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My invention relates to improvements in tele 
vision systems, and, more particularly, to those 
of the type wherein a cathode ray tube is utilized 
for reproducing an image of the object at the 
transmitting station. W 
In practically all of the various prior art tele 

vision systems embodying a cathode ray tube for 
picture reproduction, and which have met with 
any degree of success in the Way of reproducing 
an image having a fair degree of detail, the size 
of the image, or the frame, has been limited to 
small dimensions of the order of three or four 
inches. This has been due to phenomena, which 
are well known and which must always be taken 
into consideration in determining upon the prac 
tical design of the systems. These phenomena 
are such that one works against the other in a 
way that if the design is changed to make the 
operation conditions such that, other things be 
ing equal, a larger and more brilliant image would 
be produced, conditions would then be such that 
the other phenomena, would change conditions 
so that the system would, in effect, be inoperative. 
In other words, it has been found that in each of 
the various systems proposed heretofore, it is not 
merely a question of changing the dimensions of 
certain parts, or of increasing or decreasing the 
values of the operating potentials on the various 
electrodes or other electrical parts in the different 
circuits, or of changing one or more of the var 
ious materials making up some of the parts. 
With the foregoing in mind, development Work 

in this art has been directed toward the ultinate 
goal, that is, the reproduction by a cathode ray 
tube of an image of sufficient size and brilliancy 
to be comparable with that on the moving picture 
SC88. 
In taking up this problem, the various phe 

nonena, which have been found to, We will say, 
interfere with the desired operating action, night 
be summarized as follows. 
In the cathode ray tubes employed heretofore, 

the light, or brilliancy developed by fluorescence 
of the usual fluorescent screen, upon scanning 
thereof by the electron ray, is decidedly inade 
quate for projection on a screen over an area sub 
stantially larger than the area of the fiuorescent 
screen. As a matter of fact, the projected image 
is visible only as a light haze Over the Screen. 
Even assuming that the brilliancy or the avail 
able light could be used, and the image projected, 
the lenses comprising the optical system for such 
purpose would be SO large and expensive as to 
make this alternative prohibitive for cornmercial. 
exploitation of the Systems. It has been proposed 
to decrease the angle thru which the ray is dea 
flected to decrease materially the size of the image 
developed on the fluorescent screen and thus in 
crease the Overall brilliancy proportionally, but, 
as in the many and various solutions proposed 

(CI, 250-2.5) 
heretofore, other phenomena, make this solution 
of the problem impractical. In this case, the 
difficulty resides in the fact that focusing of the 
electron ray to a correspondingly smaller spot 
does not accompany the decrease referred to in 
the deflection angle, so that upon materially de 
creasing the size of the image, the picture detail 
is practically destroyed. 
The problem, then, would seem to resolve itsel 

into one of focusing the ray of electrons to a 
Sufficiently fine spot on the screen... Of the two 
known methods of doing this, one comprises the 
use of electromagnetic coils for developing a 
magnetic field whose lines of force take the gen 
eral direction of the desired travel of the elec 
trons. Experiment has shown that by varying 
the magnetomotive force or excitation of these 
coils the point of focus along the axis of the tube 
can be varied correspondingly over a substantial 
range. It has been determined that, in focusing 
by this raethod, the path followed by any electron 
in the ray is generally parabolic, and that the 
point at which the parabola, intersects the axis of 
the tube changes with variation in the magneto 
motive force in the coils. The magnetomotive 
force necessary for this, however, seriously in 
terferes with the deflection of the ray for scan 
ning the screen. This difficulty, in fact, is so 
Serious from a commercial standpoint as to make 
this solution of the problem impractical, 
The other method of focusing the electrons 

comprises the use of an electrostatic field. In a 
practical Way, this has been accomplished by pro 
widing the cathode ray tube With a second anode 
In the form of a silver coating on the inside sur 
face of the large end of the tube, and maintain 
ing this anode at a relatively high potential. In 
this method, it has heretofore been believed and 
taken as an established fact that the paths foll 
lowed by the electrons have been substantially 
the same as in magnetic focusing, that is, gener 
ally, parabolic. 
Systems proposed heretofore using electrostatic 
focusing, development work with a view toward 
greatly decreasing the size of the image and still 
retaining the same degree of detail, has been 
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For this reason, in the various 

confined largely to modification or modifications 
of the electron gun. This expedient, however, has 
failed as an answer to the problem of obtaining 
a Very Small and very brilliant image on a 
fluorescent Screen and which has the same or 
even better detail as the larger and substantially 
less brilliant images obtained heretofore on the 
fluorescent Screen. 
With all the foregoing in mind, it is one of the 

objects of my invention to provide an improved 
television System, embodying a cathode ray tube 
wherein the size of the image is greatly reduced 
sand very brilliant to make possible projection of 
the image on a Screen many times the size of the 
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area of the fluorescent screens in the various 
cathode ray tubes proposed heretofore, while still 
retaining good picture detail. 
Other objects and advantages will hereinafter 

appear. 
In accordance with my invention, the advan 

tages and improvements referred to are obtained 
by placing the fluorescent screen in a plane lo 
cated along the axis of the tube at a point where 
minimum opportunity is presented for the elec 
trons, by their mutual repulsion with respect to 
each other, to force themselves into a beam of 
relatively large cross-section. In other words, 
the disposition of the fluorescent. Screen, in my 
improved apparatus, is such that the electrons, 
by their mutual repulsion with respect to each 
other, are not given the opportunity of displace 
ing themselves any appreciable distance later 
ally from the axis of the ray, the final result 
being that at the point of impact with the screen, 
the cross-section of the ray is very small, and 
the light spot developed is therefore very intense 
and sufficiently well-defined to provide for good 
picture detail in a very small frame having an 
area of the order of one to two square inches. 
I attribute this result to the possible fact that, 
in focusing the ray by an electrostatic field, the 
electrons do not, as previously believed, follow 
generally parabolic paths as in magnetic focus 
ing, but, on the contrary, follow substantially 
straight paths which diverge from the source of 
development of the ray at the end of the usual 
electron gun and that, by reason of the dispo 
sition of the fluorescent screen in close proximity 
to the end of the gun, the electrons although 
constantly under the influence of the forces of 
repulsion between the same, do not have suff 
cient time to displace themselves laterally away 
from the axis of the ray. When the ray strikes 
the screen, therefore, the electrons are still close 
ly spaced within substantially the same small 
areas as they are at the point of emergence from 
the gun. 
My invention resides in the system, construc 

tion and method of operation hereinafter de 
scribed and claimed. 

For the purpose of illustrating my invention, 
an embodiment thereof is shown in the drawing, 
Wherein 

Figure is a perspective view, partly broken 
away, of a Cathode ray tube constructed in ac 
Cordance with my invention; 

Fig. 2 is a central vertical sectional view 
through the small end of the tube in Fig. 1; 

Fig. 3 is a simplified diagrammatic view of a 
television receiving system embodying the cath 
Ode ray tube shown in Fig. 1; and 

Fig. 4 is a table of different dimensions and 
relations in as many different tubes embodyin 
the spirit of my invention, 
With reference to Figs. 1 and 2, a tube 0, 

having the general configuration shown, is pro 
vided at the large end thereof with a fluorescent 
Screen f2 which may be applied in the manner 
disclosed in my co-pending application Serial No. 
478,048, filled August 27, 1930, and assigned to 
the Radio Corporation of America. In the small 
end or neck portion of the tube, is disposed an 
electron gun designated generally by the refer 
ence numeral 4 and which operates to develop 
a ray of electrons and to direct the same at the 
screen 2. The tube is provided with a second 
anode in the form of a silver coating on the 
interior surface of the tube from the edge por 
tion of the screen 2 to a plane in proximity 

2,114,186 
to or coincident with the plane 20 of the ada 
cent tip of the electron gun. In operation, this 
anode is maintained at a potential of approxi 
mately 4500 volts to accelerate the electrons so 
that they impact with the screen f2 at a rela 
tively high velocity. This action contributes 
toward the desired condition of brilliancy. 
In the disclosed practical embodiment of my 

invention, in which a picture has been projected 
from the fluorescent end of the tube onto a 
screen of substantially greater area, the large 
end wall structure of the tube is substantially 
flat, and approximately 24' in diameter. The 
ray of electrons is deflected horizontally and ver 
tically by the usual circuits and apparatus of 
the general character disclosed in the co-pending 
application of Arthur W. Wance, Serial No. 544 
959, fled June 17, 1931, and assigned to the 
Radio Corporation of America, the adjustments 
and arrangements being such that the ray is 
calised to scan the fluorescent screen over an 
area of substantially one square inch. 
One of the most important characteristics of 

my improved apparatus, whereby, under the con 
ditions just described, satisfactory picture detail 
is obtained, resides in the fact that the fluores 
cent screen is disposed in a plane in close prox 
imity to the plane 20 at the tip of the gun 4. 
In the practical embodiment disclosed, the dis 
tance between these two planes is approximately 
3%'. In Figs. 1 and 2 of the drawing, the other 
dimensions are in proportion to the two dimen 
sions given above, 
In making my improved tube, the same is 

highly evacuated. In some cases, argon or any 
other suitable noble gas is introduced at a rela 
tively low pressure, 
The electron gun comprises a cathode 22 hav 

ing the usual electron emitting surface, and heat 
ed by a suitable flament 24. A control electrode 
26 is provided with an apertured disk 28, and 
is supported as shown with the aperture 30 in 
close proximity to the source of electron emission 
at the adjacent end of the cathode 22. The gun 
also includes a first anode in the form of a cylin 
drical tube 32 provided with the apertured disks 
4 and 36 and which is supported from the con 

trol electrode 26 by a number of glass beads 38 
and the associated wires 40 attached, as shown, 
to the parts, 

For the purpose of maintaining alignment of 
the electrode 26 and the anode 32, an insulating 
spacing ring 42 is interposed as shown between 
the adjacent ends thereof, the ring being re 
cessed, as shown, to receive the adjacent ends of 
these parts. w 
An important characteristic of my improved 

gun construction resides in the skirt portion 44 
of the control electrode 26 which extends beyond 
the disk 28 with its edge in close proximity to 
the disk 34. In operation, during which the con 
trol electrode 26 has a negative bias of approxi 
mately 0 volts, and the first anode 32 is main 
tained at a positive potential of about 1000 volts, 
the skirt provides for development, under such 
conditions, of an electrostatic field effective to 
focus the ray of electrons on the aperture 46 
so that the greater percentage of electrons which 
issue from the aperture 30 pass through the aper 
ture 6. This action, I have found, increases the 
efficiency of my improved electron gun from about 
2 percent, as in the various guns proposed here 
tofore, to about 90 percent. In other words, by 
electrostatically focusing the ray of electrons on 
the aperture in the first disk of the first anode 
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32, the eficiency is increased many times. Fur 
thermore, I obtain this advantage under condi 
tions whereat the ray can be controlled by a 
relatively low voltage, that is, about 20 volts. 
The reason for this is that, in my improved tube, 
the Velocity of the electrons at the point of con 
trol is relatively low. 
The purpose and function of the argon or other 

noble gas when present, at the relatively low 
O pressure in the tube, will now be explained. In , 

understanding the Operating action and the dis 
tinction generally Over the various gas-filled cath 
ode ray tubes proposed heretofore, such, for ex 
ample, as is described in Patent No. 1,565,873 to 
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Van Der Bijl, it is important first to understand 
the operating action and the theory of operation 
in the latter. In the various gas-filled tubes pro 
posed heretofore, the gas introduced is at a rela 
tively high pressure, that is, within such range 
and sufficiently high to focus the electrons in 
the manner explained in the patent referred to. 
The gas, however, in the prior art tubes having 
a control electrode for television purposes, causes 
velocity modulation of the ray when picture sig 
nals are applied to the control electrode, and 
this, in turn, seriously distorts the reproduced 
image on account of the fact that the deflection 
of the ray varies proportionately to the velocity. 
In my improved tube, the gas serves no purpose 
in the way of focusing the ray on the fluorescent 
screen for the reason that the pressure of the 
gas is relatively low and well below the pressure 
required to cause focusing. Furthermore, in my 
improved tube, the gas pressure is within a rela 
tively low range and well below the point whereat 
any detrimental velocity modulation of the ray 
Would occur. Coming now to the function of the 
gasin my improved tube at the relatively low pres 
sure, it is found that the gas ions are effective 
to substantially entirely neutralize the space 
charges which would otherwise develop within the 
tube and, more particularly, within the electron 
gun. By neutralizing the space charges in this 
Way, clouds of electrons which Would otherwise 
form within the tube and which Would, in effect, 
retard movement of the maximum amount of 
electrons through the tube, and in the beam, are 
renoved. 
In the practical embodiment disclosed, a cur 

rent in the electron beam from One to two milli 
amperes has been obtained. 
By reason of the construction and conditions 

described above, it is possible to project the image 
reproduced on the large end of the tube onto a 
screen 48 by means of a suitable lens System 50, 
the screen 48 having an area many times that 
of the fluorescent Screen. 
The present disclosure of a practical embodi 

ment of my invention has been taken from a 
laboratory sample, identified by the designation 
#220. 
As a result of the construction and testing of 

many tubes in accordance with the spirit of my 
invention, it has been definitely determined that 
the governing dimensions and the relation of these 
to each other can be varied over a substantial 
range, as might be required to Suit particular re 
quirements. For example, some of these tubes 
can be said to reproduce a satisfactory picture 
of 120 lines, whereas these same tubes Would not 
be satisfactory for a picture of 240 or more lines. 
On the other hand, other tubes in this group 
can be said to reproduce a satisfactory picture 

76 
of 240 or more lines, for projection onto an ex 
ternal and larger screen. 

3 
From the above it will be seen that in selecting 

the governing dimensions and the relation of 
these to each other, for a particular projection 
tube, the nature of the deflecting circuits to be 
employed must also be taken into account. 
The governing dimensions and the relation of 

these to each other, in the tubes referred to above, 
are given in Fig. 4, wherein W is the maximum 
dimension in inches of the scanned area of the 
screen 2, and S is the distance in inches along 
the axis of the tube from the screen to the tip 
20 of the electron gun. - 

I claim as my invention: al 
1. Cathode ray apparatus comprising an elec 

tron-emitting cathode, an anode provided with 
an apertured disk, and control-grid structure dis 
posed between said cathode and said anode and 
provided with an apertured disk spaced from and 
aligned with the anode disk, part of the control 
grid structure operating to focus the electrons 
issuing from said second-named disk onto the 
aperture in the anode disk, 

2. In Cathode ray apparatus an electron gun 
comprising electron control structure and anode 
structure in the form of aligned tubes supported 
in axially-spaced relation, an insulating ring in 

* terposed between the adjacent ends of Sald tubes 
and recessed. On opposite sides to receive said ends 
with a Snug fit, the tube constituting said control 
grid structure provided with an apertured disk 
spaced from the ring end of such tube, the tube 
constituting said anode provided with an aper 
tured disk substantially at the ring end of such 
tube, and an envelope within which the electron 
gun is disposed. 

3. A cathode ray tube comprising screen struc 
ture, and a gun for developing a Scanning ray 
and directing the same at said structure; char 
acterized by the fact that in said tube there is 
the relation wherein 

W 
S 

is in the range between 1 and .5, where W is the 
maximum dimension in inches of the area of said 
structure scanned by the ray and S is the dis 
tance in inches from said structure to the adja 
cent tip of said gun, and wherein S is of the order 
of four inches or less and at least equal to one 
and One half inches. 

4. A Cathode ray tube comprising screen struc 
ture, and a gun for developing a Scanning ray 
and directing the same at Said structure; char 
acterized by the fact that in said tube there is 
the relation wherein 

W 
S 

is in the range between .8 and .6, where W is the 
maximum dimension in inches of the area of said 
structure scanned by the ray and S is the dis 
tance in inches from Said structure to the ad 
jacent tip of said gun, and wherein S is of the 
order of 3% inches or less and at least equal to 
one and One half inches. 

5. A cathode ray tube of the character de 
scribed comprising Screen structure, and a gun 
for developing a Scanning ray and directing the 
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same at said structure; characterized by the fact 
that in said tube there is the relation wherein 

W 
S 

is of the order of one or less, where W is the 
maximum dimension in inches of the area of said 

70 

structure scanned by the ray and S is the dis- is 
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4. 
tance in inches from said structure to the ad 
jacent tip of said gun, and wherein S is of the 
order of 5 inches or less and at least equal to 
one and one half inches. 

6. A cathode ray tube of the type provided with 
a fiuorescent screen and an electron gun for de 
veloping an electron ray and directing it toward 
the screen, characterized by the fact that the 
maximum surface dimension in inches of the 
screen divided by the distance in inches from the 
screen to the adjacent tip of the electron gun 
gives a quotient of one or less, additionally chair 
acterized in that the area of the screen is within 
the range of from substantially one Square inch 
to substantially four square inches and still fur 
ther characterized in that the distance between 
the tip of the electron gun and the screen is of 
the order of four inches or less and is at least 
equal to one and one half inches. }^- 

7. Cathode ray apparatus including an electron 
gun constituted by an electron-emissive cathode, 
an electron-control electrode and an anode, the 
said control electrode and anode being in the 
form of aligned tubes supported in axially spaced 
relation and each being provided with a trans 
versely disposed apertured disc, and the electron 
control tube having a skirt portion extending be 
yond the control-tube disc and terminating in 

--close proximity to the anode-disc, the Said elec 
tron gun being mounted within a container ca 
pable of being evacuated. 

8. The invention set forth in claim 7 character 
ized in that the anode tube is provided with at 
least one additional transversely disposed interior 

is apertured disc in spaced relation to the first men 
tioned anode disc. 

9. In combination, in a cathode ray tube, a 
tubular electron control electrode, a tubular anode 
coaxial with the control electrode, and means for 
insulatingly supporting the anode from the con 

45 

trol electrode. 
10. The invention set forth in claim 9 char 

acterized in that the anode supporting means in 
cludes a tubular element of insulating material 
into opposite ends of which the control electrode 
and the anode, respectively, are telescoped. 

11. The invention set forth in claim 9 char 
acterized in that the anode Supporting means 
includes an element affixed to and projecting 
exteriorly of the control electrode, an element 
affixed to and projecting exteriorly of the anode 
and insulating means interposed between said 
elements and affixed thereto. 

12. The invention set forth in claim 9 char 
acterized in that the anode Supporting means 
includes a rod affixed to and extending exteriorly 
of the anode toward the control electrode, a rod 
affixed to and extending, exteriorly of the control 
electrode toward the anode, and a glass bead 

0 interposed between the ends of the said rods and 
affixed thereto. 

13. A cathode ray tube comprising a Cathode, 
a grid having an apertured end wall, an anode 
having an apertured end wall confronting the end 
wall of said grid, yielding supporting wires which 
carry said grid and anode, and an insulating 
member mounted on said grid and anode having 
an apertured insulating Wall interposed between 
the confronting walls of Said grid and anode and 
having opposed recesses in which the confronting 
ends of said grid and anode are seated and by 
which they are held against lateral movement 

2,114,186 
independently of each other, said supporting 
wires constituting means that maintains said 
grid, anode and insulating member against lon 
gitudinal displacement. 

14. A cathode ray tube comprising an envelope 
having a press, a cathode, a grid and an anode 
having Conductors sealed in the press and being 
supported by said conductors and press, and an 
insulating member extended between said grid 
and anode and holding them against relative 
lateral displacement, said member being carried 
by at least one of said anode and grid. 

15. A cathode ray tube comprising an envelope 
having a press, a cathode, a grid and an anode 
having conductors sealed in the press and being 
Supported by Said conductors and press, and in 
sulating members extended between said cathode 
and grid, and between said grid and anode and 
holding the cathode, grid and anode against rela 
tive lateral displacement, said insulating mem 
bers being supported by certain of said cathode, 
grid and anode. 

16. A cathode ray tube comprising an envelope 
having a press, a Cathode, grid and anode having 
conductors embedded in said press and being sup 
ported by said conductors and press, and a tubu 
lar insulating member closely surrounding the 
confronting ends of and carried by said grid and 
anode and holding them against independen 
lateral displacement, 

17. A cathode ray tube comprising an envelope 
having a press, a cathode, grid and anode having 
conductors embedded in said press and being 
supported by said conductors and press, said grid 
and anode having confronting end walls with 
aligned apertures therein, and an insulating 
member carried by said grid and anode having 
opposed recesses in which said grid and anode 
are Seated and a smaller passage therethrough 
aligned with said apertures, said insulating mem 
ber constituting means that holds said grid and 
anode against independent lateral displacement, 

18. An electron gun structure for cathode ray 
tube apparatus comprising a cathode, an anode 
comprising an apertured disk and a control elec 
trode Comprising an apertured disk disposed be 
tween the cathode and the anode disk, said con 
trol electrode and anode having their apertured 
disks in substantially axial alignment and pro 
gressively longitudinally spaced from the cath 
Ode, and a tubular extension extending from the 
control electrode toward the anode and disposed 
between the disk portions of the control electrode 
and anode for focusing the electrons emitted 
from the cathode upon the aperture in the anode 
disk. 

19. An electron gun structure for cathode ray 
tube apparatus comprising a cathode, an anode 
Comprising an apertured disk and a control elec 
trode comprising an apertured disk disposed be 
tween the cathode and the anode disk, said con 
trol electrode and anode having their apertured 
disks in substantially axial alignment and pro 
gressively longitudinally spaced from the cathode, 
a tubular member forming a part of the control 
electrode structure and extending in the direction 
of the anode for focusing the electrons issuing 
from the cathode upon the aperture in the anode 
disk, and means for insulatingly supporting the 
tubular member and the anode disk in axial align 
ment. 

JOHN C. BACHELOR, . 
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