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9 Claims. 
The invention relates to electron ray tubes for 

the purposes of television, of picture telegraphy 
and the like. The electron ray tubes can be em 
ployed both for transmission and also for recep 
tion. In the transmitter and in the receiver, the 
electron rays are so Synchronously distributed 
that the pictures are Scanned in a harmonious 
late. 
Both in the transmitter and in the receiver as 

great a picture Surface as possible is now de 
sired. In the transmitter it is desired in order 
that the picture to be transmitted may be scanned 
as accurately as possible. 

Still more important is the size of the picture 
Surface in the receiver. Television first attains 
itS COmplete Value When the picture produced 
can be simultaneously seen clearly by all the 
people present in a room. Or by everybody in a 
cinema-theatre. 
With the present cathode ray tubes very serious 

difficulties arise, however, in the Way of increas 
ing the picture surface. Above all the cathode 
ray tube has to be given an exceptional length. 
By this the cost of the tubes Would be not only 
increased to a very great extent, which, especially 
for reception apparatus that must remain at 
tainable by the general public, Would be practi 
cally impossible, but it Would also be harmful 
to correct picture transmission. A size of picture 
of about e. g. 3 x 3 m. Sufficing for a cinema 
theatre would not indeed be practically attain 
able with the present cathode ray tubes, as the 
tubes would require a length of about 15 m, and 
over. It is also scarcely practically possible to 
enlarge by projection in the optical manner a 
small televised picture, as it is known that in this 
Way about 98-99% of the intensity of light of the 
televised picture Would be lost. 

Furthermore i?deed by a great length of tube 
the exactness of picture transmission is inter 
fered with, as the individual electrons Collide 
With each other on their long journey and, be 
sides, there is correspondingly often the possi 
bility of their hitting against gaS molecules, 
Whereby a scattering of the pencils of rays ot 
electrons will be effected. In addition the influ 
ence of the earth's magnetic field and of other 
foreign deleterious fields is correspondingly great 
if the rays of electrons have a long journey. 
According to the invention for the purposes of 

television, picture telegraphy and So forth it is 
possible to obtain a large picture surface with a 
proportionately short electron-tube, and to avoid 
the said disadvantages and thereby attain the 
novel technical advances hereinafter set forth, 

(C. 17.8-7.2) 
So that an electron image, that is not made vis 
ible, obtained in a plane, the first picture plane, 
in the interior of the electron-tube, is reproduced 
On a larger Scale in a second picture plane. This 
enlarged electron-image can either itself be made 
Visible or can likewise remain invisible, and be 
Subjected to one or more further enlargements. 

It is known that the rays of electrons can be 
a SSembled e. g. by electro-magnetic concentrat 
ing coils or by electro-static electrodes in an 
analogous manner to light rays by lenses, and 
that on this property of the electron rays so 
called "Electron-optics' have been based, which 
have been employed for the attainment of one 
or more Stages of enlargement of a real electron 
image especially for the construction of electron 
microscopes. In this connection, however, it is 
always a question of the enlargement of still 
images, not for the purposes of television or of 
picture telegraphy, in which the object or the 
picture is transmitted by dots and Scanned by 
dots. 
A real still electron image, which is to be en 

larged in One or more stages, is not generally 
present e. g. in reception apparatus for the pur 
pOSes of television and picture telegraphy, but 
the bright or dark electron-image elements cor 
responding to the Scanning are obtained con 
secutively only by dots in the plane of the real 
image. 

For the exact purposes of television and picture 
telegraphy quite special technical advantages, 
which hitherto have not yet been knoWin and 
realised, can be obtained now, by the enlarge 
ment of the electron-image arising in the scan 
ning period. 
The enlargement of the electron image within 

the electron-ray tube by projection from the 
first picture plane on to the second picture plane 
necessitates a much Smaller length of construc 
tion of the tube than Would be necessary in an 
ordinary tube for the direct attainment of a sim 
ilarly large electron image. On the contrary by 
this enlargement the keeping of the first elec 
tron-image as Small as desired is rendered pos 
sible, whereby the exact deflection is facilitated, 
the necessary deflecting tension diminished, the 
size and the capacity of the diffusion plates are 
reduced, the production costs of the tubes are 
diminished and the manipulation of the tube is 
facilitated and simplified. 
In similar manner, as by the disposal of optical 

lenses in series the enlargement of a visible ob 
ject can be increased within wide limits, so it 
is possible to enlarge within very wide limits the 
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electron-image, which is not directly visible, for 
example With the assistance of one or more sim 
ilarly invisible intermediate images, and with a 
proportionately short length of construction of 
the electron tubes. 
The invention is applicable to very different 

kinds of constructions of electron tube. 
In FigS. 1 to 3 a few Such tubes are diagran 

matically illustrated. 
Fig. 1 shows an electron ray tube which is ap 

plicable as a transmitter for televised pictures. 
f) is the vacuum tube which is widened like a 

funnel at its lower end f . The electrons are pro 
duced by the cathode filaments f2 and urged to 
the anode 3 by the tension of the battery. A dis 
posed between the anode and the cathode. The 
pencil of electron rays leaving the anode 3 is 
now according to the invention concentrated by, 
the collecting coil 5 not in the plane 6 closing 
the tube but in a plane T lying in the inner 
tube, the “first picture plane.' The pencil of 
rays is now so deflected by the pairs of electrodes 
8, 9, in a manner known per se, that the focus 

describes a sinuous or zig-zag line in the first 
picture plane. . The image of these lines is now 
reproduced on an enlarged scale in the plane 6 by 
means of the exactly adjustable collecting coil 28. 
In the plane 6...there is a system of photo cells 
2 on which the picture 22 to be transmitted is 
reproduced by means of a glass lens 23 in known 
nanner. The powerful current impulses, corre 
Sponding to the different brightness of the indi 
Vidual image points are led through the common 
anode 24 in known manner to the grid of an am 
plifying tube. 25 and applied, e.g., to the modula 
tion of a high-frequency transmitter. The ad 
Vantage of the invention lies for an equal length 
Of tube in a greater number of photo cells being 
able to be obtained and thus a finer screening 
Of the picture to be transmitted. - 

Fig. 2 illustrates another construction of a 
transmission tube for television. 
A proportionately small image of the subject 22 

to be...transmitted is projected onto the photo 
electric layer (cathode). 27 through the window 
26 of the tube by the lens 23. The electrons leav 
ing, in greater or smaller number each according 
to their strength. of illumination the individual 
points of the photo-electric layer 27-which rep 
resent an electron image corresponding to the Op 
tical image, are urged. from the grid anode 28.by 
the tension of the battery 4. The photo-elec 
tric layer .22. here represents the first picture 
plane. The electron image of the first picture 
plane is-in-contrast-to-the arrangement illus 
trated in Fig. 1-simultaneously reproduced in 
the second picture plane 6 as a whole by means 
of the collecting coil 20 and displaced in a zig 
Zag manner as a whole by deflection by means 
of the pair of deflecting plates 8, 9 and scanned 
by the peak (or end) of the fixed electrode 29. 
The current fluctuations are directed in known 
manner to the amplifying tube 25. 
The intense enlargement by the collecting coil 

2 advanced very near to the cathode 2 per 
mits of keeping very small the image Surface 27 
and therefore the cross section of the pencil of 
rays leaving it which renders possible small pro 
portions and small capacity of the deflecting 
plates. In spite of the great enlargement the 
transmission tube is only a proportionally short 
length of construction. 

- Fig. 3 illustrates a reception-tube 30 which is 
widened funnel-like at its lower part 3 . The 

2,159,712 
electrons are produced through the incandescent 
cathode 2 by means of the battery 4 and the 
anode 3. The intensity of the pencil of rays of 
electrons in the opening of the screen 32 is 
altered in the rhythm of the current fluctuation 
arriving from the transmitter by the control elec 
trode 33. The orifice of the screen 32 is repro 
duced in the first picture plane lying in the 
interior of the tube in accordance with the in 
vention by the collecting coil 5. An electron 
picture is produced in the plane 7 by the lateral 
regulation of this image point by means of the 
deflecting plates 8, 9 and by the simultaneous 
regulation of intensity by means of the electrode 
33. This picture is reproduced in the picture 
plane f6 on an intensely enlarged Scale by Col 
lecting coil 20 advanced adjacent to the plane 7 
and in known manner is made Visible by a fluo 
rescent layer disposed in this plane. Thus a very 
large image is produced in the plane 6 with a 
short length of construction of the tube. For 
the production of especially large pictures...it is 
forthwith possible to employ, not only one inter 
mediate image but a plurality. . of intermediate. 
imageS. 
In accordance with the invention also, instead 

of the magnetic collecting apparatus, electric col 
lecting apparatus or a combination of both can 
be employed - for the enlargement of electron 
images. 

I claim: 
1. An electron ray tube for the purposes of tele 

vision, picture telegraphy. and the like comprising 
in combination an evacuated container, means 
for producing in said container in spaced planes 
a plurality of electron images one of which is an 
enlargement of another, said means comprising 
a cathode filament, an anode, an electric current 
supply means connected between said cathode fil 
ament and said anode, a first collecting coil be 
tween said anode and the first innage plane of the 
tube, pairs of deflecting electrodes between said 
coil and the first image plane of said tube, and an 
adjustable Second collecting coil between said 
first image plane and the second innage plane of 
the tube. 

2. An electron ray tube for the purposes of 
television picture telegraphy and the like com 
prising in combination an evacuated container, 
means for producing in said container in spaced 
planes a plurality of electron images one of which 
is an enlargement of another, said means Com 
prising a cathode filament, an aihode, an elec 
tric current supply means electrically connected 
between said cathode and said anode, a first 
collecting coil between said anode and the first 
image plane of the tube, pairs of deflecting elec 
trodes between said coil and said first image plane 
of the tube, a second adjustable collecting coil be 
tween said first image plane and a photo-electric 
device in the second image plane of the tube, an 
anode for said photo-electric device, an amplifier 
electrically connected to said photo-electric de 
vice, and an optical device for reproducing on Said 
photo-electric device the picture to be trans 
mitted. 

3. An electron ray tube for the purposes of 
television, picture telegraphy and the like com 
prising in combination an evacuated container, 
means for producing in said container in spaced 
picture planes a plurality of electron images one 
of which is an enlargement of another, said 
means comprising a cathode photo-electric de 
vice in the first picture plane of the tube, an 
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anode, an electric current supply means electri 
cally connected between said cathode and said 
anode, pairs of deflecting electrodes between said 
anode and the second picture plane of the tube, 
a Collecting coil betWeen Said anode and said de 
flecting electrodes, a fixed electrode in said sec 
Ond picture plane, an amplifier electrically con 
nected to said fixed electrode, and an optical 
device for reproducing on said photo-electric 
device the picture to be transmitted. 

4. An electron ray tube for the purposes of 
television, picture telegraphy and the like com 
prising in combination an evacuated container, 
means for producing in Said container in spaced 
picture planes a plurality of electron images one 
of which is an enlargement of another, said 
means comprising a cathode filament, an anode, 
an electric current Supply means connected be 
tWeen Said Cathode and said anode, a first col 
lecting coil between said anode and the first 
picture plane of the tube, means for adjusting 
the intensity of the electron rays in accordance 
With the rhythm of the current fluctuations ar 
riving from the transmitter, pairs of deflecting 
electrodes between said coil and the first picture 
plane of the tube, and an adjustable second col 
lecting coil between said first picture plane and 
the Second picture plane of the tube. 

5. An electron ray tube for the purposes of 
television, picture telegraphy and the like com 
prising in combination an evacuated container, 
means for producing in said container in spaced 
picture planes a plurality of electron images one 
of Which is an enlargement of another, said 
means comprising a Cathode photo-electric de 
vice in the first picture plane of said tube, a grid 
anode, an electric current Supply means electri 
cally connected between said cathode device and 
said grid anode, pairs of deflecting electrodes be 
tWeen Said anode and the Second picture plane 
of the tube, a collecting coil between said anode 
and Said deflecting electrodes, a fixed electrode in 
Said Second picture plane, an amplifier electri 
cally connected to said fixed electrode, a lateral 
window in said container, and an optical device 
for reproducing through said window on said 
photo-electric device the picture to be trans 
mitted. 

6. An electron ray tube for the purposes of 
television, picture telegraphy and the like con 
prising in combination an evacuated container, 
means for producing in said container in Spaced 
picture planes a plurality of electron images one 
of which is an enlargement of another, said 
means comprising a cathode filament, an anode, 
an electric current supply means electrically 
connected between said cathode and said anode, 
a first collecting coil between said anode and the 
first picture plane of the tube, a screen between 
said anode and said first collecting coil, regulat 

ing means between said anode and said screen, 
pairs of deflecting electrodes between said coil 
and the first picture plane of the tube, and an 
adjustable second collecting coil between said 
first picture plane and the second picture plane 
of the tube. 

7. An electron ray tube for the purposes of 
television, picture telegraphy and the like com 
prising in combination an evacuated container 
having a widening like a funnel at one end, 
means for producing in said container in spaced 
planes a plurality of electron images one of which 
is an enlargement of another, said means com 
prising a cathode filament, an anode, an electric 
Current Supply means electrically connected be 
tween Said cathode and said anode, a first col 
lecting coil betWeen said anode and the first 
image plane of the tube, pairs of deflecting 
electrodes between said coil and said first image 
plane, a second, adjustable collecting coil be 
tween said first image plane and a photocell 
device adjacent the outer end of the funnel part 
Of the container in the second image plane of the 
tube, an anode for said photocell device, an am 
plifier electrically connected to said photocell 
device, and a glass lens device for reproducing 
Dn said photocell device the picture to be trans 
mitted. 

8. An electron ray tube for the purposes of 
television, picture telegraphy and the like com 
prising in combination an evacuated container, 
means for producing in Said container in spaced 
picture planes a plurality of electron images one 
Df which is an enlargement of another, said 
means Comprising a cathode photo-electric de 
Vice in the first picture plane of the tube, an 
anode, an electric current Supply means electri 
cally connected between said cathode and said 
anode, deflecting means located between said 
anode and the second picture plane of the tube, 
an electric lens between said anode and said 
deflecting means, a fixed electrode in said second 
picture plane, an amplifier electrically connected 
to said fixed electrode, and an optical device for 
reproducing on said photo-electric device the 
picture to be transmitted. 

9. Apparatus for television, picture telegraphy 
and the like comprising in combination, an evacu 
ated container, means for establishing an elec 
tron beam. Within said container, an electric lens 
for focusing said beam in a plane in said con 
tainer, . Scanning means located between the 
source of said beam and Said plane for SWeeping 
said beam over an extended area in Said plane, 
and a second electric lens arranged to act upon 
the beam proceeding from Said plane to focus 
said Scanned beam. On an enlarged area in a 
second plane within said container. 

LUDWIG SCHIFF. 
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