w No.

PUBLISHED G. YALENSI
JULY 13, 1943, SYSTEM OF TELEVISION IN COLOURS 251,004
BY A. P. C. Filed Jan. 14, 1939 6 Sheets=Sheet 1
‘I.
A 7 7 ) / A
- a
2 ¢ |93 ¥ Se]? 7
v .

t|2 |3 | ¢|s|le|7|o ]9 0 A
11
- |
AR AN/ AR AR, AR AR AN AR 2 |
/N |7
79 (20|27 | 22|23 |20 25| 25 | 27 ,éﬂn: \ }
28|29 |30|3/ |22 |33 | 30|35 |25 ".\/,f
£ 7 b

£,
rle s r]afa|r|2]a]|r]2]s]
£
7 2 3 £
[J-

by

ZrrvernlZor.-

Jergps Volarad
5)' Jlomne W
AAlornays

£



PUBLISHED G. VALENSI Serial No.

JULY 13,1943, SYSTEM OF TELEVISION IN COLOURS 251,004
BY A. P. C. Filed Jan. 14, 1939 €6 Sheets-Sheet 2
__________________ 1
N !
q 1
]
1
""""""" 15
!
: i
i ]
I
t J . ]
N=T__"">=
"4 Q
F
TR |9
Q LY
3
Lj“
W e >

Z7 nztgn;‘ann

fz* 6.0\;(” "‘)mmd
.{im?"?ze;ys

By -



PUBLISHED
JULY 13, 1943,

BY A. P. C.

fig. /4a

G. VALENSI
SYSTEM OF TELEVISION IN COLOURS

Filed Jen. 14, 1939

Serial No. |
251,004

6 Sheets-Sheet 3

—f
2 2 2°
_— = <>
3 5 g
4 £ &
‘-lj: .-——: ‘--:
Z, A y P
.

£
=g r
TE 4 ?”!;l " l _-S_-’_r_l'ft[_.
' T¢ o
I 1
/79'. 5% /;:-7./51: s

G-rz .

' ’ .,
7 o
s

4

}+Ll

"7 |
—— e mé
. i
5 |

Fig. 5

|

Trnverlor:-
Qporgt Volewed
-z%y R e CL‘#?MJ(
Alorneys




PUBLISHED G. VALENSI Serial No.
LY 13, 1943, SYSTEM OF TRLEVISION IN COLOURS 251,004

Filed Jan. 14, 1939 6 Shests-Sheet 4

‘Bf Y s r ’w
Atlorrneys




G. VALENSI
SYSTEM OF TELEVISION IR COLOURS

Filed Jan. 14, 1939

Serial No.
251,004
6 Shesta-Sheet 8




PUBLISHED G. VALENSI| Serial No.
JULY 13, 1943, SYSTEM OF TELEVISION IN COLOURS 251,004
BY A. P. C. Filed Jan. 14, 1539 6 Sheets~Shest 6
-
L g
C 14
o
Y

<>
s - T %
N
S
|
||
Im
1

fig. 11

-
‘; Q U"ﬁ G g)
L . —— g b — -J
T | [

fig. 13

Treverlor.
Vialonas

Bf e . |/ Md
AZZorrezss



Published July 13, 1943

Serial No. 251,004

ALIEN PROPERTY CUSTODIAN

SYSTEM OF TELEVISION IN COLOURS

Georges Valensi, Paris, France; vested ln the
Alien Property Custodian

Application filed January 14, 1939

The object of my invention is a colour tele-
vision system which does not require between
the transmitting and recelving television stations
a metalllc line or a radio-link transmitting effec-
tively a hand of frequencies much larger than the
band required for an ordinary black and white
television. Instead of transmilting over sald line
or radio link, for each polnt of the cbject to be
shown at distance, three slgnals on three differ-
ent channels (that is the three brighthess values
of the three basic components (say blue, red and
yellow) of the colour of said point), llke in the
colour television systems already known, I trans-

mit on]y one signal I on one channel only, sald
signal carrying both the brightness and the col-
our,—or I transmit two sighals I and I’ on two
channels (one signal for the brightness and one
signal for the colour). My invention permits
elther an economy in the cost of the metallic line,
or a less congestion of the other in case of a
radio link, Moreover my invention permits the
privacy of television transmission (or secret tele-
visional transmissions.)

The principle of my invention is illusirated in
Figure 1, where | is the object or scene to be
shown at distance; 2 is a scanning device produc-
ing for each pcint of the object {, three elements
or magnitudes A, B, C, characterising the mean
brightness and the actual celour of said peint; 3
is a coding device which combines the three ele-
ments A, B, C In one electric slgnal I (or two elec-
tric signals 1 and I') transmitted to the distant
station over the metallic line or radiollnk 4.
There the decoding device § restores the charac-
teristic elements A, B, C which act on the tele-
vislon receiver § to produce on the screen 7 a
coloured lumincus point having the same posl-
tlon, mean brightness and actual colour than the
point of the object | scanned at that instant in
the transmitting station, so that the image of ob-
Ject | 1s reproduced on screen T both in shape and
in colours.

In a first embodiment of my Invention, the
three characteristic elements A, B, C are respec-
tively the brightness values of the three basic
components (for example, blue red and yellow)
of the coloured point of the object which s
scanned at the considered instant.

In a second embodiment of my invention, the
thiree characteristic elements A, B, C are: 1°—
the mean brightness of said point, that is: the
signal which would be sent in an ordinary black
and white television system; 2°—the position in
the visible spectrum of the radiation or wave-
length which should be mainly absorbed in said
visible spectrum In order to reproduce the actual
colour of said point, 3°—the “degree of satura-
tlon” of the actual colour of said point, that is:
the proportion cf white to be added to an ap-
propriate monochromatic colour (complementary

10.

18

20

25

30

50

L]
U

60

to said most absorbed radiation) in order to re-
broduce sald actual colour of sald point,

In a third embodiment of my invention based
on Maxwell’s triangle of colours, the three char-
acteristic elements A; B, C are: 1°—the mean
brightness of said point, as above;—2°—the “hue”
or predominating monochromatic colour corre-
sponding to said point,—3°—the “degree of sat-
uration’ of the actual colour of sald point.

In the flrst embodiment of my invention, I
tra.nsnllb generally on the line or radiolink one
signal I only for each polnt of _t.he object to be
shown at distance, said signal I combining the
three elements A, B, C.

In the second and third embodiments, I may
transmit on one channel a signal which 1s pre-
cisely proporticnal to element A (thus giving an
image in black and whiile) and on anolher chan-
nel g signal 1I' combining the elements B and C
(thus adding coloured touches to said image in
black and white). In such & case I need two
channels on the metallic line or radiolink, bhut
the ordinary television receivers can then be still
generally used for providing black and white
images, whereas, In some receivers only, an ab-
tachment for adding colours to said images is
used. However In the second and third embodi-
ments of my invention, I may alsq combine the
three elements A B C in one signal I, so that one
channel only will be required on the metallic
line or radiolink.

The appended drawings illustrate examples of
realisation of my invention, but any other form
of realisation embodying other features well
known in the television art should he considered
as contained In the frame of my invention,

‘Figure 2 illustrates the fAirst embodiment men-
tloned hereabove and Figure 3 shows the coding
screen E and the decodlng screens E'r E's E';.

Figure 4 illusirates an application of the sec-
ond embodiment of my invention in which the
modulation of the colour at the televislon receiv-
ing staiion utilizes the “chromatic polarisation”
or the “dispersion of optical rotatory power for
various wave lengths"” asscclated with the Kerr
effect electrically controlled, or with the electric
accldental birelringence of a crystal, or with the
Verdet effect magnetically controlled (magnetic
optical rotation).

Pigures b and 6 1llusirate the transmitting tele-
vislon station in the second embodiment of my
invention, in which the spectral curve of the
actual colour of each point of the object to be
shown at distance (curve shown in Figure 8) is
automatically drawn, and in which the coding
screen of Figure 7 is used. Figure 7—a¢ shows
another coding screen for a simplified transmit-
ting station on the principle tllustrated by Fig-
ures b and 6.
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Figure 9 illustrates the Maxwell’s triangle of
colours and Pigure 10 a graphic construction In
said triangle, whereas Figure 11 lustrates the
transmitting station in the third embodiment of

251,004

a vellow screen f’7 and a red screen f'r. ‘Three
objectives or lenses @'b ' and Q'r assoclated
with a collecting lens L'’ superpose on the recelv-
ing screen 8’ the three baslc images (blue, yellow

my inventlon which is based on sald Maxwell’s 5 and red) of object S.
triangle and in which the coding screen shown For the simplicity of explanation, let us as-
in Figure 12 is used. sume that the electric voltage Tr (across rr)
Plgure 13 illustrates a television receiving sta- may have one of three values Ri=0 (ahsence of
tion using cathode ray oscillographs and Flgures red, Ra (mean proportion of red), Rs (large pro-
14 gbc and 15 abede show the performance of 10 portlon of red),—that the voltage Th across 7o
the devices controlling said cathode ray oscillo- may have one of three values, Bi=0 (absence
graphs. of blue), Bz {mean proportion of blue), B; (large
On Figure 2, S is the coloured object to be proportion of blue),—that the voltage T,: across
shown at distance, © an objective (or lens) having r; may have one of four values Ji=0 {(absence
a rear diaphragm in the pupilla of which Is lo- 15 of yellow), Ja (small proportion of yellow), Js
cated a trihedral mirror M glving three Images {miean proportion of yellow), Js (large propor-
of S (through a blue screen fo, a yellow screen f4 tion of yellow). Let us assume also that the
and a red screen fr), said images being located combination Rs Ba J¢ corresponds to white where-
respectively on the photosensitive mosalcs mb, as the combination R1 B1 Ji corresponds to black,
mj and mr of three iconoscopes Ib, I, Ir, the op Let us assume that the gains of the amplifiers
anodes of which are ab, af, ar, and the collecting Ay Ay Ar are adjusted In such a way that the
plates of which are ¢b, ¢f, cr. The three elec- luminous spot on fluorescent screen FI 15 Just in
tric voltages obtalned at a given Instant across front of the square of the transparent coding
the terminals of resistances rb, rj, rr, are pro- screen E (Pigure 3) which has the same number
portional to the brightness values A, B, C of the ¢y as the compartment of the following coding table
blue, yellow and red bhasic components of which contains the combination of the values
the actual colour of the point of object S being of R, B, J exlsting at the same instant. For ex-
scanned at that instant. ‘ ample when Tr==Raz Te=B: Ty=J¢, said lumi-
These three characteristic elements ABC are nous spot is in front of square Nr 32 of the cod-
combined in the coding devite COD comprising: gg ing screen E, corresponding to compartment Nt
1°—a eathode ray oscillograph C (with a fluores- 32 in the following coding table).
Coding fable
1 2 3 4 5 6 7 B ']
RiBi T, RiBi 1, RyBi Ty R:EB‘J] Ry By I, Ry Byl RiByJ, RyBy ]y RiB: I,
10 1 12 13 | 15 18 17 18
RiB;J; | BMyBiTs | BaBada | BiBaln | ReBily | ReBala | RiBady | RiBay | BByl
19 20 a1 22 23 24 25 2% o
Ri BTy Re By Js RaB1 1 RiB:1la Re By T3 RiB s RiBsLu RyBals RiB:Ts
28 20 a0 a1 32 33 3 35 35
RB T R:Bi Iy RyBL L4 Ri1BiJy Ry By Iy Ra By 14 RiBily Ri By Iy RiBy 1y

cent screen F? and three deflecting coils By, B:, 45 ‘The transparence of the coding screen E in-

B:r energized by elements A, B, C through three
ampliflers Ap, A: Ar—2°— transparent cotllng
screen B—3°—a lens L condensing all the lumi-
nous rays produced by the luminous spot oh FI
through E,—4°—a photoelectric cell ‘Ph, glving
across the terminals of 1ts output retistance R a
voltage I which constitutes the ctoded sighal
transmitetd over the ‘metalllc line of radio
link LI.

At the distant television station, sald signal I
acts on a decoding device DEC comprising: 1°—
three cathode ray oscillographs C'b C'7 C'r with
fluorescent screens and deflecting colls B'b B'f
B'r;—2°—three transparent decoding screens E'b
E’'j E'r, located In front of sald fluorescent
screens; 3°—three lenses L'b L’ L'r condensing
all the Iuminous rays produced by the three lu-
minous spots of oscillogdaphs C'b C’7 C’r throtgh
E'b E'J E'r respectively in three photoelectric
cells P'b P'J P'r.

The three electric voltages obtained at the
glven instant across the terminals of the output
reslstances r'b, r'd, r'r of sald photolecertic cells
reproduce the three elements ABC of the-actual
colour of the point of object S belng scanned
at sald instant In the television transmiiting
station; these three voltages are applied to the
control grids of three cathode ray oscillograhs
Ob Of Or with fluorescent screens in front of
which are lockted respectively a blue screen f'b,
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creasing regularly from the square NT 1 (com-
pletely opadque) to the square Nr 36 (completely
transparent), the electrie voltage I produced
across the terminals of the output resistance R,
after the photoelectric cell Ph, 1s proportional
to the numbher of the square in front of which
said luminous spot is located at a given instant.
This slgnil I characterising the partieular com-
bination of red, yellow and blue which corre-
sponds to the aectual colour of the poilnt of ob-
ject S belng scanned at that Instant, is trans-
mitted over the metallic line or radiollnk LI to
the receiving television station where said signal
I acts simultaneously on the cathode rays of the
three oscillographs C’'b C’j C’'r in the decoding
device. The decoding screens E'vs B’y E’'r (Figure
3) are opadque except along the line explored
by the luminous spot of the corresponding oseil-
lograph, where they have a certain number of
more or less transparent squares: on E’r there
are 36 squares In 12 series of 3 (squares | com-
pletely opaque and corresponding to Ri, squares
2 half transparent and corresponding to Ra,
squares 3 completely transparent and corre-
sponding to Ri:),—on E’'b there are 12 squares
In 4 serles of 3 (squares | completely opague and
correspond to Bi, squares 2 half transparent
and corresponding to Bz, squares 3 completely

-transparént and corresponding to Bia),—oh E’j

there are 4 squares marked I, 2, 3, 4 and the
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transparence of which is regularly increasing
(square | being completely opaque and corre-
sponding to Ji, whereas square 4 is completely
transparent and corresponds to Jd).
Consequently for each value of signal I, the
electric voltages across the terminals of the out-
put resistances 7'n 7’y r'r have the values 2, &
and #i, indicated in the following decoding table;

Decoding table

Numbera pro- Voltage £y
portional to the | Voltage fr Voltage fn modulating
electrlc voltage | moduisting TModulating the yell
1 applled on. | thered coni- | the blue com- com, gner?r In
lne or radje | POTFTEID the | ponent In the the;:'eoeived
link LI received lmage | received image image
1 1 1 1
2 2 1 1
3 3 1 1
4 1 2 1]
& 2 2 1
6 3 2 1
; 2 3 !
'] 3 3 1
10 1 1 2
11 2 1 2
12 3 1 2
13 1 2 2
14 2 2 2
15 3 2 2
18 1 3 2
17 2 3 2
{g 3 3 2
1 1 3
20 2 1 3
21 3 1 3
br] 1 2 3
a 2 2 3
3 2 3
28 1 3 3
24 2 3 3
27 3 3 3
gg é 1 4
1 4
a0 3 1 4
31 1 2 1
32 2 2 4
a3 3 2 4
H 1 3 4
33 2 3 4
36 3 3 4

The perfect correspondence hetween the above
coding table and decoding table, shows that, if
the voltages ir, v and ¢) are applied to the grids
gr gb g3 of the three cathode-ray oscillographs
Or Gvb Oy, 8hd if the images of the fluorescent
screens of these three oscillographs through red
screen fr, blue screen fb and yellow screen f*y
are well superposed on screen 8’ the image of ob-
jeet 8 wlll be well reproduced on 8°, both in
shape and in colours.

Naturally, in practice, instead of having on the
coding screen E and on the decoding screens E'n
E’i E’'r (Figure 3) a finlte number of squares,
I utilize continuous gradations of increasing
transparence (corresponding to the hereabove
mentioned serles 1 to 36, 1 to 3 and 1 to 4) so
that I obtaln a very great variety of colours in
the Images recelved on screen B’. I may also
change at will the law of variation of the trans-
parence of the varlous parts of theée coding
screen E and use corresponding decoding screens
E’r E's E’1, In order to secure the privacy of the
television transmission (in black and white, or in
colours),

In the coding device of Flgure 2, I may also
place the photoelectric cell Ph and the coding
screen E within the cathode ray tube C, on the
same mounting than the fluorescent screen Fi;
and I may do the same in the decoding device
for PPoEv C'hor P’y E’'s C’yor P'r E'r C'r.

Instead of using photoeleciric cells In these
devices, I may utillze an emission of secondary
electrons, and so avold the intermediate trans-
formatlion in light; in such a case the coding and
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decoding screens (E, E'», E’;, E'r) are mosaics
of Juxtaposed elements of emlitting and non
emitting materials, swept by the beam of cathode
rays which produces a more or less intense flux of
secondary electrons, sald electrons being con-
centrated by appropriate “electron opties’” on a
collecting electrode connected to the output re-
sistance (R, 7'y, r'; Or r'r).

I may also place the whole decoding device in
the same vacuum tube (Instead of three separate
tubes C'» €’y C'r) using *“cylindrical electron
Opucs.n

In Figure 4, the object to be shown at distance
is represented in |. 4, 4’, 4’' are devices scan-
ning synchronousty three images (of said object
1) obtained through lenses 2, 2’, 2’’ and through
a yellow screen 3, a purple screen 3° and a green
sereen 3’ respectively. At a glven Instant, elec-
tric voltages #1, fa, fa, are obtalned across the
terminals of the output potentiometers 8" § §°’,
which are proportional to the brightness values
of the purple ({1), yellow ({2) and green (#i)
components of the actual colour of the point of
object | belng scanned at that instant. In this
case the coding device 6 is an “electrical differ-
ential arrangement” of three electrodes vacuum
tubes combining these electric voltages ti, 2, &
together and producing a voltage Tw= which char-
acterlses the wave-length of the radiation which
should be mainly absorbed in the visible spectrum
In order to reproduce the actual colour of sald
point of object I. This voltage T=, transmitted
over the metallic line or radiollnk T and ampli-
fled at the receiving station by amplifier 8 pro-
duces a voltage T''m across the terminals of the
Kerr cell 8.

The electrical differential arrangement 6 1is
such: 1°—that T''m has a value T'’mo correspond-
Ing to colour No. 7 in the following table when
(t1i—t2) and (hi—t1) 1s positive, that is to say
when the purple predomlnates in the actual
colour of sald point of object 1 which corresponds
to a veloclty difference of relative value 0 in the
second column of sald table; 2°—that, when
(f1—12) or (t1—t1) Is negative, T''= differs from
T ’mo and in fact 1s larger than T 'me If (fa—12)
is positive, and is smaller than T 'me If (f3—#3)
is negative; 3°—that the difference (T’ u—T" "mo)
in the latier cases Increases in absolute value
rapidly when {1 Is small and more slowly when
t1 18 large (see the column “Relative value of
velocity differences” in the following tahle) be-
cause the purple colour corresponding to T/ 'me 18
the most sensitive colour in such optical phe-
nomens,

Nt of the | 9f Lhe VEOCKY | proqt ghaorbed | Colour obtalned
colour cggggng [1he radlation after anlyser |3
Kerr cell 9
—250 | Indlgo_. ... ... Light yellow.
—233 | Blue.._._.___ ~----| Bright yetlow,
—135 | Blue (greenish)___.| Yellow (orangw). -
—f0 | Green (bluish)__._| Orange {reddish).
—20 | Palogreen....... .| Red, -
—14 | Green (yellowish).| Dark red
0 | Light green_._.... Purple
+10 | Yellow (greenish}_| Violet.
~+23 | Bright yellow.__.. Indlgo
+08 | Orange______.____. lue.
+163 | Orange (brown- | Biue-(greenish).
120 ... +182 | Red (light car- | Qreen.
ming.
L & T +201 | Purple.a.......... Light green.

The Kerr Cell 8 in the television receiving sta-
tion actz as & “modulator of colour.” Inserted
between polariser 12 (Glazebrook prism or the
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like) and analyser 13 (Glazebrook prism crossed
with 12) on the path of the luminous rays pro-
duced by source of white light 10 between lenses
Il and 14, said Kerr cell 9 produces a velocity
difference in the luminous rays and acts like a
crystal plate, the thickness of which would vary
in accordance with the electric voltage T''m ap-
plied between the electrodes of said Kerr cell 9.
So the radiation most absorbed by said cell varies
in accordance with column 3 of the above table
when T'’= varies in such a way that the velocity
difference varies itself in accordance with column
2; consequently the colour of the corresponding
point of the image seen by eye 16 through the
scanning device 15 varles in accordance with col-
umn 4 of the above table.

Instead of a Eerr Cell, I may use, for the modu-
lation of the colour, a device utilising the elec-
tric or magnetic sccidental birefringence of a
crystal (quartz, Rochelle salt, ete.) or the mag-
netlcally controlled dispersion of the optical ro-
tatory power (for varicous wave lengths) of a
substance having a great Verdet effect (Aint or
silicoborate of sodlum, carbon disulphide, arsenic
trichloride, etc.).

Ingstead of using a purple screen 3°, a yellow
screen 3 and a green 3, I may use screens of
complementary colours (light green for 3’, blue
for 8 and red for 3''), the differential electrical

arrangement 6 being then adjusted to produce an -

electric voltage T= Indicating which is the small-
est among the voltages 1, f3, {3 at each Instant.

Figure 5 shows the optical arrangement and
Figure 6 the electricai arrangement of the second
embodiment of my invention, {n which the spec-
tral curve or diagram “energy-wave length”
(Flgure 8) of the actual colour of each point of
object O is automatically drawn on the flnores-
cent screen Fi of the cathode-ray osciliograph
OC within the coding device (Figure 6), The
hailf transparent mirror mt (Figure 5) assoclated
with lens Iu and objective ob forms a first image
of object O on the photosensitive mosatc m of a
first iconoscope i, through a coloured screen e
which has a curve of chromatic sensitivity inverse
to the curve of chromatic sensitivity of sald
mosalc m. Consequently the electric voltage ob-
tained at the output of Iconoscope i (Figure 6),
across the terminals of the outpit resistanee r’
of the amplifying vacuum tube L, I& proportional
to the mean ordinate Tm of the spectral curve of
the colour of the point F bf object O being
scanned at a given instant,

The half transparent mirror mt (Plgure 5) as-
soclated with the rotating prismatic mirror MT
and the spectograph S (which slot is F) produces
simultaneously on the photosensitive mosaic M
of a second Iconoscope I, the optical spectra of
the colours of the various polnts of one line of
object O, through a coloured screen E which has
a curve of chromatic sensitivity inverse to the
curve of chromatic sensitivity of sald mosaic M.
Consequently the electric voltage obtalned at the
ontput of iconoscope I (Figure 6}, across the ter-
minals of the output resistance R’ of the ampli-
fying vacuum tobe L, iz proportional to the vari-
ous ordinates Tx of the spectral curve of Flgure 8
successively (energy eh corresponding to each
wave-length A in the actual colour of the point P
of object O).

A synchronising device Sy synchronises the
motion of the electric motor MMT (Flgure 6)
which rotates the rotating mirroar MT (Figure
5) with the deflection of the cathode ray in
{conoscope ¢ (by means of deflecting colls bn for
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horizontal sweeping of mosalec m and bv for ver-
tical! sweeping) and with the deflection of the
cathode ray in Iconoscope I (by means of de-
flecting colls Br for horizontal sweeping and By
for vertical sweeping of mosalc M). The horl-
zontal sweeping of mosaic M belng very rapid, I
prefer to make it by means of a current in shape
of double saw-tooth (isoseceles triangle) produced
by a symmetrical relaxation oscillator having a
perlod equal to twice the duration of the scan-
ning of one point of object O. A retardating de-
vice DR (loaded artificial line for example) in-
troduces a delay (equal to the duration of the
scanning of one point of object ©O) for the cur-
rent producing the vertical sweeping of mosaic
M referred to the current of same wave shape
which produces the horizontal sweeping of
mosaic m. Consequently during the interval of
time required by the electric voltage across re-
sistance R’ (Figure 6) to take successively the
various values of Tx (corresponding to the ordi-
nates of spectral curve of the actual colour of
point P of object O), the electric voltage across
resistance r* keeps a constant value Tm Which is
precisely the mean ordinate of sald spectral curve
corresponding to the same point P of object O.
The electric voltages Th and Tm are applied In
opposite directions to the deflecting plates K¥i
and K'K", producing the vertical sweeping of the
fluorescent screen FI of cathode ray oscillograph
OC, whereas the horizontal sweeping of sald
screen FI produced by B’n is synchronised with
the horizontal sweeping of mosaic M. Conse-
quently the luminous spot would draw on the
fluorescent screen B! a curve, the ordinates of
which are proportional to the difference
(Txr—Tm) whereas the abseissae are proportional
to the wave-length » (Figure 8). But the voltage
Tx Is also applied to a condenser @ in series with
a resistance r’’, which is connected to the grid
of a three electrode vacuum tube I’’. Across the
terminals of the output resistance R’’ of sald tube
L’, I obtain a voltage equal to dT»/dt (¢ being
time) which is applied to a controliing device M
arranged In accordance with Flgure 15—g and
having a performance characteristic of the type
represented on Figure 15—¢ (curve In shape of a
“bell’) ; consequently when dTx/dt differs from
zero, the voltage ¢ at the output of said control-
ling device M is always positive and, by means of
the control grid @, suppresses the luminous spot
on fluorescent screen FI. On the contrary, when
dTx
~ar —°

that is for the minima and the maxima of the
spectral curve (Figure 8), the luminous spot ap-
pears in {ts full brightness; finally on the screen
FI, alone the portions of said spectral curve
represented in full line on Figure 8 appear lumi-
nous (that is only around the minimum ¢ and
the maximum b),

In this form of my mvent,lon the actual colour
of the point P of object O belng scanned 15 char-
acterised by the wave-length corresponding to
point a (most absorbed radiation) and by the
“degree of saturation s” which s the ratio be-
tween the distance sTwm of point a to the mean
horizontal line H and the value Tm of the mean
ordinate of the spectral curve (Figure 8). It iIs
well known that, when the degree of saturation
s decreases, that is to say when the proportion
of white added to the monochromstic colour
(corresponding to the actual colour of the con-
sidered polnt) Increases, the minimum a of the
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gpectral curve gets nearer to the mean horizon-
tal line H. For that reason, I use in the coding
device of Figure 6 the coding screen Ei repre-
sented on Figure 7, which is completely opagque
on all the hatched part marked O, and which
is progressively more and more transparent from
square No. 1 to square No. 24. In this case, the
coding table is the following:

Eletirlo voltage Oolour to be re-
T at the output Degree of
of photo electrie M'}satd':;’m;bed m&flﬁg gll:vl'li? satnrations
cell Ph in the gion station of said colour
coding device
[ (All wave |Black... . ____|____.._ _....
lengths equal-
Iy absorbed.)
Violet 1,004 0,75
.| Violet. .| 0,758 0,80
Violat _| 0,508 0,25
Violet. 0,253 0
Blue. . 0 4028
Blue.. | &.25 40,50
Blue_ . .| 0,50 40,75
Blue. .. _| 0,75 4 1,00
Green. .| 1,00 40,75
Green_ .| 0,75 & 0,50
Green._ _| 0,504 0,26
CGreen. 02540
Yellow.. |0 4a025
Yellow.__ 0,25 4 0,50
Yellow_____ 0,50 4 0,75
0,76 4 1,00
1,00 4 0,75
0,75 4 0,50
_| 0,501 0,25
{03580
0 8026
0,25 & 0,50
0,50 80,75
0,754 1,00

The electric voltage T, obtalned at the output
of the photoelectric cell PR (Figure 6) in which
are concentrated the luminous rays produced
by the portion a only of the spectral curve (Fig-
ure 8) on the fluorescent screen FI (Figure 6)
through the coding screen E: and the lens Le,
constitutes the slenal I’ characterlsing the actual
colour of each point P of oblect O, and is sent
on the line or radiolink towards the recelving
station.

Another voltage ¢, obtained also at the trans-
mitting station and proportlonal! to the mean
brilliancy of said point P of object O, is sent
also towards the recelving station. This voltage
t (characterising the brightness value of point
P in an ordinary black and white image) may be
obiained by another iconoscope (not shown on
Figures 5 and 6) in the ordinary way. ButI may
also obtaln this voltage ¢ across the terminals of
resistance r* (Flgure 6) If the screen e, combined
with the mosaic m of iconoscope 1, reproduces the
curve of chromatic sensitivity of the human eye;
in such a case the voltage Tm (mean ordinate
of the spectral curve “energy-wave length™) Is
obtalned, from the voltage £, by means of a three
electrode vacuum tube inserted between r’ and
K’K’:1 (Figure 6), the grid of which is controlled
by the voltage af (existing across the terminals
of deflection coil B'R), sald voltage at being
modifled by a controlllng device such as the one
of Figure 15—a with a performance character-
istic In shape of a bell, that is to say precisely
the shape of the curve of chromatic sensitivity
of the human eye.

Instead of using on Figure 6 the coding screeh
E: represented on Figure 7, I may use the cod-
Ing screen Ei represented on Figure 7—a, where
the hatched portion marked O is black and com-
DPletely opaque, whereas the portions marked 1
to 6 have an Increasing transparence (from 1 to
6). The opaque portion O of screen Ei (Figure
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T—a) covering a portion of fluorescent screen FI
up to a height 4 above the horlzontal diameter
D, if the complete spectral curve is drawn on
the fluorescent screen I (omitting on Figure 8
the circuit elements marked @, r*’, L', R",
M, G), only the lower part of sald spectral curve
(corresponding to the most absorbed band of
wave-lengths) will pass luminous rays through
the coding screen, and the electric voltage T
obtained at the output of photoelectric cell Ph
will indicate then only the colour (and not the
degree of saturation), which may be sufficient
a3 a flrst approximation.

Figure 9 shows the Maxwell's trilangle of col-
ours In the form recommended by the Inter-
national ITlumination Commission in 1931. The
position of point M, representing graphlcally a
glven colour, is defined by three “irichromatle
coordinates” X, Y, Z, taken along the axis z z,
T y and ¥ 2 respectlvely in the direction of the
arrow, with X4+Y4Z=1. The center E of the
triangle (located quite close to the point B rep-
resenting the colour white) corresponds to a
“spectrum of equal energy” (hypothetic source
radiating the same energy for each wave-length).

In terms of exn (proportion of energy per sec-
ond for wave length \n),

EniinZn
(coeficlents of distribution for stimull of equal
energy, or coordinates of the various points 8
on the curve representing the monochromatic
colours Inside the triangle of Figure 9), X, Y
and Z are given by the following formulae:

— Zeann
Eelni‘:l +Eei\ngn +Eela2u

— Zexnlfn
Zeretn 1+ Eehlga +Eeln %,

_ ZennZn
" Zeatn + Zernlln T Z€inZa

The area of the triangle on Figure 9 has been
subdivided in six segments I, II, III, IV, V, VI
corresponding respectively to violet-purple, blue,
vellow, green, orange and red. Also dotted curves
have been drawn, parallel to curve 8, and marked
respectively 0,25-—0,60—0,75.

The intersecting point S between the curve
of monochromatic colours and the straight line
E M (supposed in coincidence with the straight
lne B M) corresponds to the “hue” (or predom-~
Inating wave-length in the spectrum of the ac-
tual colour represented by point M) ; the ratio

ME

EZX
1s equal to the “degree of saturation” of said
actual colour, that is the ratlo between the
brightness of the hue and the total brightness
in said actual colour.

The graphical construction of Figure 10 shows
that the point M might be obtained in starting
from the center E of the triangle: 1°—by means
of a first displacement E P, in the directlon of
axls z T, equal to

1 X4Y+Z
3 3

followed by a second displacement P @ in the
direction of said axis z ¢, equal to X.

°—by means of a third displacement Q@ R,
In the directlon of axis ¥ z, equal to

1 _X+¥+2
3 3

followed by a fourth displacement B M In the
direction of sald axis ¥ =z, equal to —Y.

X

Y

Z
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Advantage is taken of this remark in the third
embodiment of my inventlon, utilizing the trans-
mitting television station shown schematically
on Figure 11 and the transparent coding screen
of Figure 12.

The iconoscopes Ir Iy Iz of Flgure 11 have
cathodes Tz Ty Tz in form of wires emitting
electrons and the photosensitive mosaics Mz My
Mz are swept vertically by rectilinear “electronic
images” of sald cathodes obhtalned by clindrical
“electronic optics” not shown on the drawing.

An optical device (not shown completely on
Flgure 11) forms, on sald mosales Mz My Mz,
through the spectographs Sz Sy Sz and the trans-
parent screens Er Ey Ez, the optical spectra
of the actual colours of the varlous points of
one line of the object O to be shown at distance
(line being scanned at the given instant). The
screen Exr hes parallel vertical lines black
(opeque) or gray C(half transparent) or white
(completely transparent): the vertical llne of
Ex corresponding to the vertical line of mosalc
Mz allocated to wave-length an has a trans-
parence

P
Pn

(Zn being the trichromatic coordinate X for
monochromatic radiation of wave length A and
pa being the chromatic sensitivity of mosalc Mz
for the wave length an).
Similarly the screens Ey and Ez have vertical

Hlnes of transparences

B gng

Pa P
In front of the vertical lines of mosalcs My and
Mz allocated to wave-length An (#n and zn having

been deflned hereabove and pn being the sen-
sitivity of mosalc My (or mosaic Mz) for wave-
length an).

Consequently the electric voltages X, ¥, Z ob-
talned at & glven Instant at the output of the
amplifiers I.t Ly Lz, connected respectively to
the collecting plates Cz Cy Cz of fconoscopes
1z Iy Iz, are proportional to

zel‘nfm Eelnﬁur zelnzn
that is to say are proportional to the trichromatic
coordinates of the poilnt M representing in Max-
well’s triangle the actual colour of the particular
point of the object O being scanned at that in-
stant.

These electric voltages X, ¥, Z are added to-
gether In the common output circuit of three-
electrodes vacuumn tubes L'z L'y L'z, In shunt
with tubes La Ly Lz,

The electric voltages X, ¥, Z and

X4+Y4-2
3

are applled to the deflecting plates 1, 2, 8, 4 of
the cathode ray oscillograph os of the coding
device, as shown on Figure 11, in order to pro-
duce the four above mentioned displacements
of the luminous spot on the fluorescent screen
1 of said oscillograph os (plates 1 and 2 being
perpendicular to the axis 2z of Maxwell's triangle
and plates 3 and 4 bheing perpendicular to the
axis yz of sald trimangle). Consequently at a
given instant the luminous spot of osclllograph
Os has in said Maxwell’s triangle precisely the
position M representing the actual colour of the
point of object O belng scanned at that instant.

The coding transparent screen e, located In
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front of the fluorescent screen f! is shown on
Figure 12; the hatched portion marked O is black
(completely opague) and the other portions have
& transparence which increases regularly from
portion No. 1 to portion No. 24. In this case, the
coding table is the following:

Hue, or predomi-
nating mono-

X N chromatic col- Tregree of
H e outpat o the coding de. | ur eormespond. |sakaratio of
- . ing to the actual sald retua)
vice, after photoelectric cell ph colour of the colour
point being scan-
ned
Thw0TE
.| 0,76 & 0,60
\ ,28
\
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The electric voltage T, obtained at the output
of the coding device after the photoelectric cell
ph, In which are concentrated the luminous rays
produced by the luminous spot on the fluorescent
sereen fi through the coding screen e, constitutes
the signal I' characterising the actual colour of
each polnt of object O, and is sent on the me-
tailte 1ine or radiolink towards the television re-
celying station.

Another voltage ¢, obtalned also at the trans-
mitting station and proportional to the mean
brilliance of each point of object O, Is sent also
towards the television recelving station. This
voltage t (characterising the brightness value of
8 given point in an ordinary black and white im-
age) may be obtained by another iconoscope (not
gshown on Flgure 11) in the ordinary way. But
I may also obtain this voltage ¢ in adding three
voltages equal to gz=X, g+Y, g:Z produced at the
output of three vacuum tubes L’'x L'’y I’z (not
shown on the drawing, but supposed connected
in shunt to tubes Lx Ly Iz and tubes L'x L'y L'z} ;
the galns gx, gy, g« produced by sald amplifying
tubes L'’x L’y L'’z should take into account the
shape of the chromatic sensitlvity of the human
eye, s0 that the sum {=—g«X+}gvY +-g.Z represents
the mean brightness of the point of the object,
wherens X, Y and Z are energies.

I may elther use two channels on the metallic
line or radiolink between the transmitting and
receiving television stations, in order to transmit
separately the signal I’ (or voltage T character-
ising the colour) and the signal I (or voltage t
characterising the mean hbrightness)—or com-
bine these two voltage T and Z, before the origin
of said line or radiolink, into a single coded sig-
nal, by means of a coding device such as COD
of Figure 2—a decoding device such as DEC of
Figure 2 being used at the recelving station after
the end of said line or radiolink. Said decoding
device (DEC) would restore the electric voltages
T and ¢ separaiely at the recelving station.

Figure 13 represenis a form of realization of
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the receiving television station corresponding
elther to the transmitting television station shown
on Flgure 6 (second embodiment of my Inven-
tion} or to the transmitting television station
shown on Filgure 11 (third embodiment of my
invention),

Let us assume that a decoding device of the
type shown on Flgures 2 and 3 (devices not shown
on Figure 13) has discriminated the electric volt-

0

7

Let us consider for example the coding table
given hereabove and corresponding to the trans-
mitting television statlon of Figure 6§ (second em-
bodiment of my Inventton). To conform to this
coding table, the controlllng devices Co» C; Cr
must produce at their output terminals the fol-
lowing electric voltages Tv Ty Tr respectively ap-
plied to the control grids gv g1 gr when the volt-
age T is applied to their input terminals.

Valae of the electrio voltage T received from transmitting | 0..... . ____ 1ted | 5to8.. | 9tol12 __| 13to18. | 17 Lo 20..| 71 to 24.
station (modulation of eolour).
Most absorbed radlation. ... .. ... .. l. A]l 1 w : Y e | Violet.._| Blue....| Green...| Yellow..| Orange. | Red.
en 1 8
equally ab-
sorhed.
Voltage T, controlling the blue component. .. . ____ [ 0.____.___ [1 0. 1. B2 1.
Voltage T) controlling the yellow component________________ O - B, ... 0. .. O .. [ S 1.
Voltage T, controlling the red component ... . ... ... O ... 0........ 1ooo.. - 1. O 0.
Hue, or predominating monochromatic colour corresponding | Black. .. _____ Yellow__| Orange..| Red.____ Violet.__| Blue__._| Green.
to the actual colour obtained on the projectlon sereen at
the recelving statlon.
age t characterising the brightness value of each 25 The above table shows that, when voliage T

point of the ordinary black and white image of
the object to be seen at distance—the electric
voltage T characterising the colour (either the
most absorbed radiation, or the “hue”=predom-
inating radiation),—the electric voltage s char-
acterising the “degree of saturation”—and the
synchronising impulses r.

The electric voltage T {(characterising the col-
our) Is applied to the input terminals of the de-
vices Cp, Ci, Cr which control respectively the
brightness of the cathode ray oscillographs Cb,
Cj, Cr (producing respectively a blue image, & yel-
low image and a red image), by means of the
control grids, gr, s and gr respectively.

Simultaneocusly the electric voltage ¢ (charac-
terising the mean brightness) !s applied to the
input terminals of device Cn controlling the
brightness of the cathode ray oscillograph On
(producing a black and white image), by means
of the control grid ga.

The electric voltages ¢ (mean brightness) and
g (degree of saturation) are applled to the in-
put terminals of device C: which controls the
proportion of white light and of coloured light
which are mixed on the projection screen E P, in
order to reproduce the appropriate “degree of
saturation,” this control being made by means
of the auxiltary control grids g'n, @', g’y and g'r.

The deflections of the cathode rays in oscillo-
graphs Or, Ob, Oy, Or are simultaneously pro-
duced by a device sy (with deflecting colls &)
which 1s synchronised by the synchronising im-
pulses r transmitted by the corresponding tele-
vislon transmlitting statlon; consequently at a
given instant the 4 luminous spots on the fluores-
cent sereens of oseillographs On, Ob, Oy, Or have
the same geometrical position in the image
(black, blue, yellow, or red); an optical system
represented schematically by lens L, concentrates
enhd superposes the luminous rays emlitted by sald
4 luminous spots on the same point of the pro-
jection screen EP. Osclllograph On draws on
sereen EP the shape (In black and white) of the
object O to be seen at distance, whereas the os-
clllographs Obv, Oy, Or add to thig drawing *“col-
oured touches,” the control grids gv &1 gr deter-
mining the colour of said coloured touches and
the auxillary control grids g'n ¢g'b ¢’§ g’'r de-
termining the degree of saturation of sald col-
oured touches.

30

increases regularly from 1 to 24, each voltage
Ty Ty or Tr should vary according to & law rep-
resented graphically by a curve in shape of &
‘“bell” (ke Figure 14—b or Figure 15—d) or of
an “Inverted bell” (like Figure 14—¢ or Figure
15—<¢), the top (or the bottom) of sald “bell”

. being conveniently located along the T axis.
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Devices having such a performance charac-
teristic are shown, as examples, on Figures 14—a
and 15—a.

Figure 14—a represents a three-electrodes vac-
uum tube, the grid of which is polarised in such
a way that the curve giving the output voltage
RI in terms of the input voltage T has the shape
shown on Figure 14—} (dynairon effect), By
means of a battery E (Figure 14—a), the other
shape of curve shown on Figure 14—¢ (E—RI In
terms of T) may be readily obtained.

Figure 15—a represents a three-electrode vac-
uum tube having the characteristic (RI in terms
of T) shown on Flgure 15—b. At the output of
sald tube Is connected a Wheatstone hridee, two
arms of which are high resistances of equal val-
ues, whereas the two other arms are copper-ox-
ide rectifiers. Across the terminals of the re-
gistance r, In the diagonal of sald Wheatstone
bridge, I have a unl-directional current, the in-
tensfty i of which iIs equal to zero when T'=To
and rises always when T becomes larger or small-
er than To; the maximum Sm of the voltage S=ri
is obtained for =71 or T=T3; consequently the
performance characteristic of such a device
shown on Figure 15—a hag elther the shape of
the curve of Figure 15— (8 In terms of T) or of
the curve of Figure 15—d (S=»—S&§ In terms of T).

For the devices Cbv and Cr producing the volt-
ages Tv (control of the blue component) and Tr
{control of the red component), an arrangement
such as Figure 14—a or 15—a with a performance
characteristic such as Flgure 14—b or Figure
15—d is used according to the above table; for
the device C; producing the voltage Ty (control of
the yellow component), I associate a device
shown on Figure 15—a having the performance
characteristic S of Figure 15—¢ with a pentode
having the performance characteristic 8" of Fig-
ure 15—e, In order to obtain a value Ty=o0 when
T=p (black colour), In accordance with the
above table.

In the case of the other coding table glven
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above and cortesponding to the transmitting tel-
evision station of Figure 11 (third embodiment
of my invention), the controlling devices Cn» C) Cr
would be arrenged to respond to the “hue” [pre-
dominating radlation (or wave-length) 1 [and not
to the *“mobst absorbed radiation” <{(or wave
length} 1, but they would alsb be made on the
principles of Figure 14—¢ or Figure 15—a.
Although 1n the above described television sta-
tions cathode ray devices have been shown ex-
clusively (iconoscopes for the transmission and
oscillographs with fluorescent screens for the
reception of television), the Invention applies just
as well to colour television installations using
electromechanical scanning devices and any type
of source of coloured light such as (1) fonic re-
lays constituted by luminescent electrical dis-
charge valves (gas or vapour) whose brilllance
is controlled by means of a modulating electrode
(2) incandescent lamps fitted with devices for
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modulating colour and brilliance, calllng into
play elther chromatic polarisation with electric
or magnetic double refraction (Kerr effect, accl-
dental electrical double refraction of a piezo-
electric crystal, etc.) or rotatory magnetic dis-
persion, or any other known electro-optical or
magheto-optical phenomenon.

Finally I may use, for the coding or decoding
device, a cathode ray commutator having a hum-
ber of contacts (or studs) connected to different
points of a scale of potentials in accordance with
the sighalling code adopted; the cathode rays
beam, under the action of a deflecting coil (or de-
flecting plates) energized by the controlling cur-
rent applied to the input terminals of said cod-
Ing or decoding device, hits the proper stud, and
consequently appllies the proper electrle voltage
to the output terminals of said coding or decod-
ing device.

GEORGES VALENSI.




