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General 

This invention relates to electrostatic focusing systems 
and, particularly, to such systems useful in cathode-ray 
tube display devices for developing the required Small 
'diameter Scanning spot on the phosphor display screen 
thereof. 

In cathode-ray tubes heretofore proposed, especially 
those designed for television reception, the electrode as 
sembly has hitherto usually been so constructed and op 
erated that the electron beam first converges to form an 
electron crossover point a short distance from the cathode 
of the tube and then diverges to a diameter of several times 
the diameter at the crossover point, the bean subsequently 
being caused to converge so as to come to a focus on the 
display screen and produce a spot of the required Small 
cross-sectional area. In this manner, the electrodes, in 
effect, constitute a two-lens system whereby the first lens 
is effective to cause the electrons leaving the cathode to 
pass through a common crossover point and the Second 
lens is then effective to focus the image of this crossover 
point onto the display screen to produce the Small scan 
ning spot. Both electrostatic and magnetic lenses have 
been heretofore utilized in obtaining this focusing action. 
In the case of magnetic lenses, the magnetic focusing field 
is established by a suitable coil winding disposed adjacent 
the exterior of the tube envelope. 

Both electrostatic and magnetic focusing Systems here 
tofore proposed suffer from the disadvantage that they 
require a considerable axial length of the cathode-ray tube 
neck portion to render them effective. One reason for this 
in electrostatic focusing systems is that the rather large 
diameter of the beam while it is still within the focusing 
electrodes prevents scanning deflection of the beam from 
being carried out until after the bean has emerged from 
the focusing electrodes. An alternative form of focusing 
system which would require an appreciably shorter axial 
length of the cathode-ray tube neck would be advantageous 
as it would enable the over-all axial length of the cathode 
ray tube to be reduced. Such reduction of axial length is 
especially desirable in television receiving apparatus for 
reducing the dimensions and cost of the cabinet required 
to house the apparatus. o 

In order to achieve a reduction in the axial length of 
the cathode-ray tube as a whole, by reducing the axial 
length of the flared-out portion thereof, there has recently 
been a tendency to increase considerably the angle of 
deflection of the electron beam. This has, however, with 
conventional cathode-ray tubes increased the incidence 
of a type of distortion known as deflection defocusing 
which results from the fact that the display Screen is not 
in the form of a spherical surface concentric with the 
center of deflection. Usually, the curvature of the dis 
play screen has been much less than this ideal spherical 
curvature and, hence, the edges of the display screen are 
further from the center of deflection than is the middle 
of the display Screen. As a result, an electron bean 
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focused to a small spot at the middle is defocused to a 
large spot at the edges. 
The present invention proposes to reduce the over-all 

length of a cathode-ray tube by providing a focusing ar 
rangement which requires only a relatively short axial 
length of the cathode-ray tube neck to render it effective 
and which has the further advantage of being less subject 
to deflection defocusing than such structures heretofore 
proposed, hence, enabling reduction in the axial length of 
the flared-out portion of the cathode-ray tube. To ac 
complish the desired objectives, the present invention pro 
poses to have the peripheral electrons leaving the cathode 
approach the crossover point at a relatively high beam 
angle, i. e., at a relatively large angle with respect to the 
longitudinal axis of the cathode-ray tube, a high bean 
angle being desirable for obtaining a small spot size on 

In addition, the present invention 
proposes to squeeze or converge the electrons down to a 
narrow, substantially parallel-sided beam immediately after 
the electrons pass through the crossover point. As a 
consequence of the resulting narrowness of the beam, 
scanning deflection of the beam may be performed before 
the beam emerges from the focusing electrode structure, 
hence, giving rise to a tube neck of shorter axial length. 
Also, a narrow beam produces less deflection defocusing 
and hence enables use of greater deflection angles and 
shorter axial lengths of the flared-out portion of the tube. 
Less deflection defocusing occurs with a narrow bean 
because such a beam, being smaller, is in a more homo 
geneous region of the deflection field and, thus, all parts 
of the beam experience nearly the same angle of deflection. 

Electrode systems have been heretofore proposed for 
converging electrons leaving a cathode source into a rela 
tively narrow beam. In the previously proposed Systems, 
however, strong converging fields are utilized and these 
fields extend back to the cathode region and, hence, ad 
versely affect formation of the desired crossover point. 
In addition, the previously proposed electrode systems 
have not been concerned with the problem of tube length 
and, hence, have utilized more and lengthier focusing 
electrodes than is desirable. 

It is an object of the invention, therefore, to provide a 
new and improved electrostatic focusing system which 
avoids one or more of the foregoing limitations of focusing 
systems heretofore proposed. 

It is another object of the invention to provide a new 
and improved electrostatic focusing System which permits 
construction of cathode-ray tubes of shorter axial length. 

It is a further object of the invention to provide a new 
and improved electrostatic focusing system which requires 
only a relatively short axial length of cathode-ray tube 
neck to render it effective and which has the further 
advantage of being less Subject to deflection defocusing 
than other systems heretofore proposed. 

In accordance with the invention, a minimum length 
electrostatic focusing system for a cathode-ray tube dis 
play device for focusing the electrons leaving the cathode 
thereof into a narrow beam within a minimum distance 
from the cathode comprises a first electrostatic lens sys 
tem for producing a high-angle electron crossover point 
a minimum distance from the cathode. The focusing 
system also comprises a second electrostatic lens Systern 
positioned immediately adjacent the crossover point on 
the side thereof remote from the cathode for immediately 
converging the electrons into a narrow, substantially 
parallel-sided beam. The focusing system further in 
cludes electrode means disposed intermediate the first 
and second lens systems for minimizing interaction be 
tween electric fields of the first and second lens Systems. 
For a better understanding of the present invention, 

together with other and further objects thereof, reference 



3. 
is had to the following description taken in connection. 
with the accompanying drawing, and its scope will be 
pointed out in the appended claims. 

Referring to the drawing: 
Fig. 1 is a circuit diagram, partly schematic, of a come 5 

plete cathode-ray tube including an electrostatic focusing 
system in accordance with the present invention; 

Fig. 2 is a schematic diagram showing in more detail, 
the focusing electrodes of the Fig. 1 cathode-ray tube, 
and - 0 

Fig. 3 is a schematic diagram showing in more detail. 
the physical construction of the electrode assembly of a 
cathode-ray tube utilizing the present invention. 

Description of Fig. I apparatus 
Referring to. Fig.1 of the drawing, there is represented 

a cathode-ray tube having an envelope. consisting of a 
cylindrical glass neck, portion 1 and a flared-out or coni 
cal bulb. portion 2 closed by a glass end plate 3 on the 
inner surface of which is deposited a fluorescent phos. 20 
phor screen. 4. The flared-out portion 2 is usually also 
of glass...but may in some cases be made of metal. Shown 
within the neck of the cathode-ray tube is a thermionic 
cathode 5: which encloses a heater element 6 which serves 
to heat the cathode 5 and thereby cause the cathode to 25 
emit electrons. The cathode 5 is adapted to be energized 
by a suitable operating, potential Wo. 

Also shown within the neck portion 1 of the cathode 
ray tube is an electrostatic focusing system constructed 
in accordance with the present invention. The focusing 30 
system comprises a first electrostatic lens system, for pro 
ducing a high angle electron crossover point a minimum 
distance from the cathode 5. This lens system includes 
the cathode 5, a control electrode 7, and an electrode 8 
for modulating the electron intensity and for producing 35 
the desired high angle electron crossover point. The 
control electrode 7 may be, for example, in the form of 
an apertured plate located close to the cathode 5 and is 
adapted to be energized by a suitable operating potential 
V. The electrode 8 serves a dual purpose in the present 40 
invention and will be mentioned more fully hereinafter. 
The focusing system further includes a second electro 

static, lens system positioned immediately adjacent the 
crossover point on the side thereof remote from the 
cathode. 5 for immediately converging the electrons into 45 
a narrow, substantially parallel-sided beam. This second 
lens system includes a cup-shaped. electrode 9 having an 
aperture in the apex thereof, the apex being the part 
closest the cathode 5 and the aperture being positioned 
immediately, adjacent the crossover point on the-side 50 
thereof remote from the cathode 5. The second lens 
system also includes a final high-potential electrode 10 
for cooperating with the cup-shaped electrode 9 to pro 
duce a strong converging field within the cup region for 
converging the electrons into a narrow, substantially. 55 
parallel-sided beam. The cup-shaped electrode 9 is 
adapted to be energized by a less positive operating po 
tential, designated VA2, than that supplied to an inter 
mediate electrode 8 to be mentioned presently. In a 
similar manner, the high-potential electrode 10 is adapted 60 
to be energized by a potential, designated Vas, which is 
many times more positive than that of the intermediate 
electrode 8. 
The cup-shaped electrode 9 consists of a portion, desig 

nated the apex, of relatively small diameter nearer the 65 
cathode 5 which flares to a greater diameter in the direc 
tion away from the cathode 5. The inner surface of the 
cup-shaped electrode 9 may be, for example, in the form 
of.a.surface of revolution, the first portion being of cylin 
drical or conical shape and of relatively small diameter 70 
so as to surround the electron, beam relatively closely at 
the end nearer; the cathode 5 and this portion flaring out 
wardly to a diameter many times that of the beam at the 
opposite end of this electrode. 
The cup-shaped electrode 9 may be, for example, in 7 
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the form of a solid block of either conducting or insulat 
ing material with the inner region formed by hollowing 
out the center of the block in the proper fashion. Where 
a block of insulating material is used, the inner surface 
of the block is provided with an electrically conducting 
coating. Alternatively, the cup-shaped electrode 9 may 
be formed of sheet metal bent or pressed to the required 
shape. 
The high-potential electrode 10 is preferably cylin 

drical in shape, aligned coaxially with the cup-shaped 
electrode 9, and of approximately the same diameter as 
the flared end of that electrode. This high-potential 
electrode 10, however, may, in some cases, be" of a dif 
ferent form, for example, in the form of an apertured 
metal plate. Also, a graphite coating may be applied 
to the inner surface of the flared-eut portion 2 of the 
cathode-ray tube envelope and connected to the high-po 
tential electrode 10 by some suitable internal connection. 
The electrostatic focusing system also includes elec 

trode means disposed intermediate the first and second 
lens systems for minimizing interaction between electric, 
fields of the first and second lens systems. This electrode 
means includes the electrode 8. which is adapted to be 
energized by a more positive potential, designated VA1, 
than that supplied to the control electrode 7. This elec 
trode: 8 is shown in the form of an apertured metal plate 
located close to the control electrode 7 and may, in some 
cases, be provided by a partition extending across, a suit 
able cylindrical electrode structure. 
Around the neck portion 1 of the cathode-ray tube 

near its junction with the flared-out portion 2 are fitted 
conventional electromagnetic deflection coils 11 arranged 
for deflecting the electron beam in two mutually perpen 
dicular directions in a conventional manner. In opera 
tion, the coils 11 are connected to a suitable sweep-signal 
generating means, 12 for supplying the coils with the re 
quired scanning currents to cause the electron beam to 
scan the display screen 4 in a conventional manner. 

Operating potentials Vo, VM, VA1, VA2 and Vas for 
the various electrodes are supplied by suitabie voltage' 
supply means (not shown) which may be coupled to the 
electrodes by way of suitable leads passing out through 
the envelope of the cathode-ray tube. Where the cath 
ode-ray tube is to be utilized in a conventional television 
receiver, these operating potentials may be supplied by 
the usual voltage. supply circuits thereof. 

Operation of Fig. 1... apparatus. 
Considering the operation of the apparatus just de 

scribed, reference will be. had to Fig. 2 of the drawing 
which shows the various electrodes of the Fig. 1 appa 
ratus in more detail, the same reference numbers being 
tused for corresponding electrodes of the two figures. 
Initially, electrons are emitted from the heated cathode 
5 and these electrons are subsequently shaped to form the 
desired electron beam. Representative electron paths are: 
indicated by the rays Sa and 5b. These rays, being in 
tended as representative only, are for the purposes of 
illustration somewhat exaggerated, particularly with re 
spect to the diameter of the beam. 
The control electrode 7, in addition to modulating the 

electron intensity in a conventional manner in order to 
produce the desired light patterns on the display screen 
3, also operates in conjunction with the electrode 8 and 
cathode 5 to produce a focusing field for causing the 
electrons leaving the cathode 5 to pass through a cross 
over point on the axis of the tube a certain distance from 
the cathode 5. As is understood in the art, crossover 
"point” does not mean an infinitesimal "point' through 
which all the. electrons actually pass. It would, of 
course, be ideal for all the electrons to pass through such 
an-infinitesimal point, but in practice the precise point, at 
which an electron crosses: the tube axis depends on the 
initial direction in which the electron is emitted from the 
cathode. As a result, the electrons cross the tube. axis 
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over a small area and not at a precise point. For con 
venience, the crossover point may be thought of as the 
point along the tube axis at which electrons emitted nor 
Imal to the surface of the cathode cross the tube axis. 
The control electrode 7 is positioned so as to cause the 
crossover point to occur as close as possible to the cath 
ode 5. In addition, the control electrode 7 is positioned 
and operated such that a well-defined crossover point 
is obtained in order that the diameter of the electron 
beam at the crossover point may be as small as possible. 
As a result, the majority of the electrons leaving the 
cathode 5 approach the crossover point at a relatively 
high bean angle. 
The operating potentials supplied to the cup-shaped 

electrode 9 and high-potential electrode 10 serve to es 
tablish within the cup region a strong converging field as 
indicated by the representative equipotential lines shown 
in Fig. 2. It is desired to converge the electrons into a 
narrow beam; hence, this strong converging field is po 
sitioned as closely as possible to the crossover point so 
as to act on the electrons emerging from the crossover 
point before they have had an opportunity to diverge ap 
preciably. As a result, the electrons are squeezed down 
to a narrow and substantially parallel-sided beam as in 
dicated by the representative rays 5a and 5b. Actually, 
the electron beam, when properly focused on the dis 
play screen 4, is probably very slightly convergent after 
passing through this lens, but it is very narrow every 
where along its subsequent path and hence is, from a 
practical standpoint, substantially parallel sided. In ad 
dition to enhancing the converging action, the cup shape 
of electrode 9 also serves to shield the control electrode 
region from the strong converging field. 
The electrode 8 which is positioned intermediate the 

control electrode 7 and the cup-shaped electrode 9 op 
erates in conjunction with the control electrode 7 to 
produce a well-defined crossover point. In addition, the 
presence of electrode 8 serves to minimize the effect of 
the strong converging field within the cup-shaped elec 
trode 9 on the shape of the crossover point and in this 
manner makes it possible to place the converging field as 
closely as possible to the crossover point and still main 
tain a well-defined crossover point. To achieve this, 
it has been found that the operating potential supplied 
to the electrode 8 should be somewhat more positive than 
the operating potential supplied to the cup-shaped elec 
trode 9. 

It is thus apparent that the main objectives of the 
present invention are to form a well-defined electron 
crossover point as close as possible to the cathode 5 and 
then to squeeze or converge the electrons into a nar 
row, substantially parallel-sided beam as soon as possible 
after they pass through the crossover point. Because 
the electrons are reduced to a narrow beam, scanning de 
flection may be performed on the beam while it is still 
within the focusing electrodes. This is indicated in the 
Fig. 1 drawing by the fact that the scanning coils 11 are 
shown disposed over the focusing electrodes. As a re 
sult, a shorter axial length of the neck portion of the 
cathode-ray tube is required. The increase in diameter 
of the focusing electrode system due to the flare out of 
the cup-shaped electrode 9 is additionally helpful in that 
it serves to reduce the possibility of shadows due to the 
electron beam striking the electrode structure 8. 

It will also be apparent that because of the electron 
beam being very narrow, the increased length of the 
beam resulting from deflection to an edge of the display 
Screen 4 will not result in any appreciable increase in 
the area of spot on the display screen, except possibly 
that resulting from the obliquity of incidence. In other 
Words, deflection defocusing is considerably minimized. 
This in turn permits utilization of larger deflection angles 
and, hence, permits construction of tubes wherein the 
axial length of the flared-out portion 2 is less for a given 
size of display screen. 
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6 
Description of Fig. 3 apparatus 

Referring now to Fig. 3 of the drawing, there is shown 
in detail, the physical constriction of a cathode-ray tube 
which has been constructed in accordance with the pres 
ent invention and which was especially designed for use 
in television reception. The cathode-ray tube there 
shown has a sealed and evacuated glass envelope consist 
ing of a flared-out bulb portion 2 (only part of which 
is showing) in the approximate shape of a hollow trun 
cated cone continued at the small end by a cylindrical 
neck portion 5 in which the electrode assembly of the 
tube is located. The tube is closed at the larger end 
(not shown) by a substantially flat glass end wall ap 
proximately i4 inches in diameter and carrying a coating 
of phosphor material on its inner surface. 
The electrode assembly itself comprises a cathode 

5 consisting of a hollow metal cylinder within which is 
located the cathode heater 6. The cathode cylinder, 
which is about 3 millimeters in diameter, is closed at 
one end and provided on the outer surface of the closed 
end with a coating 13 of electron emissive material. The 
cathode cylinder 5 is supported axially within a thin-walled 
cylindrical control electrode structure 7 which is 10 
milligaeters in diameter. The closed end of the cathode is 
located adjacent to a closed end 14 of the control elec 
trode structure 7 and the combined assembly is located 
within the neck portion of the cathode-ray tube enve 
lope with the coated end of the cathode 5 facing the phos 
phor screen of the tube. The spacing between the closed 
ends of the cathode 5 and the control electrode structure 
7 is 0.25 millimeter when the cathode is cold, this value 
decreasing to about 0.13 millimeter as the cathode at 
tains its operating temperature. The closed end 4 of the 
control electrode structure 7 has a thickness of 0.2 milli 
meter and the end is perforated by a cylindrical hole 15 
which is 0.8 millimeter in diameter and is located op 
posite the center of the coated end of the cathode 5 
to allow passage of electrons therethrough during opera 
tion of the tube. For supporting the cathode control 
electrode assembly within the cathode-ray tube envelope 
and for aligning it with the other electrodes of the tube, 
two triangular metal flanges 28 are attached to the control 
electrode structure 7 near to its ends, the flanges extend 
ing radially outward and being provided near their apices 
with holes through which pass three parallel steatite sup 
port rods 25. 

Between the closed end 4 of the control electrode 
structure 7 and the display screen is located a first elec 
trode 8 in the form of a flat metal plate 0.2 millimeter 
thick. The electrode 8 is arranged parallel to, and 0.8 
millimeter from the end 14 of the control electrode struc 
ture 7 and is perforated by a hole 6 coaxial with the hole 
5 in the control electrode structure and of the same 

diameter. The electrode plate is itself substantially in the 
shape of a triangle the same size as the metal supporting 
flanges 20 on the control electrode structure 7, the outer 
part of the electrode plate itself providing the supporting 
flange for mounting the electrode 8 on the steatite sup 
port rods 21. 
A cup-shaped electrode 9 is located on the side of the 

electrode 8 remote from the control electrode structure 
7 and consists of a cylindrical metal block 6 millimeters 
in length and 10 millimeters in diameter. This block 
is arranged coaxially with respect to the cathode 5 and 
spaced 0.8 millimeter from the nearer surface of the 
electrode 8. 
The end of the cup-shaped electrode 9 facing the dis 

play Screen of the tube is recessed by a partially spherical 
depression 17 of 5 millimeters radius extending for a 
depth of about 4.2 millimeters into the metal block. A 
cylindrical hole 18, 3 millimeters in diameter and extend 
ing coaxially the rest of the way through the metal block, 
is provided to permit a passage for the electrons through 
this electrode during the operation of the tube. The 
part of the inner surface of the electrode 9 where the 
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end of the hole 18 meets the depression 17 is provided 
with a rounded edge 19 of 0.5 millimeter radius so that 
the surface of the hole merges smoothly into the surface 
of the recess, the center of curvature of the edge being 
located 1.3 millimeters from the end surface of the block 
facing the cathode 5. Triangular flanges 22 are attached 
to the electrode block 9 in a manner similar to the flanges 
20 on the control electrode structure 7 for mounting the 
electrode 9 on the support rods 21. 
A high-potential electrode 10 in the form of a thin 

walled hollow metal cylinder 20 millimeters long and 
10 millimeters in diameter is located between the cup 
shaped electrode 9 and the display screen of the tube 
coaxial with the cup-shaped electrode 9 and spaced a dis 
tance of 3 millimeters from it. The high-potential elec 
trode 10 is also mounted on the support rods 21 by means 
of triangular metal flanges 23 in a manner similar to the 
control electrode structure 7 and the cup-shaped elec 
trode 9. 
The axial spacing between the electrodes is effected 

by means of steatite spacing washers 24 of appropriate 
thickness placed on the Support rods 21 between the elec 
trode flanges and against which the flanges abut, the two 
Cuter flanges on the control electrode structure 7 and 
the high-potential electrode 10 being attached to the 
rods 21 by means of metal clamping clips to fix the posi 
tion of the electrodes on the rods and to hold the flanges 
tightly against the washers 24 for preventing axial move 
ment of the electrodes. For simplicity, the clips have 
not been shown in the drawing. The rods 21 themselves 
are axially positioned within the neck of the cathode-ray 
tube by means of stout support wires 25 which are sealed 
at one end into a glass pinch 26 at the end of the neck 
portion of the cathode-ray tube envelope. These support 
wires 25 are attached to the steatite support rods 21 by 
means of metal clamping clips 27. The support wires 
also prevent transverse movement at the control electrode 
end of the assembly the opposite end of the assembly 
being positioned centrally within the neck of the cathode 
ray tube by means of metal spring fingers 28 which are 
Welded to the flange 23 on the high-potential electrode go 
nearer to the display screen and which extend outwardly 
to abut resiliently against the inner surface of the neck 
portion. - 

Leads to electrodes, which have been omitted for sim 
plicity, connect the electrodes to suitable terminals, in 
a conventional manner, the high-potential electrode being 
connected to a side contact (not shown) sealed into the 
wall of the bulb section 2 of the envelope and the other 
electrodes being connected to terminal pins 29 extend 
ing axially from an insulating cap 30 attached to the end 
of the neck portion 1. - 

In the operation of this cathode-ray tube, the follow 
ing operating potentials have been found to give the 
desired performance: 
Cathode 5 (Vc).--------- - - - - - - - - - 0 volt. 

Control electrode 7 (V).--------- -30 volts (mean). 
Electrode 8 (VA1).--------------. 350 to 450 volts. 
Electrode 9 (VA2).--------------- 300 to 400 volts. 
Electrode 10 (VA3).--------- - - - - - - 14,000 volts. 

The exact values of these potentials will, of course, 
vary according to the nature and spacing of the elec 
trodes, and, consequently, it is not intended to limit the 
scope of the invention by a recitation thereof. With 
these applied potentials, an electron beam is produced 
having a crossover point between the electrodes 8 and 9. 
By suitable adjustment of the potential of the cup-shaped 
electrode 9, the electrons may be formed into a narrow, 
substantially parallel-sided beam by the elctrostatic lens 
system formed between the electrodes 9 and 10. An 
approximate value for the electrode 9 voltage is 400 volts, 
the exact value varying for different tubes owing to slight 
variations in the shape and mounting of the electrodes 
during manufacture of the tubes. For this reason, the 
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3. 
voltage applied to the cup-shaped electrode 9 is pref 
erably arranged to be controllable, in order to com 
pensate for such variations and to enable the diameter of 
the beam to be adjusted to its optimum value for ob 
taining a beam, spot on the display screen of minimum 
SIZ. 

In a cathode-ray tube constructed as described, a 
luminous, beam spgthaying a minimum diameter of about 
0.4 millimeter measured under picture conditions was 
obtained on the display screen. Little defocusing of the 
spot was apparent as the beam was deflected towards the 
edge of the display screen. 
The length of the neck portion 1 of the cathode-ray 

tube envelope, between the part where the neck por 
tion joins the flared-out bulb portion 2 and the fur 
ther end of the terminal cap 30 (as indicated by the line 
L is about 12 centimeters, whereas conventional tubes 
having known types of electrode systems including elec 
trostatic focusing electrodes generally have a corre 
sponding neck length of about 16-18 centimeters, so that 
a reduction of about 4-6 centimeters in the over-all length 
of the tube enveolpe was obtained. The primary aim in 
constructing this, tube, however, was to determine the 
soundness and practicability of the basic ideas involved 
and, hence, no attempt was made to utilize the features 
of the present invention to a maximum degree. 
From the foregoing description of the invention, it 

will be apparent that an electrostatic focusing system con 
structed in accordance with the present invention permits 
construction of cathode-ray tubes of reduced over-all 
axial length. 
While there has been described what is at present con 

sidered to be the preferred embodiment of this invention, 
it will be obvious to those skilled in the art that various 
changes and modifications may be made therein without 
departing from the invention, and it is, therefore, aimed 
to cover all such changes and modifications as fall within 
the true spirit and scope of the invention. 
What is claimed is: 
1. A minimum length electrostatic focusing system 

for a cathode-ray tube display device for focusing the 
electrons leaving the cathode thereof into a narrow beam 
within a minimum distance from the cathode, the focus 
ing system comprising: a sharply convergent electrostatic 
lens system for producing a high angle electron crossover 
point a minimum distance from the cathode; an electro 
static collimating lens system positioned immediately ad 
jacent the crossover point on the side thereof remote from 
the cathode for immediately converging the electrons into 
a narrow, substantially parallel-sided beam; and electrode 
means disposed intermediate the lens systems for minimi 
ing interaction between electric fields thereof. 

2. A minimum length electrostatic focusing system for 
a cathode-ray tube display device for focusing the elec 
trons leaving the cathode thereof into a narrow beam 
within a minimum distance from the cathode, the focus 
ing system comprising the following components dis 
posed along the tube axis adjacent the cathode in the 
following order: a control electrode for modulating the 
electron intensity and for producing a high-angle electron 
crossover point a minimum distance from the cathode; an 
electrode for minimizing interaction between the electric 
field within the control-electrode region and electric fields 
developed by subsequent electrodes; a cup-shaped elec 
trode having an aperture in the apex thereof, the apex 
being the part closest the cathode and the aperture being 
positioned immediately adjacent the crossover point on 
the side thereof remote from the cathode; and a final 
high-potential electrode for cooperating with the cup 
shaped electrode to produce a strong converging field 
within the cup region for converging the electrons into 
a narrow, substantially parallel-sided beam immediately 
after the crossover point. 

3. A minimum length electrostatic focusing system for 
a cathode-ray tube display device for focusing the elec 
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trons leaving the cathode thereof into a narrow bean 
within a minimum distance from the cathode, the focus 
ing system comprising the following components disposed 
along the tube axis adjacent the cathode in the follow 
ing order: a control electrode for modulating the elec 
tron intensity and for producing a high-angle electron 
crossover point a minimum distance from the cathode; a 
second electrode energized by a more positive potential 
than the control electrode for minimizing interaction 
between the electric field within the control-electrode 
region and electric fields developed by Subsequent elec 
trodes; a cup-shaped electrode energized by a less posi 
tive potential than that of the second electrode and having 
an aperture in the apex thereof, the apex being the part 
closest the cathode and the aperture being positioned 
immediately adjacent the crossover point on the side 

O 
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thereof remote from the cathode; and a final high-poten 
tial electrode energized by a potential many times more 
positive than that of the second electrode for cooperating 
with the cup-shaped electrode to produce a strong con 
verging field within the cup region for converging the 
electrons into a narrow, substantially parallel-sided beam 
immediately after the crossover point. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

2,223,040 Mahl ---------------- Nov. 26, 1940 
2,355,795 Glass ---------------- Aug. 15, 1944 
2,484,721 Moss ----------------- Oct. 11, 1949 
2,509,763 Gier ------------------ May 30, 1950 
2,644,906 Bondley ---------------- July 7, 1953 


