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This invention relates to cathode ray tubes of 
the kind in which the beam is deflected Succes 
sively in two mutually perpendicular directions, 
and in which at least the second of these deflec 
tions (herein called the 'X' deflection) is pro 
duced electrostatically. In such cases it is cuS 
tomary, although not essential, for the first de 
flection (herein called the 'Y' deflection) also 
to be produced electrostatically. 
The principal object of the invention is to 

avoid deflection amplitude distortions (ilamely, 
trapezium, pin-cushion and barrel distortions) of 
the raster when the deflection voltages are ap 
plied asymmetrically and when large angles of 
deflection are produced. 
According to the principal feature of the in 

vention, there is provided a double electrostatic 
deflection cathode ray tube having an interplate 
screen and wherein both of the 'X' defiection 
plates have their entrance and emergent edges 
curved concavely, and have at least part of their 
surfaces curved convexly toward each other So 
that their central parts are closer together than 
their sides, whereby deflection amplitude distor 
tions are substantially eliminated when the tube 
is operated with total angles of deflection up to 
at least about thirty degrees, even though the 
potentials of one 'X' deflection plate and One 
“Y' deflection plate be held constant aid the 
deflection voltages be applied wholly to the other 
deflection plates. - 
By the term “interplate screen' in this speci 

fication is meant an electrode placed across the 
path of the beam, between the region of 'Y' de 
flection and the region of 'X' deflection, curved 
spherically about substantially the apparent cen" 
tre of “Y” deflection, or cylindrically about an 
axis passing substantially through that centre 
and perpendicular to the plane of 'Y' deflection, 
and slotted so as to allow passage of the bean at 
all required angles of “Y' deflection. iihis inter 
plate screen is maintained at constant potential 
when the tube is in operation, usually the poten 
tial of the final anode of the electron gun. 
In the modified form of the invention wherein 

the 'Y' deflection is produced electromagneti 
cally instead of electrostatically, this Sereen is 
still required, although the term “interplate 
screen' becomes inappropriate. 
The effect of the interplate screen is presumed 

to be the shaping of the equipotential lines of the 
field between the entrance edges of the “X” plates 
so that they are crossed substantially at right 
angles by the beam under all degrees of 'Y' der 
flection. This prevents the refraction of the elect 
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tron beam towards the axis when entering the 
Space between the “X” plates and trapezium dis 
tortion due to this cause is, therefore, eliminated. 
The curvature of the entrance edges of the 'X' 
plates is for the same purpose. 
The emergent edges of the 'X' plates are 

Curved concavely for the similar purpose of pre 
venting or compensating for refraction of the 
beam in the direction of 'Y' deflection when 
emerging from the space between the 'X' plates. 
When the entrance and emergent edges of the 

'X' plates are both curved concavely, the length 
of each plate in its middle is considerably less 
than its length at its sides. Compensation for 
the resulting variation. With 'Y' deflection of 'X' 
deflection sensitivity, known as pin-cushion dis 
tortion, is effected by the curving of at least part 
of the surfaces of the “X” plates convexly to 
Ward each other so that their central parts are 
closer together than their sides. 
According to a preferred feature of the inven 

tion an additional electrode is provided beyond 
each 'X' deflection plate, or at least beyond the 
working “X” plate (i.e. that “X” deflection plate 
Which is arranged for its potential to be varied 
during operation while the potential of the other 
is kept constant) said additional electrode being 
situated outside the extreme deflected path of 
the beam and being arranged to be operated at 
a constant potential, whereby the collection by 
the said “X” plate of secondary electrons return 
ing from the screen is substantially prevented. 
A further effect of this additional electrode is to 
reduce the defocussing of the beam which tends 
to occur when the beam is deflected to pass close 
to the Working 'X' plate. The conductive coat 
ing on the Wall of the envelope, or the shield sur 
rounding the deflector plates, provided for the 
purpose of collecting secondary electrons return 
ing from the screen is preferably maintained at 
the same constant potential as this additional 
electrode, which may be the highest potential 
attained by the working 'X' plate during opera 
tion. 
The present invention will be more fully under 

stood by reference to the following detailed de 
scription, which is accompanied by the drawings 
in Which: 

Fig. 1 is an elevational view of the deflecting 
electrode construction of a cathode ray tube en 
bodying the principles of the present invention, 
While 

Fig. 2 is a horizontal sectional view of the elec 
trode structure shown in Fig. 1, taken along the 
line. 2-2 of Fig. 1, r ... " . 
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Fig. 3 is an exploded view in perspective of one 
pair of deflection plates of the deflecting struc 
ture shown in Figs. 1 and 2, while 

Fig. 4 is a diagrammatic representation of a 
cathode ray tube embodying the principles of the 
present invention in which there is generally in 
dicated the arrangement of the various electrodes 
within the tube and the potentials applied 
thereto. 

Referring now to Figs. 1 and 2 of the draw 
ing, reference character indicates the final 
anode of an electron gun which projects an elec 
tron beam generated at a cathode (not shown) 
along the axis of the electrode structure. The 
beam, after passing through the central aperture 
2 in anode , passes between the “Y” deflecting 
plates 3 and 4 and through the slot 5a in inter 
plate screen 5. Its path continues between the 
'X' deflecting plates 6 and 7 and between the 
secondary electron collector electrodes 8 and 9 
and is directed toward a screen at the end Cf 
envelope 30 (Fig. 4). It will be noted that each 
of the 'Y' deflecting plates 3 and 4 are so bent 
intermediate their ends So as to form a gradually 
increasing Space between them toward the exit. 
After emerging from the region between the “Y” 
deflecting plates 3 and 4, the electron beam 
passes through aperture 5a in the inter-plate 
screen 5. Inter-plate screen 5 is an electrode 
placed across the path of the beam and curved 
symmetrically about an axis passing substan 
tially through the apparent center of 'Y' de 
flection and slotted so as to allow passage of the 
beam through aperture 5a, at all required angles 
of 'Y' deflection, 
As indicated by the -- mark in Fig. 4, the inter 

plate Screen 5 is maintained at a constant poten 
tial When the tube is in Operation, usually that 
of the final anode of the electron gun. The effect 
of the inter-plate screen 5 is presumed to be a 
shaping of the equi-potential lines of the field 
between the entrance edges of the “X” plates 6 
and 7, so that they are crossed substantially at 
right angles by the beam under all degrees of 
'Y' deflection. This prevents the refraction of 
the electron beam towards the axis when enter 
ing the space between the 'X' plates 6 and . 
Trapezium distortion due to this cause is there 
fore eliminated. The final deflection plates 6 
and T are identical with each other. The en 
trance edges of each are curved concavely as in 
dicated at 6d. and to and the emergent edges are 
also curved concavely as indicated at 6b and b. 
The curvature of the emergent edges 6b and Tb 
is not constant. There is a straight portion in 
the middle of each, which was found necessary to 
avoid over-correction of the trapezium distortion 
for angles of deflection Smaller than about 15°. 
Each of the plates 6 and 7 is made up of two 
plane Sections and 8 and a curved middle 
section 9. Plane sections 1 are parallel one to 
the other while the curved sections and exit sec 
tions (8 form a divergent angle along the unde 
flected path of the bean. The curvature of the 
middle section 9 is such that all sections thereof 
cut by planes parallel to the plane of Fig. 2 are 
rectilinear. The curvature is convex inwardly so 
that the central part 9 of plate 6 is closer to the 
central part 9 of plate 7, than are the upper and 
lower edge portions of plate 6, where lips 20 are 
provided, with regard to the corresponding sides 
of plate 7. Plates 6 and 7 are reinforced by the 
turned-over lip portions 20 at their upper and 
lower edgeS. 
The various curvatures of plates 6 and 7 and the 
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relationship of one plate with respect to the other 
is shown more clearly in Fig. 3 wherein a per 
spective view of these two plates is shown, the 
spacing between the plates being somewhat in 
creased so that one plate does not lie over the 
other in the figure. It will be appreciated that for 
any particular tube, the necessary curvatures for 
the inter-plate screen 5 and for the entrance and 
emergent edges of the 'X' deflecting plates 6 and 
7 may require empirical determination, but the 
electrode system shown in the accompanying 
drawing has been found to eliminate deflection 
amplitude distortion satisfactorily for total angles 
of deflection up to 30°, that is 15° to each side of 
the central axis occupied by the undeflected 
beam. 
In Fig. 4 is shown a schematic representation 

of a cathode ray tube having an evacuated en 
velope 30 having a funnel-shaped configuration. 
The fluorescent screen (not shown) occupies the 
large end wall of the envelope while the electron 
gun structure and deflecting electrode System 
occupies the neck of the envelope. One of the 
'Y' deflecting plates 3 may have a saw tooth 
deflecting wave of low frequency applied to it 
as indicated by the saw tooth figure at the end of 
the connection lead connected to plate 3, while 
the other, 4, is held at a constant positive poten 
tial as indicated by the -- mark. The inter 
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plate screen 5 may be directly connected to plate 
4 or it may be separately energized from a fixed 
potential power equal to that of plate as indi 
cated in the figure. Similarly, plate is held at 
a fixed potential while plate 6 has a high fre 
quency saw tooth wave applied thereto. 
When the driving circuit connected to the 

working 'X' plate in Fig. 4 shows a high im 
pedance, there is a tendency to deflection ampli 
tude distortion which varies with the intensity 
of the electron beam. This is believed to be due 
to the collection, by the working 'X' plate, of 
secondary electrons returning from the screen. On 
the end of the tube. This may be substantially 
prevented by the provision of an additional elec 
trode such as those shown at 8 and 9, beyond the 
working 'X' plate and operated at a constant 
potential preferably about as high as the maxi 
mum potential attained by the working 'X' plate 
during operation. 
The envelope 30 of the cathode ray tube is 

preferably provided with a conductive coating 3 
on the inside of the envelope which is maintained 
at the same potential and may be directly con 
nected to the additional electrodes 8 and 9 as in 
dicated in Fig. 4. The tube illustrated in the 
drawing is entirely symmetrical, and an addi 
tional electrode 8 or 9 is provided for each "X' 
deflecting plate 6 or 7. It is, therefore, imma 
terial which of the “X” plates 6 and 7 is held at 
fixed potential, and which is used as the working 
plate in Fig. 4. Merely for the sake of illustra 
tion, plate 7 is indicated as being held at a fixed 
potential. 
The present invention will principally be ap 

plied to cathode ray tubes having fluorescent 
screens, but it is evident that the precise nature 
of the screen is irrelevant to the invention, and 
the invention may be used in all cases where 
asymmetric distortion voltages are employed, 
and Wide angles of deflection are required. Also, 
the invention is applicable to cathode ray tubes Of 
the gas filled type, as well as to those in which 
the focusing of the beam is mainly affected by 
electro-static fields. As, however, the beam cur 
rent of gas filled tubes is not modulated during 
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operation, the secondary electron collecter elec 
trodes 8 and 9 do not serve the Same total pur. 
pose, though they still act to increase the appar 
ent plate to plate impedance presented to the 
driving circuit. 

I claim: 
1. A cathode ray tube of the kind in which an 

electron beam from a cathode is deflected Suc 
cessively in two mutually perpendicular direc 
tions, the first of these deflections being termed 
the 'Y' deflection and the second of these deflec 
tions being termed the 'X' deflection and is pro 
duced electrostatically by a pair of deflecting 
plates, said tube comprising Y-deflecting means 
for producing the said 'Y' deflection, and an 
interplate screen interposed between the said Y 
deflecting means and the said pair of deflecting 
plates, said interplate screen being in the form 
of an electrode curved concavely towards Said 
Y-deflecting means and being slotted to allow 
passage of the beam over a range of 'Y' deflec 
tions, both of said 'X' deflection plates having 
entrant and emergent edges curved concavely, 
and said 'X' deflecting plates having at least 
part of their facing surfaces curved convexly to 
wards each other so that their central parts are 
closer together than their side portions. 

2. A cathode ray tube according to claim 1, 
Wherein an additional electrode is provided be 
yond that 'X' deflection plate which is arranged 
for its potential to be varied during operation, 
said additional electrode being arranged outside 
the extreme deflected path of the beam and be 
ing arranged to be operated at a constant po 
tential whereby the collection by the said “X” 
plate of secondary electrons returning from the 
Screen is substantially prevented. 

3. A cathode ray tube according to claim 1, 
wherein said X-plates are Symmetrically con 
structed for operation with either of the 'X' de 
flection plates held at constant potential and With 
the deflection voltages applied to the other of Such 
'X' deflection plates, and including an additional 
electrode is provided beyond the 'X' deflection 
plate which is arranged to receive a variable po 
tential during operation, said additional elec 
trode being arranged outside the extreme deflect 
ed path of the electron beam and being arranged 
to be operated at a constant potential whereby 
the collection by the said “X” plate of secondary 
electrons returning from the screen is Substan 
tially prevented. 

4. A cathode ray tube of the kind in which an 
electron beam from a cathode is deflected Suc 
cessively in two mutually perpendicular direc 
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6 
tions, the second of these deflections being termed 
the 'X' deflection and being produced electro 
statically by a pair of deflecting plates, both of 
the 'X' deflection plates having entrance and 
emergent edges curved concavely, said plates 
having at least part of their facing surfaces 
curved convexly toward each other so that their 
central parts are closed together than their sides. 

5. A cathode ray tube according to claim 4 
wherein the potential of one of said 'X' de 
flection plates is held constant and the other of 
said 'X' deflection plates has deflection volt 
ages applied thereto and wherein an additional 
electrode is provided beyond the latter of said 
'X' deflection plates, said additional electrode be 
ing operated at a constant potential whereby the 
collection of secondary electrons by said latter 
plate is substantially prevented. 

6. A cathode ray tube, having within an evac 
luated envelope a source for a beam of electrons, 
a first pair of opposing deflection plates and a 
Second pair of opposing deflection plates arranged 
in planes perpendicular to said first pair of plates, 
said Second pair of plates having entrance and 
emergent edges curved concavely and at least 
part of their facing Surfaces curved convexly 
toward each other, so that their central parts are 
Closer together than the side parts whereby de 
flection amplitude distortions are substantially 
eliminated, the potential of one of said first pair 
of deflection plates and one of said second pair of 
deflection plates being held constant and the 
other of each of said pairs of plates having de 
flection Voltages applied thereto. 

7. A cathode ray tube according to claim 6, 
Wherein an additional electrode is provided be 
yond that one of Said Second pair of deflection 
plates which is arranged for its potential to be 
varied during operation and outside the path of 
Said beam when grazing the said one of said 
Second pair of deflection plates, said additional 
electrode being operated at a constant potential 
Whereby the collection by said plate of secondary 
electrons is substantially prevented. 

EDWARD ERIC SHIELTON. 
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