A. If the inverse of square wave A
(square wave B) is fed to the gate of channel B, black gaps will appear in the video
signal delivered by camera B, which are precisely as wide as is necessary to contain
the video signal of channel A.
The opening scenes of the popular TV series ‘Colditz’, for example, showed one
picture, as it were, projected through another, to finally displace it completely. The
effect was probably made by slowly decreasing the response level of the comparator
from top-white to 100% black. Essential to this form of keying is that the background
is really black and that the rest of the image does not have 100% black parts because
in that case the signal of camera B will be visible there too after keying.
The coming of colour television has made the ‘chroma key’ possible. There is a
bright blue panel behind the television newsreader; when the camera registers blue
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Figure 3.41. Picture excellently suited for keying
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Figure 3.42. Voltage waveforms derived from the line drawn through Figure 3.41

the comparator switches over to the video signal of a second camera. A black suit, for
example, does not matter because only blue means zero. In all other cases the
comparator indicates one. This is one reason why newsreaders do not have blue eyes.
It stands to reason that it is not sufficient to use the information supplied by the blue
channel of the colour camera as the wipe pattern, because the comparator would also
change over with all colours containing blue (as a component in mixed colours). To
prevent this happening a circuit is used whose block diagram is shown in Figure 3.43.
The non-additive mixer compares the two incoming colours (red and green) to find
which has the largest amplitude. This signal is then passed to the differential ampli
fier, which in turn makes a further comparison, again finding the one with the largest
amplitude. If there is more blue than red/green, the differential amplifier will switch;
if there is less blue, nothing will happen.
As little blue occurs in most mixed colours, this implies that switching will take
place only in intensely blue parts of a scene; other colours have hardly any effect.
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However, the selection of blue as the key colour is based on practical considerations
only. In principle red could be used, which would, however, cause considerable
difficulties for all newsreaders with red noses!
Figure 3.43. Chroma key
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Figure 3.44 shows a simple but effective black-and-white keyer, where Pl sets the
keying level. As high precision is required in this respect, and as it should be possible
to operate this potentiometer quickly in order to return to a known level, it is
advisable to use a multi-tum potentiometer with a counter coupled to it. What has
already been said for the wipe-pattern generator also applies in this case. The final
result will not only depend on good construction (short connections, proper supply
unit) but also on the equipment coupled to it. Amplifiers showing a tendency to
instability will definitely start oscillating if the keyer is connected to them. A slight
degree of overshoot in the image will seldom be considered annoying or it may not
even be noticed; as soon as the keyer is connected, bright white and/or black edges
rpight appear along the wipe pattern. If everything is in order, however, the result
should be excellent; i.e., a hardly visible small edge along the wipe pattern and, in
case of auto-key (Figure 3.35), a small delay between the wipe pattern and the
picture to be filled in, perhaps will be apparent. This delay can never be avoided
completely but it is not very irritating. However, to be absolutely sure, the video
signal can be delayed by the same amount as the wipe pattern with a (variable) delay
line, so that they get back into step. The delay required amounts to some hundreds of
nanoseconds and it can be obtained with the circuit in Figure 2.78. Delay-lines are
supplied by Matthey, among others.
A non-switching keyer which is devoid of these problems is incorporated in the
control desk of Section 3.5. That even with that keyer heaven has not come down to
earth will be quite clear. However, even in the professional world keying is a problem
to which so far no perfect solution has been found, though in principle the solution is
simple: make a wipe pattern in the way known, slighly deteriorate the edges (slopes
of 0.5 p.s or thereabouts), invert the square waves which have thus arisen with the aid
of a phase inverter (an inverting amplifier with amplificication 1) so that the slopes do
not change and use these square waves to drive the mixer/fader of Figure 3.10.
In theory it should then be even possible to key with tobacco smoke! Though I
have not tried it myself, it will no doubt be worthwhile carrying out such an
experiment. Making a soft wipe in the above way is something which works perfectly.
Figure 3.45 shows a circuit with the aid of which the square wave voltage (from IC1 in
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the wipe-pattern generator of Figure 3.38) can be provided with an ascending edge
with adjustable slope. The slope can be adjusted with Pl. T4 is the inverting
amplifier. If the square waves produced in this way are fed to the drive inputs of the
mixer/fader of Figure 3.10, the amplification of both channels will not go from 0 to
100% and vice versa by leaps and bounds, but the process will be gradual due to the
oblique edges of the square waves. It stands to reason that this method can only be
applied with a gate circuit whose amplification can be set electrically as that in Figure
3.10, and not with a gate which has only two positions (open and closed) as that in
Figure 3.36.
• 12\,

•5v

;a

<<\T2
UBC177
12k

)00n

r"j ■
rT +

\T1
'BC107

From output
JC1
■^jA710; hg 3 36

K7

Ik

BCR
±220p

1660

j-

\u

'BC107
fo dme B
. (hg 3 VI

To drive A (fig 3 t0>
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3.5.

A simple build-it-yourself TV control desk

The design has the following properties:
(a) Three channels can be mixed; each channel has a preview monitor.
(b) Each channel has its own fader. If required, the channels can be cut in also.
(c) The output signal (IV p-p; 75 Fl) can be adjusted by a fourth fader. A monitor
and a video recorder or two video recorders can be connected to the two
identical but independent outputs.
(d) The control desk has a built-in sync generator, which can, as desired, be driven
by one of the three incoming signals, by a built-in crystal generator or by the
mains frequency.
(e) Automatic gain control (which can be switched off) is also provided for the video
signal.
(f) The three channels can be keyed positively or negatively by means of an external
signal, or by one of the three channels themselves.
(g) When a certain channel is switched on the control desk delivers a 12 V d.c.
voltage for the tally light of the camera connected to that channel.
(h) Two audio sources can be connected to the control desk where they are mixed in
a fixed ratio (1:1). The sum signal is available at the output. A headphone can be
connected to a separate output.
(i) The level of the outgoing video signal can be read with a meter.

Figure 3.47 shows the block diagram of the control desk. The sync generator is the
central point, which supplies sync signals for the cameras, control signals for the
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monitors and the mixed sync for the output signal, including the control pulse for
control unit and keyer. The control pulse is nothing more than the picture sync,
which sets the switching time of manually operated switches SA, SB, Sc and Reset. If,
for example, SA is depressed, then the amplifier in channel A will be opened at the
moment that the sync pulse arrives. If PA is open at that moment, then channel A is
cut in. Fading can take place with PA.

Figure 3.46. The control desk described in Section 3.5

When SA is depressed, the tally light of camera A and the control lamp over the
corresponding monitor will illuminate. SABC and Reset are two-way switches, which
means that if two or three push-buttons are depressed at the same time, two or three
channels will remain switched on at the same time, after the push-buttons are
released.
If a channel is switched on, by using an input pulse supplied by the keyer, it is
possible to determine over which part of the line the channel will remain open. This
will normally be the full line time; but once the keyer has been switched on it is
determined by the wipe pattern.
Signal delivered by the cameras is (in the video amplifiers) stripped of the sync
pulse, brought to level, gated out by means of the control unit, keyed if necessary and
amplitude controlled by P'A and P A (B, C respectively). PABC are l^e ^ers proper
and P ABC the presetting potentiometers. The signal is reassembled after the faders
and subsequently amplified and provided with a sync pulse in the mixer.
The control desk consists of:
(1) Sync generator
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(2) Video amplifiers and mixer
(3) Monitors

(4) Control unit with the keyer
(5) Audio mixer/amplifier
(6) Supply unit.
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Figure 3.47. The block diagram of the control desk

3.5.1.

The sync generator

Design of the sync generator takes account of:
(a) production of interlaced pictures
(b) simplicity
(c) conformity, as closely as possible, to the CCIR standard.

As might be expected, (b) contradicts (a) and (c). After deliberation the following
concessions were made with respect to (c) for simplicity.
(1) The front porch has been left out.
(2) The sync pulse has been fixed at 1/11 of 64 ps = 5.8 ps.
(3) The length of the line blanking has been fixed at twice the length of the sync pulse
(11.6 ps).
It then became possible to produce relatively simply the complete, interlaced sync
and blanking signals digitally, as shown in Figure 3.48 block diagram.
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Figure 3.48. Block diagram of the sync generator

3.5.1.1.

The block diagram

With Sla in the position shown the crystal oscillator supplies pulses with a length of
0.145 pis (rounded value) to the 20-divider, which converts them into pulses having a
length of 2.9 pis (A2 in Figure 3.49). By driving the following 11-divider with these,
pulses will arise having a length of 11 x 2.9 = (exactly) 32 jis (Q7 in Figure 3.49).
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Figure 3.49. Voltage waveforms occurring in the sync generator of Figure 3.51
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In this division QI, Q3 and Q5 will also become available. With their aid the
equalising pulses (= Q/.Q3.Q5) and the so-called filling pulse (= Q3.Q5.Cfl) are
produced in various gate circuits (not indicated in the block diagram). The filling
pulses are needed to make the openings in the picture sync for the leading edges of
the equalising pulses. Driving a two-divider with Q5 results ir^>43, which is a pulse
having a length of exactly 64 |xs. With its aid, the line sync (= Q3.Q5.A3) and the line
blanking (= Q5. A3) are made. Finally, when Q5 is fed to the 625-divider the result is
D5, which is a pulse having a length of 625 x 32 = 20 000 jxs (= 20 ms). With the aid
of £his pulse and pulses B2, C2, D2, B4, C4 and D4, a (= C2.D4.D5). [3 ( =
oc.B2.D2) and y (= B4.C4.D5) can be produced, a is an auxiliary pulse, [3 is the
picture sync and y is the picture blanking. The total sync signal f is formed by
adding all these pulse shapes in accordance with: f = c.a + d.fi + a.a. This is
clarified by Figure 3.50. Note: Figures 3.49 and 3.50 have not been drawn to the
same scale.
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Figure 3.50. Pulse waveforms of Figure 3.51

B

Returning to Figure 3.48 block diagram for a moment, when Sla is put in the
bottom position, the v.c.o. will take control and the length of the pulses will then
depend on the voltage from the phase detector. The latter compares the frequency
and the phase of the picture sync from the 625-divider with the reference pulse
selected by Sib and continues to reset the v.c.o. until both pulses correspond
completely. In this way the sync generator can be connected to the mains supply or to
the signal arriving on circuit C via Sib.

3.5.1.2.

Complete diagram of the sync generator (Figure 3.51)

Video signal from channel C is stripped of picture information in T1 to T4 inclusive.
The complete sync signal then appears at output 2 of IC17. When Sib is closed, this
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I

signal will be available as a control signal for the monitors and the cameras via IC11.
It will also be available as sync for the mixer. The picture pulse is also derived from
the signal, after integration, by T15 and T16. Assuming that Sib is still closed, this
pulse is fed to the control unit and cameras via IC12. It also supplies the picture sync
for the monitors via IC13, T13 and T14. In this context the word ‘picture sync’ is in
fact being used wrongly. At T14 emitter there is no real picture sync but instead a
derived sawtooth voltage. IC13 and T20 produce a slightly longer pulse from the
picture sync. This pulse is integrated by the collector circuit of T13. The integration
constant is about 1.2 ms for the descending slope and approximately 100 ms for the
ascending slope (see Figure 3.52).
The following applies to the descending slope:
12
V/2=v/i-e

L2

and to the ascending slope
18.8

12— (12-VS)e 100

For Vj the value is 3 V and for V2 1.1 V. As the time constant of the ascending slope
is much larger than the ascending time (18.8 ms), the slope is practically straight.
The resulting sawtooth is used to control the monitors. Because S lb is assumed to
be closed, pin 6 of IC13 will be constantly low, independent of the position of Sla, so
gate ‘4, 5, 6’ of IC8 will be open and the distribution chain connected after it driven by
Fhe SN 74121.
The 74121 is brought in step with the picture pulses from channel C which arrive
from T6. This is achieved by the phase detector consisting of IC6 and T7 to T10
inclusive. The phase detector has already been discussed in Section 3.3.1.3.
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Figure 3.52. Conversion of the (extended) picture sync into a sawtooth voltage
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Sib open. The cameras, monitors and mixer are now controlled direct from the
distribution chain, whereas the phase detector brings the 74121 in step with a ‘picture
pulse’ derived from the mains frequency, aided by T17, T18 and T19. For this
application Sla is open. If Sla were closed, pin 6 of IC13 would be high and the
crystal oscillator would take over control. The p.1.1, would not be locked and
consequently it would be out of operation.

-3

yr

■ -iliiT' f t

~

Figure 3.53. Underneath view of the control desk

Finally, a remark concerning the capacitors that are shown in dotted-line. Un
predictable wiring capacitances will occur depending on the construction. In the test
model (see Figure3.53, the large printed circuit board at the right-hand bottom side)
it was necessary to use the capacitors shown in dotted line to remove interfering
pulses.
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3.5.1.3.

Flywheel synchronisation

Figure 3.54 is the diagram of the flywheel synchronisation, a separate unit. It is
connected to the output line sync for the cameras’ (pin 3 of IC11). The output of the
circuit (pin 6 of the 7400) yields the stabilised line sync for the cameras. Since the
operation and the principle of the circuit have already been discussed (Sections 3.2.4
and 3.3.1.3), it is only necessary to mention that Pl is used to set the degree of
stabilisation.
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Figure 3.54. Flywheel synchronisation

3.5.2.

Video amplifiers with mixer added

Figure 3.55 gives the diagram of these amplifiers. As the input amplifiers of the three
channels are identical, that for channel A only is shown. After presetting P'A, the
video is clamped to that level (by Pl) so T21 just cuts the sync pulse from the video
signal. If the switching pulse from the control unit or from the keyer is high, the base
of T22 will follow the video signal and D3 and D4 will not conduct. If one of the
switching pulses is low, the appropriate diode will conduct taking the base of T22 to
zero and the video signal will not be passed to PA.
After the three channels have been added, the sum signal is fed to T27, whose
amplification can be controlled by the voltage on g2. With S2 a choice can be made
either for fixed amplification (set by P4) or for a.g.c. via T30. Non-a.g.c. working
may be desirable when successive scenes have great level differences, for continuous
automatic gain adjustment could then be annoying. The black level of the sum signal
(approx. 1.4 V) and the output level (when Ptot is at ‘zero’) can be equalised by P5.
The well-known gate circuit with two diodes and a resistor is again connected to
the wiper of Ptot. The base of T31 will follow the lowest of the voltages offered, so
when the sync pulse is low, this is followed by T31. When the sync pulse is high, the
video signal from Ptot will be lowest and is thus followed.
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Figure 3.55. The video amplifiers and the mixer

The emitters of T30 and T31 supply the final video signal, while T32 and T33
control the modulation meter, which can be trimmed with P6. Any 100 to 200 p.A
type meter is suitable.
3.5.3.

The monitors

The circuit of the monitor (Figure 3.56) is from the Sony CVF 4, which is a camera
monitor using a 4in picture tube, obtainable as a separate unit. Video signal from the
video amplifiers T21 (Figure 3.55) is brought to a peak-peak value of approximately
20 V in a two-stage amplifier. It is then fed to the cathode of the picture tube. The
emitter of the BF178 is fed with horizontal and vertical blanking pulses derived from
the horizontal and vertical deflection voltages respectively. The pulse transformer
HDT is followed by transistor BUI 10. A pulse of approximately 80 Vp.p should be
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Figure 3.56. The monitors

present at the collector of this transistor. This voltage controls the horizontal deflec
tion coil. After rectification it is also used for the brightness potentiometer (48 V)
and the Wehnelt cylinder. The high-voltage transformer is connected in parallel with
the horizontal deflection coil. The anode voltage, focusing voltage and helix voltage
are also taken from the transformer after rectification.
As the vertical deflection coil is essentially resistive so far as the current through it
is concerned, pulses from the sync generator need only to be amplified in the monitor
and brought to the proper impedance level. VCH is a choke whose impedance should
be high with respect to the impedance of the vertical deflection coil. Something in the
order of 1 H will suffice. The supply is 9 V at 450 mA. The picture tube requires
12 V at 300 mA. The total is approximately 10 W for each monitor (heat losses have
been taken into consideration).

3.5.4.

Control unit and keyer

Figure 3.57 shows the diagrams of the control unit and the keyer. The control unit is
shown in the rest position for IC22 to 24 inclusive, obtained by depressing the reset
button.
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When S A is closed two things happen: input 7 of the 7475 and input 1 of IC24 both
become high. As input 2 of this IC remains high, the output at 3 becomes low.
Consequently, input 9 of IC24 will also be low and as a result output 8 will be high.
Input 12 of IC23 will become high via outputs 6 and 11 of IC21 and IC24 respectively.
When the positive-going picture pulse enters input 13 of IC23, output 11 of this IC
becomes low and output 8 of IC23 becomes high. This low-high transition serves as a
clock pulse for the 7475. At the moment that this clock pulse arrives, all non-inverted
outputs (P, Q, R) will take over the condition of the inputs (7, 6, 3 respectively). For
input 7 that will be ‘high’ (see above); for the rest it will be ‘low’ (if they were not low
already).
When SA and SB are depressed simultaneously, input 6 and consequently Q are
also high at the moment that the clock pulse arrives. When the reset button is
depressed a clock pulse occurs without any of the inputs of the 7475 being high; all
outputs will then be low. Suppose that SA and SB are on, then if channel B is to be
switched off, this is done by resetting and keeping only SA depressed (for clarity SA,
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151

SB, Sc and RESET are push-buttons which make contact only as long as they are
kept depressed).
The clock pulse can be represented as follows:
‘clock’

(P.A 4- Q.B

R.C).

From this it appears that the channels can only be switched during the picture sync.
As this comes every 20 ms, the control desk operator will not notice anything, but in
this way switching from one image to the other in the middle of an image is
prevented.
Assuming that output P of the 7475 is high, then lamps LA and L'A will glow. LA is
located on the control desk over the appropriate monitor. LA is fitted on the camera
and serves as a tally light. As required by the supply voltages, one lamp is a 5 V and
the other 12 V. Both require 30 to 40 mA. IC25 is also connected to the outputs of
the 7475 (e.g., the wipe-pattern generator from Figure 3.38 can be connected to this
IC via trick inputs A, B and C). When the inputs are not used, they can either be left
open or be connected to +5 V.
Finally, the picture blanking is provided by IC21. The result is that during the
picture blanking all channels are blocked. Blocking during the line blanking was not
adopted because it would have caused too many problems should the sync generator
be driven by an external source (via channel C). Outputs of IC21 (al, bl and cl) are
connected to the corresponding inputs of the video amplifiers.

3.5.4.1.

Keyer

Signal required by the keyer is derived from the video signal at T41 to T44 inclusive.
S3 serves to select the channel which is to provide the drive. Assuming channel A,
then the video of this channel will be amplified ten to twelve times by T41. T42 is an
inverter. The black levels of the inverted and non-inverted signals are established by
P7 and P8. The signal on the emitter of T44 will then be the ‘square wave A’ shown in
Figure 3.42 and the signal on the emitter of T43 the ‘square wave B'. S4 determines
whether a channel is to be keyed positively, negatively or not at all.
The keyer does not contain a comparator for two reasons. One, a comparator
circuit is always rather critical and tends to give inferior results when used in
combination with simple equipment; and two, the purpose of this book is to offer as
wide a variety of circuits as possible. With the circuit shown every video signal cannot
be keyed optimally with it because the blanking depends on the intensity of the
original video signal. However, if the video signal is suitable (proper black back
ground and not too much contrast in the bright foreground), the results will be very
nice without any trace of fringing along the edges or any other inaccuracies. Further
improvement might be realised by replacing the collector resistor of T41 by a 5 kil
potentiometer.
Since the trimming possibilities are then increased, the keying can be optimised. A
disadvantage is the increase in number of switches and buttons. This may seem to be
unimportant, but experience with this control desk has proved that any extra switch
or button is one too many when making a recording.
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3.5.5.

Audio mixer/amplifier (Figure 3.58)

Two (stereo) audio sources can be mixed with one mono audio signal coming from a
video recorder (approximately 1 Vp-p). The signal is available as a stereo signal at
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Figure 3.58. The audio mixer!amplifier

the audio outputs. It is also available as a mono signal at 1 Vp-p at the other outputs
(two outputs to ‘match’ the two video outputs).
For the headphone output it is important that high resistance headphones (200 fl
or more) are used.
Finally, 30 V d.c. is available at one of the inputs to supply an audio control panel.

3.5.6.

Supply unit

The diagram (Figure 3.59) is self-explanatory. The voltages measured and to be
measured are referred to in the diagram. An integrated voltage stabiliser, such as the
L 129 (5 V) or the L 130 (12 V) may be used instead of the IC 5723 in combination
with a power transistor. The control desk consumes approximately 60 W, half of
which goes to the monitors, so the Amroh transformer kit P105U was used.
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3.5.7.

Final remarks

As the most critical part of the unit is the supply for the sync generator, it is
recommended that the 2500 pF capacitor in the +5 V supply section be mounted on
the printed circuit board of the sync generator. Figure 3.60 shows the pulse train
surrounding the picture sync (top) and the corresponding picture blanking (bottom).
At the time of writing the control desk has functioned very satisfactorily for over
three years. Of course, this does not mean that there have never been problems.
Generally, however, they have resulted from causes outside the control desk and
have occurred especially when attempts have been made to process signals in the
control desk which came from a video recorder of, say, pre-1974 period. Generalisa
tions will, of course, never do; yet it should be said that the sync of a signal coming
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from a somewhat older type of video recorder will often flutter about 30 ps or more.
Hence it is understandable that processing such a signal in a control desk is hardly
possible.
However, with stable sources such as cameras, open-net broadcasts or a good
video recorder, this simple control desk is very effective in its field.

Figure 3.60. The pulse train surrounding the picture sync, produced by means of the control desk (top) and
the matching picture blanking (bottom)
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4

Transmission and reception systems;
monitors

It has been said before that it is not the intention of this manual to enter deeply into a
discussion on television receivers and their operation; in this field so many standard
works of different degrees of complexity have appeared that it is even a problem to
make a proper selection for the bibliography. Very well-known is (Ref. 4.1).
However, in a video manual transmission and reception systems for video must be
discussed because everyone who is enthusiastically interested in video will sooner or
later have to face the following problems:
(a) How do I show my video recording on an ordinary TV set? (see Sections4.1 and
4.3.3)
(b) What is the best way to record an open-network broadcast? (see Sections4.2 and
4.3.3)
(c) How do I make a good monitor? (see Section 4.3)

4.1.

Modulators

To solve the problem mentioned under (a) a modulator is required, which; super
imposes the ‘neat' video and audio signals on to a high-frequency carrier wave. If for
the carrier a frequency is chosen which falls in an unused television channel, the
receiver can be tuned to that channel, which satisfies the problem. To make such a
modulator is not difficult; but to make a really good one is.

4.1.1.

A simple vision modulator

If we restrict ourselves to modulating the carrier with the picture only, it will be
possible to make a modulator in a very simple way.
The carrier is modulated negatively in the majority of systems. Negative modula
tion was preferred to positive modulation because interference pulses then manifest
as ‘black' rather than ‘white’. As shown in Figure 4.1, amplitude modulation is
adopted, and a simple oscillator whose amplitude can be changed in accordance with
the video information is given in Figure 4.2. It should be noted that the oscillator
produces a signal in the v.h.f. (very high-frequency) band on channel 6 (e.g.. UK
Band III). The design of a stable oscillator working in the u.h.f. (ultra high-frequency)
band is more critical and calls for more specialised techniques. For those interested, a
u.h.f. transmitter is described in Radio Bulletin, January 1980. pp. 12-16 inclusive.
In Figure 4.2 T2 is connected in common-base mode, and the main frequency
determining elements are the air-cored coil (L) which has seven turns, and the 18 pF
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Figure 4.1. Video signal and matching modulated
carrier (negative modulation)
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Figure 4.2. A simple picture modulator for channel 6 (v.h.f.)

I

capacitor connected in parallel with the coil. By selecting a trimmer of approximately
30 pF for this capacitor it is possible to tune the oscillator to a spare v.h.f. channel.
The supply voltage for the collector of T2 is supplied by the video signal (whose phase
is shifted by T1). Modulation depth can be set by P1 which is adjusted while viewing
the picture. Overmodulation gives a negative picture which cannot be synchronised
at all or only just, while undermodulation is apparent by the picture being grey and of
poor contrast.
This modulator will guarantee a fine picture provided that it has been carefully
constructed (short connections and preferably housed in a metal casing). However,
there are a number of disadvantages:
(a) There is no sound. The sound channel will have to be reproduced by means of a
separate amplifier, or some other way so that it will reach the loudspeaker of the
TV receiver. All this is of course rather circuitous, but a positive advantage is
that the sound quality is that much better when fed via a separate amplifier direct
to the loudspeaker.
(b) The modulator produces a number of harmonics, but this does not matter too
much provided the output does not penetrate into the neighbours' aerial system.
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(c) The output frequency is slightly dependent on the load. This will not cause any
difficulties provided that termination takes place correctly with 75 fl.
(d) Unlike a ‘real’ transmitter signal, the signal contains the two (upper and lower)
sidebands which arise in modulation. This is not too obvious. However, the
room occupied by the signal is twice that of a standard transmitter. A single
sideband filter can be constructed, but special test equipment is required to set it
up properly. The filter should not only have a special frequency characteristic,
but also a suitable phase characteristic (see Ref. 4.2). Complete single sideband
filters can be obtained commercially.
4.1.2.

A complete v.h.f. modulator

Figure 4.3 shows the block diagram of the modulator. Two oscillators are
used, one at 6 MHz whose signal is modulated by the audio signal, and another on
the required channel whose signal is modulated by the sum of the video signal and the
modulated audio signal.
6 -MH2
oscillator

Audio signal m &->-

Video signal in o-

Preemphasis

FM

50ps

modulator

Clamping

Miner

AM
modulator

R f out

I
VHP
oscillator

Figure 4.3. The block diagram of a TV modulator

To improve the signal-to-noise ratio and satisfy the CC1R requirements 50 p.s
pre-emphasis is applied to the audio signal; the RC time of the filter used should
consequently be 50 ps. The frequency deviation of the f.m. modulator should be
50 kHz. The complete diagram is shown in Figure 4.4. Pre-emphasis is achieved by
connecting an 0.18 pF capacitor in parallel with the 270 fl emitter resistor of Tl.
T2 is the heart of the 6 MHz oscillator. LI is wound with 50 turns of 0.4 mm
enamelled copper wire on a rod core whose diameter is 6 mm. The oscillator
frequency can be set to the proper value by the 40 pF capacitor and the core;
frequency modulation is achieved by varicap BA 102. A type with a yellow dot (2430 pF) is best for this.
The signal is fed, via the 3.3 pF capacitor, to the degenerated mixing amplifierT3.
Owing to the high degree of degenerative feedback, T3 base forms a so-called virtual
earth point. If it is assumed that T3 amplifies lOOx without the feedback, then when
the 1 kfl feedback resistor is connected the (apparent) input resistance of T3 will be
about 1 kfl (the feedback resistance) divided by 100 (the amplification without
feedback), or 10 fl. Video signal arriving from the 390-fl resistor is thus divided
down in the ratio 40 to 1 by the voltage divider formed by the 390 fl resistor and the
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virtual input resistance of 10 O. T3 has a gain of 100 times, so the video signal is
amplified 100/40, or 2.5 times.
The reactance of the 3.3 pF coupling capacitor is approximately 9 ()00 ft, so the
f.m. carrier is attenuated approximately 9 times. The advantage of this mixing circuit
is that the inputs hardly influence each other, because the signals at the mixing point
(the base of T3), are considerably attenuated. Amplitude modulation of the sum
signal is achieved by T5. The oscillator signal generated by T6 is applied to gl of this
dual-gate MOSFET (avoid static charges on the gates’.) and the value of the drain
current is determined by the voltages on both g 1 and g2. L2 is tuned to the oscillator
frequency by 22 pF trimmer in the drain circuit.
Figure 4.5 is a full-size picture of the printed circuit board which can be fitted in a
metal casing of 100 x 55 x 40 mm (Figure 4.6).

Trimming
Connect the video and audio sources to the modulator and try to find on the TV
receiver the channel to which the oscillator has been tuned. This will probably be
close to channel 6. Adjust the 22 pF trimmer across L2 for maximum resolution and
minimum picture noise. If necessary, readjust the channel tuning of the TV set. Trim
for the proper amount of modulation depth with P2 by comparing the brightness and
the contrast of a good off-air picture with that obtained via the modulator.
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Figure 4 5a. Printed-circuit board pattern of the modulator as discussed in Section 4.1.2

_l

10k

f

12k

BC107^
e

cl

*£*22 ®

33p

fa

ZD?

H Tj'u

180l" r

BC212 V. I

T
j

AV 22^
•O*

\\12k7OPr* 33
\H * /fr

2200p

Figure 4.5b. The component side of the printed circuit board of Figure 4.5a
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Tune the sound signal by the 40 pF capacitor across LI for the best quality free
from Tattle' or 'chirping'. Excluding receiver faults, 'rattle' may result if the earth
connection between modulator and video recorder, or camera, has too high a
resistance. Thicker, low resistance wires and strong plugs would then be required.
'Chirping' may arise if the audio input receives a high-frequency signal. Correction
requires efficient screening, short connections and. if not present, a de-emphasis
filter in the audio channel. Finally, adjust sound modulation depth with P1. The best
way to do this is by comparing the signal of an off-air station with that from the
modulator. Equal sound intensity between the two conditions means equal modula
tion depth. The modulator is also suitable for colour when correctly adjusted.

4.2.

A television tuner

In the above section the modulation process was considered. The following section
will deal with the reverse process, demodulation. The description concerns a TV
tuner constructed around an electronic channel selector (front-end). The tuner has
the following properties:
(a) Input 75 Q coax.
(b) Electronic push-button tuning; a.f.c. possibility.
(c) Output 75 Q; I V video signal, colour (0.7 V picture. 0.3 V sync). The picture
content is adjustable from 0 to 0.7 V amplitude.

Figure 4.7. The tuner in good company

(d) Low-impedance sound output (approx. 1 V , 'diode output’).The output level
is adjustable.
(e) Monitor output both for sound and for picture. Sound 1 Vp.p, picture also
1 Vp p. 75 fl. These outputs are at fixed levels.
12 V. 150 mA is needed for the supply, which can be obtained from the following
equipment (control desk, video recorder) or from a built-in supply unit. In the latter
case, the tuner should, of course, be connected to the mains supply.
The tuner has been specially designed for use in combination with a (colour) video
recorder and/or an audio recorder.

4.2.1.

The block diagram

The main units are the tuner and the two medium-frequency (m.f.) amplifiers,
(Figure 4.8) obtainable from component suppliers at a reasonable price. The follow
ing units were used in the design desribed: Imperial ET272 electronic tuner; Grundig
video m.f. amplifier 29301-002.03; and Grundig audio m.f. amplifier 29301-003. To
construct a tuner or a video m.f. amplifier would not only be rather difficult, but their
prices are such that a do-it-yourself exercise is barely warranted.
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Figure 4.8. Block diagram of the timer

The construction of the audio m. f. amplifier is so simple that it would be possible to
construct it yourself but is hardly worth while doing so because its price is very low
also. Audio and video m.f. amplifiers are often obtainable on one printed circuit
board.
The push-button switch for electronic channel/band selection is available in two
versions so far as I am aware: for f.m. and for TV. The f.m. one does not have a band
switch. This need not be too serious a problem, but it does mean that an additional
three-position switch is needed for band switching. The output from the tuner is the
signal from the m.f. video amplifier, which is also used as the input for the control
unit.
The control unit yields two pulses from the video signal, which are:

(a) sync pulse, required as a switching pulse for the keyed a.g.c. and
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(b) blanking pulse, required as a switching pulse for the adjustable video output (see
Figure 4.9, where the sync pulse is shown at the top and the blanking pulse
derived from it at the bottom). Point (b) may need some further explanation.

Figure 4.9. Line sync with burst (top) and line blanking (bottom)

For adjustment to the intensity of the colour video signal, two methods are available
(see also Chapter 3): one, removal of the sync and burst, adjustment to the intensity
of the video signal and then reinsertion of the sync and burst; or two, a method
whereby adjustment occurs only during the picture part of the video signal (see
Figure 4.10). A block diagram for the second is shown in Figure 4.8.
Signal from the m.f. video amplifier consists of two parts, the synchronisation part
S and the picture part B. By supplying the blanking pulse shown in Figure 4.10 to T,
the bottom of P2 is provided with 3 V during part B of the blanking. This happens
Amplitude
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Video signit
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—Time

I <»Olt)

Blinking
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Time

Figure 4.10. Composition of video signal and blanking
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because T conducts. P2 will now be a voltage divider by means of which the video
signal can be adjusted between maximum (approximately 4.4 V) and 3 V (black
level).
During S, T does not conduct and the bottom of P2 is not clamped. Regardless of
the position of P2. the wiper will then have the same potential as the top of P2. For
correct operation the load connected to the wiper should have an impedance which is
much higher than the resistance of P2 and T, when it conducts, an impedance which is
much smaller than the resistance of P2. The second requirement is difficult to meet
completely, particularly at high frequencies. When P2 is 1 000 (1, an impedance of
10 fl due to T will result in a maximum video signal attentuation of 1 : 100 (i.e.
40 dB). A substantially greater ratio than this cannot be obtained with the circuit.
Hence, the final design adopts a different circuit (see Section 4.2.2.3).
Diagrams

Figures 4.11, 4.12 and 4.13 show the circuit diagrams of the tuner and the two m.f.
amplifiers. More information on their operation is given in Refs. 4.3, 4.4 and 4.5.
Figure 4.14 shows the control unit, the a.f.c. circuit, the output circuit, the supply
unit and interconnections.
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4.2.2. 1.

Connection ofpush-button selection and tuner.

If the tuner is complete with a connecting circuit board, this should be removed so
that only the tuner is left. Figure 4.11 shows the connecting pins in the positions
appropriate to the unit employed. The u.h.f. and v.h.f. inputs are interconnected
and, together, form the common aerial input. Pin 2 should be connected to +12 V
for Band I, pin 3 for Band III and pin 5 for u.h.f. (Band IV and V). As the unit which
happened to be available (an f.m. type) did not contain a band switch Band I was not
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I
I

used, and indeed, a normal two-position switch was converted into a band switch for
Bands HI and IV/V (S2 in Figure4.14) *
When S2 is open. T3 will conduct and pin 5 will be connected to + 12 V; when S2 is
closed, pin 3 will be connected to +12 V and T3 will cut off so that pin 5 goes to
chassis potential. It you should wish to look at Band I occasionally without doing
without bands III and IV/V, a three-position switch will be the only solution.
Pin 4 of the tuner should be connected to a tuning voltage (variable over approx
imately 2 to 20 V).
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Figure 4.14. Complete circuit of the timer
• Note. In the UK all 625-line programmes (colour) are currently transmitted on the u.h.f. channels in
Bands IV and V. It is possible, after the 405-line transmissions arc phased out completely, that the v.h.f.
channels in Bands I and II will be re-engineered to accommodate 625-line transmissions. At the present
time, however, the UK video enthusiast will require to receive mainly the 625-line programmes in the
u.h.f. bands
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4.2.2.2.

The audio channel

Negative video signal (sync ’at the top') appears at pin 14, and positive video signal
(sync ‘at the bottom') at pin 15. As the negative video signal was not needed, the
sound carrier was extracted from pin 14, via a 12 pF capacitor. Should the unit supply
only a positive-going video signal, then the sound signal can be obtained from this,
again via the capacitor also. The low-frequency (Lf.) audio signal is available at pin 8.
The 4.7 kfl resistor and the 10 nF capacitor together provide the required 50 |xs
de-emphasis, which corrects the ‘pre-emphasis’ applied in the transmitter. By con
necting a 5 k£2 variable resistor in series with a 1.5 kQ fixed resistor between pin 10
of the m.f. amplifier and chassis, it is possible to preset the sound output level.

4.2.2.3.

Control unit

Video signal at pin 15 follows two directions. One goes to the control unit (described
below) and the other to T5 and thence to the output circuit via L9, tuned to the sound
frequency of 6.0 MHz. The latter circuit separates the sound from the picture.
Following the first path from MP1, the sync separator will be recognised from
Section 3.3.1.3. comprising transistors T6, T7 and T8.
A clean sync pulse is present at MP2. This keys the a.g.c. at pin 10 of the m.f.
amplifier and triggers the two monostable multivibrators formed by the four gates of
IC1. The waveforms from the multivibrators are illustrated in Figure 4.15 and 4.16,
the latter from an oscilloscope.
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Figure 4.15. Diagram of pulses at the control unit

The voltage at MP4 may be called ‘line blanking', but is not yet suitable for
synchronising because it is devoid of picture sync pulse. To restore the picture sync
pulses the signals at MP2 (total sync signal) and MP4 (line blanking) are combined
into a NAND gate. Signal at MP5 (and the inverse at MP6) serves as a switching
pulse.
Returning toT5, the uncontrolled video signal (2 Vpp, see Figure4.10) is available
at T5 emitter and is extracted via the 68 Q resistor. Assuming that the black level of
this signal is 3 V and that P5 is also set to 3 V, then a signal will be available at the
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Figure 4.16. Signals at point 2 (sync) and points 3 and 4 (blanking)
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Figure 4.18.
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of the a.f.c. circuit

wiper of P2 which can be set (by P2) to any value between 0 and 2 Vpp. However, its
black level will be held at 3 V.
Gate ‘ 10.1 1,12’ of the CMOS bilateral switch 4066 connects during S {Figure 4.10)
the upper side of P2 with the output transistor (T5); during B gate ‘ 1,2,13’ feeds the
present video from the wiper of P2 to the output transistor. Figure 4.17 shows the
printed circuit board of the complete control unit.

4.2.2.4.

Automatic frequency control

As an extra feature an a.f.c. circuit was added finally. You might leave it out if you
don't need it. because it is not indispensable, but it actually makes tuning easier. In
fact it consists of a sound detector which extracts the 33.5 MHz sound carrier directly
from the m.f. signal. At pin 8 of the TBA 1205 you will find the detected audio signal.
Because the TBA120S is a f.m. detector, any deviation from the 33.5 MHz at the
input will mean a change in d.c. level at pin 8. This change is amplified by T2 and will
(added to the 24 V d.c. from the supply unit) counteract the deviation from the
33.5 MHz central frequency by changing the tuning voltage at pin 4 of the tuner. S3
disconnects the a.f.c. circuit. Figure 4.18 shows the printed circuit board of the a.f.c.
circuit.

4.2.3.

4.2.3.1

Adjustment
Tuner and m.f. stages

The tuner and the two m.f. amplifiers will usually have been adusted by the manu
facturer. Retrimming should only be attempted with a calibrated wobbulator. Even
then care is required. Service information is available concerning the Grundig m.f.
amplifiers (Ref. 4.5).
The overall response curve should have the characteristics shown in Figure 1.17. It
may be necessary to readjust potentiometers RA and RV (compare with Figure
4.12), the first until the video signal has a value of 2 Vpp without load and the second
so that the control voltage just starts to appear at pin 13 of the m.f. amplifier when a
signal is fed to the input which gives a picture that is just noise-free (from approx
imately 9 V uncontrolled to approximately 8 V controlled). RV determines the
point where the delayed a.g.c. starts to take control.

Figure 4.19. Ingoing video signa! (top) and signal at test point 3 (bottom)
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Control and output circuit
With an oscilloscope set to the line frequency (see also Figure4.15).\

(a) Oscilloscope at MP1. The uncontrolled video signal should be present here. If
necessary, readjust RA until its level is exactly 2 V pp.
(b) Oscilloscope at MP2. Here the sync is to be found. No adjustment is required;
absence of sync is indicative of a fault.
(c) Oscilloscope at MP3. Set P3 so that the trailing edge of the pulse coincides with
the end of the back porch of the line pulse. (Figure 4.19 is an oscillogram of the
picture sync below the incoming video signal.)
(d) . Oscilloscope at MP4. Set P4 so that the leading edge of the pulse coincides with
the beginning of the front porch of the line pulse.
(e) Oscilloscope at T10 emitter. With the wiper of P2 in the bottom position, set P5 so
that during B (see Figure 4.10) the level is the same as the levels of front and back
porches during S. Correct results are shown in Figure 4.20.

Figure 4.20. Outgoing signal with P2 fully retarded

(f) Oscilloscope at T5 emitter. Adjust L9 core so that the amplitude of the 6 MHz
signal, seen as a kind of vertical line widening in the video signal, is as small as
possible.
4.2.3.3.

The a.f.c. circuit

Correct trimming of this circuit can only be achieved with the aid of a wobbulator. In
that case:

Open S3. Oscilloscope at T9 emitter. Adjust the trimmers across L1 and L2 so that the
middle of the tuning locus (33.5 MHz) is at a voltage of about 2.5 V. After this, P6
should be adjusted so that its upper end is at 2.5 V also. When closing S3 a.f.c. should
lock without problems to the incoming TV station.
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If you have to adjust the circuit without the aid of a wobbulator you can try to
locate the audio signa! of the TV station tuned to. In this case, open S3, disconnect
the 1 p-F capacitor at T9 base and connect an audio amplifier to T9 emitter. When
properly adjusted (with the trimmers across L1 and L2) a voltmeter connected to T9
emitter should read 2.5 V. If you do hear the audio signal, but cannot obtain 2.5 V at
T9 emitter, the 4.7 kfl resistor in T9 base circuit can be adjusted in value. But, once
again, a wobbulator is indispensable, really.
This completes the trimming of the unit as a whole.

Results
The supply voltage may vary between 11 and 15 V (12 V nominally) without any
noticeable deterioration in picture or sound. If the supply voltage is increased, the
amplitude of the video signal will increase as well. No readjustment will be neces
sary, however.
A control range of 60 dB. obtained with the output circuit used, is more than
sufficient to adjust any picture back to ‘zero’. Of course the control unit can be
separated from the tuner and used as a fader; in that case you have got a fine
colour-fader.

4.2.5.

Cabinet

Figure 4.21 shows the completed unit. Two 2 mm thick aluminium plates (front 70 x
260 mm and rear 60 x 250 mm) are kept in place by four copper bars 8 mm diameter
and 140 mm long. The whole unit slides into a case of veneered blockboard.
Regarding connectors, the types visible on the photographs (e.g., DIN for audio
and BNC for video) provide simple and good connections to other units.

Monitors

The first question here must be ‘how does one define ‘monitor'?’ I think that a
monitor can be regarded in this context as a very sophisticated television set having
no r.f. or m.f. sections. This is possible because video signal is fed direct to the picture
tube.
Monitors are obtainable in a variety of types and sizes, the latter distinguished by
their picture sizes (diagonals) as follows:
lin portable cameras for amateur use;
4in viewfinders (Section 3.5.3 describes such a viewfinder);
7in control monitor or viewfinder;
12in control monitor;
20in reproduction monitor;
25in large-screen reproduction monitor.
This list applies to the so-called ‘direct-vision’ tubes. Larger pictures require projec
tion TV (e.g. the Eidophore; see Section 4.3.4.).
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Fieure 4.21. The inner on its side. The connector for the uncontrolled video signal is located at the rear

D.C. restoration
D.C. restoration refers to the restoration of the d.c. component in the video signal. It
is an important requirement for high quality monitors, because many cameras and
video recorders deliver video with a d.c. component owing to the use of a.c. coupled
rather than d.c. coupled amplifiers. Figure 4.22 illustrates why d.c. restoration is
required. Video signal of a black image with one white line is shown at (a), while (c) is
video signal of a white image with one black line (for simplicity the line sync is
omitted). When the d.c. component is missing the results are as shown at (b) and (d)
respectively. The black background of (a) and the white background of (c) have
become grey. When in programme material scene (a) is followed by scene (c) the
dynamic range (difference between peak white of (d) and black of (b)). which should
be 0.7 V. is compressed, not being even 0.2 V. Moreover, in (b) the details in the
peak white are lacking and in (d) those in black.
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The only solution is d.c. restoration, and the simplest way of achieving this is by
clamping the incoming video signal with the sync tops to a fixed (d.c.) level.
A less simple way is by fixing the back porch of the synchronisation interval to the
desired level, using keyed clamping. Section 2.4.1.2 (Figure 2.51} explains both
methods.
A monitor without d.c. restoration is of small value for serious applications. An
effective check of the video signal quality is impossible with such a monitor. When
purchasing a monitor the question of d.c. restoration should be investigated.
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Figure 4.22. Effects due to the absence of the d.c. component shown for two kinds of video signal

4.3.2.

Plugs and adaptations

It is difficult to find one's way in the extremely large variety of plugs and cables
available in the field of video for connection purposes. Because an attempt to be
complete is bound to fail, only those connectors and their connections which in my
opinion are most important are considered here.
(a) TV plug- Mainly known by the name Belling
Lee (see the left-hand plug in
Figure 4.23}, this plug/socket is mostly used for r.f. connections. It is often used
in amateur equipment, because many inputs and outputs of this equipment
operate on an r.f. basis.
(b) Standard 240° DIN plug (second from the left in Figure 4.23}. used in older
Philips equipment. The video tape recorder often contains 240° female and the
monitor 240° male (see also Figure 4.24}. Pin 1 is connected to a switching
voltage from the recorder, which is ‘high' when the recorder is switched to replay
mode. It causes a relay in the monitor to operate, which then connects the
monitor to the recorder. Video signal from the recorder is then present at pin 2.
When the recorder is in recording mode, the switching voltage is ‘low' and the
video signal to be recorded emanates from pin 2. When the monitor has an r.f.
section, which is mostly the case with amateur equipment, the monitor provides
the video signal for recording. Pin 3 in the earth connection.
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I

Figure 4.23. From left to right: The IEC 'TV plug', the 240° DIN plug, the Japan I plug and the BNC
connector

Audio line is connected to pin 4; for recording the audio signal enters at this
point: for reproduction it is delivered to the same pin by the video recorder.
Finally, pin 5 is connected to the ■+■ 12 V supply (from the video recorder), which
is intended for an adapter. Audio input and output arc a.c. coupled while the
video input and output are d.c. coupled. However, the video signal does not
have a fixed d.c. level.
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Figure 4.24. The connection of the 240° DIN plug
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Figure 4.25. Connections of the Japanese I plug
(the chassis part on the video recorder)
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Figure 4.26. Audio plugs (chassis pans). The following applies to cables: Interconnect cables with two males
crosswise (1 to 3 and 4 to 5); Interconnect cables with one male and one female normally (1 to I, 4 to 4 etc.)
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(c) Next a plug which perhaps best could be called ‘Japan-I’, because it is present on
many pieces of equipment of Japanese design. It is shown second from the right
in Figure 4.23. The cable part is always male and the frame (chassis) part female.
The connections shown in Figure 4.25 are for the recorder side of the cable; the
same refers also to the frame part on the monitor, but on pin 1 the audio signal
from the video recorder arrives.
(d) The BNC connector for the video signal, and the 180° DIN for the audio signal.
The BNC connector is shown at the far right in Figure 4.23. This plug enables
connections to be made quickly and well, and is used extensively on professional
equipment. It is one of the best plugs for low-frequency connections while the
Belling & Lee TV plug is best for r.f. connections.

Pin numbers of the 180° DIN audio plug are shown in Figure 4.26. The chaos in the
field of audio plugs is possibly even greater than that in the field of video. Plugs
consistently connected as shown in Figure 4.26 allow interconnection compatibility,
regardless of equipment source.
I prefer to mount frame parts with pins (male) on signal sources (e.g. a record
player, a tuner, the output of a control desk) and female frame parts on any other
piece of equiment. A cable with one male plug and one female plug serves as a
connecting cable in these cases. In this system of ‘compatibility’ it is important to
interconnect cables with two males crosswise; that is pin 1 of one plug is connected to
pin 3 of the other, and vice versa. The same applies to pins 4 and 5. See caption for
Figure 4.26.
Adaptations
It is important to terminate cables of 1 metre or more in length with their correct
impedances. With video it is customary to work with coaxial cable of 75 (1 character
istic impedance. This means that the source should have an output impedance of
75 fl and that the input of the equipment to which the source is connected a
corresponding input impedance (see Figure 4.27).
When d.c. level at T1 base varies between 3 and 5 V, the emitter (no load) will vary
between approximately 2.3 and 4.3 V. After connecting the correctly terminated
cable and hence the ‘receiver’, the output voltage will be approximately halved so the
input of T2 will vary between 1.15 and 2.15 V. The video signal present at T2 emitter
Transmitter"
4-12
Receiver

T1

75

r

Cable--------------1

_______ I
Figure 4.27. Cable adaptation
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will then vary between appro:xiniately 0.5 and 1.5 V. Power dissipated by T1 is about
220 mW maximum and 190 mW average. The output is short-circuit 'protected'. In
the case of a short-circuit to chassis, for example, the average current through T1 will
be approximately 45 mA and the average power about 350 mW with a 12 V supply.
A BC337 can thus be safely used for T1.
Because a relatively large current flows through the cable (20 to 30 mA), solid
connections and good low resistance plugs are necessary for reliable operation.

4.3.3.

Converting a TV set into a monitor

When converting a TV set into a monitor the main problem is in electrically isolating
the receiver from the mains supply. Other problems are fairly easy to solve using one
or two emitter followers and a few other simple components.
Most TV sets have one side of the mains input connected to chassis. In that way the
manufacturer saves a supply transformer and the customer will not notice it anyway
. . . unless he wants to provide his set with a tape recorder output or a video
connection! A simple and frequently used method is to ascertain how the plug should
be put into the socket so that the chassis is connected to mains neutral, and then
resolve to insert the plug into the socket in that way every time.
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Figure 4.28a. The circuitry following the video detector of an average TV
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Figure 4.28b. Circuitry following the f.m. detector of an average TV
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Gam
control

Under Finnegan’s first law this means certain death on your own, home-made
electric chair.
There are three alternative methods left:
(a) Use a modulator and a TV tuner. For those who want to make use of this (rather
complicated and expensive) method, it is referred to in Sections 4.1 and 4.2.
(b) Fit a mains isolating transformer or. better, purchase a TV set which includes a
mains transformer (see Section 4.3.3.1).
(c) Use an opto-electronic coupling (Section 4.3.3.2).
4.3.3. /.

Conversion with the aid of an isolating transformer
The following assumes that a TV set with an isolating transformer is available. This
may be either a set with a mains isolating transformer which has been built in
afterwards, or a set which had already been provided with a transformer by the
factory.
Figure 4.28 shows the circuit in an average TV set at two points which are
important for conversion, i.e. just after the video detector and just after the audio
detector. The branch between the video detector and the picture tube is interrupted
at A and B (i.e., after the tap to the keyed a.g.c. and m.f. audio amplifier, but before
the tap to the sync separator). At this point the video signal is approximately 1 Vpp
complete with d.c. component.
The branch between the audio detector and the loudspeaker is interrupted at C
and D (i.e., after the de-emphasis filter, but before the gain control). The circuit in
Figure 4.29 is connected between points A and B and C and D respectively. Cl may
be needed if there is a possibility of oscillation. C2 gives treble boost to compensate
for an early upper-frequency roll-off. The relay is energised by an external control
voltage (taken from the tape recorder or control desk) and is a type with three
changeover contacts.
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Figure 4.29. Adapter circuit for conversion of a TV to a monitor

If a suitable d.c. level is not present at point A, an a.c. coupling, as shown for T2
base, could be fitted. The necessary + 12 V could be obtained from a suitable source
in the set itself, followed by decoupling. This circuit must not be used with a TV set
without adequate mains isolation.
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4.3.3.2.

Conversion with the aid of an opto-electronic coupling

A particularly elegant solution to the problem of mains isolation is to be found in the
application of the opto-isolator. In simplest form this consists of a lamp and a
light-sensitive cell. Such a combination once had a frequency range of only some
kHz, but because the lamp is now replaced by a light emitting diode (l.e.d.) and the
light-sensitive cell by a photodiode, a frequency range of some tens of MHz is
feasible. This offers good perspectives for the transmission of complete video signals.
For the job in hand the l.e.d. is coupled to the TV set and the photodiode to the
video recorder or the control desk. Provided the opto-isolator provides adequate
insulation between the TV set and the external circuit, a mains isolating transformer
can be avoided.
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Figure 4.30. Opio-isolator for video transmission from and to a TV

Some opto-isolators can withstand potential differences of over 2 k V. Figure 4.30
shows a circuit built around the Hewlett Packard 5082-4350 opto-isolator. Current
through the l.e.d. should be approximately 15 mA d.c.; the a.c. component maybe
about 2.5 mA. A video signal of approximately 0.15 Vpp is present between pins 6
and 8. The original 1 Vpp video signal is present at T3 emitter due to 6 to 7 times
amplification byT2.
At 1 MHz the frequency response curve for this test model begins to drop grad
ually; at 4 MHz the amplitude falls to half its original value. Such a response is amply
sufficient to provide excellent black-and-white pictures. For colour the frequency
range is a trifle restricted, which might manifest as slight colour errors. There is a
delay of approximately 0.3 pls between the incoming and outgoing signals, depend
ing on supply voltage, but in the design described it has no influence whatsoever on
performance. Moreover, it has potential for other applications. In principle, the
opto-isolator may serve as a variable delay line.
One more remark concerning the supply: The supply for one half of the circuit
(-1-5 V) is obtained from the transmitting set (e.g. the television set); that for the
other half of the circuit (4-12 V) is obtained from the receiving set (e.g., the video
recorder). Of course, it is imperative to avoid interconnecting the 'earthy’ (chassis)
circuits as this would destroy the mains isolation and put the external circuit on one
side of the mains’
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In principle, the same technique can be adopted for the audio signal. However, at
the lower audio frequencies distortion occurs due to non-linearity. The non-linearity
of the first combination can be offset by integrating a second combination. One i.c.
with two paired combinations in one housing is the MCD2-M from Monsanto. For
more details refer to (Ref. 4.6) and to the application notes by Monsanto.
It is pointless to pursue the subject in greater depth because the same result can be
obtained more easily using an old mains transformer of suitable audio character
istics. Any transformer whose insulation between primary and secondary is designed
for 240 V a.c. will do. I have an old transformer suitable for a supply of 220/110 V
which can deliver 24 V 50 mA from the secondary and even now could not be
described as expensive. A test with the audio generator proves that it yields an
excellent sine wave, though there is a difference of about 13 dB between input and
output if the 110-24 V combination is used. No-one, however, is likely to object to
this. Moreover, the Bode plot is straight from 20 to 20 000 Hz. Over 20 000 Hz the
characteristic will rise approximately 4 dB (no load) and at 40 (MX) Hz the output is
zero. If 4.7 kfl is used as a load and the 110 V tapping as a secondary, 6 dB of the
13 dB remains and the Bode plot becomes as flat as a ruler.
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Figure 4.31 shows the circuit of a transformer coupling and an emitter follower
which has been added in case the point you take the audio signal from is high
impedance. It may be possible to omit the emitter follower, which is better, for then
the audio signal can simply pass through the transformer from left to right and from
right to left. Leave the isolating capacitors where they are! A little d.c. through the
transformer will not do any harm, though it is desirable to ensure that the core is not
magnetised.

4.3.3.3.

Time constant offlywheel synchronisation

The signal from a video recorder is rather unstable due to many causes. Due to tape
stretch and irregularities in the tape transport, for instance, the pulse repetition
frequency of the line sync can jitter by as much as 20 jis. When the TV set cannot
follow this sync jitter due to the flywheel synchronisation, the picture will be
accompanied by a slow wobble. To reduce this ’belly-dancing’ of the picture as much
as possible the time constant of the flywheel synchronisation should be reduced. In
most sets the phase detector is followed by an RC filter as shown in Figure 4.32.
To ensure that the line oscillator is better able to follow the jittering sync (the jitter
itself cannot be reduced) Cl can be reduced by a factor of 10 to 15. 33nF is a fair
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value In circuits containing C3 and R2 (shown dotted), the latter can be increased to
advantage by a factor of about 3. In the circuit shown this would be about 1.2 MQ.
Belly-dancing should then be eliminated (see Figure 4.33 in which the left-hand
top part of a grid pattern is shown). However, if the picture is still not completely
stable, it is worthwhile e,xperimenting with the value of Cl. Reducing the value of C2
may also be tried, but 2.2 nF is a reasonable value. The edge defect at the top of the
picture can rarely be improved by the above measures. This is sometimes particularly
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Figure 4.32. RC filter in the phase detector of a TV

obvious and, as shown in Figure 4.33, the vertical lines will then be clearly inter
rupted while the bottom moves to and fro. The origin of this symptom lies in the
switching from one video head to the other (see Chapter 6).
Increasing R2 by a factor of about 3 helps to cure the trouble. It is a good idea to
replace R1 by a 100 kfl trimming potentiometer, adusting until the edge defect
disappears.
This completes the trimming. It is generally true that the fewer changes the better.
Changes to the time constants can result in increased sensitivity to interference.
Therefore, in modern equipment one of the push-button switches for channel
selection (commonly the last one, and sometimes indicated AV or VTR) is provided
within a smaller flywheel time constant, while the others kept at the normal value.
Edge defect

Belly dance

Figure 4.33. Belly-dancing and edge defects in a vertical line pattern

4.3.4.

Large-screen projection

Since the invention of television there has been a demand for large-screen projec
tion. One of the first ideas in this field, the eidophore (literally: ‘picture carrier’ from
roetbos — the picture — and
— I carry), is still able to face the competition.
All other systems are generally based on the principle that a normal though very
bright picture is enlarged'by means of a system of lenses, after which it is projected
onto a screen. Consequently they are all more or less confronted with the same
difficulty: the low degree of luminance.
The eidophore is based on a fundamentally different principle, illustrated in Figure
4.34. Without going into great detail, the operation is as follows:
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A vacuum electron tube contains a concave mirror which is covered with a thin oil
film. At the centre point of the concave mirror there is a kind of interrupted flat
mirror (a number of so-called mirror rods). Light from a strong xenon lamp falls
upon the flat mirror and is reflected in the direction of the concave mirror where it
falls upon the oil film, and (as the flat mirror is in the centre of curvature of the
concave mirror) is reflected along exactly the same path towards the lamp, unless the
surface is disturbed at the place where the light beam falls upon the oil film. This
change is caused by the electron beam disturbing the surface of the oil film. Depend
ing on the depth of the surface interference, the light is scattered and yet passes
between the mirror rods to be projected, via the lens, on to the screen.
^(UuuilUjj Mirror
(^) Xenon lamp

Concave mirror

ZZxSet of lenses

Oil him

/
—
/
Mirror

Pro/echon lens

rods

Screen

Electron
beam

Figure 4.34. The eidophore

In principle, the more electrons, the greater the scatter and the higher the lumin
ance of the corresponding point of light on the screen. The electron beam ‘etches’, as
it were, a picture into the oil film, and it is this which determines which part of the
light of the xenon lamp passes between the mirror rods and hence to the screen. As
the viscosity of the oil is rather high, it will take some time before the ‘etched’ picture
disappears. 20 ms is a normal time for the process. On account of this ‘memory’
operation, the luminance of an eidophore picture is relatively high. Moreover, the
memory time can be controlled by varying the temperature of the oil film. The higher
the temperature, the lower the viscosity. By combining three oil-film mirrors in one
assembly, it is possible to build a colour eidophore. For more details see Ref. 4.7.
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5

Cables

For interconnecting the equipment discussed in the previous chapters wires are
commonly used. In most cases the influence of the interconnections is small, but
should the length of the connecting wires (the cables) be unduly increased, several
effects may result, as briefly summarised below:
(a) The input signal is attenuated by the cable (often a frequency dependent atten

uation).
(b) A phase difference occurs between the incoming and the outgoing signals.
(c) The incoming signal might be reflected, which could result in echoes (ghost
images), which can be very annoying, particularly with pulse-shaped signals.
The following is an analysis of two-wire connecting arangements, including mains
flex and ribbon cable, coaxial cables and corrugated tubes.
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5.1.

Basic theory

A cable may be regarded as built up from elements having a length dx with self
inductance, resistance and capacitance (Figure 5.1). In such an element C is the
capacitance per metre, R the resistance per metre and L the self-inductance per
metre. The cable is terminated with Zo at the input and with Z| at the output.
Rd*

Source ••------

L d>

C d*

* Load

d*

+
*1

Cabie

Figure 5.1

For any element dx the voltage at the input (Fx) is reduced by a quantity dVx and
the current through the element (/x) is reduced by d/x (see Figure5.2).
an

r:
v*

Rd*

/uLd*

iuCdt

Figure 5.2

From Ohm’s law
d^x

dV,
dx

-/x(/?dv + jwCd.<)-^7r^ = -/x(R + jwt)

(1)

(minus sign since dx and dVx are opposed)
and
^'x

1
j co Cdx

d/x = -Vxja.C
dx

Differentiated equation (1) to x
with equation (2)

(2)

dB<x = -^-(*+jc^)
dx2
dVx =
Vx(/? -Idx2

j co L) '] co C
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Assume

(/? 4- jcoL)jcoC
d‘Vx _

which yields

dx2

T2

V2 Vx

(3)

By differentiating (2) it is proved that
d27x -

dx2

’ 7

7 /x

(4)

Solutions to the differential equations (3) and (4) (the so-called ‘telegraph equa
tions') are:

for (3)
and (4)

Vx = A exp (- yx) 4- B exp (4- yx)
C’ exp(-yx) 4- D exp(-t- y x)

Completed as in (1) gives

R 4- j co L
j co C

With

(5)
(6)

lx

Zitis

A

C

R 4- j co L
j co C

B

-D

R 4- j co L
j co C

A = CZ
B = -DZ

Further, from equation (5) with x = 0
and from equation (6)

Vo
lo

(7)
A +B
C -t- D

(8)

By eliminating A, B, C and D from equations (5) and (6) using equations (7) and (8)
we get
^x =
'x

Vo 4- /OZ

2

exp(- yx) +

Vo 4- /oZ
exp(-yx) 2Z

IoZ

Vo

2
V0-/0Z

2Z

exp(

yx)

and

exp (+ yx)

With sinh yx =[exp( yx) - exp(-yx)| and cosh yx =

[exp( yx)4-exp(- yx)]

this gives VK = Vo cosh yx-/oZsinh yx
y
/YXU
= L coshyx —° sinh yx
and

At the end of the cable we find
VI = Vo cosh y/-/oZsinh yl

and //

/„ cosh y/~ — sinh yl
Z

So now Vo and /o can be solved
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(9)

(10)

VQ = VI cosh yl

//Zsinh yl

<o = Il cosh yl +

sinh yl

(U)

(12)

By dividing equation (11) by (12) the input impedance Zj of the cable is obtained
7
Vo
VI cosh yl + HZ sinh yl
I =
v7
°
//cosh yl + ^2 sinh yl

VI
II

With

Zi

Z| this is

y Zl cosh yl -t- Z sinh yl
Z cosh 7^+ Z/sinh 7?

(13)

where Z} is the input impedance of the cable,
/ the length of the cable,
Z/ the impedance into which the cable is terminated.
Z and 7 are two magnitudes to which the following applies

Z

/? + j w l\
j <j) C

(14)

I

= V[(/? + j co T)j

C]

(15)

Z is an impedance and is usually called the ‘characteristic impedance' of the cable,
while 7 is a dimensionless figure. Equations (13), (14) and (15) are universally
applicable provided that the transverse conduction (the ‘insulation resistance') of the
cable is negligible and the fields occurring in the cable do not extend outside the cable
and do not radiate into the conductors.
If these conditions are not met (mainly with very high frequencies, 100 MHz or
more) then slight corrections should be made to the formulae, which generally imply
that the damping is increased.
5.1.1.

Further investigation into Z

(a) Assume that Zz ~ ~ (cable unloaded)
and / = ~ (very long cable)
Then, since Zl» Z
Zj 7 Z! cosh T/
Zl sinh yl
= Z coth yl
If I = —, then coth y I

1 and the input impedance will be

Zj = Z

(b) Assume that Zl= Z (cable terminated with the characteristic impedance).
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Then Zj

Z

Z cosh yZ + Z sinh yZ
Z cosh yZ ■+■ Z sinh yZ

Zx 1
So

Zj = z

(c) Assume that Z is very small; then cosh yZ = 1
and sinh yZ = 0.
Z/ x 1 + Z x 0
Z\
Zx 1 +Z/X0

Z™
Z
So

z\

Zl

Summarising:
(1) The input impedance of a cable of arbitrary length which is terminated with the
characteristic impedance (Z) is equal to Z.
(2) The input impedance of a very long cable (also see Section 5.3) is always equal to Z.
(3) The input impedance of a very short cable (also see Section 5.3) is always equal
to the impedance into which the cable is loaded.
Note: A cable terminated with Z behaves as an infinitely long cable; This implies
among other things that a wave in the cable is not reflected. This may be of great
importance in the case of video signals (‘ghost images’).

5.1.2.

F urther investigation into y

From equation (9):

VI = Vo cosh yZ-/oZsinh yZ

If the cable is terminated with Z, Zj = Z and so Vo = lQZ,
then equation (9) becomes
VI = Vocosh y/-V9sinh yZ
= VQ (cosh yZ-sinh yZ)
=
¥2 [exp ( yZ) + exp (— y /)] - ¥2 [exp (y/) - exp (— y Z)]

= Vo exp(-yZ)

(16)

Since y is a complex figure, we may say y = a + j/3.
Equation (16) will then be
V!

VI

V = voexPl-(a + W1
V = ¥oexp(-aZ)exp(-j0Z)
(17)
exp(- al) is a real figure and Vo exp (- al) is the amplitude of the (complex) output
voltage VI. The term exp(-j /31) is the phase shift of the voltage Vo in the cable. This is
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shown in Figure 5.3. Vector V^has been shifted through an angle of BZ radians and
multiplied by exp(- Z).
Expressed in dB: The increase is 20 log (V7/Vo) dB
= 20 log exp(- al) dB
= -8.7 al dB
This is an attenuation of 8.7 a dB/metre.*
Imaginary a,/j

Length Vo

\
Tpi

*

~~r

Res! axis

Vl:vo

Length VQe'

Figure 5.3
Summarising:

7 = a + j/3, in which a is the damping of the signal applied and/3 is the phase
shift.

Then the damping is 8.7 a dB/metre
the phase shift is /3 radians/metre.

5.1.2.1.
7

Result for low frequencies
V[(K + jwOjwC]

for low frequencies R» cu L; so

7 = V(j o> RC)
a + j/3 = V(j wRC)

a2 -/32 + 2j a(3 = j cu RC
a2-p2 = 0 and 2jct/3 = jco/?C
a =—* 2jet2 = ]coRC
, wRC
a~~ 2

»= vm
0

(18)
(19)

* This unit may not be the dB but the Neper; the increase is then In (exp-a/) neper = -a/ neper. That is an
attenuation of a neper/meter.
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Result for high frequencies

5.1.2.2.

7 = V[(/? ■+■ j u) I)] co C]

for high frequencies wL»R\
y — V(j uj L j co C) = j w V(L C)
ot ■+■ j/3 = j co V(L C) —» a = 0 (no damping)
/3
u)V( L C) (phase shift dependent on co ) (20)

Transmission velocity of waves in a cable

5.1.3.

Without any further proof we shall assume that electromagnetic vibrations are
transmitted through the cable as sinusoidal waves with wave length X and velocity v.
I n one second the wave will cover v metres and in Tseconds (T is the time period of
the sinusoidal wave; \/T = f) the wave will cover vTmetres (see Figure5.4). Point B
will lag 2tt radians with respect to point A.

For vT metre the phase will have shifted through 2tt radians.
2tt
That is^jyradians per metre.

2ir

B

0 vT
With 1/T = /and2-rr/= co this will be

0

A

co

Figure 5.4

V

(21)

or v

For low frequencies (with (3

r
For high frequencies (with

(22)

wV(LC))

co
V ^uV(LC)
V

1

WO

(23)

Note: With high frequencies v is independent of the frequency; with low frequencies
v is proportional to the root of the frequency (also see Section 5.2.3).
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5.2.

An example

Assume a coaxial cable with
radius inner cylinder rx = 0.8 mm
radius outer cylinder r2 = 5 mm
6

er

e

o = (2-2 36^10”)C2/Nm2

|x = pr p.9 = 1 (4tt x 10-7) N/A2
p (resistivity) = 0.0175 fl mm2/m

The following applies with respect to cable capacitance

c

2tt€
_
56c r
-j—7—-r-Farad/metre = f . r.-. pF/m.
In (r2 rx)
\x\(r2 rx)r

„ 56x2.2
_ „.
C = -—= 67.2 pF/m.
n (5/0.8)
K

And to the self-inductance
ZTT

In (r2/ri) Henry/m = 0.2 In (r2/r/> p-H/m. L = 0.2 In (5/0.8) = 0.37 |±H/m.

And to the resistance
R =P

l „

0.0056

0.82

(f| in mm)

1

5.2.1.

R = 0:2256 = 0.0087 n/m.

3 fl ~—7T- °/m

The characteristic impedance

The characteristic impedance of a cable (equation 14) is
Z

¥ \

j coC

/

At low frequencies the following applies (R » co L)

,ZI = < tl)
and at high frequencies (/?» o>L)

'Zi = yl
The following also applies to the above cable at low frequencies (with co
Z50Hz

/I"
0.0087
V [_27r x 50(67.2 x IO’12)

^lOOOHz ~

900
V( 1000/50)

= 200 Q

2tt/)

900 fl.

(Z is inversely proportional to V/).
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For high frequencies Z will be
/ // \
/ ( 0.37 x lQ-»
V (c)
y \67.2 X IO"’2
Z

75 Q.

The transition between ‘low' and 'high' is given by wL
R

f= 2tt£

0.0087
2tt(0.37 x 10’°)

R.

So 2irfL = R.

4000 Hz'

(see Figure 5.5).
izl inn.

t

600 —I—h -|-

500-----V---------

400 --- X-----300 --- V-----200 —

■H

100 —

-J—.—u

J—I—

0-410 102 103 104 105 106 107 V3—fin Hi

Figure 5.

5.2.2.

Relationship between the frequency of sinusoidal signal fed to a cable and its characteristic
impedance

a and £

(a) Equation (18) applies to damping at low frequencies

damping 50Hz

,

[ 2ir x 50 x 0.0087 (67.2 x 1O’,2)“
2
= 8.7 (9.6 x 10"6) dB/m
= 8.4 x 10"5 dB/m
= 8.7adB/m = 8.7

//iooo\

damping 1OooHz~ VV50 / 8.4 x 10'5 ( a is proportional to Vf)
3.8 x 10'4dB/m.

For cables up to 1 000 metres the damping is negligible for low frequencies
For high frequencies Section 5.1.2.2 shows that the damping is also negligible
provided that ^L»R. It even shows that the length of the cable is immaterial.*
However, if the signal frequency is very high, the above-mentioned extra losses
should be taken into consideration. The damping may increase from a negligible
value of 0.06 dB/m at 100 MHz to 0.2 dB/m at 600 MHz (see Figure5.6.).
* Note that a = 0 is an approach of the first order. For protracted cable lengths a
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P
Dtmpmg laB/m

rad/m
| 0.3

0.251----0.2

02-------

0.15------

0 1------

01

0.05-----1

no

10

0-10 io 2 io3 io4

1000 ----- *■ f m MHz

Figure 5.6. Damping at high frequencies

n5 io6

X)7 —f inMHz

Figure 5.7. Relationship between phase shift
(r.x) and frequency

For audio and video signals the damping may be neglected in practically all cases
provided that the cable is correctly terminated.
(b) At low frequencies equation (19) applies to 0

0

V( w RC/2)

j~2-rr x 50 x 0.0087 (67.2 x 1Q~12)

#50Hz

= 9.6 x 10- rad/m (= 0.000557m)
^1000Hz

= < (“™) 9.6 x 10= 3.8 x 10'5 rad/m (= 0.00227m)

For high frequencies this will be
@=

0100kHz =

(equation 20)
x 105 V[(0.37 x 10’16) (67.2 x IO-12)]

= 3.1 x 10- rad/m (= 0.18 °/m)
010MHz = 31 x IO’1 rad/m (= 18 7m)

Figure 5.7 shows the phase shift per metre (0) as a function of the frequency.
Summarising: For audio frequencies (/< 20 000 Hz) the phase shift is smaller than
about 0.047m (20 000 Hz). For cables shorter than approximately 500 metres con
sequently the phase shift is so small (<20°) that it can be neglected. The phase shift
for video frequencies is about directly proportional to the frequency and cannot be
neglected.
(1) For 15 625 Hz the phase shift is 0.03°/m. A camera which is controlled from a
central sync generator and which is connected to the control desk through two
500 m long coaxial cables (for the control sync and video signal) yields a video
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I
signal which lags 2 x 500 x 0.03 = 30° with respect to the studio sync, which
resolves to a delay of 30/360 x 64 ps = 5.4 ps. For a television set of average
screen size this implies an image shift of about 40 mm to the right.
(2) As the phase characteristic for high frequencies is linear (i.e. (3 is proportional to
/). there is no phase distortion: a 50 metre cable will give a phase shift of 90° for
I MHz, which is a delay of l/4 ps. For 3 MHz that is 3 times as much (270°). 270°
with 3 MHz is also l/4 ps. Hence 1 MHz and 3 MHz signals will remain in step
with each other, which implies that the velocity with which the various frequencies
are transmitted in the cable is independent of the frequency; see equation (23). If
the velocity is not frequency independent (low frequencies), the result will be a
non-linear phase characteristic and phase distortion may occur.

OOHZ

b -• Outgoing signal

d • Ingoing signal

Square ware (100 • 300Ht!

Sum signal

Figure 5.8. Phase distortion

Figure 5.8 shows what happens when a ‘square wave’ consisting of a basic
frequency of 100 Hz and its third harmonic (300 Hz) is passed through a coaxial
cable of 180 km length. The 100 Hz (T = 10 ms) is shifted through 140° (B =
0.00078o/m) and will lag by 140/360 x 10 = 3.9 ms The 300 Hz (T = 3.3 ms) is
shifted through 243° because is 0.001357m and will lag by 2.25 ms. The 300 Hz
signal thus leads the 100 Hz signal by 3.9-2.25 = 1.65 ms, which is almost half the
time of a 300 Hz cycle. The relationship is then as shown in Figure 5.8b where the
‘square wave' is severely distorted.
Phase distortion does not, therefore, play a big part so far as video and audio
signals are concerned, as shown, bearing in mind that a 180 km cable will rarely, if
ever, be used.

5.2.3.

Transmission velocity

At low frequencies equation (22) applies to the propagation velocity of a wave through
a cable vlow = \/
192

Equation (23) applies at high frequencies: vhigh =
For low frequencies the speed thus depends on the frequency
v50Hz

/F
477 x 50
* [ 0.0087 (67.2 x 10‘,2)_
//1000\

v1000Hz “ V \ 5() )

0.32 x 10*

0.32 x 10* m/s.

= 1.5 x 10* m/s.

For high frequencies the speed is constant
'high

yj [(0.37 X

10'6) (67.2 X IO"12)

= 2 x 10* m/s

Figure 5.9 shows the relationship between velocity and frequency.
^in^/sec

2 10s A —+
15 10d

no3
0 5 10d
0

10 10*2 io3 io4 io5 io.66 io7 10d — f in Hi

Figure 5.9. Relationship between transmission velocity in a cable and frequency

Summary
For high frequencies the signal velocity through cable is approximately 2 x 10* m/s
(through space it is 3 x 10* m/s). Thus, the signal wavelength in the cable is approx
imately 2/3 that in space. A so-called ‘reduction factor’ (or velocity factor) of 2/3
applies. For high frequencies the reduction factor is constant. For low frequencies it
quickly decreases.
5.3.

Practical cables for audio and video

The two following cases are considered:
(a) short cables I <

(b) long cables / >
Assuming that the waves are sinusoidal, then, with v
for/ = 500 MHz

x
=_v = 2 x 1QK
cable f
5 x 10*

f -X

= 0.4 metre
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f

x

5 MHz

caHe
x

and/= 50 kHz

cable

2 x 10"
5 x 106

40 metres

_ 2 X 1Q» _ x .
5 x 104

Further assuming that the cable is not much longer than, say, 200 to 300 m, then a cable
for audio purposes will generally be regarded as ‘short'. An aerial cable, on the other
hand, will generally be classified as ‘long’, while a video cable falls in length between
the two and is best classified as a ‘medium-length’ cable.

5.3.1.

Short cables

When a cable is short (audio) the signal transit time barely influences its behaviour,
and so it can be replaced by the diagram in Figure 5.10.
(1) When the cable is terminated into a high resistance, then R and L may be
neglected and the cable behaves capacitively. (Assume a 100 m cable passing a
signal of 20 000 Hz, where Zc = 1200 fl, ZL ~ 5 fl and R « 1 fl.) The output
voltage is determined by the voltage division which results from Zx of the source
and Zc.
(2) When the cable is terminated into a low resistance, the effect of C is greatly
diminished so the cable behaves essentially inductively. The output voltage is
then determined by theZi of the source, R, ZL and the load resistance (~ 0 fl).
(3) When the cable is terminated into a resistance which is equal to its characteristic
impedance (for frequencies of > 4 000 Hz this is 75 fl, for lower frequencies it is
larger), the cable then acts as a resistance of 75 fl. The output voltage is
determined in this case by the source resistance and the input resistance of the
cable. When Zsource — Z,, Zca^|e — -^characteristic —
then ^out
^in — 1/2
Vsource (see Figure 5.11).

Although it is desirable to terminate a short audio cable into its characteristic
impedance, the associated low impedance (often around 75 fl) may introduce dif
ficulties. In practice, accurate audio terminations are not important, for owing to the
low transit times reflections are not troublesome and neither is the resulting
damping.
1 000(1)
In fact, terminating into a relatively high resistance (Z » 7 source:- e.g. Z
can be advantageous in that Vout ~ Vin ~ SourceZ
R

(IO)
I”-------- «r C i (12000 )

(50)
------- Out

—II—

//
//
/'
ll

z

II---------

C*b,e
Figure 5.10. Equivalent circuit of a short cable
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Figure 5.11. A cable terminated into a load equal to
its characteristic impedance

5.3.2.

Medium-length and long cables

Here the termination should match the characteristic impedance of the cable.
Although for very short video cables (maximum 4 metres) any piece of coaxial cable
terminated into an arbitrary resistance (not too high a value) will do, the length limit
is reached for the highest frequencies. For example, from Figure 5.12 it is seen that a
4 metre length of cable at a frequency of 5 MHz exhibits a Zc = 120 fl and a ZL =■
50 fl (neglecting /?). C and L should really be considered as being distributed along
the entire cable.
It should now be clear that terminating resistances larger than Zc or smaller than
ZL cannot be used. If the resistance is too large, Zc will load the source excessively,
and if too small the voltage will be severely attenuated by L.
Summarising: always terminate video cables with the characteristic impedance.
Reflections and the resulting standing waves are thus avoided and the energy
transmission maximised when the matching is correct. Furthermore, the input
impedance of the cable will be real. Excluding the phase shift and damping, which is
generally negligible, anyway, the cable will behave in a neutral manner, coupling the
input and output as though the cable were not present.

5.4.

Delay lines

Any cable is, in principle, a delay line. As we have seen, most coaxial cables have a
transmission velocity of approximately 2 x 10“ m/s. Thus, every metre of cable
delays the signal by 1/(2 x 108) s = 5 ns. Using ordinary coaxial cables as a delay
lines gives problems because:

(a) the delay is too small (for 1 jxs of delay 200 metres of cable is needed!) and
(b) the damping may be undesirable.
It is, nevertheless, possible to cope with these objections by designing artificial delay
lines consisting of T-sections, which in turn consist of a number of discrete com
ponents (Figure 5.13).
Virtually the same formulae apply to such a T-section as to a cable with distributed
L and C. When many T-sections are connected in series, a ‘real’ cable is effectively
simulated. Assume that we want to realise a 20-nanosecond delay with one T-section
at a characteristic impedance of 75 Fl

150 A)

/n

—' c±iixai

Figure 5.12

------ • Out

CZZ

Figure 5.13. A T-section consisting of L and C
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Then

Z - < (r)

and

v

(see Section 5.2.1)

1
(equation (23))

W)

In this formula V(Z.C) is the time taken for the signal to cover a distance of 1 metre.
If. instead of the self-inductance/m and the capacitance/m. the total self-inductance
and capacitance are used, then V(LC) is the time (r) taken by the signal to pass
through the T-section.
We thus have Z
T

and

V(LC)

from which it follows that

L= rZ

and

z-

By substitution we get
L = (20 x 10-9) 75

C=

1500 x 10'9
752

1500 nanoHenry (nH) and

270 pF

When L is an air-cored coil whose length of winding is approximately equal to the
diameter of the coil, then

n = 39

(i)

(24)

where L is the self-inductance in pH,
D the diameter of the coil in mm (say 6 mm), and
n the number of turns.

Putting in these figures we obtain

„ . 3, V (f)

19.5 turns.

(See also Section 2.4.2.1)
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6

Picture recording

Although there are hosts of picture recording systems, only three are of real import
ance to us here: namely, film, magnetic tape and video (disc) record. Film is still
attractive to the amateur. The necessary equipment is relatively inexpensive, easy to
operate and easy to handle. Recording quality may not be up to the high standards of
a professional video tape machine, but it competes against most Vain domestic video
equipment.
Neither the colour nor the stability of picture is a problem, and editing can be
achieved by anyone with a simple splicing kit. Why, then, should we discuss other
systems? It is often considered that synchronisation of picture and sound with narrow
gauge film can cause difficulties; but that is probably not a decisive factor. If we take
the phenomenon of ‘television' as a given fact, the answer will be obvious: coupling
television and film is difficult. A film can be reproduced acceptably on a TV set,
though it is not as simple as it may seem (just by placing a camera in front of a
projector). The reverse process of recording television pictures on film is more
difficult, as will be vouched by those who still remember the so-called ‘telerecord
ings' of some ten or twenty years past.
Video tape recording is devoid of such problems and hence soon established a firm
footing first professionally and more recently domestically. An additional advan
tage, often used as a sales argument, is the ease by which it is possible to achieve
replay immediately after recording and (if required) to erase the tape so that it is
available for a new recording.
What about the video disc? In a book on video it should not be omitted, but at the
time of writing it was little more than a well-conducted advertising campaign
although several new video disc systems have been described (and more recently
fully developed) which are based on digital technology and laser beam reading via
reflections from the video disc and by capacitance effects. There is, nevertheless,
little doubt that the video disc system holds attractive possibilities for the consumer,
combining simplicity, quality and price advantage. A disadvantage is that the video
disc system provides for replay only, at least for the present as far as you and I are
concerned.
Clearly, not all problems have yet been solved completely with any of the three
systems. Apart from the fact that mechanical solutions are hard to swallow for any
electronic professional or amateur, difficulties arise from mechanically introduced
instability whose consequences call for correction, but whose causes cannot always
be removed completely. Digital television will undoubtedly have more to offer in this
respect in the future.
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6.1.

Film

Enthusiasts who have attempted to record television pictures using a narrow gauge
film camera will know that the result is generally marred by a black horizontal bar
which moves slowly up or down the screen. This results because the television picture
has a frequency of 25 Hz while the camera photographs the frames at a different rate.
Only by synchronising the camera with the television picture is it possible to make the
bar stationary at a position which detracts as little as possible from the picture. Even
so. the resulting picture is far from beautiful, since the original sharpness is destroyed
and movement is often blurred. Some aspects of recording and reproducing a
television film are now considered.
6.1.1.

Recording

The commonly used technique of direct photography of a scene using a film (cine)
camera is not of video interest. The situation is different, however, when it is
required to film a picture which has already been recorded electronically (e.g., video
camera). Two techniques are available, which are:

(a) Conversion of the electronic signals into an optical picture using a picture tube
and the off-screen filming of the picture using a ‘standard' film camera.
(b) Recording of the picture on film direct from the electron beam in a special
electron tube.
Deflection coils
1

Focusing coil

Electron gun

n n

I Film •"

im
1

Beam of light

\

\

Electron gun

Electron beam

' Film chamber

Figure 6.1. Recording by photography direct from the
screen of a TV picture tube

E racuated tube

Electron beam

1---------

Film chamber

Figure 6.2. Recording on film direct from an
electron beam

The principle of first technique is shown in Figure 6.1 and that of the second in Figure
6.2. The second technique is the better of the two because there are no light losses,
optical errors or y-problems. A slow speed film may be used since all the electron
energy is applied directly to the film. Consequently, a resolution of 1 000 lines can be
realised. When electron energy is converted into light, as for the first technique, the
net efficiency is less than half of one per cent! Technique (b), though, also has
disadvantages in that the tube and film chamber need to be evacuated for a good
vacuum and colour registration is not possible. A problem of both systems is
so-called pull-down'.
A normal cine camera which has a speed of, say, 25 frames per second will expose
the film for approximately half of the 1/25 s which is available per frame. The
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remaining 1/50 s is used for film transport. For video recording this needs to be
changed because in 1/50 s only one half of a picture (one field) is displayed. If the
shutter is also closed during the following 1/50 s an entire frame will be missing,
which is unacceptable.
The film, in fact, should be transported during the approximately 2 ms of picture
blanking. To realise this for 16 mm film, the film needs to be acelerated by approx
imately 15 000 m/s2 while being transported, which is no small matter.
Although there are cameras available which provide this acceleration, other more
readily realisable solutions have been sought. One is to store the first frame in a
memory when the film is transported and then to project the stored information
along with the second frame. In simplest form, the memory may be merely the
lighting-up of the screen. Another solution is to transport the film at a constant speed
while writing on the screen with the electron beam in a slightly deviating manner.
Figure 6.3 shows the principle of this based on an example having 11 lines (e.g., two
fields each of 572 lines).
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Bottom of image •
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Second field

1

t=0

t •- 5 5 lines

t: 11 lines

Figure 6.3. The line pattern of constant-speed telerecording

The line pattern as written on the picture tube is shown at the left-hand side. The
first line is written horizontally at the middle of the picture tube, the second is written
directly below and so on. The last line of the first field is written along the bottom of
the available picture area. Only half the picture area has thus so far been utilised, but
since the film does not halt during that time but moves at a constant speed upwards
covering the distance of half a film picture, the first field will fill the entire surface
(see Figure 6.3 for t = 5‘/a lines). After completing the first frame, the spot on the
picture tube moves up so embracing the distance of an entire film picture so, as with
the first field, the second field is then written on the picture tube. This is then
projected on the film picture, properly interlaced with respect to the first field. In this
way the pull-down problem is resolved. Instead two other problems now manifest.
As the two frames are brought together in one film picture, a quickly moving object
tends to split into two parts so that a straight vertical line deteriorates into a zig-zag
line. Generally this problem is not very serious, but the second one is more serious. It
relates to the accuracy of writing the lines of the second field exactly between the
lines of the first frame. It will be understood that slight irregularity in the film
transport might well result in the lines not being written between each other but on
top of each other. For a television picture tube this is not particularly serious because
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the lines are written on the tube one after another. For a film picture, however, it
means a double exposure time for each line. Consequently, the constant-speed
system is really only suitable for reproduction purposes.
However, for the real amateur interesting possibilities exist in the field of tele
recording using 312 instead of 625 lines. Consider a cine camera without shutter
driven by a synchronous or a stepping motor, which is fed by an a.c. voltage derived
from the picture sync. The shutter becomes superfluous if every second field is
blanked by a suitable negative pulse on the picture tube grid. It is true that the picture
produced in this way will have a resolution of only 312 lines, but I am sure the picture
produced will exceed your expectations.
Two more aspects must be considered before leaving this subject. These are:

(a) Absence ofsharpness—This is generally caused by reflections in the glass front of
the picture tube so that a white dot of light is blurred by a halo. The problem is eased
by increasing the thickness of the glass front. A glass plate is fitted 4 to 5 cm from the
picture tube, and the space between the two is filled with a liquid having the same
refractive index as glass (e.g.. glycerine). This reduces the reflections. A relatively
long persistence picture tube may also lead to decreased sharpness. Conversely, an
extremely short persistence tube will lead to low light intensity.

(b) Gradation—The only way to determine display gradation is by applying the
method of trial and error: also by filming a gradation bar and evaluating subjectively
the final result. It is then possible to discover the corrections which are necessary so
that they can be made in the appropriate part of the recording chain (e.g.
T-correction).
As a final thought on the recording on film of TV pictures, equipment has been
made which works with three lasers. The television picture is split into the three
primary colours of red, green and blue, and the corresponding signals are caused to
modulate the three lasers. As it is not (yet) possible to deflect the laser beams
electronically, the scanning is achieved mechanically using a rotating mirror for line
deflection and a vibrating mirror for frame deflection. The three laser beams are
combined into a single beam by the use of dichroic mirrors, and then projected onto
the film. According to the CBS laboratory where the system was developed, a
resolution of over 800 lines is obtained with a scanning distortion of less than 1%.
Problems with persistence or internal reflections which occur in other systems are
absent in this one.
Moreover, it is possible to adjust the wavelength of the laser light used to cor
respond precisely to the film requirements. Disadvantages are mainly the enormous
powers required by the lasers and the necessity (due to mechanical deflection) to
support the apparatus on a block of granite about 10 cm thick and having a mass of
about half a ton! For more information on film recording from television, see Ref.

6.1.

6.1.2.

Reproduction

The problems of reproducing film pictures are, in fact, the same as those of record
ing. There is also the problem of pull-down, though this is far less of a worry when a
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Figure 6.4. The CTR-3, a colour recording system by Teledyne, which uses three picture tubes

memory tube (e.g. a vidicon) is used. The information is, as it were, stored in the
target capacitance and released the moment the electron beam passes. It does not
matter much whether the shutter of the projector is open or closed at that moment.
So when a vidicon is used the ‘bar' problem, as in recording, will not occur.
However, moire interference can be troublesome when telerecordings are repro
duced. The film contains a line pattern produced by the recording equipment, which
is scanned by the line pattern of the reproduction equipment. Theoretically, the two
television frames should be identical but, from Finnegan’s law, they are never exactly
identical! The result is moire interference. This is simulated when two fine mesh nets
(e.g. nylon stockings) are placed on top of each other. When looking through them
the threads will lie on top of each other in some places and allow light to pass through
while in other places the threads will lie next to each other so that less light is passed.
The effect can be avoided by deliberately defocusing one of the frames. This is a big
disadvantage since we are sacrificing in that way sharpness that was possibly difficult
to obtain initially. A better scheme is to elongate the spot vertically, or to ‘wobble' it.
The horizontal sharpness (resolution) will then be maintained and moire inter
ference will vanish.
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Apart from the ‘film projector — television camera with vidicon' system, there is
also the so-called flying-spot scanner, which is based on the same principle as the
constant-speed system described in Section 6.1.1 (see Figure 6.5).
The frame shown in Figure 6.3 is written on the picture tube and an objective lens
projects it on the film, which passes at constant speed. The light passing through the
film window is split into red. green and blue components by dichroic mirrors and
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Figure 6.5. Nordmende's flying-spot scanner
received correspondingly by the photomultiplier tubes R, G and B. Here photo
multiplier tubes are used because the available light is very small. Such a small
luminous flux releases only a small number of electrons. If this flow of electrons were
to be sent direct through a load resistor and if it were to amplify the resulting voltage,
the noise voltage would be many limes larger than the signal voltage. The photo
multiplier tubes multiply the electrons by a factor of 105 or 106 by secondary emission
before the resulting current is passed through the load resistor. Of course, secondary
emission is also combined with noise, but noise will occur only when there is a signal.
The low noise level in dark parts is a desirable characteristic of the flying-spot
scanner.
There is a perforation scanner between the first pressure roller and the film
window. which consists of a phototransistor and an incandescent lamp. A phase
detector compares the pulses from the phototransistor with the picture frequency.
Any differences in phase or frequency are corrected by an output from the phase
detector which automatically adjusts the film speed.
Apart from the fact that the film is transported at constant speed the flying-spot
scanner also has the advantage that a stationary projection (freeze) is easily possible
by projecting a normally interlaced TV picture on the television tube instead of the
frame in Figure 6.3. Another advantage is the absence of colour misregistration.
Disadvantages are:

(a) Inability to increase the luminous intensity without undesirable effects on the
sharpness of the picture, or ‘persistence’ and burning-in of the picture tube; and
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(b) The necessity of a picture tube with an extremely short persistence (preferably
shorter than 0.1 p.s) and, of course, the photomultipliers. The latter point,
however, is not a problem with factory produced equipment. Due to its sim
plicity the combination projector - vidicon will certainly be attractive for many
amateur applications.

Figure 6.6. The Nordmende Colorvision CCS, suitable for scanning Super-8 flint

A simple solution yielding reasonable results is shown in Figure 6.7. The picture is
merely projected on a screen and then televised with a TV camera. The distance
between the camera and projector should be small in comparison with the distance
between the camera and picture to avoid optical distortion. A disadvantage is that,
because the luminance of the picture is rather low, the vidicon will show a severe
‘comet tail' effect due to the increased lag. The dark current will also be rather large
which impairs the contrast and signal-to-noise ratio.
A better configuration is shown in Figure 6.8. Here the objective lens of the
camera is removed and the picture is projected direct on the target. However, this
has the disadvantage that, because the projector is close to the camera, the slightest
vibration will be visible on the picture tube as irritating jerking. Moreover, on
Projector

Screen

Figure 6.7. The image from the projector is reflected by the screen and televised by the TV camera
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account of the high luminance the inertia of the vidicon will be so small that the
drifting horizontal dark bar may be troublesome again.
The picture will also be upside down, which in itself is not such a big problem.
Positioning the projector or the camera upside down does not solve the problem
because left and right are not interchanged. The only solution is to reverse the
connection of the vertical deflection coils or to use the principle of optical inversion
by using a mirror or reversing prism.
V/QiCOn

. Protector

Came'a

Figure 6.8. Direct projection on the vidicon target (camera lens removed)

A third configuration is shown in Figure 6.9. Here a plate of frosted glass is placed
between the camera and the projector, and the picture is projected on the frosted
glass. Advantages of this scheme are the high luminance, lack of distortion and
simplicity of construction. A disadvantage is that the luminance decreases slightly
towards the edges owing to the frosted glass failing to scatter light equally in all
directions. Using poor frosted glass the projection lamp might be visible as a light
spot at the centre of the picture. This can be improved by putting a metal disc
(25-30 mm dia) in the beam intercept the paraxial rays. This disc could even be a coin
glued to a piece of glass (shown dotted in Figure 6.9) if you can spare the cash.
Meta! disc

Glass plate

Frosted glass
Camera

Projector

■

I

I *ppro* 50 cm

Vidicon
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Figure 6.9. Projection using frosted glass

Another possible disadvantage is that the grain of the frosted glass might be visible in
the picture. This is avoided by using fine-grained glass or a relatively large picture.
The dimensions given in Figure 6.9 meet the requirements reasonably well. If frosted
glass fail to give the proper results, a piece of tracing paper could be tried instead.
Note: Although the picture will be upright, right and left will have been inter
changed.
A variation of Figure 6.9 is shown in Figure 6.10. Here the frosted glass has been
replaced by a so-called field lens or a relay lens. This is required so that the camera
lens can ‘see’ the image which is present at the position of the original frosted glass.
Without this detail the light beam forming the top of the image (shown dotted in
Figure 6.10) will never reach the camera lens. Only a very narrow beam from the
centre of the object will reach the target of the vidicon. That is, unless . . . yes,
unless, a piece of frosted glass or a field lens is located at the position of the image.
The frosted glass simply scatters the light falling upon it in all directions so that part of
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it will also reach the camera. A field lens is a more elegant solution because it
converges the light from the projection lens into a beam which correlates exactly with
the camera lens.
Both frosted glass and field lens have their disadvantages. Those appropriate to
the frosted glass have already been mentioned. Regarding the field lens, this should
be at least as large as the effective ‘aerial image' and of strength limited to 3 to 4
Aerial image
40 mm dia
Projector

Field lens
i
I

fa?

Camera

\

I

/

Target '6 mm a>a

Film image 6 7 mm dia

|o>

|

P)

°2

Figure 6.10. Image formation if a field lens is used instead offrosted glass

dioptres (focal distance not less than about 300 mm) to avoid undue optical distor
tion. The latter requirement makes it difficult to use a field lens as illustrated by the
following example:

The diagonal of a super-8 film picture is 6.7 mm. If it is assumed that a field lens
within the price range available has a maximum cross-section of 40 mm, then the
40
projector lens should magnify — = 6x. If the focal distance of the objective lens for
projection is 20mm, then with ^- = 6, and

4- -j- =

this gives pi = 140 mm.

Without making further calculations it is apparent that, using the field lens just
mentioned, this lens should have a focal length which is smaller than 140 mm to be
able to converge the rays onto the objective lens. In view of the above (f not being
smaller than about 300 mm), the requirement is not met. The solution lies in the use
of another objective lens on the projector. Whether this is simple (and cheap) is
debatable, but if the projector has a zoom objective lens whose focal length can be set
to, say, 100 mm, then the problem is easily solved. Calculation shows that px will
then be 700 mm. which may lead to an acceptable value for the focal length of the
field lens, provided the value of o2 does not become too small.
The following calculation applies to o?. The camera lens should focus the image in
the field lens sharply on the target of the vidicon. As the diagonal of the picture on

the target is 16 mm, this means a magnification of

= 0.4x. There is little that can

be done in this case to the normal objective lens of the camera. A focal length of
25 mm leads to about 90 mm for o2, which is insufficient. For example, for the field
lens Pj is the object distance and o2 the picture point distance of
^0 + 766 = /’
=
01111 • T° obtain an acceptable value for o0 the focal length of
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the objective lens of the camera should be at least 100 mm. o2 will then be 350 mm
and the focal length of the field lens will be 230 mm.
In summary, to obtain the required results using a simple, inexpensive field lens
(e.g.. spectacle lens), the focal lengths of the two objective lenses should be large.
The requirement is to be able to set the camera in sharp focus at 350 mm. When these
conditions are met. the setting discussed will provide bright and grainless pictures
(although reversed left to right).
In my opinion the most attractive setting will be 6.8 or 6.9. If the moving bar effect
is troublesome owing to excessive light intensity, the diaphragm may be reset for 6.9.
For 6.8 it may be possible to make compensating adjustments to the projector.
However, diaphragm adjustments at the projector are not as simple as they may
seem; hence reducing the current through the projector lamp or using a grey filter is
probably the only practical solution.
Finally a warning: avoid projecting directly into the lens of the camera if frosted
glass or a field lens has not been fitted. The target of the vidicon can stand only a
limited amount of light. On the other hand, projecting directly onto the target
(without a camera objective lens) can cause little damage owing to the low light level.
6.1.3.

Sound with film

Sound with film for video applications should meet a number of requirements.

(a) Sound quality should be reasonable.
(b) The sound should be synchronous with the film and should remain synchronised
under all circumstances. This means, for example, that after five stops and six
starts, 23 winding and rewinding cycles, 18 splices and the removal of 824 film
pictures, the sound track should still retain accurate sync. The professional film
industry aims for a sync accuracy of 1/50 second.
(c) Editing should not be rendered difficult.

Other requirements should be included, but meeting those above is difficult enough!
Of the many schemes available for adding sound to film the best ones are:
(1) Optical stripe—This is achieved by connecting a lamp instead of a loudspeaker to
the output of an amplifier and exposing the edge of the film by the light of this lamp
through a narrow gap. The result is a photographic track with varying density. An
alternative arrangement uses a mirror galvanometer. In this case the beam of light
passing through the gap via the vibrating mirror produces a photographic track
whose width varies. Scanning utilises a photocell and a second lamp {Figure 6.11).
For 16 mm film, the distance between the film window and the photocell is 26
pictures, and for super-8 22 pictures (first sound, then picture).
Advantages are that the picture and sound will invariably remain synchronous
(unless you skip some guide rollers on loading). When the film is copied, the sound is
also copied automatically.
Disadvantages are that the sound quality is only moderate (not too good signal/
noise ratio or frequency response and highish wow). Editing is practically impos
sible, because picture and sound do not coincide. Trying to record the sound together
with the picture generates practical problems.
In summary, then, the scheme is mostly suitable for cinema films.
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Figure 6.11. Top: 16-mm film with optical stripe, centre: with magnetic stripe, bottom: perfotape with
starting mark

(2) Magnetic stripe—With this arrangement a small track of the film is milled out and
replaced by a very narrow magnetic tape which is cemented on with a special glue
after editing. The distance between film window and recording head is 28 pictures for
16 mm film and 18 pictures for super-8 film (the film window followed by the audio
head).
The advantages are good synchronisation and the possibility to erase the sound
allowing subsequent dubbing.
Disadvantages are that due to the ‘stiffness’ of the film, the contact between the
head and the tape is only moderate, which tends to impair the upper frequency
response, as also does the low tape speed. Serious problems occur in the event of tape
breakage because then large pieces of stripe are often pulled loose also. Even though
this may not happen, splicing presents difficulties for the reasons already given for
optical stripe. In summary, the scheme is not suitable for television applications.

(3) Sound from a separate tape recorder—With this arrangement there is no intrinsic
coupling between the picture and sound. It is possible to achieve synchronisation,
however, by: (a) Making a mechanical coupling between the recorder and projector
by means of a shaft or (b) Recording a sync track on the tape in addition to the sound
track such that an ‘electronic shaft' is realised between the tape recorder and
projector.
One way of doing this is shown in Figure 6.12. Here, the camera contains a 50 Hz
generator which is coupled to the picture transport. The 50 Hz voltage from the
generator is fed to a double-track ‘pilot’ head. As the upper part of the pilot track lies
in phase opposition with respect to the lower part, the sync track and sound track will
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not interfere with each other. Because the pilot head is split into two parts a suitable
sync voltage is thus induced into it; in the sound head, however, the two pilot signals
will cancel out.
Some cameras contain a quartz crystal with which the picture transport is con
trolled. By establishing a similar crystal in the tape machine and deriving from it the
50 Hz signal for the pilot head, the connecting cable between the camera and the
tape machine is rendered superfluous. An additional advantage is that two or more
cameras may be used simultaneously without problems. Crystal frequency drift
resolves to less than one picture (frame) per hour.
Tape transport

0 45mm

Sound recording head

0 45mm

Pilot recording
head

Pitot tracks

Audio signal from
recording amplifier

• 50Hz from camera

25mm

Figure 6.12. The 'pilot' system according to DIN 15575. The 'pilot' track consists of two halves which are in
phase opposition. Because of this an interfering signal is not induced in the audio head winding on replay

The process is as follows. When a recording is commenced a ‘start signal’ is
recorded on the film and tape. This is a clap' produced by a pair of hinged boards
brought sharply together — generally known as a clapper board. Alternatively, the
start (and stop) signal can be recorded automatically on the tape and film by some
other method. Prior to reproduction, the tape and film are carefully prepared
ensuring that the ‘sound signal' occurs at the playback head while the ‘picture signal’
occurs at the film window. The tape is then started. Signal from the pilot head is
amplified and used to power a synchronous motor driving the projector. When all is
in order and. provided the tape machine is not accelerating too fast, which would
make it impossible for the projector to follow, the tape and film run synchronously.
Advantages are excellent sound quality, relatively simple recording and repro
duction and (with some reservations), excellent synchronisation. Disadvantages are
the difficulty of editing (but not impossible) and the frustration of trying to achieve
sync lock after rewinding to establish a wanted point in the programme. Further
more, a stationary tape means loss of synchronisation because the customary pilot
heads then, of course, fail to produce a sync signal.
To summarise, since here also Finnegan’s first law (if, in theory, anything at all can
go wrong, it certainly will) will certainly apply, this system is not suitable as a
reproduction system for television production in spite of any number of ingenious
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constructions, such as memories and the like, which are designed to correct the
synchronising error. The only real fool-proof system for TV applications is

(4) Perfotape (also called ‘chord') which is simply magnetic tape of the same dimen
sions as film stock, including perforations.
Type to match almost any film is available (see Figure 6.11). The perfotape
illustrated (matching 16 mm film) is provided with a 5 mm centre track for the sound
and one or more narrow stripes for control signals.
The perfotape is driven by a transport roller in the recorder which is equipped with
teeth. Rigid coupling to the projector ensures that the film and perfotape move at the
same speed. The coupling does not necessarily need to be mechanical. Electronic
sync with a memory to store temporary phase differences represents an alternative.
Only if the perforations of the film or of the tape are damaged will the excellent sync
of this arrangement be impaired.
Editing is also simple ; it is merely necessary to cut off as much tape as film, join the
ends together and the job is done! And as you can never cut off more or less than a
complete number of pictures and for perfotape the distance between two perfora
tions is equal to the distance between two pictures of film synchronisation is guaran
teed! Undue cutting however, should be avoided because the material is rather stiff,
which may soon result in damage. Advantages are good quality, easy editing, and
fully synchronous under all circumstances.
The only disadvantage is that recording remote from the studio can be more
difficult than with the pilot system. In practice the advantages of both systems are
often combined by recording with the pilot system and copying onto perfotape in the
studio. The perfotape recorder is always synchronous with the mains, so while
copying, a means of adjustment of the tape recorder may be required to achieve pilot
signal synchronisation. Finally, the results are edited and the reproduction obtained
with perfotape.*
In summary, for film with sound only perfotape is eminently suitable and can, if
required, be combined with the pilot system.
A very good example of a perfotape recorder is the Sondor Libra, shown in Figure
6.14. The tape transport is almost identical to that of a standard tape recorder. (In the
Sondor Libra the perfotape is driven by a capstan spindle with pressure roller
combined with a stepping motor mounted on the gear spindle instead of a guide roller
provided with teeth.) It is possible to fast spool in either direction, and it is easy to
find an arbitrary position on the perfotape. It is thus possible to make the Sondor
Libra operate synchronously with almost any source.
To help in this respect, the perfotape is provided with a so-called ‘time-code’ track.
When recording, the time-code effectively provides each film picture (frame) with a
‘number' (see Section 6.3.2.3). This avoids the need for start signals in the projector
and recorder when reproducing. To secure sync, the projector and recorder are
simply started at an arbitrary position, and (by winding the tape to the proper point)
a mini-computer built into the recorder quickly ensures that the corresponding
time-code ‘numbers’ of film and perfotape coincide.
* In the form described, copying from the pilot system to perfotape may cause a wow problem if the speed
of the film camera is not constant. This occurs in the reproduction of the perfotape sound track. This
disadvantage is not found with the modern, quartz-controlled cameras, however.
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Figure 6.13. A film editing table

Figure 6.14. The Sondor Libra
perfotape recorder
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6.2.

I he video disc

At the ti
l|rne of writing, a number of video discs have been realised. The main ones
are:
(1) I he mechanical video disc, which is a development of the microgroove long-play
audio disc.
(2) I he optical video disc, where a stripe pattern burned into the disc is scanned with
a laser.
(3) The magnetic video disc, consisting of a disc with a film which can be magnet
ised. This disc is scanned by a normal magnetic tape head.

It stands to reason that with these three systems the last word on the video disc has
not yet been spoken. Other systems are already being developed, several using
digital technology and laser beams reading reflections from the disc, and it is quite
possible that in five years I shall be wondering why I did mention the magnetic and
not the electrostatic video record!
Although not really a video matter, a number of manufacturers have developed a
digital ‘audio only' disc, working on the video disc principles. Using pulse code
modulation techniques (see Section 6.2.1) outstanding advantages over the analogue
audio disc are a flat frequency response from, at least, 2 Hz to 20 Hz, better than
95dB dynamic range, distortion below 0.03% and undetectable wow and flutter.
6.2.1.

The mechanical video disc

The principle of the mechanical video disc is based on that of the conventional
long-play audio disc. To make this ‘old-fashioned’ long-play disc suitable for video
recording, the frequency range needs to be vastly extended.
Using existing cutting techniques it is possible to record frequencies up to 70 to
80 kHz in the grooves (at 33 rev/min). If the speed of such a disc is increased to

1 500 rev/min, it should be possible to record frequencies up to
80 000 =
3.6 MHz, which offers possibilities for video recording. However, as a consequence
of the increased speed, the following measures would need to be taken:
(a) The amplitude of the recorded signal would need to be reduced to enable the
replay ‘pickup’ to trace the high frequencies and hence high accelerations. The
amplitude of the video disc grooves is approximately 1 p.m.
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(b) The number of grooves per centimetre would need to be increased from approx
imately 80 for a normal long-play disc to approximately 1 500 for a video disc to
avoid an unacceptably short playing time. 1 500 grooves per cm and 1 500 rev/
min correspond to a playing time of 1 min per cm. If it is assumed that approx
imately 8 cm per side of the disc is available for recording (as the centre of the
disc is reached, the lower the interface speed, and the more difficult the situation
becomes for the higher frequencies) then the playing time would be eight
minutes.
(c) A television signal contains very high, but also very low frequencies. It is not so
simple to record the lower frequencies at 1 500 rev/min because, for example,
25 Hz corresponds to a wavelength which is the same as the length of groove cut
in one revolution of the disc. For this reason, also because the demands required
of the scanning element (‘pickup') can be reduced, frequency modulation is used
for the video disc.
Striking aspects of Figure 6.15 are not only the large number of grooves and the
uniform wavelength, but also that the grooves do not ‘wriggle’ as they do with an
audio disc. The reason is that the video disc uses ‘depth’ (‘hill and dale’) recording.
This was necessary to ease the demands on the groove scanner. A ‘normal’ pickup
stylus cannot be used because a stylus able to trace the small video information would
require a tip radius of less than 1 p.m. Even with a playback force corresponding to
1 mN the stylus pressure would be approximately 3 tons force/cm2 (about 30 000
N/cm2). Such a fine stylus tip (assuming one could be made) would plough a trace of
destruction through the record, even at 1 mN tracking force. To facilitate mech
anical scanning, therefore, the design of a special scanner was essential. This is
shown in Figure 6.16.
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%

Figure 6.15. Right: a normal, audio microgroove disc, left: the grooves of the TeD video disc
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Figure 6.16. The principle of scanning the mechanical video disc with a pressure transducer

The disc is arranged to rotate over a stationary, fixed turntable. Between the
turntable and the disc a current of air blows upwards, keeping the record at a
constant distance from the turntable, because the pressure in the air current is lower
than in the stationary air over the disc (Bernoulli's law). Because of the air pressure
downwards and the force of gravity the record is pressed against the turntable,
whereas the current of air upwards tries to lift the disc away from the turntable. The
result is a balance, and the disc is maintained just clear of the turntable.
The replay (scanning) device consists of a piezoelectric ceramic element equipped
with a diamond stylus, which has the form of a kind of skate. The stylus rests on the
bottom of the groove, so that the force on the disc is distributed over a large surface.
As the front of the diamond makes a rather sharp angle, it can follow the modulation
well so whenever a ‘wave’ of the disc ‘escapes' from underneath the diamond, the
pressure on the ceramic element undergoes a momentary change. The resulting
pressure variations are converted into a voltage containing the video information.
With the aid of pulse code modulation the sound is accommodated in the sync pulses
(see Figure 6.17). The disadvantage of this idea is that the highest frequency that can
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L

Figure 6.17. Pulse-code modulation of the audio signal; sampling frequency 15 625 Hz
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be reproduced is only half the line frequency, or approximately 8 000 Hz. If
31 250 Hz was used as the sampling frequency, the highest audio frequency could
then be 15 625 Hz, but this is unacceptable as it would require a sound pulse to be
added in the middle of each line.
A solution may be found by delaying that pulse so much that it comes in the back
porch (see Figure 6.18). The pulse in the sync will then be equally delayed during the
demodulation process, so that the mutual distances resolve correctly. It is of little
importance that the entire audio signal is slightly (approximately 35 ps) delayed as a

video signal

Audio ngnat

Sampling pulses

Codec

After
decoding

Reconstructs
audio signal

_L__ I__

Figure 6.18. Pulse-code modulation with a sampling frequency of31 250 Hz

consequence of this. The big advantage of the mechanical video disc is that it can be
copied cheaply and that the playback equipment can be simple. A disadvantage is
that the disc is rather vulnerable so that it should be literally handled with gloves.
Moreover, the manufacturing process takes up a fair amount of time because the
cutting has to be carried out at slow speed to be able to deal with the highest
frequencies. Consequently only video material which is already available on film is
suitable for copying on the video disc.
A primary objection is the short playing time (approximately 10 minutes), but
according to the designers the possibilities of the TeD (Telefunken and Decca)
in this respect have not yet been exhausted. Nevertheless, the development of the
system has been suspended for the time being in view of the coming of the optical
video disc.
6.2.2.

The optical video disc

LaserVision is a Philips development, which is based on the same principle as the
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TeD. namely on the idea that it should be possible to increase the information
density on a disc by increasing the velocity to 1 500 rev/min in such a way that video
recording is possible. The way in which this is done for LaserVision differs from that
used for the TeD.

6.2.2.1.

The principle

The ‘groove’ in the disc is not cut with a cutting stylus as for the TeD and similar
mechanical systems, but with a laser beam. In this way a ‘groove’ of exactly fixed
dimensions is obtained, i.e. 0.5 i±m wide and 0.105 p.m deep, which runs from the
centre to the outside like a spiral. The term ‘groove’ has deliberately been put
between quotation marks, because due to the modulation system used it is more like
a collection of holes than an actual groove.
That does not matter, for the groove (continuing to use the word for convenience) is
not scanned mechanically but optically. The information is accommodated in the
length of the holes and the distances between them, (see Figure 6.19).
0 5pm
I 66pm

T
Figure 6.19. The LaserVision hole track of the (0.8 pn <d <2.5 \un)

Due to the small width of the groove it is possible to cut 6 000 grooves per cm, so
that a playing time of 4 minutes per cm is obtained, which is a playing time of
approximately 30 minutes per side. ‘Cutting’ should not be taken too literally. With
the aid of the laser a light-sensitive glass plate is exposed, and as with the production
of a printed circuit board, it is developed and etched, which results in the hole track.
From the record which has thus been obtained (and which could be played) a
mould is made from which the final video discs are produced. The pressing is a bright
(approximately 1 mm thick) video disc protected with an 0.04 p,m metal gloss, which
increases its reflective property, and a protective lacquer film (see Figure 6.20).
Reproduction is from the underside, through the carrier material, the advantage
of this being that damage or dust particles on the outside of the record have hardly
any effect on the scanning light beam, which is so wide at the appropriate position on
Protective lacquer coating

Meta! mirror

Moulded grooves
Inot drawn to scale)

rhe laser oeam
focused on the grooves

Figure 6.20. Cross-section through the LaserVision disc. The laserbeam is projected on the grooves through
the disc
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the surface of the disc, due to its low depth of field, that it negotiates any irregulari
ties. A laser beam is also used for replay scanning. Laser light must be used because
the laser has a number of properties of which an ordinary lamp is devoid, but which
are needed for the disc (e.g., a high energy density in the beam).
The helium-neon laser shown in Figure 6.21 consists of a long capillary tube with a
cross-section of approximately 2 mm which is covered by a second tube having a
cross-section of approximately 25 mm. Two electrodes are fitted in this tube to which
a high-voltage source of about 2 000 V is applied. The tubes contain a mixture of
85% helium and 15% neon at a pressure of about 300 N/m2 (= 0.003 atm). The high
2kV

load resistor

HSP
Anode

rt
Capillary

Figure 6.21. The laser

lJ

Mirror
/transparent)

voltage between the electrodes accelerates the electrons formed in the tube during
the start when an extra high voltage was applied. Owing to the low gas pressure, the
free path length is sufficient to enable the electrons to gain very high speeds prior to
striking gas molecules to which they impart their energy completely or partly.
As the tube contains more helium than neon, the probability is of a helium atom
impact, whose energy will then increase. When a helium atom discharges its energy,
this is likely to be taken on by a neon atom, which will then change its basic state to
assume the so-called ‘ricochet’ condition. The questions may arise as to why helium
gas is needed and why the neon atoms cannot be struck directly by the fast electrons.
The answer is simple: this is also possible. However, the chance of the ricochet
condition occurring is about 200 times as great with helium atoms than without them.
An atom in the ricochet condition - e.g., when one of its electrons has reached a
trajectory at a higher energy level - tends to return to its basic condition. This may
happen in one of two ways: ‘spontaneously’ or by stimulation. In a normal gas
discharge tube the chance that it occurs spontaneously is the highest.
The energy released is converted into radiation in accordance with the expression
E = hf, where E is the energy released, h Planck’s constant (6.63 x 10"34 Js) and/the
frequency of the radiation.
With neon gas the electrons change from the so-called 3s to the 2p energy level,
and as the energy difference between the levels is 3.14 x IO’19 joule, the frequency of
radiation works out to (with E = hf) 4.74 x 1014 Hz and the wavelength 0.63 |xm.
This is the well-known reddish neon light.
In the case of stimulated emission the principle is the same, except that it is not
spontaneous. As shown in Figure 6.22, atom A is stimulated into radiation by the
radiation of atom B. An important point here is that the phase, frequency and
direction of the radiation of atom A correspond exactly with those of atom B. In

>o
Figure 6.22. Amplification by stimulated emission
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other words, the radiation of sources A and B together is coherent. For the process to
be repetitive and hence to provide a constant amplification of the original radiation,
the capillary requires a high energy density. This is provided by two mutually
parallel, flat mirrors mounted before the ends of the capillary. Radiation from atoms
A and B will then strike a third atom C (aided by the mirrors), which will also emit
radiation. As this is also coherent with the radiations from atoms A and B, the result
is Light Amplification by Stimulated Emission of Radiation.
As the mirrors are perpendicular to the axis of the capillary, the reflection is
constant in this direction; stimulated emission along other paths is thus extinguished
quickly. The narrow parallel light beam developed in the capillary passes to the
outside through one of the mirrors which is slightly transparent. The laser beam,
which is required by the optical video disc, is thus obtained. Its main characteristics
are:
(a) Coherent light (note that with spontaneous emission the light is not coherent).
(b) Monochromatic light (X = 0.6328 pm).

(c) A very narrow, hardly diverging beam of high intensity.
The beam is projected, by a lens system, onto the video disc, from whence it is
reflected. When the beam hits the bottom of a hole, the distance covered is twice the
depth of the hole, which is 0.21 pm greater than the distance covered by that part of
the beam which does not hit the hole.
As the refractive index (n) of the disc material is 1.5, the following applies to the

wavelength of the laser light reflected by the record: Xrecord = — = yy =

0.42 pm. As a result, the difference in distance is exactly 1/2X so the beam is
extinguished almost completely. When the entire beam falls between two holes the
light intensity is maximum. The reflected beam follows the same path back and
finally falls on a light-sensitive cell, where the variations in light intensity are
converted into an alternating current, corresponding to the video signal after processing.
6.2.2.2

Modulation and demodulation of the video signal

The video signal is put ‘into the band’ as follows (see Figure 6.23):

(a) The brightness (luminance) signal is limited to 3 MHz, and is used to frequency
modulate a 6 MHz carrier. The resulting f.m. signal is then bandpass-filtered
over 3 to 7 MHz.
(b) For the colour information, the PAL colour subcarrier of 4.43 MHz is reduced to
1.68 MHz and the chroma contained in a bandwidth of approximately 0.5 MHz.
(c) Two channels are available for sound. The corresponding carrier frequencies are
425 and 700 kHz with a deviation of 50 kHz.
(d) A pilot tone signal of 560 kHz, derived from the line frequency (/jine x 36),
resides exactly between the two sound carriers.
The various signals are then added and limited to form a square-wave signal which
modulates the laser for applying the digital information to the disc.
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Figure 6.23. LaserVision frequency spectrum

Without going into details, the demodulation process is as shown in Figure 6.24.
The heart of the circuit is the phase lock loop (p.1.1.), which consists of the phase
detector (1). frequency divider (2) and oscillator (3). It regenerates the 1.68 MHz
chroma carrier. This signal includes frequency deviations resulting from the record
ing and/or reproduction owing to speed variations of the disc, but they are ultimately
eliminated as explained below.
The free-running crystal oscillator (4) delivers a 4.43 MHz signal, which serves as a
new, stable colour subcarrier. By mixing this signal with the 1.68 MHz signal from
oscillator (3) in frequency transformer (5) a 6.11 MHz signal, inclusive of frequency
errors, is obtained. When this signal is mixed with the colour signal from the disc
(which contains the same errors), the frequency deviations are eliminated, and the
result is a signal with a stable carrier of 4.43 MHz. This is added to the brightness
information at (7) and the result is the original PAL colour video signal. Finally, the
audio and video signals are modulated onto a u.h.f. carrier for application to the
aerial input of a domestic television set.
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Figure 6.24. Demodulation of the LaserVision signal

218

6.2.2.3.

The servo mechanism

There are three main problems concerning servo-control, which are:

(a) Keeping the number of revolutions of the drive motor precisely at the required
25 revolutions per second.
(b) So far there has not been a disc manufacturer who has succeeded in making the
locating hole perfectly central. Even Philips have not succeeded in this respect
with the video disc. Hence, in spite of this, ensuring that the laser beam
continues to follow the track.
(c) Ensuring that slightly warped records (not more than approximately a tenth of a
mm) can still be played.

Problem (a)
This is, in fact, the simplest to resolve: as the 4.43 MHz oscillator (4
of Figure 6.24) is the reference source for the entire disc player, the drive motor can
be controlled by this oscillator. Theoretically, a close-tolerance PAL signal should be
obtained; in practice, however, it is impossible to stabilise the motor to such a high
degree that the line and chroma frequencies remain in the original tight lock. This
sort of coupling, therefore, is not used and instead the record is driven with a d.c.
motor. A tachogenerator is connected to the spindle of the motor to provide an a.c.
voltage whose frequency is determined by the number of revolutions of the disc. This
signal constitutes a servo-control voltage which keeps the motor speed constant to
0.1%. In fact, there are two proposed versions, one which spins the disc at a constant
1 500 rev/min and another which spins the disc at a continuously changing speed for
constant linear velocity operation. The first version, like the TeD, makes possible a
still or ‘freeze’ frame, as explained in Figure 6.27. The second version is unable to do
this, but it is capable of a longer playing time. It is suggested that the second version
will have a great domestic appeal, and the first lend itself more to educational
activities. However, it is difficult to judge accurately at this time just how much
importance the domestic user will attach to the ‘freeze’ facility. There does not seem
to be all that great an interest shown in it so far as the video cassette recorder is
concerned.
The reason that the speed of the second version is continuously changing is so that
the interface velocity between replay head and disc can be held constant. With an
ordinary audio disc, the interface velocity is greater at the outer diameters of the
record, progressively diminishing as the record plays. This is wasteful of information
capacity. The idea of obtaining a constant interface velocity is not new; but in the
early days when it was mooted the advanced electronics required for control were not
available. The situation has altered dramatically with today’s digital electronics and
microprocessors. It would seem that either of the two options will be available on one
version of the Philips machine merely by the flick of a switch or, indeed, by the
machine sensing automatically whether the record placed on it is a constant tan
gential velocity one or a continuously varying speed one!
For the resolution of problem (b) see Figure 6.25. The laser on the left produces a
linearly polarised beam of light, which is projected on the record via a lens (2), a
semi-transparent mirror (3), a rotatable mirror (4) and the objective lens (5). After
reflection, the beam returns along the same path and passes the l/4X-plate (6) for the
second time. The 1/4X-plate has a so-called principal direction. That is, light whose
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plane of polarisation corresponds to that principal direction (//) passes through the
plate more slowly than light whose plane of polarisation is perpendicular (1) to the
principal direction. The thickness of the plate is chosen so that the //light lags a 1/4 in
phase with respect to the i light.
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Figure 6.25. The LaserVision optical system. The insert shows the track and the main beam (2), and
ancillary beams (1 and 3) projected on it

When the l/4X-plate is placed in the linearly polarised beam of light from the laser
so that the principal direction forms an angle of 45° with the polarisation direction
(see Figure 6.26), the component along the principal direction lags 1/4X in phase
with respect to the 1 component. The result is circularly polarised light. After
reflection by the record, the component along the principal direction will lag by
another 1/4A in phase. In the phase diagram {Figure 6.26) this is represented by the
vector pointing down. When the two vectors (1 and //) are combined again, it is seen
that the direction of polarisation of the resultant is perpendicular to the original
direction of polarisation.
Polarisation direction of
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light

Mam direction
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Figure 6.26. Function of the 1/4 -X. plate
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By positioning the mirror (3) so that this light is incident with the Brewster angle
(see Section 2.1.6.7), only that light which vibrates in the plane of incidence is passed
fully by the mirror. Light which vibrates perpendicular to the plane of incidence (that
is, the light from the l/4X-plate) will be almost completely reflected to the detector
and hardly any of it will be passed by the mirror. In this way, therefore, the light
reflected by the record is prevented from reaching the laser again and disturbing the
stimulated emission.
That clears the path of the beam. The controlling system referred to at (b)
functions as follows.
The laser beam passes through a grating before arriving at the lens (2). This splits
the main beam into three separate beams which are fed to the disc as already
described. The centre one (2) is the scanning beam while 1 and 3 are auxiliary beams
which fall half on the hole track and half next to it on the disc. After reflection, the
three beams each impinge upon its own detector. When the centre beam is properly
centred on the track, detectors 1 and 3 receive, on average, equal light. In the event
of mistracking, there is a light imbalance and an error voltage is generated which
operates the rotatable mirror (4), thereby correcting the error. In this way a groove
which wobbles by as much as 0.1 mm can still be followed with an error of less than
0.2 |±m.
Picture blanking

Picture blanking

Stationary image

Reverse -moving image

Figure 6.27. Scanning the video disc with stationary and reverse-moving images

Mirror (4) is also used to reproduce a stationary picture. For this the mirror is
arranged to move back over the distance of one groove during the picture blanking,
after one revolution (one picture), thereby yielding a freeze facility (see Figure 6.27).
Operation is by a current pulse passed through a solenoid which moves the mirror
(see Figure 6.28a).
The turning moment (torque) on the coil is given by

Mcoil = BIAN

and the acceleration due to that moment to M = Jot
acoi!

BIAN
j

(b)
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where B is the magnetic flux density
A the area of the coil
(B A is the magnetic flux enclosed, which is constant in case of a radial
field).
/ the current through the coil
N the number of turns in the coil
J the moment of inertia of the mirror + the coil.
The resulting angular velocity of the mirror is

(with WCO|| = acoj| x t)
BIAN xt

“coil

J

and the angle covered by the mirror is (with
mirror

(c)

X1

_BIAN
2J - t2

1/2 at2)
(d)

Hence it is seen that the mirror can react quickly when the moment of inertia is small
and B, I, A and TV are large. In practice, the various magnitudes can be chosen so that
the control is achieved with a power of 100 mW.
Figure 6.27shows how a stationary or reverse-moving image may be obtained. The
drawing shows that the scanning beam for the stationary image moves back one track
after making a full revolution (one image). For the reverse-moving image it moves
back one track after making half a revolution (one field). Clearly, the disc cannot be
scanned exclusively with the mirror. For the ‘heavy work’, the complete scanner is
passed under the disc by a mechanism coupled to a tracking system.
Finally problem (c) — that of disc warps.

Figure 6.28. The movement of the mirror (4) when changing tracks, (a) the current through the moving coil,
(b) the angular acceleration of the coil/mirror. (c) the angular velocity of the mirror, (d) the angle through
which the mirror is turned
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Correction is by a fourth beam which is obtained by splitting the original laser beam.
This is shown in Figure 6.29 where, having reached the objective lens, the beam
follows the path drawn. When the disc is at position a, the beam follows the dotted
Position 4
Position B

Video disc

---- Objective lens

2/

From laser md ebb Detector
A B

Figure 6.29. The principle of the automatic focusing system. If the disc surface is in the correct position with
respect to the objective lens, there will be as much light on A as on B

path and falls on detector A; when the disc is in position b, the beam finally falls on
detector B. Only in the correct position will equal amounts of light fall on both
detectors A and B. When the position is wrong an error voltage from the detectors is
amplified and fed to the coil (7) of Figure 6.25. This is comparable with the speech
coil of a loudspeaker; but here the coil moves the objective lens to correct the error.
It will be interesting to see what the future holds for the recently launched
LaserVision development of which has taken about 20 years (Figure 6.30). It
probably will hold little appeal to the true video enthusiast who requires to make
video recordings as well as replay those made by other people (now called ‘video
grams’). For this type of person the video tape recorder will be of far greater interest.

Figure 6.30. The LaserVision

6.2.3.

The magnetic video disc

Although the video disc based on the scanning principle of the audio L.P. has been
introduced by the Bogen company, this approach to the video disc cannot really be
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Figure 6.31. The Ampex slow-motion machine HS-100. At the top the two aluminium discs can just be seen.
The small box houses the operating controls
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Figure 6.32. The slow-motion machine. The video signal is converted into an f.m.
signal and then recorded, frame by frame, on the discs by heads A, B, C and D
successively
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regarded as a breakthrough, though it is, nevertheless, of interest. The disc is coated
with magnetic material and the ‘pickup’ is the record/replay head which can also
serve as the erase head.
The most important application of this technique is the slow-motion disc and
machine, shown in Figure 6.31. Just visible in the photo are two thick aluminium
discs which are coated with a magnetic film, over which the heads which can serve as
record/replay and erase heads move as shown in Figure 6.32. The discs spin at
50 rev/s, which means that one field is written per revolution. The heads scan across
the discs in a unique way. The fields are not written in a spiral as with other video
discs, but in concentric circles using stepping motors, as shown in the table.
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The heads are at the outside of the disc when the first field of video arrives for
recording. During the first field head D records and head A erases the track on which
the second field is to be recorded. Heads B and C meanwhile move to the next track
and the second field is recorded by head A while head B erases the track on which the
third field is to be recorded. Meanwhile heads C and D move on one track. The third
field is then recorded by head B while head C erases and heads A and D move on one
track, etc.
It will be clear from this that each head skips one track in turn. After 900
fields — each head having then completed 225 tracks — the heads arrive at the end
of the disc. They then change direction to travel from the inside to the outside of the
disc to complete (write) the tracks which were originally skipped. An advantage of
the system is that during a football match, for example, the machine can operate
continuously while 2 x 900 — 1 800 fields are available for replay. Because the discs
rotate at 50 rev/s (3 000 rev/min), one field of a two-field interlaced frame (complete
picture) is written per revolution.
When reproducing there is a choice of the following speeds:
(a)
(b)
(c)
(d)
(e)

normal speed
half speed
1/5 normal speed
stationary image, and image-by-image reproduction
continuously adjustable speed.

Forward or reverse reproduction is possible. For reverse reproduction both the
scanning order and the direction of movement of the heads are reversed. In this case
scanning takes place as shown in the table:
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When a stationary or slow-motion picture is to be reproduced, each track is
scanned a number of times, depending on the delay required. As for stationary
images (‘freeze’ mode) the same tracks are constantly scanned, the discs should not
only be exactly synchronous with the studio sync, but also proper meandering should
be provided again.
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6.3.

The video recorder

Looking back, it is, perhaps, not surprising to find that the first video recorder
(Ampex 1956) was launched after the transistor was introduced. Those who are
aware of the complexity of the video recorder will realise that with thermionic valves
it would have been absolutely impossible to develop the video recorder as we know it
today. During the first few years machines by Ampex and RCA were available only
to the more professional user. Standardisation at that time did not represent a
problem and, fortunately, it never became one because the two firms standardised
on so-called quadruplex recording before competition started in the semi-profes
sional market place.
In 1964, when Sony introduced the first ‘helical scan’ recorder (which could be
produced considerably cheaper than the quadruplex or ‘Ampex’ recorder), the
situation had changed entirely from the earlier days. Many manufacturers were soon
actively engaged in developing their own ‘brands’ of helical-scan machines. Result
ing from these activities about the only factor which the various makes now have in
common, is that they can all record the same video signal.
The various systems which are available at the moment can be divided into four
groups, depending on the width of the tape used:

(1)
(2)
(3)
(4)

2in tape: professional only.
lin tape: professional and semi-professional.
¥2 in and ¥4 in tapes: semi-professional and amateur.
¥4 in tape: amateur only.

When it is realised that each group includes:

(a) open-reel recorders,
(b) cassette recorders,
(c) at least three or four different methods of recording and speeds,
then it can be appreciated that there must be at least 25 to 30 different standards of
recording world-wide.

It is intended in this book to limit description mainly to those systems which in my
opinion are to be regarded as the most important. These are:
(1)
(2)
(3)
(4)
(5)

The professional quadruplex recorder.
¥2in open-reel recorders using the so-called Japan-I standard (helical scan).
VCR (Video Cassette Recorder) (helical scan).
The lin IVC standard.
‘Segmented helical-scan’ machines.

But first we will consider the properties of magnetic tape.
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Figure 6.33. Ampex AVR 1 (2 in quadruplex)
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6.3.1.

Magnetic tape

Magnetic tape consists of a polyester carrier coated with a thin ‘magnetic film’, which
formerly was almost exclusively ferric oxide but nowadays includes chromium diox
ide and ‘cobalt-activated T-ferric oxide’ formulations.
The magnetic properties of a tape are best studied from the magnetisation curve or
‘hysteresis loop' of the magnetic material. Consider the setup in Figure 6.34, where
Direction of tape travel

—-—m

Effective gap width

~)
Polyester
T 'base

35pm

—

*4— Magnetic coating

Weiss completes
orientated

Weiss completes
not orientated

Figure 6.34. The contact between
magnetic tape and head

L J
4

8

the tape does not move, has not been magnetised and rests against the poles of the
head. A current / of increasing intensity is now passed through the coil causing the
magnetic field strength H in the coil (and the tape) to increase, which it does in direct
proportion to /. The magnetic induction B in the tape will also increase; unfortunate
ly this is not directly proportional to H but exhibits a saturation effect, as shown in
Figure 6.35.
When all the magnetic domains (Weiss complexes, which can be regarded as
microscopically small, bar magnets) are in sympathetic orientation, B will increase
by only a very small amount with increase in H\ saturation is reached. This occurs
when H is about 4 x 104 A/metre in Figure 6.35. B is then 10 x 10'2 Newton/Am.
When the current through the coil and hence the value of H is next decreased, B will
10-2 N/Am

r
-6-

- ’0-a7'm
i

_5

*

---------=2

z
^-*-=.10

Figure 6.35. Hysteresis loop of an average tape with a remanence of9* 10‘2 N/Am and a coercivity of
2.5 x 104 A/m

229

1

not decrease in the same way as it increased, but at H = 0, B will have retained a
value of about 9 x 10"2 N/A m. This corresponds to the ‘remanence’ of the tape. The
phenomenon is caused by the Weiss complexes (magnetic domains) retaining orienta
tion. Magnetic picture (and sound) recording is based on this ‘memory effect’.
To reduce B to zero, e.g. to eliminate magnetisation, it is necessary to produce a
negative field. In Figure 6.35 the condition obtains at H = -2.5 x 104 A/m. This
corresponds to the ‘coercive force’ of the tape.
When H is taken to an even higher negative value, B will also become negative; the
magnetic domains are then in the opposite direction to previously. When H is again
increased to + 5 x 104 A/m. the magnetic material passes through the last part of the
magnetisation curve and the so-called hysteresis loop is closed.
When an alternating current instead of a direct current is passed through the head
w inding the principle is the same. When the alternating current in the winding is large
enough to allow H to exceed the coercive force of the tape, the polarity of the
magnetic domains is alternated. As shown in Figure 6.34, on one half-cycle all north
poles will be on the left-hand side, then on the other half-cycle they will be on the
right-hand side. When the tape is transported, the magnetic domains retain the
polarity they had at the moment they left the gap of the recording head.
For reproduction, the magnetic domains passing the head gap cause a magnetic
flux to pass through the core. Assuming for simplicity that the magnetic flux of the
tape is completely transferred to the head,
then: 0coi, = </>taDe = 5/1’
0lapc is the nux in the tape,
A the area of the cross-section of the magnetic film in m2
and
B the remanent magnetic flux.

Fora number of reasons which we need not discuss here, the remaining magnetic flux
is nev^r equal to the remanence, but at the maximum ‘undistorted’ drive of the tape it
works out to about 30% of the remanence, which is 3 x 10“2 N/A m in Figure 6.35.
Assuming that the tape has a thickness of 15 pm and a width of lZzin = 12.7 mm, then

0 tape

(3 x 10’2)(15x 10’6)(12.7x 10’3) = 5.7 x IO’9 weber.*

Assuming that 0lape varies sinusoidally with a frequency/and that 5.7 x 10’9 weber
is the maximum (peak) value of the sinusoidal flux, then the following applies, with

d<i>

Kxb
^ab

_

and
Umax

0
^tape = 0 tape. max.

sin 2tt/z

sin 2tt/z

dz
0 t, max

2tt/ cos 2tt/z

• Unfortunately, the obsolete’ units Oersted’. ‘Gauss’ and Maxwell’ are still used for H, B and 0 by
some manufacturers instead of the SI units.
Conversions are: 1 oersted = 250/tt = 80 A/m
1 gauss
= 10'4 N/Am (I N/A m is also called 1 Wb/m2 or Tesla)
1 maxwell = 1O'M weber.
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where n is the number of turns of wire in the coil.
For// = 10 turns and/= 1 MHz we get
Fab = 10 (5.7 x 10’9) (2tt x 106) cos2tt/z
= 0.36 cos 2ixft volt.

The maximum (peak) value of the voltage between terminals A and B of the head is
then 0.36 volt.*
It is shown by the formulae that the induced voltage is directly proportional to the
frequency; a frequency of 100 Hz would generate only 0.000 036 V in the head. That
is a difference of 80 dB! From the practical aspect, correcting for such a large
difference is impossible. Because of this, recording a complete video signal by the
normal method is not feasible; instead, a form of frequency modulation is used for all
video tape applications. Although in principle the same problem occurs, correction is
that much simpler on account of the reduced frequency swing. You may have
wondered why tape speed has not been mentioned in the above. Well, the reason is
obvious: tape speed is not important as long as it is sufficient to ensure that the
wavelength of the highest frequency of the recorded signal is always 2 to 3 times
greater than the length of the gap of the replay head. If the wavelength falls below
that value, the output quickly decreases, and is zero at d = X . Assuming that the
'wavelength limit' X = 2d, and taking 2 |±m for d, then the wavelength limit will be
4 pirn, which for a signal frequency of 5 MHz means (from v = vX ) a tape-to-head
velocity of (5 x 106) (4 x 10’6) = 20 m/s.**
Tape consumption apart, it is not an easy matter to design a machine to provide
such a high tape speed.
However, in most video recorders the linear tape velocity is much lower, and the
required high head-to-tape velocity is achieved by the use of rotating heads. Depend
ing on the nature of the rotation the terms 'transverse scan' (head speed Itape speed)
or 'helical scan' (head speed //tape speed) are used.
As iron-oxide crystals are oblong, the manufacturer can adapt the tape for specific
purposes. For example, for transverse scan applications, care is taken to ensure that
the oxide crystals (not to be confused with the magnetic domains — the crystals
themselves cannot rotate but the direction of magnetisation of the magnetic domains
can be altered) are in a transverse orientation; the remanence in the longitudinal
direction of the crystal is considerably greater than in the transverse direction. With a
coercive force of 2.5 x 104 A/m a normal tape for a transverse scan recorder, such as
the Scotch 400, has a transverse remanence of 9 x 10’2 N/A m and a longitudinal
remanence of 6.5 x IO"2 N/A m. Thus, operated in a transverse direction, this tape
provides approximately 40% more output than in the longitudinal direction.
With the advent of the non-professional video recorder, a demand arose for tape
which would give more signal at a smaller noise level. Increasing the remanence by
increasing the density of the oxide film, for example, is not sufficient because
’ As stated above 0.36 V applies to a head which transfers the entire tape flux; if the head is, for example,
only 0.14 mm wide, which is a normal value for a video head, then the enclosed flux, and consequently the

output voltage, will be proportionately less. In this case jy? 0.36 = 0.004 V.
” Al a velocity of 9.5 cni/s and a signal frequency of 24 kHz recorded on tape by an audio head, the
wavelength is also about 4 p.m, so exactly the same signal is recorded then.
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‘print-through ’ is then also likely to be increased. Print-through' occurs because on a
reel of tape adjacent layers tend slightly to magnetise each other.
An improvement is achieved by increasing the coercive force and the remanence
of the tape. Self-demagnetisation, which reduces the resulting flux in particular at
small wavelength, is also reduced. (Due to higher coercive force the magnetisation
direction of a magnetic domain is better maintained.) Moreover, the copyingeffect is
affected favourably. Chromium dioxide, ‘high energy' and 'high-density' tapes are
examples of formulations of high coercivity (approximately 4.5 x 104 A/m) and
remanence (approximately 14 x 10’2 N/A m). The interchanging of tape of different
coercivities is not always possible, because the higher the coercivity, the larger the
recording current required for full modulation.
Finally, some remarks on the storage of tapes. Dust and finger prints are the
biggest enemies of tapes because they encourage so-called ‘drop-outs’. As the
contact surface between the video head and the tape is very small indeed, one small
speck of dust may be sufficient to lift the tape from the head for a very short time
causing a momentary fall in output — a drop-out.
It is very important to store and mail your tapes in a neatly wound condition. It is
good practice to store your tapes with the ends stuck or clipped to the reel. Poor
spooling may result in the tape stretching or kinking. Though this may not matter too
much with audio tapes, this must be avoided with video tapes because the affected
parts will most certainly be useless. Of course, tapes must not be brought within say
10 cm (4in) of a strong permanent magnet; e.g., a loudspeaker.
Tape should not be stored in a too warm environment — preferably below 30°C.
At higher temperatures there is a strong increase in print-through. At 40°C printthroush is twice as strong as at 20°C. For more information on this subject, see [Ref.
6.2], “
To summarise, store tape in a dust-free environment (preferably in a plastic bag) at
room temperature, normal relative humidity and clear of magnetic fields. Under
these conditions a recording will last indefinitely.

6.3.2.

Transverse scan; quadrupiex recording

Figure 6.36 shows the mechanical construction of the transverse scan recorder. The
term quadrupiex used for this type of recorder is derived from the use of four
recording heads mounted in the head wheel (5) (see inset). Although in principle it is
possible for the transverse scan type of machine to work with fewer heads, such a
machine is not available as far as I know. The requirement is for the tape to be in
contact with one of the heads at all times. The 2in wide tape is forced into a quarter of
a circle by a vacuum chamber, as shown at 6 in Figure 6.37. It stands to reason that
with three heads this would be even more difficult.
6.3.2.1.

The servo part

The head wheel (diameter 50 mm) rotates at 250 rev/s and thus it records 1/5 field
per second. So each head records 1/20 field (~ 16 lines). To make sure that the head
wheel rotates at the proper speed, a tachogenerator (2) is mounted on the spindle of
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Figure 6.36. The tape transport of the quadruplex recorder. The insert shows the head-wheel containing the
four heads, which protrude slightly to obtain close contact with the tape

Figure 6.37. The vacuum chamber of a quadruplex recorder (disassembled)

the drive motor (3). This delivers an a.c. voltage whose frequency is compared with
the picture sync of the video signal. The tracks are recorded as shown in Figure6.38.
In addition to the two sound tracks (one of which is used as a cue track; e.g., a track
originally meant to record speech instructions, but which is nowadays generally used
as time-code track for electronic editing), there is a third track, called a control track.
Tape transport 39 7 cm/sec

I
WB— Audio signal l

IT
I
I

|,
|I

/ideo track
angle 0'33

■“ — —0 397mm
— — — 0 254 mm

Audio signal 2
/cue ■ track Imostly
J / time code track)
■Control track

Head wHee<'diametert52 $ mm
tmeasured between the pole tips)

Figure 6.38. Track survey of quadruplex standard /

A major problem with video tape recorders is to ensure that during replay the head
wheel accurately follows the video tracks. This is resolved by a pulse which is
recorded on the control track for each revolution of the head wheel. On replay this
pulse is applied to a phase detector circuit which checks against the reference that the
head wheel has exactly completed one revolution after each pulse. If it has not, then
the motor speed is readjusted.
For coupling the recorder to the studio sync there is another control circuit by
which the tape speed is adjusted. The studio sync is compared with the sync from the
tape. If they fail to tally the speed of the tape transport motor (the capstan motor) is
automatically adjusted. The complete servo system for reproduction is shown in
Figure 6.39. This reveals that the actual situation is not quite as described above. All
the elements so far discussed are present, but the mutual coupling is slightly different.
(a) The picture sync is separated from the studio sync and after frequency multi
plication (5x) it is compared in the phase detector 1 with a 250 Hz signal from
the control track. A voltage arising from any error (error voltage) causes the
capstan motor to adjust to the correct speed.
(b) The same picture sync is compared in another phase detector 2 with the fre
quency of the signal from the tachogenerator on the head wheel. Again, in the
event of error, an error voltage readjusts the oscillator via the AND gate which,
in turn, determines the speed of the motor driving the head wheel.
(c) Finally, the phase difference between the line sync from the studio and that from
the tape is converted into an error voltage by phase detector 3. If the two sync
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Figure 6.39. Servo system of the quadruplex recorder

signals are not in phase, the resulting error voltage will also readjust the oscil
lator via the AND gate.
The entire process described above stabilises within 5 to 10 seconds from start-up to
the studio-synchronous condition.* To be on the safe side, it is reckoned that a
quadruplex machine is fully studio-synchronous after 20 seconds from start-up.
There is always a chance that a tape which has been recorded on one machine will
be replayed on a different (though same type) machine. To ensure that the heads
reproducing the tape exactly follow the recorded tracks, the machine is equipped
with a ‘tracking control'. This is a phase-shifting network located between the control
track head and phase detector 1. It provides a manual adjustment of the phase shift
so that the scanning exactly correlates with the recorded tracks. The type of inter
ference caused by incorrect tracking is shown in Figure 6.40.

6.3.2.2.

Recording and reproduction; Quadruplex II

For recording, the video signal is fed to a modulator through a pre-emphasis network
which enhances the high-frequency signal-to-noise ratio. The modulator converts
the video signal to f.m. and the signal in this form is then recorded on the tape.
* The time has been reduced to 400 ms in the latest recorders provided with digital servos.

235

Machines using three different frequency ranges are involved, which are:

(1) Low band from 4.95 MHz (sync) to 6.8 MHz (peak white), rarely used nowadays.
(2) High band from 7.16 MHz (sync).7.8 MHz (black level) and to 9.3 MHz (peak
white). Resulting from the f.m. the frequency deviation is smaller than the
frequency range of the modulating signal, which is from 0 Hz to approximately
5 MHz. The f.m. sidebands range from below 7.16 to above 9.3 MHz. Highband modulation is used with most quadruplex machines.
(3) Super high band from 8.94 MHz (sync). 10.0 MHz (black level) to 12.5 MHz
(peak white). Because of its large frequency deviation this modulation range
produces fewer significant sidebands. Sideband ‘clipping' with this band is also
less troublesome, which means that the distortion is less, exhibited by a favour
able moire number. So far, the super high band is rarely adopted. It is part of a
new standard for professional Quadruplex II machines, the main characteristics
of which are:
Tape speed: 15.24 cm/s.
Video track width: 0.114 mm (centre to centre: 0.152 mm).
Three audio channels, of which one is a cue track.
High coercivity tape (4.5 x 104 A/m).
Compatible with Quad I (when the tape speed and the head wheel are
adapted).

Figure 6.40. Replay with wrongly set tracking control

Quad II also records a pilot tone of 1.5 x 4.43 MHz = 6.65 MHz which helps to
balance timebase errors and solve the problem of colour banding. A weak point of
quadruplex 1 system is that four equal — but according to Finnegan’s law different —
heads are used in the head wheel. As these heads can never be expected to provide
exactly identical signals, switching from one to the other can lead to differences in
colour: colour banding. Although it should be possible to eliminate the effect by
careful adjustment to the head amplifiers, after a period of use head wear demands
further re-adjustment. By deriving the 4.43 MHz signal from the pilot-tone signal
during reproduction and constantly comparing it with the 4.43 MHz colour carrier
from the studio in a ‘pilot-tone processor’, it is possible
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(a) to generate a signal for fine adjustment to the timebase corrector built into the
recorder (see Section 6.4.3), and
(b) to eliminate the colour banding by a second signal derived from the pilot tone in
the pilot-tone processor. This second signal is a ‘standard’ against which the
error of the amplitude of the chroma can be compared. It is thus possible to avoid
constant re-adjustment. The term ‘autochroma’ is used for the circuit. The
circuit in question is shown by dotted line in Figure 6.39.
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Figure 6.41. Frequency characteristic of the de-emphasis network

During replay the signal from the heads, coupled through slip-rings or a rotating
ferrite transformer, is amplified, demodulated and led through a de-emphasis net
work (Figure 6.41).
An additional advantage is that unwanted components of the r.f. carrier are also
attenuated, which improves the signal-to-noise ratio. The video signal is then avail
able for further processing.

Figure 6.42. A mechanical splicer, formerly used for video tapes

6.3.2.3.

Electronic video-tape editing

It will be apparent from what has already been said that editing video-tape recordings
implies much more than just cutting the tape and sticking the bits you want together.
Apart from the question as to whether the splice would pass the vacuum chamber, it
will be clear that the servo mechanism is likely to panic should the control signals go
out of step. As a consequence, video-tape editing is done almost exclusively electron
ically (Figure 6.43).
A brief account of what this implies now follows. Assume that a director requires a
recording on machine A to be followed by a recording on machine B. With the aid of
electronic counters, a time code' is recorded on the cue track of both machines. Each
picture is then, so to speak, provided with a number. This should not be taken
literally, of course, but it does mean that any picture can be located quickly using the
counters. The director can thus determine exactly where he wants to make a splice.
Once this is established, the video-tape technician stores the time code of the two
splices (the end of scene A and the beginning of scene B) in the memory of the editing
computer, and then rewinds the tapes of both machines over a suitable length (but
for, at least, 20 s).

Figure 6.43. A video-tape editing computer. On the display the time codes of the two recorders are shown,
and the point of editing can be typed in
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From the time code, the memory stores the information corresponding to the
reverse count, so the technician is then only required to start that machine which has
gone back the farthest. The memory determines the moment at which the other
recorder is to be started to ensure that both recorders reach the splice point sim
ultaneously to within 1/25 s. At the correct moment the computer will start the
second recorder, and at the point required by the director an automatic switch
changes from recorder A to recorder B.
Although the splice is not yet made, the effect that a splice at that particular point
would have on the picture is shown on a monitor screen. If the director is satisfied
with the effect, the process is repeated, except that at the splice point recorder A is
switched to the record mode, thus effecting the transfer of the scene from machine B.
An additional difficulty is that the switching must take place at the correct field; so
that proper meandering is maintained; e.g., an even field should be followed by an
odd field to ensure that a correctly interlaced frame is obtained and the bursts too
should retain the correct PAL phase during the switching to avoid colour errors.
The EBU time code
This time code (also called the address code) is generated in a digital time-code
generator, which provides each video picture with an ‘address' in the form of an
8O-bit code word, which consists of:

(1) Eight blocks of four bits, encoding and storing data corresponding to the time of
the day at which the picture in question was recorded.
(2) Eight blocks of four bits for probable encoding and storing additional data such
as the date, the tape number or the scene number.
(3) One block of 16 bits, the so-called ‘synchronising word', which consists of 12 bits
which, in logic terms, are ‘1’, preceded by two bits which are ‘O', followed by one
‘O' and one ‘ 1' {Figure 6.45).

Figure 6.44. A complete installation. Left the recorder and right the editing console
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Figure 6.45. The sync word (a) in the standard 0/1 code and (b) in the bi-phase code

Two methods of writing the ‘sync word' are shown in Figure 6.45: («) is the natural
0/1 method and (b) the method used in practice.
It is shown that a ‘zero’ is represented by one jump per bit (from 0 to 1 or from 1 to
0 — it does not matter which way round) and that a ‘one’ is represented by two
jumps per bit. Again, it does not matter whether the transition is low/high or
high/low. The advantages of this mode of coding are that there is at least one jump
for every bit (which facilitates read-out of the code), and that the code is rendered
insensitive to 180° phase inversion, which would occur should the connections from
the cue-track head be reversed.
The complete word is shown in Figure 6.46. The first block of four bits together
with the third block of four bits encode the picture number. Both blocks are
separated by the ‘binary word' required under (2) above. Information ‘blocks’
encoding numbers of pictures, seconds, minutes and hours are separated from each
other by the (generally) empty ‘binary’ words to prevent a number of bits following
each other from equalling those of the sync word.
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Figure 6.46.

I
example of a time-code word, corresponding to the 19th frame recorded at 27 mins. 36 sec
past 5

The BCD code is used to store the numbers in the information blocks. The first bit
gives the units, the second the ‘twos’, the third the ‘fours', the fourth the ‘eights’, the
ninth the ‘tens' and the tenth the ‘twenties'. More bits are not needed to mark the
number of pictures, so that bits 11 and 12 are empty, and are also called ‘unassigned
bits’. In the example, the picture number is 19 (1 + 8 + 10). From the time code it can
be deduced that the people responsible for this production were probably early
risers!
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The sync word is of great importance for decoding the time code. It signifies first
that a word starts. It also lets the decoder ‘see’ the direction of tape movement. For
example, if there are first two ‘zeroes’, then 12 ‘ones1, and finally one ‘zero’ and one
‘one’, the recorder transports the tape forward. However, if there are first one ‘one’
and one ‘zero’, followed by 12 ‘ones’, and two ‘zeroes’, then the tape moves
backwards.

BS @ BW
Figure 6.47. The Sony VO 2850 with automatic editing control RM 400

The time code is generally recorded on the cue track of the video recorder so that
the beginning of each word coincides with the picture pulse of the corresponding
picture. For more information see Ref. 6.3.
This way of editing being reserved essentially for the professional sector, Sony
markets an automatic editing control without time code (RM 430), intended for use
in combination with its (non-professional) U-matic machine VO 2860 as a non
professional counterpart.

6.3.3.

Helical scan

The discussion of the helical-scan recorder is confined mainly to machines with two
video recording heads. (A machine with one head is discussed in Section 6.3.3.3.)
The mechanial construction is generally as shown in Figure 6.48. Here it will be seen
that the head wheel is positioned slightly obliquely with respect to the tape, so that,
relatively, the tape can be regarded as moving obliquely along the head drum. From
this has been derived the term helical scan (from the Greek helix). As a result, the
video tracks recorded make a small angle (3 to 4 degrees) with respect to the
longitudinal direction of the tape. The head wheel rotates at a rate of 25 rev/s, so that
241

each head is in contact with the tape for 1/50 s. In this time exactly one field is
recorded. (In case oi quadruplex this is only 16 lines per head, i.e. 1/20 field.)
Switching from one head to the other occurs during the picture blanking when
there is no picture information. As this is not the case with quadruplex, a comparison
ol the two systems could be instructive to determine their relative merits and possible
demerits.
From feed spool
\
\

Video erase
head

vD h.
Conical pm

Head wheel

Erase head
for audio and
control track

Recording
>g/replay head
for audio'
> and control track

To take-up spool

Z_i _y

---- Capstan

nC

/
weatf?

Conical pm

Pressure roller

Head i

Head wheel
Head i

■

Head drum

n

±3
Figure 6.48. The two-head helical-scan recorder

(1) Tape use. For quadruplex I: 5.08 x 39.7 = 200 cm2/sec. For an average helical
scan system (’/sin tape and tape speed 2.34 cm/s)* = 3 cnr/s. If we assume that
the price of the tape and its area arc directly proportional, this implies a price
ratio of 1:67 in favour of the helical scan.
(2) Signal-to-noise ratio. Generally, it may be said that
(a) the signal intensity is proportional to the track width and
(b) the tape noise is proportional to the root of the track width. Although the
tape speed is not important, it should be borne in mind that for video
recording the sizes of X and the gap width are about the same so that if the
scanning speed increases for a given gap width the ratio X/d will increase.
As a result, the signal intensity will increase, though not linearly. If,
therefore, we say that X
(c) the signal intensity is proportional to the root of the scanning speed, it
follows that the signal-to-noise ratio is proportional to the root of the area
scanned per second. With an area ratio of 1:67 between the two systems, it
follows that the signal-to-noise ratio of the helical scan system is 20 log V67
= 18 dB worse than the quadruplex system.
’ J.V.C. V.H.S.
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Figure 6.49. The head drum of the Shibaden SV 610 D

If the signal-to-noise ratio is 46 dB for quadruplex, it will thus be approx
imately 28 dB for the average helical-scan recorder. The use of high coerc
ivity tape will tend to improve both figures by approximately 2 dB. Record
ing without guard band can improve this figure by another 2 dB.

(3) Head wear. This is mainly determined by three factors:
(a) scanning speed.
(b) head-tape pressure and
(c) kind of tape used.
It is difficult to give exact figures, but generally 200 to 500 hours of
running are quoted for quadruplex, and 1 000 to 2 000 for helical scan before the
heads should be replaced. The relatively short life for quadruplex is mainly
caused by the fact that the head-tape pressure is about twice that of helical scan.
(4) Drop-outs. As the head-tape pressure is smaller for helical scan, the number of
‘drop-out’ effects is considerably greater than for quadruplex, and to help
diminish the effect many helical-scan machines are nowadays equipped with a
drop-out compensator (see Section 6.4.1).
(5) Influence of changes in tape length. Both for quadruplex and for helical scan the
length of a video track on the tape is almost exclusively determined by the
diameter of the head wheel. Assume that a certain head wheel has recorded
video tracks of 100 mm length on the tape. With helical scan there are 312.5
picture lines (one field) per 100 mm track.
Assuming that the tape is played under circumstances which cause its length to
increase by 0.1%, the result will be that when the head wheel has completed half
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a revolution only 312.2 lines (0.1% = 0.3 fewer lines) will have passed. Never
theless, the second head will take over and the next field will start, thereby
producing an error such that two successive frames will have moved horizontally
with respect to each other. The movement in the example corresponds to 0.3 line
or to an error of 30%. With quadruplex this ‘timing-error’ is much smaller; 0.1%
of 16 lines corresponds to an error of 0.016 lines, which is a horizontal shift of
only 1.6%. The problem is discussed further in Section 6.4.2.
Summarising points 1 to 5 inclusive, it is apparent that helical scan sacrifices
quality in almost all areas in return for a much lower price. On the other hand, it will
be observed that the net result is similar for the two systems when the tape para
meters are similar.

Black-and-white open-reel recorders following EIAJ-1; editing

6.3.3.1.

EIAJ stands for Electronic Industries Association of Japan, which explains why this
system is generally referred to as the Japan-I system. As will be seen from the track
configuration in Figure 6.50, the head wheel rotates against the direction of move
ment of the tape, resulting in the effective track length increasing slightly. When the
tape is stationary, the track length is exactly half the circumference of the head wheel
H6
(e.g.. 7T
= 182 mm). Fora tape speed of 163.2 mm/s, approximately 3.2 mm
2
is added in 1/50 s, making the effective track length 185.2 mm, from which it follows

= 9.26 m/s.

that the head-tape interface speed

— Tape transport 16 322 cm/sec

L
r __
1.15mm

i

T

Audio track

016 mm

| 0 13mm
12 7mm

=3

Video track
angle 3 12'

0.9mm

“T

Head wheel diameter 116 mm

'Control track

Figure 6.50. Tracks according to the Japan I system

For the reproduction of a stationary picture with a recorder following the Japan-I
system (most Japanese ’Zzin machines follow this system), the video recorded track is
scanned slightly ‘obliquely’, as shown in Figure 6.51. The result is a tracking error
which cannot easily be corrected (the only thing that can be done is to move the tape
slightly downwards or forwards by hand to centre the heads on the track). However,
the line time will then be just over 64 ps, so when the head has completed half a
revolution it will not have scanned the track completely. As a result, the new line
185 2
time will be jg^ 64 ps = 65.1 ps, and the new line frequency 15 350 Hz, which is
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Figure 6.51. Erroneous scanning with stationary tape

The track scanned with
stationary tape

The
recorded

275 Hz lower than it should actually be. For most monitors this will generally be just
within the range of the horizontal oscillator; but if not, it might be possible to adjust
the monitor so that the picture sync remains synchronised both with moving and
stationary tape.

The servo part
Figure 6.52 shows a greatly simplified block diagram of the Sony AV 3670CE. For
both recording and replay the head wheel is locked to the vertical sync of the
incoming video signal. When there is no video signal, the sync selector switches
automatically to a field pulse derived from the 50 Hz mains supply. Phase and
frequency of the incoming 50 Hz field pulse is compared with the position of the head
wheel in phase detector 1, and any errors are corrected by an eddy current brake
which adjusts the head speed accordingly.
The field pulse is also recorded on the control track. The capstan motor, which
could in principle run free during recording, is synchronised with the field pulse
Video signal

<

Video signal in

-o

Video heads

Sync
separator

Frame sync

■current brake
lead wheel

Phase detector ft)

SOHz pulse

—i-i-0 r —

50Hz r»:

Head wheel

Sync selector

p u coils

Record
Control track head

Tracking
control

o Replay
Replay |

Phase detector

Record

T

Tacho generator on
capstan spindle

0

Figure 6.52. The servo system of the Sony AV 3670 CE
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derived from the video signal during recording. This is done to make electronic
editing possible.
During reproduction phase detector 2 compares the frequency and phase of the
signal of the head wheel with that of the control track. When there is no difference
the speed of the capstan motor is correct. An extensive block diagram and a complete
circuit diagram of the AV 3670CE are shown in Section 10.5.

Editing
When editing it is necessary for the frequency and phase of the ‘studio sync' to be
identical with those of the tape-derived signal. If they are not an error will occur on
switching from tape to studio or vice versa. The error will result in “rolling' of the
picture which sometimes manifests off-air when studios or programme sources are
switched. However, non-synchronous splices can be much more annoying, because
during switching the entire servo mechanism of the recorder then get “muddled’ as it
attempts to adapt suddenly to a fresh sync sequence.
On the basis that both syncs (studio and recorder) should correspond for successful
splicing, it is quite obvious that it is generally the recorder that needs to adapt itself.
(Contrary to the above, it is the camera which adapts itself with some “quick-editing'
machines.) The implication, then, is that an editing recorder always has two servo
systems, one for the head-wheel servo (which locks the head wheel to the control
track) and the other for the capstan servo (which controls the speed of the tape so
that the frequency and phase of the tape and studio sync correspond.
With simple recorders the conditions are satisfied when the frequency and phase of
the picture sync of studio and recorder are identical; theoretically, all should then be
well with the line sync. Understand that Finnegan observes the entire situation with a
grin; for even though the servo succeeds in limiting the phase error to 0.1%, it is still
20
1/1000 of 20 ms = 20 ps! The line jitter will then be
x 100 = 30%. This means that
it is completely impossible to mix studio video and recorder video; the picture would
constantly move to and fro horizontally. Switching from the one to the other can be
done reasonably well (especially during the picture blanking) because the horizontal
synchronisation of the monitor generally adapts itself quickly (certainly after changes
in the lime constants, as described in Section 4.3.3.3).
With more sophisticated machines a phase detector is switched in which checks the
line sync as soon as the field sync has been brought into step. This, though, is only
possible (generally) when the recorder is equipped with timebase correction which
stabilises the line sync. Two advantages are thereby reaped: firstly, re-adjustment
can take place every 64 ps instead of every 20 ms, so that the recorder delivers an
output signal of greater stability and, secondly, the studio video signals and the sync
can be mixed.
Editing proper takes place as follows: Most editing machines have two modes,
namely “insert' (replacing part of an old recording by a new one), and ‘assemble’
(splicing an old recording and a new one). Of the two methods ‘assemble’ is the
simplest — making sure that recorder and studio are in phase and then switching to
recording. There are two possible problems:

(1) When the earlier recording has not been made on the recorder which is being
used for editing, it is possible that (after editing) the trackings of the old and the
246

new parts will fail to correlate. This, of course, will not occur when the distance
between the head wheel and the control-track head has been properly adjusted
at the factory; but even if the earlier recording was made at a temperature lower
by ten degrees (C), things could go wrong.
To correct this the recorder may embody a so-called ‘timing-circuit’, which
applies the same phase error between the head wheel and the control track as
obtained on the earlier part, when the new part is recorded. This timing circuit is
set when playing the earlier recording while the recorder is locked to the new
sync, for the least picture interference.
(2) The earlier recording cannot begin to be erased before the splice has been made.
This is because the splice is made on the head drum at the moment that the heads
are switched from replay to record. The erase head is positioned before the head
drum. Moreover, the positions of erase head and head wheel do not correspond.
Hence, if in an attempt to have erasing and recording coincide in place, the erase
head is switched on before the splice is made, wanted parts of the video tracks
will be deleted. The problem is shown in Figure 6.53.
Erase head

— Splice

<

Tape speed

Erasing head

*---------- Tape speed

Figure 6.53(a) 'Erase head’ and 'record heads' switched on at the same time
(b) Erase head switched on before the splice is made

There are two solutions: either to mount a so-called ‘flying erase head' in the
head wheel for each video head, which first erases the old video track before the
recording head lays a new track, or to arrange for the recording head itself to do
the erasing. The first solution is clearly superior, because with the second a small
amount of the old recording will remain if the recording head which is now also
serving as erase head does not move exactly over the old video track. During
reproduction this will most certainly result in a moire effect. Very accurate
setting of the timing (and of the tracking in case of reproduction) is thus of very
great importance. Figue 6.54 shows an example of the error arising from in
correct timing.

Insert mode. Contrary to the assemble mode, the earlier control track is not erased
when an insert is made. It should be retained because at the end of the insert the
earlier recording should exactly follow the new one, which is possible only when the
earlier control track is present.
There is no doubt that this method yields the best splices, because there is no
switching of the control track. (For the assemble mode a new control track must be
laid, because in 99% of cases the earlier control track is no longer than the actual
picture recording. Of course, nice splices without such difficulties could be achieved
by providing the tape with a control track right to the end before editing is started.)
Another essential difference with the assemble mode is that there is a time
difference of approximately 1 second between the moment that the button is depres
sed to finish the insert and the moment that it actually takes place. The ‘why’ is fairly
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obvious: first the erase head is switched off, then the tape has to pass the entire
distance past the head drum, and only then can the insert be stopped. The delay
required for this, of course, is built into the recorder.

Figure 6.54. Splice with wrongly set timing. The 'old image remains slightly visible (The ‘clean’ part of the
image has already been erased)

An elementary circuit which clarifies many of the phenomena discussed in this
section — apart from the pulse-cross circuit (Section 3.2.3) — is given in Figure
6.55. The monitor displaying the recorded picture is synchronised with the studio
sync. The picture shows whether the recorder has already been locked. If not, the
picture will be entirely muddled (no frequency lock). A vertical bar moving through
it signifies no horizontal phase-lock, while a horizontal bar moving through it
signifies no vertical phase-lock. With a simple recorder the vertical bar (= the
horizontal sync pulse) will continue to jump more or less strongly through the picture
because there is no horizontal phase-lock. The degree of instability of the recorder
can be judged by the amount of to-and-fro movement.
A recorder equipped with a horizontal phase-lock offers two possibilities: (a)
either everything is in order (no bar), or (b) there is a stationary vertical bar through
the centre of the picture. In the latter case, the fields fail to follow each other
Video signal from studio
(to be recorded)

Recorder

Sync inpu t
i monitor

-

Monitor

Video input
monitor

Figure 6.55. Control circuit for editing
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Output of the recorder
' (existing recording)

properly: during an even field of the studio the recorder will give an odd field, and
vice versa. If a splice is then made, two even fields will be edited after each other,
instead of an even field followed by an odd one. Although this may not cause undue
local difficulties, because the monitor will generally accept such a splice, problems
may rise later should a tape edited in this way be subsequently recorded on a different
machine.
Sophisticated recorders have a circuit which automatically prevents even fields
from following each other. A compromise when a recorder is without this facility is to
interrupt the incoming sync momentarily which, statistically, will clear the trouble in
50% of cases.
6.3.3.2.

Colour; the video cassette recorder

Two essential points in recording a colour picture are:

(a) how can the extra information be accommodated within the available band
width, and
(b) how can the colour information be recorded so that there are no unacceptable
colour deviations owing to the unavoidable instability of the recorder?
Direct recording of the PAL colour signal by a simple machine is not generally
possible. Apart from the fact that it would be quite an undertaking to record the
entire frequency band (0-5 MHz) direct with simple means, there is another prob
lem for a simple recorder: the great difficulty of keeping the phase errors in the
4.43 MHz colour carrier, caused by the instability of the recorder, small enough to
avoid annoying colour deviations.
Numerous ‘tricks’ have been thought of, introduced . . . and given up equally
quickly in attempts to solve the problems.
There are some I would like to mention:
(1) The FAM system, because it offers (moderate) possibilities to the build-ityourself technician to render a black-and-white recorder suitable for colour
without changes to the recorder itself.
(2) The original Philips VCR because it is a representative of the principle of colour
recording as it has generally been accepted industrially and also domestically in
Europe, America and Japan.
(3) The Sony U-matic system, because it is the only format in the semi-professional
and domestic range that uses a 3Ain tape and consequently offers a far better
picture than all other machines in this range.
(4) The JVC Video Home System because it is in my opinion the most important
representative of the ‘slanted azimuth colour cassette recorder’.
(5) The Philips ‘Video 2000’ system because it is the first video recorder with a
flip-over cassette and a completely different track-following system.
(1) The FA M system
This starts from the philosophy that, whereas a tracking error of 0.1% in the phase of
the colour carrier causes an error of 4 430 x 360° (a ridiculous amount), this remains
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■
0.1 % in the frequency of the signal recorded and that the amplitude is barely affected
by it. FAM stands for Frequency and Amplitude Modulation. Basic to the system are
the Y-signal (the brightness carrier), and the -(R-Y) and -(B-Y) signals as colour
carriers. These signals are obtained direct from the television receiver or derived
from the PAL colour video signal using a decoder (see Figure 6.56). Next, a
1.66 MHz carrier is modulated with the -(R-Y) signal, and the amplitude of the
resulting signal is modulated with the -(B-Y) signal. Together with the Y informa
tion this forms the FAM colour video signal which is fed to the recorder.
Sound

‘^FAM out

>3 MHz

■<B Y±

A M

QiSMHz
Television

------'-IR-YI

X
X

'

FM
Recorder

OS MHZ
-IR-YI

------------------ F Dem

crisp

' IB-Y)

A

—
—;

FAM ,n

5r
---------------------- A Dem

Sound

Figure 6.56. Elementary block diagram of the FAM modulator/demodulator

For demodulation the reverse process is used, and the result is Y, -(R-Y) and
_(B-Y). The total bandwidth of the FAM signal is 2 MHz, the brightness informa
tion has a bandwidth of only 1 MHz. With the aid of a crispening circuit the
subjective impression of sharpness is, however, brought to an acceptable value. If
the available video machine can record a total bandwidth of 3 MHz, the frequency of
the colour carrier can be brought to e.g., 2.66 MHz. For the Y signal approximately
2 MHz will be left. A complete diagram can be found in Ref. 6.4.

(2) The VCR
Though many companies have Video Cassette Recorders on the market, the abbrev
iation VCR has, in Europe, gradually become synonymous with the Philips cassette
system.
The tracks are shown in Figure 6.57. Striking features are

(a) compared with the Japan-I system, the control track and sound track positions
are reversed (the control track moves through the video track) and the tape has a
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I

second sound track, making it possible to record stereo sound or a bilingual
commentary.
(b) the head wheel rotates in the same direction as the tape moves, which means that
the tracks are shorter for a moving than a stationary tape.
Tape transport 14 29 cm/sec

07

Audio track 2

r

Control track

0 <

video track
angle 3 75'
■0.13mm
0.19 mm

12 7mm
(>/2)

07

-- Audio track I

n

Head v>neel diameter 105inm

Figure 6.57. Tracks of the VCR N1500 (Philips)

Figure 6.58 shows the automatic tape loading of the Philips N1500. The cassette is
lowered into the recorder from above and comes down on pins SI and S2 and the
capstan spindle (position shown at a). When the start button is depressed, the disc on
which pins SI and S2 are fitted moves half a turn, which completes tape loading
(position shown at b).
A feature not shown by the drawings is that the head drum (along which the tape is
passed and which contains the heads) consists of a stationary bottom part mounted
eccentrically on the turntable, and a rotatable top part, which forms a whole with the
head wheel and which rotates at 25 rev/s. The top part is provided with grooves,
allowing air to pass beneath the tape to reduce the friction between the tape and
drum. The principle of colour recording is similar to that of the video disc {Figure
6.59): the bandwidth of the brightness signal is limited to about 2.7 MHz, and before
la)

Head\Mheet

lb)

Rotating disc

82

Prase head

SI

Erase head

Audto/control
track head

Capstan spindle

Pressure roller

Cassete

Feed spool

Take-up spool

Figure 6.58. Automatic tape loading with the NI500 VCR
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recording it is converted to f.m. All sidebands above 4.4 MHz and below 1.1 MHz
are suppressed so that the colour information can be accommodated in the sidebands
below 1.1 MHz.
Frequency sweep

r------------ 1
Sync

I

Black

I

Amplitude

0

Peak white

T

I

5
‘ i

0 562

------ - f(MHz)

Figure 6.59. Frequency spectrum of the Philips N1500

This is achieved by the 4.43 MHz PAL colour carrier being mixed with a
0.5625 MHz signal derived from the horizontal sync (0.5625 MHz = 36/hor), see
Figure 6.60. The sum frequency of both signals (4.99 MHz) serves as an auxiliary
carrier which, after mixing with the PAL colour information, yields a colour signal
whose carrier is 0.5625 MHz. Finally, the superimposed brightness and colour
signals are fed to the heads in the ratio of 10:1. (A similar process takes place in audio
recorders. For sound, the modulation and bias signals combined are fed to the
recording head (see Figure 6.61). For video the colour signal can be compared with
the audio modulation, and the brightness with the audio bias.)
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Figure 6.60. Block diagram of the N1500 VCR
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For reproduction, the Y signal is filtered and conventionally demodulated (see
Figure 6.60). A stable colour carrier is achieved in the following way: Assuming that
the frequency of the colour information isx% too high at a certain moment, then the
frequency of the horizontal sync pulses derived from the brightness signal will also be
x% too high, as also will the 0.5625 MHz signal derived from the sync pulses by
frequency multiplication (PLL 3). If the x% represents a value of A/ MHz, then the
frequency of the signal applied to the frequency transformer (4) will be 0.5625 +
A/MHz. Hence, the signal coming from this transformer will also be too high in
frequency, i.e., 4.99 + A/ MHz.
Audio signal
(colour information)

BiaslFM - modulated
S brightness)

Figure 6.61. Superposition of audio signal and bias (colour information and luminance signal respectively)

In frequency transformer (3) the 4.99 + A/ MHz signal is decreased in frequency
by the colour information. As the colour information is also A/MHz too high, the
errors cancel out. The colour information delivered by the frequency transformer on
the carrier of 4.43 MHz has an instability factor which is so small (phase errors
amounting to 1°) that, owing to the favourable influence of the PAL system, the hue
errors are barely troublesome.
A burst gate (e.g., a pulse at the moment of the burst) is derived from the
brightness signal to be able to measure the amplitude of the burst at the moment it
occurs. If the relative amplitude of the burst is in error, the gain of the chroma
channel is automatically adjusted accordingly.
The servo system of the N 1500 is fairly simple. In recording mode, a 25 Hz pulse
derived from the frame sync is recorded on the control track so the head wheel runs
synchronously with the control track by virtue of the head servo. In replay mode, the
head wheel is locked to the mains and a capstan servo ensures that the tape speed is
adjusted so that the head wheel and control track work synchronously.
The N 1500 is also provided with a tuner, modulator and timer. Coupling to a
television receiver is thus very simple, which makes the recorder particularly attrac
tive for the recording of open network off-air broadcasts.
Since video inputs and outputs, and editing possibilities are absent, the recorder is
less suitable for use as a basic machine for audio-visual work. Cassette recorders with
these facilities, however, can be supplied by practically all manufacturers of video
recorders, including Philips.

(3) The Sony U-malic system
The Sony U-matic system is one of the oldest cassette systems in the video area. Its
name is derived from the loading technique used in this recorder which is shown in
Figure 6.62. As can be seen, the loading system of the Philips VCR and the U-matic
are similar to a great extent; the main difference can be found in the cassette. Sony
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uses a cassette with the two reels beside each other, which has proven to be superior
to the Philips mechanism with its two reels one above the other.
The only disadvantage I can see in the U-matic cassette is its relatively large size
(14 x 22 cm). The electronics of the U-matic machine and the VCR are basically
very much alike, so there is no need to discuss it further, although perhaps one
feature of the U-matic machines should be mentioned here: their dub facilities. The
recorders have special dub-in and dub-out connectors. These connectors open the
possibility of almost direct interconnections between the heads of player and
recorder.
Audio/

7Xcf/
Head drum

Erase/ctl head

--------- ----------------- 1
|

1i (AT\

1 v—•

Video cassette
14 x 22 cm

i
i
J

Figure 6.62. U-loadingsystem

Finally Figure 6.63 shows the magnetic tape pattern of the U-matic format. It
offers two audio channels (in case of mono operation channel 2 is used alone) with an
audio bandwidth of 15 000 Hz. Relative tape speed 10.26 m/s; each head preceded
by a flying erase head.
Tapetransport 9 53 cm/sec

- ■ Control track

Video track
slope 4 7‘

0.085mm
O./57mm
19.1 mm

I
Audio 1

G6»«|

Audios

Head drum diameter 110 mm •

Figure 6.63. U-malic tape pattern
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(4) The JVC video home system
This is a development of the Japanese Victor Corporation which is used by a number
of manufacturers. Together with VCR-LP (Philips), Betamax (Sony) and SVR
(Grundig) which have almost the same properties as VHS, it is a representative of
today’s generation of colour cassette recorders with extended playing time (up to 4
hours). This long playing time is obtained by
(a) lowering the linear tape speed
(b) writing the video-tracks without guard band.
Figure 6.64 gives the magnetic tape pattern of the VHS. The width of each video
track is 49 pm with a slope of just over 6°, which is twice as much as in the Japan I.
This has a favourable influence on timing errors, as will be explained in Section 6.4.2.
By leaving out the guard bands intertrack breakthrough ('crosstalk’) became
unavoidable. This is a direct consequence of Finnegan's first law, which claims that
two exactly parallel tracks never will exist. In the VHS crosstalk is avoided by angling
the two video head gaps about 6° away from the vertical — the angle of one head in
opposition to that of the other (Figure 6.64).
Tapetransport 2 34 cm/sec
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r—- Control track
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Figure 6.64. The VHS magnetic tape pattern

Perhaps an example can illustrate this. The diameter of the headwheel being
62 mm, making 25 rev/s adds up to an interface head speed (at zero linear tape
speed) of
v = 25 x 2-nr
= 4.87 m/s.
As the tape itself moves at a linear speed of 2.34 cm/s the real interface speed is about
4.85 m/s.
The wavelength of a 0.5 MHz signal recorded on this tape will be

X = v/f
= 4.85/ (0.5 x 106)
= 9.7 pm.
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Let’s look at Figure 6.65. The lines tilting to the right give a part of the track written
by head 1: the grey slit represents the gap of head 2. Assuming head 2 is scanning the
wrong track over its full width then, if in head 2 no signal should be induced, the
upper part of the passing magnetisation should have opposite phase with respect to
the passing magnetisation in the lower half of the track. This means a = 0.5A .
With b = 49 p.m this gives for
tan a = a/b = 0.5 X/49 p.m
a ~ 6°

r£1

4.85/ 49

0.099

Phase

lex

/

j

a

A

Figure 6.65. Cancelling intertrack breakthrough

Given the principles outlined above, it is interesting to trace the situation for higher
frequencies and in those cases where head 2 scans only part of the track written by
head 1. I won’t go into this subject, but briefly summarised
(a) For frequencies higher than 0.5 MHz crosstalk with 6° azimuth is considerably
less than without it.
(b) For frequencies below 0.5 MHz there is barely any effect.

Or even more generalising: intertrack breakthrough of the luminance signal is
cancelled (the modulated luminance spectrum is between 1 and 6 MHz) and the
crosstalk in the converted chroma spectrum (0.1.... 1 MHz) is not affected.
To solve this problem the following was invented:
The colour signal is recorded on the channel 1 track with its phase left as it is and
recorded on the channel 2 track with its phase delayed by 90° every line. To be able to
understand the implications of this movement let’s consider Figure 6.66. In Figure
6.66a part of the tracks written by heads 2 and 1 are drawn. Each track starts with the
field sync (the heavy line); the thin lines represents the line sync.
Let's assume head 1 writes fields 1 and 3 resp. head 2 fields 2 and 4. As can be seen
in Figure 1.16, in the first field line sync 1 coincides with the field sync. The phase of
the corresponding chroma signal is +135° (PAL), symbolised in Figure 6.66 by an
oblique vector, pointing upwards. PAL-phase of line 2 is -135°, of line 3 +135° etc.
By a suitable choice of linear tape speed it can be achieved that field sync 2 (written
by head 2) coincides with the middle of line number 2 (written by head 1). This causes
the front-end of line 314 to coincide with the front end of line 3 etc. Here, too, the
small arrows indicate the PAL phase of the burst.
Figure 6.66b indicates what will happen if the phase of channel 2 is shifted by 90°
every line.
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Line 314 stays-135°. Line 315 becomes 90° less than +135°: +45°. Line 316 becomes
-135°-I80°= +45° etc.
Let us consider the result. In playback the chroma information from the heads
is delayed by 2 times 64 p.s and added to the non-delayed chroma (Figure 6.66c). The
Teal' chroma is also replaced by this sum signal. So instead of the chroma of line 3 we
get the sum of 1 and 3, instead of line 4, lines 2 and 4 added etc. JVC engineers claim
that this operation is acceptable because the colour-information in adjacent lines is
only slightly different. Of course this is true, but in the produced picture one can
clearly notice that the colour information no longer coincides with the luminance
signal. The big— and necessary — advantage of the whole operation is that crosstalk
coming from track 2 is cancelled out. Figure 6.66d shows how this is achieved.

JSO*

head I

head!

©

©
Figure 6.66. Chroma recording
without guardband

©

Heads I • 2

out

Sum signal
I head 1)

Head 1 reproduces, apart from the (wanted) chroma from line 3, the crosstalk
from 314, and apart from line 5, the crosstalk from 316. The chroma signals from
lines 3 and 5 have the same phase so they add. But lines 314 and 316 have
opposite phase, so they cancel out. The same applies to lines 4 and 6 and 315 and 317
etc. The same can be said about the signal from head 2; this signal is reproduced after
the phase has been advanced by 90° every line because the phase recorded was
delayed by 90° every line.
As you see, a lot of trouble is involved in writing without guard band. Is it
worthwhile?

Advantages of the system are:
+ playing times of up to 4 hours with a single cassette.
+ cassettes relatively inexpensive.
+ the adjustment of the tracking control becomes noncritical.
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Disadvantages are:
+ Low fidelity audio recording due to the low linear tape speed. Frequency re
sponse is only 70 Hz ... 6 kHz (3 dB), while wow and flutter add up to
1.7% (peak).
+ It is almost impossible to make good copies due to inadequate picture and sound
quality.
+ Synchronism between chroma and luminance in first generation is just accept
able. in second generation poor and in third generation unacceptable.
Editing is difficult.

Figure 6.67. The Philips VR2020

(5) The Philips ‘ Video 2000' system
Figure 6.68 shows the tape pattern of the Philips VR2020, a recorder with a flip-over
cassette (well-known in the audio field). This cassette enables four hours continuous
recording time on Vain tape on one side plus 4 hours more on the other side. The
interface head speed is 5.08 m/s (linear tape speed 2.44 cm/s) and the VHS well
known slanted azimuth two-head helical scan system is applied here too. There is
only one, but very important, difference: the control track is missing. Instead, Philips
use two video heads whose height can be adjusted by means of a piezo-ceramic
element (Figure 6.69).
During recording the position of one head is fixed, while the other is corrected by
means of an error signal obtained from a measurement which takes place during the
vertical blanking period.
During a period of 96 jjls head 1 changes from recording to reading and the
amplitude of a 223 kHz signal written by head 2 on the adjacent track is measured.
As a result of this measurement a control voltage is derived which feeds the actuator
of the non-fixed head and puts it in the correct position with respect to the fixed head.
During reproduction the actuators are both controlled by additional pilot
frequencies put down on the tracks along with the video signal. Because the pilot
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Tapetransport 2 44 cm /sec

I

Second side

15' azimuth

12 7 mm
V/2 in)

lui track
0.0225 mm

0 325 mm

Video track 1
Video track 2

t— 0 25 mm
I

slope 2.65’

Head drum diameter 65 mm

0 25 mm

-------- 0 65 mm

Figure 6.68. The Philips VR2020 tape pattern

frequencies are slightly different a mistracking will cause an interference signal which
is used as an error signal. Positive mistracking (head too high) gives an error
frequency of 47 kHz, negative mistracking an error frequency of 15 kHz. This
applies to head 1. For head 2 a positive mistracking gives 15 kHz and a negative
47 kHz. By comparing the amplitudes of the error frequencies an error voltage is
derived which controls the piezo-ceramic elements. This system is called ‘dynamic
track following' (DTF) and compensates errors caused by tape stress, humidity or
inaccuracies in tape travel. Also slow-, fast- and stop-motion become very simple.
But what if for instance the tape runs too slowly ? In that case both heads would
have to be lowered and lowered and lowered . . . until their maximum deviation is
reached, and control fails. To cope with this problem another control loop is
incorporated, the automatic tracking control (ATC).
If both heads have the same mistracking (i.e. the tape is running too slow or too fast)
then the error voltage from the DTF discriminator is fed to the tape servo that
controls the linear tape speed.
In this way a control track becomes superfluous. Note: the auxiliary track in the
middle of the tape is not a control track, but is reserved for future special purposes.
The ‘Video 2000’ system is superseding the earlier Philips and Grundig formats.

drum

P*'1- |
head

drum

Figure 6.69. Piezo-electric video head actuator
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6.3.3.3.

The 1 in IVCstandard

I VC (International Video Corporation) is a name which in the video field is synony
mous with ‘professional’ type equipment. Apart from the tape size 1 in IVC recorders
have a number of features by which they are distinguished from the machines
previously discussed.
(1) Apart from the generally present ‘flying erase head’, the head wheel has only
one head. Switching problems and differences between the heads are thus
avoided from the start.
However, stemming from this, the tape is fed in by a a-loop around the head
wheel, so it must be accepted that after each revolution the head leaves the tape
for a moment before the next track can be recorded (see Figure 6.70). The result
is a so-called ‘gap’ in the video signal which is, of course, carefully kept out of the
picture. One field is recorded per revolution of the head wheel.

Head!drum with
recording head
Tape <n <x - loop

— Heap cylinder

Figure 6.70. The a -loop

(2) The control track and the two audio tracks are written across the video tracks; so
from the point of view of video the tape is utilised completely. The disadvantages
of this are that the sound quality is not outstanding (75 Hz -10 kHz ± 4 dB and
S/N ratio 40 dB), and that sound inserts are not possible owing to the require
ment of audio track erasure.
2mm
1mm

— Tape transport 17 I cm/sec

~~ Audio track i

Video track
-----angle 4 75‘
019 mm

0264 mm

\254mmtT)

1mm

I

’liht
11
I

I

\0 3mm

Control track
Audio track 2
cue track

Head ‘Wheel diameter 96 6 mm

lQ4mm

Figure 6.71. Tracks of the 1 in IVC standard
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(3) The gaps of the audio and control-track heads are angled 25° with respect to the
(normal) vertical position, so that the azimuth displacement renders the least
mutual interference between these two signals and the video signal.
(4) At the tape speed of 17.1 cm/s, the length of a video track is 30.7 cm, which
results in a scanning speed of 15.35 m/s. As a result, the entire 5 MHz bandwidth
of the PAL video signal can be recorded.

Figure 6.71 shows the tracks of the 1 in I VC standard.
6.3.3.4.

Segmented helical scan

The segmented helical-scan recorder combines the advantages of helical scan (i.e.,
low tape costs, simple equipment, low head wear) and the advantages of transverse
scan (compatibility, excellent picture quality). Figure 6.73 shows the tracking arrange
ments of this type of recorder, which uses two recording heads and two flying erase
heads. The head wheel makes an angle of 14.4° with respect to the longitudinal
direction of the tape. The tape is passed round the head drum in an fl-shaped loop.
Because the head wheel rotates at 150 rev/s, each field is recorded in six segments
each of approximately 60 lines. A ‘track' recorded on the tape per head contains only
1/6 of the frame picture height, which means that there is switching from head to
head within a picture. Although a disadvantage, a decided advantage is the high head
speed. Hence a helical scan machine of video quality approaching that of transverse
scan becomes possible. This format is also called SMPTE-B.

Figure 6.72. BCN 1 in segmented helical scan machine. Insert: a close-up of the head drum

I
Tape transport 24 cm/sec
. Audio track I

>32 .

•

— Control track
Audio track 2

I
| —02 mm

25 4 mm

trt

- j - 0 16mm

Video track
angle 14 3‘

* /»

Bl

i

Head\wheet diameter 50 3mm

I 2mm

Audio track 3

Figure 6.73. BCN segmented helical scan tracks

6.4.

Correction of magnetic tape signals

The video signal from a video recorder needs correction in a number of respects; for
example, drop-outs, tape stretch and irregularities in the tape transport can never be
prevented completely. Some of the errors would be subjectively unacceptable with
out correction. With correction remarkably good results are often obtained.

6.4. 1.

Drop-out compensation

A drop-out is defined as a decrease in amplitude of a recorded signal on replay by
more than 12 dB for at least 5 |xs. Based on this definition, it is generally true that not
more than 5 to 10 drop-outs occur per minute with a good tape and a good machine.
Nevertheless, this means that the signal could drop out once every ten seconds
(generally restricted to one line or less) which can be particularly annoying. One
cause of a drop-out is dust on the tape. Other causes are manufacturing errors and
particles aberrations. If the tape lifts from the head for distance x, then

signal loss

v 55 dB.
A

R t video
Signa' m

.

Drop Out
detector
Electronic
swi tch

-►-o Video signal out

6kyus
deify

Figure 6.74. Block diagram of a drop-out compensator
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Signal loss is thus proportional to x and inversely proportional to the recorded
wavelength. At a wavelength of 4 pirn a speck of dust of a mere 1 p.m will evoke a
signal loss of 14 dB. Furthermore, because the tape happens to be lifted from the
head a bit before the speck of dust passes and due to a kind of ‘bouncing’ action the
lack of intimacy is prolonged for quite some time, the absolute necessity to keep tape
and heads spotlessly clean becomes dramatically apparent. Drop-outs are also
encouraged by wear of the video heads and due to the resulting deteriorating contact
between tape and head, the number of drop-outs will rise.
Drop-out compensation is commonly achieved as shown in Figure 6.74. The
amplitude of the frequency modulated video signal delivered by the heads is meas
ured with the drop-out detector. Should the amplitude fall below a preset value, the
detector produces a pulse which operates an electronic switch, so that the direct
video signal containing the drop-out is removed from the output and the video signal
of the previous line substituted. Generally, the difference between two lines is so
small that the switching is unnoticeable.

1H Delay tme
DLJOOl

*!2
C ^70/jH

Vert

I

blanking m

IQn
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4
R t video
signal tn
0 3 Vlt

-------H220p

/«T>
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-|

1

o R t video
signal out
Odv,,

i 270p
t herms to* S4»

Sensitivity
tivity Y

4/Jlf

2?n~ •

IQ/j

d*

J Gate

Ref voltage

---'A---

IC CXI2IA

Figure 6.75. Sony drop-out compensator circuit using the CX 121 A i.c.

The complete circuit of the drop-out compensator used in the Sony cassette
recorder VO 2850 is shown in Figure 6.75. Operation is as follows: The r.f. signal
from the heads is fed to the output via the limiter and the gate. From the output it is
also fed to the gate via the delay line. The r.f. signal is rectified by the detector and
part of it, determined by P2, is fed to the Schmitt trigger operating the gate. If the
signal from the detector falls below a certain value, the Schmitt trigger changes over,
and the video signal from the delay line is passed on to the output.
A vertical blanking pulse at pin 2 of the i.c. prevents the drop-out compensator
from operating during the blanking. This is necessary to prevent interference with
the synchronisation. The signal at pin 6 of the i.c. is set by Pl to 0.2 Vpp. The i.c.
(CX 121 A) is manufactured by Sony.
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6.4.2.

Tracking; Skew

Should the tape or the head wheel expand or shrink due to changes in temperature or
relative humidity, two errors could result, which are shown in Figure 6.76’.
(a) The head wheel could deviate from the video track as the ‘scan' continues, and
the deviation, expressed as a percentage of the track width, is called the ‘tracking
error'.
(b) As a result the length of the track scanned could fail to correspond to the length
of the track recorded. The length difference converted into p.s is called the
‘timing error' and the effect on the display is called ‘skew’.
Let us consider an average kind of tape with a humidity coefficient ( arh) of 1.1 x
IO’5 m/m % r.h. and a temperature coefficient ( a() of 1.7 x 10’5 m/m °C.
Assuming that the tape, recorded at an r.h. (relative humidity) of 40% and a
temperature of 10°C, is replayed at a relative humidity of 60% and a temperature of
30°C, then the rise in temperature will cause the length of the tape (and consequently
the length of the video tracks) to increase by 20 x (1.7 x 10~5) m/m = 0.034%. The
increase in the relative humidity will cause the length of the tape to increase by 20 x
(1.1 x 10’5) m/m = 0.022%. Total increase in length would thus be 0.056%.
Although seemingly small, it does mean an increase in length of 0.056% of 185 mm
= 0.1 mm with Japan-I standard helican scan.
This results in the track shifting 0.1 tan a = 0.1 x tan 3.3° = 0.006 mm at the

bottom. As the tracks are 0.13 mm wide, this works out to

x 100 = 5%

of the track width. The timing error is 0.056% of 312.5 lines = 0.175 line, e.g., 0.175
x 64 ps = 11 p-s. (For 2in quadruplex these figures are 0.1% and 0.56 |xs in the same
circumstances. The 0.1% is negligible; 0.56 p.s is greater and more difficult to correct
because of the limited time available for correction and because the error is in the
middle of the picture.)
7

3
)

Figure 6.76. Scanning errors with helical scan

Timing error

Tracking error

The 5% tracking error of helical scan is not large enough to cause undue problems.
Figure 6.76 grossly exaggerates the effect, for in practice the head will be 95% on
track at the end of the scan. However, when editing on a machine without a flying
erase head this sort of error could mean that during the short period when the video
erase head has not yet been switched on. the video head will also scan part of the old
recording. The result is a moire interference pattern, which is best reduced by using
tapes for editing which have been acclimatised properly, and a machine which has
reached working temperature.*
* The expansion of the head wheel due to temperature increase ( <rt ~ 2.1 x 10'5 m/m °C) balances that of
the tape. In other words, a warm tape and a warm recorder is a ‘good’ combination, a warm recorder and a
cold tape is a very bad one.

264

As discussed in Section 6.3.3, the above mentioned timing error can result in the
subsequent horizontal sync pulse arriving 1 Ijxs early when the switching takes place
from one head to the other. Horizontal flywheel synchronisation of the monitor is
unable to follow this properly, and the result is a shift of the upper lines to the left as
shown in Figure 6.77, which gradually disappears as the monitor gets back into step
as the field proceeds (also see Section 4.3.3.3). Few monitors (or TV receivers) cause
problems in this respect, because they adapt themselves so quickly that the error can
only be noticed when the pulse-cross is displayed on the screen.

___ Head change
over point

Figure 6.77. Effect of ‘timing error' (‘skew’). For clarity the changeover point of the heads has been shifted
into the visible part of the image

Unfortunately, the situation is different when a tape with timing errors is copied
(caused by temperature differences or, which is worse, by a splice made with a
recorder without horizontal phase lock, see Section 6.3.3.1) is copied on a machine
equipped with horizontal phase lock. The result is often ‘jumping’ splices and/or
unstable pictures.
By adapting the tape tension it may be possible to correct the skew caused by
temperature differences or changes in the relative humidity. For example, it might be
possible to reduce the length of a tape which has increased on account of a rise in
temperature, for instance, by reducing the tape tension, or vice versa. For this
purpose some recorders are equipped with a ‘tension control’ or a ‘skew corrector’.
The skew corrector, of course, is used only for reproduction.
Sometimes a machine will give a picture as shown in Figure 6.78, independent of
temperature or relative humidity. This indicates that one frame has shifted to the left

fl

Figure 6.78. Symmetrical skew independent of temperature or relative humidity. Possibly caused by a
misaligned headwheel or mistracking in the azimuth system
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and the other one to the right. The effect is caused by a head wheel whose heads are
not positioned exactly diametrically opposite each other. (An error of 0.1° will give a
skew of approximately 11%.)
Another kind of timing error is caused by the azimuth system as described in Section
6.3.3.2. If the reproducing head is not exactly tracing the recorded track, a horizontal
displacement will occur simultaneously. This displacement (b in Figure 6.79) causes a
timing error too.

I
LA

a

Figure 6.79. Timing error caused by a vertical displacement

This timing error (e ) can be calculated from

b/a = tana

with a
b
a

tracking error
absolute timing error
azimuth of the headgap.

b = a tana

(1)

Because the length of one track recorded on tape (c) can be calculated from
c = 64 x 10‘6 x v

with v = relative head speed

the relative timing error e is
* = b/cx 100%
So

aJana
x 100%
64 x 10‘6 x v

€

In the VHS azimuth system a = 6° and v = 4.85 m/s.
6

3.4 x 104fl %

Assuming a tracking error of 0.01 mm could occur (which means about 20% of track
width) then e adds up to 0.34%. As can be seen from (1) timing error b is directly
proportional to tracking error a. Correct tracking can also be obtained by minimising
the timing error {Figure 6.78).
6.4.3.

Time-base correction

Just supposing that one has a video recorder dating from 1792 with a recording of
Napoleon in the battle of Waterloo, and that the exercise is to convert the nervous,
shaky picture into an acceptable video recording! How would this be tackled? The
answer is simple: one would analyse the video signal into pieces of, say, 0.1 p.s, hire a
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Figure 6.80. The SAM 64 of Reticon

computer with a memory of 1012 to IO13 bits, store the entire signal in it, and finally
read it out again at a predetermined speed (i.e. of course studio-synchronous). It is as
simple as that! It is not improbable that there may be simpler ways, but the principle
will be the same, nevertheless.
The simplest timebase corrector consists of a delay line whose effective length is
adjusted (using switching diodes) as determined by the timing error. If, compared
with the studio sync, the video signal arrives early the delay line is lengthened; if it
arrives late the delay line is shortened. Another approach makes use of an analogue
or digital memory. The SAM 64 of Reticon is an example of an analogue memory
(Serial Analogue Memory) which is very suitable as a basis for a timebase corrector.
The simplified diagram of the device is shown in Figure 6.80. At a speed determined
by the clock signal of the upper shift register (the read-in register), the video signal at
the input is passed step by step, and stored in the capacitors Cl up to C64 inclusive.
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Figure 6.81. Timebase correction with the SAM 64
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At a clock frequency of /MHz each sample has a length of l//|xs. One SAM can
maximally store 64 x J p.s of video signal.
Taking 3 x 4.43 MHz = 13.29 MHz* for /, which is usual, then the maximum
capacity will be 64

= 4-8 fjLS'

a sPee<^ determined by the second clock

frequency the capacitors are then read out using the lower shift register (see Figure
6.81). Of course, reading-out can never take place prior to reading-in and it may
never take place more than 4.8 p.s after reading-in. So one SAM has a ‘window’ of
4.8 p,s and it can cope with timing errors of ± 2.4 p.s. To store an entire line (which
will certainly be necessary for simple video recorders) approximately 14 SAMs will
be needed. For a further description see Ref. 6.5.

I

i

• The resolution of a sampling system is half the sampling frequency. For the complete video band a clock
frequency of minimally 2 x 5.5 MHz = 11 MHz would be necessary. To avoid interference a frequency
three times that of the colour carrier is used.
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7

Audio

Sound has always been the step-child of television. There is a story going around that
the designers of a well-known video recorder realised that they had left out the sound
track after completing the video section of the preproduction model. At their wits
ends they decided to write the sound across the video, because it was considered too
troublesome to design a new system of video recording to accommodate the sound
differently! It is not known how much of this story is true, but it clearly shows the
position of sound in relation to video during the initial years of television. Fortu
nately, that period is now over in the professional sector, at least, although for
market research purposes, there is a tendency to mix the audio signal with a series of
‘bleeps’ for central control purposes. However, in the non-professional sector the
idea that audio is regarded by some to be just as important as video has still to catch
on. The following sections briefly discuss some of the more important audio matters.
7.1.

Microphones

Generally a microphone consists of a diaphragm which is caused to vibrate by the
sound waves impinging on it and which, in turn, are converted into voltage variations.

(a) When the diaphragm is suspended more or less freely, the microphone is known
as a velocity type (Figure 7.7) because the diaphragm reacts to the velocity of the
air particles. Such a microphone is directional. Sound waves arriving along the
y-axis have minimal coupling to the diaphragm while waves arriving along the
x-axis cause it to vibrate, as shown in Figure 7.7. The polar diagram of a velocity
microphone is figure-8 shaped. Sound arriving from direction P is translated to
signal at an intensity proportional to the length of vector.
Direction of incidence ,.P"

Diaphragm-

Figure 7.1. The figure-8 polar response of a velocity microphone
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I

(b) When the diaphragm is stretched over a closed box like a drum skin (Figure 7.2),
sound can then arrive at its surface from only one direction. This design is known
as a pressure microphone, because the output (signal) voltage is determined by
the pressure exerted on the membrane by the air vibrations. However, as
air-pressure variations are not dependent on the direction from which the sound
comes, a pressure microphone is omnidirectional. The polar diagram is thus a
circle (Figure 7.2) or. more correctly, a sphere.

EST
I

Diaphragm
I

0

Box

\
I

*

Figure 7.2. The spherical polar response of a pressure microphone

It is sometimes queried as to whether a velocity microphone is also sensitive to
pressure. The answer is ‘no’. From Pascal's law pressure is propagated at the same
intensity in all directions. Hence, if there is no enclosure the air pushes equally hard
against the diaphragm at all points. The diaphragm will thus fail to vibrate. Only
when the wavelength of the sound approximates the dimensions of the microphone
(e.g.. from about 5 000 Hz), is the above query partly true. Due to this effect and by
providing the ‘box' of a pressure microphone with holes it becomes possible to
influence the polar response and to produce various kinds of polar response, two of
which are illustrated in Figure 7.3.

e-

■8

eCarOKxa

«------------ .
Hyper - Cartfrota

Figure 7.3. Directional response patterns achieved by the combination of velocity and pressure principles

7.1.1.

The dynamic microphone

Figure 7.4 shows two of the many varieties of microphone which are currently
available. That at the left-hand is a dynamic microphone and that at the right-hand a
capacitor microphone.
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The dynamic microphone contains a diaphragm to the middle of which a coil is
attached. The coil encloses the lines of flux of a permanent magnet. When the coil is
moved owing to vibrations of the diaphragm, the number of lines of flux cut by the
coil changes and an e.m.f. (voltage) is induced into the coil. The impedance of the
coil is usually 200 fl (at 1 000 Hz). As the impedance is partly inductive, depending
on make and type of microphone, the impedance increases as the frequency
increases. Assuming that the impedance is wholly inductive, then its value will
increase to

x

200 = 3 000 fl at 15 000 Hz. It stands to reason, therefore, that

such a microphone should not be terminated by a 200 fl resistor. To do so would
result in the 15 000 Hz signal being approximately 20 dB weaker than the 1 000 Hz
signal.

f A

T

■

Figure 7.4. Left: the Sennheiser MD 421 microphone; right: a TTC capacitor microphone

From experience it is known that a number of control desks and recorders have
microphone input resistance of less than 1 kfl. In my opinion this is completely
insufficient! The specification of the MD421 Sennheiser microphone, for example,
states that it should be terminated with a resistor of more than 1 kQ, which seems to
be barely sufficient. Experience has indicated that a 3.3 kfl termination gives even
better results.
The sensitivity of a microphone is commonly given in mV/p.bar. For a dynamic
microphone of 200 fl impedance a typical sensitivity is around 0.2 mV/p.bar (1 p.bar
= 0.1 N/m2 = 0.1 Pa; the sound pressure is about 1 p.bar at a microphone when the
speaker is at a distance of 60 to 70 cm). With normal speech at a distance of about
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30 cm such a microphone would yield approximately 1 mV (the sound pressure is
inversely proportional to the square of the distance). Advantages of the dynamic
microphone are its ‘ruggedness' and insensitivity to overload. A disadvantage could
be the none-too-flat frequency response curve, especially with inexpensive models.
7.1.2.

The capacitor microphone

A capacitor microphone consists of a metal diaphragm whose surface (A) is posi
tioned at distance (5) from stationary electrode (P) (see Figure 7.5). The diaphragm
and P form a capacitance C to which a charge Q is supplied, so that there is a potential
difference V between the diaphragm and the rear electrode.
Oiaphrjgm

Figure 7.5. The capsule of a capacitor microphone

We thus have Q =C V

or

and C =

Hear electrode P

€

relative dielectric constant.

eA
AV

a-

When the diaphragm deflects over a distance As as the result of the impinging sound
waves, a change occurs in V, whose value is then AV. For high sensitivity, therefore,
Q must be as large as possible. In practice, Q can never have a greater value than is
permitted by the breakdown voltage of the microphone capsule. Generally, the
largest value is taken as approximately 100 V. Until some years ago this so-called
bias prevented the capacitor microphone from being used on a large scale. Now the
bias problem has been solved by making the diaphragm or membrane from a
material which is electrically polarised (akin to the Weiss complexes of a permanent
magnet). The result is polarisation without bias, which has the same effect as the
externally applied charge of the ‘old-fashioned’ capacitor microphone. This sort of
microphone is called an ‘electret’. The microphone embodies a preamplifier whose
main task is to reduce the output impedance, while providing some amplification.
The output impedance is generally around 600 fl, allowing fairly long cables to be
connected without response deterioration.
Advantages are the excellent frequency response curve (owing to the small mass of
the diaphragm and the minimisation of resonances) and the highish output voltage.
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Disadvantages are the greater vulnerability than the dynamic type, the necessity of
power supply for the amplifier and the relatively low overload capacity. For tele
vision applications, however, this microphone is particularly suitable.
7.1.3.

Directional microphones

Directional microphones are often needed for television productions (see Figure
7.6); e.g., for a stage play or for recording in a classroom where clear reproduction of
the pupil at the back of the room as well as the teacher in front is essential.
Microphones with a parabolic reflector could be a solution to this problem (see also
Section 8.3).

Figure 7.6. The SennheiserMKH 415 directional microphone

As light from a lamp positioned at the point of focus F of a parabolic reflector
leaves the reflector as a parallel beam, so it is with sound when a microphone is
placed at the position of the lamp (see Figure 7.7).
Only sound arriving at the parabola parallel with the main axis will reach the
microphone, which is generally one of cardioid polar response {Figure 7.3 left).

Si
//

7

Focus (F)

Mam axis

Parabola

Figure 7.7. Light from the focus leaves a parabolic reflector
parallel to the main axis
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Figure 7.8 shows the dimensions of a parabola made in accordance with this principle
by Guus van Kan. If you want to make your own parabola, proceed as follows:
(a) Make a wooden mould based on Figure 7.8.
(b) Form the parabola from clay using the wooden mould.
(c) From this form make the parabola from polyester synthetic resin. Use glass wool
as a filling material (thickness of the parabola approximately 5 mm).
r

I

*ppro* 70cm t?8 in >

Figure 7.8. The construction of the parabola y = ~^xs
FO = focal distance = 20 cm —* y = g^-.v2

RO = TO = 20 cm
R~

The following applies to an arbitrary point P of the parabola:
PF = PS (= distance from P to the directrix)
Construction:
Draw a line parallel to the x-axis at a cm from the directrix
Measure a cm with a pair of compasses and draw a circle with centre F. Find P in this way.
Do the same for 10 values of a between 20 and 35

Figure 7.9. The Sony and the home-built parabola used to record bird sounds
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A parabola made in this way has an acceptance angle of about 16° when used in
combination with the N8500 (an electret microphone) by Philips. (Theoretically the
angle is 0°, but owing to the finite dimensions of the microphone it is always bigger in
practice). The amplification is 9.5 dB and the frequency response curve is reasonably
flat between 300 Hz and 20 kHz. Below 300 Hz the effect of the parabola will
quickly decrease, because at this frequency its diameter approximates the wave
length of the sound. Directionality is then diminished because of the “bending' of the
waves which occurs. Commercially produced parabolas are available for those not
wishing to undertake a do-it-yourself exercise.

7.1.4.

Cables

The advantage of low impedance microphones is well known — allowing many
metres of cable to be connected to the microphone without causing any difficulty.
Assuming that the capacitance of an average microphone cable is 100 pF per metre,
then the impedance is 80 000 (1/m =2^f C at
^Z‘ t*ie *nPut res*stance
of the control desk is 1 000 D, 80 metres of cable may be connected between
microphone and control desk before a marked decrease in treble will be noticeable.
When buying microphone cable, make sure that it contains a double core. This will
enable the use of a balanced (symmetrical) input (see Figure 7.10} and hence almost
fully suppress hum and other extraneous signals.
Input transformer

l®n
Microphone

Figure 7.10. A balanced microphone input

fib!

LJ
Static screen
suppressing
rf signals

Unwanted reception of radio transmitters can also cause problems owing to the
microphone cable acting as an aerial. The r.f. signal is then rectified and amplified in
the control desk so that is modulation can be heard in the background. Balancing and
proper screening are of great importance in reducing the interference. (“Graphite
cable’ using a special graphite jacket is particularly desirable). For persistent cases,
however, see Ref. 7.1.

7.2.

Record players

Although cutting one’s own audio discs is a fascinating hobby that I can recommend
warmly, the record player is an instrument which has almost been forgotten for video
productions. Stereo is superfluous video-wise (although the Video 2000 system has
facilities for it), and the occasional record which is sometimes needed is generally
copied on tape because it is then easier to use. Nevertheless
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7.2.1.

I he drive

A distinction must be made between direct drive using a low-speed motor which is
generally electronically adjusted, and indirect drive. In the latter case the turntable is
driven by a high-speed motor using an idler wheel or belt. The best solution is still
possibly a belt drive and a high mass turntable coupled to a motor of relatively
high-speed because

(a) rumble can be kept low,
(b) wow and flutter (slow and fast speed variations) can be reduced to very small
values due to the large moment of inertia of the turntable and the fast-running
motor, and
(c) the construction may be relatively inexpensive.

Figure 7.11. A studio turntable

Generally, the unweighted rumble should be smaller than -40 dB (measured with a
weighting filter: smaller than -63 dB). Wow and flutter should not exceed 0.1%, and
at a diameter of 30 cm the turntable should certainly have a mass of 1.5 kg. For
transcription purposes a slip mat or upper part of the turntable which can somehow
be stopped and disengaged (if possible, electronically), is ideal.
When buying a turntable, make sure that the automatic stop can be switched off,
and, preferably, that the motor can be started and stopped with touch controls. If,
when cueing-in on a carefully positioned record, you have first to make a lot of noise
to move a lever, probably the pick-up will have slid off-cue by the time the turntable

276

reaches its nominal speed. By similar token, any spring-mounted set-up is not
particularly desirable for video applications: wobbling turntables and spring
mounted bases are the worst things in the video world. The best solution is still to cast
the turntable into a two-ton concrete base. People may laugh at this, but if a cow
happens to run through your studio, the pick-up will remain in its groove.

Arm and cartridge
It is not that simple to say which arm and cartridge are the best choice. Generally, the
following applies to the arm: ‘the longer and the lighter, the better.’ Long, because
then the so-called lateral error angle (tracking error) (the angle between the ‘axis’ of
the cartridge, and the tangent to the groove that is being scanned) will be as small as
possible, and light, because the system will then best follow wobbling records. The
term ‘light" should not be taken to mean that the low frequency resonance of the
system (depending on cartridge compliance) should become unacceptably high. As
already said: the choice is not very simple. The best thing is simply to choose an arm
which is known to be good, such as e.g. the Ortofon AS212. More details of such
problems are given in hi-fi books. (See, for example. Ref. 7.5).
For the cartridge attention should be paid to three points:

(a) The compliance. By ‘compliance" is meant the yielding quality of the suspension
and the smoothness with which the stylus follows the modulation in the groove.
For a quality cartridge it should certainly be, at least, 1 cm/Newton. This means
that for a deflection of 1 cm a force of 1 Newton would be needed. ‘Would be
needed", because in reality deflections of 1 cm do not occur! Nowadays, top
flight cartridges have a compliance of 3 to 4 cm/N.*

Direction of disc
movement

Direction of a,sc
movement

Direction of
disc movement

Figure 7.12. Cutting stylus used
in the manufacture of discs

Figure 7.13. Stylii (left) with elliptical cross-section: (right)
with circular cross-section (spherical tip)

(b) The form and the mass of the stylus. Audio records are cut with a cutting stylus
whose form is shown in Figure 7.12. It stands to reason, therefore, that least
distortion will occur when the records are scanned by a playback diamond whose
form resembles that of the cutting stylus as much as possible. Figure 7.13 shows
* Compliance is often stated in the obsolete unit of cm/dyne; 1 cm/dyne = 105 cm/Newton.
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the two principal forms of playback diamonds. The diamond with elliptical
cross-section is no doubt the better. Another important property of the stylus is
its mass; the smaller, the better. Realistic values are those around 0.5 mg. The
smaller the effective value of the stylus mass, the less force will be needed to
accelerate it. Considering that accelerations of IO4 m/s2 in a record do occur,
then a mass of 0.5 mg means a force on the record surface of 0.005 N. This may
seem little, but considering the tiny contact surfaces it means a pressure of many
tons per m2.
(c) The stylus force. The recommended stylus force (playing weight) is given for
every cartridge. Contrary to what you may expect, a relatively large stylus force
can sometimes be more favourable than unfavourable. A very small stylus force
can result in less stability and greater sensitivity to dust! You need not be afraid
of damaging the record as long as the playing weight does not exceed 30 to 40
mN.
In the above, two factors have not been mentioned: the frequency response curve
and the kind of cartridge.
In my opinion the frequency response curve is of minor importance. A manu
facturer will not put a cartridge on the market which is ‘straight' from 230 to 4 300 Hz
± 7 dB. If you look at the various curves 20-20 000 Hz is quite normal. Well, more is
not necessary.
As to the operating principle of the cartridge: I believe that the choice is often
based on taste or habit, though I will always prefer one using the magnetic principle.

Cutting characteristic

7.2.3.

Assume that in the groove a sinusoidal signal is recorded. Then

wt = r sin 2~ft,

With vt
vt =

where zz( = the deviation at time r,
r = the amplitude, and,
f = the frequency.

dzz
we will get for vt (= the velocity at time r)
dr
fr cos

ft

In this case 2~fr is the maximum value of the velocity. So

‘'max =
(’)
If we further assume that the cutting amplifier supplies a constant power to the
cutting stylus, then — considering the frictional losses also to be constant — a
certain amount of the energy supplied per second will be converted into kinetic
energy of the cutting stylus
^kin = <=

l/2mvmax! = c

-^vmax is constant.

The implication with (1) is that 2~nfr is constant, and consequently that r is inversely
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proportional to f. In other words: if/is doubled, then r will be halved. A record cut at
a ‘constant speed' shows grooves at 20 Hz whose modulation amplitude is 1 000
times as high as that at 20 000 Hz.
If such a record is played with a magnetic cartridge it follows from the above
reasoning that the cartridge will deliver a frequency-independent power to the load.*
Although it might seem that all problems are solved, unfortunately there are other
related problems, such as:

(a) Unproportionally more room is needed to accommodate the low frequencies in
the groove than the high frequencies.
(b) The amplitude of the high frequencies is so small that the signal practically
disappears in the ‘graininess' of the record material.
(c) Because frictional losses are not constant the information in the groove close to
the central hole shows a decrease in high frequencies. For 10 000 Hz, the
difference between the outer diameter of the groove may be 10 to 12 dB with
respect to the inner diameter.
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Figure 7.14. The RIAA playback curve

Correction is obviously necessary (also see Ref. 7.2). In connection with a and b it is
obvious that cutting will take place at a constant amplitude. Compared with 20 Hz,
20 000 Hz should be supplied to the cutting head amplified by a factor 1 000, which
is approximately 60 dB. If we add another 15 dB correction in connection with c, this
means approximately 75 dB pre-emphasis for the innermost grooves. You will
understand, even without any further explanation that 75 dB is rather much. Total
correction from a practical aspect amounts to 40 to 50 dB while such pre-emphasis is
taken that for playback a de-emphasis is needed as is shown in Figure 7.14. An
amplifier providing this RIAA (Recording Industry Association of America) play
back curve is shown in Figure 7.15. R2 and C2 give the crossover point at 2 120 Hz,
R2 and Cl give the crossover point at 500 Hz. The crossover point at 50 Hz is
obtained by setting the amplifier in such a way (by selecting a proper drain resistor)
* Al a cutting speed of 5 cm/s most cartridges give an output of approximately 5 mV.
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that it will amplify exactly 10 times (= 20 dB) without feedback. As the amplifiction
is 1 x at 1 000 Hz. the low frequencies can never be increased by more than 20 dB.

Performance: Approximation of the RIAA curve to less than 1 dB;
Amplification for 1 kHz: lx
Output resistance < 5 kfl (decreasing to approximately 50 Q at 20 kHz
Input resistance 47 kf2 (below 200 Hz slowly increasing to 100 kfl).
• 12

56*

BF245A
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-11^

d'

“<-------- —J
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Figure 7.15. RIA A preamplifier

This amplifier combines simplicity with good performance. It has two dis
advantages. which in my opinion are only of minor importance: (i) below 200 Hz the
input resistance increases and (ii) the amplification should be set to exactly 10x —
without feedback. The second point may be the more important disadvantage
(though tests with five different f.e.t.sdid not show appreciable differences); the first
point cannot be measured or heard in its performance.
One further remark about the absence of feedback for frequencies of 50 Hz and
lower: it is quite a common misunderstanding to think that feedback always will
reduce distortion and noise.
Nothing is less true; on the contrary: in the most favourable case the amplifier will
not increase the amount of distortion and noise too much. This may be illustrated by a
simple example. Assume that we have a pick-up which supplies a signal of 1 mV at
2% distortion. Further assume that the best amplifier which we can make amplifies
ten times and produces a distortion of 1%. Without feedback the output signal will
then be 10 mV at a distortion of about 3%.
With a feedback of 20 dB (10x) amplification and distortion will be reduced by a
factor 10; with feedback the output signal will then be 1 mV at about2.1% distortion.
This is indeed better than without feedback, but compared with the input signal we
notice a decrease: as far as amplification is concerned, nothing has been gained,
whereas distortion has increased. Moreover, the same applies to the noise level. Why
then use some form of feedback in practically any amplifier? The answer is simple:
because in many cases (but not in all) feedback is a simple way to reduce the
amplification of a stage without affecting distortion and noise relatively unfavour
ably. It is no panacea, therefore, with the aid of which a bad amplifier always can be
improved. On the contrary, generally an amplifier with 0.1% distortion without
feedback is a better choice than an amplifier which has 0.1% distortion due to 20 dB
feedback. However, nowadays negative feedback has become an indispensable
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means for the constructor to make the very best of his design, and to make it to some
extent independent of the shortcomings of active elements. Let us return to the
RIAA pre-amplifier for a moment:
It is best to accommodate the RIAA preamplifier in the record player (a simple
supply, 12 V, 1 mA, will do). Due to the low output impedance the length of the
output connecting cable is not unduly important, while due to the resulting straight
frequency response curve the record player becomes interchangeable with other
sources. Moreover, the control desk need not have a special pick-up input.
7.3.

Tape recorders

When in 1888 Oberlin Smith was the first to entrust the principle of magnetic sound
recording to paper, he could not know that almost a hundred years later his name
would come up in a book on video. The recorder invented by him was to work with a
cotton thread which had been coated with iron powder as a sound carrier, a principle
which was put in practice by the Dane Valdemar Poulsen (Figure 7.16) in 1898. His

Figure 7.16. Valdemar Poulsen
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Figure 7.17. Poulsen's Telegraphone

i

Figure 7.18. AEGs first Magnetophon. Tape speed 1 metre per second, weight over 25 kgf
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‘Telegraphone' worked with a steel wire which had been fitted around a rotatable
cylinder having a diameter of approximately 15 cm. The wire was magnetised and
scanned by a head which could move parallel to the longitudinal axis of the cylinder.
As the wire moved, as it were, between the pole pieces of the head, further drive of
the head was not necessary. Poulsen's first machine (Figure 7.17) had manual drive, a
system which was later abandoned, with the exception of limited application in the
barrel-organ field.
It is surprising just what was possible with relatively simple machines in days gone
by. Just imagine what would be involved if you were to construct a recorder from
copper and steel wire and some square metres of iron sheet: even with the aid of a
modern library and an experienced instrument maker it would be an almost impos
sible task and even without considering the production of transistors, capacitors or
even a simple 1.2 kfl resistor. Think of the many times that we would have to say:
“Let’s look it up!
Poulsen could not look up anything, simply because he had still to invent it! It is
only natural, therefore, that he received the Grand Prix with hisTelegraphone at the
World Fair in Paris in 1900. After that it seems that the development of magnetic
recording went into the doldrums for about 25 years, until in 1927 Carlson and
Carpenter described how they could considerably reduce distortion and noise by
using an a.c. premagnetisation current of 10 000 Hz (which was outside the fre
quency band of the radio set at the time). From that moment on developments went
ahead like an express train. In 1935 AEG produced its ‘Magnetophon' (working with
d.c. premagnetisation), which for the first time used magnetic tape with a plastic
carrier and ring heads of the type which are still in use today. When this Magneto
phon was provided with a.c. (h.f.) premagnetisation (today known as bias) in 1939.
the ancestor of our present tape recorder was born (Figure 7.18).

7.3.1.

Phe recording process

Although the recording process for audio does not essentially differ from that for
video, there are some differences that should be explained.
(a) For video only about one octave is recorded (e.g. 2-4 MHz); for audio about ten
octaves. (One octave is an interval whose highest and lowest frequencies have a
relation of 2:1.)
(b) The video signal has a fixed amplitude. If after reproduction the signal is not
‘straight', it can be corrected by simple measures (e.g. amplification and limit
ing). With the audio signal it is the amplitude which determines the sound
intensity. It should not be tampered with.
(c) With audio the distortion percentage should remain below a certain maximum
(about 2% on signal peaks); for video recording distortion is less important.
With respect to the differences noted, let us have another look at the hysteresis loop
(Figure 7.19). If we assume that a piece of unmagnetised tape passes the recording
head which has a field intensity of 2.2. x 104 A/m, then after passing the gap the tape
will retain a remanence of 6.1 x 10“2 N/A m. If we draw a graph showing the relation
between field intensity H and remanence B after the passing of the tape, we obtain
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Figure 7.19. The hysteresis loop

the curve of Figure 7.20. As shown by this graph, the relationship between reman
ence and field strength is far from linear. For field strengths below 0.5 x 104 A/m the
remanence holds at zero. This is caused by the directive forces of the Weiss com
plexes (magnetic domains); the force required to put a Weiss complex in a new
position needs to exceed a certain minimum value, because otherwise the Weiss
complex will return to its former position on account of the force polarity of the
neighbouring domains, and the remanence will be zero.
To achieve a relatively low distortion replay the straight part of the graph must be
used. This can be realised by d.c. bias of 1.5 to 2 x 104 A/m field strength. A
disadvantage of d.c. bias, however, is that only about one third of the curve is used,
so that the tape fails to yield its maximum output. Moreover, if there is no signal, the
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Figure 7.21. Relationship between B and H at increasing bias current (the number on the curve is
proportional to the intensity of the current)
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remanence is not zero, but (in the above example) approximately 4 x 10’2 N/Am,
which results in abnormally high noise. Another form of d.c. bias was designed which
gave somewhat better results; with this the tape was first saturated in one direction by
a permanent magnet ; then d.c. bias was applied to the recording head in the opposite
direction; next, the signal current for recording was superimposed on it. When all the
settings were in order, the remanence could be reduced to zero when there was no
signal.
A much better method is recording with h.f. (a.c.) bias. When this is adopted the
curve of Figure 7.20 appears to be stretched, as it were, giving the result shown in
Figure 7.21 for a number of values of bias current. The diagram indicates that when
the bias is increased, the slope of the curve first increases and then decreases. The
same is true of the linearity. I cannot explain this phenomenon because there seems
to be no completely acceptable theory relating to it. However, if we accept the fact
that owing to the simultaneous presence of the varying bias (as a result of which the
magnetic material undergoes repeated mini-hysteresis loops when passing the head
gap) and the audio signal (which causes these mini-loops to result in a certain
remanence) we will obtain the relationship between remanence and field strength as
shown in Figure 7.21. then it follows that with increasing bias current there will be:

(a) a maximum tape output (i.e. at the maximum slope of the curve), and
(b) a minimum in the distortion percentage, also around the point of the maximum
slope of the curve.
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Figure 7.22. Data on Agfa PER 525 magnetic recording tape.
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Coercive force: 3 x 10* A/m
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Base thickness: 30 pun
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The relationships between the bias current and the output at 1 000 Hz and
10 000 Hz respectively, the distortion (mainly third harmonic) and modulation noise
are shown by the curves in Figure 7.22 for Agfa PER525 tape. Modulation noise is
distinguished from normal tape noise because it is a consequence of modulation. For
PER525 the ‘normal’ noise is -60 dB and the modulation noise -42 dB. As the
intensity of the modulation noise is proportional to the intensity of the signal, it is less
troublesome than the other noise. As the curves show, maximum output, minimum
distortion and the least noise do not coincide. Consequently, the setting of the
operating point is a compromise: usually a bias current is chosen which is 2 dB higher
than the current which would be needed for maximum output at 1 kHz. The curves
show that this choice is relatively unfavourable for the high frequencies. The advan
tage of low distortion and low noise, however, might be regarded as more important
than the few extra dB that might otherwise be obtainable for the high tones.
As has already been said in Section 6.3.1, the manufacturer of magnetic tape has a
number of possibilities by which he can influence the properties of the tape: in
creased remanence (by using a thicker magnetic film) gives a higher output for lower
frequencies. High-frequency improvement is less because the lines of flux penetrate
less deeply into the tape as the frequency is raised, so increasing the thickness of the
layer has little effect in this respect.
Another possibility of remanence increase is to try to increase the density of the
magnetic film. Unfortunately this improvement is partly counteracted by self
demagnetisation (at high frequencies Weiss complexes of different polarities are so
close together that magnetism is partly reversed so that the signal intensity is
decreased). A solution here is to increase the coercivity of the tape too.
Dealing with all the tapes which have been developed recently would carry us too
far. However, some final remarks would not be amiss. To meet consumer demands
for longer running times
(a) ‘Long-play’, ‘double-play’ and ‘triple-play’ tapes have been put on the market
side by side with standard tape. For professional and semi-professional use
standard and long-play tapes are the ones to use. (The other varieties are too
vulnerable mechanically, and their magnetic properties are sometimes inferior.)
(b) Twin-track and four-track recorders have been developed side by side with
full-track recorders. The professional and serious amateur is best advised to use
full-track and twin-track stereo recorders. Four-track machines are a poor
compromise for professional applications. They have poorer signal-to-noise
ratio, greater sensitivity to drop-outs, greater mechanical vulnerability, and are
far less suitable for editing than full-track mono and twin-track stereo machines.
(c) There have been constant endeavours to reduce the tape speed. For our pur
poses, however, only 38 and 19 cm/s speeds can be used. In some cases 9.5 cm/s
might be acceptable, but for editing it is not really fast enough.

7.3.1.1.

Recording amplifier

A block diagram of a recording channel is shown in Figure 7.23. After pre
amplification, the input signal is subjected to pre-emphasis such that the playback
response with the fixed and normalised playback correction) is ‘flat’ at normal
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recording levels (see Section 7.3.1.2). In the adder stage the a.c. bias and the signal to
be recorded are superimposed. The correct operating point for the tape is set by the
bias control.
Bias frequency is usually around 80 kHz. Those who have recorded the frequency
response curve of a tape recorder will know that the recording level must not be too
great at high frequencies (-20to-25 dB). A high recording level at h.f. results in tape
compression and hence bad harmonic and intermodulation distortion. The fifth
harmonic may also beat with the h.f. bias signal and cause spurious in-band inter
fering tones. It is important that the recorder is designed in such a way that the bias
and the harmonics of the audio frequencies cannot reach each other. Another way is
choosing the bias frequency as high as possible. There are recorders that work with
frequencies of 200 kHz and over.
Pre - emphasis
correction
m

Preamph tier

g?-

—---------------- S

Adder

\

< —Recording head

Bias control switch
VU meter

Erase current control
Erase head

Bias oscillator

Figure 7.23. Block diagram of a recording amplifier

Erasing is achieved by a specially designed erase head whose gap length is chosen
(about 100 p.m) so that as the tape passes the gap the tape undergoes a large number
of diminishing hysteresis cycles. The result is that the remanence is pulled down to
zero and the tape is demagnetised. It is important for the erase and h.f. bias currents
to be of low distortion. Even harmonic distortion in particular causes a type of
asymmetry which has the same effect as a direct current through the head which
impairs the signal/noise ratio. In this connection it should be stressed that permanent
magnetisation of the recording or playback head may ruin a recording. The resulting
noise has a ‘coarsely granular' character and can be particularly annoying. Magnetisa
tion of the playback head can be particularly damaging. Demagnetisers (degaussers)
are available for extracting magnetism from the heads and other items of the tape
transport. In principle, such devices consist of a coil through which 50 Hz mains
supply is passed. By approaching the head (or tape) with the resulting strong a.c.
field from the coil and then gradually moving the coil away, the material of the head
or the tape undergoes a similar erase process as already described for normal
erasure.
Finally, let us return to Figure 7.23. The erase current is set so that the tape is just
erased. If you lift the tape from the recording head, and switch the recorder to
recording, there may be hardly any or no difference between a virgin tape and a tape
erased by the recorder. If you then lower the tape against the recording head, the
noise level will slightly increase, even if the signal is absent. This should be ‘smooth'
noise. Bubbling’ noises indicate that the heads are magnetised or that d.c. is flowing
through the windings.
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Playback amplifier

7.3.1.2.

As discussed in Section 6.3.1, the output of the playback head rises linearly (6 dB/
octave) with increasing frequency. However, several factors prevent this rise from
continuing unlimited for the high frequencies. In the recording process the main
cause of this is self-demagnetisation. With a normal iron oxide tape the effect
becomes increasingly apparent at recorded wavelengths smaller than about 80 pm.
Self-demagnetisation is then inversely proportional to the wavelength. Self-demagnet
isation effects for an average kind of ferric oxide tape and for a tape of higher
coercivity (such as chromium dioxide) are shown in Figure 7.24.
When such tapes are reproduced with an ideal playback head, the responses shown
in Figure 7.25 are obtained, depending on the tape speed. The first part of the
response rises at 6 dB per octave. Then, depending on tape speed, the output voltage

holds constant from a frequency f = t . (If we take 80 pm for X, the frequency
for 38 cm/s will be 4 750 Hz, and for 19 cm/s 2 375 Hz).
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Figure 7.25. Output voltages at various speeds of
a tape recorded in accordance with the curve of
Figure 7.24 (normal tape)

Clearly, then, correction is necessary in the playback amplifier for response
integrity. For the tape quoted the crossover point for correction should be at
4 750 Hz for 38 cm/s, and at 2 375 Hz for 19 cm/s. Although in principle for another
kind of tape another crossover point — and consequently another time constant for
the correction — might be necessary, attempts have been made to agree on a time
constant for each tape speed. The individual differences are then corrected during
recording. As might be expected, no agreement on this point has been reached, but
the two main standards are:

(a) The American NAB which has one crossover point at 3 180 Hz (50 pis) for both
19 and 38 cm/s, and an additional crossover point at 50 Hz (3 180 pus) to boost
low frequencies slightly.*
(b) The European standard (also called IEC, CCIR or DIN) which for 38 cm/s has a
crossover point at 4 550 Hz (35 ps), and for 19 cm/s at 2 275 Hz (70 pis).

* Note: During recording low frequencies are boosted at 6 dB/octave (with a crossover point at 50 Hz);
during playback a suitable de-emphasis is applied.
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Figure 7.26. Playback correction for 19 and 38cm/s

The characteristics are shown by curves in Figure 7.26.
Losses will also occur both during recording and playback which are not incor
porated in the above curves. In principle, deviations which have resulted during the
recording process should be corrected in the recording amplifier (e.g., the pre
emphasis correction shown in Figure 7.23), while deviations resulting from playback
errors (iron losses and the de-emphasis caused by the finite gap width) should be
corrected in the playback amplifier.
Generally, a test tape should be used to ascertain whether the recording or
playback corrections of a tape recorder have been properly set. The playback
amplifier is adjusted first using the test tape. Then the recording amplifier is adjusted

&T U Up
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Figure 7.27. A professional sound-recording room

so that the ‘overall’ response curve is as flat as possible from a frequency sweep
recording made on the tape which is to be used with the machine.
The test tape should contain:

(a) A reference level, with which the modulation meters can be checked. An
effective short-circuit flux of 0.32 nWb per mm track width corresponds to this
reference level at 38 cm/s. For a full track this corresponds to 6.35 x 0.32=
2.0 nWb. A tone of 1 000 Hz modulated to 0 dB on the recorder should be
reproduced at the same level as the reference tone on the test tape.
(b) A 10 000 Hz tone at -10 dB for gap adjustment. This is used first to check the
gap azimuth of the playback head. If (compared with the azimuth of the gap of
the recording head) the gap of the playback head is 0.4° out of azimuth, then this
means a deviation of 44 p.m for a full-track head, or approximately 1. IX at
38 cm/s and 10 000 Hz. The voltage induced in the upper part of the head is then
virtually in phase opposition with the voltage generated in the lower part. As a
result the net output will resolve towards zero.
After setting the playback head for maximum output using the 10 000 Hz tone
on the tape, the recording head is adjusted by recording a 10 000 Hz tone.
(c) Frequencies from 30 to 18 000 Hz at -20 dB level.
Test tapes are available from most of the major tape firms.

7.3.2.

Demands to be made

Finally, a few words about the demands required of the tape recorder. It stands to
reason that these will be highly dependent on the applications. However, below is
quoted a ‘golden mean'.

Frequency response — Minimum 30-18 000 Hz ± 2 dB. A frequency range exceed
ing 20 000 Hz is not necessary for video accompaniment and generally only causes
difficulties.

Tape speeds — Preferably 19/38 cm/s. (9.5/19 cm/s at a push!) 38 cm/s has the
advantages that it is interchangeable with studio equipment, and that it offers better
editing facilities.

Drive — Preferably by three motors. If possible, an electronically controlled cap
stan motor, because then the machine will be independent of the mains frequency,
and moreover, the speed can be controlled externally, if required.
Wow and flutter: less than 0.1%. At higher values this becomes noticeable as
distortion and especially as variations in pitch. A good test is to record a 2000 Hz
tone from a tone generator. If it comes out well, the situation concerning wow and
flutter is good.
Distortion — Smaller than 1.5% at full output (measured as playback).
Inputs and outputs — Definitely a low impedance microphone input and a line input
and output (diode connection). Most other input/output features are superfluous for
video accompaniment. Built in control loudspeaker and a headphone connection are
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handy. Connections for one or more loudspeaker systems are easy to obtain but not
strictly necessary. Power output 10 W continuous.

Winding time — Less than 4 minutes for 1 000 metres of tape. Automatic stop in
case of tape interruption. Suitable for reels of minimum 26.5 cm (lOViin) diameter.
Counter — Calibrated in hours, minutes and seconds.

Starting time. Possibly with aid of quick-stop button: within 0.5 s from stop to
nominal speed (without wow).

Recording button — Version with a separate recording button, which has been
designed in such a way that switching can take place without interruption from
reproduction to recording without click.
Tracks — Preferably twin-track stereo OAin). Channel separation better than 40 dB
at 1 kHz. Not less than 30 dB across the entire bandwidth (30-18 000 Hz). Separate
recording and playback heads. After-tape check. Click-free switching from pre-tape
to after-tape check.
Operation — Electronically or aided by relays. This makes it easily possible to use
remote control which simplifies the editing process. Good accessibility to the heads is
essential for editing.

And finally.

Fair price — But you had already thought of that one yourself!
7.4.

The control desk

This is not the place to discuss the set-up of a complete range of studio equipment.
Nevertheless, there is generally the need to mix the available sources such as
microphone(s), record player and tape recorder.

(T »

1

b IJs
-■

-.2-----

'
Figure 7.28. An audio control desk (mixer)
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Two situations may occur:

(a) An orchestra tape has to be made which is needed for a video recording at a later
date, or
(b) The ‘actual' sound has to be mixed with a previously made orchestra tape, sound
effects, etc.
In the first case it should be possible for the control desk to mix a number of
microphones and to supply the sum signal to an audio recorder. In the second it
should be possible for the control desk to mix microphone(s), gramophone and audio
recorder as sources, and to supply the sum signal direct to the video recorder.
An audio control desk (Figure 7.28) which is suitable for this purpose, is described
in Section 7.4.1. It has been designed in such a way that it is suitable both for (a) and
(b) above and for the production of stereo recordings.

7.4.1.

A universal audio control desk

The title does not quite cover the cargo. Originally it was the intention to make an
audio control desk which would be as simple as possible by leaving out everything
that is not quite necessary, but which would yet reflect professional characteristics
such as, for example, floating microphone inputs. As stated above, it should also be
reasonably portable and, last but not least, not be too big.
The simple design requirement placed a constraint on the number of inputs to
those which were strictly necessary, i.e. three low impedance microphone inputs
(channels 1, 2 and 3 in Figure 7.29) and a universal input suitable for an electret
capacitor microphone, a tape recorder or record deck (channel 4). Hi-fi and audio
enthusiasts who are used to working with a minimum of twelve microphone inputs
may think this number too small, but my experience has proved that the above
number is sufficient in 99 cases out of a 100.
Tone control circuits have been avoided as a matter of principle. In the first place I
feel that a recording circuit should not be ‘tampered’ with, but in the second —
which is more important — a tone control for each channel makes the design
unnecessarily complicated. Of course, there are hosts of technicians who could not
live a day longer without their tone controls, reverbarent rooms and presence filters,
but in spite of the fact that you may lift an accusing finger and cry: ‘Who is that
man?!', it is also my opinion that practically any recording can be made without
filtering, or rather made better without filtering! Well, whether this is true or not, at
any rate operation will be simpler, and that in itself is an advantage.
However, a reverberation channel has been provided to have something in reserve,
if needs be. Some remarks on the diagram: The low impedance microphone inputs
are provided with an input transformer. This has a number of advantages: firstly, the
inputs can be made symmetrical for hum and spurious pick up cancellation. Secondly
we will consequently not be troubled by r.f. pick up, and thirdly a fair signal will be
present at the gate of the BF256b for a good signal/noise ratio.
It is important to use a BF256b because the setting of the first stage determines the
setting of T2. A wrong base voltage for T2 (which could be caused by a BF256a or a
BF256c) could reduce the possibility of driving the second stage to full power. This

292

would be a pity, for a good deal of attention has been paid to the design to ensure a
wide overdrive margin. Potentiometer Pl provides the preset gain control; it is a
rotary potentiometer operated by means of a thumb wheel (see Figure 7.30). P2 is the
main channel gain control, which is a slider potentiometer.
When recording, with all potentiometers P2 fully open, adjust each channel in turn
for maximum drive with potentiometers Pl (P4 should also be open as far as
possible). If all the channels are then operated simultaneously, the modulation meter
will certainly deflect into the red area. By setting all P2 potentiometers back so that
the modulation meter indicates 0 dB, the almost ideal positions for them will have
been achieved. There will also be a reserve to boost a channel slightly, if necessary,
without changing the preset gain, while all slider controls are in the same output
positions.
P3 sets the balance. Fully to the left puts the corresponding channel on the
left-hand side only; fully to the right puts the corresponding channel on the right
hand side only; at the centre position, the signal is fed to the left and right channels
equally.
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or Unitran MC 25
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Figure 7.30. Underside view of the control desk
Channels 2 and 3 are completely identical to channel 1. Extending the number of
channels can be simply accomplished merely by duplication. Due to the strong
feedback, the base of T10 forms a virtual earth point, so that reverse feedback from
any channel to another via the base of T10 is practically impossible.
Switch S (at the input of channel 5) applies reverberation to any selected channel
when, of course, the reverberation channel is open. However, be warned: reverbera
tion provided by a reverberation spring is not a very beautiful sound. It is better than
nothing but that is about all. A more elegant type of digital reverberation system is
described in (Ref. 7.3).
The best reverberation is still obtained by means of a reverberation chamber, but
is difficult to take it along for recordings outside your house.
A final word on the supply. This is derived from the video control desk or the
recorder. T1 1 and T12 provide a simple but effective way of smoothing and stabilisa
tion. which has. however, one disadvantage: the output voltage is not short-ciruit
proof. For a piece of equipment which is in operation this is no problem, but in
experiments short circuits will result in transistor failure.

7.4.2.

Applications

Figure 7.31 shows how the control desk can be used as an extension to an audio
recorder. The talk-back circuit is an essential feature, which consists of a simple
microphone amplifier having an output of about 5 W, enabling the technician to
contact the room containing the microphones via the monitor loudspeaker. Si is a
push-button or a ‘telephone switch' which makes contact only as long as it is kept
depressed. Switch S2 allows the performers to listen to a recording without forcing
everybody to sit down by the recorders in the technician’s room.
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This switch is also important for quick revise of text. Suppose that a commentator
is reading a text of two pages and that in the last line he makes an annoying mistake.
By playing back the end of the recording through the monitor loudspeaker the
correct text can be introduced prior to the point of error. It stands to reason, of
course, that at the moment of switching S2 should be opened again to prevent
undesirable echo.
Loudspeaker

SJ o
Microphone in

Control desk

Audio
recorder

Monitor
loudspeaker

Microphone

S2

Talk-pack
circuit

Figure 7.31. Audio circuit

Figure 7.32 shows the control desk incorporated in a video installation. For
simplicity, the pick-up is connected to the audio recorder and the monitor circuit has
been omitted. This is not to imply that it is superfluous, but that in simple installa
tions it is not practical to create a separate technical room. In those cases where the
director is also the switching technician, audio technician, video-tape technician and
sometimes even the camera operator, even the best intercom system can be a
nuisance. Apart from the monitor loudspeaker, there are generally two more inter
com systems in more extensive installations: one for the picture (from central control
room to cameras) and the other for the sound (from sound technician to the sound
people on the floor).
Monitor (pr er ie* >

Audio monitoring
(headphone)

Microphone tn

r

Audio
control desk

Video control
desk

Video
recorder

Monitor •
loudspeaker

Audio
recorder

~~T~

Video signal in

(cameras recorder)

Record
player

Figure 7.32. Block diagram of a simple video installation

If you feel that the control desk described offers too few possibilities, and yet you
do not want to be dependent on what is for sale in the field of complete control desks,
the module system may be a solution. Various manufacturers market sound modules
which can be combined into a control desk. There are microphone modules, tone
control modules, filter modules etc. Figure 7.33 shows a Philips control desk which
has been built up in this way.
At the end of this section on control desks a few words on ‘automatic gain control'
may be appropriate. Applied in the video channel it may be handy, though in some
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circumstances (e.g. see Sections 3.5.2 and 8.2.2. point 9) there may be disadvan
tages. However, in the audio circuit a.g.c. is a big nuisance, however easy it may
seem to be. For instance, if during a recording it is quiet for a moment, the a.g.c.
‘reasons' that you aree interested only in the children playing in the background, or
in the passing cars, and so the circuit increases the amplification to make these back
ground sounds more clearly audible.

Figure 7.33. A Philips audio control desk based on the module system

If you want to have a panorama of scenery with a rippling brook and some warbling
birds, then the a.g.c. will cause the loudspeaker to reproduce roaring falls with some
‘rotters' of birds which do not want to keep quiet. In brief: a.g.c. in the audio channel
is unacceptable. Fortunately, there are manufacturers who have realised this and
who have replaced the audio a.g.c. by an audio limiter. This is a special kind of a.g.c.
which starts operating only at the moment prior to serious overload. It stands to
reason that it should be switchable.

7.5.

Amplifiers, loudspeakers, adaptations

At a time when even a 100 W amplifier does not really seem to count for much, it is
1 h some embarrassment that I write that for video purposes a stereo amplifier of
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20+20 W is quite sufficient. In fact, the amplifier should be 20+20 W (r.m.s.).
R.M.S. stands for root mean square, which is the ‘effective’ value of a.c. The
‘effective value’ of an a.c. is the value of that d.c. which has an equivalent heating
effect as the a.c. in question should have in the same resistance R.
Assume that we have a sinusoidally varying current / = /max sin 2irft. In a resistor
R it develops a power (P) of
P = PR
= I2max. (sin2 2<7T/0 R
The average of P over a period T (an entire period)

T

_1 r
I p max. R sin2 2ixft dr
T /
o

T

I2 max. R-t

sin2 2ir/r dr

= /2 max. R X 0.5
This value should be equal to the power developed in resistor R by direct current /eff.

^eff R = 0.5 rmax R
/2eff.
eff.

=0.5Pmax

I.eff.

=°.71/max

(^eff = 0.5Pmax.)

The effective value of a sinusoidal alternating current is 0.71 times the peak value. As
you see, the current has been squared first, then averaged and next the root was
drawn. Consequently Root Mean Square. From the above it follows that the effective
power is half the maximum power (peak power). Manufacturers who like to quote
large powers will quote peak powers for they are twice as high as the (more real)
effective powers.
In connection with loudspeakers we often see the terms ‘continuous power’ and
‘music power’. They have been derived from the philosophy that a loudspeaker
which can continuously stand a power P, can stand much more in the reproduction of
music in which continuous sine waves do not normally occur. It is not known how big
the music power is; this is determined by every manufacturer himself. Although the
expression ‘20 Watt (r.m.s.)’ is not quite what it should be, it is customary to speak of
20 W ‘effective’, ‘continuous’, ‘sine’, ‘r.m.s.’ or ‘average’, if at an effective voltage of
10 V an amplifier can supply an effective curent of 2 A to a resistor of 5 fl. The peak
power will then be 40 W, and the music power is to be determined by the manu
facturer. The expression ‘20 W continuous’ has been standardised. (Also see Refs
7.4 and 7.5.).
Other important parameters which determine the quality of an amplifier are:

(a) Noise and hum levels. To an output amplifier the following should apply: if all
controls and switches are turned down completely, no noise or hum should be
audible, even to an ear placed right in front of the loudspeaker.
(b) Distortion. A distinction is made between
linear distortion, e.g., deviations in the frequency response curve and
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non-linear distortion, e.g., frequencies produced by the amplifier which were not
present in the original signal. If they are integer multiples of the basic
frequencies, we speak of ‘harmonic' distortion. The following applies
+
+ yi + . . .)
x ioq%
k
V(V] + v2. + v} + V3 + . . .)
where k
l/i
V2
I/3

=
=
=
=

the distortion in %
the effective value of the basic frequency
Veff for the second harmonic
Vc(f for the third harmonic, etc.

If the distortion consists of frequencies which are non-harmonic with respect to the
basic frequency, we use the term ‘non-harmonic’ distortion. This term covers inter
modulation and crossover distortion.

Intermodulation distortion. This is the extent to which the amplifier produces
sum and difference frequencies when more than one frequency is fed to the
amplifier. The measurement is usually made by applying two different frequen
cies (e.g. 40 Hz and 7 000 Hz in the ratio 4:1). The ratio is then determined
between the effective value of the fundamental tone at 7 000 Hz and the effec
tive value of the sum and difference frequencies (mainly 6 920, 6 960, 7 040 and
7 080 Hz)*. Under DIN 45.500 the linear distortion may be ±1.5 dB within a
frequency band of 40-16 000 Hz.
At full power the harmonic distortion may be maximum 1%, while the
intermodulation should remain below 3%, if the amplifier is still to have the
‘Hi-fi’ label.
Nowadays these requirements are extremely lenient; a good amplifier will
easily have a range of 20-20 000 Hz ± 1.5 dB, at less than 0.5% harmonic and
less than 0.5% intermodulation distortion.
Cross-over distortion. This distortion occurs especially in transistor amplifiers
with push-pull output stages, and it is due to incorrect quiescent current adjust
ment of the output transistors. It is particularly annoying, and it manifests as a
kind of ‘sharp' or edgy reproduction. It is rather difficult to measure because the
energy content of the fine needle pulses on the zero-axis crossings of the test
frequencies is very small, and is best exposed by CCIF intermodulation distor
tion measurements.
(c) Output impedance. The standardised output impedance is 4 or 8 fl. Formerly
this meant that the output impedance was really 4 or 8 (1. To obtain maximum
power in the loudspeaker, loudspeaker impedance and amplifier output impe
dance had to be identical. Nowadays this situation has changed. The output
impedance is seldom more than 1 12. If at full drive such an amplifier gives e.g.
20
20 V effective, this implies a current of
—— = 1.18 A at a load with a loud

speaker of 16 Q. The power yielded will then be I2R

1.182 x 16 = 22 W**.

' Intermodulation distortion measurements are currently being made at two closely-spaced equal ampli
tude high frequencies (CCIF) and the in-band i.m. products measured as a percentage against the driving
frequencies (see Ref. 9.6).
*’ Assuming 16 Q resistive at the test frequency.
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20
However, a loudspeaker of 4 fl causes a current of
—y = 4 A. The power
consumption will then be: 42 4 = 64 W. In the above it has been assumed that the
amplifier can indeed supply these currents.

The low output (or source) impedance stems from the use of heavy negative
feedback. In some designs this puts the impedance down to 0.1 fl or less and results
in a damping factor (load impedance divided by the source impedance) as high as 80
or more.
When choosing the amplifier and loudspeaker(s), it is important first to determine
the power that the amplifier is likely to produce at the chosen loudspeaker impe
dance. The power rating of the loudspeaker is then to be based on this. Generally,
the power rating of the loudspeaker is best made a factor of 2 higher than the
amplifier power to ensure that a clumsy manoeuvre with a record-player with the
amplifier at full gain will not immediately ruin the speech coil.
Finally, a few words on choosing the loudspeakers:
If you want a really good one, I can recommend the Quad electrostatic shown in
Figure 7.34. However, it is fairly expensive and requires an amplifier which remains
stable with a capacitive load, which is not the case with all amplifiers. If you want a

Figure 7.34. The Quad electrostatic loudspeaker

loudspeaker system using the bass reflex loading principle or acoustic suspension
(closed box), the best advice is to make the selection by audition. Generally speak
ing, the larger the enclosure, the better the reproduction of the lower octaves.
To be fair, it should be said that for mobile installations, particularly for video
purposes, electrostatic loudspeakers or large bass enclosures are rather clumsy.
A loudspeaker system with built-in power amplifier, such as the Philips ‘motional
feedback' loudspeaker 22RH544, is ideal for video purposes. The dimensions are
approximately 40 x 30 X 20 cm, and to drive the system to full power (40 W
continuous) the minimum requirement is 1 V into 100 Q.
* Assuming 4 Q resistive at the test frequency.
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8.1.

TV production technique

Lighting

Two systems are possible:
(a) Either we start from existing light (daylight and/or artificial light) and possibly
use small supplementary spot lights, which could also come in useful for special
effects: or (b) Switch off the existing light and provide the desired lighting from
studio lamps.
The first system (called the ‘basic light’ system) is attractive for the non-professional
during daylight. However, for interior and night-time applications the existing light
intensity is commonly insufficient to serve as basic light, which means that the
non-professional is then also obliged to turn to (b) the so-called ‘main light’ system.
In its simplest form the main light system consists of three light sources:

(1) A main light positioned so that the scene is completely and fairly evenly lit, with
as few shadows as possible (for portrait photography the nose of the model
should point to the main light).
Starting-point (Figure 8.1.): The main light should be at 45° from the camera and
45° above it (H). The distance to the subject should be about five times the depth
of the scene. For example, if two people at a table are to be shot and the scene
depth is approximately 1.5 metres, then the camera-to-subject distance should
be approximately 7.5 metres.
For the main light one or more 1000 W cine lamps may be used.
(2) Fill-in light. This is positioned so that the shadows cast by the main light are
softened (they need not disappear). A ‘soft’ diffuse light source (e.g. one not
casting shadows and having a large radiant surface) is preferable. Owing to its
small radiant surface (the filament) a cine lamp gives hard light. However, by
reflecting the light from a glass bead screen, the radiant surface is enormously
increased and the light is softened.
Starting position (Figure 8.1). 45° from the camera and at the same height as the
camera (/). When positioning the fill-in light, avoid two equally strong cast
shadows (e.g. at both sides of the nose), which gives a singularly undesirable
effect.
(3) Back-light. A back-light serves to put the subject in relief. A hardish light source
may be used, such as a 650 W cine lamp.
Starting position (see Figure 8.1.): Directly in front of the camera and 45° above
it(T).

The ‘starting positions’ are rightly given this name. It is always worth while to
experiment to find the best way of lighting a given scene.
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The following are useful guides: Light coming from above makes a person appear
intelligent; but can also make him appear old! Light coming directly from the front
makes a person appear flat and uninteresting, but also young, while light from the
side gives narrowing effect and sometimes a ‘witty’ appearance to the subject.

Figure 8.1. Simple main-light system

Cine lamps (halogen lamps) have disadvantages as well as various advantages,
which are: (a) The colour temperature remains constant for practically the entire life,
(b) Owing to the ‘halogen cycle’ (the metal evaporated from the filament does not
settle on the bulb, but on the filament) the lamp does not become blackened with
use. (c) The lamps are not all that expensive.
A disadvantage is ultra-violet emission because the bulb is made of quartz glass
required for the high operating temperature. By this a kind of snow-blindness can
occur (which manifests as painful, red eyes the next day) when working against the
light at small distances for ‘Ah or more. Fortunately, the phenomenon is not
dangerous, but it is very annoying. One remedy is to wear sun glasses, if the lighting is
to remain on, while no acting takes place.
A few practical points:
(1) Every halogen lamp should be protected by a fuse of approximately 20% greater
rating than the current consumed. If the lamp fails during operation there can
result an internal arc whose resistance is only a few ohms. Without fuse protec
tion the resulting high current might cause the lamp to explode.
(2) Never move or touch the lamp when it is in operation, or when the filament is still
warm, because the filament is then at its weakest and will break easily.
(3) Avoid reflections when shooting shiny objects, try to dull them with ‘dulling
spray’ (obtainable from a stationers). Sometimes top light or polaroid filters may
be helpful.
(4) Avoid white clothes, black clothes, and striped clothes. Horizontal stripes will
cause annoying interference with the picture lines, while vertical stripes may
cause cross-colour (Section 9.1.1.2). This is why the hall-porters of the Dutch
Television studios have express orders to keep out gentlemen wearing herring
bone-pattern suits.
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(5) For colour recordings avoid using mixed light (light with greatly different colour
temperature). If necessary, special light blue daylight filters can be placed in
front of the artificial light source.
(6) It is better for any cine lamp to be lit for 10 minutes at a stretch than for three
times each of half a minute. Lamps always break down when they are switched
on (cold filament, low resistance, high switch-on current); hardly ever during
operation. If you want to use your lamps for a long time, gradual switching-on is
to be preferred. (For two lamps a series-parallel circuit may be used.) It remains
to be seen whether this makes any sense with halogen lamps. Owing to the
relatively low temperature in the case of series-connected halogen lamps, the
halogen cycle is not operative, so the advantage of the low evaporation may be
outweighed by the disadvantage of the metal not settling on the filament.

8.2.

Composition and camera work

This book does not pretend to give a complete treatise on composition. However, a
number of starting-point rules must be kept.
8.2.1.

Composition

When determining the composition of a picture one should pay due consideration to
the peculiarities of the way we view things. One of these is that we read a picture
which is offered to us from left to right, and from top to bottom, unless the camera
operator forces the eye to look at a point which he has previously determined.

A

B

D

Figure 8.2. Characteristic points of the screen

(1) If we divide the screen into nine equal parts by means of two horizontal and two
vertical lines (Figure 8.2), the points of intersection A, B, C and D are the
so-called ‘characteristic points' of the picture. An object located at one of these
points receives extra attention. In the classical scenery there is a winding path
leading from the left-hand bottom corner to B; at A there is a mill and the girl is
sitting at D.
(2) Always choose the horizon through A—B, or C—D. Any other position is
wrong.
The left-hand picture reveals how you should not do it; the horizon is too high,
the path runs to the centre instead of to one of the characteristic points, and the
girl is in the wrong position. In the right-hand picture these mistakes have been
avoided.
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(3) Another rule which follows from a consideration of the left-hand picture is that a
symmetrical division of the surface is to be avoided.
(4) If there is an important subject in a picture, position it at a characteristic point. If
there are two important subjects, draw an imaginary connecting line, and make
sure that its direction through the picture is diagonal. If there are three
important subjects, position them in the imaginary angles of a triangle.

In the left-hand picture the three important points have been put on one line; in
the right-hand picture we have our triangle composition.
When there are more than three points (e.g. groups) the best thing is to take a
slightly higher position with the camera, and in this way try to obtain depth in the
picture.
but like this
So not like this
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(5)

If the subject is small, make sure that there is an introductory or ‘pointer’ line
, c js it The girl in the right-hand photograph is easier to find than the one in
the left-hand photograph, yet both pictures show the girls equally tall.
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(6) Never position a person parallel to the screen (left-hand picture), but always at
an angle of 30 to 60°. If you then allow the upper part of the body to turn slightly
forward and if you provide some ‘space' between arms and body, you will have
the right-hand picture. Briefly: make sure that the head and the body have
different positions with respect to the camera.
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(7) Provide viewing space. The left-hand shot should only be used if something
important is happening behind the girl.
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(8) A shot without foreground is empty. The right-hand picture has something
which the left-hand picture does not have: i.e. depth.

(9) When using an introductory or ‘pointer’ line, make sure that you follow the
direction of reading. The left-hand picture is wrong, because unconsciously you
will start ‘reading’ from left to right and from top to bottom. The result is that
your eye will start somewhere in the left-hand top corner, follow the brook to the
bottom of the picture, arrive at the right-hand bottom corner without discover
ing anything important, roam back to the top, be drawn to the bottom again and
finally stop looking. In the right-hand shot, on the other hand, your eye is
immediately drawn to the house by the introductory line and there it will remain.
The eye is ‘satisfied’ and does not have a tendency to start looking in the
left-hand bottom corner for something which is not there.

8.2.2.

Camera work

To start with: some terms and definitions.
Cue

Left
Right

Pan

= Calling attention to something that should happen or information on
particulars.
= Left as seen by the camera. Applies to everybody.
= Right as seen by the camera. Applies to everybody.
= Horizontal movement of the camera (from ‘panorama’).
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Tilt

Zip
Zooming
in/out
Dollying

Crabbing

Vertical movement of the camera without raising the height of the
camera.
Very fast pan so that all details become unrecognisable.
Coming ‘closer or moving away' with the aid of the zoom objective lens
without moving the camera.
Moving the camera with the aid of the dolly.
Moving the camera sideways, at right angles to the direction of viewing.

Long shot(LS)
(total)

Medium shot (MS)
(semi-total)

Medium close-up (MCU)

Close-up (CU)

Extreme close-up (ECU)

Two-shot (2S)
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Three-shot (3S)

Drawn 2S

Rules of thumb
(1) Always direct the camera at the eye level of the subject, unless one is trying to
produce special effects. If a conversation is taking place at a table, the camera
should be placed about 140 cm (4ft 8in) above the ground unless, of course, the
conversation is taking place on a stage.
(2) Always use a long focus or telephoto lens with CU and ECU.

The left-hand shot was made with a normal lens, whereas the right-hand shot was
made with a telephoto lens.
You will see that the girl appears to have a slightly *plumP' face when a normal
(or wide-angle) lens is used. A telephoto is also less irritating to the actors,
because one does not need to come in so close to make a CU.
Another difference between telephoto and normal lenses is depicted by the shots
below:
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The left-hand shot was made with a normal lens and the right-hand shot with
a telephoto. It seems as though the girl in the right-hand shot is much closer to
the house than in the left-hand shot. Yet the distances are exactly equal. This
may be of particular importance for indoor shots. If a telephoto lens is used, less
background will appear in shot than with a normal lens.
(3) Focus properly. With a zoom lens, the plan is to focus in the ‘tele’ position, for
then the depth of field is smallest, and the optimum point of focus is easier to
find. It is not necessary for everything to be in extremely sharp focus. Indeed, it
is often better to leave unsharp detail which diverts attention from the main
subject. An unsharp background can be obtained only with a telelens. The depth
of field of a normal lens is too great. (Left normal, right tele.)

J*
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(4) When you are first unsure what shots to make, start with the normal lens focused
on three metres.
(5) Never move the camera without a reason. Inexperienced camera operators often
tend to pan from left to right, and back, and sometimes also from bottom to top
and, if nothing of interest is seen, then back to the bottom again. This is
sometimes called ‘hosepiping'.
A golden rule is: normally pan only along with the subject.
(6) Avoid, if possible, using the zoom under ‘normal’ lens conditions. Dollying will
give a more satisfactory result.
(7) Make sure that the movements of a subject remain within the picture area.
Never get so close that constant panning is necessary to keep the head in the
picture.
(8) Don't be afraid of CU shots. (Of course, do not exaggerate; other lens settings
are also necessary!) CU is a good form of ‘expression' on the small screen,
particularly in the case of colour television, where a large coloured area reveals
much more than the small merging details of a long-shot.
(9) Be careful of the settings of a scene in which the ‘sky’ gradually becomes visible.
The brightness of the sky is generally much greater than that of the rest of the
scene. Cameras equipped with an automatic brightness control automatically
adjust until the brightness of the sky corresponds to 100% signal. The rest of the
scene will then often be between 0 and 5%, resulting in an unacceptable gloomy
picture.
Solutions
(a) Switch off the automatic control, adjust for a good picture and allow the
brightness of the sky to be limited by the white clipper in the camera.
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(b)

(c)
8.3.

If the automatic control cannot be switched off reduce the aperture suf
ficiently so that the auto control is at maximum, and consequently outside
the range of control. (Sadly, this tends to emphasise noise and could give
poor results.)
Keep the sky outside the picture. (It is as simple as that.)
Sound

There are three main possibilities:
(1) Record sound and picture simultaneously.
(2) First record the picture and then add the sound afterwards. This method is
particularly suitable if lip-synchronisation is not important. This is possible on
most domestic VCRs.
(3) A combination of (1) and (2): i.e. (1) for scenes with synchronised sound and (2)
for the final mix.

A problem with (1) is the positioning of the microphones. Do not hesitate, if
necessary, to put the microphones in the picture. Attempts to keep microphone(s)
outside the field by cramping the picture do not always make sense. Do not start
fooling around with home-made microphone rods. They often give more irritation
than pleasure.
If it is essential for the microphone not to be seen, then mask it somehow or adopt a
directional microphone. A parabolic reflector of about 60 cm (24in) diameter might
well help (see Section 7.1.3). Position a normal microphone at the point of focus and
you will have a useful directional microphone with which a discussion can be
followed over quite a large distance (ideal for class-room and stage-play
applications).
Another possibility based on (1) above is the so-called ‘playback’. A song, for
example, is recorded without picture, and subsequently mimed when the picture is
being recorded. The mime should be at full strength, because otherwise the viewer
will soon realise that he is being fooled!
An advantage of playback is clear: there are no microphones to obstruct the
movements of the singer and background noise is no problem so the singer can fully
concentrate on the one task. On the other hand, the increased freedom in the singer’s
movements means that more attention needs to be paid to the ‘depth of sound'. It is
most irritating when it is obvious that the sound has been recorded with the micro
phone close to the singer, while in the picture the singer is gaily galloping through the
prairie on horseback! Playback, however, does not release the actor from knowing
the texts of the songs; lip movements which do not tally with the sound are particular
ly irritating. Really good playback singing is an art!
A few hints:
(1) If you still have to buy microphones, buy one or more directional species
(cardioid or figure-8-shaped response pattern). For interviews, a model which is
supported round the neck (‘lavalier microphone’) may come in handy. Such a
microphone is insensitive to contact sound, and as it tends to emphasise high
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frequencies more than an ordinary microphone, its unfavourable position is less
clearly expressed in the sound. A disadvantage is the rather high price. Omni
directional microphones are not really suitable for television work. They respond
too much to ambient sounds.
(2) Optimum speech distance is 30 cm (12in). Never use a greater microphone
distance unless no artificial reverberation is available and it is required to give
the impression of room size.
(3) Make recordings in naturally noisy places when the noise is absent. It is much
better to suggest the operation of machines in a factory by dubbing a recording of
the noise afterwards, than having it mask the actual interview. Moreover, in the
latter case editing will be much more difficult.
(4) Support scenes with suitable background music or background sound. In order
to illustrate that a scene takes place in a wood it may be desirable clearly to
reproduce the singing of birds at the beginning of the scene. Subsequently, when
the viewer is more aware of the scene, the bird songs can be attenuated or faded
completely without interfering with the atmosphere.
Atmosphere sound should never be so loud that it interferes with the scene.
(5) Leave plenty of ‘space’ before and after every recording (at least 10 to 20
seconds). Later, when editing, this can be of great value. (The same applies to
the picture; it is customary to give at least one minute of test pattern at the
beginning of a recording, and to change to black 10 seconds before the start of a
scene.
When recording ‘loose’ scenes, start the recorder 25 seconds before the
beginning of a take, to give it a chance to stabilise. When editing, this is not only
of great value, but essential to guarantee synchronisation).
(6) Use tabs (small pieces of paper put loosely between the turns of the tape or glued
to it, and which slightly protrude) to indicate the start and the end of a recording
which is to be faded in.
A disadvantage of loose tabs is that they are not fixed and need to be fitted
again and again, while a disadvantage of fixed tabs is that they are not easily
transported through the recorder and might damage the tape.
(7) Allow music to fade at the end of a phrase; never in the middle of it. Mostly, such
a phrase (musical ‘sentence’) consists of four starting bars and four concluding
Warco

n«r

*

I

I

Etc

| End of final part of the sentence

figure 8.33. Simple example of a musical sentence. The final part clearly moves to a conclusion
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Warco

of final part of the sentence

Figure 8.34. Example of a musical sentence in which the final part leads to a new theme

bars. A complete sentence thus contains 8 bars. In the example in Figure 8.33,
the first part is, as it were, a question and the final part the answer.
It is clear that the ‘answer’ should retain its full value in spite of any fading.
Hence fading should start after its conclusion (with bar 9). In the second example
(Figure 8.34), the ‘question’ is the same, but the final part leads to a new theme.
In this case the fading should start only after the eighth bar, too.

-—

~—

Figure 8.35. The title roll

8.4.

Titles

It is not the purpose of this section to give a full description of all the different kinds of
title equipment and trick possibilities which are available. Your own imagination is
worth more than all the beaten tracks that could be listed here. However, a number
of points should receive special attention when making titles.

(1) Make your titles interesting. There is no interest in a row of names. If essential,
keep this kind of presentation short! Today’s television makers try to arouse the
public's interest in titles by movement, using a title roll. A good and functional
solution, but hardly original. Moving titles should remain visible for the time
that it takes to read them aloud once.
(2) Do not allow the text to run on the monitor right to the edges of the screen
because on the television set a part of it will not be displayed. The margin should
be about 10%.
(3) Never choose a ‘lean’ typeface. Use a style which has body. Thin lines are not
very well defined in the picture. Investigations have proved that sans serif
characters are best for television use, since the serifs (the short line at the foot of
the r is a serif) will be lost in the line structure or distorted, thereby decreasing
readability. Generally, ‘square’ letters, i.e. letters which are as high as they are
wide, are the easiest to read.
Figure 8.36 depicts a number of quite readable typefaces, though the boldest
ones give the easiest reading.
(4) Choose a letter height which is never smaller than about 7% of the picture
height. Stick-on letters are convenient to apply. If you require two or more lines
underneath each other, a distance between two lines of twice the thickness of the
vertical strokes of the capitals yields the best readability.
(5) Although black letters on a white background may seem to appeal most, they are
less suitable for television. Titles are usually SI (‘superimposed’ = mixed with
another picture). The white of the title background can make other picture
information disappear. More possibilities become available with a keyer, includ
ing black letters on a white background.
(6) Consider putting titles on film. In this case many trick possibilities become
available (e.g. single frame, back projection, high speed and slow motion); and
in production you are not confronted with the creation of titles (which is often
time consuming).

8.5.

Continuity

By continuity is generally understood the way in which the succession of pictures in a
TV production is realised. In other words, the way in which the story is translated
into pictures. First, of course, there should be a story. A good story is characterised
by having a beginning, a middle and an end.
The beginning explains the plot (and this applies not only to a ‘real’ story, but also
to an interview, a quiz, a commentary, and even a news item).
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The ‘old-fashioned' method was to start with the titles, and then fix the place of
action by means of a so-called ‘establishing shot’. The main characters then appeared
rather quickly. In complicated cases text rolls were sometimes used, which explained
that we had to go back to the year 1600, where in the place of........... etc.
Folio

ABCDEFGHUKLMNOP
abcdefghijklmnopqrstuv\
ABCDEFGHUKLMNOP
abcdefghijklmnopqrstuv
Futura

ABCDEFGHIJKLMNOPC
abcdefghijklmnopqrstuvv
ABCDEFGHIJKLMNOPC
abcdefghijklmnopqrstuv
Grotesque

ABCDEFGHUKLMNOPQRJ
abcdefghijklmnopqrstuvwx
ABCDEFGHUKLMNOP
abcdefghijklmnopqrstu
Helvetica

ABCDEFGHUKLMNOP
abcdefghijklmnopqrstuv
ABCDEFGHUKLMNOP
abcdefghijklmnopqrsti
Univers

ABCDEFGHUKLMNOPC
abcdefghijklmnopqrstuv
ABCDEFGHUKLMNOF
abcdefghijklmnopqrsti.
Figure 8.36. A number of type faces suitable for television
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The present trend is to present the establishing shots without text rolls and then,
after some suspense has been created, to project the titles across the scenes. How
ever. in both cases it remains necessary clearly to introduce the main characters. This
is achieved preferably by clearly showing both the surroundings in which they act,
what they do and who they are.
In the middle part — the action builds up in the middle part and gradually passes
into the conclusion.
The conclusion — should be handled so that it becomes clearly apparent to the
viewer that there is nothing more to follow. When the composition of the story is
correct, the viewer will switch off his set at the moment you have dictated. You can
realise this (and formerly it was mostly done in this way) by projecting the words
‘THE END' on the screen in life-size letters. If you have some suitable music to
support this, you may rest assured that nothing can go wrong. Nowadays it is
‘fashionable' to freeze the last picture — let us hope it is a striking one — and to
project the final titles through it. However, what is most original. . . well, that is to be
determined by you. One thing should be quite sure: there should not be any
misunderstanding about the end of the story.
When you have worked with video or film for some time, you will have noticed that
there are a number of ‘rules' which you tacitly adhere to in any production. For
example, a scene in a news report or a news programme will never exceed more than
two or three seconds. The continuity director, who has edited the programme, knows
from experience that longer shots fail to hold attention. The camera operator is also
aware that he must provide shots which contain interesting movement.
Pay attention to the way in which the commercial TV camera ‘seeks out’ move
ment and endeavours to retain it. When there is no movement, because there is
nobody to be seen, the camera-man will pan along houses, move casually along a
church tower, shoot a scene which is completely unimportant for the reel, such as a
close-up of a prowling cat. In fact all these panoramas and unimportant details,
however professional they may seem to be, are merely fill-up expressions. Forced by
circumstances, the camera operator will always endeavour to make his own move
ment. Of course, it stands to reason that paying attention to trivial things (a pair of
folded hands, a child showing no interest in a big military parade, but playing with
some wooden blocks) may work like salt in your daily bread!
Technically, there are many ways in which your story may be presented, of which
the following is a small selection.

8.5.1.

The cut

This is a hard picture transition used when the action continues. A cut is preferably
made during a movement in the picture, or when there is a specific reason to make it
(a sound, a look, or some other action). The shots which are connected by a cut
should contain part of the movement. For example, a long-shot of a room with a door
at the back/creaking/cut/CU door handle.
Although in this case the aim is for a direct effect, and as such this example is not to
be rejected, it is better to avoid a direct succession of LS-CU because then the viewer
is figuratively ‘jerked’ across the room to the CU, which can be disconcerting. It is
better not to use LS-CU, but instead LS-MS-CU. A CU, however, may be followed
immediately by an LS.
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The viewer really first requires orientations; that is an establishing shot. Next a
better look: LS; MS. When he has defined the main characters he needs to know
what their faces look like. So: CU. When the ‘investigation’ has finished, the story
may begin: LS. A cut, of course, is only made when there is a real difference between
the images. So:
not like this

but like this

. A.

'

Never change a shot for the sake of change only; change only if the change has a
function.
A disadvantage of a cut is that the change takes place very quickly and as the eye
and brain cannot respond as quickly to the logic of a complete change, this should be
avoided. For example, it would be bad to cut from a group of professional cyclists
moving to the right to the same group moving to the left. It is also annoying when a
cut is made from an LS with a particular cyclist up at the front of a group to an LS with
the same cyclist at the rear.
Rule: always prevent the main subject in an image from moving position when a
cut is made.
Not like this

xj

A

/

1

■"•Ob
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But like this

Although in the latter case the chief characters move in the image, it is clear that the
chief characters are having a conversation which is being viewed from two sides.
A number of cuts can be made to enliven a conversation scene. In that case it will
be advisable to make only so-called ‘congruent' shots. If this rule is not followed the
impression is gleaned that A and B are not looking at each other, but instead
individually talking to an invisible third person.
Not congruent:

3

Congruent:

8.5.2.

Fading

We must distinguish between cross fading, also called mixing, and fading past black.

8.5.2.1.

Cross fading

With cross fading the first picture gradually disappears while the second picture
gradually appears. Cross fading is used when part of the action is to be omitted. For
example, somebody is having a meal/cross fade/he wipes his mouth and rises. The
suggestion is that in the meantime he has finished his meal.
Cross fading only makes sense if it takes at least 2 seconds. Swift cross fading fails
to convey the message because the intended time transition is not suggested. More
over, the viewer also tends to become confused because the transition resembles a
hard cut.
The above only applies, however, to programmes with a ‘story’. In a show with a
singer, or during the titling of a programme cross fading may well be in order, even
though no time difference is suggested.
In a story cross fading should not be used to make a smooth transition between two
moving cameras. Firstly, because an unnatural time difference would again be
suggested; and secondly, because of the resulting excessive movement, which (also
in case of a ‘show’) could lead to chaos during fading.
8.5.2.2.

Cross fading past black

This is a type of cross fading which consists of a fade-out, a period of black and then a
fade-in. It suggests: transition of an action.
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Example: The subject is having a meal/cross fade past black/he is sitting at his desk in
his office. The viewer will be led to believe that in the meantime he has finished his
meal, driven to his office and started work at his desk.
It is necessary to use imagination in the field of video fully to exploit cut and cross
fading techniques — ordinary or past black. You might evolve other tricks based on
transitions, but this could be tiresome. In practice, the cut and, to a smaller degree,
cross fading, appear to be the only acceptable picture transitions. A cut made at the
critical moment can be so good as not to be noticed at all by the viewer.
8.5.3.

Picture axis

The axis of a picture or scene is, mathematically a collection of important points.
When the scene is a discussion between two persons, the axis is represented by the
connecting line between the two people.

In a scene of a cycle race the axis consists of the road taken by the cyclists; it is the
connecting line from goal to goal in a football match scene. Even though there are no
clearly recognisable important points, an axis can usually be located in a scene by the
viewer since he is accustomed to it being more or less at right angles to the viewing
direction of the camera. In an empty room the axis is from left to right through the
room.
An important rule of continuity is that one should never cut across the axis; that is,
to cut two shots which have been taken by cameras on opposite sides of the axis. If
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this is attempted the situation will be totally inconceivable to the viewer. This means
that you should not go from MS to CU in the last illustrated situation, while it would
be permissible in the situation pictured below.

In the first CU the girl (A), is looking to the left, whereas the viewer was certain that
B was on the right! In the second CU the girl, in fact, is looking in the direction where
the viewer would expect to find B.
The previously described situation of cyclists moving against each other is a further
example of going across the axis.

8.6.

Combination of picture and sound

Here, too, are a number of self-evident rules, which are based partly on human sense
perception and partly on habit.
Many observations have proven that a viewer cannot concentrate on two things
happening simultaneously. It is impossible, for example, to expect him to assimilate
a film on the history of China while simultaneously following a French lesson via the
audio channel. In this extreme case he will probably turn off the sound and concen
trate his attention on the picture, because pictures are generally more interesting
than sound only.
To be less extreme, a film on the history of China with accompanying sound will
have maximum impact only when the picture and the sound information coincide.
This means, literally, that if a date is announced which should be remembered, it
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should also be projected on the screen instead of projecting a picture of China which
illustrates how it looked during the period in question, the latter being too diverting.
This is why broadcasting companies, when advertising their programme magazines,
not only show the titles and times, but the announcer reads them out as well.
A fixed rule, then, is that the sound information must correlate with the picture
information; not the other way round! Even though the sound often contains more
direct information than the picture, a person's initial reaction is to the picture. The
sound is experienced as a pleasant or irritating accompaniment — suitable or
unsuitable.
Because of its supporting function, it is acceptable to start a programme with
sound (picture: black), and then to fade in the picture (the main part). If it is done the
other way round the viewer expects to be informed that there is a transmission
problem.
If a film is shown with an explanatory text, the text should coincide with the film or
be visible just before the relating picture. The reverse procedure causes confusion. A
viewer cannot keep his attention on the picture because he is expecting an explana
tion. Therefore, ensure that picture transitions correspond to the accompanying
music. Do not let them go against the ‘rhythm’ of the music. (The music, in fact,
should be adapted to the pictures during the reproduction, but this is a technical
impossibility).

8.7.

Scenario

Although the preparation of a scenario is often considered to be outside the scope of
the non-professional, it should be attempted in all but, perhaps, one-man produc
tions. Even then, it makes sense to put your thoughts on paper in the form of a
(modest) scenario, which is essential when more than one person is involved.
The following is a model of a professional scenario. Assuming that a typewriter has
roughly 80 characters per line, there are then 35 character positions available for the
picture part (left) and 44 for the sound part (right), the scenario being divided into
two parts as shown.
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PICTURE
10

25

A
Shot number
Picture source (Cl. C2. film etc.)
Picture transition (fade/cut/SI etc.)
Technical indications (CU/MS/starting time)
Position (A. B. C . . . give) position
on studiofloor)
Picture content (description of
I
the pictures, indication of FP
J
—1st picture — and LP —
t
last picture)

SOUND

37

7

A_____________

"A
Sound source (mic/tapc/VTR/pcrfotape)
Sound transition (fade-in/fade-out/cross fade)
Technical indications (filters/starting time)
Sound content (in small letters: text to be
spoken, in capitals: FW/LW of text already
on tape/record: titles of records, indications
etc.)

The arrows indicate where the first letter of the information in the abbreviated
question should be placed. When composing a scenario for the first time you will find
it is a fascinating exercise putting everything down on paper first.
The following is an example from a simple scenario.

FADE IN

I VT813

FP PAN DOWN ALONG
CHURCH

FADE IN
TAPE 1

TAPE 2

2 Cl
3 C2

LS

4 Cl

MS

5 C3

MS

6 Cl

MS

7 C3

MS

LP ORGANIST CLIMBS
STAIRS (MS)
CHURCH CHOIR
ZOOM IN QUICKLY FROM
LS TO ORGANIST WHO
LOOKS DOWN ATCHOIR
CONDUCTOR STOPS.
TURNS ROUND AND
LOOKSUP
ORG. JUST PUTS DOWN
HIS COAT AND LOOKS UP
COND. SHRUGS HIS
SHOULDERS AND SITS
DOWN
PAN. FOLLOWS ORG.
WHO SITS DOWN.

BIRD SOUNDS
FADE IN AS SOON AS THE
ORGANIST COMES ROUND THE
CORNER OFTHE CHURCH:
CHURCH-SINGING (10 DB DOWN).
AS SOON AS DOOR IS OPENED FULL
STRENGTH

TAPE 1 FADE OUT
(PLAYBACK TAPE 2)

STOP TAPE 2 AFTER CONDUCTOR'S
TAP(ATTAB).

MICR 1

COND; Harry, arc you there?

MICR 2

ORG: GRUMBLES: Yes!

etc.

For video devotees, an interesting book on working with video is Ref. 8.1.
Recommended!
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8.8.

Makeup

There are three main groups of makeup; Fashion makeup, character makeup and
corrective makeup, the latter being of most importance to a videoproducer.
In corrective makeup we can distinguish three stages:

(1) Applying of the foundation. The base (usually a cream type) is used to even out
skin tones or to cover up blemishes or coloration due to very dark hair
(tomorrow’s beard). It can be applied with a damp sponge or one’s fingers. It
should have the same shade as the natural flesh tone.
(2) Applying cosmetic highlights and shadows. Highlights are used to bring out
features or to reduce unwanted shadows; shadows can be used to do the op
posite. Figure 8.45 shows schematically where highlights and shadows could be
applied to change the form of a face and/or to bring out its features.

!

Figure 8.45. Applying highlights and shadows

Highlights are usually applied with a brush in a lighter shade of base. For
shadows a grey cream is blended into the base.
(3) Applying rouge. Rouge (usually a cream rouge in a darker shade of the basic
makeup) is used to add colour to those areas of the face (i.e. the cheeks, chin and
forehead) wherever this is natural.

The makeup is then set with a translucent face powder, which is patted on with a puff.
For female artists the makeup can be completed with lipstick, eyeshadows and
mascara.
More about makeup can be found in Ref. 8.2.
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9

Measurements, measuring instruments and
design criteria

9.1.

Measurements and measuring instruments

Measurements relating to so complex a signal as the PAL colour video signal embody
multiple aspects that could fill an entire book. One of the best-known books in this
field is Ref. 9.1.
The intention of television is to transfer pictures as naturally as possible over
distance. It is generally accepted that distortions are unavoidable, so (for the time
being anyway) nobody is going to demand that the reproduction must be life-size,
and with true depth and colour or, in other words, that the information reaching the
eyes must be an exact replica of that from the original scene! A reduced, twodimensional reproduction is accepted. This implies that we cannot compare the
reproduction against the original to determine the distortion; but, instead, are
obliged to restrict ourselves to measuring sections of the transmission channel which
are relevant to the requirement.
We must thus examine the following kinds of distortion:
(la) Linear distortion of the amplitude characteristic. High and low frequencies are
often attenuated more than the medium frequencies, and the attenuation is
generally expressed in dB.
(lb) Linear distortion of the phase characteristic. This causes phase delay distortion
which results in overshoot and colour errors, the error usually being expressed
as a delay time difference (in ps).
(2) Non-linear distortion. In this category we find 7-errors, overmodulation,
differential gain (= amplification factor which is not independent of the picture
content) etc. These errors are mostly expressed as a percentage.
(3) Noise. All signals not present in the original signal, and not derived from it,
such as tape noise, hum, spurious displays, oscillations etc. The error is
expressed as a percentage.
The principal measuring techniques and the measuring instruments are described
below, with the aid of which the above errors can be found.

9.1.1.

Measurements without instruments

This, in my opinion, is the main group of measurements. They meet the two basic
requirements, which are (a) Simplicity, (b) Accuracy. It will be obvious that meas
urements conducted without instruments are generally the simplest. Figure 9.1
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shows that they can also be accurate provided that no unreasonable demands are
made. If told, you may not be surprised to learn that the lines of the diagram are not
at right angles to each other, since you may have already observed the fact. However,
most people will be surprised to learn that the vertical line leans over by one degree
only.

Figure 9.1

The eye has made a measurement to an accuracy of about 1%, which is more than
most measuring instruments could do. Considering that this measurement with the
eye took only a few seconds, the importance of the eye as a ‘measuring instrument’ is
dramatically revealed.
9.1.1.1.

The black and white test pattern

Figure 9.2 shows the RM A test card, with which many aspects of the video chain can
be examined, as follows*.
(a) Height/Width Relationship (aspect ratio). With the test card in front of the
camera, this can be adjusted with the small arrow heads (a). When the picture is
displayed in the pulse-cross mode, the points of the arrows should coincide with
the picture border. The picture at the monitor tube on the other hand should be
adjusted in such a way that the middle of two small crosses (a) coincide with the
picture border. Dependent on the height/width ratio of the monitor tube a more
or less substantial part to the left and right will be outside the range of the screen
area. In any case you should be able to read the number ‘200’ (b) fully.
(b) Linearity. It is best first to check the linearity of the monitor or receiver with
the electronically generated test pattern of Figure 9.3, which is broadcast from
time to time on the BBC2 channel. The squares should appear square and of
equal size over the whole picture including the corners. When the monitor has
Figure 10.8 shows Test Card F transmitted by the BBC with which, to a certain extent, similar aspectscan
be tested. Included in Test Card F are various items of value in assessing the performance of colour
receivers (Ref. 9.5).
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Figure 9.2. The RMA test card

(c)
(d)

(e)

(f)

been adjusted properly, you can examine the horizontal linearity of the camera
with the aid of the vertical lines (b) and the vertical linearity with the aid of the
horizontal lines(b).
Poor linearity is revealed by lack of equal spacing between the lines just
mentioned, which moreover should occupy equal areas to the left and right sides
of the picture. A final, but possibly most important, check is given by the large
centre circle (b). Any distortion of this circle points to non-linearity or incorrect
height/width relationship.
Interlace. This can be assessed by the two diagonal lines (c). If these tend to
deteriorate into a kind of ‘step’ figure, then interlace is suspect.
Contrast and Brightness. Look for equal brightness changes between the rect
angles of the contrast wedges (d). At a given contrast brightness should be
adjusted so that field 9 brightness is just discernible from field 10 brightness.
Resolution. This is appraised by the frequency fans (e). The concentric circles
in the middle of the test card correspond to a frequency of 4 MHz or about 315
lines. A camera (black and white) should do better than this without problems.
The small fans in the comer circles indicate the resolution at the picture ex
tremes. They are sometimes less clearly defined than in the middle.
Low-frequency Reproduction. This can be assessed by the black horizontal
bars (f). They should be evenly black and have distinct borders. When the
brightness of the bars increases from left to right this means an impaired
low-frequency response. Smears behind the bars indicate phase errors which
commonly occur in combination with a non-flat amplitude characteristic due to
the difference in delay times between the h.f. and l.f. components of the signal.
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(g) Pulse Behaviour. Pulse performance can be readily observed by means of the
small rectangles (g). The numbers indicate the corresponding resolution in lines,
e.g. the number ‘350’ indicates that to reproduce this line a bandwidth of 350
lines or about 4.5 MHz is necessary.
Reflections in the transmission system resulting from incorrectly terminated
signal cables or misalignment of the signal stages can be observed as displaced
‘ghost’ images of these small rectangles (g) too. The RMA Resolution Chart is
reproduced for camera test purposes in Section 10.7.
9.1.1.2. Colour test pattern
On occasions the BBC transmits Test Card G, which is very similar to the Dutch
GPO colour test pattern shown in diagrammatic form in Figure 9.3 and reproduced
in colour in Figure 10.9. It can be used for assessing the following points.
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(a) Height I width relationship and centring. This is checked with the black-andwhite blocks along the edges of the picture. The settings are correct when the
upper and lower blocks are just visible. With a 3:4 aspect ratio the blocks at the
sides are just visible.
(b) Linearity. This is assessed by the large circle (b), which should be perfectly
round and by the background grid, whose squares should be roughly equal in size
over the entire picture area, including the corners.
(c) Interlace. By comparing the width of the long horizontal line in the middle of
the circle with the width of the horizontal lines outside the circle, 2:1 interlace
can be checked.
All horizontal lines consist of two picture lines, i.e. one from an even field and
one from an odd field. So in generating the horizontal (double-) lines the upper
line can be chosen ‘odd’ or ‘even’.
Assume that — due to an interlace error — the even fields moved upwards
and that in the ‘double-lines’ the odd lines are on top (Figure 9.4a). As can be
seen from this figure, such a line tends to narrow. On the contrary a double line
with an even line on top tends to widen.
In this test pattern the white horizontal double lines in and outside the circle
are generated as described, but in the opposite way. Therefore an interlace error
which tends to narrow the line inside the circle will widen the horizontal lines
outside the circle.
Double hne a ['

Odd
Eten

Odd
Even
Double hne b

Odd
Even

Figure 9.4. Interlace error

Odd

(d) Contrast and Brightness. As with monochrome test patterns, contrast and
brightness can be adjusted using the gradation squares (d) below the centre
horizontal line in the circle. They should show equal brightness changes, ranging
from left (black) to right (white). The gradation squares carry no colour infor
mation.
(e) Resolution. With a well designed and adjusted black and white receiver the
definition lines (e) should be reasonably well defined up to the last grating (on
the BBC’s Test Card G, the corresponding frequencies are higher than those of
the Dutch pattern, and correlate with those of Test Card F). In colour mode
stationary moire pattern interference may arise owing to the frequency of the
luminance signal falling within the bandwidth of the chroma channel, where it is
detected as colour information and thus interferes with the 4.43 MHz sub
carrier. This is called cross-colour interference. However, it should not occur on
the lower frequency gratings (/<3 MHz) unless the bandwidth of the chroma
channel is too great (incorrect alignment). Cross-colour can also occur on
normal transmissions, but since the upper frequencies of an ‘average’ luminance
off-air signal are generally below the amplitude of those of a test pattern,
cross-colour is not very troublesome off-air when the receiver is correctly aligned
(see Section 8.1, point 4).
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(f) Low-frequency Reproduction. As in the RMA Resolution Chart the black
horizontal bar (f) in the upper part of the circle should resolve evenly black
without smear, flares or blurs (see Section 9.1.1. l.f).
(g) Pulse Behaviour. Look for repetitions of the thin black line (g). Also for
repetitions of the vertical white lines which point to reflections from hills or tall
buildings or incorrect signal cable terminations.
(h) Convergence. Convergence can be tested with the horizontal and vertical
white lines (h). The horizontal lines consist of two picture lines each, the vertical
lines are 0.23 p.s wide. This means that the vertical lines are about 70% wider
than the horizontal lines.
Vertical lines with a width of 0.23 p.s are chosen because from Fourier analysis
can be seen that a sin2 pulse of 0.23 ps has no spectral contents in the region
around 1/0.23 = 4.4 MHz (the colour carrier; also see Section 9.1.2.3). In this
way cross-colour can be avoided. The vertical lines are a little wider than the
horizontal ones, which has to be taken into account. Convergence should be
adjusted so that the red, green and blue displays of the pattern cover each other
as much as possible to form one white display.
(/) Colour Bar and 250 kHz Reference Block. The colour bar consists of colours
with 75% brightness and 100% saturation. Because the luminance of the 250
kHz blocks on top of the colour bar is 75% too, the blocks and the colour bar
should appear to be equally bright to the eye. Figure 9.5 shows the video signal
arising from the EBU colour bar. (EBU stands for European Broadcasting
Union.)

Figure 9.5. The video signal of the colour bar at 75% brightness and 100% saturation

When the red and green guns are switched off, the brightness of the blue field
and the 250 kHz blocks (also blue then) should be the same. Because cyan =
green 4- blue (1:1) and magenta = red 4- blue (also 1:1) these fields will become
blue too. This blue will have the same brightness as the ‘real’ blue field and the
250 kHz blocks, i.e. 75%.
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Summarising: when the red and green guns are switched off, all the remaining
blue should have a brightness of 75%. If the red and blue guns, or the blue and
green guns, are switched off, the same applies to green and red respectively.
Figure 9.6 shows the vector diagram of the EBU colour bar.
In the UK a 100% amplitude, 95% saturation colour bar adopted in agree
ment with the BREMA (British Radio Equipment Manufacturers Association)
is in use too, as being a stringent yet realistic test of colour TV systems. It is
representative of high-saturation, high-luminance signals yielded by modern
colour cameras. More information on this subject can be found in Ref. 9.3.
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Figure 9.6. Vector diagram of the colour bar at 75% brightness and 100% saturation

(/) Luminance/Chroma Differences. In a colour receiver the encoded colour sig
nals are first filtered out of the luminance signal so that they can be decoded. The
relatively narrow band filter delays the chroma to compensate for the delay (so
that the chroma and luminance arrive at the tube at the same time) and a delay of
about 0.6 jxs is deliberately introduced in the luminance channel. If the com
pensation is not exactly right luminance/chroma delay error is manifested by, for
example, the shirt of a football player being displaced to the right of the player.
Because the effect is apparent mostly on highly saturated colours, and experi
mentally it has been proved that this type of error is most striking for a redyellow transition, the bottom part of the circle (Figure 9.3) with the red and the
two yellow fields (j) is most suited for this purpose. When there is an error the
red will be displaced slightly. The edges of the red rectangle should line up with
the white lines immediately below the circle.
(k) Colour Difference Signals to Check Decoding. The combination of fields (k)
contain the colour difference signals R-Y, B-Y and G-Y. It is known (see
Section 1.4) that U = 0.49 (B-Y) and V = 0.88 (R-Y); so R-Y and B-Y are
colours which coincide with the axes of the PAL vector diagram (see Figure 9.6).
The (B-Y) signal along the positive U-axis is of bluish hue (right-hand bottom
side in the test pattern), while the (B-Y) signal along the negative U-axis is a
yellowish hue (right-hand top side in the test pattern).

329

As LJ and V are colours along the axes of the vector diagram, the V-demodulator in the (B-Y) fields (U) should not give an output voltage; neither should
the U-demodulator in the (R-Y) fields (V).
Apart from checking with an oscilloscope, a simpler test is possible by switch
ing off the blue and green guns and observing the (B-Y) fields. As (R-) should
be zero, no voltage should be fed to the red gun (which is still switched on). In
other words, changing the colour saturation cannot then lead to a change in the
brightness of the (B-Y) fields. (The difference between the two (B-Y) fields will
also vanish, of course).*
When the red and green guns are switched off, the same is true of the (R-Y)
fields, and to the ‘(G-Y) = 0’ fields when the red and blue guns are switched off.
The G-Y colour difference signal fed to the green gun is not directly available as
a demodulation product in a receiver. It is resolved instead from the U and V
signals in a ‘matrix’.
With

and so

Y
R-Y
B-Y
G-Y

= 0.3R + 0.59G + 0.1 IB
= 0.7R-0.59G-0.1 IB
= -0.3R - 0.59G + 0.89B
= -0.3R + 0.41G-0.11B

we get (after elimination of R, G and B)

G-Y = -0.51 (R-Y)-0.19 (B-Y);
U = 0.49 (B-Y) and
V = 0.88 (R-Y)

With
this will be

G-Y = -0.58V-0.39f/
Then the following applies to the fields ‘G-Y = O'

0 =-0.58V-0.39U
or

0.58V = -0.39U
V

u

0.39
0.58

tan a = -0.67
a = -34°

(see Figure 9.6)

* It will be known that in some colour receivers the negative luminance signal (-Y) is fed to the cathodes of
the electron guns, while R-Y, B-Y and G-Y are fed to the grids. Thus, the saturation is set by a
potentiometer controlling the levels of the colour difference signals on the grids, while the luminance is
reproduced relative to the grids by virtue of the -Y signal at the cathodes. In this case the red, green and
blue primary colour signals are obtained by tube ‘matrixing’. For example, red (R) = (R-Y) - (-Y). In
more recent receivers this ‘matrixing’ is achieved before the tube, in which case red, green and blue
primary colour signals are fed separately to the red. green and blue cathodes of the tube, the grids then
being at a fixed d.c. level.
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So the colour vectors ‘G-Y = 0’ are on a line whose angle of inclination is—34°
(= 326°). For a vector in the second quadrant this implies a yellowish colour and
for a vector in the fourth quadrant a bluish colour.
(/) The Colourless R-Y and B-Y Fields. In a PAL colour transmitter the polarity
of the V-vector is reversed line by line in order to eliminate phase errors. To
reconstruct the original signal from the transmitter signal the polarity of the
V-vector in the receiver is also reversed line by line. The 64 pis delayed video
signal of its predecessor is then added to the video signal of each line (see Section
1.6.1).
By using the R-Y or the -(R-Y) vector, (it does not matter which one) as
video signal for the fields (1) left of the circle (Figure 9.3), and by reversing its
polarity line by line, independent of the transmitter or receiver, the ‘work’ of the
transmitter is eliminated. There will then occur an R-Y vector which is equal for
each line (at least in the fields in question). As the receiver is not ‘aware’ of this,
the polarity of the V-signal is still reversed line by line in the usual way. Then,
when the video signal of each line is added to the delayed signal of its pre
decessor, the result is zero. Therefore the R-Y fields (1) at the extreme left of
Figure 9.3 when displayed on a properly functioning receiver should be colourless.
There is a similar result with respect to the B-Y fields (1) on the right-hand side
of the circle in Figure 9.3. Here B-Y and -(B-Y) signals are used alternately
line-by-line. This has nothing to do with the normal PAL switching. The result is
that in the receiver the lines are ultimately added two-by-two so that, again,
these fields should be colourless.
These fields will also expose amplitude and phase differences between the
delayed signal (that which has passed through the PAL delay line) and the direct
signal. The differences manifest as Hanover blind interference (sometimes
called Venetian blinds) in the two fields referred to. A brief survey of possible
errors, including the Hanover blind interference, and their causes is given in
Table 9.7 with respect to the colour test pattern of Figure 9.3.
Table 9.7.

Errors in the test pattern of Figure 9.3 and their possible causes.

Field

Kind of error

Cause

R-Y (k)

Hanover blind

B-Y(k)

Hanover blind

R-Y 90/90 (1)

Even discoloration

B-Y 0/180 (I)

Even discoloration

R-Y 90/90(1)

Hanover blind

Amplitude error in the R-Y section (B-Y 0/180 should be colourless)

B-Y 0/180(1)

Hanover blind

Amplitude error in the B-Y section (R-Y 90/90 should be colourless)

Delay time in delay line

Deviation in the 90° phase shift between the reference signal
supplied to the demodulators

(m) Checking the Burst Gate. To facilitate construction of the colour subcarrier in
the receiver, the burst is removed from the video signal by a pulse derived from
the line sync which operates the burst gate. The gate opens the burst amplifier
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for over 2 fxs to allow the burst, which is present there, to pass. This happens
5.6 p.s after the start of the line sync. If the gate is late the burst will have passed,
causing video to be passed to the burst amplifier. This is rendered visible by two
of the ‘blocks’ (m) along the left-hand side of the pattern being provided with the
same colourless R-Y information as the adjacent grey squares (1). If this R-Y
information is passed to the reference generator owing to incorrect burst gating,
the reference generator will be synchronised by a signal (R-Y) which has a phase
difference of 90° with respect to the ‘real’ burst so there will be patchy local
colouring of the otherwise colourless grey squares.
It is thus possible to adjust the regenerated subcarrier phase accurately simply
by inspecting the two squares as the adjustment is performed.
As already stated, there are a few minor differences between the Dutch GPO
test card and the BBC Test Card G. The main differences are:

The colour bar offers 100% amplitude and 95% saturation instead of 75%
amplitude and 100% saturation.
2. The fields (1) carry no colour information. This means that Test Card G will
not reveal amplitude and phase differences between the delayed and direct
B-Y signals nor error in the phase of the regenerated subcarrier as passed to
the B-Y demodulator. Errors in the R-Y signals can be observed with the
aid of blocks (m).
A detailed description of the colour test pattern provided by the Philips PM 5544
is contained in Ref. 9.2.
1.

9.1.2.

Measurements with the oscilloscope

If you want to carry out useful measurements to video equipment, an oscilloscope,
preferably a dual-beam type, is essential. It is not impossible to carry out measure
ments without an oscilloscope, but you cannot really do without one for serious
work.
A dual-beam oscilloscope is to be preferred to a single-beam one, even though the
latter might have two (or more) channels. The extra channel(s) of a single-beam
instrument is(are) obtained by chopping up the input signals, which means that
useful information can be lost. (There are usually two modes: ‘alt’ = alternate
switching, for which a different channel is projected after each trigger pulse, and
‘chop’ = chopping, for which at an arbitrary speed of about 500 kHz, switching takes
place from channel A to channel B, and back).
Using the ‘alt’ mode means that you can never get information on both channels
which should be together. For example, if channel A is fed with the video signal of a
certain line (say, line 1), and channel B with the corresponding sync, then the sync
displayed on channel B will be that of line 2. This might not be a problem because the
sync of line two is invariably identical to that of line one, but there are cases where the
situation could be more undesirable.
Using the ‘chop’ mode is seldom a satisfactory solution. For example, a line of
video is chopped up into parts, with ‘openings’ of 1 to 2 p.s, so with a bit of bad luck
the entire burst could vanish into such an opening!
On the contrary, at the field frequency in the alt. mode one channel could display the
even fields and the other the odd fields which might be easy (also see Section
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9.1.2.3). An advantage of the two-channel ’scope, compared to the dual-beam
'scope, is that it generally has a wider frequency range. The former can easily extend
to 200 MHz and the latter to not much more than 10 MHz, although there are
exceptions. The dual-beam instruments which do exceed 10 MHz in the Y channels
tend to be rather expensive! This is because two sets of vertical,plates need to be
fitted into the oscilloscope tube, which causes particular problems at high

Figure 9.8. The test bar
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Figure 9.9. Reproduction of square waves by a 1 in vidicon

frequencies owing to mutual capacitances and asymmetries. However, this is hardly
ever an objection for video applications. When buying an oscilloscope it is important
to make sure that it can be easily synchronised with the frame frequency. In other
words, that the instrument is equipped with a sync separator, which removes the
picture pulse from the video signal. The picture pulse is then used to trigger the
timebase.

9.1.2.1.

The test bar

The test bar, reproduced in Figure 9.8, and shown full-size in Section 10.6, makes
possible a good test of the camera. As already stated in Section 2.4.1.6, the bar
should just fill the picture horizontally. An examination of the resulting video signal,
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using an oscilloscope, would then reveal equal amplitude components at all fre
quencies from an ‘ideal' camera tube. Owing to various factors, however, including
the finite diameter of the scanning spot, the amplitude tends quickly to decrease with
increasing frequency components, as shown in Figure 9.9. This relates to the ampli
tude versus frequency of the signal from an ‘average’ 1 in vidicon, stated by the
manufacturer have a resolution of 600 lines. At that resolution (about 7.5 MHz) the
diagram shows the signal amplitude being little more than 10% of its maximum,
low-frequency amplitude (curve A).
Some improvement can be obtained by increasing the focus voltage and focus
current (B). Curve C is finally achieved by reducing the peak white signal current
from 0.3 p.A to 0.1 p.A. Possible further improvement can be expected only from
aperture correction.
9.1.2.2.

Measurements of the amplitude characteristics of video amplifiers

It was tacitly implied in Section 9.1.2.1 that the quality of the lens and the video
amplifier(s) have negligible influence on the results. Generally, the lens has very
little degrading influence. The resolution is seldom less than 100 lines per mm which,
for a 1 in vidicon, implies a vertical resolution of around 1 000 lines.
The quality of the video amplifier can be assessed by measuring the amplitude
characteristic. It is true, of course, that this is only one parameter of the amplifier,
but since the amplitude and phase characteristics are often inter-related, measuring
one of the two will usually give sufficient information about the general perfor
mance. The phase behaviour is discussed in Section 9.1.2.3.
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Owing to the special nature of a video amplifier, ordinary sinusoidal measuring
techniques fail to provide all the information. It is desirable to provide the sine wave
signal with sync pulses, at least. A camera video amplifier is different because the
camera itself adds the sync pulses, which allows the use of a basic sinusoidal signal for
measurement.
A diagram of a simple sync generator/mixer for measuring purposes is given in
Figure 9.10. The upper part of timer NE556A generates the vertical sync pulses and
the lower part the horizontal pulses. Horizontal pulse frequency is set with Pl; the
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335

vertical sync generator is triggered by 50 Hz mains frequency via Tl, which converts
the a.c. into pulses. Horizontal and vertical sync are mixed in circuit D2, D3 and D4
with the measuring signal arriving through D4. The d.c. level is set for the correct 3:7
ratio between sync and measuring signal by P2. Supply potential is about 8 V,
obtained by D1 rectification of the 6.3 V supply shown.
The printed board circuit for the circuit is shown in Figure 9.11. Figure 9.12 shows
how the unit can be fitted in a small metal box 25 x 70 x 100 mm (1 x 23A x 4 in).
Another test method facilitated by the same unit is based on a line frequency
sawtooth signal. Such a signal is shown in Figure 9.13a. It can be generated by
connecting the output of the circuit of Figure 9.13b to pin 5 of the NE556A in Figure
9.10.

Figure 9.12

Although the line sawtooth thus generated does not embody blanking pulses and
starts a little too early, this is not too much of a problem. The signal may be employed
for a number of applications, such as
(a) Setting the contrast and brightness.
(b) The detection of video amplifier ‘overload’ and ‘blocking’ by the observation of
any ‘rounding’ of the points of the waveform displayed on an oscilloscope.

’nr
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Figure 9.13a. Line sawtooth signal
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Figure 9.13b. Integrator for generating a line sawtooth signal

336

(c) The detection of y errors, which are immediately apparent from the shape of
the displayed sawtooth signal (e.g., an excessive convex nature points to a too
small y, while excessive concave nature to a too great y). It must be remem
bered, of course, that video amplifiers are sometimes engineered deliberately to
yield a y greater or smaller than unity.

Insertion Test Signals

9.1.2.3.

During the field blanking intervals, lines 16 to 20 inclusive on first and third (even)
fields and lines 329 to 330 inclusive on second and fourth (odd) fields may contain
identification, test and control signals. These signals are in addition to the lines of
Teletext data which, initially, are being carried on lines 17(330) and 18(331). Lines 16
and 329 may contain international identification and control signals; lines 17, 18, 330
and 331 may contain international test signals; and lines 19, 20, 332 and 333 contain
national test signals. It is anticipated that further lines in the field blanking interval
may also be used for insertion signals. The national test signals are shown in Figure
1.16. More exact information is given in Ref. 9.3. As these lines fall within the picture
blanking, the test signals are radiated continuously while the transmitters are on the
air. This makes it possible to test all circuits, etc. during transmission. It also becomes
possible to check the quality of reception without a test pattern.
Figures 9.14 and Figure 9.21 show the international EBU insertion test signals on
lines 17, 18, 330 and 331. We will now discuss the purpose of the various test signals,
starting from line 17.

(a) The reference bar (a). This bar, which is transmitted at the beginning of both line
17 and 330, serves to fix the white and black levels. From its form, the l.f.
behaviour of the system can also be studied. An overshoot of 5% and an equal
slope of the top of the pulse is generally acceptable.
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Figure 9.14(a). EBU Insertion Test Signal on lines 17 and 18

(b) The 2T pulse (b). In a system in which the highest frequency is/g, rates of rise
greater than those corresponding to/g can never occur (see Figure 9.15). As the

distance between the two extreme values, T, is equal to ——sec, it follows that

the shortest rise-time (the so-called Nyquist interval) is

g
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T=J—
With PAL colour video signal, /g is equal to about 5 MHz, so the Nyquist
interval is
T=

2x5

M'S

= 0.1 pis

Figure 9.15. Sinusoidal voltage withf^ =

It should be noted that this applies to sinusoidal signal! If we want to pass a single
pulse whose rise time is 0.1 ps, a bandwidth greater than 5 MHz will be required.
Fourier analysis shows that a pulse having sinusoidal slopes with a rise time of 0.1 ps
contains hardly any frequencies exceeding 2/g = 10 MHz. So a pulse having sinu
soidal slopes of 0.2 ps (and a width of 0.2 ps, measured at half the height) contains
hardly any spectral parts exceeding 5 MHz (see Figure 9.16).
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Figure 9.16(a). 2T sin2 pulse (T=0.1 \xs). (b) Spectral distribution of a sin2 pulse with a width of0.2 pj

In more general terms, therefore, a pulse having a width of twice the Nyquist
interval (2 T) can be passed with hardly any distortion by a system of bandwidth /g, to
which the following applies

•'g

2T

Pulse (p) of Figure 9.16a may be considered as the sum of 0.35 V d.c. and a
cosinusoidal voltage of 0.35 V amplitude,
Or P = 0.35 -0.35 cos 2irft
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When 1 - cos a = 2 sin2

this will be

p

0.7 sin2 217^-1.

Instead of referring to a pulse with sinusoidal slopes, we can more accurately convey
the message by saying ‘sine-square pulse of 2T and an amplitude of 0.7 V.’
Summarising: a 2Tpulse has a width of 2 x 0.1 = 0.2 jxs, has sinusoidal slopes, and

does not contain significant component frequencies above ~ = 5 MHz. The
pulse labelled b in Figure 9.14 is such a 2T pulse. Reduction of the amplitude of this
pulse with respect to the reference bar (a), means loss of high frequencies. An
amplitude reduction of 20% is acceptable.
Subjectively, an amplitude reduction of the high frequencies is generally less
disturbing than a square wave overshoot of similar percentage. These incomparable
magnitudes are rendered subjectively comparable by the so-called K-factor, whose
value is determined by the reduction in quality caused by certain errors. For exam
ple, with the above amplitude loss of 20% the K-factor is 5%. This being a quarter of
the amplitude reduction in %.
For the reference bar (a), however, a slope* of 5% also means a K-factor of 5% (see
Figure 9.17).

K= — :y/.

Figure 9.17. Quality reduction in two (independent) cases. The left defined as 1/4 of the amplitude difference
in %, and the right defined as the slope in %

Subjectively, the K-factor percentage relates to the quality reduction of the picture.
An amplitude loss of 20% is thus, subjectively, just as bad as a 5% slope, based on
the K-factors. Generally it is said that for professional use a studio installation should
have a K rating of 1 %, a studio recorder 2% and a transmitter about 3%. The term K
rating generally refers to the overall results, while the K-factors refer to the various
parameters. A K-rating of 3% or better generally represents a received TV picture of
high quality. An extensive survey of permissible K-values is given in Ref. 9.3.
(c) The 20T pulse. This is merely the sum of a real 20T pulse and the wave train
resulting from the modulation of the 4.43 MHz colour subcarrier by the 20T
pulse (see Figure 9.18).

* The slope of a square wave is the difference in % between the highest or, if this deviates more, the lowest
point of the top of the wave with respect to the centre (see Figure 9.17).
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+

filled 20Tpulse

20T - modulated
colour carrier

Figure 9.18. Construction of the ‘filled’ 20T pulse

The highest frequency of the 20T pulse is

1

1
= 20~x 0 1 =

^Hz. ^ie

subcarrier wave train contains 4.43 MHz ± 0.5 MHz. The frequency spectra of
the composite signal are shown in Figure 9.19.
Spectrum of
the 20Tpulse

x—x.
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A

Spectrum of
the chroma

A mph tude
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Figure 9.19. Spectral division of the 'filled' 20T pulse

When such a composite signal is passed through a transmission system of
limited bandwidth, the two parts are affected differently. The 20 Tpulse has no
significant spectral components above 0.5 MHz, so there is generally little
distortion. The other part, however, can suffer from both amplitude and phase
distortion. Amplitude distortion causes the bottom of the filled-in 20 Tpulse to
be ‘concave’, as shown in Figure 9.20a. Phase distortion causes the other com
ponent to lag with respect to the 20T pulse, making the bottom sinusoidal, as
shown in Figure 9.20b. If both deviations occur at the same time, p and q in
Figure 9.20c will be unequal.
If p and q are expressed in % of the total pulse height, the following is
applicable to the attenuation (a) of the chroma with respect to the reference bar
ot

2(p-<?) %

(1)

If (3 is the delay of the chroma with respect to the luminance, then

(3 = 12.8 (p + q) ns
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(2)

Figure 9.20. Distortion of the filled 20T pulse by (a) amplitude reduction of the chroma; (b) delay difference
between chroma and luminance; (c) amplitude reduction and delay difference

In the formulae, p and q are always positive. Formula (1) is universally applic
able and formula (2) an approach which guarantees results with an accuracy of
5% or better, provided that 0.5 < ^<2.

When p and q are widely dissimilar, the phase delay distortion will be relatively
small; when either is zero, the phase delay distortion will also be near to zero.
Example
Assume that p is 15% of the pulse height, and q 10%, then the amplitude error
will be 2(15-10) = 10% and the phase delay distortion 12.8 (15 + 10) = 320 ns
(the real value is 332 ns; so the error will be almost 4%).
(d) The staircase. This consists of 140 mV separate steps. Step inequality means
non-linearity.

(e) The multiburst. This consists of a wave train containing different frequencies of
420 mV peak-to-peak (average value 0.65 V). It is preceded by a 0.125 kHz,
8 p-s reference signal.
The frequency response of the system under test can be measured with the
multiburst. In a properly adjusted receiver, all components, with the possible
exception of the 5.8 MHz burst, may be present. The reference bar and the 2T
pulse are repeated in line 330 (Figure 9.21), so the pulse repetition rate of these
important test signals is 50 Hz.
(f) Staircase with colour subcarrier. The only difference between (f) and the
staircase (d) of Figure 9.14 is that the colour subcarrier of 280 mV peak-to-peak
is superimposed on the former.
Amplitude

Line 331

Line 330

(Vott)\
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Line sync 330
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AO AA A8 52 56 60626A
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724 128
'tme in us -------

Figure 9.21. Test lines 330 and 331
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The purpose of component (f) is to ascertain the presence of differential
amplitude or phase errors. After passing through the system under test, the
staircase is stripped of luminance (brightness), so that, assuming all is in order, a
30 ps ‘burst’ of constant frequency (4.43 MHz) and amplitude (280 mV p-p) will
remain. Should a phase or amplitude ‘jump’ occur at one of the points (40, 44,
48, 52 or 56) along the ‘burst’, the system would be troubled with ‘differential
phase’ or ‘differential gain’ problems.
For studio equipment, a phase error of 2° and a differential gain of 3% is
considered acceptable. For a video recorder the figures are 6° and 7%, and for a
transmitter about 10° and 10%.
An oscilloscope can be used to measure the differential amplitude; but dif
ferential phase measurement generally calls for a vectorscope (see Section
9.1.3).
(g) Colour subcarrier signals. With these signals it is possible to measure inter
modulation between the chroma and brightness at various values of the chroma
(gl), and the amplitude of the colour carrier (g2).
Intermodulation can be determined by filtering out the subcarrier so that the
brightness component remains. This should be a straight line of 0.65 V ampli
tude from 78 to 92. Sharp changes in the amplitude at points 82 and 86 indicate
the presence of intermodulation. (In fact, gl ascertains intermodulation
between the chroma and brightness caused by changes in the chroma, while f
determines intermodulation resulting from changes in brightness.)
g2 facilitates accurate measurement of the amplitude of the subcarrier which,
as shown in the diagram, should have a peak-to-peak value of 420 mV.
The equipment required to filter out the test lines is rather complicated. The
aim is for automatic measurements, necessary because the costs involved in
hiring a satellite circuit to America, for example, do not usually allow for the
transmission of test signals hours in advance of the broadcast.
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Figure 9.22. Circuit for filtering picture sync from the video signal

A simple instrument which makes it possible to display the signals of the test
lines on any oscilloscope is shown in Figure 9.22. The circuit filters the field sync
from the video signal and then divides it by two. The two-divider is the CD4027,
only one half of which is used. The sync separator is described in Section 3.3.1.3.
The circuit thus produces a pulse every 40 ms, synchronous with the picture
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frequency, which is fed to the sync or trigger input of the oscilloscope. This is
necessary to ‘separate’ lines 17/18 and 330/331, which is not possible when the
oscilloscope is triggered by the normal 50 Hz field sync. If a two-channel
oscilloscope is used in the alt. mode, the two-divider of Figure 9.22 is super
fluous. In this case, the oscilloscope itself will see to it that the one frame is at the
top and the other one at the bottom.

9.1.2.4.

Waveform monitor

The Tektronix RM529 waveform monitor is illustrated in Figure 9.23. A waveform
monitor is essentially an oscilloscope which has been specially designed to study the
line and field frequency signals of the composite video signal.

Figure 9.23. Tektronix RM529 waveform monitor

The following signals can usually be selected for display:

(a) Two fields.
(b) Two lines.
(c) Part of a line, for revealing specific detail of a line.
In practice a waveform monitor is not so much a measuring instrument for the
laboratory as an instrument specially designed for video technicians and engineers.
Two of its primary applications are for:

(1) Checking the video signal delivered by the various sources for the correct
synchronisation and picture content relationship, and to ensure that the correct
signal level (IV p-p) is maintained. In semi-professional and amateur circles
particularly, quite a bit is lacking in this respect. It is a truism that it is meaning
less to discuss the K-factor of a recording if the picture cannot even be synchro
nised because the sync is only 0.1 V.
(2) Determining the K-factor using the 2 Tpulse and a calibrated scale division fitted
to the wave form monitor tube. Figure 9.24 shows such a graticule and a2Tpulse
display.
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Figure 9.24. Scale division to determine a K-factor using the 2Tpulse

The test procedure is as follows:
(a) The timebase is adjusted so that the whole width of the scale corresponds to 1 p,s
(if the scale is 10 cm wide, the timebase should be set to 0.1 pLs/cm).
(b) The black level is adjusted to the 0% axis (0.3 V).
(c) The top of the IT pulse is adjusted to 100% (1 V).
(d) The pulse is positioned horizontally so that the 50% points become symmetrical
with respect to the vertical axis. (This may imply that the top of the pulse is not
on the vertical axis.)
If the entire pulse is then still within the 2% lines, the K-factor is smaller than
2%.
As shown in the diagram, a deviation of, say, 10% on occuring at a distance of 2T
from the vertical axis corresponds to a K-factor of 2%, but when it occurs at a
distance of 4T the same deviation corresponds to a K-factor of 4%. The greater
removed the interference from the original pulse, the greater the annoyance of the
picture interference. The graticule scaling can also be used to make the test with the
reference bar, as described in Section 9.1.2.3b. The 2% and 4% K-rating lines round
the 1 V level are used for that test.
As a final thought, although the K-factor measurements may look good on paper,
the subjective results can be less desirable, especially with respect to non-professional
equipment, in which the noise level, for example, can often be so high that a K-factor
measurement can hardly be carried out, let alone makes sense (and this is excluding
other forms of interference’). Also in case of measurements to a properly functioning
colour television receiver, it is often revealing to see how little is left of the test lines
broadcast by the transmitter, which in fact is of course a big compliment to the
designers of our present colour-television system.
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9.1.3.

The vectorscope

When we speak of a ‘vectorscope’ we are also speaking of a ‘colour bar', simply
because the two arc intrinsically linked. The components of a colour bar signal of
100% saturation and 75% brightness are shown in Figure 9.26. This diagram is
almost self-explanatory.

Figue 9.25. Tektronix model521 PAL vectorscope

The R, G and B components are the electronically generated ‘camera signals’,
where white has unity (1) luminance and the other components are 75% of this. By
addition, in accordance with 0.3R + 0.59G + 0.1 IB, we get luminance Y. By
subtraction we get R-Y and B-Y. By weighting the colour-difference signals we get
U = 0.49 (B-Y) and V = 0.88 (R-Y). By modulation of the carrier frequency fc (=
4.43 MHz) we get {/sinZir^r and V cos2tt/cl The summing of these two signals (also
see Section 1.4) results in K. When this is added to Y we get, in principle, the colour
video signal. The ‘standard’ video signal results when everything is multiplied by
0.7 V. Using such a test signal along with a vectorscope it is quickly possible to
appraise the overall functioning of the colour department of a video system.
What is a ‘vectorscope’? The name is really self-explanatory: that is, it is an
instrument which makes it possible to study the colour vectors. Hence, with a
vectorscope the well-known vector diagram of the colour bar, as shown again in
Figure 9.27, can be resolved. An off-screen photograph of the colour bar vectors is
given in Figure 9.28. The screen has a calibrated graticule scale, and provided the
ends of the various vectors remain within the squares the phase error is less than 3°,
and the amplitude error less than 5%. The larger corner-indicated squares cor
respond to errors of 10° and 20% respectively.
You will notice that the vector diagram in Figure 9.27 is twice repeated on the
screen of Figure 9.28 display. The reason for this is that, to make the deviations more
obvious, the PAL switch is usually put out of operation and because of this one line of
the video signal is reproduced normally a long the U-axis, while the next line resolves
as a mirror image.
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Figure 9.27. Vector diagram showing a colour bar of 75% brightness and 100% saturation. The dotted lines
show the alternating vectors when the PA L switch in the receiver is disabled

Figure 9.28. Off-screen vectorscope photo of the colour bar
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The scale division is set for video signals of 100% saturation and 75% brightness.
When this is the case the burst reaches the 75% point as shown. When a signal of
100% brightness is applied it will exceed the scale division, but by readjusting until
the burst reaches the 100% point marked on the graticule, the vectors will be in or
near the squares again.
Circuit description
As revealed by the simplified block diagram in Figure 9.29, the stages used are
similar to those of a colour TV receiver. The main difference is the absence of the
matrix and the PAL delay line.
ft-Y
demodulator

------- —

Bandpass
filter

HC

Crystal
generator

Burst

*1

r~—
90'phase
inverter

90°
V

1_
- y.

B- Y demodulator

t

Scope tube

►

PAL
switch

Figure 9.29. Simplified block diagram of the vectorscope

From the input, the video signal follows two routes : one to the demodulators via a
band-pass filter in which the chroma is stripped of the luminance and the other to the
subcarrier generator and the PAL switch (which can be put out of operation as
already described). The subcarrier acts as a reference signal for the demodulators, it
being split with 90° phase difference between them. The two signals are then passed
to the U and the V demodulator respectively. It is very important for the phase
difference to be exactly 90°, and this can be checked by a circle which is generated in
the vectorscope.
The circle, in fact, is a Lissajous figure which is geometrically accurate only when
the horizontal and vertical signals applied to the oscilloscope tube have equal
amplitudes and a mutual phase difference of exactly 90°. When the test signals follow
the same path as the subcarrier and their phase difference is exactly 90°, a circle is
resolved on the vectorscope, as shown in Figure 9.28, around the outer diameter of
the screen. Any deviation in amplitude or phase causes the circle to change into an
ellipse. A single ellipse results in the case of an amplitude error, and two in case of a
phase error, whose angle of main axes is equal to the phase error (see Figure 9.30).
An extensive description of the vectorscope is given in Ref. 9.4.

90' shifted m phase
equal amplitude

Figure 9.30. Lissajous figures
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9.1.4.

Making a magnetic recording visible

For the adjustment of the heads, etc. it is convenient if the recording on the tape can
be seen. A number of methods are available for doing just this, two of which are
mentioned below.

(1) A special liquid which holds in suspension an iron powder, the liquid evaporating
quickly after application. When the liquid is applied to the tape, the suspended
iron crystals are orientated in accordance with the magnetic field, and the liquid
evaporates. A disadvantage of this method, particularly with video, is that the
tape which has been so dealt with cannot again be used owing to iron powder
pollution.

Figure 9.31. Making a magnetic recording visible

(2) A kind of ‘pill box’ whose top is closed with a glass window and bottom with a
very thin film. The box contains a liquid ‘suspending’ iron oxide particles and,
when placed on a recorded tape, the particles settle on the bottom film, thereby
rendering the recorded tracks visible through the window, as shown in Figure
9.31. Although the thin film between tape and liquid prevents pollution, a
disadvantage is that it sometimes results in a picture which is not very clear.
When considering using either of these methods, tests are advisable before
making a firm decision.
9.2.

Design criteria

Finally a few hints that may come in handy when designing circuits. I admit to writing
the previous sentence with some hesitation, because in this area of activity there is a
wide choice of excellent books to which it is difficult to add. Hesitation, also, because
there are many circuits which have not yet been discussed in this book, and whose
properties are important also for video — or particularly for video! Both factors
have been considered in what follows. You will find a number of ‘rules-of-thumb’
enabling you quickly to understand a problem. However, they do not pretend to be
accurate to the last decimal, nor are they meant to explain the ‘why’.
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9.2.1.

Supply unit

A supply unit usually consists of a transformer, a rectifier, a reservoir capacitor and,
if necessary, an i.c. for voltage stabilisation (see Figure 9.32). When choosing the
supply voltage it is sensible to start with a limited number of values: 5 V, 12 V, 20 V,
and 100 V are commonly used. Assume you need 5 V, 200 mA stabilised, then this
determines the choice of the stabilisation i.c. (a p.A7805 for example).
Transformer

r
p

IC

—----- o A
Out

“C

0

-od

Figure 9.32. Basic diagram of a supply unit

Depending on the type of i.c. VPQ (Figure 9.32) should remain slightly higher than
VAP at any mornenttfie minimum margin is, say, 1 V, then it is to be recom
mended that this minimum value is reached at maximum load. In that case, the i.c.
would need to dissipate only 1 V x 0.2 A = 0.2 W. A wider margin of, say, 5 V
would dissipate 1 W, which will often call for special cooling provisions. As a rectifier
delivers a ‘pulsating’ d.c. voltage, VPq will be as shown in Figure 9.33.
(volt)

I
Voltage.
&V

Vo —
VPQ-----

Timels )

Figure 9.33. VPq as a function of the time

Approx 0 01 s

Owing to the reservoir capacitor, however, VPq will not follow the dotted-line
pulsating voltage but instead the full line curve. Owing to the load, C will be
constantly discharged.
Assume C is discharged over AV volts in approximately 0.01 second. Hence
V = VO x exp (-t/RC)

to80%(n^)Vwhichis20%ofV'o. then in 0.01 s V will have fallen from 100% (Vo)

As the load resistance (/?) is
V } 0.2 A
80 = 100 x exP(-0.01/25C)

350 0 8 = eXp(~0 0004/c)

25 fl, the following is obtained

In 0.8 =

C

-0.0004
4n e
C

-0.0004
= 0.0018 farad
In 0.8

C = 1800 nF*

As the upper voltage value required to be delivered by the transformer is

(1 + 5) = 7.5 V at full load, it is recommended, considering the losses in the
rectifier and transformer itself, that a transformer of approximately 9 Vpeak may be

used. This means

= 6.5 Veff

A 6.3 V heater transformer would probably suffice.

9.2.2.

R-C filters

(a) The high pass filter (see Figure 9.34).

P

VOut

"■

Figure 9.34. High-pass filter

1
2-tt/C
A capacitor of 1 pT at 50 Hz will thus have an impedance of approximately
3 kfl. This is easy to remember

The impedance of the capacitor is given by Zc

=

lnF/50 Hz/3 kfl.

Let us first look at its behaviour for sinusoidal input voltages
Zc = R. Attenuation 3 dB (the ‘crossover point’), phase shift 45°.
Zq > WR: Very strong attenuation, phase shift 90°.

The behaviour for a square-wave input
Zq = 0.1 R: The square wave shows a slope of approximately 15% (see
Figure 9.35a).
* The capacitance can also be calculated from: Q = C V

dV
A proper approximation with —
dr

^=c

dV

dr

dr

dr

AV
1
— and Ar ~ —(double rectification) gives the following rule:

C = 2/AV'

0.2
= 0.002 farad.
With / = 0.2A, f = 50 Hz and A V = 1 V, C works out to ---------2 x 50x 1
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Zc = R: The slope has become very steep (Figure 9.35b).
Zq > 10/?: The square wave is differentiated (Figure 9.35c).

The limit for an undistorted passage of the square-wave is Zc < 0.01/?.

ZC:O1R

Zc>ICR

Figure 9.35. Wave shapes of the output signal at various impedance ratios

Example: The filter is used to couple two amplifier stages and the Rx of the
second stage is 10 kfl.
Question: What of the coupling capacitor C, accepting a 50 Hz a sine wave
attenuation by 3 dB?
Solution: 1 p.F at 50 Hz is 3 kfl; so 0.3 pT at 50 Hz is 10 kll.
For a coupling capacitor of 0.3 pT at 50 Hz, Zc = R.
(b) Low-pass filter (Figure 9.36).
The behaviour for sinusoidal voltages

ZC
2C

R: 3 dB attenuation, phase shift 45°.
0.1 R: very strong attenuation, phase shift 90°.
R
vln

vOut

Figure 9.36. Low-pass filter

The behaviour for a square wave input
Zc = 10 R: The square-wave is rounded (Figure 9.37a).
ZQ = R; The rounding has become very strong (Figure 9.37b).
Zc < 0.1 /?: The square-wave is integrated (Figure 9.37c).

Example: The output resistance of an amplifier stage is 3 kfl and the stray capaci
tance (to earth) of the following stage is 10 pF.
Question: At what frequency does the attenuation of high frequencies start.
Solution: Zq = R should apply, so Zq = 3 kfl. At 50 Hz, 1 pT gives a Z^of 3 kfl, at
5 MHz, 10 pF gives a Zc of 3 kfl.
Answer: Crossover point at 5 MHz.
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Figure 9.37. Wave shapes at the output of the low-pass filter at various impedance ratios

The above method of problem-solving may appear to be a bit ‘amateurish’, but it
does facilitate a quick understanding of a problem and a swift mental determination
of the component values at the different frequencies. Remember we are dealing with
first-order calculations!

9.2.3.

Amplifiers

A common circuit of a one-transistor amplifier stage is given in Figure 9.38.

(a) D.C. setting
For a reasonably stable operating condition it is desirable to use 2 to 3 V
minimum base voltage (note: all the voltages are with respect to ‘earth’ unless
stated otherwise).
---------- o 412V

39k H

R3
>5*|\

02mA

I

-75V
---------- O VOut
2<3V

Cl
dl- ♦ (

s 21V

1

Figure 9.38

. 100/j

x~

We can neglect the base current provided the equivalent resistance of R} and
R1 approximate 50 kft. At a supply of 12 V the current through these resistors is
about 0.2 mA, which is generally greater than 10 times the base current. The
base voltage, therefore, is almost exclusively determined by voltage divider
RJR,. Another consideration in determining the values of Rt and R, is that they
should not unduly load the output of the previous stage. They should, therefore,
be at least 5 to 10 times greater than the output resistance of the previous stage.
When R{ = 39 kfl and R, = 12 kfl, these requirements are met reasonably well.
With a 12 V supply the base voltage then becomes 2.8 V.
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For full power drive, the no-signal collector voltage should be halfway
between the supply voltage and the base voltage. Hence
K = 0.5(Vsupply + Vb),

so approximately 7.5 V is applicable for Vc.
In video applications, owing to stray capacitances which would attenuate the
higher frequencies. Ry should preferably not be greater than 1 to 2 kft; we can
thus make it 1.5 k£l. The current through Ry will then be
J' • = 3 mA.

At a current amplification factor {3 of 200, this means a base current of 3/200 =
0.015 mA).
As the emitter and collector currents are identical, the emitter current will also
be 3 mA. (In reality Ic = /b + /c, but it must be stressed again that here we are
dealing with first-order approximations in the form of simple rules-of-thumb,
which are easy to use and yet give useful results.)
As the emitter voltage is always 0.7 V lower than the base voltage, Ve =
2.8 - 0.7 = 2.1 V. From Ohm’s law, we get for the emitter resistance: R4 = 2.1/3
= 0.7 k£l; for R4 we use the preferred value 680 £1.
(b) A.C. setting

Because for a.c. the base voltage is equal to the emitter voltage and because, in
the absence of C, and /?5, the same a.c. flows through /?3 and R4, we can express
the voltage amplification (A) of the stage as
A —

V
I R
out = c 3
Vin V.base
7^3 = 7J?3

■ Vcm
= R3

R^

In the example described (e.g., without C2 and R5) A = -^g^- = 2.2.

If we require a greater amplification, e.g., 15, then R4 should be reduced to
100 £1 for a.c. This is achieved by connecting C, and Rs in parallel with R4. If for
simplicity we take the impedance of C2 as zero ohms, then the equivalent
resistance of R4 and Rs would be 100 £1. An exact calculation gives 107 £1 for R$,
l>m considering the basic accuracy of all our calculations, it can be rounded off to
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Returning to C2 for a moment it is true that, for simplicity, we assumed its
impedance to be zero ohms. At low frequencies this does not apply. We also
assumed that the limit (the ‘crossover point’) was reached when Zc became
equal to Rs. For 100 p.F that is true at 16 Hz (see Section 9.2.2).
f inally, the value of C,, the coupling capacitor, is determined by the input
*rnPedance of the transistor and the equivalent resistance of Rt and R2. For a.c.
I h - atter are e^ectively in parallel, so the effective resistance is around 9 kft.
Sc>e ,lnPut impedance of the transistor is certainly a factor of 3 larger (see also
1On 9-2.3.2), so it may be ignored. By choosing a 10 Hz crossover point with

C' and 9 kfl, Ct will become 1.8 |xF. Due to stability considerations, it is
generally inadvisable to place the crossover points at the same frequencies but it
would take us out of our depth to discuss this further.
This, then completes the rough design of an amplifier for sinusoidal signals. If
the amplifier is also required to pass square-wave signals of 16 Hz with a small
slope, which is a good starting point for video, then the capacitor values will
certainly need to be increased by a factor of 10 (see Section 9.2.2).
9.2.3.1.

Voltage feedback

With voltage feedback a fraction of the output voltage is fed back to the input. Figure
9.39 differs from Figure 9.38 in two ways (excluding the slightly higher supply
voltage). In the first place, R{ is connected between the collector and base, resulting
in voltage feedback; and in the second, Rs is omitted. This is done to obtain the
greatest possible amplification without voltage feedback (open-loop). With Ci =
7200
220 |xF, Zq is 45 fl at 16 Hz and the amplification is
= 50. As Zc decreases

for higher frequencies, the amplification increases to a maximum of about 100 to
200. depending on the transistor used.
*/5V

♦ frj

J3= 200

J/nA \22k

Rl 10k

■oO
VOut

C'

R6

jr
Jzrul]
jj*

f

^C2
220/J

~T
Figure 9.39. Voltage feedback

Applying voltage feedback has two consequences:
(1) The input impedance of the transistor is reduced (to some tens to hundreds of
ohms, depending on the value of RJ.
(2) The output impedance of the transistor is reduced, to which the following applies
Zo

R

1

3' 1 + 0UW

Using the values indicated in the diagram and with
(the current amplification
factor) = 200, Zo is about 50 D. The amplification factor is determined by R, and
the series value of Rb and the output impedance of the preceding stage.
Assuming that the output impedance of the preceding stage is negligible with
respect to R6, then the voltage amplification factor A = RJRb.
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Using the values in the diagram we get A = 10/1 = 10.
As the input impedance of the transistor is so low, the input impedance of the
circuit, considered from point P, is virtually equal to Rb, which is 1 kfl. To keep
the crossover point due to
at 10 Hz, Zc should be equal to Rb at 10 Hz, which
makes C1 = 15 |±F.
Note: all these factors apply only when the open-loop (without feedback) gain
is much greater than —1 (greater than 45 in the above example). Depending on
6

the type of transistor used, Ccb varies around 1 to 2 pF.
Moreover, the impedance of Ccb (shown dotted in the circuit) should not be
smaller than R{. For 2pF and 10 kfl the crossover point lies at 8 MHz. For video
applications, R\ should not be greater than 10 kfl to prevent high frequency
attenuation.

9.2.3.2.

Current feedback

With current feedback, a fraction of the output voltage which is proportional to the
output current is fed back to the input.
Characteristic for current feedback (Figure 9.40) are:
J3 - 200
R3
22k

C^P-

--------- - V0ut

V,.
5A

|<70
-------------o

Figure 9.40. Current feedback

(1) High output impedance (virtually equal to Rf).
(2) High input impedance (equal to 13 x Rf).
(3)
R
Voltage amplification equal to -2.
R4

In this case Ccb is also important because it introduces voltage feedback at high
frequencies. With Ccb equal to 2 pF and Rb (the output impedance of the preceding
stage) equal to 5 000 fl, the amplification at, say, 8 MHz caused by the voltage
10 ^fl
kfl _ 2
feedback will not be larger than
5
kfl
/?6
With the values given in the circuit,

A
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R. = 2.2kn,
200 x 470 Q = 94 kQ, and
(3 x R
R.= 2 200 -= 5. (The influence of Ccb is omitted here.)
470

9.2.3.3.

Emitter follower

The emitter follower combines the properties of current and voltage feedback. The
output impedance is low, the input impedance is high, while Ccb has hardly any
influence because there is no signal on the collector. With the values given in Figure
9.4 la
4000
20 n.
200
(/?i is the input resistance of the transistor only as given in the manufacturer’s data
sheet. It can be regarded as the internal resistance of the device between the base and
emitter, and is around 4 000 fl for a BC107.)

Zo

Rx
(3

Z:I « ’0 x R4 = 200 x 1000 = 200 kfl.

R.stooon

Approx 3V
JOO;

Figure 9.41(a). Emitter follower

Figure 9.41(b). Emitter follower with short-circuit protection

The amplification factor (gain) of an emitter follower is 1 (unity).
Note: The output impedance of an emitter follower is particularly low. However,
this does not mean that the output may be loaded with any arbitrary impedance. This
is best clarified by an example.
With an a.c. input of 2 V p-p, and when the bias is set for 3 V at the base, as shown
in Figure 9.41a, Vb will vary between 2 and 4 V. The emitter which is constantly
0.7 V lower, will thus vary between 1.3 and 3.3 V, and the emitter current between
1.3 and 3.3 mA. This is an alternating current of 2 mA p-p.
If the circuit is now loaded with 100 fl via a capacitor (shown dotted in the circuit),
2 V p-p
the resistor will want to draw a current of
- — - = 20 mA p-p. However, at a
1UU 1L

d.c. setting of 2.3 mA such a current cannot possibly be supplied! In other words, an
‘output impedance 20 fl’ means that the circuit behaves as a source with an internal
resistance of 20 fl only as long as the required current can be delivered. Never
theless, if the requirement is to load such a circuit with 100 fl, leave out the
capacitor, or, if it is necessary, to be kept in, reduce the value of RA.
A disadvantage of the emitter follower circuit shown in Figure 9.41a is that it is not
short-circuit protected. A short to ‘earth’ would almost certainly destroy the transis
tor, the dissipation then exceeding the permissible maximum owing to the ab
normally large current. A solution is to include the 68 fl series resistor shown in
Figure 9.41b.
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Non-linear amplifiers

9.2.4.

Two types of non-linear amplifier are often used in video systems which, in basic
form, are shown in Figure 9.42. Circuit (a) is intended for positive-going pulses and
circuit (b) for negative-going ones. The circuits have two functions:

(1) They can act as a buffer stage between, say, 5 V logic and 12 V logic because the
amplitude of the input pulse need not necessarily be the same as that of the
output pulse.
(2) They are inverters. To avoid the pulse being extended owing to transistor
saturation, the base current should not be greater than absolutely necessary.
Without resistor R (dotted) the base current will be about 1 mA (because the
emitter is connected to earth in Figure 9.42a, the base will be 0.7 V maximum
and the voltage across the 10 kQ resistor 12 — 0.7 = 11.3 V maximum. The
maximum current will thus be 1.13 mA).
+ 12V

i.

U'*

r

+12V

ov

’’i

fL

r

/n

U

ov

BCV7

a.

10k
+ 12V-

/n

BC177
+12V
OV

OV

b.

Figure 9.42

At a (3 of 200 the collector current would tend to become 200 x 1.13 « 225 mA.
However, at a current of 12 mA the collector voltage would have already fallen
below the base voltage and the transistor saturates. When the base voltage is
removed, the collector does not immediately rise to +12 V, because of the ‘charge’
(carrier charge) stored in the transistor. The saturated condition will thus continue
for a short while, as a result of which the pulse is lengthened.
The situation can be improved (depending on the peak-to-peak value of the pulse)
by connecting R (Figure 9.42) whose value just reduces Vc to zero. In principle, the
10 kfl resistor could be increased to secure the same effect, but this is not recom
mended because the leading edge of the pulse then would tend to deteriorate owing
to the effect of stray capacitance.

9.2.5.
9.2.5.1.

Propositions and laws
Thevenin 's theorem

Thevenin’s theorem says that a voltage divider formed by R i and Ri and connected to
^2
Ri

a voltage source V, behaves as a voltage source Vo = n—,—„ V with an internal
R i + R2
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resistance Ro equal to the equivalent resistance of the parallel circuit formed by R
and R2. Thus Ro =

R X R

(Figure 9.43a).
R0° :*L
”
R1 + R2

L

1

v r

■ v v
J— O'R1+R?'

Figure 9.43a. Thevenin’s theorem

Conversely, if Fo and Ro are given, it follows that, if only a voltage V is available, R}
V
V
should be p Ro, and R2 p—p- Ro (Figure 9.43b). For an application of this
*O

- *O

theorem see Section 2.2.1.

%

tf

♦1
T v0

1

R,:VoRo

V.V0

0

Figure 9.43b. The converse of Thevenin’s theorem

9.2.5.2.

De Morgan’s theorem

De Morgan’s theorem is part of the switching algebra. It states that:
A + B = A B or in opposite form A.B = A + B
The circuits in Figure 9.44 are thus identical. The theorem is particularly useful for
the ‘simplification’ of circuits.

A-----

1

u

------------A+B

~ 8.

s- J
A+8;AB
b

Figure 9.44. de Morgan’s theorem. Circuits a and b are identical
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9.2.5.3.

Finnegan's third law

This law, which should really be known well to understand the phenomenon of video
properly and which has, therefore, been called 'Ohm’s law for the video technician’
by experts, runs: ‘The probability that 1 volt will develop between the ends of a
1 ohm resistor through which a current of 1 ampere is flowing is negligible.’
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Diagrams and test patterns

This chapter contains a number of complete diagrams of commercial equipment and
a few full-size test patterns. The test patterns are self-explanatory. With respect to
the diagrams, no effort was made to be complete or to provide a survey of existing
equipment. The choice should be regarded as an arbitrary one, sometimes dictated
by such irrelevant matters as copyright and room in the book for reproduction.
However, an attempt has been made to include as large a number of items as
possible, and where feasible, diagrams that were not too complicated.
It must be clearly understood that the adoption of a certain diagram here does not
necessarily imply a preference for that item of equipment.

10.1

Grundig FA 70 black-and-white camera

For a further description of the genlock system, for example, see Sections 3.3.1.1 and
3.3.2.

(a)
(b)
(c)
(d)

Video amplifier 4- supply unit
Automatic adjustment devices
Sync generator
Synchronex + the automatic iris control
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10.2.

The Grass-Valley Group Inc. video processor 940 A

Power supply unit (900), sync generator (950) and (for colour) burst amplifier (966)
to partner the video processor. Also see Section 3.2.

(a) Block diagram
(b) Circuit diagram, part 1
(c) Circuit diagram, part 2
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10.3.

Philips sync pulse generator LDH 4304/00/50 CCIR

Manufacturer: Philips. Eindhoven, Holland. This produces a black-and-white, 50 Hz,
625-line CCIR sync.
(a) Supply unit
(b) Circuit diagram (left-hand part)
(c) Circuit diagram (right-hand part)
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10.4.

Philips master control desk LDH 4010

Manufacturer: Philips, Eindhoven, Holland. This provides simple effects and features
possibilities for genlock (see Chapter 3).

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
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Block diagram
Distributor chain 31 250 Hz/50 Hz (Figure 2)
Pulse generator (Figure 4)
Wiper (Figure5)
Video control and the intercom (Figure 7)
Block diagram of the genlock circuit and the VCR connection circuit (Figure 14)
Circuit diagram of the genlock circuit
Video selector (Figure 8)
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10.5.

Sony AV 3670 CE video recorder

The recorder is suitable for electronic editing (Section 6.3.3.1).
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Block diagram
Audio section A2
Head-drum servos SV2
Capstan servo SV4 (phase)
Capstan servo SV5 (speed) and the voltage stabiliser R5
Video limiter and demodulator V1
Modulator and recording/reproduction amplifier V3 and the editing switch RS
Wiring
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g re 10.6. The test bar discussed in Sections 2.4.1.6 and 9.1.2.1
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Figure 10.7. The RM A test chart (see Sections 1.1.7 and 9.1.1.1)
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Figure 10.8. BBC Test Card F which also carries colour test information. The figures to the right
of the centre circle are not usually transmitted

Figure 10.9. The Dutch GPO colour test pattern discussed in Section 9.1.1.2. This pattern is
similar to the electronic Test Card G used by the UK broadcasting authorities
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Index

A.C. setting, amplifiers, 354-355
Adaptations, 175-176
Adapter, rear lens, 33
AEG Magnetophon, 282, 283
Alternating burst phase, 14
Amplifiers, 111-112
audio, 296-297
audio mixer/, 153
design, 353-357
m.f., 165, 169
playback, 288-290
recording, 286-287
RIAA, 279-280
video, 148-149
Amplitude characteristics, measurement, 334-337
Aperture correction, 96-98
Arms, record players, 277-278
Aspect ratio, 324
Assemble mode, 246, 247
Audio cables, 194
Audio channel, 167
Audio coupling, 179
Audio mixer/amplifiers, 153
Automatic frequency control, 169
Automatic gain control, 295-296
Back porch, 5
Bandwidth, 6
Basic light system, 300-301
BBC Test Card G, 326, 332
Beam current stabilisation, 82-83
Belling and Lee plug, 173
Belly dancing, 180
Bias frequency, 287
Black and white test pattern, 325, 326
Blanking, 17-20
Blanking level, 5
Blanking pulse, 162-163
BNC connector, 175
BREMA colour bar, 329
Brightness, 10-11,24-26, 38-39, 325, 327
Burst, 11-14
Burst gate, checking, 331-332

Cabinets, 171
Cables, adaptations, 175-176
Delax, 97-98
microphones, 278
practical, 193-196
theory,183-193
Camera control unit, 67-68
Camera tubes. 48-61
comparison, 58-60
illumination on target of, 40-43
Camera work, TV production, 305-309
Cameras, colour, 61-73
Candela, 37-38
Candela/m2, 38-39
Capacitor microphones, 271,272-273
Capacitors, impedance, 351
Cartridges, record players, 277-278
CCIR standards, 2-3
Centering, 327
CIE colour triangle, 22-24
Chainicon, 61
Characteristic impedance, 185-186, 189-190
Charging current, vidicon, 50-51
Charging time, 77
Chord, 209-211
Chroma/luminance differences, 329
Chrominance, 9-10
Cine camera, TV recording, 198-200
Cine lamps, 301-302
Circuits, testing, 170-171
Colour accuracy, 12
Colour bar, 328-329, 345-348
Colour cameras, 61-73
Colour carrier, selection, 15-16
Colour difference signals, 329-331
Colour pictures, recording, 249-261
Colour range, 27
Colour separation, 62-63
Colour signal, PAL, 15
transmission, 8
Colour subcarrier, 341-342
signals, 342-343
Colour television, general, 7-8
standards. United Kingdom. 2-7
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Colour test pattern, 326-332
Colour triangle, CIE, 22-24
Colour vectors. 10-11
Colours, mixing, 24-27
Composition, TV pictures, 302-305
Constant-speed TV recording, 199
Construction, video amplifier, 78-79
Continuity. TV production, 312-314
Contrast, 325, 327
Control desks, audio, 291
build-it-yourself, 139-155
Control units, 150-152, 167-169
sync generators. 125-127
Convergence, 328
Converters. 44
Crispening, 98-100
Cross fading. TV production, 317
Current, focusing. 79, 81-82
Current feedback, 358
Cutting, TV production. 314-317
Cutting characteristics, records. 278-281

Camping. 190-191
Dark current, vidicon, 50-51
D.C. restoration, 172-173
D.C. setting, amplifiers, 353-354
De Morgan’s theorem, 359
Definition, depth, 34-36
Deflection circuits. 67
Delay lines. 97-98, 195-196, 267
Delax cables, 97-98
Demodulation, video signal, 217-218
Depth, definition, 34-36
Dichroic mirrors. 45-46
DIN 180 plug. 175
DIN 240 plug, 173
Directional microphones, 273-275, 309
Disc warping. VLP, 223
Discharging time. 77
Distortion, amplifier. 297-298
Distributor chains. 120-124
Drives, record players, Tlfy-lTl
Drop-out, helical scan recording, 243
Dual-beam oscilloscopes, 332-334
Dutch GPO colour test pattern. 326
Dynamic microphones, 270-272

EBU time code, 238-241
Edge defect. 180
Editing, 246-249
electronic, video-tape, 237-241
El A J-1,244-246
Eidophore, 180-181
Electron tube, TV recording. 198-200
Electronic video-tape editing, 237-241
Emitter follower. 361
Erasing, 287
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European standard, playback amplifiers, 288
Extension rings, 43-44

Faders, 104, 107-109
Fading, TV production, 317-318
Fading past black, TV production, 317-319
FAM system, 249-250
F.e.t.s, 107
FIC vidicon, 68-73
Field duration. 5-6
Field-effect transistors, 107
Field frequency. 3
Field lenses, 205-206
Fields, R-Y and B-Y, 335
Film picture recording, 198-211
Filters, video camera, 45, 46-48
Finnegan’s third law, 360
Flicker, 3
Flux, luminous, 36-37
Flying-spot scanner, 202-204
Flywheel synchronisation, 114-117, 148, 179-180
Focal length, depth definition as function of, 36
Focus, 29
Focusing current and voltage, 79, 81-82
Frames, see field
Frequency bias, 290
Frequency control, automatic, 169
Frequency discrimination, 72-73
Fresnel lenses, 44—45
Front porch, 5
Frosted glass, projection using, 204-205

Gain control, automatic, 295-296
Gamma, 51-53
Genlock mode, 120
Grass Valley Group Inc. video processor 940A,
360-369
Grooves, mechanical video discs, 211-212
Grundig FA 70 black-and-white camera, 361-365
Halogen lamps, 301-302
Head wear, helical scan recording, 243
Height/width relationship, 327
Helical scan recording, 241-262
High frequencies, voltage, 188
High-pass filters, 351-352
Horizontal deflection voltages, 88-89
Hue, 10-11,27
Hum, amplifier, 297
Hysterisis loop, 229, 230
audio tape, 283-284

I.c.s, for sync generators, 129-131
for sync processing, 117
Illumination. 39-43, 51

Impedance, 175, 185-186, 189-190
capacitors, 351
output, amplifier, 298-299
Inlays, 131. 132, 133
Insert mode, 247-249
Insertion test signals, 337-343
Integrated circuits, for sync generators, 129-131
for sync processing, 117
Interference pattern, 16
Interlacing, 3, 4, 325, 327
Intermodular distortion, amplifier, 298
Isolating transformer, TV set conversion, 176-177
IVC standard, 260-261
Japan-1 plug, 175
Japan-1 system, 244—246
Jittering, 114, 179-180
JVC video home system, 255-258

Kell factor, 6
K-factor, measurements, 343-344
Keyers, 152
Keying, 136-139

Large-screen projection, 180-181
Laser beam, TV recording, 200
Lasers, VLP, 215-217
Lavalier microphones, 309-310
Lenses, applied as objective, 30-31
camera, 28-31
video camera, 43-46
Light intensity, 37-38
Lighting, TV production, 300-302
Line blanking, 17-20
Line duration, 4-5
Line frequency, 4
Line sync,17-20
Line sync, jittering, 114, 179-180
Linear distortion, amplifier, 297
Linearity, 324-325, 327
Lissajous figures, 348
Long cables, 195
Longitudinal video recording, 268
Loudspeakers, 296-300
Low frequencies, voltage, 187
Low-frequency reproduction, 325, 328
Low-pass filters, 352-353
Lumen, 36-37
Luminance, 9-10, 25-26, 38-39
Luminance/chroma differences, 229
Lux. 39-40
LVR, 271
Magnetic recording, visibility, 349
Magnetic stripe, 207

Magnetic tape, 229-232
Magnetic tape signals, correction, 262-268
Megnetic video discs, 223-227
Magnetisation curves, 229, 230
Magnetophon, AEG, 282, 283
Main light system, 300, 301
Makeup, TV production, 322
Matrix points, 106-107
Measurements, 323-349
Mechanical video discs, 211-214
M.f. amplifiers, 165, 169
Microphones, 269-275
TV production, 309-310
Mixer/amplifiers, audio, 153
Mixing, colours, 24-27
Mixing circuits, 104-109
Mixing (cross fading), 317
Mixers, 107-109,148-149
Modulation, video signal, 217-218
Modulators, 156-161
Moire interference, 201
Monitor tubes, 67, 85-87
Monitors, 149-150, 171
Multiburst, 341
Music, TV production, 310-311

NAB standard, 288
Newvicon, 61
Nipkow disc, 1-2
Noise, 63-67
amplifiers, 296
Non-linear amplifiers, 358
Non-linear distortion, 298
Nyquist edge, 21-22
Nyquist interval, 337-339
Objectives, 30-33
Optical stripe, 206
Optical system, VLP, 220
Optical video discs, 214-223
Optics, 28-30
colour separation, 62-63
Opto-isolator, TV set conversion, 178-179
Oscillators, voltage controlled, 115-116
Oscilloscopes, 332-344
circuit testing, 170-171
Output impedance, amplifier, 298-299

PAL, 9-10
colour signal, 15
phase error elimination, 13-14
Parabolas, directional microphones, 273-275
Perfotape, 209-211
Phase detectors, 235
Phase discrimination, 71-72
Phase distortion, 192
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Phase errors. 12-14
Phase locked loops. 115
Phase shift. 191-192
Philips master control desk. LDH 4010, 374-381
Philips sync pulse generator LDH 430/00” 50
CCIR. 370-373
Photometry. 36-40
Picture axis. TV production, 318-319
Picture composition. 302-305
Picture construction, rear lens, 32-33
Picture correction. 96-101
Picture dimensions, 4
Picture frequency. 3
Picture modulators, 156-158
Picture recording, film. 198-211
Picture/sound combination. TV
production. 319-320
Picture sync, 146, 234
Pilot track system, sound recording, 208
Playback. TV production. 313
Playback amplifiers. 28S-289
Playback correction. 288-289
Playback curve, R1AA, 278-279
PLL. 128-129
Plugs. 173—175
Plumbicon, 54—56, 60
colour camera, three-tube, 62-68
Polarising filters. 46—48
Poulsen, V., 281-283
Power supply units, 153-154
Preamplifier. RIAA, 279-281
Pressure microphones, 270
Pressure transducers. 213
Projection. 203-206
large-screen. 180-181
Pulse behaviour. 328
Pulse code modulation, 213-214
Pulse cross, 110
Pulse cross-circuits, 113-114
Pulse performance, 326
Pulse reshapers, 112, 113
Pulse shapes, distributor chain, 124, 125
sync processor. 110
Pulse. 2T. 337-339
Pulse 20T, 339-341
Pulse unit, 87-92

Quadruplex recording, 232-241
R-C filters, 351-353
Real focus, 29
Rear lens, picture construction, 32-33
Reception, 21-22
Record players. 275-281
Recording, amplifiers, 286-287
Quadruplex II. 236-237
Reference bars. 337
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Remanence. 229, 232
audio tape, 283-284
Reproduction, film pictures, 200-206
Quadruplex II, 236-237
Resolution, 6, 325,327
RIA A playback curve, 279-280
RM A test card, 324-326, 393
Saticon, 61
Saturation, 10-11
Scanning, errors, 264
mechanical video discs, 213
VLP.22I
Scenario. TV production, 320-321
Servo control, VLP, 219-223
Servo systems. Japan-I, 245-246
quadruplex recorders, 232, 234-236
Short cables, 194
Signal current, vidicon, 50-51
Signal-to-noise ratio, 63-67
helical scan recording, 242-243
Signals, magnetic tape, correction, 262-268
Silicon-target vidicon, 56-58, 60
Skew, 264-266
Slow motion machine, 223-226
Soap films, 45-46
Soft-focus filteers. 45
Sony AV 3670 CE video recorder, 384-391
Sony U-matic system, 253-254
Sound, TV production, 309-311
with film, 206-211
Sound/picture combination. TV production,
319-320Splicing, 247, 248
Staircase, 341
Standards, television, 2-3
Styli, record players, 280-281
Supply units, 153-154
design, 350-351
video amplifiers, 79-85
SVR.268
Switched corrector, 100-101
Switches, 106-107
Switching operations, sync generators, 119-120
Symmetrical skew, 265-266
Sync clippers, 105
Sync generators, 118-131
build-it-yourself, 141-148
Sync processing, integrated circuits for, 117
Sync processors, 109-117
Sync pulses, 105, 162
Sync separators, 111-112
Synchronisation, 17-20
Talk-back circuit, 294-295
Tape length changes, effects, 243
Tape loading, automatic, VCR, 251
Tape recorders, 207-209, 281-291

Tape recording, audio, process, 283-290
Tape speed,231
Tape transport, quadruplex recorder, 233
Tape types, helical scan recording, 242
Target, FIC vidicon, 70
plumbicon, 55
silicon-target vidicon, 55
vidicon, 49-50
TeD, 214,215
Television camera objectives, 32-33
Television plug, 173
Television recording, constant-speed, 199
Television set, conversion to monitor, 176-180
Test bars, 333-334, 392
Test pattern, black and white, 325-326
colour, 326-332
Thevenin’s theorem, 358-359
Time-base correction, 266-268
Time code tracks, 209, 211
Time codes, 238-241
Timing errors, 264—266
Titles, TV production, 312
Tracking, 264-266
Transformer, isolating, TV set conversion,
176-177
Transmission, 21-22
colour signal, 8
Transmission velocity, waves, cables, 188-189,
192-193
Transverse scan recording, 232-241
T-sections, delay lines, 195-196
Tuners, television, 161-169
Turntables, record players, 276-277
Typefaces, for TV production, 313
United Kingdom, colour television
standards, 3-7

Vacuum chamber, quadruplex recorder, 233
VCR system, 250-253
Vectorscopes, 345-348
Velocity, transmission, cables, 188—189, 192-193
Velocity microphones, 269-270
Vertical deflection voltages, 87-88
V.h.f. modulators, 158-159
VHS system, 255-258
Video amplifiers, 63-67, 148-149
build-it-yourself, 76-79
Video cables, 195
Video cassette recorders, 249-261
Video discs, 211-227
Video Long Play, 214-215
signal, modulation and demodulation, 217-218
Video recorders, 228-261
Video signal, complete, 19,20
d.c. restoration, 172-173
Video-tape editing, electronic, 237-241
Video 2000 system, 258-259
Vidicon, 48-54, 60
build-it-yourself, 74-96
FIC, 68-73
silicon-target, 56-58, 60
Virtual focus, 29
Vision modulators, 156-158
Voltage, 186-188
focusing, 79, 81-82
Voltage controlled oscillators, 115-116
Voltage feedback, 355-356
Waveform monitors, 343-344
Waves, transmission velocity, in cables, 188-189
White level, pictures, 5
Wiping, 131-135

Zoom objectives, 31
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Video is a fast-expanding communication medium. It is not only rapidly
replacing film and film cameras, but is also developing in directions in
which it is difficult for film to follow in terms of facility and cost, such as
in the use of special effects and ease of instant viewing. This book
presents in one volume most of the information that is needed in order to
understand what video embraces.
It is a practical book on all aspects of the subject intended for the
serious enthusiast and the semi-professional in video as well as
technical personnel in small video/television production companies.
Early chapters cover television standards, transmission, the structure of
the complete video signal, cameras and tubes including a
build-it-yourself monochrome camera. The master control desk is dealt
with in detail, including trick effects such as wiping and keying, and a
simple self-build control desk is described. Later chapters cover
transmission and reception systems, cables, video recording and ' ,
editing (open reel and cassette) and audio recording and playback. A
chapter is devoted to TV production techniques including lighting,
composition, scenario and make-up, while further chapters round off the
coverage with measurements, design criteria, diagrams and test
patterns, some in full colour.
The book forms a comprehensive guide to many aspects of video and
will be useful to the video specialist in broadcasting, in business,
training or audio-visual service and to the enthusiast.
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