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This invention relates generally to electrostatic 
cathode ray tubes and more particularly to an 
electrostatic deflection system including elec 
trodes provided on the tubular portion of the 
insulating enclosure of the cathode ray tube. 

In cathode ray tubes such as are used in televi 
Sion transmitters and receivers, oscilloScopes, 
and other devices, provisions are required for 
causing deflection of the beam to scan a Screen 
provided on the tube. Such deflection may be 
produced by providing either an electrostatic or 
an electromagnetic field in the path of the beam. 
Electrostatic deflection systems have Several 
advantages over electromagnetic systems but 
have not been found satisfactory for large tubes. 
An important advantage of electrostatic deflec 
tion systems is that a comparatively Small 
amount of energy is required So that the genera 
tor for producing the energizing voltages may 
be relatively inexpensive and Such generator 
does not require a large power Supply. Also ion 
blemish is not present in electrostatic deflection 
systems so that the screen of the cathode ray 
tube tends to have longer life. 
One of the main reasons why electrostatic de- : 

flection has not been satisfactory is that hori 
Zontal and vertical deflection must be accoin 
plished by separate electrodes along the tube 
neck and this requires that the tube necks be ob 
jectionably long. Deflection systems for produc 
ing horizontal and vertical deflection within the 
same space, without causing objectionable inter 
ference therebetween, have not been available. 
Further, the deflection plates or electrodes have 
restricted the path available for the electron 
beam and thereby prevented the use of high 
accelerating voltages for the beam. 

It is therefore an object of the present inven 
tion to provide an improved inexpensive elec 
trostatic deflection system for providing hori 
zontal and vertical deflection of the electron 
beam in a cathode ray tube. 
A further object of this invention is to provide 

a cathode ray tube having deflecting electrodes 
on an insulating tubular portion which provide 
fields positioned at right angles with respect to 
each other in the same space along the path 
traversed by the electron bean. 
A feature of this invention is the provision of 

electrostatic deflection electrodes deposited di 
rectly on the inner surface of a glass cylinder or 
cone within a cathode ray tube with the elec 
trodes having interleaved portions which provide 
the required potential gradient around the elec 
tron beam in the tube for producing perpendic 
ular linear fields in the path thereof. 
Another feature of this invention is the provi 

sion of an electrostatic deflection System for a 
cathode ray tube including four symmetrically 
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along a tubular portion of the tube and having 
Wedge-shaped portions of sinusoidal configura 
tion which are interleaved with each other. 

Further objects and features and attending 
advantages of the invention will be apparent 
from a consideration of the following descrip 
tion taken in connection with the accompanying 
drawings in which: 

Fig. 1 illustrates an electrostatic cathode ray 
tube in accordance with the invention; 

Fig. 2 is a fragmentary cross-sectional view 
of the tube of Fig. 1; 

Fig. 3 shows the configuration of the electrodes 
provided on the inner surface of the neck of 
the tube of Fig. 1; 

Fig. 4 is a Schematic diagram illustrating the 
potential gradient around the neck of the tube; 

Fig. 5 illustrates a second embodiment of the 
invention in which the electrodes are positioned 
on a conical or flaring portion of the tube; and 

Fig. 6 is a development showing the configura 
tion of the Surfaces of the electrodes of Fig. 5. 

In practicing the invention there is provided 
a cathode ray tube and electrostatic deflecting 
means for the beam thereof in the form of con 
ducting coatings placed on the inside surface 
of a tubular portion of the tube. The deflection 
System includes four symmetrically positioned 
electrodes each extending longitudinally along a 
tubular portion of the tube and spaced at 90° 
with respect to each other. Each electrode in 
cludes a longitudinally extending rib or back 
bone from which wedge-shaped portions extend. 
The wedge-shaped portions of adjacent elec 
trodes are interleaved with each other so that 
the four electrodes substantially completely en 
close the tubular space. The wedge-shaped por 
tions are of sinusoidal configuration to provide a 
potential gradient around the neck of the tube 
which produces a linear uniform field within 
the tube neck. The electrodes are supplied by 
Sawtooth voltage waves which are symmetrical 
with respect to ground. The tubular portion on 
which the electrodes are positioned may be cy 
lindrical or frusto-conical as is desired in a par 
ticular application. 

Referring now to the drawings, in Figs. 1 and 2 
there is illustrated a cathode ray tube including 
a neck portion 0 and a flaring portion f which 
connects the neck portion with a closed end 
portion 2 on which a screen is provided. With 
in the neck portion there is included an elec 
tron gun (not shown) which may be of any suit 
able standard construction. The tube may be 
formed entirely of glass or similar insulating 
material, or the neckportion 0 and the end por 
tion 2 may be formed of glass with the flaring 
portion formed of metal and the various por 
tions Sealed together so that the enclosure may 

positioned electrodes extending longitudinally 60 be evacuated. On the inside of the tubular neck 
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portion fo there are provided conducting plates 
which may be supported in any Suitable manner. 
Although it is possible to apply the electrodes di 
rectly to the inside surface of a portion of the 
tube neck, this is not generally Satisfactory as 
the inside surface is not usually Sufficiently ac 
curate for this. The electrodes may preferably 
be deposited on a separate insulating cylinder 3 
which may be supported within the tube by 
members 4 secured to the electron gun Struc 
ture, as shown in Fig. 2. 
The configuration of the conducting plates is 

best shown in Fig. 3 in which the surface is devel 
oped in a plane. It is apparent from Fig. 3 that 
the conducting plates are formed as four Sepa 
rate electrodes designated 5, 6, 7 and 8. Each 
electrode includes a central rib or backbone por 
tion 20 which extends longitudinally of the tu 
bular portion of the tube, and wedge-shaped por 
tions 2 having the large ends along the ribs 2. 
and the reduced portions extending therefron, 
The configuration of the electrodes is such that 
the ribs 20 of the four electrodes are symmetri 
cally positioned at 90 intervals around the neck 
of the tube and the wedge portions extend from 
the ribs very close to the adjacent ribs. HoW 
ever, spacing is provided between all parts of ad 
jacent electrodes so that there is no electrical 
connection therebetween. This Spacing is Small 
and the electrodes substantially completely en 
close the tubular space. In order to provide the 
desired potential around the Surface of the tu 
bular space so that uniform fields will be provided 
in the two directions, the wedge-shaped portions 
have a cross section which varies as a sine Wave. 

Referring now to Fig. 4, in this figure the elec 
trodes are illustrated schematically with the CrOSS 
section thereof extending radially rather than 
longitudinally along the tube. This showing is 
purely for the purpose of illustrating the fields 
provided around the Space within the tube neck 
and does not illustrate a structural embodiment 
of the invention. As shown in Fig. 4, the plates 
f5 and 6 are positioned to provide a vertical 
field and are connected to coil 25 fron Which a 
voltage is applied to the plates 5 and . . The 
center point of the coil 25 is grounded so that thi 
voltages applied to the plates are symmetrical 
with respect to ground. Similarly the plates 3 
and 8 are positioned for providing horizontal 
deflection and are excited by voltages produced in 
coil 26 which also has the center point thereof 
grounded. The voltages applied from the coils 
25 and 26 are at greatly different frequencies, 
with the coil 25 providing relatively low fre 
quency Sawtooth Waves for producing relatively 
slowly moving vertical deflection, and the coil 25 
providing high frequency sawtooth waves for 
producing fast horizontal deflection. With re 
Spect to vertical deflection the electrodes 5 and 
8 are substantially at ground potential and with 

respect to horizontal defection the plates 5 and 
are Substantially at ground potential. 
The potential at the various points around the 

inner circumference of the tube neck therefor de 
pends upon the relative area of the interleaved 
portions of the adjacent electrodes. 
the potential producing the field for vertical de 
flection, and assuming that the plates 5 and fi 
are at potentials of plus 100 and minus 100 re 
spectively and the plates 6 and 8 are at ground. 
the potential around the neck at the points a, b, 
c, etc. will be as shown in the charts at the right 
and left sides of Fig. 4 respectively. At point d 
only the electrode 5 is effective so that the volt 
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age at this point will be the full plus 100 units. 
At point b the width of the electrode 5 will be 
.866 and that of electrode 6 will be .5, With re 
spect to the maximum width, so that the effec 
tive potential at this point will be plus 63 units. 
At point c the width of the electrode 5 is further 
diminished and the width of the electrode 6 is 
increased, with the relative widths being Such 
that the potential at this point is plus 36 units. 
The electrode 5 does not extend quite to the 
point, d and therefore at this point the potential 
Will be that of the electrode 6 only or Zero. Con 
tinuing around in a clockwise direction, the po 
tential at all points will depend upon the relative 
widths of the electrode 6 at Zero potential and 
the electrode 7 at minus 100, and at point e 
will be minus 36 units, at point f minus 63 units, 
and at point g minus 100 units. The potential on 
the circumference of the other half of the tube 
will be as shown on the chart at the left side of 
the figure with the points g, h, j, k, m, 12 and a 
having potentials of minus 100, minus 63, minus 
36, zero, plus 36, plus 63 and plus 100 respectively, 
Now considering the potentials which produce 

horizontal deflection, it is apparent that for such 
deflection the electrodes 6 and 8 are operative 
and the electrodes 5 and T are at zero potential. 
Charts showing the relative potentials for hori 
zontal deflection are shown above and below the 
cylindrical space in Fig. 3. Starting again with 
point a, the horizontal potential at this point 
is zero since the plates 6 and 8 do not extend 
to this point and only the plate 5 is effective 
which is at Zero potential for horizontal deflec 
tion. At point b the electrode 6 has small width 
as compared to the electrode 5 and the potential 
at this point has a value of 36 units considering 
the potential of electrode 6 as 100 units. Con 
tinuing around the tube, the potential at point c, 
for horizontal deflection increases to 63 units 
and at point d is plus 100 units, since only the 
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electrode 6 is effective at this point. Continuing 
further at point e the potential is plus 63 and at 
point f is plus 36. At point g only the electrode 

is effective so the potential for horizontal de 
flection is again zero. The potential then in 
creases at points h, i and ic in a negative direction. 
With the voltages being minus 36 unitS, minuS 63 
units, and minus 100 units respectively. At 
points in and n the negative voltage decreases to 
minus 63 units and minus 36 units respectively. 
The distribution of the voltage around the 

cylindrical space is the required distribution to 
produce linear fields for horizontal and vertical 
deflection within the cylindrical Space. The 
horizontal and vertical fields extend through the 
same space and therefore the entire Space avail 
able for deflecting the beam is effective for pro 
ducing deflection in both directions. 
The present tendency is to shorten the length 

in relatively shallow cabinets. Such a construc 
tion may be provided using an electrostatic de 
flection System in accordance with the invention 
by positioning the deflection electrodes On the 
flared or frusto-conical section of the tube. Such 
a construction is shown in Fig. 5. The coatings 
are completely analagous to those described in 
coninection with FigS. 1, 2 and 3 with the rib por 
tions of the electrodes being symmetrically posi 
tioned longitudinally of the tube and maintained 
at 90° angles with respect to each other. The 
wedges of the electrodes are of gradually increas 
ing length as the diameter increases but the con 
figuration remains sinusoidal to provide the re 
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quired voltage distribution. Fig. 6 shows the 
development of the electrode surface of Fig. 5. 
It is obvious that deflecting electrodes may be 
provided on the cylindrical neck portion and also 
on the flared portion to increase the amount of 
deflection provided for the electron beam. 
The use of a conical deflection System resultS in 

increased deflection sensitivity for a given length. 
This is very advantageous in tubes having large 
screens. In actual tests it has been found that 
a conical surface having a large diameter three 
times the Smaller diameter has a Sensitivity twice 
that of a cylinder of the smaller diameter and 
the same length. This increased sensitivity pro 
vides greatly improved results. 

It is apparent from the above that the electro 
static defecting system in accordance with the 
invention may be incorporated in a cathode ray 
tube and the Overal structure of the tube and 
defection system may all be produced very in- ; 
expensively. The deflection electrodes SubStain 
tially completely enclose the Space through which 
the beam travels so that a maximum amount of 
defection can be provided for a given length of 
travel. This will permit relatively wide angle 
deflection providing large picture size by rela 
tively short tube structures. The electrodes are 
positioned at the extremities of the space through 
which the beam traverses So that very high volt 
ages can be used without causing interference : 
With the action of the bean. 
Although certain embodiments of the invention 

have been disclosed which are illustrative thereof, 
it is obvious that various changes and modifica 
tions can be made therein without departing from 
the intended scope of the invention as defined 
in the appended claims. 

claim: 
1. A cathode ray tube including a tubular por 

tion formed of insulating material, means for 
producing a beam of electrons which passes 
through said tubular portion, and conducting 
means formed on said tubular insulating portion 
for defecting Said bean, Said conducting means 
including four Symmetrically positioned elec 
trodes all extending longitudinally along said 
tubular portion and having interleaved wedge 
Shaped portions. 

2. A cathode ray tube including a tubular por 
tion formed of insulating material, means for 
producing a bean of electrons which passes 
through said tubular portion, and conducting 
means formed on said tubular insulating portion 
for deflecting said bean, Said conducting means 
including four Symmetrically positioned elec 
trodes including longitudinally extending rib por 
tions and wedge-shaped portions extending 
therefrom with the dimensions of said wedge 
Shaped portions varying Substantially as a Sine 
Wave. 

3. A cathode ray tube including an enclosure 
having a cylindrical neck portion formed of in 
Sulating material, means for producing a beam 
of electrons which passes through said neck por 
tion, and conducting means within said insulat 
ing neck portion for deflecting said beam, said 
conducting means including four symmetrically 
positioned electrodes extending longitudinally of 
Said neck portion and having interleaved wedge 
shaped portions which are of sinusoidal con 
figuration, said electrodes forming a substantially 
complete cylindrical Surface. 

4. A cathode ray tube including a frusto-coni 
cal portion formed of insulating material, means 
for producing a beam of electrons which passes 
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6 
through said frusto-conical portion, and con 
ducting electrodes formed on said insulating 
frusto-conical portion for deflecting Said beam, 
Said conducting electrodes including four sym, 
metrically positioned conducting elements having 
interleaved wedge-shaped portions. 

5. A cathode ray tube including a tubular por 
tion formed of insulating material, means for 
producing a beam of electrons which passes 
through Said tubular portion, and conducting 
means deposited on said tubular insulating por 
tion for deflecting said beam, said conducting 
raneans including four symmetrically positioned 
electrodes having interleaved wedge-shaped por 
tions and portions electrically interconnecting 
Said Wedge-shaped portions of each electrode, 
Said electrodes substantially completely cover 
ing the Surface of said tubular portion and being 
insulated from each other. 

6. A cathode ray tube including an evacuated 
enclosure, a tubular insulating member within 
Said enclosure, means for producing a beam of 
electrons and for directing the same through said 
tubular member, four conducting electrodes posi 
tioned on the inside surface of said tubular in 
Sulating member and symmetrically positioned 
With respect to each other, each of said electrodes 
including a longitudinally extending rib with 
Wedge-shaped portions extending therefrom, with 
the Wedge-shaped portions of adjacent elec 
trodes being interleaved to provide a Substantially 
enclosed structure, said longitudinally extending 
ribs being Spaced at substantially 90° with respect 
to each other and said wedge-shaped portions ex 
tending substantially to the longitudinally ex 
tending ribs of the adiacent electrodes. 

7. A cathode ray tube including an evacuated 
enclosure, a tubular insulating member within 
Said enclosure, means for producing a beam of 
electrons and for directing the same through 
Said tubular member, four conducting coatings 
deposited on the inside surface of said tubular 
insulating member, symmetrically positioned 
With respect to each other and insulated from 
each other, each of said coatings including a 
longitudinally extending rib with wedge-shaped 
portions extending therefrom, with the wedge 
shaped portions of adjacent coatings being inter 
leaved to provide a substantially enclosed struc 
ture, said longitudinally extending ribs being 
Spaced at Substantially 90° with respect to each 
other and said wedge-shaped portions having 
gradually reduced cross section as said portions 
extend from Said ribs, and being of sinusoidal 
COInfiguration. 

8. An electrostatic deflection system for pro 
ducing a pair of electrostatic fields extending 
at right angles to each other within a cylin 
drical Space, said system comprising four grOUlpS 
of conducting electrodes symmetrically posi 
tioned about the circumference of said Space, 
each of Said conducting electrodes including an 
elongated portion and reduced portions extend 
ing therefrom with the extending portions of 
adjacent electrodes being interleaved with each 
other to form a Substantially complete conduct 
ing enclosure about said space, means for con 
necting a Source of Sawtooth voltage waves bal 
anced With respect to a reference potential to 
One pair of oppositely positioned Conducting elec 
trodes, and means for connecting a second SOce 
of Sawtooth voltage waves balanced with respect 
to Said reference potential to the remaining pair 
of Said conducting electrodes. 

9. An electrostatic deflection System adapted 
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to produce fluctuating electrostatic fields in a 
space traversed by an electron beam, with Said 
fields being at right angles to the path of Said 
beam and at right angles to each other, the 
combination including a first pair of oppositely 
positioned conducting elements positioned on a 
tubular insulating surface and having oppositely 
positioned elongated portions and reduced por 
tions extending substantially 90° around Said 
space on either side of said elongated portion, a 
second pair of oppositely positioned conducting 
elements positioned on said tubular surface Sub 
stantially at right angles to said first pair of 
elements and having oppositely positioned elon 
gated portions and reduced portions extending 
about said space for substantially 90° on each 
side of said elongated portions, said reduced por 
tions of adjacent conducting elements being of 
sinusoidal configuration and being interleaved 
with each other to substantially completely cover 
said tubular Surface. 

10. An electrostatic deflection system adapted 
to produce fluctuating electrostatic fields in a 
space traversed by an electron beam, With Said 
fields being at right angles to the path of said 
beam and at right angles to each other, the 
combination including a first pair of Oppositely 
positioned conducting elements positioned on a 
cylindrical surface and having oppositely posi 
tioned elongated portions and reduced portions : 
extending substantially 90° around said space on 
either side of said elongated portion, a Second 
pair of oppositely positioned conducting elements 
positioned on said cylindrical Surface Substan 
tially at right angles to said first pair of elements 
and having oppositely positioned elongated por 
tions and reduced portions extending about said 
space for substantially 90° on each side of Said 
elongated portions, said conducting elements 
being insulated from each other, Said reduced 
portions of adjacent conducting elements being 
interleaved with each other to provide a Sub 
stantially completely enclosed cylindrical surface. 

11. A cathode ray tube including in combina 
tion, an evacuated enclosure, means for pro 
ducing a beam of electrons, an insulating member 
having an opening for receiving said beam of 
electrons, four conducting electrodes Symmetri 
cally positioned with respect to each other on 
the surface of said opening of Said insulating 
member, each of said electrodes including a por 
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8 
tion extending substantially longitudinally, of the 
path of said beam and portions extending On 
either side therefrom which taper from substan 
tial widths to points, said tapered portions of 
adjacent electrodes being interleaved. With each 
other and being insulated from each other. 

12. A cathode ray tube including in combina 
tion, an evacuated enclosure, means for pro 
ducing a beam of electrons, four conducting elec 
trodes within said enclosure Symmetrically posi 
tioned With respect to said bean and to each 
other, each of said electrodes including a plu 
rality of wedge-shaped portions having the bases 
thereof positioned along a line extending Sub 
stantially longitudinally of the path of said beam 
and conducting portions interconnecting Said 
Wedge-shaped portions of said electrode, said 
Wedge-shaped portions of adjacent electrodes 
being interleaved with each other to form a sub 
stantially complete surface. - 

13. A cathode ray tube including in combina 
tion, an evacuated encloSure, means for pro 
ducing a beam of electrons, an insulating men 
ber having a tapered opening for receiving said 
beam of electrons, four conducting electrodes 
Symmetrically positioned with respect to each 
other on the surface of said opening of said in 
sulating member, each of said electrodes in 
cluding a plurality of wedge-shaped portions 
having the bases thereof positioned along a line 
extending Substantially longitudinally of the 
path of Said beam and conducting portions inter 
connecting said wedge-shaped portions of each 
electrode, said Wedge-shaped portions of adja 
cent electrodes being interleaved. With each other. 

KURT SCHLESINGER. 
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