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IN MEMORIAM PROF. DR. BALTH. VAN DER POL

In de nacht van 5 op 6 oktober overleed op zeventigjarige
leeftijd ons erelid Prof. Dr. Balth. van der Pol. Hij was vele
jaren voorzitter van het Nederlands Radiogenootschap en vormde
tezamen met de heren Prof. Elias, Ir. Nordlohne, Dubois en
Wesselius haar eerste bestuur. De oprichting in 1920 viel in
het begin van een lange loopbaan, waarin Van der Pol een
wereldnaam zou verwerven op het gebied van de radiowetenschap.
Zyn proefschrift " De invloed van een geioniseerd gas op het voort-
schrijden van electromagnetische golven en toepassingen daarvan
op het gebied der draadloze telegrafie en telefonie en bij metingen
aan glimlichtontladingen™ (Utrecht 1920) is een van de oudste ver-
handelingen waarin sprake is van het ons nu zo vertrouwde beeld
van het ionosfeerplasma. Dit geschrift is een van de vroegste
in een lange reeks van publicaties, die alle fundamentele kwes-
ties betrelfen op radiogebied in de mcest ruime zin van het
woord. Van de nndurw{*rpun. dic meer in het bijzonder zijn aan-
dacht hadden noemen wij: antennetheorie, triode-oscillaties, (re-
qtiutitiunmduhliiL", de 1-'Um‘l]:v|;1n|.i11g van r:u]iugnh’tn. neiwerktheo-
rie, inschakelverschijnselen, de theorie van de srondslagen van de
muziek en niet-lineaire trillingsverschinselen. Het laatste on-
derwerp leidde tot uitvoerige studie van relaxatietrillingen; deze
lkkunnen in veel gevallen beschreven worden door de naar hem
genoemde "Vergelijking van Van der Pol”. Het onderzoek van
deze trillingen voerde voorts tot een theorie van de hartslag,
die geillustreerd kon worden met behulp van een electrisch
model (het kunsthart), waarvoor later grote belangstelling van
medische zijde ontstond.

Wat de wiskundige behandeling betreft behoren de genoemde
publicaties tot het terrein der toegepaste wiskunde. De bestu-
dering ervan wekte vooral later zijn belangstelling op voor vele
onderwerpen uit de zuivere wiskunde, in het bijzonder de ge-
tallentheorie en de theorie der Laplace transformaties (opera-
torenrekening). In dit laatste gebied bouwde hij voort op de
door Heaviside geintroduceerde symbolische rekenwijze. Wel-
licht heeft geen ander zozeer als Van der Pol de betekenis van
het niet altijd voldoende gewaardeerde werk van Heaviside
doorzien.

Van der Pol's publicaties kenmerken zich door een heldere
betoogtrant waarin de nadruk gelegd wordt op de algemene

gedachtengang. i) heelt voorts dikwijls de aandacht gevestigd
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op problemen die later door anderen op streng wiskundige
wijze verder uitgewerkt werden. De grote betekenis van zin
werk werd door tal van buitenlandse onderscheidingen onder-
streept, waarvan we in het bijzonder noemen de toekenning van
de Medal of Honour door het Institute of Radio Engineers
(in 1935) en van de Valdemar Poulsen Gold Medal door de
Deense Academie van Technische Wetenschappen (in 1953).
Sinds 1947 was hij lid van de Koninklijke Nederlandsche Aca-
demie van Wetenschappen.

Na beeindiging van zijn universitaire studie in Utrecht (van
1911 tot 1916) is Van der Pol zijn wetenschappelijke loopbaan
begonnen met een verblijf in Engeland (1916-1919), alwaar hj
achtereenvolgens studeerde onder Fleming in Londen en onder
J. J. Thomson in Cambridge. In Nederland teruggekeerd werkte
hij van 1919-1922 in Tevler’s Stichting te Haarlem onder leiding
van Lorentz, wat hijzelf steeds als een groot voorrecht heeft
beschouwd. Het meeste van Van der Pol's scheppende arbeid
is echter voortgekomen in de periode van 1922 tot 1949, waarin
hi) werkzaam was aan het Natuurkundig Laboratorium van de
N.V. Philips te Eindhoven. Hier werd hij in 1925 hoofd van
een groep medewerkers, die zich met de meest wetenschappelijke
aspecten van het radio onderzoek bezig hielden; in verband
hiermede werd hij in 1946 benoemd tot directeur voor funda-
I“EntEU] t'ﬂ{iiﬂ"ﬂ"d[‘l‘:ﬂﬂt]{.

Van der Pol was niet alleen een inspirerend leider voor
research arbeid, doch had ook grote organisatorische gaven.
Mede van hem stamt het initiatief tot oprichting van het Ne-
derlands Radiogenootschap, terwijl hij van het begin af een
belangrijke rol gespeeld heeft in de U.R.S.I. (Union Radio
Scientifique International); van dit laatste instituut is hij lange
tijd vice-president geweest, en sinds 1952 ere-president.

Enkele andere bijzondere gebeurtenissen in Nederland waren
zijn benoeming tot bijzonder hoogleraar aan de Technische
Hogeschool te Delft in 1938, zijn functie als voorzitter van de
Tijdelijke Academie die in 1945 in Eindhoven gevestigd werd
als voorbereiding voor het na de oorlog te herstellen technisch
hoger onderwijs in Delft, en zijn benoeming tot Curator van
het Mathematisch Centrum te Amsterdam-

Naast de zuiver wetenschappelijke hadden de technische en
zelts administratieve aspecten van het radiowezen zijn belang-
stelling. Hij was hierdoor bij uitstek de persoon om voor over-

heidsorganen als adviseur op te treden voor technische radio-
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problemen. Hij werd dan ook ondermeer lid van de 'Radioraad’,
terwiyl hi) een grote rol speelde bij het internationale instituut
C.C.ILR. (Comité Consultatif International des Radiocommuni-
cations) dat adviserend moest optreden voor het opstellen van
internationale regelingen van alle radioverkeer. In 1948 werd
besloten tot het oprichten van een permanent Secretariaat van
dit laatste instituut, ongeveer op het tijydstip waarop Van der Pol
bij Philips de pensioengerechtigde leeftijd bereikte. Het was
dan ook begrypelyk dat hij wegens zijn grote theoretische ken-
nis en zijn ervaring op technisch administratief gebied verzocht
werd het Directeurschap van de C.C.1.R. te aanvaarden. Onder
zijn leiding werden de werkzaamheden van dit Instituut op een
hoog peil gebracht en waakte hy ervoor, dat het wefenschap-
peljk element in het administratiel diplomatieke werk van dit
instituut niet te veel op de achtergrond geraakte. Einde 1956
moest hij wegens zijn gevorderde leeftijd aftreden als directeur
van de C.C.I.R., doch van zijn verworven ervaringen werd
hierna nog dankbaar gebruik gemaakt. Dit gold in het byjjzonder
het verkrijgen van internationale bescherming van de frequen-
tiebanden, die van het grootste belang zijn voor het radio-
astronomisch onderzoek.

Einde augustus moest hij zijjn werkzaamheden ook op dit
terrein, verricht in samenwerking met Prof. Oort, onderbreken
wegens zijn verslechterende gezondheidstoestand. Dit was dus
slechts kort voor het einde van zijn door zo grote activiteit
gekenmerkte leven.

Van der Pol zal bijj allen, die hem gekend hebben in de
herinnering blijven voortleven als een warmvoelend mens, die
zich ook sterk voor hun levensomstandigheden interesseerde.

Bij wetenschappelijke besprekingen was hij zeer geanimeerd
en bekend om de grote geestigheid die hij aan de dag kon leggen.

In het bijzonder kwam hij steeds op voor de belangen van
zijn medewerkers en maakte hij van zijn talrijke relaties gebruik
om de aandacht te vestigen op hun prestaties. Na zijn vertrek
naar Geneve bleven de banden met velen van zijn vroegere
Eindhovense medewerkers voortbestaan en men =zag elkaar
herhaaldeljk terug als oude vrienden.

Allen, die door omstandigheden een intensiel contact met
hem hebben gehad, hebben zeer veel aan hem te danken.

H. Bremmier
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Fundamentals of colour television

by F. W. de Vrijer *)

Summary of a lecture read before the Nederlands Radiogenootschap on
November 20th 1958.

This introductory lecture on colour television begins by re-
capitulating some colorimetric concepts, such as additive colour
mixing and the chromaticity diagram (colour triangle). The
principle of colour television is then explained with reference
to a system containing three camera tubes and three picture
tubes, considered at this stage with separate transmission chan-
nels for the three primary colours (red, green and blue). The
splitting of the incident light into the three primary colours at
the transmitting end, and the combination of the three (projected)
pictures at the receiving end, can be effected by means of
dichroic mirrors.

As regards transmission the main problem is to limit the band-
width. A discussion follows of a system with two sub-carriers
and of the N.T.S.C. system used in America. Finally, the
author deals with the gamma correction needed in view of the
non-linear relation between luminous flux and control voltage
in picture tubes.

The problems dealt with in this article are discussed in de-
tail in 'Fundamentals of colour television’, Philips techn. Rev.

19, 86-97, 1957/568 (No. 3).

*) Philips Research Laboratories, N.V. Philips" Gloeilampenfabrieken
Eindhoven-Netherlands.
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Studio equipment for colour television

by A. G. van Doorn *)

Paper read before the Nederlands Radiogenootschap on November 20th 1958.

Summary

This paper gives a broad survey of the equipment constructed in the
Philips Research Laboratories for the generation of colour-television sig-
nals and the testing of the different pick-up systems. It describes three
colour cameras, one using Image Orthicons as pick-up tubes, while in
the other two experimental Vidicons are used. Further the principle of
the Flying Spot Scanner is described, as well as the Colour Film Camera.
The special problems encountered in designing simultaneous pick-up systems
and concerning colour-image registration, signal uniformity and gamma
correction are discussed in more detail. In conclusion more is said about
the different pick-up tubes and their use in colour-television cameras,

their sensitivity, picture quality and overall performance.

1. Introduction.

In a colour-television studio much equipment is required for
generating, processing and monitoring colour-television signals.
First we need a generator for the synchronising and test sig-
nals. Then there are diflerent signal sources, providing the video
signals. A switching and distributing system is needed for the
selection of signals at different locations and to switch the
signals on to the actual line as the programme requires. Finally
complete colour monitors are required at each signal source
and at other points to permit of checks on the colour-picture
quality.

The generator for the synchronising signals differs from ge-
nerators for monochrome television because all synchronisation
pulses must have a harmonic relationship to a standard fre-
quency, viz. the colour-subcarrier frequency. As the tolerances
for this standard frequency are very stringent (it must be
accurate to 3 parts in a million), the oscillator should be
extremely stable.

e ——

*) Philips Research Laboratories, N.V. Philips’ Gloeilampenfabrieken
Eindhoven-Netherlands.
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The signal sources which translate optical pictures into elec-
trical signals belong to three different categories according to
their specihc function. First: the live-pickup in the studio or
outdoors is done by colour-television cameras. Secondly: the
generation of electrical signals corresponding to colour trans-
parencies is done by a flying-spot scanner. Finally: the gene-
ration of colour-television signals from motion-picture film is
effected by colour-film scanners.

The basic principles of these different systems will be dis-
cussed 1n the three following paragraphs, and subsequently
some paragraphs will be devoted to the most important problems
which arise during practical operation,

2. The colour camera.

Up to now most colour cameras are built on the principle
of simultaneous pick-up, by three pick-up tubes, of the three co-
lour components of the scene. Thus the red, green and blue signals
are provided simultaneously. As already described by de Vrijer?),
the licht coming from the scene has to be split into three com-
ponents, each of which must fall on a separate pick-up ftube
which will translate the light component into an electrical signal.
Thus a colour camera may be looked upon as a combination of
three identical cameras directed at the same scene and provided

with a light-splitting device.

21. The light-splitting device.

Figure 1 shows schematically a simple solution for such a

= = Lz ] > _\%-_55 Vidicon [——Eg¢

= Vidicon ————=—Eg4

Fig. 1

Diagram of the light-splitting system in a colour-

television camera with dichroic mirrors and separate

l:lhjﬂi:tive lenses before each pick-up tube.
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light-splitting device. The light from the scene falls on a di-
chroic mirror S;, which reflects the red part of the light and
transmits the green and blue parts. This transmitted light falls
on a second dichroic mirror Sz, which reflects the blue component.

5000 6000 70004

Fig. 2
Transmission characteristics for typical dichroic mirrors in use
in colour cameras for splitting the light from the scene into

three colour components.

Typical spectral transmission characteristics of these mirrors
are given in fig. 2, which shows the transmission 7 as a func-
tion of wavelength. The dichroic mirrors are obtained by eva-
porating, onto glass, thin layers of a material with a high
index of refraction, alternated by thin layvers of a material
with a low refractive index in such manner that interference
effects give the required spectral transmission curves?®). In this
way light splitting can be obtained without light losses.

The red light which is reflected by Sp is received, via a
plane front-surface mirror, by lens Z;. Thus the 'red image’
of the scene becomes available at the red pick-up tube. That
part of the light which was transmitted by S; and reflected
by Sz is passed on by a front-surface mirror to lens 75, which
then produces the 'blue image’ of the scene on the blue pick-up
tube. Finally the light which was transmitted by both dichroic
mirrors, Sz and Sz, on reaching lens L, produces the green
component of the scene on the pick-up tube in the centre. This
tube supplies the video signal /; which carries the 'green’
information only.
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The colour filters V', as shown in the light paths give verwy
accurately the required spectral sensitivity for each individual
channel, which cannot be obtained by means of mirrors only.

The parallel arrangement shown in Fig. 1 enables the focus-
sing for different object distances simply by mounting the three
pick-up tubes on a sliding frame which can be moved axially
with respect to the fixed lenses.

2.2 Praciical selairen,

The first colour camera built some vears ago was based on
this simple light-splitting device. The pick-up tube was an ex-
perimental vidicon described earlier in this journal?). Fig. 3
shows a photograph of this camera partly dismantled. The

Fig. 3

|’|mtn;__fraph ol a dismantled colour camera to show the arrangement of

the different com ponents.

three parallel vidicons with associated camera pre-amplifiers,
the lenses and the mirrors are plainly visible. To permit of
the use ol lenses with different focal lengths, involving the
simultaneous replacement of all three lenses, a vertical movable
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lens holder is provided, carrying several sets of lenses. This
system for changing lenses has the advantage of a high trans-
mission factor, but there are important disadvantages too.

First, the choice of lenses is limited. Lenses with a short
focal length require very large dichroic mirrors and the varia-
tion in angle of incidence of the light on the dichroic mirrors
becomes too large to be ignored.

The demands to be made upon the mechanical design and
the extensive optical adjustments are very high, as the sligh-
test mutual differences give rise to registration errors of the
individual colour-images when lenses are changed.

Third, the diaphragm adjustment must be effective for all
lenses in the same way. These disadvantages and the sensiti-
vity to dust and stray light make this optical system, although

very eflicient, less suitable for use in an all-purpose studio camera.

2.3. Relay-lens system.

The optical system which makes use of a relay lens and is
shown in fig. 4 is much better suited to our purposes. When
this system is applied, the camera can be equipped with a
conventional lens turret as used for monochrome cameras. This
lens turret contains lenses of different focal length. One of
these lenses, e.g. L,, produces a real image within the plane
of a field lens, V/,. This image is rcproduced on the photosen-
sitive layer of the pick-up tube via a second optical system.
Such an optical system may consist for example of 2 identical

Diagram of the relay ﬂpﬁcal system in an im.‘ige-ﬂrthicnn colour camera.

objective lenses, X, and R,, with long focal lengths. The resul-
ting free space must be sufficiently large to house the light-
splitting mirrors and filters, which divide the light into three
components as described above.
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The astigmatism caused by the oblique plane-parallel plates
in the convergent beam 1s eliminated by giving the plates a
slight amount of prismaticy as described by de Lang?).

Correction lenses are placed in front of each pick-up tube
to correct for the aberrations introduced by the field-lenses.

Several advantages of this system can be mentioned.

a. Lenses of any desired focal length may be selected by
turning the lens turret so that the desired objective lens
and the associated field lens are brought into working
position. This lens replacement takes place in the common
optical path, which ensures that no optical registration
errors can occur between the colour images. Consequently
the requirements imposed on the mechanical design are
less stringent.

b. Focussing can be effected by axial displacement of the tur-
ret in such a way that lens Z moves relative to field lens V.
As a consequence there is no need for parallel arrangement
of the pick-up tubes and the camera can be made more
compact.

c. The light control which is needed on each camera is in this
case of the single type and is effected in the second optical
system (diaphragm ) of one of the two objectives, R, or &,).

d. The optical system can be built into a light- and dust-
proof housing.

A great disadvantage of this method is the poor transmission,
which 1s only half that obtained with the simple system de-
scribed in section 2.2. If, however, there is no other alternative,
the relay-lens system must be accepted and the only thing to
do is to keep the reflection at the many glass surfaces low by
a proper coating of the optical elements, which also improves
the contrast.

2A4. Ilmage-orthicon camera with relay-lens system.

The relay-lens system has been adopted for the camera shown
in fig. 5, in combination with image orthicons as pick-up tubes.
The size of these tubes with their focussing and deflection coils go-
verns the dimensions of the other elements,including the optical ones.

The photograph shows the lens turret at the front. It has
4 lenses with focal lengths ranging from 5 cm to 15 cm and is
turned by means of a handle at the rear of the camera. After
the selection of another lens the focus is adjusted automati-
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cally, the mechanical arrangement being such that the turret
shifts axially to the position required for optimum focus. The
open cover makes one of the pick-up tubes visible, with its
coil system and the associated video pre-amplifier. The closed

Fig. 5

i‘:!‘il'll.'l';l'l'll‘llt;ll i]l'lflgl_'-l'll'"lllit'{'ﬂ'l L'ﬁ]l']Lll' cCamenra "n."i.'i[l'.‘ Hi{it'{il'l['ll'!i HEH'I'I. Lo ,_"i.]'ll_}l"."l..-'

1 I'I;l.' il I'I':lllhﬂ'(’lllt’ nt.

box contains all the optical elements. The hoses are for forced-
air cooling, which is necessary to keep the operating tempera-
ture of the image orthicons within certain limits in order to
obtain the best picture quality. On top of the camera we see
the electronic viewer. With the exception of the horizontal-
deflection circuit, the blanking amplifier and the three pre-
amplifiers all circuits are built in the control racks so as to

avoid unnecessary heat dissipation inside the camera.

256, Vidicon camera with relay lens,

Fig. 6 shows a camera incorporating a perfected relav-lens
system and vidicon pick-up tubes. The relay-lens system has a
reduction factor of 2. Owing to this the optical system can

have a large aperture with no signilicant optical errors, irres-



244 A. G. van Doorn

pective of the focal length. The efforts to find a compact ar-
rangement have led to a non-symmetrical set-up with two tubes
perpendicular to one another on the base plate and the third
one on a higher level, part]y on the optical box. Lens selection

Fig. 6

gomplele ".'ii.il.'ﬂﬂ colour-Le L'\';ﬁii.ln Caltiere. rI'Il.‘ INEVLAYE L LD SNOWS e lens
Complet i I tel I'he photograph sl the |

turret with four lenses, the arrangement ol the U[.:llii..':l] system and the

p!'i_‘!rt-l.lp llllH‘.'F‘-. the different controls and the pi\'ul‘.ml EI‘.‘:L‘“’['HHII." \‘i::'u.*ﬂl‘tdtr.

and focussing is done by means of a twin knob at the right-
hand side of the camera. The lens replacement is carried out
electrically, i.e. by a motor which rotates the lens turret via a
Maltese cross. When the lens i1s changed the focus 1s adjusted
automatically. the turret being shifted axially by a mechanical
device. As the photograph shows the viewer is pivoted. This
facilitates servicing of the camera.

5. Flying-spot scanner.

An important signal source which gives high-quality colour
pictures is the {lying-spot scanner. Its operating principles can
be explained with reference to the schematic drawing of Fig. 7.
The primary light source is a cathode ray tube with a phos-
phor having a short afterglow time. On this tube an ordinary
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television raster of high and uniform brilliance is scanned. The
raster picture is thrown by lens L on to the colour transpar-
ency 2. One could also say that the colour slide is scanned
by a flying spot, moving in the same way as a scanning beam

——Blue

Red e

Fig. 7

Diagrammatic arrangement of the different components in

a flying-spot scanner for colour transparencies.

in a pick-up tube; only a very small spot of the colour slide is
illuminated at a given instant. As a result the transmitted light
is modulated in accordance with the transmittance of the colour
transparency. The light is collected by a condenser lens C, and
split up into the three colour components by the dichroic mir-
rors, Sz and Sp. After splitting, each of the three colour
components is passed through a second aspheric condenser lens,
C,, and made to strike a photomultiplier (this is a photocell
with secondary-emission amplification). Here each component is
converted into an electrical signal, the amplitude of which is
proportional to the amount of light transmitted by the colour
transparency for the primary colour in question. The high
quality of the pictures, obtained with the flying-spot scanner,
is due to several causes. In the first place there are no regis-
tration errors because a single raster is reproduced on the
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colour transparency by one single objective lens system so that
the three colour images are geometrically identical. Moreover,
uniform sensifivity over the picture area is obtained by imaging
the exit pupil of the lens Z on the photocathodes of the photo-
multipliers and by placing the dichroic mirrors in a telecentric

part of the imaging beam.

4. Colour-film scanners.

To obtain electrical signals corresponding to motion-picture
films, either of the two principles explained above could be
used.

When the flying-spot scanner is used no problems will be
encountered in connection with registration and the signals will
bz uniform over the picture area. However, the flying-spot
scanner is a non-storage device and for this reason the mecha-
nical design is rather complicated. The film images must each
remain stationary during the whole scanning period and a very
fast pull-down of the film becomes necessary. Or, should the
film be moved continuously at constant speed, optical compen-

sations will be neces-
sary. DBoth designs

' E""'Ea require a high degree
5 of mechanical and
g ® Ll L]
Condenser Dl.L Sp ' Sg Dptlﬂal pPrecision.

Alternatively a sim-

S

. Light 5 ple colour camera

i F‘ ”\ can be used for the
Film ~ . generationofelectrical

—£, signals from motion-

Fig. 8 picture film, in which

Diagrammatic arrangement of an experimental Case full use can be
vidicon colour-film camera. made of the storage
properties of the pick-

up tubes. A conventional film projector can then be used for
projecting the images by means of a lens with a long focal
length, via a dichroic-mirror assembly, onto three vidicon pick-
up tubes. Fig. 8 shows a schematic drawing of the equipment
used in the Philips Research Laboratories with good results.

5. Registration of colour images.

One of the great problems encountered with colour cameras
with simultaneous pick-up is the necessity of obtaining three




Studio equipment for colour television 247

images which are geometrically identical. When the images are
not identical we get a loss of definition and colour errors in the
complete colour image. The three images must cover each other
exactly if lack of sharpness and colour-fringing, are to be
avoided.

As we have seen, the scene to be televised is displayed
three times in a colour camera, one for each colour, on three
pick-up tubes. The design of the optical system must be such
that the three optical images are geometrically identical. In
each pick-up tube the optical image is converted into an elec-
trical image which is scanned by an electron beam, giving the
video signal for one colour. In this paper we shall not discuss
in detail the operation of the pick-up tubes. However, we must
always be mindful of the fact that a pick-up tube, which can
never have an ideally symmetrical set-up, is placed inside a
deflection and focussing system, which in practice will always
have small errors. So it is obvious that some geometric dis-
tortion will arise. And if this distortion is different for each
of the three pick-up systems, then the registration of the colour
images will be faulty. A geometrical difference between two
colour images of, e.g. 3%, means a registration fault of about
3 television lines, and a difference of 0.1, may already give
a noticeable reduction in definition. Hence great care must be
taken to avoid such distortions. The optical system must be
very accurately aligned and the focussing and deflection coils
must be as identical as possible. But nevertheless it is neces-
sary to introduce electrical corrections for small tolerance errors.

Fig. 9 shows a simplified schematic diagram of a deflection
circuit for a vidicon camera in which provision has been made
for several electrical adjustments. The three horizontal-deflection
coils are fed in parallel from one single output transformer. In
our equipment the deflection circuits are fitted in the control
racks and the deflection coils are supplied via the camera cable.
It is very important for this cable to be properly terminated
at the camera end because transient reflections may give very
disturbing ringing effects. For this reason the three branches
with the horizontal-deflection coils are included in a network

of parallel branches RL and RC with equal R. This network
I

has a constant impedance if RC = E", forming in that case a

termination resistance R for the cable. In a practical case R
must be 75 ohms, so the total resistance in each branch should
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be 225 ohms. Each branch includes a variable inductance and a va-
riable resistance, for linearity and amplitude control respectively.

A centring control is needed to adjust the relative position
of the rasters. Therefore a variable direct current can be sent
through the deflection coil to shift the whole raster horizontally.

Furthermore it has
often been found nec-
essary to introduce
a correction against
the skew of the ras-
ter which is caused
by the deflection coils

for the two directions

not being situated
exactly at right an-
gles. This skew error
can be eliminated by

introducing into the

Fig. 9 horizontal - deflection

Simplified schematic diagram of the deflection circuit a small verti-

circuits in a vidicon colour camera with separate cal-sawtooth current

adjustments for amplitude and linearity, as well which should be ad-

as centring controls and skew correction. justable in amplitude
and polarity.

The arrangement of the vertical-deflection circuit is also drawn
in fig. 9, showing the individual controls for vertical amplitude
and centring.

In addition to these electrical adjustments a number of
mechanical ones are desirable. Hence each deflection system,
including the tube, is made movable, axially as well as trans-
versely, relative to the optical image, while a slight rotation
of the deflection system and the tube is also possible.

These measures make it easier to minimise registration errors.
Perfect registration is very hard to obtain especially in the
case of an image-orthicon colour camera. This pick-up tube is
rather complicated and its adjustments are many; further its
position in the focussing and deflection field is very critical.
All this may easily give rise to small geometric distortions.
Careful alignment, however, gives favourable results.

In the case of the vidicon camera these difficulties are less
pronounced and with the available controls it will nearly al-
ways be possible to obtain good registration.
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6. Picture quality.

The overall picture quality is not only influenced by the
registration problem, but also by many other factors. The de-
finition must, of course, be satisfactory and a good signal-noise
ratio is essential. But the colour reproduction must also be good
over the whole of the picture area and at all levels of brilliance.

6.1. Signal uniformity.

In practice almost all pick-up tubes show some degree of
non-uniform sensitivity over the picture area. This may have
several causes, which we shall ignore because of their com-
plexity and because a discussion of the properties of pick-up
tubes is outside the scope of the present paper.

The non-uniformity can take wvarious shapes. The pick-up
tube may produce a video signal which is not constant, even
though it is illuminated uniformly. The tube sensitivity may be
found to vary in a certain manner when we go from the centre
of the photo-sensitive layer towards the edges, or from left to
right, or from top to bottom, and vice versa. This non-uniformity
may be different for the three pick-up tubes and in that case
the colour reproduction will deteriorate. Even when there is
no illumination, a pick-up tube produces a shading signal which
is not uniform over the picture area. This tube property may
give rise to colour differences in dark parts of the displayed
picture and thus have a very disturbing effect. For this reason
it is necessary that the pick-up tubes be selected carefully, so
that their differences in these respects are as small as possible.
Provision must also be made for introducing electrical correc-
tions: white and blacklevel adjustments and a shading correction
in the video amplifier. The shading correction may be effected
by means of a correction signal which is added to the video
signal and consists of sawtooth- or parabola-shaped voltages
with line and frame frequency. Amplitude and polarity of this
correction signal must be adjustable.

6.2. Gamma correction.

The transfer characteristic of a colour reproducing system
has to be in principle linear, as non-linearity results not only
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in gray-scale distortion, but also in deterioration of colour re-
production®). However, the picture fube in a television receiver
is not linear at all, the relationship between output luminance
B and input voltage £ being subjected to a power law: B = £7,
where the exponent, y, is about 2.5.

Therefore, in order to produce overall linearity (i.e. gamma
equal to unity), another non-linear element is required. For
reasons of simplicity and cost, this gamma correction is always
introduced in the studio equipment before transmission.

We must also take into account the transfer-characteristic
of the pick-up tube, which can also be non-linear, the power
exponent varying between 0.7 and unity, depending on the type
of pick-up tube, the selected tube setting and the mean signal
content.

For good colour reproduction to be obtained it is important
that the values of y for red, green and blue should be capable
of being made equal. To this end each video amplifier should
be provided with an adjustable gamma corrector.

Fig. 10 shows the circuit diagram for a simple variable gamma
corrector. The video
signalis clamped at the
grid of a tube which
has in its cathode

circuit a germanium
diode in series with

a resistance. The vol-

tage-current charact-

eristic of a germanium

diode is a power-law
Fig. 10 characteristic. So, if
Simplified schematic diagram of a gamma-cor- the input 1s linear, the

rection circuit with adjustable gamma at con- SignaI vnlfage across
stant amplitude. the diode is non-linear

with a y of about 0.4,
depending on the series resistance and the d.c. bias of the
diode.

Addition of part of the linear signal to the non-linear out-
put of the diode may give a gamma variation between 0.4 and
0.9, approximately. In the circuit shown in Fig. 10 this is done
with the aid of a potentiometer between the two cathodes
which makes it possible to keep the total signal amplitude

constant when the gamma of the signal is varied.
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6.3. Control cquipment.

The preceding discussion has made it clear that a rather
large number of adjustments are required for obtaining a good
picture quality.

2w

' v
¥

eoovce |
R

=

d .
I 1. 11

Photograph of the control equipment of an image-orthicon
colour camera. Right, a colour monitor of the projection

type.

Fig. 11 shows the control equipment used for one single
camera chain (in this case the image-orthicon chain). At the
top left is a monitor which can be used to control the proper
registration of the three colour images. Below that we see a panel
carrying the adjustments for registration and shading correction.
At the top centre is a monitoring panel with an oscilloscope,
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a temperature indicator and remote diaphragm control. Below
that a panel carrving three sets of identical controls for the
three image orthicons. In two other panels are housed the
three video amplifiers with amplitude controls, black-level ad-
justments and variable camma correctors. The rack to the right
contains a colour monitor of the projection type").

Fig. 12

Photograph ol an image-orthicon pick-up tube (right) with its chassis

Cilf'l'}';[!g lIL""l‘t"-i”'T'l :'ll'l{I i.i}L.'lJHHII'Ig Eh\'EfE]'I'I EHHI [‘J'I:'l'_"—.'l!l'll'}”“{'r'. :"ll'H.I il "'-'idii..'ﬂ'l'l

with its complete chassis (left), showing the large difference in size.

7. Camera pick-up tube.

From the various types of pick-up tubes in use for mono-
chrome television only two have been selected for colour tele-
vision, viz. the image orthicon and the vidicon. For the televi-
sing of life scenes the former is the only commercially available
tube that has suflicient sensitivity to operate at an acceptable
low light level. This 1s an image orthicon especially developed
for colour television. However, in cases where high light levels
are available, as in film scanners and for surgical and medical
purposes, the vidicon has great advantages.
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We have had the opportunity of using in our experimental
cameras a vidicon which is still in a laboratory development
stage. This tube has special qualities for colour television. It
may be used at low light levels without showing unacceptable
trailing effects due to persistence or lag of the photoconductive
layer. It has a very good black-level over the whole of the
picture area as there is little or no dark current, so dark-
shading correction may be omitted. The definition is also quite
good.

When the two types of pick-up tube are compared, the
quality of the picture produced by the vidicon is generally
better. Optimum operating conditions are much more difficult
to attain in the case of a three-tube image orthicon colour
camera, and, in addition, this tube is more sensitive to temper-
ature variations and microphony. Last not least there is the
difference in size. Fig. 12 shows a vidicon and an image orthicon
with its focussing and deflection coils. Clearly it will become
easier to construct a colour camera with smaller dimensions
when such a vidicon can be used.
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Transmission of colour television signals

by ]J. Davidse *)

Paper read before the Nederlands Radiogenootschap on November 20th, 1958.

Summary

The paper discusses the transmission of colour television signals according
to the NTSC system. The choice of the chrominance signals, their band-
widths and of the subcarrier frequency is discussed. The consequences of
the method of gamma correction and of deviations from the constant-
luminance principle are considered. The significance of the statistics of the

chrominance signal is pointed out.

1. Introduction.

The companion paper by de Vrijer explained the principles
of colour television. It was stated that full information about
the luminance and the colour of each part of the televised scene
can be provided by three independent data. As a consequence
the output of a signal source for colour television delivers three
independent signals, which are commonly termed the red, green
and blue signals and are denoted by the symbols &, G and B.

It is the task of the transmission system to combine these
three primary signals in a suitable manner into one composite
signal which can be transmitted by a radio frequency transmitter.

Before entering into the details of this transmission problem
it seems worth-while to survey the requirements to be met by
the transmission system.

These are:

1. The colour-television receiver shall be able to present a good
colour reproduction of the original scene.

2. For economical reasons the receiver has to be as simple as
possible.

3. The transmission system has to be compatible with mono-
chrome television, that is: a normal black-and-white receiver
tuned to the colour broadcast shall reproduce it as a normal

*) Philips Research Laboratories, N.V. Philips’ Gloeilampenfabrieken,
Eindhoven-Netherlands.
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black-and-white transmission. On the other hand a colour
television receiver has also to be usable for monochrome
transmissions.

4. In view of this compatibility requirement and in view of
considerations of bandwidth economy the signal has to be
such that it can be transmitted within the existing trans-
mission channels. The planning of these channels is based
on normal monochrome transmission; for the 625-line system
their bandwidth is 7 Mc/s, the spacing between the wvision
and sound carriers being 5.5 Mc/s.

Hence about 5 Mc/s is available for the composite video
signal.
At first glance these requirements must seem rather exacting

and in some respects conflicting, but it will be shown that a

good compromise is quite well possible.

2. Basic principles of colour-television transmission.

2.1. Luminance and chrominance signals.

Let us first consider the nature of the information which has
to be transmitted. In colour television we have the luminance
and the colour of each part of the scene, while in monochrome
television only information about the luminance is transmitted.
As we have seen, full information concerning colour and lumi-
nance of the scene can be represented by three independent
video signals. It will be clear that no information gets lost if
we transmit three independent combinations of these primary
colour signals instead of the signals themselves. More specifically
it is feasible to choose one of these combinations in such a
manner that it represents the luminance of the scene. The
colour has than to be defined by two other combinations of
the primary colour signals. Working this way and transmitting
the luminance signal in quite the same manner as in monochrome
television we gain two important advantages. First we fulfil
our requirement of compatibility: a normal monochrome receiver
will use the luminance signal in the normal way, hence a normal
black-and-white picture is reproduced. Second we can use to
good advantage a rvemarkable property of the human eye. A
picture in which only the luminance information is displayed
sharply whereas the colour information is displayed with much
less sharpness is appraised as sharp by the eye. This property
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can easily be shown by a simple experiment; in fact it has
already many other applications, e.g. the well-known coloured
picture postcards of landscapes and beach-scenes. These are
commonly normal black-and-white pictures to which very roughly
some colour is added. The result may be liable to discussion
from the aesthetic point of view, but its main drawback is
certainly not a lack of sharpness.

If the three primary colours of the system are chosen as
explained in the paper by de Vrijer, the luminance of the

scene is given by the signal:
YV=0359G+0.30R +0.11 5 (1)

This signal is transmitted in the same way as a normal
monochrome signal, i.e. it is transmitted with the full 5 Mc¢/s
bandwidth. The two remaining signals determine only the colour
to be reproduced and hence can be transmitted with a much
smaller bandwidth according to the principle mentioned above.

22. The dot-interlace principle.

At this stage we must look for a method to find room for
these two narrow-band signals in the video band which is
seemingly already fully occupied by our luminance signal. For
this purpose we can make use of the “dot-interlace principle”.
According to this principle the disturbing effect caused by a
foreign signal in the video band is only small if the disturbing
frequency is an odd multiple of half the line frequency, as is

easily seen from Figure 1. In this figure

representing part of a television scanning
pattern with a disturbing frequency being
present which is an odd multiple of half
the line frequency, the letters A4 denote
the dots produced by the disturbing signal
in the first field of scanning. The letters 5

Fig. 1 denote the dots occuring in the second field
Scatning patiern For and in the same manner the letters C and
odd smuliiple of ‘half D represent the dots occuring in the third
and the fourth field. Hence a complete
cycle of the disturbing pattern takes up

EXDXEXDXEXDXE:
Q@GGQ@@
Coee
0600660660

the line frequency.

two full frame scannings. As is easily seen from our figure the
disturbing patterns are opposite each other in successive lines
and in successive frames. Because of the integrating properties
of the eye the light impressions of successive lines and frames
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due to the disturbing signal will more or less compensate each
other. Hence a spurious signal of such a frequency is only
slightly objectionable. This enables us to introduce one or more
subcarriers into the luminance signal, provided their frequencies
are odd multiples of half the line frequency. Modulation of our
colour signals onto such subcarriers allows us to transmit these
signals within the frequency band of the luminance signal.

3. The NTSC-transmission system.

31. Modulation and demodulation of the subcarvier

stgnal.

The method of introducing one or more subcarriers into the
luminance signal in the manner described above is employed
in almost all known experimental transmission systems for colour
television. These systems differ in the number of subcarriers
employed, the way they are modulated and the choice of the
modulating colour signals. Rather than giving a survey of all
transmission systems investigated until now we shall confine
ourselves in this paper to a more detailed discussion of the
most developed system which is in our opinion the best one.
This is the NTSC-system?) which was developed in the U.S.A.
in a combined effort of all leading industries in the field, who
for this purpose created the National Television System Com-
mittee. Of course this system is adapted to the American
black-and-white standard but the underlying principles can be
applied in European versions of this system as well.

This system employs only one subcarrier modulated by both
colour signals. We shall denote these signals by / and ¢ and
for the present not consider in what manner they are composed
of the primary colour signals.

Let the angular frequency of the subcarrier be w. The sub-
carrier is amplifude-modulated by the first signal 7, the subcarrier
being suppressed. This can be achieved by employing a balanced
modulator; at the output of the modulator we obtain the signal
/ cos wf. The second colour signal Q is modulated in quadrature
onto the subcarrier in the same manner, hence the signal QO sin w?
is obtained. Adding these signals together we get the composite
chrominance signal:

I cos wt + QO sin w? = LI* =+ Q.“ sin (w? + arctan ‘—'é} (2)
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From this formula we see that we have modulated the sub-
carrier in phase as well as in amplitude by the colour signals.
To demodulate the composite signal we multiply it in the
receiver by sin w/ and by cos w?, respectively, and find:

(Osmwt+Icoswt)simwt=3/sin2wt+ 50 -3 Qcos2wt (3)

After filtering out the terms with double subcarrier frequency

we get ¥ Q.
In the same manner multiplication by cos w? yields:

(Osin wt + Icos wl) coswt = L Osin2wt + L7+ L Icos2wt) (4)

Hence, after filtering we obtain 1 /.

To perform the above operations, which are commonly termed
synchronous detection, we have to produce in the receiver a
subcarrier which is exactly synchronous with the subcarrier in
the transmitter. For this purpose a synchronizing signal is in-
troduced into the composite video signal, consisting of about 9
cycles of subcarrier frequency with known phase and amplitude.
This synchronizing signal (usually named the “colour burst”)
provides the reference phase for the local oscillator in the

Timinanca slgndl receiver. It is applied

\ subcarrier signal n the Iine-blanking

s interval after the
i line-synchronizing im-

colour burst,

line synchronizing /
impulse

s

pulse. Thus the com-
posite video signal
Fig. 2 will assume the shape

Composite colour-television signal. given in Fig. 2.

3.2, Choice of the colour signals.

3.2.1. General requirements. At this stage the problem
of selecting the signals 7 and O arises., First of all we have
to bear in mind that in the receiver we have to retransform
the signals V, 7 and Q into the primary colour signals R, G
and 5. To get a simple transformation it is advantageous to
choose for /7 and Q as well as for }V linear combinations of
the primary colour signals. As we have seen } is transmitted
with full bandwidth whereas / and Q are narrow-band signals.
Assuming equal bandwidths for the 7/ and QO-signals to facilitate
our considerations, we can split up each of the primary colour
signals Z, G and B into a low-frequency part, which is trans-
mitted by the signals /7 and Q as well as by the luminance
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signal V, and a high-frequency part which is transmitted by
the luminance signal only. Denoting the low-frequency parts
by the subscript L and the high-frequency parts by the sub-

script /1, we can write:

0,11 (B. + By) (5a)
I=a R+ pb,GL+ vy, B (5b)
Q=a,R;+ B, G+ v, Bz, (5¢)

where the symbols @ and f denote numerical constants. In the
receiver we obtain the low-frequency parts of £, ¢ and 5 by
weighted addition of Vg, /and 0. To the three primary colour
signals obtained in this way we add the high-frequency part
of the luminance signal Vg, which is commonly termed the
“mixed highs”’. Hence, to produce the primary signal & in the
receiver we have to add to the luminance signal Vi, + Vy the
signal: R; — V; to get B we have to add: B — ¥ etc. How-
ever, it is desirable to avoid the necessity of having to form
the separate parts V. and Vpy in the receiver, since this leads
to rather severe complications. Formation of the signal ¥} from
the luminance signal requires a filter whose amplitude response
is exactly matched to that of the corresponding filters in the
transmitter. This complication is avoided if the 7/ and (O-signals
are chosen in such a manner that it is possible to obtain in
the receiver the signals X — V;, B — Vi and G — ¥V without
making use of the luminance signal V, but using only the signals
/ and Q. Obviously to make this possible it is sufficient to
choose for 7 and Q linear combinations of A; — V¥V and 5 — V.
If Rt — V; and By — Y are available we can obtain Gy — V|
from them quite simply, as this signal is already in itself a
linear combination of Xy — ¥V, and 5y — V.

Such a choice for the signals 7 and Q has an important second
advantage. As was explained in the paper by de Vriyjer the
signal sources are arranged in such a manner that in reference
white (Illuminant C) the three primary colour signals are equal
in magnitude, hence for white we have R = G = B = ¥. This
means that for colourless parts of the scene R — V=5~V =0
and hence also /= Q = 0. From expression (2) for the composite
chrominance signal we see that the subcarrier amplitude then
also equals zero. This means that we have no subcarrier signal
in colourless parts of the picture, while the subcarrier amplitude
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Fig. 3

Chromaticity diagram showing colour-subcarrier phase as

a function of reproduced chromaticity (y = 1.0).

increases with increasing saturation of the colour to be trans-
mitted. The phase of the subcarrier signal depends on the hue
of the colour. Assuming the transmission system to be linear
and determining the contours of equal subcarrier phase in the
chromaticity diagram we obtain Fig. 3.

The assumption of linearity of the system is an oversimplifi-
cation as the actual system is on purpose made non-linear to
correct for the non-linearity of the display tube; if we allow
for this non-linearity in the calculation the final result differs
considerably from the simple presentation of Fig. 3. In a sub-
sequent part of this paper we shall discuss this problem in
more detail.

Returning to our discussion on the choice of the colour signals
we shall have to deal with one problem remaining at this stage,
i.e. the most suitable choice of linear combinations of A-Y¥ and
B-V for the signals 7 and Q. When the signals / and Q@ are
modulated with equal bandwidths onto the subcarrier, their
composition is based on considerations concerning:
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1. The allowable overswing of the subcarrier signal, that is:

the amount by which the subcarrier signal surpasses the
peak white and blanking levels of the signal.

2. The dependence of the hue of the colour to be reproduced
on the phase of the subcarrier signal. The dependence has

to be such that in all parts of the chromaticity diagram the

proper relation exists between subcarrier phase and hue,

viz. that the hue-differences which are just noticeable to
the eye correspond to the same phase deviations.
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Fig. 4
Subcarrier amp]itudﬂ and phase for
saturated colours.
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For a detailed discussion
of this problem we refer
to the literature on the
subject 7).

based on the considerations

Investigations
mentioned above lead to
the following choice of both
colour signals to be modu-
lated in quadrature onto the
subcarrier:

0.49 (5 — V) and
088 (R — V).

Hence, the

colour-television signal can
be written:

composite

S=V+049(8B - V) sin wt
+ 0.88 (R — Y)cos w! (6)

Fig. 4 shows the subcarrier amplitude and phase for saturated
colours of maximum luminance if the colour signals are composed
in this way.

3.22. Unequal bandwidths of 7/ and (-signals. In
the case of different bandwidths of the / and Q-signals the
problem is more difficult. The same considerations as in the
case of equal bandwidths apply, but in addition the question
arises as to how the extra bandwidth has to be employed.
Before dealing with this problem we shall first show that it
i1s possible to transmit the signals / and ¢ with different band-
widths. This is easily seen if we observe more closely the
process of synchronous detection, which is expressed in the
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relations (3) and (4). These relations indicate that for syn-
chronous detection of the colour signals both sidebands of the
modulated signals must be present. If one sideband of, e.g., the
I-signal is suppressed we find full crosstalk of the /-signal into
the O-channel. Let us now consider the case of different band-
widths for the / and (O-signals. Let f; be the cut-off frequency
of the /-channel and f; that of the (-channel. Furthermore we
suppose f7 > fo. We now apply double-sideband modulation to the
(O-signal but vestigial-sideband modulation to the /-signal in such a
manner that all components of this latter signal which contain
frequencies up to fp are double-sideband modulated, while the
remaining components, containing frequencies between fpand f,
are single-sideband modulated. In that case there will not be
any crosstalk of the (O-signal into the /-channel, whereas only
those components of the /-signal which contain frequencies
between fp and f; will crosstalk into the (-channel. However,
the (O-signal itself does not contain these frequencies because
fo is the upper limit of its bandwidth, hence the crosstalking
components from the /-signal can easily be removed from the
(O-signal by a simple low-pass filter with cut-off frequency /fo.

If the composite colour-television signal is composed along
the lines set forth until now, its video-spectrum will be as
presented in Fig. 5, where it
is compared with that of nor-
mal monochrome signal, the

i only difference being the pre-
Tuminance signal sound carrier Sence of the subcarrier signal.

Y / Having thus proved the

A possibility of employing dif-

I 2 3 4 5655 Mk ;
ferent bandwidths for the /

: and (-signals we shall con-

tinue our discussion of the
choice of these signals and
their bandwidths.
M : oo
[t will be clear that in spite
luminagnce signal sound carrier of the emp]ﬂ_}-'men{: ﬂf‘ dﬂt-—

Y I F -
;’/ inferlace a certain amount of

74l

I 2 3 4 555 Mk
B nance signal and the subcarrier

lf?ig. 5 signal will be observable, due

a) Monochrome-television channel. to the non-ideal integrating
5) Colour-television channel. properties of the eye and the

crosstalk between the lumi-
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non-linear behaviour of the transmission system, which causes
the subcarrier signal to be rectified. This remaining crosstalk
is stronger as the subcarrier frequency is located lower in the
video band and the bandwidths of the colour signals are larger.
On the other hand it will be clear that a too severe bandwidth
limitation of the subcarrier has to be avoided, too, as this will
cause a lack of sharpness of the picture. Hence a good com-
promise has to be found between these conflicting requirements.
This compromise depends among other things on the available
video bandwidth, so it has to be determined anew for each
individual adaptation of the NTSC-system to an existing black-
and-white standard. The only method to find optimum com-
promise is to carry out suitable experiments?)?)7)!'"). Such
experiments have to include an investigation into the effects of
bandwidth limitation in the /7 and (J-channels on the quality
of the reproduced picture, and into the mutual crosstalk between
luminance and colour information.

The final result depends on, among other things, the non-linear
behaviour of the transmission system. We shall therefore dis-
cuss the results of such experiments after the discussion of the
non-linear behaviour of the system. For the present we shall
give the final result of the experiments supposing the total
available bandwidth to be 5 Mc/s, as is the case in the Euro-
pean 625-line system. A good compromise is obtained if the
bandwidth of the /-signal is about 1.3 Mc¢/s and that of the
O-signal about 0.5 Mc/s, if we compose the /7 and (Q-signals in
the same manner as in the American system, that is:

[=-028G+060R —~0.325 (7a)
Q=—-0526G+021R+03158 (7b)

3.3. Block diagram of the complete transmission
system.

We are now able to give a block diagram of the complete
transmission system. The device which forms the composite
NTSC signal from the three primary colour signals is commonly
termed the encoder. Its block diagram is given in Fig. 6a. The
input signals £, G and B are linearly transformed into the
signals ¥, / and Q by the matrix circuit. After having passed
different low-pass filters the / and (Q-signals are modulated in
quadrature onfo the subcarrier.
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a) Block diagram of encoder.
#) Block diagram of decoder.

The modulated signals are added together, thus forming the
composite subcarrier signal, which is finally added to the lumi-
nance signal. In the luminance channel and in the 7-channel
delay lines are provided to match the different time delays of
the various filters.

The composite signal is transmitted by a r.f. transmitter,
received, and detected by the second detector in the receiver.
The signal is then decoded, that is: from the composite signal
the three primary colour signals are re-formed. The decoder
section of the receiver is given in Fig. 6b. The subcarrier signal
is taken from the composite signal with the aid of a band-pass
filter. The burst signal is keyed out and employed in the re-
generator which provides the demodulating subcarrier, which
is fed to two synchronous detectors, producing the 7/ and O-
signals from the composite subcarrier signal. Atter filtering these
signals are fed to a matrix circuit together with the luminance
signal V. The output signals R, G and 5 of this circuit are
fed to the display tube.
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