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Patented Nov. 26, 1935 

UNITED STATES 

2022,450 

PATENT OFFICE 
2022,450 

TELEVISION SYSTEM 
Vladimir K. Zworykin, Haddonfield, N. J., as- . - 
signor to Westinghouse Electric & Manufactur 
ing Company, East Pittsburgh, Pa., a corpora 
tion of Pennsylvania 

Original application December 29, 1923, Serial No. 
683,337. Divided and this application Novem 
ber 21, 1931, serial No. 576,485 

5 Claims. 

My invention relates, in general, to television 
systems, and comprises a division of the inven 
tion embodied in an application. On television 
systems, Serial No. 683,337, filed by me On De 
cember 29, 1923 and relates particularly to the 
modification disclosed in Figure 3 of the above 
noted application. 
One of the objects of my invention is to pro 

vide a system for enabling a person to see distant 
moving objects or views by radio. 
Another object of my invention is to eliminate 

synchronizing devices heretofore employed in tele 
vision Systems. 

Still another object of my invention is to pro 
vide a system for broadcasting, from a central 
point, moving pictures, scenes from plays, or Sini 
lar entertainments. 
The above and other objects of my invention 

will be explained more fully hereinafter with 
reference to the accompanying drawings forming 
a part of this specification. 

Referring now to the drawings, Figure 1 is a 
diagram of a station for broadcasting motion 
pictures or other visual indications, and may be 
considered the television transmitter. 

Fig. 2 is a diagram of a receiving station for 
receiving the scenes broadcasted from the trans 
mitting station. 

Fig. 3 is a fragmentary view of an alternative 
arrangement for the transmitting station. 

Fig. 4 shows an arrangement whereby the con 
trol of the transmitting and the receiving sta 
tions may be exercised from a central station; 
and Fig. 5 shows the circuits of the transmitting 
station when a central station is used. 

Both of these stations are shown by means of 
conventional circuit and apparatus diagrams in 
sufficient detail to enable the invention to be 
readily explained and understood. 
Any visual indications may be broadcasted by 

the transmitting set consisting of apparatus 
and circuits and be received by the receiving set 
2 consisting of apparatus and circuits. 
The apparatus of the transmitting set con 

prises an antenna system 3 which is so tuned that 
it may oscillate at two separate and distinct fre 
quencies. The oscillating circuit including the 
antenna 3 is connected on one side by means of 
a transformer 4 to the plate circuit of an ampli- . 
fier triode 5. The grid of the amplifier 5 is con 
nected through a transformer 6 to the plate cir 
cuits of modulator triodes 7 and 8. An oscillator 
triode 9 is connected through a transformer 0 
to the grid circuit of the modulator triodes 7 and 

(C. 18-6) 
8. The above arrangement comprises what is 
known as an ordinary 'push-and-pull' trans 
mitting arrangement. 
By means of a transformer f, the plate circuit 

of an amplifier 2 is also connected to the grid is 
circuits of the modulator triodes 7 and 8. 
The oscillating circuit comprising the antenna. 

3 is also connected, by means of a transformer 
3, to the plate circuit of an amplifier triode 4. 
The grid circuit of the amplifier 4 is connected, 0. 
by means of a transformer 15, to the plate cir-i 
cuits of modulator triodes 6 and . An oscil 
lator, triode f8 is connected, by means of a trans 
former 9, to the grid circuits of the modulator 
triodes 6 and 17. By means of transformersl. 
20 and 2, alternating-current generators 22 and 
23 are also connected to the grid circuits of the 
modulator triodes 6 and 7. 
The generator 22 is SO constructed as to gen 

erate high-frequency alternating current of a 20 
frequency of about 1000 cycles, while the alter 
nating-current generator 23 is adapted to gen 
erate an alternating current of a frequency at 
about 16 cycles. It is, of course, obvious that triodes connected 
in oscillating circuits may be used in place of the 
alternating-current generators 22 and 23. . 
The plates 25 and 26 in a cathode-ray tube 2 

are connected in the circuit through a series 
transformer 24. Coils 28 and 29 are associated 
with the cathode-ray tube 22 in Such position 
that the magnetic field which may be produced 
|by said coils is parallel to the electrostatic field 
which may be generated by the plates 25 and 26, 
and these coils are connected in circuit with the 
alternating-current generator 23. 

... The cathode-ray tube 2 is similar in Some 
respects to the ordinary cathode-ray oscillo 
graph and has a hot cathode 29, a diaphragm 
30 and tubular anode 3. The diaphragm 30 has 
a small hole so cut therein as to form the cathode 
ray into a thin beam. 
In place of the ordinary fluorescent screen is 

substituted a composite plate 32 having layers of 45 
different material. 
A lens 37 or system of lenses is secured in 

place by means of a frame 38 disposed at the end 
of the cathode-ray tube. The lens 37 is arranged 
to focus the image or scene to be observed upon so 
the photoelectric material of the composite plate 
32. A grid 39 is placed at some distance in front 
of the composite plate 32 and is connected to the 
grid of the amplifier triode 2. A high potential 
is applied to the anode 31 by a rectifier 40 which 55 
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2 2,022,450 
is supplied with current from an alternating 
current source 4. 
In the receiving device 2, an Oscillating circuit 

50, including an antenna. 5, is adapted to be 
resonant to current of two distinct frequencies, 
these frequencies being the frequencies generated 
by the oscillating circuits that include the triodes 
9 and 8 of the transmitting set. An amplifier 
triode 53 is connected to the Oscillating circuit. 
50. The plate circuit of the amplifier triode 53 
is connected to a grid 54 in a cathode-ray tube 55. 
The cathode-ray tube 55 is constructed in a 

manner similar to the ordinary cathode-ray oscil 
lograph and comprises a hot cathode 56, the grid 
54, a tubular anode 57, plates 58 and 59 that are 
used to set up an electrostatic field and a fluo 
rescent Screen 60. The anode 57 of the cathode 
ray tube 55 is supplied with high voltage by the 
operation of a rectifier 6, that rectifies the alter 
nating current supplied by a source of alternating 
current 62. 
The oscillating circuit 50 is also connected by 

means of a transformer 63 with a circuit 64. The 
circuit 64 is, in turn, connected by means of 
transformers 65 and 66 with the grid circuit of 
the amplifier triodes 67 and 68. The plate circuit 
of the amplifier triode 67 is connected with the 
plates 58 and 59 of the cathode-ray tube 55, while 
the circuit of the amplifier triode 68 is connected 
to the coils 69 and 70 that are associated with 
the cathode-ray tube 55 and so disposed with 
respect thereto that the magnetic fields generated 
by the coils are parallel to the electrostatic field 
generated by the plates 58 and 59. r 
The transformer 65 is so constructed that it 

acts as a Wave trap for the particular high fre 
quency that is generated by the generator 22 at 
the transmitting station so as to eliminate this 
frequency from the circuit 64. In a like manner, 
the transformer 66 acts as a wave trap for the 
particular frequency generated by the generator 
23 by the transmitting station. 
The alternative arrangement of the apparatus 

in the transmitting station, shown in Fig. 3, is 
adapted to transmit pictures. This system differs 
from the one shown in Fig. 1 in that an ordinary 
Cathode-ray oscillograph is employed. One end 
Only of the oscillograph has been shown. This 
oscillograph has the usual fluorescent screen 75. 
There is a photoelectric cell 76 situated close to 
the oscillograph. A lens 77 is disposed between 
the photoelectric cell and the cathode-ray tube 
arranged to focus the light from the fluorescent 
Screen on the cell. A diapositive or ordinary 
photographic negative 78, that has the image on 
it that it is desired to transmit, is placed between 
the lens and the cathode-ray tube. The circuit 
connections of this arrangement are similar to 
those shown in Fig. 1. 
The apparatus shown in Fig. 4 is practically 

identical with the apparatus shown at the right 
in Fig. 1, with the exception that there is pro 
vided a separate antenna 03 and includes means 
Whereby the synchronizing frequencies generated 
by the generators 22 and 23 may be radiated 
from a central station. 

Fig. 5 is very similar to Fig. 1, with the excep 
tion that the coils 09 and f to for creating the 
electromagnetic field for controlling the cathode 
beam and the plates if f and ff2 for creating the 
electrostatic field are controlled by detector tri 
odes foll and 08 which are connected to the re 
ceiving antenna, through the oscillatory circuit 0. 

Having briefly described the apparatus shown 

in the drawings, I will now explain its detailed 
operation. For this purpose, it will be assumed 
that it is desired to broadcast the image of some 
object which is in front of the lens 37 associated 
with the transmitting cathode-ray tube 27. 5 

Ordinarily, the oscillations generated by the 
OScillator 9 are not radiated by the antenna 3. 
This is because of the fact that these oscillations 
are neutralized by the action of the modulator 
triodes and 8, and, consequently, there is no 10 
transfer of energy into the secondary of trans 
former 6. The only manner in which the antenna 
can be set in oscillation by the operation of the 
triode 9 is by a change in condition in the primary 
of the transformer f which is connected to the 15 
grid 39 and to the aluminum foil 34 of the com posite plate 32. 
The light from the image placed before the 

lens 3 is so varied that, upon the focusing of this 
light upon the photoelectric globules 36 of the 20 
composite plate 32, electron emission of varying 
intensity by these particles takes place in accord 
ance with the light from the object placed be 
fore the lens 37. This electron emission may be 
considered a species of conduction between the 25 
photoelectric globules 36 and the grid 39. This 
phenomena, is intensified by the argon vapor that 
fills the container 33 as a result of the ionization of the vapor. 

In view of the fact that the aluminum oxide 30 
plate 35 is an insulator, there is no connection 
existing between the grid 39 and the aluminum 
plate 34, even though the photoelectric globules 
emit electrons. When the Cathode beam strikes 
a particular point upon the aluminum foil, it is 35 
of Sufficient intensity to penetrate it, as well as 
the aluminum oxide. The action of the cathode 
ray on the aluminum oxide in its path, particu 
larly in the presence of the gas, is to produce a 
conductive connection between the aluminum 40 
plate 34 and the particular globule or globules 
of potassium hydride in the path of the cathode 
ray. The electrons emitted by these globules are 
therefore subjected to the field produced by the 
battery 42 acting across the conductive part of 45 
the aluminum oxide. The amount of the emis 
sion will depend upon the degree of illumination 
of these globules. The current flowing in the 
circuit is dependent upon the electron emission 
from the globule or globules covered by the cath- 50 
Ode beam. This current is amplified by means 
of the amplifier triode 2. The current from the 
grid 39 to the grid of the tube 2 is so small that 
no grid leak is necessary for the tube 2 although 
one may be supplied if desired. The output of 55 
the amplifier 2 now causes the modulator triodes 
and 8 to transmit, through the transformer 6, 

the high-frequency oscillations, generated by the 
oscillator triode 9, modulated in accordance with 
the current in the amplifier triode 2 which, in 60 
turn, is governed by the intensity of the light 
focused upon the particular spot at which the 
cathode ray is located. The intensity of this 
electron stream is, of course, governed by the in 
tensity of the light from the object. 85 
As previously mentioned, the alternating-cur 

rent generators 22 and 23 are producing alter 
nating current of a high and low frequency, re 
Spectively. By the operation of the modulator 
triodes f6 and 7, the oscillations produced by 70 
the oscillator triode 8 are modulated in accord 
ance with both the frequency of the alternating 
current generated by the generator 22 and the 
alternating current generated by the generator 
23. This modulated high frequency current is 
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amplified by the amplifier triode 4 and radiated 
by the antenna 3. 
As the output of the alternating-current gen 

erator 22 is also connected to the plates 25 and 
26 in the cathode-ray tube 27, an electrostatic 
field is set up by these plates which varies in 
accordance with the frequency of the current 
generated by the generator 22. As this electro 
static field varies, the electrostatic action upon 

... the electrode beam causes it to be Swung from 
one edge of the composite plate 32 to the other. 
A portion of the alternating current generated 

by the generator 23 also traverses the coils. 28 
and 29 which, as before mentioned, are SO poss 
sitioned with respect to the cathode tube 2 that 
the magnetic field generated by these coils is 
parallel to the electrostatic field generated by 
plates 25 and 26. The varying magnetic field 
set up by these coils tends to cause the Cathode 
ray beam to traverse the plate 35 in a direction 
at right angles to that before described. 
The resultant action between the magnetic 

fields and the electrostatic fields upon the cath 
ode beam is such that the beam covers every point 
in the whole area of the composite plate 32 in ge 
of a second, that is, in A cycle of the frequency 
generated by the alternating-current generator 
23. Thus, in of a second, the cathode beam 
traverses the surface of the composite plate twice. 
As the cathode beam traverses the Surface of 

the composite plate 32 point by point in a definite 
sequence, there is a current flowing from the 
grid 39 and the aluminum foil 3 at each par 
ticular point, and this current is directly pro 
portional to the intensity of light from the ob 
ject to be observed. Thus, the oscillatory cur 
rent generated by the oscillator triode 9 is modu 
lated in accordance with the light from each por 
tion of the image. 
At the receiving station, the modulated Oscil 

latory currents generated by the oscillator of 
the transmitter are received by the antenna, 5 
and transferred to the detector triode 53 through 
the transformer 52. The detector triode 53 then 
operates to detect the modulations and then these 
are transferred through its plate circuit to the 
grid 56 of the cathode-ray tube 55. 
By means of the transformer 63, aSSociated 

with the oscillating circuit 50, the modulated 
radio-frequency current generated by oscillator 
8 is received and transferred by transformers 
65 and 66 in the detector triodies 6 and 68. By 
the operation of the transformer 65, only the 
radio frequency that is modulated by the gen 
erator 22 is detected. In a like manner, by the 
operation of the transformer 66, only the radio 
frequency modulated by the generator 23 is re 
ceived by the detector triode 68. 
As the plate circuit of the detector triode 67 

is connected to the plates 58 and 59 in the cath 
ode-ray oscillograph. 55, an electrostatic field is 
set up by these plates which varies in identically 
the same manner as the electroStatic field gen 
erated by the plates 25 and 26-in the transmitting 
cathode-ray tube. Likewise, the plate circuit of 
the triode 68 is connected to the coils-69. and 0 
which generate a magnetic field parallel to the 
electrostatic field generated by the plates 58 and 
59 and that varies in exactly the same manner 
as the magnetic field set up by the coils 28 and 
29 at the transmitting station. Thus, when the 
Cathode-ray beam passes through the grid 54 and 
the anode 57 to the fluorescent screen-6C, -it is 
caused to traverse a path in accordance with 
the resultant magnetic and electrostatic fields 

appear thereupon as a moving image. 

3 
set up. Therefore, the cathode-ray beam trav 
erses the whole area of the fluorescent screen 
Once in of a second, or twice in is of a second, 
in the same manner as the cathode beam in the 
Cathode-ray tube 27 at the transmitting station. S 
When the cathode beam in the cathode-ray 

tube of the transmitter is in a certain particular 
position, the oscillatory current generated by 
the Oscillator 9 is modulated in accordance with 
the intensity of the light falling upon that par- 0 
ticular point. This modulated current is radi 
ated by the antenna 3 and received by the anten 
na, 5 at the receiving station. At this particular 
point, the cathode beam in the cathode-ray tube 
55 will be in the same relative position as the 5 
Cathode beam at the sending station. By the 
action of the grid 54, the intensity of the cathode 
ray reaching the fluorescent screen at this par 
ticular point is varied in accordance with the 
light from the image at the transmitting station. S0 
Thus, for every particular point on the image, 

the carrier current radiated by the antenna 3 is 
modulated whereby the potential on the grid 54 
of the receiving cathode-ray tube 55 is varied, 
as is, also, the intensity of fiuorescence of the 2. 
particular point upon the fluorescent screen 56. 
As the whole area of the composite plate 32 at 

the transmitting station and the fluorescent 
Screen 60 at the receiving station is covered by 
the Cathode beams in of a second, the image 39 
of the object will be displayed on the screen 60 
during of a second. However, as the frequency 
of the oscillation of the generator 23 is 6 cycles 
per Second, the picture will be transmitted twice 
and will remain on the screen 60 during of a 3. 
Second. Thus, due to the persistency of vision 
phenomena, any movement of the object before 
the lens 3 will be properly transmitted and re 
COrded upon the fluorescent screen 60 and Will 

40 
Of course, in place of transmitting the image 

of actual objects, it is entirely possible to send 
moving pictures, as all that is necessary is to pass 
the pictures before the lens 37 at the required 
rate and a replica of them will appear on the 45 
Screen 60. In order to place these pictures be 
fore a large audience, it is, of course, possible 
to intensify and focus them upon an ordinary 
screen by means of any well known optical system. 
The operation of the system when the appara- 50 

tus used in Fig. 3 is employed at the transmitting 
station is very similar to that already described. 
The cathode beam covers the area of the fuores 
cent screen 75 under the influence of the mag 
netic and electrostatic fields. When the beam is 55 at one particular point, the light from that spot 
will traverse the film 78, lens and photoelectric 
cell 6. 
The variation of current of the photoelectric 

cell 76 causes the carrier frequency to be modu-0 
lated in accordance with the current flow which 
is directly proportional to the intensity of light 
from the fluorescent spot that reaches the photo 
electric cell. As this condition occurs for each 
particular point on the picture, the whole picture 
Will be transmitted in the manner described. 
The method of reproduction is the same as has 
been explained in conjunction with Figs. 1 and 2. 
Inasmuch as a particular portion of the image to 

is transmitted by means of a modulated alternata 
ing current, the potential upon the grid 54 of the 
receiving cathode-ray tube 55 will be varied to 
Some extent in accordance With the carrier fre 
quency. The grid 54 will thus influence the 75 
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4. 
cathode beam. The cathode beam falling at a 
particular point on the fluorescent screen will 
vary in intensity, thus producing a phenomenon 
somewhat similar to that occasioned were the 
cathode beam to be fully cut off. This impulsing 
action of the cathode beams in the cathode-ray 
tubes at both the transmitting and receiving sta 
tions is intensified, by reason of the fact that the 
potential applied between the cathode and the 
anode in each case is fluctuating, being Supplied 
from a direct current derived from a rectified al 
ternating current. By reason of these actions, 
the tendency of the fluorescent Spot on the Screen 
60 to spread is minimized. The intensity of the 
cathode beam may be regulated by regulating 
the voltage of the alternating-current sources 4 
or 62 in a well known manner. 
Attention is drawn to the fact that any change 

in the frequency of operation of the alternating 
current generators 22 and 23 at the transmitting 
station causes a corresponding change in the 
frequency of oscillations in the current effecting 
the cathode ray at the receiving station, and, 
consequently, the cathode-ray beams will remain 
in synchronism at both the transmitting and 
receiving stations and there will be no distortion 
in the picture transmitted. 

It is obvious that it is entirely possible to have 
the alternators 22 and 23 generate a synchroniz 
ing frequency at a station separate from the 
transmitting station. In this case, the central 
synchronizing station would be arranged in the 
manner shown in Fig. 4. The alternators 22 and 
f23 correspond to the alternators 22 and 23. 
These alternators serve to modulate a frequency 
generated by the Oscillating circuit including the 
oscillator triode 8, and this modulated fre 
quency is radiated from the antenna 03 in the 
usual manner. 
At the transmitting station in Fig. 5, the oper 

ation is the Sane as has been before described, 
with the exception that the oscillatory circuit of 
is resonant to the synchronizing carrier frequen 
cy, and this frequency is transferred to the trans 
formers 05 and 06 of the detector triodes OT 
and fo8. By the operation of these detectors, 
the synchronizing frequencies are applied to the 
coils (9 and 0 and to the plates and 2. 
The further operation of the system takes place 
in the same manner as has been described before. 

It will be seen that this arrangement permits a 
number of transmitting stations to transmit pic 
tures or visual indications with only one central 
station for generating the synchronizing fre 
quency. 

It is, of course, apparent, that any number of 
receiving stations may receive the image broad 
casted in a manner similar to that described. 
My invention is not limited to the particular 

arrangement of apparatus illustrated but may be 
variously modified without departing from the 
spirit and scope thereof, as set forth in the 
appended claims. 

2,022,450 
I claim as my invention: 
1. Scanning means for television Systems Or 

the like comprising a Screen, a Scanning medium 
directed against said Screen, means for moving 
the scanning medium so as to subject each ele- 5 
mental area of the Screen to the Scanning medium. 
to cause a source of light to be developed at each 
elemental area of contact of Said Scanning 
medium and said screen, means employing a re 
flection of Said Source of light to Scan an element 0 
of a Subject to be Scanned, and means for trans 
lating the various light values On each elemental 
area of the Scanned. Subject into electric current impulses. 

2. Scanning means for television systems or 15 
the like comprising a Screen, a Scanning medium, 
means for causing said Scanning medium to 
traverse said Screen in a predetermined manner, 
means for causing a point source of light to de 
velop at Successive elemental areas of contact 20 
of said scanning medium and said screen, means 
for causing said point.sources of light to scan co 
ordinated elemental areas of a subject to be 
Scanned, and means to convert the varying light 
values determined by each elemental area illumi- 25 
nated into proportionately varied electric current impulses. 

3. Scanning means for television systems or 
the like comprising a cathode ray, a Screen 
adapted to fluoresce under the action of a cathode 30 
ray, means for causing said ray to traverse pre 
determined paths on Said Screen to produce a 
Series of successive point sources of light, a Sub 
jact to be Scanned, means for causing the suc 
cessive point sources of light to scan correspond 
ing Successive elemental areas of Said subject, and 
light translating means for converting the light 
values represented by each elemental area, illumi 
nated into proportionately varied electric cur 
rent impulses. - 

4. Scanning means for television systems or 
the like comprising means for continuously de 
veloping a Series of Sequentially produced sources 
of light according to pre-established patterns over 
successive elemental sections of a predetermined 45 
area, a subject to be scanned and means for 
Causing the Successive point sources of light to 
Scan Corresponding Successive elementary areas of said subject. 

5. Means for producing an electric current 50 
modulated to adapt it for image reproduction . 
comprising a fluorescent Screen, means for pro 
ducing an electron stream focusing upon said 
fluorescent screen, means for causing said elec 
tron stream to traverse said fluorescent screen 55 
point by point, a light-responsive electrical cir 
cuit element positioned to intercept a portion only 
of the radiant effiergy generated at the focus of 
said electron stream on said screen, and means for interposing the image to be reproduced be- 60 
tween said fluorescent screen and said light 
responsive electrical circuit element. 
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