
Tijdschrift van het

Nederlands Radiogenootschap
DEEL 24 No. 5 1959



232 H. Bremmer

IN MEMORIAM PROF. DR. BALTH. VAN DER POL

In de nacht van 5 op 6 oktober overleed op zeventigjarige 
leeftijd ons erelid Prof. D r .  Balth . van der Pol. Hij w as  vele 
jaren  voorzitter van het N ed er lan d s  R adiogenootschap  en vormde 
tezamen met de heren Prof. E lias ,  Ir. Nordlohne, D ubois  en 
W esse l iu s  h aar  eerste bestuur. D e  oprichting in 1920 viel in 
het begin van een lange loopbaan, w aarin  V an  der Pol een 
w ereldnaam zou verwerven op het gebied van de radiow etenschap. 
Zijn proefschrift ” I)e invloed van een geioniseerd gas  op het voort­
schrijden van electrom agnelische golven en toepassingen daarvan  
op het gebied der draadloze telegrafie en telefonie en bij metingen 
aan glimlichtontladingen” (U trech t  1920) is een van de oudste ver­
handelingen w aarin  sp rak e  is van het ons nu zo vertrouw de beeld 
van het ionosleerplasm a. D it  geschrift is een van de vroegste 
in een lange reeks van publicaties, die alle fundamentele k w e s­
ties betreilen op radiogebied in de meest ruime zin van het 
woor d. V an  de onderwerpen, die meer in het bijzonder zijn a a n ­
dacht hadden noemen wij: antenne!heorie, triode-oscillaties, fre ­
quentie modulatie, de voortplanting van radiogolven, netw erktheo­
rie, inschakel verschijnselen, de theorie van de grondslagen van de 
muziek en niet-lineaire trillingsverschijnselen. H et laa ts te  on­
derw erp  leidde tot uitvoerige studie van re laxatietr ill ingen ; deze 
kunnen in veel gevallen beschreven worden door de n aar  hem 
genoemde ’Vergelijking van V a n  der P o l” . H et onderzoek van 
deze trillingen voerde voorts tot een theorie van de hartslag , 
die geillustreerd kon worden met behulp van een electrisch 
model (het kunsthart), w aarv o o r  later  grote belangstelling van 
medische zijde ontstond.

W a t  de wiskundige behandeling betreft  behoren de genoemde 
publicaties tot het terrein der toegepaste  wiskunde. D e  bestu­
dering ervan w ekte vooral la ter  zijn belangstelling op voor vele 
onderwerpen uit de zuivere wiskunde, in het bijzonder de ge­
tallentheorie en de theorie der L ap lace  tran sform aties  (o p era­
torenrekening). In dit laa ts te  gebied bouwde hij voort op de 
door H eaviside  geintroduceerde symbolische rekenwijze. W e l ­
licht heeft geen ander zozeer als  V a n  der Pol de betekenis van 
het niet altijd voldoende gew aardeerde  werk van H eav is ide  
doorzien.

V  an der Pol s publicaties kenmerken zich door een heldere 
betoogtrant w aarin  de nadruk gelegd wordt op de algemene 
gedachtengang. Hij heelt voorts dikwijls de aan dacht gevestigd
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op problemen die la ter  door anderen op streng wiskundige 
wijze verder u itgew erkt werden. D e  grote betekenis van zijn 
we rk we rd d oor tal van buitenlandse onderscheidingen onder­
streept, w aarv an  we in het bijzonder noemen de toekenning van 
de M e d a l  of H onour door het Institute of R ad io  Engineers 
(in 1935) en van de V a ld e m a r  Poulsen G old  M e d a l  door de 
D  eense Academie van Technische W eten schappen  (in 1953). 
S inds 1947 w as  hij lid van de Koninklijke N ederlandsche A c a ­
demie van W etenschappen .

N a  beëindiging van zijn universitaire studie in U trecht (van 
1911 tot 1916) is V a n  der Pol zijn wetensch appelijke loopbaan  
begonnen met een verblijf in Engeland (1916-1919), a lw a a r  hij 
achtereenvolgens studeerde onder Fleming in Londen en onder 
J. J. Thomson in C am bridge. In N ederlan d  teruggekeerd w erkte 
hij van 1919-1922 in T ey ler ’ s Stichting te H aar lem  onder leiding 
van Lorentz, w a t  hijzelf steeds als  een groot voorrecht heeft 
beschouwd. H e t  meeste van V a n  der Pol's  scheppende arbeid  
is echter voortgekomen in de periode van 1922 tot 1949, w aarin  
hij w erkzaam  w as  aan  het N atuurkundig  L aboratorium  van de 
N .V .  Philips te Eindh oven. H ier we rd h ij 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
menteel radio-onderzoek.

V a  n der Pol w as  niet alleen een inspirerend leider voor 
research arbeid, doch had ook grote organisatorische gaven. 
M ede van hem stam t het initiatief tot oprichting van het N e ­
derlands Radiogenootschap , terwijl hij van het begin a f  een 
belangrijke rol gespeeld heeft in de U .R .S . I .  (Union R ad io  
Scientifique International) ;  van dit laa ts te  instituut is hij lange 
tijd vice-president gew eest, en sinds 1952 ere-president.

Enkele andere bijzondere gebeurtenissen in N ederland  waren 
zijn benoeming tot bijzonder hoogleraar  aan  de Technische 
H ogeschool te D e lf t  in 1938, zijn functie a ls  voorzitter van de 
Tijdelijke Academie d ie in 1945 in Eindhoven gevestigd werd 
als  voorbereiding voor het na de oorlog te herstellen technisch 
hoger onderwijs in D elft ,  en zijn benoeming tot C u ra to r  van 
het M athem atisch  Centrum te Amsterdam*

N a a s t  de zuiver wetenschappelijke luidden de technische en 
zelfs administratieve aspecten  van het radiowezen zijn be lang­
stelling. Hij w as  hierdoor bij uitstek de persoon om voor over­
heidsorganen a ls  adv iseur op te treden voor technische radio-
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problemen. Hij we rd d an ook ondermeer lid van de ’R a d io r a a d ’, 
terwijl hij een grote rol speelde bij het internationale instituut 
C .C . I .R .  (Com ité C on su lta t if  International des Radiocommuni­
cations) d a t  adviserend moest optreden voor het opstellen van 
internationale regelingen van alle radioverkeer. In 1948 werd 
besloten tot het oprichten van een permanent S e c re ta r ia a t  van 
dit laa tste  instituut, ongeveer op het tijdstip w a a ro p  V an  der Pol 
bij Philips de pensioengerechtigde leeftijd bereikte. H e t  w as  
dan ook begrijpelijk d a t  hij wegens zijn grote theoretische ken­
nis en zijn ervaring op technis ch adm inistratief gebied verzocht 
w erd het D irecteurschap  van de C .C . I .R .  te aan vaarden . o nder 
zijn leiding w erden de w erkzaam heden van dit Instituut óp een 
hoog peil gebracht en w aak te  hij ervoor, d a t  het w etenschap- 
pe lijk el ement in het adm inistratief diplomatieke w erk  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 w erd 
hierna nog d a n k b a a r  gebruik gemaakt. D it  gold in het bijzonder 
het verkrijgen van internationale bescherming van de frequen- 
tiebanden, die van het grootste  belang zijn voor het radio- 
astronomisch onderzoek.

Einde augustus moest hij zijn w erkzaam heden ook op dit 
terrein, verricht in sam enw erking met Prof. O o rt ,  onderbreken 
wegens zijn verslechterende gezondheidstoestand. D it  w as  dus 
slechts kort  voor het einde van zijn door zo grote activiteit 
gekenmerkte leven.

V a n  der Pol zal bij allen, die hem gekend hebben in de 
herinnering blijven voortleven als  een w arm voelend mens, die 
zich ook sterk  voor hun levensomstandigheden interessee rde.

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

In het bijzonder kw am  hij steeds op voor de belangen van 
zijn m edew erkers en m aakte hij van zijn talrijke relaties gebruik 
om de aan dach t te vestigen op hun p resta t ie s .  N a  zijn vertrek  
n aar  Genève bleven de banden met velen van zijn vroegere 
Eindhovense m edew erkers voortbestaan  en men zag e lk aar  
herhaaldelijk terug a ls  oude vrienden.

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

H . Brem m er
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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 cam era tubes and three picture 
tubes, considered a t  this s tage  with sep ara te  transmission chan­
nels for the three prim ary  colours (red, green and blue). The 
splitting of the incident light into the three prim ary colours a t  
the transmitting end, and the combination of the three (projected) 
pictures a t  the receiving end, can be effected by  means of 
dichroic mirrors.

A s  regard s  transm ission the main problem is to limit the b an d ­
width. A  discussion follow s of a  system with two sub-carriers 
and of the N .T .S .C .  sy stem  used in America. Finally, the 
au th or 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 Fundam entals  of colour television', Philips techn. Rev.
19, 86-97, 1957/58 (N o. 3).

* )  Philips R esearch  L ab o ra to r ie s ,  N . V .  Philips ’ 
E indh oven-N etherlands.

Gloeilam penfabrieken
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Studio equipment for colour television

by A. G. van D oom  * )

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

Summary
This p ap e r  gives a  b ro ad  survey o f  the equipment constructed in the 

Philips R esearch  L ab o ra to r ie s  for the generation o f  colour-television s ig ­
nals  and the testing o f  the different pick-up system s. It descr ibes  three 
colour cam eras ,  one using Im age O rthicons as  pick-up tubes, while in 
the other two experimental V idicons are used, f u r t h e r  the principle o f  
the F ly in g  S p o t  Scan n er  is described, a s  well a s  the C olour  Film C am era .  
The special  problem s encountered in designing simultaneous pick-up system s 
and concerning colour-image registration, signal uniformity and gam m a 
correction are  d iscussed  in more detail. In conclusion more is sa id  about 
the different p ick-up tubes and their use in colour-television cam eras ,  
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. 
F ir s t  we need a  generator  for the synchronising and te s t  sig­
nals. Then there are  different signal sources, providing the video 
signals. A  switching and distributing system is needed for the 
selection of signals a t  different locations and to switch the 
signals on to the actual line as  the program me requires. Finally  
complete colour monitors are  required a t  each signal source 
and a t  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  s tan d a rd  f re ­
quency, viz. the colour-subcarrier frequency. A s  the tolerances 
for this s ta n d a rd  frequency are very  stringent (it must be 
accurate  to 3 p a r t s  in a million), the oscillator should be 
extremely stable.

* )  Philips R  esearch L ab ora tor ie s ,  N . V .  P h il ip s ’ G loeilam penfabrieken 
E indhoven-N etherlands .
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The signal sources which tran sla te  optical pictures into elec­
trical signals belong to three different categories according to 
their specific function. F ir s t :  the live-pickup in the studio or 
outdoors is done by colour-television cam eras. Secondly: the 
generation of electrical signals corresponding to colour t r a n s­
parencies is done by a  flying-spot scanner. F in ally :  the gene­
ration of colour-television signals from motion-picture film is 
effected by colour-film scanners.

The basic principles of these different sy stem s will be d is­
cussed in the three following p aragrap h s ,  and subsequently  
some p ara g rap h s  will be devoted to the most important problems 
which arise  during practical operation.

2. T h e  co lou r  cam era .

U p  to now m ost colour cam eras  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. A s  a lread y  described by de V r i j e r 1), 
the light coming from the scene has to be split into three com­
ponents, each of which must fall on a  sep ara te  pick-up tube 
which will t ran sla te  the light component into an electrical signal. 
Thus a  colour cam era may be looked upon a s  a  combination of 
three identical cam eras directed a t  the same scene and provided 
with a  light-splitting device.

2.1. T h e l i g h t - s p l i t t i n g  d e v i c e .

Figure 1 shows schem atically  a simple solution for  such a

Fig .  1
D ia g ra m  of  the light-splitting system in a colour- 
television cam era  with dichroic mirrors and. separate  

objective lenses before each pick-up tube.



Studio equipment for colour television 239

light-splitting device. The light from the scene falls on a di- 
chroic mirror S r , which reflects the red p art  of the light and 
transm its the green and blue parts .  This transm itted light falls 
on a  second dichroic mirror S r , which reflects the blue component.
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Transm ission  characterist ics  for typical dichroic mirrors in use 
in colour cam eras  for splitting the light irom the scene into

three colour components.

Typical spectra l transmission characteristics  of these mirrors 
are given in fig. 2, which shows the transmission T  a s  a func­
tion of wavelength. The dichroic mirrors are obtained by  e v a ­
porating, onto g lass ,  thin layers  of a material with a high 
index of refraction, a lternated  by  thin layers  of a  material 
with a  low refractive index in such manner that interference 
effects give the required spectra l transmission c u rv e s“). In this 
w a y  light splitting can be obtained without light losses.

The red light which is reflected by S r is received, via a 
plane front-surface mirror, by lens L r . Thus the Ted im age’ 
of the scene becomes availab le  a t  the red pick-up tube. That 
p art  of the light which w as  transm itted by S r and reflected 
by S b is p assed  on by a front-surface mirror to lens L b , which 
then produces the blue image’ of the scene on the blue pick-up 
tube. F in a l ^  the light whi ch w as  transm itted by bo th dichroic 
mirrors, S r and S r , on reaching lens Lc, produces the green 
component of the scene on the pick-up tube in the centre. This 
tube supplies the video signal E q which carries the green’ 
information only.
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The colour filters AT, as  shown in the light paths give very 
accurate ly  the required spectra l  sensitivity for  each individual 
ch annel, w hich cannot be obtained by means of mirrors only.

The p a ra  Ilel arrangem ent shown in Fig. 1 enables the focus­
sing lor different object d istances simply by mounting the three 
pick-up tubes on a sliding frame which can be moved ax ia lly  
with respect to the fixed lenses.

‘2.2. P  r a c t i c a l  s o h i  t i a n .

fhe first colour cam era built some 
this simple light-splitting device. The 
perimental vidicon described earlier 
shows a photograph of this cam era

y e a r s  ago w as  based  on 
pick -up tube w as  an ex­
in this journal :i). Fig. 3 

p ar t ly  dismantled, fhe

Fig. 3
Photograph o f  a  dismantled colour cam era  to show the arrangem ent o f

the dill erent components.

th ree paralle l  vidicons with assoc ia ted  cam era pre-amplifiers, 
th e lenses an d the mirrors are plainly visible. To permit of 
th e use of lenses with different focal lengths, involving the 
simultaneous replacem ent of all three lenses, a  vertical movable



Studio equipment for colour television 241

lens holder is provided, carrying severa l  sets  o f lenses. This 
system for changing lenses has the advan tage  of a  high t ra n s­
mission factor, but there are im portant d isad v an tages  too.

F irst ,  the choice of le nses is limited. L en ses  with a  short 
focal length require very large dichroic mirrors and the v a r ia ­
tion in angle of incidence of the light on the dichroic mirrors 
becomes too large to be ignored.

The dem ands to be made upon the mechanical design and 
the extensive optical adjustm ents are very high, a s  the sligh­
te st  mutual differences give rise to registration  errors of the 
individual colour-images when lenses are changed.

Third, the diaphragm  adjustm ent must be effective for all 
lenses in the same w ay. These d isad v an tages  and the sensiti­
vity to dust and s tray  light make this optical system, although 
very efficient, less suitable for  use in an all-purpose studio camera.

2.3. R e l a y - l e n s  s y s t e m .

The optical system which makes use of a  re lay  lens and is 
shown in fig. 4 is much better  suited to our purposes. W h en  
this system  is applied, the cam era can be equipped with a  
conventional lens turret  a s  used for  monochrome cameras. This 
lens turret contains lenses of different focal length. O ne of 
these lenses, e.g. L lf produces a rea l  image within the plane 
of a field le ns, Vx. This image is reproduced 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

objective lenses, R x and R 2, with long focal lengths. The resu l­
ting free space must be sufficiently large to house the light­
splitting mirrors and filters, which divide the light into three 
components a s  described above.
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The astigm atism  caused by the oblique plane-parallel p lates  
in the convergent beam is eliminated by  giving the p lates  a 
slight amount of prism aticy  a s  described by de L a n g 4).

Correction lenses are p laced  in front of each pick-up tube 
to correct for the aberration s introduced by the field-lenses.

S ev era l  ad v an tage s  of this system can be mentioned.
a. L e  nses of any desired focal length may be selected by  

turning the lens turret  so that the desired objective lens 
and the assoc ia ted  field lens are  brought into w orking 
position. This lens replacem ent tak es  place in the common 
optical path , which ensures that no optical registration  
errors  can occur between the colour images. C onsequently  
the requirements imposed on the mechanical design are 
less stringent.

b. Focussing can be effected b y  ax ia l  displacement of the tu r­
ret  in such a  w ay  that  lens L  moves relative to field lens V. 
A s  a  consequence there is no need for p ara l le l  arrangem ent 
of the pick-up tubes and the cam era can be made more 
compact.

c. The light control which is needed on each cam era is in this 
case o f the single type and is effected in the second optical 
system  (diaphragm  D  of one of the tw o objectives, or R 2).

d. The optical system can be built into a  light- and dust- 
p ro o f  housing.

A grea t  d isad v an tage  of this method is the poor transmission, 
which is only h a lf  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 a t  the many g la ss  surfaces  low by  
a  proper  coating of the optical elements, which also  improves 
the contrast .

2 .4 . l m a g e - o r t h i c o n  c a m e r a  w i t h  r e l a y - l e n s  s y s t e m .

The relay-lens system has been adopted  for the cam era shown 
in fig. 5, in combination with image orthicons a s  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 show s the lens turret  a t  the front. I t  has 
4 lenses with focal lengths ranging from 5 cm to 15 cm and is 
turned by means of a  handle a t  the re a r  of the camera. A fter  
the selection of another lens the focus is ad ju sted  autom ati­
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cally, the mechanical arrangem ent being such that the turret 
shifts ax ia lly  to the position required for optimum focus. The 
open cover makes one ol the pick-up tubes visible, with its 
coil system and the associated  video pre-amplifier. The closed

F ig .  5
Experim ental  image-orthicon colour cam era  with s idedoors  open to show

the arrangement.

box contains all the optical elements. The hoses are for lorced- 
air  cooling, which is necessary  to keep the operating tem pera­
ture ol the image orthicons within certain limits in order to 
obtain the best  picture quality. On top of the cam era we see 
the electronic viewer. W ith  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.

2.5. V i d i e  on c a m e r  a w i t  h r  e l  a y  l e n s  .

Fig. 6 shows a cam era incorporating a perfected relay-lens 
system  and vidicon pick-up tubes. The relay-lens system has a 
reduction 1 ac tor  of 2 . O w in g  to this the optical system can 
have a large aperture  with no significant optical errors, irres­
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pective of the focal length. The efforts to find a compact a r ­
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, partly  on the optical box. Lens selection

Com plete vitiicon colour-television cam era . 1 he photograph show s the lens 
turret with four lenses, the arrangem ent ol the optical system and the 
pick-up tubes, the different controls and the pivoted electronic viewfinder.

and focussing is done by means of a twin knob a t  the right- 
hand side ol the camera. The lens replacement is carried out 
electricallv, i.e. by  a motor which ro ta tes  the lens turret via a 
M alte se  cross. W hen  the lens is changed the focus is ad justed  
automatically , the turret being shifted ax ia lly  by a mechanical 
device. A s the photograph show s the viewer is pivoted. This 
facilitates servicing ol the camera.

3. F ly in g - sp o t  scan n er .
An important signal source which gives high-quality colour 

pictures is the flying-spot scanner. I ts  operating principles can 
be explained with reference to the schematic draw ing ol Fig. 7. 
The prim ary light source is a cathode ray tube with a ph os- 
phor having a short a fterg low  time. O n this tube an o r d i n a l
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television ra s te r  of high and uniform brilliance is scanned. The 
r a s t e r  picture is thrown by  lens L  on to the colour t r a n sp a r ­
ency D .  O ne could a lso  s a y  that  the colour slide is scanned 
by a  flying spot, moving in the same w a y  a s  a  scanning beam

D iagram m atic  arrangem ent o f  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 a t  a  given instant. A s  a  result  the transm itted light 
is modulated in accordance with the transm ittance of the colour 
transparency. The light is collected b y  a  condenser lens Cz and 
split up into the three colour components by the dichroic mir­
rors, Sj? and S b . A f te r  splitting, each of the three colour 
components is p a s sed  through a  second aspheric condenser lens, 
Cu, and made to strike a  photomultiplier (this is a  photocell 
with secondary-emission amplification). H ere  each component is 
converted into an electrical signal, the amplitude of which is 
proportional to the amount of light transm itted by  the colour 
tran sparen cy  for  the prim ary  colour in question. The high 
quality  o f  the pictures, obtained with the flying-spot scanner, 
is due to sev era l  causes. In the first place there are  no reg is­
tration  errors  because  a  single r a s te r  is reproduced on the
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colour tran sparen cy  by one single objective lens system so that 
the three colour images are  geometrically identical. M oreover ,  
uniform sensitivity over the picture a re a  is obtained by  imaging 
the exit pupil of the lens L  on the photocathodes of the photo­
multipliers and by placing the dichroic mirrors in a  telecentric 
p a r t  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.

W h e n  the flying-spot scanner is used no problems will be 
encountered in connection with registration  and the signals will 
be uniform over the picture area . H ow ever , the flying-spot 
scanner is a  non-storage device and for this reason  the mecha­
nical design is ra th er  complicated. The film images must each 
remain sta t ionary  during the whole scanning period and a  very  
fa s t  pull-down of the film becomes necessary . O r ,  should the 
film be moved continuously a t  constant speed, optical compen­

sations will be neces­
sary .  B oth  designs 
require a  high degree 
of mechanical and 
optical precision.

A lternatively  a  sim­
ple colour cam era 
can be used for the 
generation of electrical 
signals from motion- 
picture film, in which 
case  full use can be 
made of the sto rage  
properties  of the pick­

up tubes. A  conventional film pro jector  can then be used for 
projecting the images by  means of a  lens with a  long focal 
length, v ia a dichroic-mirror assem bly , onto three vidicon pick­
up tubes. Fig. 8 shows a  schematic draw ing of the equipment 
used in the Philips R esearch  L a b o ra to r ie s  with good results.

5. Registration of colour images*
O ne of the g rea t  problems encountered with colour cam eras 

with simultaneous pick-up is the necessity  of obtaining three

Fig .  8
D iagram m atic  arrangem ent o f  an experimental 

vidicon colour-film cam era .
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images which are geometrically identical. W h en  the images are 
not identical we get a  loss  o f 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.

A s  we have seen, the scene to be televised is d isp layed  
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. H ow ever , we must 
a lw ay s  be mindful of the fac t  that  a pick-up tube, which can 
never have an ideally  symmetrical set-up, is p laced inside a  
deflection and focussing system, which in practice will a lw a y s  
ha ve sm all errors. So  it is obvious that some geometric d is­
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. ^°/o means a  registration fau lt  of about 
3 television lines, and a  difference of O.l °/0 may a lready  give 
a noticeable reduction in definition. Hence g rea t  care must be 
taken to avoid such distortions. The optical system must be 
very accurate ly  aligned and the focussing and deflection coils 
must be a s  identical a s  possible. But nevertheless it is neces­
sary  to introduce electrical corrections for small tolerance errors.

Fig. 9 shows a simplified schematic d iagram  of a deflection 
circuit for a vidicon cam era in which provision has been made 
for several electrical adjustm ents. The three horizontal-deflection 
coils are fed in paralle l  from one single output transform er. In 
our equipment the deflection circuits are fitted in the control 
racks  and the deflection coils are  supplied via the cam era cable. 
I t  is very important for  this cable to be properly  terminated 
a t  the cam era end because transient reflections may give very 
disturbing ringing effects. F o r  this reason  the three branches 
with the horizontal-deflection coils are included in a  network 
of paralle l  branches R L  and R C  with equal R .  This netw ork

has a  constant impedance if R C  =  — , forming in that case  a
R

termination resistance R  for the cable. In a  practica l  case  R  
must be 75 ohms, so the to ta l  resistance in each branch should
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be 225 ohms. E ach  branch includes a  var iab le  inductance and a  v a ­
riable resistance, for linearity and amplitude control respectively.

A  centring control is needed to ad ju st  the relative position 
of the ra s te rs .  Therefore a  var iab le  direct current can be sent 
through the deflection coil to shift the whole r a s te r  horizontally.

Furtherm ore it has 
often been found nec­
e s sa ry  to introduce 
a  correction aga in st  
the skew  of the r a s ­
ter  which is caused  
b y  the deflection coils 
for  the two directions 
not being situated  
exactly  a t  right an ­
gles. This skew  error 
can be eliminated by  
introducing into the 
horizontal- deflection 
circuit a  small verti­
cal-saw tooth current 
which should be a d ­
ju stab le  in amplitude 
and polarity .

The arrangem ent of the vertical-deflection circuit is a lso  draw n 
in fig. 9, showing the individual controls for  vertical amplitude 
and centring.

In addition to these electrical ad justm ents a  number of 
mechanical ones are  desirable. Hence each deflection system, 
including the tube, is made movable, ax ia lly  a s  well a s  t r a n s ­
versely , relative to the optical image, while a  slight rotation 
of the deflection system  and the tube is a lso  possible.

These m easures make it easier  to minimise registration  errors. 
P erfec t  registration  is very  hard  to obtain especially  in the 
case  of an image-orthicon colour camera. This pick-up tube is 
ra th er  complicated and its ad justm ents are  many; further its 
position in the focussing and deflection field is very critical. 
A ll  this may eas i ly  give rise to small geometric distortions. 
C are fu l  alignment, however, gives favourab le  results .

In the case  o f the vidicon cam era these difficulties are  less 
pronounced and with the availab le  controls it will nearly  a l ­
w ay s  be possib le  to obtain  good registration.

Red Blue

Simplified, schematic d iagram  o f  the deflection 
circuits in a  vidicon colour cam era  with sep ara te  
ad justm ents  for amplitude and linearity, a s  well 

as  centring controls and sk ew  correction.



6. Picture quality*

The overall  picture quality  is not only influenced by the 
registration  problem, but also by m any other factors .  The de­
finition must, of course, be sa t is fac tory  and a  good signal-noise 
ratio  is essential. B u t  the colour reproduction must also be good 
over the whole of the picture a re a  and a t  all levels of brilliance.

6.1. S i g n a l  u n i f o r m i t y .

In practice alm ost 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  various shapes. The pick-up 
tube m ay  produce a video signal which is not constant, even 
though it is illuminated uniformly. The tube sensitivity m ay  be 
found to v a ry  in a  certain manner when we go from the centre 
of the photo-sensitive layer  to w a rd s  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 d ark  p ar t s  of the d isplayed 
picture and thus have a  very disturbing effect. F o r  this reason  
it is necessary  th at  the pick-up tubes be selected carefully, so 
that their differences in these respects  are  a s  small a s  possible. 
Provision must also  be made for introducing electrical correc­
tions: white and blacklevel ad justm ents 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 saw tooth- or p arab o la-sh ap ed  voltages 
with line and frame frequency. Amplitude and polarity  of this 
correction signal must be ad justab le .

6 .2 . G a m m a  c o r r e c t i o n .

The tran sfer  characteristic  of a  colour reproducing system  
has to be in principle linear, a s  non-linearity results  not only

Studio equipment for colour television 249
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in gray-scale  distortion, but a lso  in deterioration of colour re­
p ro du ctio n 5). H ow ever , the picture tube in a  television receiver 
is not linear a t  all, the relationship betw een output luminance 
B  and input voltage E  being subjected to a  pow er la w :  B  =  E ?  , 
where the exponent, y, is ab o u t  2 .5 .

Therefore, in order to produce overall  linearity (i.e. gamma 
equal to unity), another non-linear element is required. F o r  
reasons ol simplicity and cost, this gamma correction is a lw ay s  
introduced in the studio equipment before transmission.

W e  must a lso  take into account the transfer-characterist ic  
o f  the pick-up tube, which can a lso  be non-linear, the pow er 
exponent vary ing  betw een 0.7 and unity, depending on the type 
of pick-up tube, the selected tube setting and the mean signal 
content.

F o r  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 ad ju stab le  gam m a corrector.

Fig. 10 show s the circuit d iagram  for a  simple variab le  gamma
corrector. The video 
signal is clamped a t  the 
grid of a  tube which 
has in its cathode 
circuit a  germanium 
diode in series wi th 
a  resistance. The vol­
tage-current ch arac t­
eristic of a  germanium 
diode is a  pow er-law  
characteristic . So , if 
the input is linear, the 
signal voltage acro ss  
the diode is non-linear 
with a  y of about  0.4, 

depending on the series resistance and the d.c. b ias  of the 
diode.

Addition of p a r t  of the linear signal to the non-linear out­
put of the diode m ay  give a  gam m a variation  betw een 0.4 and
0.9, approxim ately . In the circuit shown in Fig. 10 this is done 
with the aid  of a  potentiometer betw een the two cathodes 
which m akes it possible  to keep the to ta l  signal amplitude 
constant when the gamma of the signal is varied.

Simplified schematic d iagram  o f  a  gam m a-co r­
rection circuit with ad ju stab le  gam m a at  con­

stant amplitude.
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6 .3 . C o n t r o l  e q u i p  m c u t .

251

The preceding discussion has made it 
large number of adjustm ents are required 
picture quality.

clear that a rather 
lor obtaining a good

Fig .  11
Photograph ot the control equipment o f  an image-orthicon 
colour cam era. Right, a colour monitor o f  the projection

type.

Fig. 11 shows the control equipment used for one single 
camera chain (in th is case the image-orthicon chain). A t 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 adjustm ents lor  registration  and shading correction. 
A t  the top centre is a  monitoring panel with an oscilloscope,
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a tem perature indicator and remote diaphragm  control. Below  
that a panel carrying three sets of identical controls lor the 
three image orthicons. In two other panels are  housed the 
three video amplifiers with amplitude controls, black-level a d ­
justments and variab le  gamma correctors. The rack to the right 
contains a colour monitor ol the projection type 6).

Fig. 12
Photograph o f  an image-orthicon pick-up tube (right) with its chassis  
carry ing  deflection and focussing system  and pre-amplifier, and a vidicon 

with its complete ch ass is  (left), show ing the large difference in size.

7. C a m e r a  p ick-up  tube*

From the various ty pes ol pick-up tubes in use for mono­
chrome television onlv two have been selected for colour tele-«

vision, viz. the image orthicon and the vidicon. F o r  the televi­
sing of lil' e scenes the lormer is the only commercially availab le  
tube that has sufficient sensitivity to operate  a t  an acceptable 
low light level. This is an image orthicon especially  developed 
lor colour television. H ow ever , in cases  where high light levels 
are availab le , a s  in film scanners and for surgical and medical 
purposes, the vidicon has g rea t  advantages .
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W e  have had the opportunity of using in our experimental 
cam eras  a  vidicon which is still in a  lab o ra to ry  development 
stage . This tube has special qualities for  colour television. I t  
m ay  be used a t  low light levels without showing unacceptable 
trailing effects due to persistence or lag  of the photoconductive 
layer. I t  has a  very good black-level over the whole of the 
picture a re a  a s  there is little or no d ark  current, so d a rk ­
shading correction may be omitted. The definition is a lso  quite 
good.

W h en  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 atta in  in the case  of a  three-tube image orthicon colour 
camera, and, in addition, this tube is more sensitive to tem per­
ature variations and microphony. L a s t  not le a s t  there is the 
difference in size. Fig. 12 show s a  vidicon and an image orthicon 
with its focussing and deflection coils. C le a r ly  it will become 
easier  to construct a  colour cam era  with sm aller dimensions 
when such a  vidicon can be used.

References*

1. F. W .  d e  V r i j e r ,  Fundamentals of Colour Television, Philips Technical 
Review, vol. 19, no. 3, p. 86.

2. P. M. v  a n A 1 p h e n, Applications of the interference of light in thin films, 
Philips Technical Review, vol. 19, no. 2, p. 59.

3. L. H  e y n e, Operation and characteristics of the „Vidicon . Tijdschrift 
N.R.G., vol. 20, no. 1, p. 1, January 1955.

4. H. d e  L a n g ,  Compensation of aberrations caused by oblique plane-parallel 
plates. Philips Research Reports, vol. 12, no. 3, p. 181.

5. Principles of Color Television, Hazeltine Laboratories Staff, Chapter 11, p.
200.

6. T .  P o o r t e r  and F. W .  d e V  r ij e r, The projection of colour-television 
pictures. Philips Technical Review, vol. 19, no. 12, p. 338.

M anuscript ontvangen 8 juni 1959.





Deal 24 - No. 5 - 1959 255

Transmission of colour television signals

by J. Davidse * )

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

Summary
The p ap e r  d iscusses  the transmission o f  colour television s ignals  according 

to the N T S C  system. The choice o f  the chrominance signals, their band- 
w idths and o f  the subcarr ier  frequency is d iscussed. The consequences o f  
the method ol gam m a correction and o f  deviations from the constant- 
luminance principle are considered. The significance o f  the statist ics  o f  the 
chrominance signal is pointed out.

1. Introduction*

The companion p ap er  b y  d e  V r i j e r  explained the principles 
of colour television. I t  w as  s ta ted  that full information about 
the luminance and the colour of each p art  of the televised scene 
can be provided by three independent da ta .  A s  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 R, G and B.

I t  is the ta sk  of the transm ission system  to combine these 
three prim ary signals in a  suitable manner into one composite 
signal which can be transm itted b y  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 transm ission system.
The se are :
1. The colour-television receiver shall be able to present a  good 

colour reproduction of the original scene.
2. F o r  economical reasons the receiver has to be a s  simple a s  

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 b ro a d c a s t  shall reproduce it a s  a  normal

* )  Philips R e se a rch  L ab o ra to r ie s ,  N .V .  P h i l ip s ’ G loeilampenfabrieken, 
Eindh oven-Netherlands.
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black-and-white transmission. O n  the other hand a  colour 
television receiver has a lso  to be usable  for monochrome 
transmissions.

4. In view of this compatibility requirement and in view ol 
considerations of bandw idth  economy the signal has to be 
such that  it can be transm itted  within the existing t ra n s­
mission channels. The planning of these channels is b a sed  
on normal monochrome transm ission ; for the 625-line system 
their bandw idth  is 7 M c/s ,  the spacing betw een the vision 
and sound carriers  being 5.5 M c/s .
H ence about 5 M c /s  is ava ilab le  for the composite video 
signal.

A t  first glance these requirements must seem rath er  exacting 
and in some respects  conflicting, but it will be shown that a 
good compromise is quite well possible .

2. Basic principles of coloiuvtelevision transmission*

2.1. L u m i n a n c e  a n d  c h r o m i n a n c e  s i g n a l s .

L e t  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 p a r t  of the scene, while in monochrome 
television only information about the luminance is transm itted. 
A s  we have seen, full information concerning colour and lumi­
nance of the scene can be represented b y  three independent 
video signals. I t  will be c lear that no information gets lost if 
we transm it three independent combinations of these prim ary  
colour signals instead  of the signals themselves. M o re  specifically 
it is feasib le  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 tw o other combinations of 
the prim ary colour signals. W o rk in g  this w a y  and transmitting 
the luminance signal in quite the same manner a s  in monochrome 
television we gain tw o im portant ad v an tages .  F ir s t  we fulfil 
our requirement of compatibility: a  normal monochrome receiver 
will use the luminance signal in the normal w a y ,  hence a  normal 
black-and-white picture is reproduced. Second we can use to 
good ad v an tage  a  rem arkab le  p roperty  of the human eye. A  
picture in which only the luminance information is d isplayed 
sh arp ly  w hereas  the colour information is d isp layed  with much 
less  sharpness  is ap p ra ise d  a s  sharp  by the eye. This property
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can easily  be shown by a  simple experiment; in fac t  it has 
a lread y  many other applications, e.g. the well-known coloured 
picture p o stcard s  of lan dscapes  and beach-scenes. These are 
commonly normal black-and-white pictures to which very  roughly 
some colour is added. The resu lt  may be liable to discussion 
from the aesthetic point of view, but its main d raw b ac k  is 
certainly not a  lack  of sharpness.

I f  the three prim ary colours of the system  are chosen as  
explained in the p ap er  by d e  V r i j e r ,  the luminance of the 
scene is given by the signal:

V =  0.59 G +  0.30 R  +  0.11 B  ( 1 )

This signal is transm itted  in the same w a y  a s  a  normal 
monochrome signal, i.e. it is transm itted with the full 5 M c/s  
bandwidth. The two remaining signals determine only the colour 
to be reproduced and hence can be transm itted  with a  much 
smaller bandw idth according to the principle mentioned above.

2 .2 . T h e  d o t - i n t e r l a c e  p r i n c i p l e .

A t this s tage  we must look for  a  method to find room for 
these tw o narrow -band signals in the video band which is 
seemingly a lre a d 3̂  fully occupied by  our luminance signal. F o r  
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 ha lf  the line frequency, a s  is

eas i ly  seen from Figure 1. In this figure 
representing p a r t  of a  television scanning 
pattern  with a  disturbing frequency being 
present which is an odd multiple of half 
the line frequency, the letters A denote 
the dots produced by the disturbing signal 
in the first field of scanning. The letters B  
denote the dots occuring in the second field 
and in the same manner the letters C and 
D  represent the dots occuring in the third 
and the fourth field. Hence a  complete 
cycle of the disturbing pattern  tak es  up 

tw o full frame scannings. A s  is easily  seen from our figure the 
disturbing pattern s  are  opposite each other in successive lines 
and in successive fram es. B ecau se  of the integrating properties 
of the eye the light impressions of successive lines and fram es

F ig .  1
Scan n in g  pattern for 
odd multiple o f  ha lf  

the line frequency.
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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. M odulation  of our 
colour signals onto such subcarr iers  a llow s us to transm it these 
signals within the frequency band of the luminance signal.

3. The NTSC-transmission system*

3.1. M o d u l a t i o n  a n d  d e m o d u l a t i o n  o f  t h e  s u b  c a r r i e r  
s  i g  n a  l.

The method of introducing one or more subcarriers  into the 
luminance signal in the manner described  above is employed 
in alm ost all known experimental transm ission system s for colour 
television. These sy stem s differ in the number of subcarriers  
employed, the w ay  they are  modulated and the choice of the 
modulating colour signals. R a th er  than giving a  survey of all 
transmission system s investigated  until now we shall confine 
ourselves in this p ap er  to a  more detailed  discussion of the 
most developed system which is in our opinion the b e s t  one. 
This is the N T S C - s y s te m  7) which w a s  developed in the U .S .A .  
in a combined effort of all leading industries in the field, who 
for this purpose created  the N a t io n a l  Television System  C o m ­
mittee. O f  course this sy stem  is a d a p te d  to the American 
black-and-white s tan d ard  but the underlying principles can be 
applied  in E u ropean  versions of this system  a s  well.

This system  employs only one subcarr ier  m odulated by both 
colour signals. W e  shall denote these signals b y  /  and Q and 
for the present not consider in w hat manner they are composed 
of the prim ary  colour signals.

L e t  the angular  frequency of the subcarr ier  be co. The sub­
carrier  is amplitude-modulated by the first signal / ,  the subcarrier  
being suppressed . This can be achieved by employing a  balanced  
m odulator; a t  the output of the m odulator we obtain the signal 
/ c o s  cot. The second colour signal Q is m odulated in quadrature  
onto the subcarrier  in the same manner, hence the signal Q sin cot 
is obtained. A dding these signals together we get the composite 
chrominance signal:

/  cos cot +  Q sin cot =  ] / 2 -t- Q sin (cot +  arc tan (2)
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From  this formula we see that  we have modulated the su b­
carrier  in phase  a s  well a s  in amplitude by the colour signals. 
To demodulate the composite signal we multiply it in the 
receiver by  sin cot and by cos cot, respectively, and find:

( Q sin cot +  I  cos cot) sin cot =  \  I  sin 2 cot +  \  Q  — \  Q  cos 2 cot (3)

A fte r  filtering out the terms with double subcarrier  frequency 
we get \  Q.

In the same manner multiplication b y  cos cot y ie lds :

( Q sin cot 4- /  cos cot) cos cot =  \  Q sin 2 cot +  I I  +  I  cos 2 cot)

H  ence, a f te r  filtering we obtain /.
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 transm itter. F o r  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 bu rst” ) 
provides the reference phase  for  the local oscillator in the

luminance signal

^  n An fin n sub carrier signal

colour burst.
line synchronizing /  

impulse /

F ig .  2
Com posite  colour-television signal.

receiver. I t  is applied  
in the line-blanking 
interval a f te r  the 
line-synchronizing im­
pulse. Thus the com­
posite video signal 
will assum e the shape 
given in Fig. 2.

3.2. C h o i c e  o f  t h e  c o l o u r  s i g n a l s .

3.2.1. G e n e r a l  r e q u i r e m e n t s .  A t  this s tage  the problem 
of selecting the signals I  and Q ar ises .  F ir s t  of all we have 
to b e a r  in mind that in the receiver we have to retransform  
the signals Y, I  and Q into the prim ary colour signals R , G 
and B.. To get a  simple transform ation it is advan tageou s to 
choose for /  and Q a s  well a s  for Y  linear combinations of 
the prim ary colour signals. A s  we have seen Y  is transm itted  
with full bandw idth  w hereas I  and Q are  narrow -band signals. 
Assuming equal bandw idths for  the /  and ^-s ignals  to facilitate  
our considerations, we can split up each of the prim ary  colour 
signals R,  G and B  into a  low-frequency part ,  which is t r a n s­
mitted b y  the signals I  and Q a s  well a s  by the luminance
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signal Y, and a  high-frequency p a r t  which is transm itted  by' 
the luminance signal only. D enoting the low-frequency p ar ts  
by  the subscript L  and the high-frequency p a r t s  by the sub­
scrip t H y we can w rite :

Y  =  Y l  +  Yff =  0,30 (R l  4 R h ) +  0,59 ( G l  +  Gh ) +
0,11 ( B l  +  B h ) (5a)

I  =  «1 R l  +  fix Gl  +  71 B l  (5b)

Q =  a2 R l  +  /?2 Gl  +  y2 B l  , (5c)

where the symbols a and denote numerical constants. In the 
receiver we obtain the low-frequency p ar t s  of R, G and B  by 
weighted addition of Yl, I  and Q. To the three prim ary  colour 
signals obtained in this w a y  we add  the high-frequency p art  
of the luminance signal VHf which is commonly termed the 
"m ixed highs” . Hence, to produce the prim ary signal R  in the 
receiver we have to add  to the luminance signal VL +  Yh the 
signal: R l — Yl ; to get B  we have to ad d :  B l — Yl etc. H o w ­
ever, it is desirab le  to avoid the necessity  of having to form
the sep ara te  p a r t s  YL and YH in the receiver, since this leads 
to ra th er  severe complications. Form ation of the signal Yl from 
the luminance signal requires a  filter w hose amplitude response 
is exactly  matched to that of the corresponding filters in the 
transm itter. This complication is avoided if the /  and (^-signals 
are  chosen in such a  manner that  it is possible to obtain in 
the receiver the signals R l — Yl, B l — YL and Gl — YL without 
making use of the luminance signal Y, but using only the signals 
I  and Q, O bv iously  to make this possib le  it is sufficient to 
choose for /  and Q linear combinations of R l — YL and B L — YL. 
I f  R l — YL and B L — YL are  ava ilab le  we can obtain Gl — YL 
from them quite simply, a s  this signal is a lread y  in itself a 
linear combination of R l — Yl and B l — Yl .

Such a  choice for  the signals /  and Q has an important second 
advantage . A s  w as  explained in the p ap er  by d e  V r i j e r  the 
signal sources are  arran ged  in such a manner that in reference 
white (Illuminant C) the three prim ary colour signals are  equal 
in magnitude, hence for white we have R  =  G — B  — Y. This 
means that for  colourless p a r t s  of the scene R  — Y  =  B  — Y  =  0 
and hence also  I  =  Q — 0.  From  expression  (2) for  the composite 
chrominance signal we see that the subcarr ier  amplitude then 
also  equals zero. This means that we have no subcarrier  signal 
in colourless p ar ts  of the picture, while the subcarrier  amplitude
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Chrom atic ity  d iagram  show ing colour-subcarrier  phase  as  
a  function o f  reproduced chromaticity (y =  1.0).

increases with increasing saturation  of the colour to be t ra n s­
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 d iagram  we obtain Fig. 3.

The assumption of linearity of the system is an oversimplifi­
cation a s  the actual system is on purpose made non-linear to 
correct for  the non-linearity of the d isp lay  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 p a r t  o f this p a p e r  we shall d iscuss 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 a t  this stage ,
i.e. the most suitable choice of linear combinations of R - Y  and 
B- V for  the signals I  and Q. W h e n  the signals I  and Q are  
modulated with equal bandw idths onto the subcarrier, their 
composition is b a se d  on considerations concerning:
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1. The a llow able  oversw ing of the subcarrier  signal, that is: 
the amount by which the subcarrier  signal su rp asse s  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 p a r t s  of the chromaticity d iagram  the 
proper relation ex ists  between subcarrier  phase and hue, 
viz. that the hue-differences which are ju s t  noticeable to 
the eye correspond to the same phase  deviations.

F o r  a  detailed discussion 
of this problem we refer 
to the literature on the 
subject l0). Investigations 
b ased  on the considerations 
mentioned above lead  to 
the following choice of both 
colour signals to be modu­
la ted  in quadrature  onto the 
subcarrier :

0.49 ( 3  — Y)  and 
088 (R  -  Y).

H ence, the composite 
colour-television signal can 
be w ritten :

wS =  Y  +  0.49 (B  — Y)  sin cot 
4- 0.88 ( 3  — Y)  cos cot (6)

Fig. 4 shows the subcarrier  amplitude and phase for sa tu rated  
colours of maximum luminance if the colour signals are  composed 
in this w ay.

3.2.2. U n e q u a l  b a n d w i d t h s  o f  I  a n d  ( ^ - s i g n a l s .  In 
the case of different bandw idths o f the I  and ^-s igna ls  the 
problem is more difficult. The same considerations a s  in the 
case  of equal bandw idths app ly , but in addition the question 
ar ise s  a s  to how the ex tra  bandw idth  has to be employed. 
Before  dealing with this problem we shall first show that  it 
is possible to transm it the signals /  and Q with different band- 
widths. This is easily  seen if we observe more closely  the 
process  of synchronous detection, which is expressed  in the

S u b c arr ie r  amplitude and ph ase  for 
sa turated  colours.
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relation s (3) and (4). These re lation s indicate th at for sy n ­
chronous detection  o f the colour signals both sideban ds of the 
m odulated signals m ust be present. I f  one sideband of, e .g .t the 
/-sign a l is su p p ressed  w e find full c ro ssta lk  of the /-sign al into 
the 0-channel. L e t us now consider the case  of different band- 
w idths fo r the /  and 0-sign a ls. L e t  ƒ /  be the cut-off frequency 
of the /-channel and f q  th at of the 0-channel. Furtherm ore we 
suppose f / ^ > / q . W e  now app ly  double-sideband m odulation to the 
0 -signal but vestig ial-sideban d  m odulation to the /-sign al in such a  
m anner th at all com ponents o f this la tte r  sign al which contain 
frequencies up to / q are double-sideband m odulated, while the 
rem aining com ponents, containing frequencies betw een f  q and ƒ/, 
are  single-sideband m odulated. In th at case  there w ill not be 
any c ro ssta lk  of the 0 -signal into the /-channel, w h ereas only 
those com ponents of the /-sign al which contain frequencies 
betw een f q  and ƒ / w ill c ro ssta lk  into the 0-channel. H ow ever, 
the 0 -signal itse lf  does not contain these frequencies because 
f q  is the upper limit of its bandw idth , hence the crossta lk in g  
com ponents from  the /-sign al can easily  be rem oved from the 
0 -signal by a  simple low -p ass filter w ith cut-off frequency f q .

I f  the com posite colour-television signal is com posed along 
the lines set forth  until now, its video-spectrum  w ill be a s

presen ted  in F ig . 5, w here it 
is com pared with th at o f nor­
m al monochrome signal, the 
only difference being the p re ­
sence of the su b carrier signal.

H avin g thus proved  the 
possib ility  of em ploying d if­
ferent ban dw idth s fo r the /  
and 0 -signals we sh all con­
tinue our d iscussion  of the 
choice of these sign als and 
their bandw idths.

I t  w ill be clear th at in spite 
of the em ploym ent of dot- 
in terlace a  certain  am ount of 
c ro ssta lk  betw een the lumi­
nance signal and the su b carrier 
sign al w ill be ob servab le , due 
to the non-ideal in tegrating 
properties of the eye and the

F ig . 5
a )  M onochrom e-television  channel. 

b) C olour-television  channel.
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non-linear behaviour of the transm ission  system , which cau ses 
the su b carrier signal to be rectified. This rem aining c ro ssta lk  
is stron ger a s  the su b carrier frequency is located  low er in the 
video band and the bandw idths of the colour sign als are  larger. 
O n  the other hand it w ill be c lear th at a  too severe bandw idth  
lim itation of the su b carrier  h as to be avoided , too, a s  this w ill 
cause a  lack  of sh arpn ess of the picture. H ence a  good com­
prom ise has to be found betw een these conflicting requirem ents. 
This com prom ise depends am ong other things on the av a ilab le  
video bandw idth , so it has to be determ ined anew  for each 
individual ad ap ta tio n  of the N T S C -sy ste m  to an existing black- 
and-w hite stan d ard . The only method to find optimum com­
prom ise is to ca rry  out su itab le  exp erim en ts2) 8) 7) 11). Such 
experim ents have to include an investigation  into the effects of 
bandw idth  lim itation in the I  and (^-channels on the quality  
of the reproduced picture, and into the m utual c ro ssta lk  betw een 
luminance and colour inform ation.

The final resu lt depends on, am ong other things, the non-linear 
behaviour o f the transm ission  system . \V e  sh all therefore d is­
cuss the re su lts  o f such experim ents a fte r  the d iscussion  of the 
non-linear behaviour of the system . F o r  the presen t we sh all 
give the final resu lt o f the experim ents supposing the to ta l
av a ilab le  bandw idth  to be 5 M c/s, a s  is the case  in the E u ro ­
pean 625-line system . A  good com prom ise is obtained if the 
bandw idth  of the /-sign al is ab ou t 1.3 M c/s and th at of the 
(^-signal ab ou t 0.5 M c/s, if we com pose the I  and (2-signals in 
the sam e m anner a s  in the A m erican system , th at is :

/  =  -  0.28 G +  0.60 R  -  0.32 B  (7a)

Q =  -  0.52 G 4- 0.21 R  +  0.31 B  (7b)

5 .3 . B l o c k  d i a g r a m  o f  t h e  c o m p l e t e  t r a n s m i s s i o n  
s  y  s  t e m .

W e  are  now able to give a  block d iagram  of the com plete 
transm ission  system . The device which form s the com posite 
N T S C  signal from the three prim ary colour sign als is commonly 
term ed the encoder. I ts  block d iagram  is given in Fig. 6a. The 
input sign als R, G and B  are  lin early  tran sform ed  into the 
signals Y, /  and Q b y  the m atrix  circuit. A fte r  having p a ssed  
different low -pass filters the I  and {^-signals are  m odulated in 
qu ad ratu re  onto the su b carrier.
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a

From

b

F ig . 6
a )  B lo ck  d iag ram  o f encoder.
b) B lock  d iagram  o f decoder.

The m odulated sign als are  added  together, thus form ing the 
com posite su b carrier  signal, which is finally ad d ed  to the lumi­
nance signal. In the luminance channel and in the /-channel 
delay  lines are  provided to m atch the different time d elay s of 
the various filters.

The com posite sign al is tran sm itted  by a  r.f. tran sm itter, 
received, and detected  by the second d etector in the receiver. 
The signal is then decoded, th at is : from  the com posite signal 
the three prim ary  colour sign als are  re-form ed. The decoder 
section of the receiver is given in F ig . 6b. The su b carrier signal 
is taken  from the com posite signal with the aid  of a  b an d -pass 
filter. The b u rst sign al is keyed out and em ployed in the re ­
gen erator which provides the dem odulating su b carrier, which 
is fed  to tw o synchronous detectors, producing the /  and Q- 
sign als from  the com posite su b carrie r  signal. A fte r  filtering these 
signals are  fed to a  m atrix  circuit togeth er w ith the luminance 
signal Y. The output signals R, G and B  o f this circuit are  
fed  to the d isp lay  tube.
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4.1. T h e  c o n s  t a n t - l u m i n a n c e  p r i n c i p l e .

F o r  convenience we have so fa r  ignored a ll non-linearities 
in the system . I t  w ill now be n ecessary  to include this ex tra  
com plication of the tran sm ission  problem  into our considerations.

F o r  a  linear system  the ,,constant-lum inance principle” is valid . 
A  colour-television system  is sa id  to be designed in accordance 
w ith this principle if none of the signals in the narrow -band 
chrominance channel contributes to the luminance o f the re ­
produced picture. Am ong other things this m eans th at the 
bandw idth  lim itations in the chrominance channel do not affect 
the luminance rendering 4) 6) 9).

4.2. G a m m a  c o r r e c t i o n  in c o l o u r - t e l e v i s i o n .

A s is w ell-know n a ll d isp lay  devices show  non-linear ch arac­
teristic s. The relation  betw een  beam  current and driving vo ltage 
is given by an expression  of the ty p e : i  — k V^, w here k denotes 
a  num erical con stan t and y is the "g am m a" o f the tube, which 
is u su ally  ab o u t 2.2. I f  w e w an t to avoid  non-linear circuits in 
the receiver which correct this non-linearity, w e have to in tro­
duce the correction  a t  the cam era end. In monochrome television  
this is accom plished in a  simple m anner b y  tran sm ittin g the 
sign al Y 1!? in stead  o f the sign al Y, but in colour-television the 
m atter is considerably  more com plicated. I f  w e w an t to adhere 
to the constant-lum inance principle, we m ust em ploy a  luminance 
sign al which carries a ll luminance inform ation. The luminance 
o f the original scene can be represen ted  by :

L  =  0.59 G 4- 0.30 R  4- 0.11 B  (8)

H ence, to sa t is fy  the constant-lum inance principle the lumi­
nance sign al has to be o f the general type:

Y" =  p  (0.59 G  4- 0.30 R  4- 0 .1 1 B ) \  (9)

w here p  and q are  con stan ts. O ne might choose q =  l/y, y again  
being the gam m a o f the picture tube. In order to produce the 
correct picture this tube has to be fed w ith sign als o f the ty p e : 
G R ' l ?  and  I t  w ill be c lear th at, supposing the lumi­
nance sign al to be of the form (9), it is im possible to find /  and 
ö -sig n a ls  which, togeth er w ith the sign al Y",  can be used to 
form  the sign als G'l?, R 1 iy and B '  It, w ithout requiring non-linear
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elem ents in the receiver. The application  o f non-linear elem ents 
h as to be avoided, if possib le , a s  it com plicates the receiver 
severely . F o r  this reason  a  com prom ise is accepted  in p rac tice : 
The gam m a correction is app lied  to the prim ary  colour sign als, 
ra th er than to the luminance signal. This m eans th at the signal 
sources are  m ade to deliver d irectly  the sign als G' — G llv, R ' =  
R x!v and B ' =  B 1!?. These sign als are  trea ted  in quite the sam e 
m anner a s  the sign als R , G and B  in the linear system  a s  
described  above. H ence a t  the output term inal o f the m atrix  
netw ork  in the receiver we obtain  the signals G '1?, R 'l?  and 
B which are  precise ly  the sign als needed to drive the picture 
tube. H ow ever, this im plies th at the luminance sign al can be 
w ritte n :

Y ’ =  0.59 G '1? +  0.30 R'/r +  o .n  B'/y ( 10)

B y  com parison with (9) w e see im m ediately th a t this signal 
does not sa t is fy  the constant-lum inance principle. N ev erth e le ss  
the proper sign als are  fed to the picture tube, hence the p roper 
luminance values are  reproduced. This m eans th at p a r t  of the 
luminance inform ation has reached the d isp lay  device v ia the

C o lo u r-su b carrier  p h ase  a s a  function o f  reproduced  chrom aticity  (y  =  2 .2 ).



268 J. Davidse

n arrow -ban d chrominance channel. A ssum ing y =  2 to sim plify 
the calcu lations, one finds th at the reproduced  luminance is 
given by:

L  =  F 2 +  0.4 6 1'2 +  0. 15 1 ' 0 '  +  0.67 0 '2, ( 1 1 )

w here 0 ' and  / '  denote the /  and 0 -signals according to (7 ) 
but com posed o f the gam m a-corrected prim ary  colour signals 
R \  G' and B \

A s a  consequence, the contours of equal su b carrier phase in 
the colour triangle w ill d iffer from  those fo r  the linear t r a n s­
m ission system . T hey are  presen ted  in Fig . 7  fo r  y =  2.2.

4.3. S t a t i s t i c a l  p r o p e r t i e s  o f  t h e  c h r o m i n a n c e  s i g n a l .

From  ( 1 1 ) we see th at the su b carrier sign al is elliptical, th at 
is : the 0 -signal contributes more to the luminance than the /- 
signal. H ence, w e might expect from ( 1 1 ) th at the bandw idth  
lim itations in the 0 -channel w ill have a  g re a te r  bearin g on the 
rendering of the luminance d eta il than those of the /-channel. 
R em ark ab le  enough experim ents show th at in practice this holds 
only for artificial sign als. I f  norm al picture m ateria l is used  the 
resu lt is even opposite to w h at is to be expected  from  ( 1 1 ). 
A  closer investigation  into this phenomenon show s th a t it is 
cau sed  by the sta t is t ic a l d istribution  o f the colours in norm al 
scenes. i f  we dem odulate the su b carrier signal, according to 
Fig. 4, w ith different p h ases of the dem odulating su b carrier 
thus obtaining different linear com binations o f O.49 ( B  — F ) and
0.88 (R  — F ), then we find th at the av erage  sign al content is 
maximum if the ph ase  of the dem odulating su b carrie r  is a t  an 
angle of ab o u t 30° with the (R  — F )  phase, w h ereas a  minimum 
occurs when this angle is ab o u t 100° larger. The av erage  signal 
contents for the maximum and minimum axes are  in the p ro ­
portion  of ab ou t 3 : 1 . This resu lt provides a  sound reason  for 
encoding the colour inform ation in such a  m anner th at the com­
posing signals B  and 0 '  have different bandw idths. In th at case 
the /-sign al, which has the la rg er  bandw idth , h as to correspond 
to the colour inform ation of the ax is o f maximum sign al content 
a s  found above. The other signal has to be in q u ad ratu re  with 
this signal and hence carries the colour inform ation corresponding 
to an ax is, close to the minimum signal-content ax is.

4.4. T h e  c o m p o s i t e  c o l o u r - t e l e v i s i o n  s i g n a l .

F o r reason s mentioned before the sign al h as to be such th at
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the vector p resen tation  of F ig . 4 app lies, th at is : R —Y and 
B  — Y  m ust be m odulated in q u ad ratu re  onto the su bcarrier. 
H ow ever, this does not imply th at the sign als R  — Y  and B  — Y 
them selves have to be used in the m odulation p rocess. A s is 
read ily  seen from  F ig . 4 an infinite num ber of se ts  o f axes which 
are  in q u ad ratu re  to each other can be given. A ccording to our 
experim ental re su lts  the m ost su itab le  se t o f these ax es is a t  
an  angle o f ab ou t 30° w ith the se t R' — Y ' / B ' — Y'. In the A m e­
rican  system  this angle is 330. A s w as explained before the 
/-sign al is vestig ial-sid eban d  m odulated on the su b carrier  while 
the 0-sign al is double-sideband m odulated. The com posite signal 
can therefore be w ritten :

S  =  Y' +  0 ' sin (cot +  330) +  / cos (cot +  330)

A t frequencies below  f q w e have double-sideband m odulation 
fo r 1' a s  w ell a s  for Q', hence a t  these frequencies the given 
exp rsssion  has to be equivalent with our original expression  (6), 
o r:

5  =  Y' +  0.49 (B ' -  Y') sin cot 4- 0.88 (R ' -  Y') cos cot. (13)

To be in accord  w ith these equations the B  and ^ '-sign a ls 
have to b e :

0 '  -  0.41 (B ' -  Y') +  0.48 (R ' -  Y ') =
-  0.28 G' 4- 0.60 R ' — 0.32 B ' (14a)

/ '  =  -  0.27 (B ' -  Y') 4- 0.74 (R ' -  Y ') =
— 0.52 G' +  0.21 R ' 4-0.31 B ’ (14b)

These equations are  equivalent w ith equations (7), given earlier.

4 .5 . B a n d w i d t h  o f  c o l o u r  s i g n a l s  a n d  c r o s s t a l k  p h e -  
n o m e n a.

The choice of different ban dw idth s fo r the I '  and 0'-channels 
being m otivated, we still have to find the optimum values fo r 
these bandw idths. This h as to be done b y  carrying out su itab le  
experim ents. W e  sh all not describe such experim ents in de­
ta il  ’) 2) u ) but confine ourselves to the m ost im portant resu lts.

I f  we tran sm it the luminance sign al and the su b carrier signal 
sep ara te ly , thus elim inating a ll chances th at c ro ssta lk  occurs 
betw een these sign als, w e can obtain  d a ta  abou t the visible 
effects o f bandw idth  lim itation in the colour channels. A s a lread y
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mentioned these effects include luminance erro rs a s  w ell a s  errors 
in the colour reproduction , due to the lack  o f con stan t luminance 
in the system . O n  the other hand experim ents can be carried  
out which perm it the investigation  of the visible effects o f m utual 
c ro ssta lk  betw een the luminance signal and the m odulated su b ­
carr ie r  signal. A s to the c ro ssta lk  of the su b carrier  sign al into 
the luminance channel: due to non-ideal in tegrating p roperties 
o f the eye and the rectification of the su b carrier  sign al caused  
b y  the non-linear ch aracteristic s of the picture tube, we cannot 
avoid  having to use a  su b carrier suppression  filter in the lumi­
nance channel of the receiver. I t  turns out, how ever, th at it 
is not n ecessary  to su p p ress the su b carrier signal com pletely. 
I f  a  re la tiv e ly  narrow  ban d  around the su b carrier  frequency 
is rem oved by filtering, the rem aining c ro ssta lk  caused  by  the 
sideban ds o f the su b carrier  signal is only sligh tly  visible, and 
less so a s  the su b carrier  frequency  is located  higher in the video 
band.

A s to the c ro ssta lk  of the luminance signal into the su b carrier  
channel: the high-frequency com ponents o f the luminance signal 
in the neighbourhood of the su b carrier  frequency are  treated  
by the su b carrier dem odulators a s  sid eban d s o f the su b carrier  
sign al and hence give rise to spurious output sign als o f these 
dem odulators. The m agnitudes of these spurious sign als m ay be 
assum ed to increase roughly proportion al w ith the bandw idth  
o f the /  and 0-channels. The experim ents show  th at these 
spurious sign als are  m ainly visible by  their luminance contri­
bution. W e  can see from (11) th at the luminance contribution 
o f sign als in the ^-channel is con siderab ly  la rg e r  than th at of 
sign als in the /-channel. A s the luminance contribution of the 
signals is approxim ately  proportion al to the squ are  o f their 
am plitude it is roughly proportion al to the sq u are  o f their b an d ­
w idth. O n  the other hand w e have seen th a t the inform ation 
content d iffers con sid erab ly  for both colour sign als. Com bining 
the experim ental re su lts  on the sta t is t ic s  o f colour sign als and 
on the phenom ena o f m utual c ro ssta lk  betw een  luminance and 
chrominance sign als we m ay d raw  the follow ing im portant con­
clusion: For  either colour sign a l there exists an optimum bandzvidth. 
I f  one increases the bandwidth beyond this value the use f i d  infor­
mation ga in ed  by increasing the bandwidth is o f  m inor p ractical 
importance whereas the crosstalk o f  the luminance s ign a l into the 
chrominance channel increases rap id ly .

E xp erim en tally  it w as found th at this optimum ban dw idth  is
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abou t 0.5 M c/s for the ^ -sig n a l and 1 .3 M c /s  fo r  the /-signal. 
F o r  the 625-line television  stan d ard  a  su b carrier frequency in 
the neighbourhood of 4.5 M c/s  is, therefore, to be p referred . 
The m ost su itab le  frequency in this region is 4.429687 M c/s, 
which equals 5&7 ^  f l  being the line frequency. Since 5^7
— ( 34 X 7) does not contain la rg e r  fa c to rs  we can use simple 
frequency dividers.

d.6 . V i s i b i l i t y  o f  th e  l u m i n a n  ce e r r o r s .

Fin ally  we shall d iscuss briefly the consequences of the lack  
of constan t luminance in the system . A s w e saw  before p a r t  
o f the luminance inform ation is tran sm itted  by the n arrow -ban d 
chrominance channel. This causes d istortion s in the luminance 
rendering, viz. a t  sh arp  tran sien ts in sa tu ra te d  colours, generally  
known a s  “ luminance notches” 9). These luminance notches are 
very  pronounced in artificial p ictures, such a s  colour-bar signals. 
H ow ever, in norm al p ictures these effects are  only seldom  visible. 
This is again  due to the sta t is t ic a l p ro p erties of the su b carrier 
signal.

From  (11) one can easily  see th at the effects o f constant- 
luminance failure occur m ainly in sa tu ra te d  colours, th at is : 
fo r large  values o f the su b carrier am plitude. M easurem en ts 
carried  out on the d istribution  o f the am plitude levels o f the 
su b carrier sign al fo r norm al p ictures dem onstrated  th at only 
during 1 °/0 o f the to ta l time the su b carrier  level su rp asse s  h alf 
the maximum value. A s the luminance erro rs depend roughly 
qu ad ratica lly  on the su b carrier  am plitude, w e can sta te  th at 
only during 1 °/0 of the time the erro rs exceed 25 °/0 o f their 
maximum possib le  value.

From  all these experim ental re su lts  it will be c lear th at in 
the transm ission  o f colour-television signals the sta t is t ic a l p ro ­
perties of the sign als p lay  an im portant role.

5. Tritanopia of the eye to small objects versus signal 
statistics*

I t  should be noted th at the d iscussion  o f the tran sm ission  
system  a s  p resen ted  in this p ap er  differs in some resp ects from 
th at given in m ost publications on the subject. The choice o f 
the colour sign als and o f their ban dw idth s is u su ally  described  
a s  re la ted  to the tritan o p ia  (a  kind o f p a rtia l colour-blindness)
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of the human eye to sm all ob jects 8) 8) 9). H ow ever, the resu lts 
o f many experim ents on the ad ap tatio n  of this transm ission  
system  to the 625-line television  stan d ard  have show n us th at 
certain  phenom ena, which cannot be explained w ith the usual 
theory, fit in very  w ell w ith the “ s ta t is t ic a l” approach . O f  
course w e do not doubt the w ell-estab lish ed  fa c t  ol tritan op ia  
of the eye to sm all o b jects; we m erely believe th at it does not 
provide an ad equ ate  explanation  of the phenom ena observed  if 
bandw idth  lim itation is applied  to the chrominance sign als.

In m any re sp ec ts  both  theories lead  to the sam e resu lts, but 
in d eta iled  d iscussions on the p ossib ilities o f im provem ents of 
the sy stem  both view s lead  to som ew hat d ivergent conclusions.
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Colour television receivers

by H. Breimer * )

1. Introduction*

Since ab ou t 1951 m any experim ental receivers fo r  a  one- 
su b carrier  colour television  system  have been constructed in 
the U .S .A ., E n glan d , the N eth erlan d s and other co u n trie s3) 2) 3). 
M an y  p ap ers  dealing w ith typ ical circuits fo r colour television 
receivers have ap p eared . H o w ev er no com bination of circuits 
has y e t em erged th at form s a  com pletely sa tis fa c to ry  colour 
television  receiver.

I t  is im possible in an article  of p rac tica l size to com pare the 
m erits o f the m any circuits av a ilab le  fo r  each of the colour 
television receiver functions.

In view  of this situation  the author feels free to describe 
the functions th at should be in corporated  in a  colour T V  re ­
ceiver and to illu strate  the descriptions w ith the circuits of 
the receiver designed a t  the Philips R esearch  L a b o ra to r ie s  a t  
Eindhoven. The read er  should b e a r  in mind how ever th at the 
d eta iled  circuits are  not rep resen tative  o f current design practice 
in the U .S .A .

2 . Signal processing*

The signal decoding functions perform ed by  the colour te le­
vision receiver w ill be described  with reference to the d iagram  
in fig. 1. The blocks m arked  w ith an a ste r isk  are  not p resen t 
in a  monochrome receiver. The other circuits, though in prin­
ciple equivalent to their cou n terp arts in the monochrome re ­
ceiver, have to handle a  d ifferent type of signal.

C onsequently , some of their p roperties are  different. The 
N T S C  type of colour television  sign al a s  produced by an 
encoder has been described  in a  com panion p ap er  by  D a v id se 4). 
In fig. 5b of th at p ap er is show n how the three sign als Y, I

* )  P h ilips R esearch  L ab o ra to r ie s , N .V . P h ilip s ’ G loeilam pen fabrieken  
E in dh oven -N eth erlan ds
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and Q are  p laced  in the av a ilab le  video band. I t  should be 
noted th at there are  tw o regions of large  av erage  sign al energy 
surrounding respectively  the picture carrier  and the colour 
sub-carrier.

In a  monochrome signal, large  energy sign al com ponents are  
found only near the picture carrier  fo r av erage  program m e 
m aterial. The low  frequency colour com ponents, th at are  con­
verted  to the upper p a r t  o f the video spectrum , form  the se ­
cond region w ith large  ra d ia te d  signal energy.

C onsequently , erro rs of am plitude- and ph ase  response in 
the high video frequency region of the i.f. am plifier are  more

F ig . 1
B lock  d iagram  colour T V  receiver.

serious than in monochrome receivers. They cause some colour 
tran sien t defects, am ong which coloured sm ears are  the m ost 
annoying.

A furth er poten tial source o f poor colour perform ance is the 
detection p ro cess. W h en  chrominance com ponents w ith a  re la ­
tively  high am plitude are  p resen t a t  the detector, the la tte r  
h e sita te s which carrier  to tak e  a s  a  reference fo r  detection. 
The resu lt is interm odulation of the luminance and chrominance 
s ig n a ls5). The d isto rted  luminance sign al is ch aracterized  b y  a  
diminution of the sign al level dependent on the am plitude of 
the chrominance signal. The chrominance sign al d istortion  tak es 
the form  of an atten uation  dependent on the luminance signal 
level. F o r  a  severe case , the d isto rted  sign als are com pared to
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the original sign als in fig. 2. The sign al used fo r this illustration  
is one line of a  te s t  p attern  consisting o f coloured vertical 
b a rs  o f maximum luminance and satu ration , flanked by a  white 
and a  b lack  bar. The luminance d istortion  is p articu larly  trou ­
blesom e in a  colour picture.

F ortu n ate ly  many m easures can be taken  to re str ic t  these 
d istortions to a  to lerab le  limit even under ad v erse  conditions. 
O ne of them is to use tw o detectors designed in such a  w ay  
th at one detector circuit delivers only the luminance signal, 
and the other an u n d istorted  chrominance signal. This is e f­
fected  by p artly  su p p ressin g  the chrominance signal prior to 
detection of the luminance signal. In the channel prior to the

Luminance signal distortion.

Chrominance signal distortion.

2

other detector the picture carrier  is enhanced relative to the 
chrominance signal. This m easure, it is true, produces a  d isto r­
ted  luminance signal togeth er w ith the correct chrominance 
signal in this channel; in the subsequent chrominance b an d -pass 
am plifier, how ever, this luminance signal is rejected.

A fte r  detection  the luminance sign al is am plified and p assed  
on to the kinescope guns v ia  a  d istributing netw ork. This 
netw ork  is n ecessary  in o rd er to correct fo r the unequal ph os­
phor eificiencies. W ith o u t it no co lourless g ra y  scale  could 
be reproduced.

A t a  su itab le  p lace in the luminance sign al channel the in­
sertion  o f a  d e lay  line is n ecessary  in order to ensure exact 
time coincidence of the luminance- and colour-difference signals 
a t  the kinescope guns. The signal d e lay s in the luminance and
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colour channels are  different because of the different band- 
w idths in those channels. The am ount o f delay  th at should be 
introduced in the luminance channel depends on the receiver 
design and lies betw een 0.5 and 1 fx sec in m ost cases.

The d isp lay  device used in alm ost every  colour T V  receiver 
to d ay  is the three gun sh adow -m ask  kinescope. A  g rea t deal 
has been published ab ou t this tube and its co n stru ction 6) 7), so 
no further description  w ill be given here.

In m ost receivers negative luminance sign als ( — P) are  fed 
to the cath odes o f the three guns, w hilst colour difference 
sign als (R  — Y, G — Y  and B  — Y)  are  applied  to the control 
e lectrodes. This resu lts in the required  m odulation of the gun 
currents by the colour sign als ( R , G and B).

T he maximum peah-to-peak  vo ltage  excursions of the F, 
R  — Y, G — V and B  — Y  sign als fo r  one specific colour T V  
receiver design are  tab u la ted  below .

T A B L E  I

red gun F 65 V (black-to-w hite)
R -  Y 9 i V

green gun Y 47 V
G - Y 39 V

blue gun Y 40 V
B- 7 1 V

In the chrominance sign al channel the colour difference sig ­
nals are  derived from the original com posite signal. The correct 
w ay  to do this is first to obtain  /  and Q sign als from  tw o 
synchronous dem odulators w orking along the ap p ro p ria te  axes.

I f  these dem odulators are  follow ed by  lo w -p ass filters with 
bandw idths equal to those used in the encoder, the original 
sign als can be recovered  w ithout cross ta lk  betw een the I  and 
Q inform ation. A s the colour difference sign als are  linear com­
binations of the /  and Q sign als, they can be produced in a  
’m atrix' circuit perform ing very simple functions. This type of 
sign al p rocessin g  is used in our experim ental receiver. In order 
to get a  som ew hat sim pler and ch eaper receiver the colour 
difference sign als can be obtained d irectly  from  dem odulators. 
In th a t case  the dem odulators should w ork  along other axes,
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e.g. the R —Y  and B —Y  axes. The G —Y  signal, being a  linear 
com bination of R —Y  and B — Y, is then m ade in a  sim ple m a­
trix  circuit.

O f  course cross ta lk  com ponents w ill now be found in the 
region o f 0.5 up to 1.5 M c/s, owing to the single sideband  
m odulation o f /  com ponents in this re g io n 5) 8). H ow ever, the 
colour tran sien t d istortion  produced by  this form of cro ss-ta lk  
is so sm all th at it is h ard ly  noticeable in ord in ary  program m e 
m aterial.

3. Synchronous demodulators*
Three b asic  ty p es o f synchronous dem odulator circuits applied  

in colour television receivers are  draw n  in fig. 3.

Synch ronous dem odulators.

The pen tagrid  m ixer of fig. 3a  w as used in the first receivers.
The useful video output is sm all.
R ejection  of the signal component (qu ad ratu re  component) 

go° out o f ph ase w ith the w an ted  signal com ponent can be 
very  good in this dem odulator.

Fig. 3b show s the so called  high-level dem odulator. The 
idealized circuit can be represen ted  by a  sw itch, opening and 
closing a t  moments p rescribed  by the reference su bcarrier. 
The action o f this sw itch is to clam p the signal a t  a  fixed level 
every  time it closes.
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In this w ay  the desired  video signal is recovered  by clam ping 
a t  the signal tips. Q u ad ra tu re  inform ation is re jected  because 
signals 90° out o f phase are  clam ped a t  the moments the sig ­
nal is p assin g  through zero, thus producing no video component. 
This dem odulator can deliver a  u sab le  sign al oi 80 to 100 Vpp. 
In order to obtain  this large  output the opening angle of the 
sw itch should be 60-100 degrees. C om plete q u ad ratu re  rejection 
is only possib le  a t  infinitesim al opening angles. Then how ever 
the output is infinitesim al too.

In con trast w ith the tran sien t d istortion  produced by q u a­
d ratu re  cro ss ta lk  re ferred  to in the previous chapter, the 
incomplete q u ad ratu re  rejection  m entioned above produces large 
a re a  ph ase (hue) errors. The high level dem odulator is used 
in cheap receivers, w here the dem odulator d irectly  drives the 
the kinescope electrode w ithout further am plification.

F o r  video outputs up to 10 Vpp the dem odulator of fig. 3c 
is a  very  useful circuit. This circuit ac ts  like a  b ila te ra l sw itch, 
and the ph ase e rro rs due to im perfect qu ad ratu re  rejection  are  
in general sm aller than those encountered in high-level dem o­
d u lato rs if only the applied  reference su b carrier  am plitude is 
3 to 5 tim es the app lied  chrominance signal. This condition 
precludes the use of this circuit fo r video outputs o f more 
than 10 Vpp.

F o r  I —Q receivers, w here m atrixing is n ecessary , this b a ­
lanced diode dem odulator is a  usefu l circuit. The n ecessary  
am plification o f 10 to 20 tim es betw een  the dem odulators and 
the kinescope e lectrodes can e a sily  be in corporated  in a  m atrix  
circuit, e.g. a  common cathode m atrix  circuit (fig. 6) 6).

4. Reference subcarrier regenerators*
The reference su b carrier  signal used to op erate  the synchro­

nous dem odulators should have a  fixed ph ase  relationship to 
the su b carrie r  u sed  in the encoder. P h ase  synchronization  is 
m ade possib le  by  tran sm ission  o f a  ’bu rst' o f 10 cycles of su b ­
carrier  on the backporch  o f the horizontal synchronization signal. 
A  sta tic  phase synchronization error sm aller than ±  5 degrees
is perm issib le. Furtherm ore a t  low  sign al to noise ra tio s a
phase noise of 10 to 15 degrees r.m .s. is to lerab le .

This am ount of ph ase  noice is u su a lly  to lerated  a t
vS r.m .s. b u rst • i—  =  --------------  O.25 in the com posite signal
N  r.m .s. noise

w ith 5 M c/s bandw idth .
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S ta t ic  errors resu lt from a  difference betw een the freerunning 
frequency o f the undisturbed regen erato r and the frequency of 
the im pressed  synchronization signal.

The sta tic  ph ase erro rs can be elim inated by providing a  
custom er controlled  phase sh ifter (hue control). P rac tica l ex­
perience, how ever, show s th at the laym an generally  finds it 
difficult to obtain  the correct setting o f the hue control; it 
ap p e a rs  th at he is inclined to re ad ju st the hue control in a  
d ifferent position fo r each item of the colour program m e. This 
indicates th at it might be w ise to elim inate the custom er- 
controlled hue control. In th at case  the regen erator should have

F ilte r  type

Hold -  range ±  1750 c/s 
P u ll- in  range ±300c/s

A.PC. type

Fig. 4
R eferen ce su b carrie r  regen erators.

sta tic  e rro rs sm aller than 5 degrees under the m ost unfavourable 
conditions.

N oise  p resen t in the input (b u rst-)sign al o f the regen erato r 
d iffuses the phase m easurem ents m ade on this signal, but in te­
gration  o f the timing inform ation p resen t in successive b u rsts 
can be used  to decrease  the u n certa in y 10).

The overall cap ab ility  o f a  regen erato r to re ject therm al 
noise is u sually  described  b y  statin g  a  v irtu al in tegration  time 
or an equivalent noise bandw idth . From  either figure the r.m .s. 
output ph ase  noise can be com puted fo r  a  given video signal 
to noise r a t io .10)

Tw o ty p es o f regen erato rs are  indicated in fig. 4.
The circuit o f fig. 4a consists e ssen tia lly  o f a  c ry sta l filter
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and a  limiter. R ead ily  realizab le  circuit p roperties are  given 
in the figure.

The noise perform ance is m arginal. I t  can be im proved by 
giving the circuit a  higher 0 -value, but this in creases the sta tic  
error, even fo r sm all values of the difference frequency. The 
static  perform ance can be im proved by incorporating an au to ­
m atic phase control loop, but then the a ttrac tiv e  sim plicity of 
the circuit is gone.

A second d raw b ack  of this regen erato r resu lts from the 
d irect app lication  o f the b u rsts  to the c ry sta l.

N o t only is the fundam ental mode o f the c ry sta l excited in 
this w ay  but under certain  circum stances spurious m odes in the 
vicinity of the fundam ental a s  w ell.

T h e resu lt is a regen erated  su b carrier, m odulated in am pli­
tude and ph ase by the difference frequency (or frequencies) of 
the fundam ental and the spurious mode (or m odes). This p ro ­
duces discoloured vertical stripes in the picture.

B y  contour grinding of the c ry sta l the spurious m odes can 
be su p p re sse d 11) but this will no doubt lead  to a more expen­
sive regen erato r circuit.

The m ost flexible regen erato r is the type of fig. 4b. H ere  
the frequency o f a  c ry sta l o sc illa to r is ad ju sted  by  a  reactan ce 
valve, which is controlled by  the error inform ation obtained 
from a phase com parison betw een the su b carrier  output and 
the b u rst input vo ltages.

The noise perform ance and the sta tic  perform ance of this 
regen erato r are  not so rigidly  coupled a s  in the type of fig. 4a. 
E n larg in g the product (the loop gain) o f the phase d iscrim inator 
sensitiv ity  and the reactan ce tube sensitivity  im proves the sta tic  
perform ance. L ow erin g the low -pass filter cut-off frequency im­
proves the noise perform ance.

A com plication is introduced by the pull-in behaviour during 
initial sjm chronization. The pull-in range, denoting the range 
o f difference frequencies w here synchronization is u ltim ately 
reached , is affected  by  the loop gain and the filter cut-off. A  
u sab le  com prom ise can norm ally be found by  correctly  shaping 
the filter am plitude-frequency re sp o n se 10).

An exam ple is given in fig. 4b for the case  w here the phase 
discrim inator delivers a  vo ltage  E  =  sin e and the re ­
actan ce tu be-oscillator com bination has an output frequency

at — co0 +  E .
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The circuit d iagram  of the regen erato r used in our receiver 
is d raw n  in fig. 5. H ere  the reactan ce tu b e-osc illa tor system  
obeys the linear law  given above only over a  range th at is 
sm all com pared to the maximum possib le  d iscrim inator output.

O u tsid e  this sm all range the system  is a llow ed to sa tu ra te  
(fig. 5b), a  m easure th at gives some ad v an tag e s w ith regard

R egen erato r circuit.

to sta tic  ph ase  stab ility . The hold range d ecrease s con siderably  
but this is o f no consequence a s  we are  only in terested  in the 
range from  minus five to plus five degrees.

The ran ge indicated  by  P  in fig. 5b is the range o f phase 
e rro rs m easured  in a  receiver under extrem e operating con­
ditions.



282 H. Breimer

5. Example of a receiver design«

In fig. 6 a  circuit d iagram  of the video luminance and chro­
minance circuits o f our receiver is given om itting irre levan t 
deta ils.

In the upper p a r t  the luminance sign al is detected , am plified 
and delivered to the cath odes o f the guns v ia a  delay  line.

The low er p a r t  o f fig. 6 w ill be recognized a s  the regen erato r 
circuit o f fig. 5a. In the centre p a r t  the i.f. sign al is detected . 
The follow ing b an d -p ass am plifier re jects the luminance sig ­
n al com ponents and delivers the chrom a signal to the tw o 
synchronous dem odulators w orking along the minus I  and Q 
axes. The la s t  stag e  is a  common cathode m atrixing am plifier 
w here the minus I  and  Q sign als are  used  to produce the 
colour difference sign als R  — Y, G — Y  and B  — Y.
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Large screen colour television projectors

by T . Poorter * )

Summary of a lecture read before the Nederlands Radio Genootschap on

Novem ber 20th 1958.

The inform ation presen ted  in this lecture has a lread y  been 
published elsew here **). T h erefore only a  sum m ary o f the 
sub ject m atter is given here.

A  description  is given o f tw o-large screen colour television 
pro jectors which w ere constructed  a t  the Philips R esearch  
L a b o ra to r ie s  in Eindhoven.

In both p ro jectors the colour picture is obtained by a sim ul­
taneous projection o f three im ages, each in a  prim ary  colour 
(red, green, blue) on a  single projection  screen. The three p ri­
m ary im ages should coincide exactly  on the projection  screen.

The prim ary  im ages are  pro jected  b y  three Schm idt optical 
sy stem s each containing a  5 projection  cathode ra y  tube p ro ­
vided with a phosphor coating th at ra d ia te s  light of the re ­
quired prim ary  colour.

In one of the pro jectors use is m ade o f dichroic m irrors. A s 
seen from the projection  screen the three optical system  are 
then v irtu ally  situ ated  in the sam e place.

In this case  the d istortion  resu lting from  projection  is the 
sam e fo r a ll the three prim ary  im ages. I f  the corresponding 
com ponents used in the three optical system s fo r the form ation 
of the prim ary  im ages w ere identical, no superposition  erro rs 
w ould a p p e a r  on the projection  screen.

The construction of this p ro jector is ra th er delicate and a 
lo ss of light of 50%  resu lts  from  the use o f the dichroic m irrors.

The other pro jector u ses three Schm idt optical sy stem s situ ­
ated  side by  side. This gives rise  to an optical trapezo idal 
d istortion  of the prim ary  im ages pro jected  by the outer pro-

* )  P h ilip s R es earch L ab o ra to r ie s , N .V . P h ilip s ’ G loeilam penfabrieken  
L indho ven-N eth erlan ds

* * )  Ph ilips T ech nical R ev iew 19, 338-355 , 1957/1958  (N o . 12).
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jec to rs. B y  pred istortin g the deflection currents of the respective 
projection  tubes this d istortion  can be corrected.

T h e absence of dichroic m irrors and the use of stra igh t op­
tical sy stem s resu lt in a  gain in highlight luminance, co n trast 
ratio  and resolution  when com pared to the first m entioned 
pro jector. O n  a  screen of 7 m2 a  highlight luminance o f 20 cd/m 2 
and a  resolution  of 600 lines is obtained. The co n trast ra tio  
is ab ou t 35.

A fte r  the lecture a  colour television  dem onstration  w a s given 
in which the la s t  mentioned p ro jector w as used. The p ro ­
gram m e con sisted  o f: p ictures o f colour tran sp aran cies, which 
pictures w ere produced b y  m eans of a  flying spot scan n er; live 
scenes taken  by  a  vidicon colour cam era and a  short piece of 
colour film taken  by a  vidicon film scanner.

M anuscript ontvangen op 2 juli 1959.
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General energy relations for parametric amplifying
devices

by S. Du inker * )

Summary

It is show n that the energy re lation s pertain ing to p aram etric  am plify ing 
devices, a s they have been derived by  various auth ors, are a  d irect con ­
sequence o f the in varian ce  o f the to tal-en ergy  function o f the p aram etric  
system  under certain  tran sform ation s. The theory is generalized  so a s  to 
com prise a rb itra ry  p aram etric  sy stem s. Som e general p ro perties o f p a r a ­
m etric system s, w hich can be deduced im m ediately from  the energy re la ­
tions, are  d iscu ssed . A  sm all num ber o f typ ical exam ples are  briefly  treated  
to illu strate  som e fundam ental p rin cip les fo llow ing from  the general theory.

1. Introduction*

The name o f param etric  am plifier is gen erally  accepted  to 
indicate a  c la ss  o f devices of v ery  different p h ysica l nature but 
w ith the common p ro p erty  th at the am plification resu lts  from  
the variation  of some reactive  circuit p aram eter. These devices 
contain, a p a r t  from  non-linear reactan ces or tim e-dependent 
reactan ces, linear im pedances and period ically  varying sources 
of energy. They are  p a r t  o f the c la ss  o f frequency-converting 
system s. A  survey  o f the literatu re  on the relation s governing 
the exchange of energy  tak ing place a t  the various frequencies 
in frequency-converting n etw orks is given in ref. 1).

U n d er special circum stances the frequency conversion in a 
param etric  system  can give rise to the occurrence o f negative 
resistan ces, which m ay be used either fo r the generation  of 
oscillations or fo r am plification. R ecen t p ro p o sa ls  o f S u h l2), 
U hlir 3) and others (see ref. : )), to use p aram etric  am plifiers a t  
m icro-w ave frequencies, presu m ably  w ith a  low  inherent noise 
level, have resu lted  in a  rev ival o f the in terest in the theory 
of these devices.

H ith erto  the theory w as confined alm ost exclusively to spe-

* )  P h ilip s R esearch  L ab o ra to r ie s  N .V . P h ilip s ’ G loeilam pen fabrieken , 
E indhoven  - N eth erlan d s.
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cial ca se s w here only a  few  frequency com ponents w ere taken  
into account. N otw ith stan d in g  the restriction s underlying such 
an a ly se s, the m athem atical calcu lations n ecessary  for gaining an 
insight into the p ro p erties o f the p articu la r  system  considered 
have often been ra th er  lengthy and, m oreover, they  do not lend 
them selves to generalization . The sim ple heuristic ap p roach  of 
W e i s s 4), which is b a se d  upon a  quantum -m echanical energy- 
level m odel and which resem bles very much a  suggestion  made 
by  H a r t le y 5) much earlier, a lso  su ffers from not being very  
useful fo r the purpose of generalization .

In recent y e a r s  there have been various attem pts to generalize 
the energy relation s pertain ing to p aram etric  am plifying devices 
so a s  to com prise the entire range of frequencies occurring in 
the conversion p ro cess. In this connection mention should be 
m ade of the w ork  o f M an ley  and R o w e 6) (who derived the 
energy relation s fo r a  single non-linear reactan ce  connected to 
tw o large-sign al gen erators sim ultaneously), o f D u in k e r1) (who 
considered an a rb itra ry  non-linear reactive  netw ork connected 
to a sm all-signal gen erator and a  carrier  source), and of P age  7) 
(who studied  general lo ssle ss  sy stem s in conjunction w ith a  large 
num ber of carr ie r  sources, unfortun ately  how ever, in an in­
correct w ay).

W T en  com paring the re su lts obtained by the various auth ors 
one is stru ck  by the fa c t  th at the energy re lation s assum e a 
sim ilar form  in a ll ca ses, irrespective o f the differences in com­
p lex ity  and p h y sica l arran gem ent o f the p aram etric  system . 
Thus one is led to the conjecture th at these energy relation s 
can be deduced in a  more stra igh tfo rw ard  w a y  from some fun­
dam ental principle.

I t  is the purpose o f the p resen t p ap e r  to dem onstrate th at 
the energy  re lation s are  a  d irect consequence o f the invariance 
o f the to ta l-en ergy  function of a  general p aram etric  system  
under certain  tran sform ation s. The theory developed here is a 
generalization  o f the an a ly sis  o f M an ley  and R o w e 6). A  fewr 
typ ica l exam ples are  briefly d iscu ssed  to illu stra te  some fu n d a­
m ental principles follow ing from the gen eral theory.

2. Specification of the system considered*
In order to arriv e  a t  certain  energy  relation s a s  our final 

re su lt a s  quickly a s  possib le , the an a ly sis  w ill first be confined 
to a  system  that, although being fa irly  general, is not the m ost
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general system  satisfy in g  these energy  relation s. The gen eral­
ization of our re su lts  w ill be trea ted  in Sec. 4. To fac ilita te  
the reason ing in our considerations, which are  on the b a s is  of 
generalized dynam ics, we sh all introduce some notions which are  
borrow ed  from  netw ork  theory, such a s :  the notion o f “ source 
of en ergy” , and the notion o f “ p o rt” , to indicate those p a r ts  
o f the sy stem  w here energy (resu lting from some conversion 
p rocess which is o f no in terest) a p p e a rs  in the dynam ical stru c­
ture fo r the first time in a  form  which h as to be taken  into 
account, and to localize the p laces w here exchange of energy 
betw een p a r ts  o f the sy stem  tak e s p lace, respectively .

C o n sid er the system  in Fig . 
1 which com prises tw o su b ­
system s, A and B y exchanging 
energy through r  p o rts . O ne 
of the r-ports, A, contains 
conservative non-linear e le­
m ents, cap ab le  of storing ener­
gy. The other r-port, B t cor­
respon ds to a  d issipative  
system  com prising periodically  
varying sources of energy, k 
in number, w ith m utually in­
com m ensurate positive fre ­
quencies, col f . . . ,  (Ok- The r-port 
A is understood  to form  a 
connected sy stem ; r-port By 
how ever, m ay con sist o f iso ­
la ted  p a r ts . A lthough this is 

not str ic tly  n ecessary , a s  w e sh all see in Sec. 4, w e sh all a s ­
sume the r-port B  to contain linear d issip ative  and possib ly  
a lso  linear con servative elem ents.

The behaviour o f the con servative r-port A  (w hether linear 
or not) can be described  by the se t o f L ag ran g ian  equation s:

d  dL  dL
; — y  s y S  — ! > • • • >  7Hy ( 1 )

dt dxs dxs

when it is assum ed to p o sse ss  m degrees o f freedom  8).
L e t  the p o rts be num bered I, . . . »  r, then the indices s  =  r  +  I, 

. . . , correspond to “ in tern al” degrees o f freedom . In (1), 
y s denotes the generalized force im pressed  a t  the s  th degree 
of freedom  and hence y s =  O  fo r s  =  r  +

F ig . 1.
P aram etric  system  com prising a  con ­
serv ativ e  non-linear r-port A ,  an d  a  
lin ear d issip a tiv e  (b u t not n ecessarily  
p u rely  d issip a tiv e ) r-p o rt B ,  w hich 
ad d ition ally  contains an a rb itra ry  
num ber o f period ically  vary in g  so u r­
ces o f energy w ith b a s is  frequen cies

co i , f cok.
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The physical nature of the coord inates x s and their corre-
♦

sponding velocity x s — d x ^ d t  depends upon the ch aracter  o f the 
forces acting on the p o rts , which, in their turn, depend on the 
ch aracter of the sources o f energy p resen t in the “ ex tern al” 
r-port B . A  specification o f the nature of these sources of energy 
is not required  fo r the follow ing con sideration s; only their d y­
nam ical behaviour, i.e., their tim e-dependency, w ill be of in terest. 
N ev erth e le ss  it might be illu strativ e  to indicate a  few  p o ss i­
bilities.

I f  y s represen ts a  m echanical force, then x s and x s stan d  for
“ tru e” coord inates and their corresponding velocity, respectively .
If, in the electrical case, a  vo ltage source is operating in the
s  th degree o f freedom , the generalized coordinate x s correspon ds

♦  ♦

to an electric charge qs and hence x s to a  current is — qs. O n
♦

the other hand, when y s rep resen ts an injected current, x s and 
and x s stan d  for the vo ltage , es =  cps, and its tim e-integral, the 
flux (ps, respectively .

The function

—  L* (y  i , . . . , m y

represen ts the L ag ran g ian  or the kinetic poten tial o f r-port A. 
Since the sub-system  A  is supposed  to be non-linear, A is a  
function which is o f higher than the second degree in the v a ­
riab les. A  furth er specification  of L  is not requ ired  a t  this 
p lace.

A s a  resu lt o f the periodic sources o f energy presen t in sub­
system  B t a  s te a d y  s ta te  fo r the d istribution  of the quantities

♦

y St x s and x s w ill ex ist in the entire system , A and B  together, 
a fte r  the tran sien ts have died out a s  a  re su lt o f the d issipation  
assum ed  to tak e  p lace in B . This stead y  sta te  is ch aracterized  
by the presence o f new  frequencies which are  derived  from the 
b a sis  frequencies a>j ( j  =  I, . . . , B) through (inter-)m odulation 
and which are  therefore lin early  re la te d  to them. H ence any 
frequency th at occurs in the sy stem  can be w ritten  in the form :

k

. . . ,  tife 71 j  (X)j , 71 j  . . . ,  I ,  O ,  I , . . . ,  ( 3 )
j — i

in which the cc>j rep resen t the b a s is  frequencies (viz., c o I =  

o, o,. . . ,  o > cq2 — C0o, x, o , . . . ,  o t • • • > ( f ik  — coo, o, o , . . . ,  i w h ereas the 
other frequencies are  derived  ones.

A fte r  introducing fo r  convenience the new dim ensionless 
v ariab le s
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and
1̂2 j    CO j  t , J    I , • » • , k  ,

. . .  , n k  — CDnv . . . , n k  t ,

we can w rite in the stead y  sta te  fo r the quantity  y s co rre­
sponding to a  p o rt  ̂ (^ =  I, . . . , r) the follow ing multiple 
F ou rier expansion :

+oo
ys — X • • • , . . . ,  nk exP (j , . . . ,  ) •

71 ̂ y . . .  y life - OO

The com plex coefficients are  determ ined by :

Yn, nk
2JJ 2 Jt

=  {2 n y k f . . .  j  d  Q 1 . .  .dQky s exp ( -  i Q >h.....„k) (5)

and since y s rep resen ts a  real-valu ed  p h y sica l quantity, the 
coefficients sa tis fy  the equ ality :

K nk — 1 syj  y 71. Hk exp (l SCpnx , . . . , tife) — y - 7 1 I » - nk (6)

In (6) the a ste r isk  denotes the com plex conjugate and > nk
and scp,ix y..., rife rep resen t the am plitude and the phase angle, 
respectively , o f the com ponent w ith frequency coHi, . . . ,  nk a t  p o rt s.

F o r  the coordinate x s th a t determ ines the s  th degree of 
freedom  (s — I, . . . , m) we have in a  sim ilar w ay :

+oo
x s — X  • • • X  P̂ 7tx , . . ., 7ife exp {z , ... , 7ife) f (7)

J • • • f OO

from  which w e obtain  the corresponding velocity  by differentiation  
w ith re sp ec t to tim e:

+ oo
• • 2  z co n]71 fe — — oo

nk P^7tx , . . . ,  7tfe e x p  ( z ,..., nfe) • (8 )

The relation sh ips betw een the com plex coefficients sX Hi tmtmt nk and 
the corresponding am plitudes sx „r itmtt nk and phase angles sy>„ t . . . ,  „k 
are  given by

1 COni > • • • > nk  ^ n i  > - • '  > nk ~  2 SjVfii  * • • • > nk  e x P  ( 1 W ’1! > • • •» nk )  ( 9 )

«s1 tr*
— 7/ (£) f i j  . / i _it _'q ) • • • ) 7t,fc J • • • J nk *

I t  should be rem arked  here th at the expressions (7) and (8) 
im ply a p articu lar  (but otherw ise a rb itra ry ) choice of the zero 
point o f time. I f  we consider the sam e expression s fo r the case
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that, while leaving everything else unchanged, the ph ase  o f the 
energy source w ith b a s is  frequency  to,-, reckoned with resp ect 
to the sam e zero point o f time, is sh ifted  over an angle <Pj (i.e., 
a  tran sform ation  of any argum ent Qj to Qj +  <Pj, and hence, 
o f an y  argum ent Qnx,...,nk to QHl, . . . ,nk +  Wj &; ), then the com plex 
coefficients X n in the expression s (7) and (8) are  sub jected
to the tran sform ation :

X ,  exp (i nj <Pj) X Hj ....... .

H ence, if is increased  from zero to 2 n the value o f the 
quantities x s and x s w ill rem ain unchanged.

In the next section we w ill exam ine the behaviour of the 
system  a t  a  fixed in stan t (e g ., t =  x) and fo r fixed values o f the 
b a s is  frequencies coy, but fo r v irtu al variation s of the phase 
angles @j o f the individual b a s is  frequency sources. In th at case 
we can consider x s and x s a s  functions of the independent v ari­
ab les &j, or more conveniently, a s  functions of the independent 
v ariab le s Qj ( j =  I , . .  . ,  k), w h at com es to the sam e thing if we 
keep the re st  o f the p aram eters (coy and t) unchanged.

3. Derivation of the energy relations*
A t any in stan t the pow er th at is flowing into the con servative 

sub-system  A  through the port is, in virtue of eqs (1) and (2):

♦ • d  d L  ♦ d L
x  s y  s — x s t % s

d  t d x s d x s

d  / ♦ d L  \  ••  ̂L  ♦ d L
— | X  $ ~  J X s r  X  $ •

d t \  d x s) d x s d x s

The to ta l in stan tan eous pow er flowing into sub-system  A  is, 
th e re fo re :

z  * v  d  l  •A xs y s = 2  —  I x  s  r -  L
s—i ■T—i d  / y d x  ̂

d H  

d  t

if H  denotes the H am iltonian  o f A  which correspon ds to the 
to ta l energy sto red  in A . N o te  th at y s — O fo r s  — r  +  I , . .  . ,  tn. 
O bviou sly , on account of (2), H  can be ch aracterized  a s  fo llow s:

H  — X  | x s r I* J ~  H  (x j , . • • ,  x m, x i , • . • ,  x m j . (10)
s—i \ d xs J

The con versatism  assum ed  for the r-port A  im plies th a t a fte r
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a full cycle o f variation s of s ta te  of coord inates and velocities, 
the r-port A h as neither ab so rb ed  nor delivered energy. In 
other w ords, H  is a  uniquely defined function o f its v ar iab le s  
x s and %s (s =  p o ssib ly  a p a r t  from a  non-essential
additive con stan t which can be rem oved by defining H ( o ,  . . . , 0 ; 
o , . . . ,  o) =  O. U n der the stead y -sta te  conditions considered in 
the p resen t case  these v ariab le s are  given b y  the multiple F ou rier 
series (7) and (8).

I f  we examine the to tal-energy  function H  a t  a  fixed in stan t 
and fo r fixed values of the b a s is  frequencies, but fo r other 
values of the ph ase angles o f the various b a s is  frequency sources 
(reckoned with re sp ec t of an a rb itra r ily  chosen, but fixed zero 
point o f time), a s  w as d iscu ssed  a t  the end of the previous 
section, then we m ay w rite in stead  of ( 10):

H  =  H  (QJ , , Qk) . (11)

W e  can now consider the effect on H  o f v irtu al variation s 
of the independent p aram eters Qj.  From  the reason in g presen ted  
before it fo llow s th at the quantities x s and x s w ill not change 
(i.e., w ill p a ss  through a  full cycle), if any one of the new v a ­
riab les Qj is increased  by an am ount o f 2 n. C onsequently , the 
energy function (1 1 ) w ill a lso  be in varian t under such changes. 
Therefore, if the differential expression

k d H
d H =  I  ----- d Q ;

7 = i  () Q j
( 12)

is in te g ra te d  b e tw e e n  the lim its O an d  2 n , each  term  on the 
r igh t  will be e q u a l  to  zero, i.e.,

2JI

/
d H

^Q
d  Qj — o , j  — i , . . . ,  k . (13)

j

E x p ressio n  (12) can be w ritten  in another form , nam ely:
?n % m

d  H  =  2  x s y  s dt — 2  y s d x s
S  —  I

m
s — i

-  2 ’ y . 2  —  d Q A  .
S  —  I j — i c) Qj V (14)

A fte r  identification o f corresponding coefficients in (12) and (14) 
we obtain  in stead  of (13):

d  Q; — o , j  =
dQj

k . (15)
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The p a rtia l derivative  w ith resp ect to Qy o f the expression  (7) 
fo r x s is :

d x* + OC
“  ^  • * • A  l flj ..... nk ?Xp {j Qnl ,.. . ,n^

, . . . , nk  — -o o

+ oo

2  . . . A  Z f l j  A  ( n ^ € X p  (  Z , n ft) t
......=-oox i • • • »

since
<3 Q„

............  " * -  =  » / ,
d Qj

so th at (15) assu m es the follow ing form :
m + oo 2 ji
2  A" . . . A* J d  Qyy s CXp ( Z Q n1, ... ,nfc) l My A _

s — i  n x , . . . ,  n ^  — -  oc o nk — O , j  — I, . . . yk. (16)

O n the other hand, by  m ultiplying both sides o f eq. (5) by
zuy ......an d  summing from  -  oo to + o o ,  and s
from I to M,  we h ave:

m + oo

i X. 2  . . .  2  nj X  „I • • • I
s = i  « j , . .  , , n f e = - c o  

nt + oo 2 j i

SYt lk  n \ • • ■ • • nk

nt + OO 2 Jl 2  JI
a» »

(2 •7̂) A  A . . A  J  . . . [ d  Q x , . ,  d  1 y  s exp ( z ... t ŵ) z A f..., .
-S' —  I « x 1 • • • I «£ —  — OO O

This la tte r  exp ression  is equal to zero on account o f (16), 
so th at /£ re lation s are  found ( /  =  I, . . . , k)  :

nt +00

i  A  A  . . .  A  tty SX
s— i  « t .........nk ~  ~  00

nam ely, one fo r each b a s is  frequency.
R ela tio n s (17) can be w ritten  in a  more convenient form  if

w e realize th at the to ta l av erage  pow er, P n ..... Hk> flowing into
the r -port A  a t  a  frequency coni......nk, am ounts to :

nk Yn nk O (17)

m
^ >n 1, . . . , n k  — l  (O nx, . A

s — 1
v ^  « 1 . • • • - nk  n i>

1 A  f  1/ " II

* COH j , . . . , n k  A  ( (. A s Y  ‘1 “  ^  - « J , . . . , SY ) -  P~ nk  1  - « i ........ - * * /  ~  r  - « i . • . . . - « , . 0 8 )
s — 1

if use is m ade o f (6) and (9). Furtherm ore, on account o f (3),

— 1 —1Ui ̂ «x — Hj U*-nx..... -nj. (19)
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H ence, a fte r  arran gin g the term s on the left o f (17) in p a irs 
with opposite indices, the substitu tion  o f (18) and (19) y ie lds 
the desired  exp ressio n s:

-i+ o o  + o o  + O C

2  . . • — • • • 2  7 lj (JO ft t
«  J =  -  OO t l j  —  I 71 f ,  —  —  oo

nk Pn

I f  sub-system  A is a  one-port (r  
tain s tw o basis-frequen cy  sources {k

,n/c — J  ~  I f • • • ,  k  . (2 0 )

1) and sub-system  B  con-
2)  , re lation s (20) reduce to :

+oo
2 ’

+oo
2

n1 P « x , * 2 +oo +oo
— o and 2  2

» i  =  i «2—-oo n x (Dj4- n2 (o.
^ 2  P 7 t  7 ft1 2 =  o ,

« 2=I «i=-oo n1 ojj +  n2 co,

a s  w as found by M an ley  and R ow e 6).
I f  sub-system  A  is a  general reactive non-linear m ulti-port 

and sub-system  B  contains tw o basis-frequency  sources (k =  2), 
one o f which (sa y  co,) is a  sm all-signal source, so th at w e only 
have to take into account n1 =  — I, O, +  I, then the relation s 
(20) assum e the form :

+OC
2 1 P ,n , +OC + 1

=  O and 2  2
n 2 ~~ oo COj +  U 2 CO,

71 Pn2 1 «I » «2 _  Q
«2 —1 nI= ~ l nl (o1-\- nQco.

a  resu lt th at has previously  been obtained in a  different w ay  
by D uin ker 1).

4. Generalization of the energy relations*

F o r  the derivation  o f the energy relation s (20), certain  re ­
strictions, which w ere form ulated in Sec. 2, w ere assum ed to 
app ly  to the system . These restriction s will now be considered 
more closely  and we w ill try  to rem ove some o f them.

An essen tia l p o stu late  underlying our considerations is th at 
u ltim ately  a  stead y  sta te , defined by a  se t o f lin early  re la ted  
frequencies, w ill re su lt from  the influence o f periodic sources of 
energy, so th at it has sense to sp eak  o f av erage  pow er quan­
tities a sso c ia ted  w ith a  p articu lar  frequency component. T h ere­
fore, it is n ece ssary  to assum e d issip ation  to tak e  p lace in the 
extern al sub-system , the r-p ort B . H ow ever, fo r the derivation  
of the energy relation s no add ition al requirem ents a s  to the 
d issipation  have been used so th at there is no reason  to ex­
clude sub-system s B  which are  dissipative  and 7i07i-li7iear.

I f  r-port B  is assum ed to be non-linear and d issip ative , then 
the process o f frequency  conversion (i.e., the creation  of new 
frequencies linearly  re la ted  to the b a s is  frequencies coj a s  ex-
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p ressed  b y  eq. (3)) is no longer tak in g place so lely  in r-port A , 
but a lso  in r-port B . A t first sight it looks a s  if the reasoning 
in Sec. 3, and hence the energy relation s, still hold good if A 
is a  linear con servative sub-system , and B  an active non-linear 
sub-system . H ow ever, a  closer exam ination rev ea ls th at then 
the av erage  p ow er a sso c ia ted  w ith each frequency com ponent 
is equal to zero and hence th at the energy re lation s have lo st 
their im portance. A dd ition al conditions im posed on the L agran - 
gian fo r r-port A w ill be n ecessary  to ensure th a t A  is ac tiv e ly  
tak ing p a r t  in the p ro cess of frequency conversion. T hese con­
ditions w ill be m entioned in the sequel.

The assum ption  m entioned in Sec. 2 th at T'-port A  correspon ds 
to a  conservative system  im plies th at A  is not only a  holonomic 
system  (i.e., a  system  th at is com pletely specified b y  independent- 
coordinates which are  equal in num ber to the num ber of degrees 
of freedom ), but a lso  a  scleronomic sy stem  (i.e., a  dynam ical 
system  fo r which the L ag ran g ian  L  does not depend explicitly  
on time, a s  is ex p re ssed  b y  (2)). In c la ssica l linear dynam ics,
L  is known to be equal to the difference o f the kinetic energy 
(which depends on the velocities) and the poten tial energy 
(which depends on the coord inates). C h erry  ft) has shown th at, 
fo r the L ag ran g ian  form alism  to hold fo r non-linear e lectrical 
sy stem s, some other qu an tity , the kinetic co-energy, has to be 
introduced in L  in stead  of the kinetic energy. In the general 
case  more com plicated form s o f the L ag ran g ian  w ill hold, fo r 
instance, in re la tiv istic  dynam ics w here the m asses depend non- 
linearly  on the velocities. A  specification of the L agran g ian  a s  
to its form  is not required  for our considerations. In any case  
w here the sy stem  rem ains holonomic, scleronomic and non-linear, 
the L agran g ian  L  w ill be a  uniquely defined function of the co­
ord in ates and the velocities and so w ill be the H am iltonian  H y 
and hence the energy  relation s w ill hold.

The requirem ent o f non-linearity, which is n ecessary  in the 
scleronom ic case  to ensure th at the system  tak e s  p a r t  in the 
p rocess of frequency conversion, im plies th at a t  le a s t  one of 
the equalities

^  L  if  L  ,  t f L  . t
---------- =  c o n s t .,---------— =  const., — ;----— =  con st.; J*, r  =  I , . . . , m, (Z1)
() x s d x r d x s <Lrr d x s () x r

is not satisfied . Sy stem s belonging to this ca teg o ry  are  som e­
tim es called  auto-parametric sy stem s to ex p ress the fac t th at 
the reaction s o f the system  upon ex tern al forces are  functions
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of the coord inates and o f the velocities. E xam p les o f these are  
purely  reactive  non-linear n etw orks such a s  m ag n etic9) and 
dielectric 10) 1J) m odulators.

W e  sh all now in vestigate  w hether the requirem ent o f con­
servatism  for r-port A  is rea lly  n ecessary . W h a t  is ac tu a lly  
used in the derivation  o f the energy  relation s is not the con­
servatism  o f the system  but ra th er the fa c t  that, under the 
ste a d y -sta te  conditions p o stu lated  in the foregoing, the total- 
energy function H  in (11) rem ains invariant under a tran sfo rm ­
ation of the v ariab le s  Qj Qj +  2 n. This la tte r  requirem ent 
not n ece ssarily  im plies th at the system  should be conservative. 
I f  the system , a p a r t  from being holonomic, is rheonomic (i.e., 
p o sse sse s  a  L agran g ian  which depends explicitly  on time) then 
it is still possib le  fo r the to ta l energy to be a periodic function 
o f the v ariab le s Qj, although the system  cease s to be con serv­
ative. This w in now be d iscu ssed .

C on sid er a  rheonomic L ag ran g ian  function
♦ ♦

L  {ycj , . . . , x m , x i , . . . , x m \ ,

then we find by  a  reason ing sim ilar to the one given in Sec. 3 , th at 
the to ta l in stan tan eous pow er flowing into r-port A is given b y :

2  x t y  s =
S —  I

d_

d t
x s

d L
♦

c) x s
d L  

d t  '

N ow , if d L /d t  can be exp ressed  a s  a multiple F ou rier series 
with frequencies which also  are  linear com binations o f the b a s is  
frequencies coj, then it is again  possib le  to define a  function:

S —  I

♦ d L
d  t

which, under the ste a d y -sta te  conditions assum ed, can be w rit­
ten in the form

H '  =  H '  (Q x , . . . , Qk).

This form  w ill again  be in varian t under the tran sform ation  
Qj -> Qj +  2 n. A pply ing a  sim ilar reasoning a s  w as presen ted  
before it is shown th at the energy  relation s hold in this case  
too.

I t  is easily  verified th a t even if the conditions (21) are  a ll 
identically  satisfied  (i.e., if the system  is linear) but dLjdt is a  
m ultiple F ou rier series o f the form  ju st  d iscu ssed , the energy 
relation s rem ain valid . S y stem s o f this la tte r  kind are  som etim es
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referred  to a s  hetero-parametric sy stem s, to ex p ress the fa c t  th at 
linear system  p aram eters (for instance, a  capacitan ce for which 
the L ag ran g ian  is — 2 _I f  (t) x 2) are  m ade dependent on time by 
some ex tern al agen t 12). In accordance w ith the form alism  adh ered  
to throughout this p ap er, these extern al agen ts m ust be con­
sidered a s sources of energy situ ated  in the external sub-system  
B  and acting upon sub-system  A  through its ports.

I t  should be noted th at the foregoing an a ly sis  is not restric ted  
to lumped param etric  sy stem s but th at it a lso  ap p lies to distrib­
uted p aram etric  system s, continuous m edia, etc., the difference 
being m erely th at sc a la r  to ta l energy density  functions H '  are  
involved which are  exp ressed  by  an in tegral ra th er  than by  a  
polynom ial form . A s a  sp ec ia l case of this la tte r  type the p ro ­
p agatin g  sy stem s in which d istrib u ted  reactan ces which v a ry  
p eriod ically  in time and space, m ay be regard ed . E xam p les of 
these are  the travellin g-w ave am plifiers using transm ission  lines 
em bedded in a  ferrom agnetic medium u ) ] i) 15) or an electron 
beam  16) a s  the tim e-dependent reactan ce . O f  course, when ex­
tending the an a ly sis  to these more com plicated sy stem s the
in terpretation  of an av erage  pow er quan tity  P Ux..... h as to be
modified so a s  to rep resen t the av erage  pow er a sso c ia te d  w ith
a  frequency (jonj..... nk and entering through a su rface  enclosing
sub-system  A. I t  depends entirely  on the nature of the system  
w hether or not a  m odel w ith “ p o r ts ”  a t  which energy exchange 
w ith the exterior, sub-system  B, tak e s  p lace exclusively , is still 
possib le .

In our d iscussion  of the valid ity  o f the energy relation s for 
holonomic sy stem s we have so fa r  overlooked one im portant 
asp ect, nam ely, the proviso  w e m ade th at r-p o rt A  should be 
energic, i.e., cap ab le  o f storing energy. F o r  purely  non-energic 
holonomic sy stem s (i.e., system s for which the to ta l in stan tan e­
ous pow er 2  x sy s flowing into them is equal to z e r o ]/) )  the 
to ta l sto red  energy, or the H am iltonian , satisfie s

H  =  2  x s — — — L  — o .
s — I c) X  s

I t  rem ains a  m atter o f choice w hether one is inclined to call 
a  non-energic system  con servative, since there is no physical 
quan tity  th a t has to be conserved. I f  a  non-energic system  is 
ch aracterized  b y  a  non-zero L ag ran g ian , the energy relation s 
still hold true. An exam ple of such a  scleronom ic non-energic 
non-linear sy stem  is supplied  b y  the c la ss  o f sy stem s called
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id eal trad ito rs  18), which is defined by a  L ag ran g ian  o f the form
♦

L  =  A x 1 x a . . , x m_j x m, w here A  rep resen ts a  constan t.
H  ow ever, fo r non-energic sy stem s which cannot be defined 

b y  a  L ag ran g ian  the energy  relation s no longer hold. T o this 
ca tego ry  belongs the c la ss  o f id eal tran sp o n ato rs 19) which in­
cludes ideal tran sfo rm ers and id eal g y ra to rs  w ith periodic tra n s­
form ation  ra tio s  and gyration  re sistan ces, respectively , p eriod ­
ica lly -op erated  id eal sw itches (sw itching m odulators), ideal 
d iodes, etc.

A s a  la s t  step  w e sh all in vestigate  w hether the requirem ent 
fo r  the system  to be holonomic is essen tia l fo r the valid ity  of 
the energy relation s. I f  r-port A  is non-holonomic the num ber 
of degrees o f freedom  is sm aller than the num ber o f independent 
coordinates, owing to the existence o f au x iliary  conditions be­
tw een the coord inates.

So  long a s  these re lation s are  in tegrab le , it can be sh o w n 20) 
by app lication  o f the L agran g ian  m ethod of undeterm ined mul­
tip liers th at the conditions are  dynam ically  equivalent to mono­
genic forces, i.e., forces derivab le  from a  single sc a la r  potential 
function, which is a  function of the coord inates, the velocities 
and the time in the m ost general case . Im pressed  forces of the 
monogenic ty p e  can be ab so rb ed  into the L ag ran g ian  so th a t 
the sy stem  rem ains holonomic.

T h erefore, we have only to consider the case  th at the auxil­
iary  conditions ap p ear  in the form  of non-integrable re lation s 
betw een the d ifferen tials o f the coordinates. Non-holonom ic 
au x iliary  conditions are  m aintained b y  forces which cannot be 
derived from a  poten tial function. T hese forces, called  polygenic 
forces, are  again  furnished by the m ethod o f undeterm ined mul­
tip liers but have to be considered a s ex tern al forces. Such forces 
w ere included in the reasoning presen ted  earlie r  in this p ap er  
so long a s  they  fulfil the requirem ents se t forth  a s  to their 
m ultiple-periodic tim e-dependency.

The resu lts obtained in S e c s  2, 3 and 4 can be sum m arized 
in the follow ing

Theorem:

In a  dynam ic system  o f m degrees o f freedom , th at in the 
s te a d y  sta te  is exchanging energy through its p o rts  w ith a  
d issip ative  (but not n ecessarily  purely  d issip ative) ex tern al sy s ­
tem com prising k period ically  v ary in g  sources o f energy w ith
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m utually incom m ensurate positive b a s is  frequencies cox , . . . , cok
and th at is ch aracterized  by a  non-zero L agran g ian  function

♦ ♦
ĵ (-̂ i t • • • y %m} %x y • • • ) x  and hence by a  ffam iltom an

function
TT £  * dZ,H =  2  x s — -----L , (10)

S = I 3 x s
w ith the ad d ition al requirem ent th a t a t  le a s t  one o f the quantities

d* L  
() x s d x r

d2 L
♦

â x s B x r
ô2
♦ ♦

 ̂x s ~à x r
r (21)

should not be equal to a  non-zero constant, unless

c)L  

bt
o f

the to ta l av erage  pow er P Hi..... „k flowing into the system  a t  the
various frequencies

k

, . . . ,  iifc - 2  f t j  COj ( U j  • • • /  ! > • • • ) >  ( 3 )
y = i

obeys the re lation s

+oo +oo +oo

2 1 . .

j =  -00 Il 
N

M
• . . 2  r i j  CDn i ...........n k  P n J ,.

n  — — oo

IIoII« I j  • • • y •

The theorem  applies to any dynam ical system  th at is ch ar­
acterized  b y  a  kinetic potential function L (x z, . . . ,  x m\ x x , x m)t) . 
P h ysically , the nature o f the generalized coord in ates x s could 
correspond to a  charge, a  flux, a  sp a tia l d isplacem ent, an  an ­
gu lar rotation , etc., depending upon the nature o f the im pressed 
forces being, respectively , a  vo ltage , a  current, a  m echanical 
force, a  torque. O f  course, general dynam ical sy stem s w ill be 
defined by coord in ates which are  not a ll o f the sam e nature, 
e.g., electrom echanical sy stem s fo r  which the coord in ates are  
ch arges and displacem ents.

5. Discussion of the energy relations*

W e  shall now consider the p ow er relation s (20) more closely  
an d  try  to d raw  some gen eral conclusions from  them.

F irstly , it should be noted th at in each o f the expression s 
(20) there is one se t o f term s th at correspon ds to one p articu lar 
b a s is  frequency. F o r  instance, fo r the j t h expression  these are  
the term s
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Z n j  P n j  

rij coy
Z

(O f
f

if w e omit fo r sh ortn ess a ll suffixes tii equal to zero except n;- .
N ow  w e can rew rite  the expressions (20) in the follow ing 

form , a fte r  m ultiplying each expression  b y  the corresponding 
b a s is  frequency,

oo +oo +oo -oo
2  P „. =  2 '  . . . 2 . . .  2 '

n, COj

nj  =  1
j nx — ~ oo nj — i nfe — —oo COft. nk

P'nx..... nt . j = l .........k . (22)

In (22), the prime a t  a ll sum m ation signs but the one corre­
sponding to Uj denotes th at the term s on the right fo r  which 
a ll suffixes 7ii but Uj are  sim ultaneously  equal to zero m ust be 
deleted . The quantities

P  -  — Pr n x..... nk  — 1 « j......nk

rep resen t the to ta l av erage  pow er asso c ia ted  w ith a  derived 
frequency coWi flowing out ol sub-system  A .  I t  is to be
noted th at in each o f the eqs (22) only those derived frequen­
cies ap p e a r  th at are  re la ted  to the respective b a s is  frequencies; 
derived  frequencies th at are  re la ted  exclusively  to tw o or more 
of the other b asis  frequencies do not occur.

E x p ressio n s (22) can be in terpreted  a s  show ing the m anner in 
which the to ta l av erage  pow er delivered b y  the energy source 
w ith b a s is  frequency coy, v i z . , is d istrib u ted  over the energy
sinks or lo ad s p resen t a t  the various derived frequencies coWi..... nk •
In other w ord s, they show  to w h at extent an energy source, 
generatin g a  b a s is  frequency coy, contributes to the to ta l av e ­
rage  pow er d iss ip a ted  a t  a p articu lar  derived frequency
wHi..... nk, nam ely, in the ra tio  o f the corresponding frequencies,
l.e., 1 l j ( D j l  COnl t . . . , n k  •

A direct consequence o f the la tte r  conclusion is th at the sum 
of a ll the av erage  pow er quantities is equal to zero, i.e.,

+oo
2.

+oo +oo
y  p^  1 ......*k (23)

« J =  — OO nj — O nk —~ °°

so th at average  pow er is conserved for the p aram etric  su b ­
system  A  under the assum ed stead y -sta te  conditions. Since the 
system  contains energy-storing elem ents the to ta l sum of the 
instajitaneous p ow er quantities w ill in general not be equal to 
zero. In (23), the prime a t  the sum m ation sign for the index 
rif ind icates th at fo r each p a ir  of term s w ith opposite  frequen-
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cies occurring when Uj is equal to zero, only one term , for in­
stance the one corresponding to the positive frequency, has to 
be taken  into account.

E xp ressio n  (23) im plies th at some o f the pow er quantities 
(18) m ust be positive (indicating th at pow er is flowing into the 
system  a s  w ill u su ally  be the case  a t  a  b a s is  frequency although 
exceptions to this are  p ossib le  a s  we shall see la ter), w h ereas 
others m ust be negative (indicating th at pow er is ex tracted  
from  the sy stem , a s  w ill gen erally  be the case  a t  a  loaded  
derived frequency). O f  course, still other pow er quantities m ay 
be equal to zero, nam ely, if the lo ad s a t  these frequencies are  
either sh ort circuits, open circuits or purely-reactive circuits.

H  ow ever, which pow er quantities are  positive, which are 
negative and which are  zero cannot be deduced from  relation s 
(20) in their general form . Such a  deduction w ould require a  
com plete specification of the entire system , A  and B . O n ly  in 
very sim ple cases, w here only a  few  frequencies are  involved, 
the av erage  pow er a t  any other frequency having been m ade 
equal to zero, do the energy  re lation s perm it us to deduce the 
sign o f the rem aining p ow er quantities. In the sim plest cases 
it is even possib le to find the ratio  o f these quantities w ithout 
com pletely specifying the system . Som e of these simple case s 
w ill be d ea lt w ith in the next section.

In many case s pow er flow s into the system  a t  the frequen­
cies gen erated  b y  an energy source so th at P n . is positive, 
w h ereas a t  a ll derived  frequencies the p ow er P n . , n k  is ex­
trac ted  and hence is negative. B u t this is not n ecessarily  so. 
In expressions (20) the b a s is  frequencies coj are  assum ed to be 
positive. D epending upon the re lative  m agnitude of the various 
b a s is  frequencies co;- and the p aram eters tij, some o f the derived 
frequencies are  then negative and thus reverse  the sign of the 
corresponding pow er quantities in (20). From  this we m ay im­
m ediately  deduce th at the pow er a sso c ia ted  with a  b a s is  fre ­
quency m ay become negative. This happens, fo r instance, when 
we tak e  the extrem e case  th at no pow er can be exchanged a t  
a ll positive derived frequencies due to selective su ppression  
filters in corporated  into the extern al sub-system . In other w ords, 
it m ay happen  th at pow er is delivered  by the frequency con­
verting sub-system  A  to the extern al sub-system  B  a t  a  b a s is  
frequency. To use y e t  another form ulation : sub-system  A  m ay 
exhibit a  negative input resistan ce  a t a  b a s is  frequency which 
can p artly  com pensate lo r  the lo sse s in the basis-frequen cy
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circuit. A s soon a s  the negative resistan ce  p rev ails over the 
positive re sistan ces effective a t  this p articu lar  frequency, su s­
tained oscillations m ay resu lt.

W h ere  the foregoing happens to be the case  w e have p a r a ­
metric power amplification by means o f  a  negative-resistance effect. 
O f  course the av erage  pow er a sso c ia te d  with a  b a s is  frequency 
cannot be negative fo r all b a s is  frequencies a t  the sam e time. 
A t le a s t  one of them has to be positive. The pow er needed 
for the am plification is draw n  from those other basis-frequen cy  
gen erators th a t deliver positive av erage  pow er through a  fre ­
quency-conversion process.

From  the d iscussion  o f the expression  (22) ab ou t the m anner 
in which the pow er delivered  by an energy source is d istribu ted  
over the load s a t  the various derived frequencies, we can im­
m ediately  deduce th at there ex ists y e t  another principle of 
am plification. Since the various b asis-frequ en cy  sources all con­
tribute to the pow er developed a t  a  derived frequency (the 
ratio  betw een the contributions being governed by the frequency 
ratio ) the ab so lu te  value o f the to ta l av erage  pow er developed 
at a  derived frequency m ay be la rg er  than th at flowing into 
the system  a t  one of the corresponding b a s is  frequencies. W hen 
this is the case  we have param etric power amplification associated  
with the frequency-conversion process betw een  th at p articu lar  b a sis  
frequency and th at p articu lar  derived  frequency. H ere  again  
the pow er needed for the am plification is supplied  by the other 
basis-frequen cy  gen erators.

6. Some very simple examples*

A s an illu stration  of the various p roperties of param etric  
system s mentioned previously , some very sim ple exam ples in 
which only three or four frequency com ponents are  involved 
w ill be briefly d iscu ssed .

6.1. M o d u l a t o r s  w i t h  t h r e e  f r e q u e n c y  c o m p o n e n t s .

C on sid er a param etric  system  connected to an external system  
which com prises tw o basis-frequency gen erators delivering sig ­
n als w ith a  frequency col =  co10 and a  pump (or local-oscillator) 
frequency a>2 =  co0(I, respectively . L o ad  im pedances are assum ed 
to be p resen t a t  these frequencies and a t  only one of the d e­
rived  frequencies, nam ely a t  o)a p =  aooI +  fico2, to be specified
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la te r  on. H ence, av erage  p ow er is exchanged only a t  the three 
frequencies ch aracterized  by

nx =  i nj — : o I .  nx =  a 
, [ and

n* =  i J * 2 =  P

F o r this case  the re lation s (20) reduce to :

n2 =  o

p  n  p
1 co i acoi-(-/?a )2

a cox 4- ft a>2 

ft Paooz -f- /5co2

O,
COx

(24)
P

4- =  o ,
a). a cOi +  co,

if  w e w rite P COi fo r P IiQ , and 7J>a>a fo r /*>,, •
Since the tw o equations (24) contain three unknown quanti­

ties w e can only determ ine the ratio  o f these quantities unless 
we furth er specify  the system , which we w ill not do. D ep en d ­
ing upon the re lativ e  m agnitudes of cox and co2, and upon the 
values chosen fo r  a  and ƒ>, w e can discrim inate betw een  the 
follow ing ca se s :

case (i): O <C cox <C co2, a =  =  I .

The re lation s (24) now assum e the form :

P P,
CO i  _|_ *■  CO i  -(- CO 2 _  q

(Dx

P
GO 2

CO„

COT 4" CD,

p .
(25)

j GO i  -J— CO 2 _ q

CD x +  CO 2

O bviously , since cox and co2 are  positive quantities, the sign of 
P L  M is opposite to th at of P (j0i and F w*> which are  bothGO i  + GO 2

positive since a t  le a st  one o f the b asis-frequ en cy  gen erators 
m ust deliver positive av erage  pow er. H ence, P Ml + a>2 is negative 
indicating th at the av erage  pow er is ab so rb ed  b y  the load  a t 
the sum frequency cox 4- co2 .

The frequency-conversion  p ro cess cox -*■ cox 4- co2 is accom panied 
by  a  pow er gain

G =  P GO i  + GO 2. / Ĵ GOt =  (WI 4" co2) /  COx >  I ,

a s  fo llow s d irectly  from  the first o f the equations (25). This prin­
ciple o f obtaining conversion gain w as d isclosed  by A lex an d erso n 21) 
a s  fa r  b ack  a s  1916. F igure 2i illu stra te s how P COl and  P Mn contri­
bute to P (j0i G)a depending upon the re lativ e  m agnitude of cox and co2.
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This case  correspon ds to the upper-sideband modulator; a  signal- 
frequency ban d  o col is tran sla te d  to a  ban d  m2 -> co2 +  <joï 
w ithout alterin g the re lativ e  position  of the individual signal- 
frequency com ponents. T herefore, it is som etim es6) design ated  
a s  a  non-inverting m odulator.

case (it): o <C coI <C coa , a = — /3 =  I .

R elation s (24) now becom e:
P  Pcoi _j_ co I -  w 2

CO ! co 1 —  CO 2

p 00 x — 0)  2

CO 2 COj —  CO 2

Relative magnitude of the average power 
quantities associated w ith their corres­
ponding frequency w in a three-frequency
case:
(z) the signal generator w ith frequency &>r 
and the pump w ith frequency co2 ( ^ > c o i )  

both contribute to the power dissipated at 
the sum-frequency coT-f-  co2 ;

(zz) the pump w ith frequency co 2 ( ^ > c o i )  de­
livers power at both the signal frequency 
co x and the difference frequency co2 — c o i .

=  o,

(26)

= o.

I t  is c lear th at now P MO) i
and P 0J>o have opposite 

signs and, since co1 — co2 
is a  negative quantity, 
P,„  and P m have theCO i  — CO 2 CO i

sam e sign which is n ega­
tive since pow er is a b so r ­
bed a t  cOj — co2. H ence a t  
sign al frequency co1 av e ­
rage  pow er, in stead  of 
being supplied b y  the sig ­
nal generator, is delivered 
to it. This effect m ay be 
in terpreted  a s  the c re a­
tion o f a  negative input re ­
sistan ce a t  cor which can 
com pensate fo r the lo sses 
presen t in the sign al cir­
cuit. This effect, th at can 
be utilized for am plifica­
tion by m eans o f a  n ega­
tive input-im pedance re ­
p eater, w as d iscovered  b y  
H artle y  (cf. r e f .22) )  and 
su ggested  fo r p ractica l 
use by  B u r to n 23), B o ard - 
m an 24) and P e te rso n 20). 
The pow er needed fo r the
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absorp tion  a t  cox and a t  co2 — cox is supplied  by the pump a t  co2 
(see fig. 2 ii). The am ount o f pow er ab so rb ed  a t  cox depends on 
the load  a t  co2 — cox, which is som etim es called  the id ling  fr e ­
quency.

I f  2 (jj1 =  co2, the frequencies co1 and co2 — cox have the sam e 
value. D epending upon the load  a t  cox su sta in ed  oscillations a t  
cox m ay resu lt, even if a t  the frequency cox the gen erator is 
rem oved or short-circuited. The pow er needed fo r  these second 
sub-harmonic oscillations is o f course derived from  the pump a t  
co2 22). The app lication  o f param etric  sub-harm onic o sc illa to rs in 
the com puter field, a s  inform ation-storing elem ents and a s  logic 
de vices, has been su ggested  alm ost sim ultaneously, but inde­
pendently, b y  G o t o 26), who introduced the name param etron  
and V on  N eu m an n 27). In these p ro p o sa ls, tw o sub-harm onic 
signals m utually  shifted in ph ase over h alf a  period  are  intro- 
du ced to rep resen t the b in aries “ o ” and “ T \

I f  the p ro p erty  of frequency  conversion coI -» co2 — cox is used, 
ra th er than the p ro p erty  of presenting a  negative input r e s is t­
ance a t  coIf this lower-sideband modulator is som etim es referred  
to a s  an inverting m odulator to exp ress the fa c t  th at the re lative  
position of the frequencies in the original signal band is rev ersed  
a fte r  conversion. I f  this system  is used  a s  a  m odulator, over­
lapp in g frequency b an d s occur so soon a s  2 cox >  CO 2.

case (Hi): o<Cco2<Ccox , a =  /? =  I .

This is in fa c t  the sam e a s  case  (i) if  we interchange the 
role of cox an d  co2. F o r  the frequency conversion of signal ban ds 
this case  is not very  interesting ow ing to the overlapping of 
frequency b an ds.

case (iv): o <C co2 <C co1 , a — — =  I .

This is a  m odification o f case  (ii); a t  col the sign al gen erator 
h as to deliver p ow er to the load  a t  cox — co2 a s  w ell a s  to the 
local o sc illa tor a t  co2 which th erefore experiences a  negative 
input resistan ce. H ere , too, overlapping o f frequency ban ds oc­
curs. W e  a lso  see from  the first o f the equations (26) th at 
param etric demodulation re su lts  in a pozver loss.

6.2. M o d u l a t o r s  w i t h  f o u r  f r e q u e n c y  c o m p o n e n t s .

W^e sh all now consider some ca se s in which four frequen­
cies are  involved in order to illu stra te  some a sp e c ts  o f p a r a ­
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m etric devices not encountered in the three-frequency cases. 
W e  sh all tak e  tw o ca se s in which the signals a t  tw o derived 
or idling frequencies (viz. a T co1 4- co2 and a 2 co1 4- /?2 co2) in stead  
of one are  loaded, and one case  in which tw o pump frequen­
cies (a>2 and co3) are  involved togeth er w ith one idling frequency.

case (i): O <C oox <C co2, a T =  a 2 =  — =  /?2 =  I .

F o r this case  re lation s (20) reduce to :

P  P  P00 I _j_ CO I -  (0 2  (O X +  0 )2  _  Q

CjOj COj — C02 (J01 - f  C02

(27)
P  P  PCÜ2 _  CO i  — CO2 _|_ CO i  -f CO2 —  O

002 00l — C02 0)1 +  OÜ 2

Since we have now four unknown pow er qu an tities and only 
tw o equations we are  unable to determ ine even the ratio  b e­
tw een these quantities. H ence no expression  can be derived 
for the gain unless the entire system , the lo ad s inclusive, is 
specified. H ow ever, one peculiarity  can be deduced from  eqs
(27) w ithout reference to a  specified system .

W e  have seen in the foregoing sub-section  under case s (i) 
and (it) th at the loading a t  the sum -frequency oox +  co2 c reates 
a  positive input resistan ce  a t  the signal frequency co1, w h ereas 
the loading a t  the difference frequency co2 — oox gives rise to a  
negative input resistan ce  a tc o z. Since the m agnitudes of P Wl_ W2 
and P (ô  + C02 depend upon the lo ad s, which can be a rb itrar ily  
chosen, it m ust be possib le  to fulfil the condition:

P  P0 0 ! -  CO 2 CO I +  CO 2 _  Q

COT — 002 COx +  CO,

which im plies

P a>t =  O.

In other w ords, b y  a  p ro p er loading a t  the derived frequen­
cies it is p ossib le  in the case  o f p aram etric  double-sideband 
modulators to elim inate the reaction  of the p aram etric  system  
upon the sign al gen erator a s  w as dem onstrated  b y  Tellegen  
and D u in k e r28). In this case  we can sta te  th at the conversion 
gain is infinite.



3 0 8 S. Duinker

case {it): o <  co2 <  oo, <  2  oo2, a, = a2 =  — =  — /?2 / 2 = I .

In the foregoing w e h ave seen th a t a n egative input resistan ce 
m ay be obtained if  the p aram etric  system  is used as an up- 
con verter, i.e., if  co1 <Cco2. H o w e v e r, in principle it is possible 
to obtain  a n egative input resistan ce, and hence under fa v o u r­
able conditions sustained oscillations, a t a freq u en cy oo, h igher 
than the pump freq u en cy as w a s  first suggested  b y  H ogan , 
Jepsen and V a r t a n ia n 29).

F o r  the chosen p aram eters the relation s (2 0 ) assum e the form :

P  P  P
(O i _|_ CO I -  CO 2 COt -  2 C0 2 _  Q

OO, CO, — C02 € 0 , - 2  C02

(2 8 )
P  P  Pco2 coi  -  co2 ~ c o i - 2 co2 _

CO a 0 0 , -  002 0 0 , - 2  00^

Since oo, — co2 is positive, and co, — 2 co2 is n egative, w h erea s  
P(o,_(02 an d Pco, a r e  both  n egative quantities ow ing to the 
load s a t  th eir corresponding frequen cies, eqs (2 8 ) are ob eyed  
if  P Mi is a n egative  q u an tity , i.e. if:

P CO i  — CO 2

OO, — 00,
+

P
CO I  — 2 co 2 

0 0 ,-  2 002
>  O.

Th is condition can be satisfied  b y  a p ro p er choice o f the 
loading im pedances a t the tw o  derived  (or idling) frequencies.

case (Hi): O <C a>2 <C oo3 <C oo, , a = — ($, = — /?2 = I .

This case w hich w a s  indicated  b y  Bloom  and C h a n g 30) p re ­
sents an oth er p o ssib ility  fo r  obtaining a n egative input resistan ce 
a t a signal freq u en cy  higher than the pump frequen cies co2 and 
oo3. R elation s (2 0 ) now  becom e:

p PC0 i 4_ C0i _ co2 - CO3 _ n
------ \*/ y

CO x 00, — 00 2 — 00 3

P p* CO 2 _ COi - co2 - co3 _ n

oo2 0 0 , -  002 — 00 3

p P«3  _ CO I - CO 2 -  CO 3 _  0

0>3 00, — co ̂  — 00 3

and 003 are a ll positive and 00, — 00

(2 9 )

--- — -------- — 3 ---------- --------- z--------------- ------------- — X — -X — J -----O -------

w h ile p o w e r is d elivered  b y  the pumps (i.e., P C02 and P are 
both  positive) bu t e x tra cted  a t  the idling frequ en cy so th at
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is negative , then P (Di is negative , which is the de­
sired  resu lt.

I f  cd2 and co3 are  equal, the la s t  tw o o f the eqs (29) are  
identical, w h ereas the idling frequency becom es a)x -  2 co2 im­
plying th at the second harm onic of the pump frequency  m ust 
be presen t in the sign al generated  by the pump. In this case 
the negative input-resistance a t  cor is obtained  v ia  a higher 
harm onic o f the pump frequency.

General energy relations for parametric amplifying devices
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O p  15 o k t o b e r  a . s .  is  b o v e n d i e n  d e  z . g .  p l é n i p o t e n t i a i r e  C o n f e r e n t i e  v a n  d e  
U . I . T .  b e g o n n e n .

D e z e  h o u d t  z ic h  b e z i g  m e t  d e  m e e r  s t r u c t u r e l e  v r a a g s t u k k e n  v a n  d e  U . I . T  
B o v e n d i e n  z u l le n  d e  t o e g e n o m e n  a c t i v i t e i t e n  v a n  d e  U . I . T .  b e h a n d e l d  w o r d e n  
en  h e t  a a n  d e z e  o r g a n i s a t i e  ten g r o n d s l a g  l i g g e n d e  v e r d r a g .  D i t  v e r d r a g  is  v o o r  
d e  l a a t s t e  m a a l  in 1 9 5 2  te B u e n o s  A i r e s  h e r z i e n .

V a n  N e d e r l a n d s e  z i jd e  w o r d t  a a n  e e r s t g e n o e m d e  C o n f e r e n t i e  d e e l q e n o m e n  
d o o r :

N a m e n s  d e  P . T . T . :  P r o f .  Ir.  C .  H .  B a s t .  D i r .  G e n e r a a l .
Ir .  J .  D .  H .  v a n  d e r  T o o r n ,  O u d  D i r .  G e n .
Ir .  A .  J .  E h n l e .  H f d .  d i r e c t e u r .
C .  M .  B r i n k m a n .  A d j .  I n s p e c t e u r .
A .  C .  F o r t g e n s .  A d j .  I n s p e c t e u r .
P .  d e  G r o e n .  O u d  I n s p e c t e u r .
C .  v a n  G e e l .  D i r e c t e u r  I.
J .  H o u t s m u l l e r .  H f d .  in g .  b i jz .  d ie n s t .
Ir .  B .  J.  S t ö v e r .  H f d .  I n g .  A l g .  d ie n s t .
Ir .  J .  C .  V e r t o n .  H f d .  I n g .  A l g .  d ie n s t .
P .  E .  W i l l e m s .  R e f e r e n d a r i s .
Jh r .  D r .  Ir .  G .  T h .  F .  v a n  d e r  W i j c k .  H f d .  I n g .  A l g .  d ie n s t .
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N a m e n s  R i j k s  L u c h t v a a r t d i e n s t :

O .  I. S e l i s .  D i r e c t e u r  a f d .  L u c h t v e r k e e r b e v e i l i g i n g .
A .  A .  d e  R o o d e .  H f d .  I n s p e c t e u r .
H .  D e n é .  H f d .  c o m m i e s - A .

N a m e n s  h e t  m i n i s t e r i e  v a n  D e f e n s i e :

J .  H .  R .  v a n  d e r  W i l l i g e n .  L u i t e n a n t  te r  Z e e  l c  kl.

N a m e n s  R a d i o  N e d e r l a n d  W e r e l d - o m r o e p :

E .  v a n  E l d i k .  P l v .  h fd .  v .  d. T e c h .  d ie n s t .

N a m e n s  d e  K . L . M . :

J.  F .  V a r e k a m p .  H f d .  b u r e a u  O p e r a t i o n e l e  V e r b i n d i n g e n .  
Z .  J .  v a n  d e  H o e k  O s t e n d e .

N a m e n s  R a d i o - H o l l a n d  N . V . :

Ir .  H .  T .  H y l k e m a .  H f d .  I n g .

SYMPOSIUM I.R.E
D o o r  h e t  I n s t i t u t e  o f  R a d i o  E n g i n e e r s  z a l  o p  11, 12 e n  13 j a n u a r i  1 9 6 0  

g e h o u d e n  w o r d e n  h e t  6 th  N a t i o n a l  S y m p o s i u m  o n  R e l i a b i l i t y  a n d  Q u a l i t y  C o n ­
tro l  in  E l e c t r o n i c s .

P l a a t s :  H o t e l  S t a t l e r .  W a s h i n g t o n  D . C .
B e l a n g s t e l l e n d e n  k u n n e n  z ic h  v o o r  n a d e r e  i n l i c h t i n g e n  w e n d e n  to t  d e  S e c r e ­

t a r i s  o f  to t  Ir .  ] .  C .  D i e l s ,  t e c h n .  w e t c n s c h .  a t t a c h é ,  N e d e r l a n d s e  A m b a s s a d e ,  
1 4 7 0  E u c l i d  S t r e e t ,  W a s h i n g t o n  9 ,  D . C . ,  U . S . A .

FIRST MEETING OF THE BENELUX SECTION OF THE INSTITUTE 
OF RADIO ENGINEERS

O n  O c t o b e r  3 r d  the n e w l y  f o r m e d  B e n e l u x  S e c t i o n  o f  the  I R E  h e l d  th e ir  
f i r s t  m e e t i n g .  T h i s  t o o k  p l a c e  a t  the  R o t t e r d a m  O f f i c e s  o f  R a d i o - H o l l a n d  N . V .

Benelux Section of the I.R.E. At the speaker's fable, from left to right: 
Jr. C. B. Broersma, Chairman of Membership Comittee; Dr. H. P. Williams, 
Chairman of Publicity Committee; Mrs. B. D. H. Tellegen; Prof. B. D. H. 7 c / -  
legen, Fellow I.R.E. (and N.R.G.); Dr. L. V. Berkner, Fellow I.R.E. and 

Director I.R.E.: Ir. H. Rinia, Chairman of Benelux Section.
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w h e r e  s o m e  7 5  m e m b e r s  a n d  g u e s t s  h e a r d  t a l k s  o n  the  r a d i o  a n d  n a v i g a t i o n a l  
e q u i p m e n t  o f  th e  n e w  s . s .  R o t t e r d a m  b y  M e s s r s .  I r .  C .  B .  B r o e r s m a  a n d  Ir .  H .  T .  
H y l k e m a  o f  R a d i o - H o l l a n d  a n d  A .  W e p s t e r  o f  the  H o l l a n d  A m e r i c a  L i n e .  T h e  
l e c t u r e s  w e r e  p r e c e d e d  b y  a n  o p e n i n g  a d d r e s s  f r o m  C h a i r m a n  Ir .  H .  R i n i a .  D u r i n g  
the  lu n c h  w h i c h  f o l l o w e d ,  D r .  L .  V .  B e r k n e r ,  P r e s i d e n t  o f  U . R . S . I .  a n d  a  D i r e c t o r  
o f  the  I R E ,  p r e s e n t e d  the  g o o d  w i s h e s  o f  the B o a r d  o f  D i r e c t o r s  a n d  e m p h a s ­
i z e d  th e  i n t e r n a t i o n a l  c h a r a c t e r  o f  the  I n s t i t u t e  a n d  i t s  in t e r e s t  in  p r o m o t i n g  
c o n t a c t  a m o n g  r a d i o  e n g i n e e r s  f r o m  a l l  l a n d s .

I n  the  a f t e r n o o n  the  w h o l e  p a r t y  w e n t  a b o a r d  the  n e w  H . A . L .  f l a g s h i p  
R o t t e r d a m  a n d  w e r e  s h o w n  the  r a d i o  s t a t i o n  a n d  a l s o  the  n a v i g a t i o n a l  e q u i p ­

m e n t  o n  the  b r i d g e .  S i n c e  m a n y  o t h e r  p a r t s  o f  th i s  f a s c i n a t i n g  s h i p  w e r e  a l s o  
v i s i t e d ,  the  w h o l e  o c c a s i o n  w a s  q u i t e  a  m e m o r a b l e  o n e .  E v e n  the  w e a t h e r  c o n ­
t r i b u t e d  to  th i s  b y  b e i n g  e x c e p t i o n a l l y  w a r m  a n d  s u n n y .

BOEKBESPREKING

Principlcs of Transistor Circuits: Introduction to the Design of 
Amplifiers, Receivers and other Circuits. B y  S .  W .  A m o s ,  B . S c .  
( H o n s . ) ,  A  M . I . E . E .  P u b l i s h e d  f o r  ’ ’W i r e l e s s  W o r l d ” o n  2 6  M a r c h  
1 9 5 9  b y  I l i f f e  & S o n s  L i m i t e d .  F o r m a a t  8 % "  x  5 J / > " .  167  b lz . ,  
105  f i g u r e n  in d e  t e k s t .  P r i j s  21 s.

D i t  b o e k j e  i s  u i t g e g e v e n  o n d e r  a u s p i c i ë n  v a n  d e  W i r e l e s s  W o r l d .  In  t ien  
h o o f d s t u k k e n  w o r d t  o p  e e n  v o o r  i e d e r  b e g r i j p e l i j k e  w i j z e  e e n  e e n v o u d i g e  h a n d ­
le id in g  g e g e v e n  v o o r  h e t  o n t w e r p e n  v a n  t r a n s i s t o r - s c h a k e l i n g e n .  H e t  i s  z o d a n i g  
g e s c h r e v e n ,  d a t  n a  n e g e n  h o o f d s t u k k e n  te h e b b e n  d o o r g e w e r k t ,  e e n  r a d i o ­
a m a t e u r  z o n d e r  h u l p  e e n  e e n v o u d i g e  s u p e r h e t e r o d y n e  r a d i o - o n t v a n g e r  m e t  t r a n -  
s i s t o r e n  k a n  o n t w e r p e n  en  b o u w e n .  In  h e t  l a a t s t e  h o o f d s t u k  w o r d t  e e n  m u lt i -  
v i b r a t o r  g e g e v e n ,  t e r w i j l  e n k e l e  n i e u w e  t y p e n  h f  t r a n s i s t o r e n  w o r d e n  b e s p r o k e n .

D e  s c h r i j v e r  i s  o p  d e  p r a k t i j k  i n g e s t e l d ;  hij g a a t  n ie t  d i e p  o p  d e  s t o f  in. O v e r  
d e  o o r z a a k  v a n  h e t  a f w i j k e n d e  g e d r a g  v a n  t r a n s i s t o r e n  w o r d t  w e i n i g  g e z e g d .  
W e l  w i j d t  hij t e r e c h t  e e n  ^  u i t s t e k e n d  —  h o o f d s t u k  a a n  d e  s t a b i l i s a t i e  v a n  he t  
in s t e l p u n t .

In  d e  e e r s t e  v i j f  h o o f d s t u k k e n  w o r d e n  o o k  p u n t c o n t a c t - t r a n s i s t o r e n  b e h a n d e l d .  
D i t  w e r k t  v e r w a r r e n d ,  d a a r  h i e r  n e g a t i e v e  u i t -  en  i n g a n g s i m p e d a n t i e s  k u n n e n  
v o o r k o m e n ,  t e r w i j l  d i t  t y p e  t r a n s i s t o r  t o c h  n ie t  m e e r  in g e b r u i k  is .  D e  s c h r i j v e r  
h a d  d i t  b e t e r  k u n n e n  l a t e n  v e r v a l l e n .

D i t  b o e k j e  z a l  v o o r  d e  r a d i o - a m a t e u r  e n  d e  m i d d e l b a a r  r a d i o - t e c h n i c u s  v a n  
v e e l  n u t  z i jn .

E. E. P. P.

Fluctuation Phenomena in Semiconductors, d o o r  A .  v a n  d e r  Z i e l  
U i t g e g e v e n  d o o r  B u t t e r w o r t h  S c i e n t i f i c  P u b l i c a t i o n s ,  L o n d o n  1 9 5 9 .  
1 6 8  b l a d z . ,  p r i j s  3 5  sh .

H e t  d o e l  v a n  d i t  b o e k  i s  e e n  o v e r z i c h t  te g e v e n  v a n  d e  s t a n d  v a n  z a k e n  
in  h e t  t h e o r e t i s c h  e n  e x p e r i m e n t e e l  o n d e r z o e k  v a n  f l u c t u a t i e - v e r s c h i j n s e l e n  in 
h a l f - g e l e i d e r  m a t e r i a l e n ,  en  d e  d a a r v a n  a f g e l e i d e  p r o d u c t e n ,  z o a l s  p h o t o g e l e i d e r s ,  
t h e r m i s t o r s ,  d i o d e s ,  t r a n s i s t o r e n .

D e  r u i s - e i g e n s c h a p p e n  v a n  v i e r p o l e n  e n  d e  m e t in g  v a n  d e  k a r a k t e r i s t i e k e  
p a r a m e t e r s  w o r d e n  e v e n a l s  d e  g e b r u i k e l i j k e  w i s k u n d i g e  m e t h o d e n  k o r t  g e r e c a p i ­
tu le e r d .  G e n e r a t i e - r c c o m b i n a t i e  r u i s  ( v e r o o r z a a k t  d o o r  o n t s t a a n  e n  v e r l o r e n  g a a n  
v a n  l a d i n g s d r a g e r s ,  h o l e n  en g a t e n )  w o r d t  u i t v o e r i g  b e h a n d e l d .  V o o r  f l i c k e r -  
e f f e c t  w o r d t  M c  W h o r t e r ’s  t h e o r i e  a l s  m e e s t  b e l o v e n d  g e v o l g d .  D e  t h e o r e t i s c h e  
d i s c u s s i e  v a n  r u i s  bij p h o t o g e l e i d e r s  is  g e b a s e e r d  o p  h e t  w e r k  v a n  v a n  V l i e t .  
R u i s  in h a l f g e l e i d e r  w e e r s t a n d e n  en  t h e r m i s t o r s  w o r d t  k o r t  b e h a n d e l d .  U i t v o e r i g e  
h o o f d s t u k k e n  z i jn  g e w i j d  a a n  s h o t - r u i s  in  d i o d e s  e n  t r a n s i s t o r e n .  D e z e  z i jn  v o o r  
e e n  g r o o t  d e e l  g e b a s e e r d  o p  h e t  w e r k  v a n  d e  s c h r i j v e r  e n  z i jn  c o l l e g a ’s  a a n  
d e  U n i v e r s i t y  o f  M i n n e s o t a .  E r  v o l g t  d a n  e e n  d i s c u s s i e  v a n  f l i c k e r  r u i s  in  
d i o d e s  en  t r a n s i s t o r e n  ( o p p e r v l a k t e -  en  l e k s t r o o m  e f f e c t e n ) .  H e t  s l o t  h o o f d s t u k  
b e h a n d e l t  t o e p a s s i n g e n  en  b e s c h o u w i n g e n  o v e r  m i n i m a a l  r u i s g e t a l .  H i e r b i j  w o r d t  
k o r t  i n g e g a a n  o p  d e  r u i s e i g e n s c h a p p e n  v a n  p a r a m e t r i s c h e  v e r s t e r k e r s ,  v a n  h e t  
t y p e  d i o d e s  m e t  v a r i a b e l e  c a p a c i t e i t .
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D e  n a d r u k  l i g t  in  d i t  b o e k  o p  e e n  u i t v o e r i g e  w i s k u n d i g e  d i s c u s s i e  v a n  h e t  
p h y s i s c h  m o d e l .  G e m e t e n  k r o m m e n  z o e k t  m e n  e r  v e r g e e f s  in, a l  w o r d t  w e l  
s t e e d s  n a a r  d e  e x p e r i m e n t e l e  l i t e r a t u u r  v e r w e z e n .  W a t  d e  t h e o r i e  b e t r e f t  v i n d t  
m e n  e r  e c h t e r  a l l e s  b i je e n ,  w a t  in  d e  l a a t s t e  j a r e n  ( t o t  1 9 5 9 ! )  a a n  b e l a n g r i j k e  
i d e e ë n  v o o r t g e b r a c h t  is ,  c r i t i s c h  b e z i e n  v a n u i t  é é n  g e z i c h t s p u n t .  H e t  b o e k  is  
h e l d e r  g e s c h r e v e n ,  m a a r  d o o r  d e  a a r d  v a n  h e t  o n d e r w e r p  g e e n  g e m a k k e l i j k e  l e c ­
tu u r .  D e  u i t g a v e  i s  k e u r i g  v e r z o r g d .  E e n  b e l a n g r i j k e  b i j d r a g e  to t  d e  h a l f g e l e i d e r  
l i t e r a t u u r !  ü  r n
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b e z o r g d e n .  O p  2 4  a u g u s t u s  w e r d  hij b e n o e m d  to t  b u i t e n g e w o o n  h o o g l e r a a r  te 
L e i d e n  o m  o n d e r w i j s  te g e v e n  in d e  m i c r o g o l f t e c h n i e k  e n  d e  t o e p a s s i n g  e r v a n  
in  d e  s t e r r e k u n d e ,  n a t u u r k u n d e  e n  s c h e i k u n d e .  P r o f .  M u l l e r  i s  b e h e e r d e r  v a n  d e  
R a d i o s t e r r e n w a c h t  te D w i n g e l o o  en  z a l  d e z e  f u n c t i e  n a a s t  z i jn  h o o g l e r a a r s a m b t  
b l i j v e n  v e r v u l l e n .  H i j  w e r k t  t h a n s  a a n  r u i s -  e n  s t a b i l i t e i t s p r o b l e m e n  bij h o g e  
f r e q u e n t i e s  e n  a a n  e e n  a a n t a l  a s t r o n o m i s c h e  w a a r n e m i n g s p r o g r a m m a ’s. D e  l a a t s t e  
t ijd  h e e f t  hij z i c h  o o k  b e z i g  g e h o u d e n  m e t  m a s e r s  e n  p a r a m e t r i s c h e  v e r s t e r k e r s  
v o o r  r a d i o a s t r o n o m i s c h e  d o e l e i n d e n .
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