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UNITED STATES PATENT oFEicE 
2,378,746 

COLOR TELEVISION SYSTEM 
George L. Beers, Haddonfield, N. J., assignor to 
Radio Corporation of American, a corporation 
of Delaware 

Application June 28, 1941', Serial No. 400,173 

(Cl. P18-5.2) 5 Claims. 

My invention relates to television systems and 
apparatus and particularly to systems for the 
transmission and reception of color images or pic 
tures. 
One of the preferred systems for televising 

color images requires the use of color filters 
which, preferably, are mounted on a rotatable . 
supporting disc or the like to form what is com 
monlyreferred to as the color wheel. The color 
wheel at the receiver must operate both in syn 
chronism and in the proper phase relation to the 
color wheel at the transmitter. As an example 
of the necessity for a. proper phase relation, at 
the instant the image at the transmitter is be 
ing imaged through a red filter, the red filter at 
the receiver must be in front of the image on 
the receiver tube. 4 

The necessary synchronism of the color wheels 
may be maintained by driving them by synchro 
nous motors operated from a common power line. 
The necessary phasing of the color wheels at 

transmitter and receiver usually may be accom 
plished manually, for example, by opening mo 
mentarily the power circuit of the color wheel 
driving motor to let the wheel slip, if it happens 
that the color wheel locks in at the Wrong phase. 
This method of phasing has been proposed by 
others. Usually the proper phase relation may 
be obtained by opening the circuit a number of 
times until the two color wheels are in phase, 
but it will be apparent that this random method 
of phasing the wheels is undesirable. Further 
more, in the case of some subject matter such 
as colored titles or kaleidoscopic patterns, the 
above method of operation is entirely unsatis 
factory since an observer at the receiver cannot 
tell when proper phasing of the color Wheel is ob 
tained. Also, when switching from one pickup 
camera to arother in the studio, or from one 
studio to another, the color wheels on each pick 
up camera should be in phase as otherwise it 
would be necessary to change phase relations at 
the receiver each time a different camera pickup 
tube is switched in. 
An object of the present invention is to pro 

vide a system of the above-described type in 
which the color wheels are automatically brought 
into the proper phase relation. 
A furthex` object of the invention is to provide 

a system of the above-described type in which 
the color wheels are brought into synchronism 
before the phasing means becomes elïective. 
In a preferred embodiment, the invention is 

applied to a three color system in which red, blue 
and green color ñlters are mounted on the colox` 
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wheels. In order to phase the color wheel at the 
receiver, every third vertical synchronizing pulse 
is transmitted with a group of 500 kc. pulsesre 
placing a group of the rectangular double fre 
quency pulses of the standard synchronizing sig 
nal. .At the receiver, the 500 kc. pulses are sup 
plied to a tuned circuit to produce a control 
pulse which is fed to a clutch control circuit to 
gether with a pulse produced by the receiver color 
wheel. If the two pulses occur simultaneously, 
the transmitter and receiver color wheels are 
properly phased and the control circuit does not 
have any effect. Otherwise, the control »circuit 
causes a clutch to slip until the color wheels 
come into the desired phase relation. I 
The invention will be better understood from 

the following description taken in connection 
with the accompanying drawings in which 

Fig. 1 is a circuit and block diagram of a tele 
vision transmitter embodying my invention, 

Fig. 2 is a view showing the type of color wheel 
used at transmitter and receiver, ` 

Fig. 3 illustrates a clutch through which the 
color wheel may be driven, ` 

Fig. 4 illustrates the character of the synchro 
nizing signal produced at the transmitter of 
Fig. l, 

Figs. 5 and 6 are circuit diagrams of the ap 
paratus included in certain blocks shown in Fig. 
1, and . 

Fig. 'I is a. circuit diagram of a television re 
ceiver embodying my inventionl 
Referring to Fig. l, one embodiment of the in 

vention is shown applied to a color television 
transmitter comprising a cathode ray pickup 
tube such as an iconoscope I0. The tube I0 is of 
a well-known type which comprises an electron 
gun II for directing a scanning beam against a 
mosaic of photoelectric elements I2. An image 
to be transmitted, such as a studio scene indicated 
at I3, is projected upon the mosaic I2 by means 
of a suitable lens system I4, the image being 
projected through a color wheel I6 shown in de 
tail in Fig. 2. 
synchronizing signals are produced by a syn 

chronizing signal generator I'I which may be the 
same as that described in the J. P. Smith Patent 
No. 2,132,655, issued October 11, 1938, or in the 
patent to Alda V. Bedford No. 2,258,943; issued on 
Oct. 14, 1941. These signals are transmitted over 
a conductor I 8 through a separating circuit I9 
to the horizontal and vertical deflecting circuits 
2| and 22, respectively, for causing the beam in 
the pickup tube to scan the mosaic I2. 
The image signals supplied by the pickup tube 
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Il) are amplified by suitable amplifiers 23 and 
24 and are supplied to a radio transmitter 28 for 
modulating a carrier wave for transmission to 
television receivers. 
In the particular embodiment of the invention 

shown in Fig. 1, the transmitter color wheel I6, 
as well as the .receiver color wheel (which is 
shown in Fig. 7 to be described later), is auto 
matically rotated in a fixed phase relation with 
respect to the output of the synchronizing signal 
generator I1 by producing a modified synchroniz 
ing signal and supplying it to a control tube 21. 
As will be explained hereinafter, if the color 
wheel I6 is not in the proper phase relation, the 
control tube 21 and the following tubes will sup 
ply current to a solenoid or relay coil 28, and 
the clutch 29 through which the color wheel is 
driven by a synchronous motor 3| will slip. 

Similarly. as will be described later in connec 
tion with Fig. 7, the modified synchronizing sig 
nal is supplied to a control circuit in the receiver 
.to slip a color wheel clutch if the color wheel is 
not in the proper phase relation. 
As previously stated, the modified synchroniz 

ing signal differs from the standard signal in 
that a pulse or burst of high frequency signal, 
such as a pulse of 500 kc. signal, is included in 
every third framing signal. Before describing 
one way of generating the modified signal, it may 
be noted that in the specific system being de 
scribed, the vertical deflection frequency is 120 
per second, and the scanning is double interlaced. 
The horizontal deflection frequency is 20,580 per 
second, giving a 343 line image. 

. The time relation of the vertical deflection and 
the color wheel rotation is such that while one 
color filter such as the red illter of the wheel I6 
is opposite the camera lens I4, there is one verti 
cal deflection of the beam in the pickup tube l0. 
In three vertical deflectioins, a three color image 
has been transmitted. It will be noted that the 
double interlaced scanning pattern begins to re 
peat with the third vertical deflection so far as 
scanning line location is concerned, but that the 
color sequence begins to repeat with the fourth 
vertical deflection. Thus, a three color image is 
built up at the rate of 40 frames per second. 

Referring now to the apparatus'shown by way 
of example in Fig. 1 for producing the modified 
synchronizing signal, the generator I1 supplies 
horizontal synchronizing pulses at the rate of 
20,580 per second, and supplies the usual slotted 
vertical synchronizing pulses at the rate of 120 
per second (this being twice the conventional rate 
for black and white pictures). Preceding and 
following each slotted vertical synchronizing 
pulse there are additional pulses which double 
the horizontal pulse rate. The modified signal is 
produced in this particular case by removing 
three of the' double frequency pulses following 
the slotted vertical synchronizing pulse and re 
placing them by three pulses of 500 kc. signal. 
This may be done by 
(1) Producing ina circuit 33 a pulse 34 occur 

ring every third vertical synchronizing pulse, 
(2) Utilizing the pulse 34 in a circuit 36 to 

l* remove or block out the said three pulses, 
(3) Producing in a circuit 31 pulses or bursts of 

500 kc. signal at the said double frequency rate, 
(4) Utilizing the pulse 34 in a circuit 38 to re 

move or block out all the 500 kc. pulses of signal 
except the three pulses that are to replace those 
removed from the standard signal, and 

(5) Mixing the outputs of the circuits 36 and 
38 in a mixing circuit 4| to obtain the desired 
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modified synchronizing signal which is illustrated 
in Fig. 4. 
In Fig. 4, the above-described modified syn 

chronizing signal is shown set on top of the usual 
horizontal and vertical iblanking pulses or pedes 
tals indicated at 42 and 43, respectively. The 
horizontal synchronizing pulses are indicated at 
44, the usual double frequency pulses are indicat 
ed at 43, the 500 kc. pulses or bursts are indicated 
at 41, and the slotted vertical synchronizing pulse 
is indicated at 48. The image signal produced 
during each scanning line is shown at 4S. 
The combined signal of Fig. 4, which is trans 

mitted to' the television receivers, is obtained by 
mixing together the image signal, suitable blank 
ing pulses (from a source not shown), and the 
modified synchronizing pulses in the usual man 
ner as illustrated in Fig. 1. 

Before describing in more detail the circuit for 
producing the modified synchronizing signal, the 
way in which the color wheel I6 is controlled will 
be further explained. 
As shown in Figs. 1 and 2, the metallic disc or 

supporting frame of the color wheel has two di 
ametrically opposed slots or notches which, as 
they rotate past a pickup coll 5I, generate volt 
age pulses therein. 'I'hese wheel pulses are im 

` pressed through a transformer 52 upon the con 
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trol grid of the amplifier tube 21. 
Y The plate of the tube 21 has the pulses 34 im 

pressed thereon With positive polarity through a 
transformer 53. If the pulses applied to grid and 
plate of tube 21 occur simultaneously, there are 
pulses of plate current which are rectified .by a 
diode 25 and impressed with sufficient negative 
polarity upon a D.C. amplifier 30 to bias it be 
yond cut-off. Therefore, there is no current sup 
plied to the solenoid coil 28 and the arm 56 is 
pulled to the left by a spring 58 so that the clutch 
29 is held engaged by a spring 50. These plate 
current pulses which are recurring every third 
vertical deflection, i. e. at the rate of 40 per sec 
ond, appear at the grid of tube 30 as a direct cur 
rent bias since the rectified pulses are filtered by 
the series coupling resistor 40 and a shunt con 
denser 45. 

If the color wheel pulses and the pulses 34 are 
not in phase, there is no negative bias on the tube 
30 and current is supplied to the solenoid -coil 28 
to pull the arm 56 to the right and disengage the 
clutch, allowing the color wheel I6 to slip through 
an angle equivalent to one color filter. If the ñrst 
angular displacement of the disc does not move 
the proper filter into position the process is re 
peated. When the wheel I6 comes into the proper 
phase relation, the clutch 29 then becomes en 
gaged and remains engaged. 

It will be noted that the synchronizing signal 
generator l1 is locked in on the 60 cycle power 
line 6| so that the color wheel rotation is in a 
fixed time relation to the recurring pulses 34 
when the clutch 29 is engaged. This lock-in may 
be accomplished by means well-known in the art, 
the lock-in circuit being indicated at 62. 
In Figs. 5 and 6, I have shown, merely by 

way of example, circuits which may be employed 
in Fig. 1 in the blocks 33 and 31, respectively. 

Referring to Fig. 5, this circuit comprises the 
well-known blocking oscillator which is adjusted 
to be synchronized by the Vertical synchronizing 
pulses at one-third their frequency, i. e. at 40 
pulses per second. The synchronizing pulses are 
supplied to the oscillator over a lock-ingconnec 
tion 63 (Fig. 1) and through a filter 64"(Fig. 5) . 
which removes the horizontal synchronizing 
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pulses. Suitable shaping and delay means 66 
change the 40 cycle blocking oscillator pulses to 
the rectangular pulses 34 which occur in the 
proper time relation to the signal output of gen 
erator |1. This time relation is shown in Fig. 4, 
although the signal 44, 46, 41, 48 illustrated in 
this figure is the iinal modified signal. 
The block 36 contains suitable clipping tube 

circuits for mixing pulses 34 and the output of 
generator |1 to produce a signal in which the pul 
ses indicated by dotted lines have been removed. 
Circuits for accomplishing this are described in 
above-mentioned Smith Patent 2,132,655. 
Referring to Fig. 6, the block 31 may include a 

blocking oscillator 61 adjusted to be synchronized 
at double line frequency from the lock-in connec 
tion 66 (Fig. l). 'I'he pulses of oscillator 61 key 
a 500 kc. oscillator 69 which is so biased that it 
oscillates only upon the application of a blocking 
oscillator pulse. The resulting pulses of 500 kc. 
signal are mixed with the pulses 34 in the circuit 
3_8 where suitable clipping tube circuits, such as 
described in the Smith patent, remove all 500 kc. 
pulses except the group of three pulses 41 which 
recur at the rate of 40 groups per second. By 
adding or mixing the outputs of circuits 36 and 
38 in the mixer circuit 4|, the desired modified 
synchronizing signal is obtained. 
In Fig. 3, the clutch 29 is shown in more detail, 

the parts in this figure which correspond to those 
in Fig. 1 being indicated by the same reference 
characters. It will be seen that so long _as the 
arm 56 is held away from an axially movable 
plate 1| by the spring 58, the clutch is held en 
gaged by the spring 50 which holds an arm or dog 
12 (pivoted on a clutch plate 10) Vagainst the face 
of a clutch plate 13. 
The said clutch face has six circumferentially 

spaced depressions into any one of which the 
dog 12 may drop for ylocking the two clutch plates 
together, It will be noted that the clutch may 
be locked in as many positions (six) as there are 
filters on the color wheel I6. 
Referring now to the television receiver of the 

system, shown in Fig. 7, it may comprise the usual 
iirst detector and tunable oscillator indicated at 

‘ 16 for converting the incoming image signal and 
accompanying sound signal to intermediate fre 
quency signals. The i-f image signal is supplied 
to an i-f amplifier and second detector indicated 
at T1 and the output of the second detector is 
amplified at 18 and applied to the input elec 
trodes of a cathode ray tube 19. ‘ 
A color Wheel 15 driven by a synchronous mo 

tor 80 is positioned in front of the fluorescent _ 
screen end of the cathode ray tube 19, which may 
be for either direct viewing or projection. This 
color wheel may be a duplicate of the color whccl 
|6 shown in Figs. 1 and 2. 
The second detector output, which is like the 

signal shown in Fig. 4, is supplied over a conduc 
tor 8| to a synchronizing pulse separator tube 82 
which is grid-leak biased to remove picture signal 
in a well-known manner. Thus only the syn 
chronizing pulses are supplied over a conductor 
83 to a filter 84 for separating horizontal and ver 
tical synchronizing pulses, these separated pulses 
being applied to the horizontal and vertical de 
flecting circuits at 86 and 81, respectively. The 
vertical deiiecting circuit includes the usual ver 
tical deñection oscillator, such as a blocking oscil 
lator, and a saw-tooth wave producing circuit as 
indicated on the drawings. 
The synchronizing pulse output of the separa 

tor tube 82 is also supplied to a color Wheel phase 
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control circuit which includes a tuned circuit 88 
tuned to the frequency of the oscillator generat 
lng the pulses 41 (Fig. 4), in this example, tuned 
to 5-00 kc. As a result, the group of three 500 kc. 
pulses 41 only appear across the tuned circuit 88. 
At the output of a rectiñer tube 89 they appear 
as a single color wheel phasing pulse, since the 
output circuit of tube 89 is such as togive Door 
high frequency response. This phasing pulse, 
which occurs every third vertical deflection, is 
passed through the rectifier tube 89 which is nor 
mally biased to out-oil and, after ampliñcation 
by a tube 90, is applied to the grid of a ltube 9|, 
the polarity of the pulse being positive at this 
grid. 

It will be understood that the said phasing 
pulse from the rectiiier 89 may be narrowed or 
otherwise reshaped, if desired, in any suitable 
manner as by the use of a blocking oscillator. 
The pulse output of tube 9| is applied with 

negative polarity to the grid of an output tube 92 
which is connected to supply current to the sole 
noid 93 of a color wheel clutch 94 similar to the 
clutch 29 in Fig. l. This clutch is designed so 
that it is engaged so long as there is no current 
ñow through solenoid 93. 
Color phasing pulses produced in a pick-up coil 

91 by diametrically opposed slots 96 in the color 
wheel 15 are supplied over a conductor 98 to a 
vacuum tube 99 which is biased to cut-off for 
passing only positive pulses whereby pulses of 
negative polarity are applied through a conduc 
tor |0| to the grid of tube 9|. These pulses ap 
pear on the grid of the output tube $12l with posi» 
tive polarity and, assuming the color wheel 15 
has come up to synchronous speed, will produce 
a current now through the clutch solenoid 93 
to disengage and slip the clutch unless the neg 
ative pulses at the tube 92 (from the tuned cir 
cuit 88) are occurring simultaneously therewith, 
that is, unless the color wheels at transmitter 
and receiver are properly color phased. A filter 
condenser |00 may be connected in shunt to the 
solenoid coil 93 to smooth out the current pulses 
supplied by tube 92 for disengaging the clutch. 

Unless the color wheel 15 has come up to syn 
chronous speed, the output tube 92 is held bi 
ased beyond cut-oil so that the color phasing 
pulses cannot slip the clutch. This is done so 
that the clutch will not be disengaged by the 
pulses from pick-up coil 91 when the color wheel 
starts to come up to synchronous speed. 
The tube 92 is held biased beyond cut-off as 

the color wheel comes up to speed by means of 
a current flow through a resistor |02 in the plate 
circuit of a vacuum tube |03. The resistor |02 
preferably is shunted ,by a smoothing condenser 
|05. This current iiow is produced as follows: 
Pulses from the vertical deiiection oscillator 

at 81 together with pulses from a synchronizing 
tone wheel' |04 and pick-up coil |06 are supplied 
over conductors |01v and |08 to the vacuum tubes 
|09 and |||, respectively. These pulses, which 
appear across the plate resistor ||2 of tube |09 
and across the cathode resistor I|3 of tube |||, 
are applied to the grid of the tubeV |03. 
The pulses from the vertical deflection oscil 

lator are the positive polarity pulses taken» from 
the grid of a blocking oscillator, for example. 
Only positive pulses are passed by the tube |09 
since it is biased to cut-off, and they appear at 
the grid of tube |03 with negative polarity. 
The pulses from the pick-up 'coil |06 are 

A.C. pulses and appear as such across cathode 
resistor ||3, but only the positive portion has) any 
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effect on the plate current iiow in tube |03. Since 
the tube | 03 is biased to cut-off, there is no plate 
current iiow unless such current now is produced 
by the positive pulses from the pick-up coil |06. 
These pulses will cause current flow until the 
tone wheel |04 and the color wheel 'l5 come up 
to synchronous speed, at which time the nega 
tive pulses from tube |09 occur simultaneously 
with the tone wheel pulses from tube ||| and 
drive the grid of tube |03 so far negative that 
the positive tone wheel pulses no longer cause 
plate current to pass through plates resistor |02. 
Thus~ when synchronous speed is reached, the 

voltage across resistor |02 drops to zero or to a 
value low enough to hold the bias on the grid 
output of tube 92 substantially at plate-current 
cut-ofi', but not much beyond cut-ofi', whereby 
the color phasing circuit may now become effec 
tive as described. 

It will be understoodl that, in the example be 
ing described, the tone‘wheel |04 has six metal` 
lic projections for producing one pulse for each 
vertical deñection. 

Preferably, the negative pulses at the grid of 
output tube 92 (i. e., the pulses from the tuned 
circuit 80) are wider than the positive pulses ap 
plied to this grid to allow the receiver color wheel 
to get slightly out of phase with the transmitter 
color «wheel the permissible amount without 
causing the clutch to slip. This permissible 
amount is not very great; it is only a small frac 
tion of the circumferential arc occupied by a sin 
gle color filter. More specifically, the said nega 
tive pulse should start slightly before and end 
slightly after the positive pulse. Likewise, at the 
grid of tube |03, the negative pulse from the tube 
|03 preferably should be of greater duration than 
the positive pulse from the tube ||3. 
From the foregoing description it will be ap 

parent that when the receiver power is switched 
on, the color wheel 'l5 is brought up to a speed 
where it runs synchronously with the color wheel 
23 at the transmitter, that the tube 92 is held 
biased substantially beyond cut-oil until this 
synchronous speed is reached whereby the clutch 
is held engaged, and that when synchronous 
speed is reached the color phasing circuit becomes 
effective to slip the clutch until the color wheel is 
properly phased. Thus completely automatic 
color phasing of the color wheels is obtained. 

It should be understood that at either the 
, transmitter or receiver or both, the clutch may 
be omitted and a, power supply switch for the 
synchronous motor substituted. Thus, the sole 
noid coils 28 and/or 93 may be utilized to open 
the motor power supply„ circuit momentarily to 
permit the phase relation of the color wheel to 
change by the motor slipping a pole. 

It should also be understood that the invention 
is not limited to a system which transmits the 
specific type of signal described since the prin 
cipal requirement is that there be an identify 
ing signal of some kind transmitted at the proper 
color phasing time. ' 

Also, where the particular type of signal shown 
and described is transmitted, it may be generated 
by means other than that described. For ex 
ample, the entire synchronizing and color phase 
control signal may be generated by an apertured 
or toothed disc rotating in ñxed relation to the 
transmitter color wheel. _The use of such discs 
for generating synchronizing pulses is well 
known. » 

10 

15 

20 

25 

30 

35 

2,378,746 
I claim as my invention: 
1. A television system for transmitting and re 

ceiving color images. said system comprising a 
plurality of color ñlters at the transmitter and 
a plurality of color i‘llters at the receiver, means 
for transmitting an image as viewed successively 
through said ñlters at the transmitter, means for 
generating a color phasing i signal, means for 
transmitting the color phasing signal, means at 
the receiver for observing the received image as 
viewed successively through said ñlters at the 
receiver, and means for causing said filters at 
transmitter and receiver to assume automatically 
a predetermined color phase relation in response 
to the generated and transmitted color phasing 
signal. ' . 

2. The invention according to claim 1 wherein 
the said means for transmitting a color phasing 
signal comprises means for transmitting a syn 
chronizing signal which includes pulses of radio 
frequency signal occurring in place of certain 
rectangular synchronizing pulses. ~ 

3. A television system for transmitting and re 
ceiving color images, said system comprising 
means for transmitting images in different colors 
in time sequence, said receiver comprising a re 
producing device and a plurality of color filters, 
means for generating a color phasing signal, 
means for transmitting the color phasing signal, 
means at thereceiver for observing the received 
image as viewed successively through said ñlters, 
and means for causing said filters to assume auto 
matically a predetermined color phase relation 
in response to the generated and transmitted 
color phasing signal when and only when there 
is a synchronous relation between the time se 
quence of the received color images and the rela 
tive movement of said ñlters. 

4. A television transmitter comprising acath 
ode ray pickup tube, a plurality of color filters, 

_ means for projecting an image through said nl 
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ters successively upon said pickup tube for trans 
mission, means for producing 'synchronizing sig 
nals including regularly recurring color phasing 
signals, means for transmitting said signals to 
receiver stations, and means responsive to said 
color phasing signals for causing the said image 
transmission through successive filters to assume 
a predetermined color phase relation with respect 
to said color phasing signals. 

5. A television transmitter including a plural 
ity of color filters through which the image to be 
transmitted is viewed successively, means for 
producing synchronizing signals which include 
regularly recurring color phasing signals, means 
for transmitting said signals to receiving stations, 

` and means for moving said filters in a predeter 

60 

mined time relation with respect to said color 
phasing signals, said last named means compris 
ing control signal generating means for produc-j 
ing signals recurring at a rate which is a function 
of the movement of said color ñlters and further 
comprising means for mixing said control signal 
together with pulses from said synchronizing sig 
nal producing means in a circuit responsive to 
the phase difference between said two groups of 
pulses whereby a phasing control voltage is pro 
duced, and means for changing the color phase 
relation of said filters with respect to said color 
phase signal in response to a predetermined 
change in said phasing control voltage. 

GEORGE L. BEERS. 


