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of the cathode ray tube seen from the X-direction, having 
the minimum volume, and capable of satisfying the above 
explained various conditions, durable to the atmospheric 
pressure, and enabling proper viewing of the fluorescent 
Image. 
The shape of the cathode ray tube as seen from the Z 

direction depends upon the shape of the fluorescent screen 
to a certain extent. The shape of the fluorescent screen is 
not necessarily approximately rectangular by the reason 
hereinafter described, but may be nearly a trapezoid, if 
necessary. In case when the shape of the fluorescent screen 
is as shown in FIG. 14, and when it is viewed from the 
Z'-direction, and if the right-hand end line of the fluo 
rescent screen is considered as having a definite angle of 
inclination in the X-Z' plane, the line of its intersection 
with the plane of the glass window decides the shape of 
the cathode ray tube as seen from the Z-direction. The 
plane of the window is desirable to be geometrical plane 
as far as is allowed by the strength of the glass bulb sub 
jected to the atmospheric pressure, from the standpoint 
of image distortion, and it is nearly a plane substantially 
lying in X-Y plane. When the position and shape of the 
window are decided as above-mentioned, the line of inter 
section hereinabove referred to becomes line 14 in FIG. 
14. Consequently, the shape of the cathode ray tube as 
seen from the Z-direction is as shown in FIG. 13B. 
When the fluorescent screen is trapezoidal with a simi 

lar cross-sectional shape of the glass bulb, the glass bulb 
may have sharp corners providing weak points, as well as, 
inner places of inconvenient working, such as metal-back 
ing. For this reason, it is desirable to make the fluorescent 
screen with a rectangular shape. 

Referring to FIG. 14, R1 is for providing tolerance in 
order not to have the inclination of the deflecting sys 
tem observed clearly by scanning lines, and R2 is decided 
to prevent the ends of the fluorescent screen from being 
apparently concaved, when the fluorescent screen of part 
cylindrical shape is seen from the X-, and Z-directions. 
R3 is provided for giving tolerance for neck-shadow. In 
stead of providing edges as above, an extra electrode may, 
for example, be disposed within the cathode ray tube for 
limiting the electron beam after having been deflected to 
a definite shape. 
The upper and lower lateral lengths a and b (see FIGS. 

14 and 15) of the fluorescent screen are decided by the 
extent of electrical compensation by means of the wave 
shapes of deflecting current or the like, or of magnetic 
compensation by means of compensating magnets, except 
optical means for compensation of the shape of the fluo 
rescent Screen. 
The fluorescent screen is viewed through transparent 

glass window portion 13 in FIG. 13. This portion must 
not have any optical distortion, but its color or transpar 
ency may be changed if necessary or desirable. On the 
inner side of the glass window portion 13, there should be 
provided an electrically-conductive transparent film for 
the purpose of static shielding. The film should evenly 
adhere to the inner face of glass portion 13 and it forms 
an electrostatic capacity between itself and the electro 
conductive film provided on the outside of the glass bulb 
except for glass portion 13. 
The fluorescent screen is formed on the above-men 

tioned electro-conductive film and transparent inner film. 
As shown in FIG. 3, the metal back is not so effective 
when used at about 5 kV. anode voltage, and consequently, 
the metal back may be omitted in order to simplify manu 
facturing steps. When the anode voltage is higher, the 
metal back is effective and may advantageously be em 
ployed. When the anode voltage is sufficiently low, the 
fluorescent screen may be formed directly on the bulb glass. 

In order to compensate for the trapezoidal distortion 
hereinbefore described by virtue of deflection, it is difficult 
to accomplish the required compensation into good linear 
ity by the electrical method of compensation only to a 
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large extent. It is, therefore, considered to effect the 
required compensation by combination of electrical com 
pensation and optical compensation, or solely by optical 
compensation. 
Assuming that the shape of the raster on the fluorescent 

screen is as shown in FIG. 15, having lateral widths a 
and b, and height h, with the apparent center of deflec 
tion M, the center of fluorescent screen O, and the length l 
of OM, with angle of inclination 01 of the fluorescent 
screen relative to its axis OM, an optical magnifying sys 
tem of focal length f-O'F may be provided on the axial 
line inclined to the fluorescent screen by an angle 02, the 
distance between focal point F and point Obeing P. When 
no electric or magnetic deflection correcting means is pro 
vided in the cathode ray tube, the raster on the fluorescent 
screen will be distorted. The relation between the lengths 
a on the upper edge A of the screen and b on the lower 
edge B of the screen is defined by: 

h 

all--2 cos 0, . 
bi-h cost, 

2 (15) 
on the other hand, the magnification m1 at the upper 
edge A and m2 at the lower edge B by the optical mag 
nifying system are: 

- f 

P+ coso, 
2 

-- f 

m2-P- COS 62 
2 

Therefore, to compensate for the trapezoidal or keystone 
distortion, the arrangement has to satisfy the following: 

h 

a m2-P+2 COS 02 
bn P-h COS 62 

2 (16) 
Thus, substituting Equation 15 into Equation 16, 

h h 
l+2 cos 0, P-4-2 COS 62 
l-h cos 0TP-h cos 0, 

2 2 
then, 

licos 0. 
PT coso, (17) 

is obtained. Thus, the arrangement will be free from key 
stone distortion when the relationship defined by Equa 
tion 17 is established therein. Various kinds of optical 
magnification may be used, among which concave mirrors 
and convex lenses are utilized, in general. 

It has now been understood that, according to the 
present invention, the cathode ray tube may be of simple 
construction with a relatively small horizontal depth, suit 
able for use in a portable television receiver, and the like. 
In addition, its power consumption is low, while its image 
resolution is good. If it is combined with an optical mag 
nifying system, as a Fresnel lens, with the axis of the 
optical system inclined to the vertical axis of the fluores 
cent screen, electrical compensation of the deflection can 
easily be effected, and also easy-viewing of a fluorescent 
image is obtained. 
What we claim is: 
1. A cathode ray tube comprising a closed glass bulb, 

an electron gun at one end of said bulb directing an elec 
tron beam along a central axial line of said bulb to a 
portion of the inner surface at opposite end of said bulb, 
an electroconductive film layer on said inner surface of 
said bulb at a position out of alignment with but adjacent 
to the central axial line of said electron beam at said op 
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posite end of said bulb, a fluorescent screen provided on 
said film layer, said fluorescent screen being inclined to 
said axial line at an acute angle with the side edge of said 
fluorescent screen which is the most remote from said elec 
tron gun being positioned closely adjacent said central 
axial line of said electron beam, the shape of a vertical 
section of said screen in a plane containing said central 
axial line of the electron beam being a circular arc the 
center of which is at the point of intersection of a circle 
passing through the opposite ends of said section and the 
apparent center of electron beam deflection, and the per 
pendicular bisecting line to a line connecting said opposite 
ends of the fluorescent screen passing through said center, 
and the radius of said circular arc being equal to the 
length of a straight line connecting said point of intersec 
tion to one end of said fluorescent screen. 

2. A cathode ray tube apparatus comprising a cathode 
ray tube, said tube comprising a closed bulb having an 
electron gun therein, said gun projecting an electron beam 
at a portion of the inner surface of said bulb spaced there 
from along a central axial line of said electron beam, an 
electroconductive film layer on said inner bulb surface 
adjacent the point where said electron beam impinges on 
said inner surface, and a fluorescent screen provided on 
said film layer, said fluorescent screen being inclined to 
the axial line of said electron beam at an acute angle with 
the side of said fluorescent screen remote from said elec 
tron gun being positioned near said central axial line of 
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said electron beam, an optical system disposed inclined to 
said fluorescent screen for compensating for the trape 
Zoidal distortion of raster, said optical system being 
formed by an optical lens satisfying an equation 

lcos 0. 
Picos 0. 

where 01 is the angle of inclination of the optical axis 
relative to the electron beam axis, 0 is the angle of in 
clination of the optical axis relative to said fluorescent 
screen, P is the distance between the center of said fluores 
cent screen and the focal point of said optical lens, and l 
the distance between said center of the fluorescent screen 
and the center of deflection of the electron beam. 

References Cited 
UNITED STATES PATENTS 

2,260,228 10/1941 Moller --------------- 88-57 
2,538,852 7/1951 Szegho ------------ 178-7.85 
2,842,711 7/1958 Frenkel ----------------- 315 
2,967,262 1/1961 Madey ------------------ 315 
3,299,314 1/1967 Yamada ---------------- 315 

JOHN W. CALDWELL, Acting Primary Examiner. 
DAVID G. REDINBAUGH, Examiner. 
J. A. CRSINO, Assistant Examiner. 


