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3 Claims. 

The present invention relates to cathode ray 
tubes which comprises a cathode, an electrode 
System for directing a beam of electrons from the 
Cathode upon a screen associated with the tube 
and means for deflecting the beam over the 
SC'een. 
In Order that the beam may form a small spot 

upon the screen it is usual to provide an elec 
tron lens which serves, in a manner analogous to 
an Optical lens, to focus the bean upon the 
screen. Such an electron lens may be constituted 
by two suitably shaped and disposed electrodes 
having a suitable potential difference maintained 
between them, the electric field so produced hav 
ing a focusing effect on the beam. 
Where electrostatic deflecting plates are pro 

vided between such an electron lens and the 
Screen, it has been found that the potential dif 
ferences applied to the deflecting plates for de 
flecting the beam are liable to affect the field of 
the electron lens and thereby disturb the focus 
ling. 

It is an object of the present invention to pro 
Wide a cathode ray tube arrangement in which 
this disadvantage is reduced. 

According to the present invention there is 
provided a cathode ray tube comprising a cath. 
ode, an electrode system for directing a beam of 
electrons from said cathode to form a small spot 
upon a Screen associated with the tube and de 
flecting plates adapted, when fed with suitable 
potential differences, to deflect the ray over the 
Screen, Said electrode System comprising a first 
and a second tubular electrode arranged to be 
traversed in Succession by the beam, and said 
second tubular electrode being disposed nearer 
said screen than said first tubular electrode and 
being provided with an apertured diaphragm, the 
arrangement being characterised in that means 
are provided for maintaining said tubular elec 
trodes at different positive potentials relatively to 
the cathode, these potentials being such that the 
two tubular electrodes co-operate in forming an 
electron lens which focuses the beam upon the 
Screen and such that the ray is accelerated to its 
maximum velocity by Said Second tubular elec 
trode, said diaphragm being located between said 
electron lens and said deflecting plates and sub 
stantially outside the field of Said electron lens. 

It has also been found desirable to reduce ab 
errations, corresponding to optical aberrations, by 
limiting the electron beam falling upon the 
screen to the portion thereof which has passed 
through the central portion of the electron lens. 
It is preferable that the obturation necessary for 

(C1, 250-155) 
this purpose should be carried out at the highe: 
potential electrode of the two electrodes forming 
the electron lens. At the same time it is im 
portant to arrange that the diaphragm which ef 
fects the obturation should not interfere With 
the focusing action of the electron lens. 
According to a further feature of the present 

invention, therefore, there is provided a cathode 
ray tube comprising a cathode, an electrode sys 
tem for directing a beam of electrons from said 
cathode to form a small spot upon a screen as 
Sociated with the tube, said electrode system 
COImprising a first and a second tubular electrode 
arranged to be traversed in succession by the 
beam, and Said second tubular electrode being 
disposed nearer said screen than said first tubu 
lar electrode and being provided with an aper 
tured diaphragm, the arrangement being char 
acterised in that means are provided for main 
taining Said tubular electrodes at different posi 
tive potentials relatively to the cathode, these 
potentials being such that the two tubular elec 
trodes co-operate in forming an electron lens 
Which focuses the beam upon the screen and such 
that the ray is accelerated to its maximum ve 
locity by said second tubular electrodes, said dia 
phragm being located on the same side of said 
electron lens as said screen and Substantially 
Outside the field of Said electron lens and the ap 
erture therein being of such size that said dia 
phragm is adapted to intercept a substantial por. 
tion of said beam. So as to limit the beam current 
to that which has passed through the central por 
tion of said electron lens. 

In this aspect the invention is applicable where 
the deflection is accomplished electrostatically or 
electionagnetically. 
Other features of the invention will be appar 

ent fron the following description and the ap 
pended claims. 
The invention Will be described With reference 

to the accompanying drawing, which shows an 
electrode assembly for a Cathode ray tube air 
rangement according to the present invention, 
Suitable for use in a television receiver. 

It Will of course be understood that this elec 
trode assembly is mounted within a suitable high 
ly evacuated glass envelope of which only a frag 
ment is shown at . 
The envelope is usually in the form of a cylin 

drical portion flaring out into a frusto-conical 
portion. On the base of the frusto-conical por 
tion is disposed a fluorescent Screen 2. Within 
the cylindrical portion are a cathode 3, which 
may be of the indirectly heated type, a modulat 
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2 
ing electrode 4, a first anode 5 and a second an 
Ode 6, all of these electrodes being disposed co 
axially within the tube. 
The cathode 3 may conveniently be in the form 

of a shallow body of pill-bOX shape having the 
cathode heater disposed within it. The modu 
lating electrode 4, which is of cylindrical shape, 
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surrounds the cathode 3 and has a diaphragm 7, 
With a small central aperture in it, disposed close 
to the Cathode. The first anode 5 is in the form 
of a cylinder of the same diameter as, but consid 
erably longer than, the modulating electrode 4. 
One end of the first anode is situated close to the 
modulating electrode and this end is closed with a 
first diaphragm 8 having a central aperture about 
the same size as the aperture in the diaphragm of 
the modulating electrode 4. The other end 9 of 
the first anode 5 is open. Between the ends of 
the first anode 5 there are disposed one or more 
intermediate diaphragms of which one is shown 
at 0. The apertures in the diaphragms 8 and 
a 0, and any others that may be provided, in 
crease in size with increasing distance from the 
modulator 4. These apertures do not obturate 
the beam of electrons passing through the first 
anode 5 to any great extent. 
The second anode 6 is made up of tWotubular 

members and 2 electrically connected to 
gether. The first member consists of a short 
cylinder of diameter equal to that of the first 
anode 5. One end of this cylinder is adjacent 
the end 9 of the first anode and is open whilst 
the other end is closed with a diaphragm 3 
having a central aperture which is of such size 
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that it obturates a considerable fraction of the 
beam of electrons passing through the Second 
anode 6. The second member 2 of the Second 
anode is in the form of a cylinder, Of larger 
diameter than the first member , having a 
frusto-conical skirt A. Preferably this second Or 
outer member 2 is mounted as a sliding fit in 
the glass envelope and the skirt, which lies in 
the surface of a frustum of a cone, may be in 
the form of either a continuous sheet or a plu 
rality of fingers. Alternatively the member 2 
may be in the form of a metallic coating On the 
inside of the Wall of the envelope. The cy 
lindrical part of the Outer member 2 extends into 
the cylindrical portion of the envelope sufficiently 
far to overlap slightly the first or inner member 
f. Thus the larger member 2 extends towards 

the screen 2 further than the smaller member 
and if the larger member 2 is not arranged to 
overlap the Smaller member as shown, it is 
preferably arranged to extend towards the cath 
ode 3 at least as far as the end 3 of the smaller 
member . The members and 2 are shown 
connected by a wire 4; if desired, however, they 
may be connected by a conductive annular ring 
extending across the space between the members 
or they may be connected by a circuit external to 
the tube. 
In operation the cathode 3 is earthed, the 

nodulating electrode 4 is maintained at an 
average potential of Say 20 volts negative with 
respect to the cathode and the first and Second 
anodes 5 and 6 may be maintained at positive 
potentials of 1000 volts and 5000 volts respactively 
With respect to the cathode 3. 
In order that the ray may be deflected over 

the fluorescent screen 2, two pairs of electrostatic 
deflecting plates 5 and 6 are arranged within 
the envelope between the diaphragm 3 and the 
Screen 2 SO that the diaphragm f3 lies between the 
deflecting plates 5, 6 and the electron lens 7 
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formed between the adjacent ends of the elec 
trodes 5 and f. 
When suitable potential differences are ap 

plied to the pairs of plates 5 and 6, the ray is 
deflected whilst it is passing through the hollow 
conductor constituted by the Outer member 2 of 
the second anode, that is to say, it is deflected 
Whilst it is in a field-free space. - 
The focusing of the ray upon the fluorescent 

Screen is due to the electrostatic fields set up be 
tween the various electrodes. Two clearly dis 
tinguished “electron lens' fields exist; one in the 
region of the cathode 3, modulating electrode 4 
and the end of the first anode 5 near to the modu 
lating electrode and a second , already referred 
to. Equi-potential lines of the electron lens 
are indicated by dotted lines marked with values 
of potential which may exist in the example con 
sidered. 

Both of the electrostatic fields above referred to 
Operate upon the beam of electrons passing 
through them in a manner analogous to the oper 
ation of an optical lens upon a beam of light and 
it is known that such electron lenses exhibit many 
of the aberrations, such as spherical aberration, 
for example, which are associated with optical 
lenses. 
A cone of electrons emitted from the cathode 3 

diverges outwardly through the aperture in the 
diaphragm 7 of the modulating electrode 4 and 
passing through the first electron lens, that is to 
Say, the field in the region of the modulating 
electrode 4, is caused to converge to a point 8 
lying in the neighbourhood of the aperture in the 
first diaphragm 8 of the first anode 5. Prefer 
ably this aperture is made sufficiently large to 
allow Substantially the whole of the beam to pass 
through. After passing through the first focus 
the cone diverges outwardly in straight lines until 
it reaches the second electron lens 7 which oper 
ates to focus the ray upon the fluorescent screen 2. 
The conditions which must be established in 

order to bring the ray to a focus with least possi 
ble aberration may best be appreciated from a 
consideration of the analogous optical case of a 
light beam brought to a focus by two separated 
lenses. In the first place the light beam should 
be Symmetrical about the axes of both lenses and 
this requires that any deflection of the light 
beam, if Such is desired, must be effected after 
the beam has emerged from the second lens. In 
the Second place the light beam must be confined 
to the axial region of both lenses. After passing 
through the second lens, however, the beam may 
be deflected off the axis of the lens, for example 
by a plane mirror, without introducing any 
aberration. - 

In a similar manner the beam of electrons 
should be confined to the axial region about the 
axes of the electron lenses, should be symmetrical 
about these axes and any deflection of the ray 
should be effected after the ray has passed 
through the second electron lens. 

In the arrangement above described, the beam 
emitted from the cathode 3 is confined to the axial 
region and is directed to the centre of the first 
electron lens by the aperture in the diaphragm . 
After passing through the first focus f 8 the beam 
diverges outwardly so as practically to fill the 
Second electron lens 7, the intermediate aper 
ture 0, and any other apertures that may be pro 
Vided, in the first anode being of such size that, 
Without cutting down the beam to a great extent, 
they limit it to a cone (or conical frustum) whose 
base Substantially fills the open end 9 of the first 
anode 5. On the other hand the aperture in the 
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diaphragm 3 of the second anode 6 is made suffi 
ciently small for the diaphragm 3 to intercept a 
substantial portion of the beam so as to allow only 
the central or axial portion of the bean to paSS 
through the second electron lens T and on to the 
fluorescent screen. Spherical aberration is thus 
largely avoided. The deflection of the ray after 
it has passed through the second lens 7 and in 
field free space has already been referred to. 
The accelerating effect which the Second anode 

6 exerts upon the beam is completed by the it me 
the beam leaves the inner member (the elec 
trons having then reached their maximum ve 
locity) and the beam passing through the hollow 
conductor formed by the outer member 2 of 
the second anode is composed of electrons of Sub 
stantially homogeneous velocities directed to One 
small point on the screen. Furthermore the dia 
phragm 3 is located substantially outside the 
field of the electron lens 7 and has a relatively 
small aperture. The diaphragm 3 thus acts as 
an efficient electrostatic screen between the de 
flecting plates 5, 6 and the electron lens T. 
Deflection of the ray by the plates 5, 6 there 
fore produces substantially no disturbance of 
the focus. 

It will be noted that the outer member 2 of 
the second anode 6 plays no direct part in focus 
ing the ray but is maintained at the Same po 
tential as the inner member in order to Screen 
the ray and assist in confining the second elec 
trostatic focusing field 7 to a definite region. 
The outer member 2 also acts as an efficient col 
lector of secondary electrons emitted from the 
fluorescent Screen. 
The screening effect of the diaphragm 3 can 

be made even more efficient by covering the aper 
ture therein with a mesh of fine Wires. 

It will be noted that the diaphragm 3 in the 
second anode 6 effects a greater obturation of 
the beam of electrons than any aperture in the 
first anode 5. The first anode current is there 
fore kept low, a condition which is of advantage 
When the first anode-cathode potential difference 
is derived from a potentiometer from which the 
second anode-cathode potential difference is also 
derived, because with such an arrangement the 
first anode current must be small compared to 
the current flowing through the potentiometer re 
sistance, in order that the voltage upon the first 
anode may not vary appreciably with variations 
in the current thereto. 
The intermediate diaphragm or diaphragms in 

the first anode 5 are also instrumental in arrest 
ing the progress to the second anode 6 of any 
secondary electrons which may be emitted from 
the Walls of the first anode. 
In some cases where it is not necessary to keep 

the first anode current low, any or all of the 
intermediate diaphragm apertures in the first 
anode may be reduced in size so that they serve to 
limit the ray to the axial region. The diaphragm 
aperture in the second anode may then be made 
of larger size so that it does not limit the ray SO 
long as the diaphragm acts as an efficient Screen 
between the deflecting plates and the electron 
lens f. 
The first anode 5 may be divided into two or 

more sections in which case the section furthest 
from the cathode may be regarded as constitut 
ing the first anode of the tube. The Sections may 
be maintained at positive potentials with respect 
to the cathode which are greater the greater the 
distance of the section from the cathode. The 
sections need not be of the same diameter but 

3 
may increase in diameter with increasing distance 
from the cathode or the central Sections may be 
of larger diameter than those sections adjacent 
the cathode and second anode respectively. In 
any case diaphragms in these sections are pref 
erably large enough to ensure that they do not 
Obturate the beam to any great extent. 

Additional electrodes may also be provided 
between the cathode 3 and the modulator 4. For 
example there may be provided, in known man 
ner, an apertured cathode shield close to the 
cathode maintained at a low potential, for ex 
ample cathode potential, and an accelerating 
electrode, arranged between the cathode shield 
and the modulator and maintained at a positive 
potential (relatively to the cathode) which is 
usually less than the potential of the first anode 5. 

It is not essential that the diaphragm 3 should 
be arranged at the end of the inner member of 
the second anode 6 so long as it is substantially 
outside the field of the electron lens T and is 
effective in providing the required screening. 
We claim: 
1. A cathode ray tube comprising a Cathode, a 

screen, an electrode system for directing a beam 
of electrons from said cathode to form a small 
spot upon said screen, deflecting electrodes for 
deflecting said beam over Said Screen in response 
to potential differences applied to said electrodes, 
said electrode System including a first and a sec 
Ond hollow electrode positioned to be traversed 
in Succession by said beam, said second hollow 
electrode disposed nearer said screen than said 
first hollow electrode and surrounding said de 
flecting electrodes, and defiecting electrodes be 
ing Spaced from Said Second hollow electrode at 
a distance at least equal to the maximum dimen 
sion of said deflecting electrodes, adjacent por 
tions of Said hollow electrodes spaced from each 
other to form an electron lens for focusing the 
beam upon said screen when said hollow elec 
trodes are maintained at different positive po 
tentials relative to said cathode, and a beam de 
fining diaphragm formed as a part of said second 
hollow electrode and arranged between said elec 
tron lens and said deflecting electrodes substan 
tially outside the electrostatic field of said electron 
lens, Whereby a substantial part of said beam is 
intercepted. 

2. A cathode ray tube comprising a cathode, a 
Screen, an electrode System for directing a beam 
of electrons from Said cathode to form a small 
Spot upon said screen, said electrode system in 
cluding a first and a second anode positioned to 
be traversed in succession by said beam, said sec 
Ond anode disposed nearer Said Screen than said 
first anode and comprising tWO tubular members 
of different cross-sectional areas electrically con 
nected together, said tubular member of larger 
cross-section disposed nearer said Screen than 
said tubular member of Smaller cross section, and 
an apertured diaphragm formed as a part of Said 
tubular member and arranged near the end of 
said tubular member of Smaller cross section 
close to said other member and deflecting elec 
trodes positioned wholly within said tubular mem 
ber of larger cross-section and Spaced at a dis 
tance from said tubular member of Smaller CrOSS 
section at least equal to the maximum dimension 
of said deflecting electrodes. 

3. An electronic device comprising an envelope, 
a cathode, an internally apertured cylindrical 
shield electrode surrounding said cathode, an in 
ternally apertured cylindrical electrode aper 
tured at one end, positioned adjacent to and 
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coaxial With said Shield electrode With the aper 
tured end nearest the shield electrode, a second 
anode apertured at One end, positioned in register 
With the first named anode with said apertured 
end remote from the first named anode, a third 
anode surrounding a portion of the second anode, 
a galvanic connection between the second and 

third anodes, and deflecting electrodes positioned 
wholly within the third anode and spaced from 
Said Second anode at a distance at least equal to 
the maximum dimension of Said deflecting elec 
trodes. 
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