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This invention relates to electron tubes for am 
plifying and like purposes. 
The invention will be best understood with ref 

erence to the accompanying drawings of which 
Fig. 1 is a perspective view of the electrode sys 
tem of an electron tube acting on the so-called 
transverse ?eld principle and designed accord 
ing to the invention, whereas Fig. 2 is a sectional 
view of the same system, both said ?gures show 
ing some essential circuit elements too. 

Fig. 3 shows a special embodiment of part 
anodes of the tube in plan view, while in 

Fig. 4 there is illustrated an additional feature 
of the invention consisting in the cascade con 
nection of a plurality of tubes according to the 
invention. 
In particular referring to Fig. l the arrange 

ment comprises a straight cathode ?lament l of, 
say, 40 mm. in length, which is arranged within 
a sheet metal box-like structure 2. In front of 
the sheet metal structure 2 there is situated a. 
sectional anode 3 having a wide aperture, be 
hind this anode a further box 4, and behind 
the latter an anode having a very narrow aper 
ture 5. The potentials hereinafter recited are 
to be understood relatively to cathode potential 
as zero potential. If the box 2 and the box 4 
are connected to a potential not considerably dif 
ferent from zero, or with suitable dimensioning, 
are connected with zero potential itself, and the 
anodes 3 and 5 are on the other hand connected 
with a potential of 200 volts, it is possible to 
cause practically all of the electrons emitted by 
l to pass through the diaphragm aperture of 5 
with a. comparatively small angle of dispersion 
and reach the de?ecting space situated behind 
the same. Naturally in accordance with the in 
vention all of the stated electrode potential may 
also be regulated separately. In the de?ecting 
space there are situated the two de?ecting plates 
6 and ‘I which are, for example, approximately 
40 mm. high. Behind these there is located a 
box shaped electrode 8, and then an additional 
box shaped electrode 9, and ?nally two anodes 
l0 and H. The latter are shown in plan view in 
Fig. 3. In the practical form of embodiment of 
the tubes all electrodes are conveniently closed 
oil’ by metal parts towards the front and the 
rear, so that the entire tube is given a box-like 
structure, in such a manner that the electronic 
path is completely screened off towards the out 
side. 
The tube according to the invention is pref 

erably of the high vacuum type. 

(Cl. 250-275) 

The tube may be connected as follows: 
An anode battery l2 of approximately 200 volts 

is connected with its positive pole not only with 
the preliminary anodes 3 and 5, but also with 
the upper box 9, and with its negative pole with 5 
the filament I and the concentration electrodes 
2 and 4 connected therewith. A part potential 
tapped from this anode battery is linked up "with 
the lower box electrode 8. Preferably this com 
ponent potential is earthed externally, directly 
earthed (earth l3). One of the de?ecting plates, 
for example the plate 6, is connected with the 
source ll of the voltage to be ampli?ed, the 
other pole of which source is practically always 
earthed. The plate 7, according to the inven 
tion, is earthed over a ‘potentiometer l5 at a 
tapping l6, whilst the free pole of the potentiom 
eter I5 is connected with the anode l0 through 
the medium of the blocking condenser Ill. The 
anode Ill receives a bias via the resistance l9, 
which’ should be high as compared with IS in 
respect of all frequencies employed. The anode 
II is earthed as regards alternating current over 
a working resistance 26 and condenser I1. The 
two anodes receive a d. c. bias from the battery 
l2, it being with suitable dimensioning also pos 
sible to operate the tube with a bias which coin 
cides with the earth potential l3. Under cer 
tain circumstances this may be accomplished by 
the provision of a coarse-mesh net 9a in front 
of the anode connected with 9, or by increase of 
the length of 9, whereby there is certainly ob 
tained a wider electronic image, but on the other 
hand a greater sensitiveness of de?ection in 
mm. per volt. In the latter case the condenser 
l8 and the feeding resistance l9 and the con 
denser I'I may also be dispensed with. The am 
pli?ed potential is taken through the medium of 
a block 20. 
The operation of an arrangement of this na 

ture is as follows: 
The aperture of 5 onto which an intense elec 

tron stream is projected by means of the con 
centrating device I, 2, 3, 4, as described above, 
is reproduced sharply on the plane of the anodes 
l0 and II. This reproduction is obtained by the 
fact that the lower system: de?ecting plates 6 
and ‘i and guard screen 8 are connected in com 
mon with a less high positive bias than the 
upper system 9 and possibly l0 and II. In conse 
quence there are formed at the line of inter 
section between 9 and 8 potential lines of the 
form as shown in broken lines and designated 
2| in Fig. 2. This combination already described 
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2 
an electrostatic electron-optical reproduction on 
a scale which, as in the optical art, may be cal 
culated from the distance between the object to 
be reproduced (i. e. the aperture in 5) and the 
line of intersection of 8-9 on the one hand and 
the distance between that line of intersection and 
the image (in the plane Ill-H) on the other 
hand. In the stated tube the ?rst mentioned 
distance is approximately 50 mm., and the ring 
8 ‘approximately 10 mm. and the upper guard 
ring 9 approximately 20 mm. high, so that the 
image is approximately half as wide as the aper- _ 
ture of 5, and in practice with an aperture .5 
mm. in width merely an electronic image of .25 
mm. in width is projected on to the anodes l0 
and II. A ?lling of gas is unnecessary. The os 
cillating voltage II to be amplified causes this 
electronic image to oscillate laterally, and thus 
to sweep over the line of separation shown in 
Figs. 1 and 3 between the two part-anodes I0 
and II. It is possible, therefore, to obtain at 
the anode II a potential corresponding in its 
phase to the voltage l4 and being ampli?ed in 
relation to I‘ by a factor which is proportional 
to the slope tan a (Fig. 3). The lower ring 8 has 
the object of screening off the electrostatic re 
fractive edge 2| against the variable ?eld be 
tween 6 and ‘I. The diameters of 8 and 9 are 
further selected to be so much larger than the 
maximum extent of movement on the part of 
the cathode ray that the reproduction remains 
uniformly sharp even at the edge. 
In accordance with the invention, the distance 

of the object to be electron optically reproduced 
from the reproducing lens may be selected to be 
relatively large, and the two anodes l0 and I I 
may then be connected with earth. . 
The measure according to the invention en 

ables di?erent extremely effective connections 
to be performed. - 
In order to increase the ampli?cation beyond 

the product of working resistance 26 and steep 
ness it is possible, for example, to employ the 
following galvanic back-coupling according to 
the invention: The circuit anode I0 is, as re 
gards alternating currents, connected over l8 
with the plate ‘I, provision being made for ad 
;lustability of the degree of this coupling by the 
tapping ii. In this manner, as quite readily 
apparent, the oscillation amplitude is consid 
erably increased. 
The degree of back-coupling may be increased 

to such an extent in ‘accordance with the inven 
tion that the ray is capable of assuming merely 
two positions of de?ection, which remain stable. 
Since the ray is thrown suddenly from the one 
to the other position as soon as the potential 
ll exceeds a certain amount, an arrangement of 
this nature is very suitable as a tilting relay de 
pendent on a threshold value, and may with ad 
vantage be employed in all circuits known for 
this purpose, for example, as a substitute for 
the Turner callirotron, which is an oscillator 
comprising two valves, in which a negative re 
sistance effect is obtained in the anode circuit 
of the second valve, and in which the grid of 
the second valve is connected to the anode cir 
cuit of the ?rst valve and the anode circuit of 
the second valve connected to>the grid circuit 
of the ?rst valve. A description of this device 
is for instance to be found in Scott-Taggart’s 
book on “Thermionic Tubes", second edition, 
published from the o?ices of “The Wireless 
World" on page 416. 
An additional feature of the invention con 

9,114,013 
sists in the cascade connection of a plurality of 
these tubes (Fig. 4). For simplicity’s sake there 
are shown of these tubes merely the diaphragms 
5, the de?ecting plates 6 and ‘I and the two 
anodes l0 and H. The ?rst tube is operated by 
the potential source I4 in the back-coupling con 
nection above described increasing the ampli? 
cation aperiodically. Ampli?ed potential ?uc 
tuations are then obtained at the anodes III and 
H, those obtained at ll having the same phase 

.as, those obtained at l0 having a phase reversed 
in relation to, the input voltage ?uctuations. 
The output of the ?rst tube is coupled to the 

input of the second one. This coupling may be 
effected in single phase by providing only one con 
nection, such as the wire 22, between the??rst and 
second tubes. According to a further feature of 
the invention, however, the said coupling is pref 
erably effected by a push-pull connection employ 
ing two wires 22 and 23. The sensitivity of push 
pull cathode ray de?ection is, other data being 
equal, twice the sensitivity of single phase cathode 
ray de?ection. The ampli?cation per stage ob 
tained by the push-pull coupling is accordingly 
doubled in relation to that obtained by single 
phase coupling. The output potentials may be 
taken from the anodes l0 and I I ofrythe ?nal tube 
in opposite phases, and under certain circum 
stances, therefore, may be doubled by the use of 
a counter-cadence transformer 24, even if this 
possesses the transformation ratio 1. Naturally 
the sensitiveness of the second tube may also be 
increased by the use of 2. preferably aperiodic 
back-coupling in the same manner as described 
in connection with the ?rst tube. This is par 
ticularly advisable in those cases in which, due 
to wide frequency bands, the use of transformers 
is made dii?cult, for example in certain ampli?er 
circuits for te‘evision purposes. 
The circuit shown in Fig. 4 may, since it is 

possible in accordance with the invention to 
avoid block condensers in the train of the lines 
22, 23, be employed as an effective d. c. ampli?er. 
The condition in question may be ful?lled either 
by so dimensioning the distance of the anodes 
from the other parts of the electrode system in 
the tubes in Figs. 1 and 2 that the anodes ill 
and II may be directly connected with earth, 
or this condition may also be ful?lled by cor 
respondingly increasing from stage to stage the 
battery potential of the tubes. The great ad 
vantage of d. c. ampli?ers of this nature as com 
pared with known arrangements is to be regarded 
in the fact that variations in the operating po 
tential in the case of transverse-?eld tubes have 
no effect on the position of the electronic images 
but affect merely their intensity, and that it is, 
therefore, out of the question that small varia 
tions of this nature in the preliminary stage 
should be able to displace unfavourably the work 
ing point in the ?nal tube. 

I claim: - 
1. An electron tube comprising means includ 

ing a cathode for producing a bundle of elec~ 
trons, at least one anode structure comprising 
at least one equipotential element, electron opti 
cal means comprising a plurality of electrodes 
consecutively mounted along the direction from 
said cathode to said anode structure for pro 
ducing in the space between said cathode and 
said anode structure an electron-optical lens 
?eld for forming said bundle into a sharp elec 
tron image in the plane of said anode structure, 
a wire net mounted between said anode structure 
and the adjacent one of said electrodes, and con~ 
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nected with the last mentioned electrode, further 
electron-optical ‘means mounted more ‘remote 
from said anode structure than the ?rst said 
electron-optical means for substantially paral 
lelizing said bundle, and electron de?ecting 
means mounted between said cathode and said 
anode structure for de?ecting said bundle of 
electrons to a variable degree to cause the per 
centage of electrons impinging on any of said 
equipotential elements to be variable in depend 
ence on the variations in the degree to which 
said bundle'is de?ected. ' 

2. An electron tube for producing electrically 
in?uenced currents, comprising means including 
a cathode for producing a bundle of electrons, 
an anode structure comprising at least one equi 
potential element, electron optical means mount~ 
ed between said cathode and said anode structure 
for producing an electron optical lens ?eld for 
forming said bundle into a sharp electron image 
in the plane of said anode structure, further 
electron optical means, mounted more remote 
from said anode structure than the ?rst said 
electron optical means, for substantially paral 
lelizing said bundle, and electron de?ecting means 
mounted between said cathode and said anode 
structure for de?ecting said bundle of electrons 
to a variable degree to cause the percentage of 
electrons impinging on any of said equipotential 
elements to be variable in dependence on the 
variations in the degree to which said bundle is 
de?ected. 

3. An electron tube for producing electrically 
in?uenced currents, comprising means including 
a cathode having an emissive surface the width 
of which is small as compared with its length, 
for producing a bundle of electrons, an ‘anode 
structure cc .nprising at least one equipotential 
element, el ctron optical means mounted between 
said cathade and said anodestructure for pro 
ducing an electron optical lens ?eld for forming 
said bundle into a sharp electron image in the 
plane of said anode structure, further electron 
optical means, mounted more remote from said 
anode structure than the ?rst said electron op 
tical means, for substantially parallelizing said 
bundle, and electron de?ecting means mounted 
between said cathode and said anode structure 
for de?ecting said bundle of electrons to a var 
iable degree_in a direction forming right angles 
with the main direction of said emissive surface 
to cause the percentage of electrons impinging 
on any of said equipotential elements to be var 
iable in dependence on the variations in the de 
gree to which said bundle is de?ected. 

4. An electron tube for producing electrically 
in?uenced currents, comprising means including 
a cathode having an emissive surface the width 

~ of which is small as compared with its length 
60 
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for producing a bundle of electrons, an anode 
structure comprising at least one equipotential 
element having an edge which is sloped with re 
spect to the main direction of said emissive sur 
face, electron optical means mounted between 
said cathode and said anode structure for pro 
ducing an electron optical lens ?eld for forming 
said bundle into a sharp electron image in the 
plane of said anode structure, further electron 
optical means, mounted more remote from said 
anode structure than the ?rst said electron 
optical means, for substantially parallelizing said 
bundle, and electron de?ecting means mounted 
between said cathode and said anode structure 
for de?ecting said bundle of electrons to a var 
iable degree in a direction forming right angles 

3 
with the main direction of said emissive surface 
to cause the percentage of electrons impinging 
on any of said equipotential elements to be var 
iable in dependence on the variations in the de 
gree to which said bundle is de?ected. 
'5. An electron tube for producing electrically 

in?uenced currents, comprising means including 
a cathode having an emissive surface the width 
of which is small as compared with its length, 
for producing a bundle of electrons, an anode 
structure formed by a plate-shaped element 
mounted at right angles to the normal path of 
said bundle and separated into two equipotential 
elements insulated from each other by a slot dis 
posed at an acute angle with respect to the main 
direction of said emissive surface, electron optical 
means mounted between said cathode and said 
anode structure for producing an electron optical 
lens ?eld for forming said bundle into a sharp 
electron image in the plane of said anode struc 
ture, further electron optical means mounted 
more remote from said anode structure than the 
?rst said electron optical means for substantially‘ 
parallelizing said bundle, and electron de?ecting 
means mounted between said cathode and said 
anode structure for de?ecting said bundle of 
electrons to a variable degree in a direction form 
ing right'angles with the main direction of said 
emissive surface to cause the percentage of elec 
trons impinging in any of said equipotential ele 
ments to be variable in dependence on the varia 
tions in the degree to which said bundle is de 
?ected. 

6. An electron tube for producing electrically 
in?uenced currents, comprising means including 
a cathode for producing a bundle of electrons, 
an anode structure comprising at least one equi 
potential element, a diaphragm having an aper 
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ture positioned in the path of said bundle between ' 
said cathode and said anode structure, electron 
optical means mounted between said diaphragm 
and said anode structure for producing an elec 
tron optical lens ?eld for forming said bundle 
into a sharp electron image of said diaphragm 
aperture in the plane of said anode structure, 
further electron optical means, mounted more 
remote from said anode structure than said dia 
phragm, for substantially parallelizing said 
bundle, and electron de?ecting means mounted 
between said diaphragm and said anode structure 
for de?ecting said bundle of electrons to a var 
iable degree to cause the percentage of electrons 
impinging on any of said equipotential elements 
to be variable in dependence on the variations in 
the degree to which said bundle is de?ected. 

7. An electron tube for producing electrically ,. 
in?uenced currents, comprising means including 
a cathode having an emissive surfacethe width 
of which is small as compared with its length for 
producing a bundle of electrons, an anode struc 
ture comprising at least one equipotential ele 
ment, a diaphragm having a very narrow aper 
ture similar in shape and disposed in parallel to 
said emissive surface positioned in the path of 
said bundle between said cathode and said anode 
structure, electron optical means mounted be 
tween said diaphragm and said anode structure 
for producing an electron optical lens ?eld for 
forming said bundle into a sharp electron image 
of said diaphragm aperture in the plane of said 
anode structure, further electron optical means 
mounted more remote from said anode structure 
than said diaphragm, for substantially parallel 
izing said bundle, and electron de?ecting means 
mounted-between said diaphragm and said anode 
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, structure for de?ecting said bundle oi.’ electrons 
to a variable degree to cause the percentage of 
electrons impinging on any of said equipotential 

' elements to be variable in dependence on the var 
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iations in the degree to which said bundle is 
de?ected. - 

8. The invention set forth in claim 2 and where 
in the ?rst structural element, counting from the I 
cathode side, which is mounted between said 
cathode and said anode structure, is a section 
anode. 

9. The invention set forth‘ in claim 2, and 
wherein said further electron optical means com 
prise two plane rectangular metal sheets mounted 
in parallel to each other and to the normal path 
of said bundle and ?anking said bundle from op 
posite sides thereof. 

10. The invention set forth in claim 2, and 
wherein said further electron optical means 
comprise two plane rectangular metal sheets 
mounted in parallel to each other and to the nor 
mal path of said bundle and ?anking said bundle 
from opposite sides thereof, and two further plane 
rectangular metal sheets supplementing the two 
?rst said sheets to form ‘a box-like structure. 

11. The invention set forth in claim 2, and 
wherein the ?rst said electron optical means com 
prise two pairs of plane rectangular metal sheets 
mounted in parallel to each other and to the 
normal path of said bundle, the sheets of each of 
said pair ?anking said bundle from opposite sides 
thereof, said two pairs being mounted to follow 
one on the other in the direction of the normal 
path of said bundle and being adapted to have 
different potentials impressed thereon. 

12. The invention set forth in claim 2, and 
wherein the ?rst said electron optical means 
comprise two pairs of plane rectangular metal 
sheets mounted in parallel to each other and to 
the _normal path of said bundle, the sheets of 
each of said pairs ?anking said bundle from op 
posite sides thereof, said two pairs being mounted 
to follow one on the other in the direction of the 
normal path of said bundle and being adapted to 
have different potentials impressed thereon, and 
two further pairs of plane rectangular metal 
sheets, each of said further pairs supplementing 
one of the ?rst said pairs to form a box-like 
structure. 

13. An electron tube for producing electrically 
in?uenced currents, more particularly a high 
vacuum tube, comprising means including a 
cathode for producing a bundle of electrons, an 
anode structure comprising at least one equipo 
tential element, electron optical means mounted 
between said cathode and said anode structure 
for producing an electron optical lens ?eld for 
forming said bundle into a sharp electron image 
in the plane of said anode structure, further elec 
tron optical means, mounted more remote from 
said anode structure than the ?rst said electron 
optical means, for substantially parallelizing said 
bundle, and electron de?ecting means mounted 
between said cathode and the ?rst said electron 
‘optical means for de?ecting said bundle of elec 

2,114,618 
trons to a variable degreeto cause the percentage 
of electrons impinging on any of said equipoten 
tlal elements to be variable in dependence on the 
variations in the degree to which said bundle is 
de?ected. 

14. The invention set forth in claim 2, wherein 
said de?ecting means are de?ecting plates, and 
wherein the ?rst said electron optical means 
comprise two pairs of plane rectangular metal 
sheets mounted in parallel to each other and to 
the normal path of said bundle, the sheets of each 
of said pairs ?anking said bundle from opposite 
sides thereof, said two pairs being mounted to 
follow one on the other in the direction of the 
normal path of said bundle and being adapted to 
have different potentials impressed thereon. 

15. The invention set forth in claim 2, wherein 
said de?ecting means are de?ecting plates, 
mounted more remote from said anode structure 
than the ?rst said electron optical means, where 
in the ?rst said electron optical means comprise 
two pairs of plane rectangular metal sheets 
mounted in parallel to each other and to the nor 
mal path of said bundle, the sheets of each of 
said pairs ?anking said bundle from opposite 
sides thereof, said two pairs being mounted to 
follow one on the other'in the‘ direction of the 
normal path of said‘buridle and being adapted 
to have different potentials impressed thereon, 
and wherein that one of said pairs mounted 
never said de?ecting plates is generously dimen 
sioned in the direction parallel to the normal 
path of said bundle, so that this last mentioned 
pair screens the lens ?eld produced by the ?rst 
said electron optical means from said de?ecting 
plates. 

16. The invention set forth in claim 2, wherein 
said deflecting means are de?ecting . plates, 
wherein the ?rst said electron optical means com 
prise two pairs of plane rectangular metal sheets 
mounted in parallel to each other and to the nor 
mal path of said bundle, the sheets of each of said 
pairs ?anking said bundle from opposite sides 
thereof, said two pairs being mounted to follow 
one on the other in the direction of the normal 
path of said bundle and being adapted to have 
different potentials impressed thereon, and two 
further pairs of plane rectangular metal sheets, 
each of said further pairs supplementing one of 
the ?rst said pairs to form a box-like structure, 
wherein said further electron optical means com 
prise "a pair of plane rectangular metal sheets 
mounted in parallel to each other and to the nor 
mal path of said bundle and ?anking said bundle 
from opposite sides thereof, and yet a further 
pair of plane rectangular metal sheets supple 
menting the aforementioned pair incorporated in 
said further electron optical means to form a 
box-like structure, and wherein said de?ecting 
plates are likewise provided with supplementary 
metal members to give them a box-like structure 
as well, so that the complete path of said bundle 
is electro-statically screened towards the outside. 
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