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it has already been proposed to employ mag 
netic fields for concentration and for deflection 
of the cathode ray in Braun tubes. 
The known arrangements of this kind, in 

5 which the fields are produced by coils arranged 
outside of the tube, possess, however, inter alia, 
the following disadvantages, by reason of which 
their use in practice is made extremely difficult: 
The coils possess a relatively large variable 

10 field of dispersion, so that it is impossible to limit 
- the action. On the ray to a certain distance. 

Very powerful fields and accordingly high con 
trol outputs are required, so that the coils can 
not be replaced, or only with extreme difficulty, 

ls by permanent magnets, even in those cases in 
which only a constant defection of the ray is 
called for, 
Combination of the magnetic action with an 

electrostatic action on the ray is incapable of be 
0 ing performed in the majority of cases. 

To avoid certain of the disadvantages referred 
to it has already been proposed to arrange the 
magnet coils within the Braun tube. This pro 
posal, however, is extremely difficult to fulfil in 
practice owing to the difficulties associated with 
the outgassing, and moreover causes an increase 
in the fields of dispersion. 
The object of the invention is a Braun tube 

which avoids the disadvantages referred to, per 
0 mits of operation without fields of dispersion and 

with comparatively low outputs, and allows of 
any desired combination of the magnetic and 
electrostatic action on the ray. 
According to the invention, field generators 

(magnet coils or permanent magnets) are com 
bined, outside of the tube but as close as possible 
to the walls of the tube, with pole shoes within 
the tube vacuum, which shoes likewise extend as 
close as possible up to the wall. 

40 For deflecting devices the pole shoes may be 
constructed in the form of a slotted plate, the 
slot (air gap) of which is situated in the desired 
direction of diversion. 
This most simple form of embodiment may be 

45 employed according to the invention for example 
for producing a constant preliminary deflection 
of the ray before its entry into the deflecting sys 
tem-such as necessary when using static deflect 
ing means for producing images devoid of an “ion 

O cross. 
For producing a constant deflection of this 

kind it is convenient in accordance with the in 
vention to employ a permanent magnet. 
This magnet may be conveniently constructed, 

65 for example, as a double magnet composed of two 

(C. 250-157) 
half-rings furnished with a gap and surrounding 
the neck of the tube, and made to be rotatable 
to permit of adjustment of the deflecting device. 
In order at the same time-for purposes of ad 

justment--also to be able to vary the strength of 5 
the magnetic deflection, there is furnished be 
tween the two half-ring magnets, in accordance 
with the invention, a magnetic shunt, the 
strength of which is adjustable and regulates the 
strength of the main field. This regulating device 10 
according to the invention-which in its most 
simple form consists of an adjustable wiper of 
ferro-magnetic material, which enables different 
points of the two magnets to be connected to 
gether-may be employed quite generally for ad 
justing the strength of field of permanent mag 
nets. 
For producing fields free of interference there 

may be employed in accordance with the inven 
tion double-ring arrangements, the rings of which 20 
are connected with each other magnetically out 
side of the tube, and are acted upon in such fash 
ion that the one ring acts as north pole and the 
other as south pole. Since the field lines in this arrangement are disposed solely in the space be- 25 
tween the two annular plates, this arrangement 
according to the invention does not reveal any 
fields of dispersion. 
An arrangement of this nature in accordance 

with the invention-particularly if the diameter 30 
of the aperture in the plate arranged on the 
cathode side is considerably larger than that in 
the second plate-represents an ideal magnetic 
lens, which may be employed, for example, as 
concentration lens in Braun tubes for television 85 
purposes. 

In accordance with the invention, the pole-shoe 
plates may at the same time also assume an ad 
ditional electrostatic function which is independ 
ent of their function proper, for example may be 40 
connected with a suitable potential and employed 
as anode of the System, control Or concentration 
element Or the like. 

Instead of producing the entire plate of ferro 
magnetic material, it is also possible in accord- 45 
ance with the invention to employ a plate of 
non-magnetic material (for example copper), 
and to furnish this on the one or on both sides 
with coatings of a suitable ferro-magnetic mate 
rial (for example, permalloy or steel), which in 50 
the particular instance concerned possess the 
most suitable form for the pole-shoes. 
This form of embodiment also has the addi 

tional advantage that the non-magnetic sup 
porting plate does not require to be slotted over 5s 
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its entire width, and it is suficient to make the 
transverse slot merely of the width necessary for 
the desired deflection. 

It is, however, also possible according to the 
invention to produce the pole-shoes in the form 
of a plate of ferro-magnetic material with 
throughgoing slot, and to fill Out the slot-So far 
as the same is not required as aperture for the 
cathode ray-with a non-magnetic but electrical 

tly conductive material, for example copper, and 
in this manner to supplement the slotted plate 
electrostatically to form, for example, a cylinder 
(perforated disc). 
In numerous cases it is desirable to furnish 

5 more particularly the side of the pole-shoe elec 
trodes directed away from the cathode with a 
special, say, mould-like form, as in this manner 
the concentration effect for example may be 
additionally amplified. - 

20. In order to be able to manage with a control 
output as small as possible, the magnetic ar 
rangement in accordance with the invention is 
located-as far as possible-at those points of 
the tube at which the cathode ray, corresponding 

25 with the drop in potential, possesses the least 
speed. 
As will readily be apparent, the arrangement 

according to the invention permits of a large 
number of very different combinations of mag 

30 netic and electrostatic action on the ray, pref 
erably by the use of the same electrodes, of which 
merely the following shall be mentioned by way 
of example: 

1. Electrostatic (space charge) control and 
85 magnetic concentration. 

2. Static anode effect and magnetic deflection. 
3. Static concentration and magnetic deflec 

tion. 
4. Static control, magnetic concentration and 

40 magnetic deflection. 
The use of the magnetic concentration enables 

the high-tension anode to be provided after the 
deflecting system, and the deflection to be per 
formed in the space in which the ray possesses a 

45 low speed. 
As already set forth, the invention is in no way 

limited to the stated combinations. 
Some possible forms of embodiment of the in 

vention are illustrated by way of example in the 
50 drawings, in which 

Fig. 1 shows a Braun tube, in which the ar 
rangement according to the invention produces 
a constant preliminary deflection of the ray 
(geometric bias), and at the same time is em 
ployed as anode of the system. 

Fig. 2 shows the same arrangement in section, 
Whilst 

Fig. 3 illustrates a form of embodiment of the 
magnetic shunt according to the invention. 

60 An element according to the invention, in 
which the pole-shoes are secured to a non-mag 
netic but electrically conductive base, is shown 
in section in Fig. 4a, and in plan elevation in 
Fig. 4b. 

5 . A modification in which the two massive pole 
plates are filled out by filling the ends of the gap 
with non-magnetic metal, is shown in section in 
Fig. 5a, and in plan elevation in Fig. 5b. 
In Fig. 6 there is indicated diagrammatically a 

to Braun tube with electrostatic control and mag 
netic concentration, whilst in 

Fig. 7 there is illustrated a Braun tube with 
static control and magnetic concentration and 
deflection. 

Fig. 8 is a cross-sectional view of an arrange 

ment in which both the vertical and the hori 
zontal scanning deflections are effected on the 
cathode ray in the same cross-section of the 
tube, one of the said two deflections being pro 
duced by electro-magnetic, the other one by an 5 
electro-static influence acting on the ray. 

In Figs. 1 and 2, is the two-part permanent 
magnet, which surrounds the neck of the tube 2 
with the least possible spacing and preferably is 
arranged to be rotatable, 3 and 4 are the pole- 10 
shoes according to the invention having the slot 
9 disposed at an angle of 45 to the deflecting 
plates 5 and 6, or 7 and 8. To the plates 5 and 7 
there is conducted the deflecting potential from 
the generators f and 2, and the constant nega- 15 
tive bias necessary for the return of the ray from 
the potential source O. The pole-shoes 3 and 4 
and also the plates 6 and 8 are earthed. The 
pole-shoe plate may accordingly be quite readily 
employed itself as anode of the system. 20 
As shown in Fig. 3, there may be provided at 

the magnet - a magnetic shunt, which com 
prises the loops 3 and f4 and the connecting 
piece 5 consisting of ferro-magnetic material, 
and which does not affect the main field when the 25 
loops 3 and 4 connect points of equal magnetic 
potential, but more or less weakens the main 
field in all other positions of the loops. 
As indicated in Figs. 4a and 4b, the pole-shoes 

3 and 4 may be mounted on a plate 6 composed 80 
of non-magnetic but electrically conductive mate 
rial. 
According to Figs. 5a and 5b, the gap between 

the pole-shoes 3 and 4 may be filled out with a 
strip of non-magnetic metal (for example cop- 35 
per), and in this manner supplemented to form 
an element acting electrostatically as a plate (cyl 
inder). 
In the arrangement according to Fig. 6 the 

bundle of electrons produced by the cathode 80 
is concentrated by the field between the pole 
plates 9 and 20, which field is produced by a 
magnet coil 3 arranged outside of the tube, or 
also by a permanent magnet. The alternating 
potential controlling the intensity of the ray is 45 
located between the equipotential surface of the 
cathode 8 and the front field plate 9. The 
plate 20, if desired, may be furnished with a 
potential which is positive in relation to 8, as the 
magnetic concentration is so intense that the 50 
variation in the static field does not produce any 
kind of appreciable interference. 
A form of embodiment of a complete tube ac 

cording to the invention is illustrated diagram 
matically in Fig. 7. S5 

In the same 8 is the cathode, 9-20 the mag 
netic concentration arrangement, 24 and 25 are 
the magnetic deflecting elements, 2, 22, 23 
Screening means, which are furnished with a 
constant positive potential and ensure that the 60 
ray does not undergo any variation in speed upon 
its passage through the deflecting systems, 26 is 
the (high-tension) anode of the system and 30 
the bottom of the tube preferably covered at its 
inside with a fluorescent layer. 65 
The intensity control potential indicated by the 

generator 29 may be applied direct between the 
cathode 8 and the plate 19, which if desired may 
be furnished with a negative bias. The deflecting 
elements 24 and 25 may be constructed in ac- to 
Cordance with Figs. 4a, b or 5a, b. The ele 
ment 24, if desired, may be furnished with a nega 
tive potential, and then acts as after-concentra 
tion device. 
The bias for the screening means may be made is 
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relatively low (for example 300-500 volts), so, 
that the ray when passing through the deflecting 
fields possesses a comparatively low speed. 

Particular attention may be drawn to the fact 
that the forms of embodiment indicated as par 
ticularly favorable in the case of the single ar 
rangements may be used in literal adaptation in 
the case of all arrangements. 

In the arrangement according to Fig. 7th 
control of the intensity may also take place 
fundamentally by varying the potential at the 
anode 26, as a variation in potential at this point. 
of the system does not affect either the concenre 
tration or the deflection of the ray. 

In an arrangement according to Fig. 8 the ele 
ments 33 and 34 act at the same time as pole 
shoes of an electro-magnet 32, excited by a de 
flecting voltage generator 35, and as deflecting 
electrodes supplied with deflecting voltages from 
another generator 36. Thus both the vertical 
and the horizontal deflections are effected on the 
cathode ray in the same cross-section of the tube. 
The arrangement according to the invention is 

quite readily capable of use both for gas-filled 
as well as high vacuum tubes. It is particularly 
convenient, however, to employ the same in con 
junction with residual-gas tubes, i. e., tubes in 
which the gas filling discloses a pressure of ap 
proximately 10-4-10-5 mm. Al 

claim: 
1. A Braun tube including an evacuated en 

velope, means for producing a cathode ray di 
rected substantially along the axis of said en 
velope, a picture receiving screen, and pole shoes 
mounted entirely within said envelope to extend 
substantially in a cross-section of said envelope 
from a close vicinity of the wall of said envelope 
to a close vicinity of said ray; means for pro 
ducing a magnetic field mounted outside said 
envelope and arranged in operative relationship 
to Said pole shoes but mechanically separated 
therefrom by the wall of said envelope. 

2. A Braun tube including an evacuated en 
Velope, means for producing a cathode ray di 
rected substantially along the axis of said en 
velope, a picture receiving screen, and pole shoes 
mounted entirely within said envelope to extend 
Substantially in a cross section of said envelope 
from a close vicinity of the wall of said envelope 
to a close vicinity of said ray; means producing a 
magnetic field mounted outside said envelope and 
arranged in operative relationship to said pole 
shoes but mechanically separated therefrom by 
the Wall of said envelope; and means for con 
necting said pole shoes with a potential source. 

3. A Braun tube including an evacuated en 
velope, means for producing a cathode ray di 
rected substantially along the axis of said en 
velope, a picture receiving screen and pole shoes 
mounted entirely within said envelope on a com 
mon base consisting of a non-magnetic but...elec 
trically conductive material having a circular 

65 

70 

75 

Cross-section substantially coinciding with a 
cross-section of said envelope from a close vicinity 
of the wall of said envelope to a close vicinity 
of said ray, means for producing a magnetic field 
mounted outside said envelope and arranged in 
Operative relationship to said pole shoes but me 
chanically separated therefrom by the wall of said 
envelope, and means for connecting said pole 
shoes with a potential source. 

4. A Braun tube including an evacuated en 
velope, means for producing a cathode ray di 
rected Substantially along the axis of said en 
velope, a picture receiving screen and pole shoes 

3 
mounted entirely within said envelope to extend 
substantially in a cross section of said envelope 
from a close vicinity of the wall of said envelope 
to a close vicinity of said ray, the gaps between 
said pole shoes being filled up with a non-mag 
netic electrically conductive material for com 
bining said pole shoes mechanically to form an 
electrically conductive unit of circular cross-sec 
tion, means for producing a magnetic field 
mounted outside said envelope and arranged in 
operative relationship to said 'pole shoes but me 
chanically separated therefrom by the wall of said 
envelope, and means for connecting said pole 
shoes with a potential source. 

5. A Braun tube including an evacuated en 
velope, means for producing a cathode ray di 
rected Substantially along the axis of said en 
velope, a picture receiving screen, and two pairs 
of pole shoes mounted near each other and en 
tirely inside said envelope to extend each sub 
stantially in a cross section of said envelope from 
a close vicinity of the wall of said envelope to a 
close vicinity of said ray; means mounted 
Outside Said envelope for causing the formation 
of a concentrating field between said two pairs 
of pole shoes, said last mentioned means being 
mechanically separated from said pole shoes by 
the Wall of said envelope, 

6. A Braun tube including an evacuated en 

10 

5 

20 

25 

velope, means for producing a cathode ray di- 30 
rected substantially along the axis of said en 
velope, a picture receiving screen and pole shoes 
mounted entirely within said envelope to extend 
Substantially in a cross section of said envelope 
from a close vicinity of the wall of said envelope 
to a close vicinity of said ray, the gaps between 
Said pole shoes being filled up with a non-mag 
netic electrically conductive material for combin 
ing Said pole shoes mechanically to form an elec 
trically conductive unit of circular cross-section, 
means for producing a magnetic field mount 
ed outside said envelope and arranged in oper 
ative relationship to said pole shoes but mechan 
ically separated therefrom by the wall of said 
envelope, Said last mentioned means including, 
two half-ring-shaped magnets and a magnetic 
shunt comprising two loops, each of said loops 
Surrounding one of said magnets, and a piece of 
ferro-magnetic material connecting said loops 
with One another, and means for connecting said 
pole shoes with a potential source. 

7. A Braun tube including an evacuated en 
velope, a cathode, means including said cathode 
for producing a cathode ray directed substan 
tially along the axis of said envelope, a picture 
receiving screen, and two pairs of pole shoes 
mounted near each other and entirely inside said 
envelope to extend each substantially in a cross 
section of said envelope from a close vicinity of 
the Wall of said envelope to a close vicinity of said 
ray; means mounted outside said envelope for 
causing the formation of a concentrating field be 
tween said: two pairs of pole shoes said last men 
tioned means being mechanically separated from 
Said pole shoes by the wall of said envelope; 
means for connecting that one of said pairs of 
pole shoes next to said cathode with a source of 
Control voltage; and means for connecting the 
other one of said pairs of pole shoes with an an 
Ode voltage source. 

8. A Braun tube comprising an evacuated en 
velope, a picture receiving screen, means for pro 
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5 

ducing a cathode beam and for directing this 
beam. Substantially along the axis of the Braun 
tube onto said picture receiving screen, and a 75 



4. 
pair of deflecting elements mounted within the 
Braun tube to face the axis of said tube from 
opposite sides, and adapted to deflect said cath 
ode beam to make it approach. One of said ele 
ments when a voltage is built up between said 
elements, said elements consisting of a ferro 
magnetic material and being this further adapt 
ed to have a magnetic field built up between them 
to extend from one of said elements to the other 

10 one, said elements being thus adapted to deflect 
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said cathode beam in a plane perpendicular to 
that in which it would move in approaching any 
of said elements; means for producing a mag 
netic field mounted outside said envelope and 
arranged in operative relationship to said ele 
ments but mechanically separated therefrom by 
the wall of said envelope; and means for con 
necting said elements with a potential source. 

KURT SCHLESINGER. 
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