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2 Claims. 

This invention relates to high vacuum cath 
ode-ray tubes and is concerned with the elec 
trode system of such tubes known as the electron 
gun. 

The electron gun of a cathode-ray tube com 
monlyconsists of a cathode, an initial focussing 
and modulating electrode and a combination of 
accelerating electrodes which focus the electron 
beam onto for example, the ?uorescent screen of 
the tube. ‘ 

It is found that in operation of such tubes the 
diameter of the spot whichis ?nally focussed on 
to the screen of the tube varies as the modulation 
potentials applied to the tube vary. This, it will 
be appreciated, is undesirable and it is the object 
of the present invention to provide an improved 
cathode-ray tube and a method of operating such 
a tube with a view to reducing the variation 
‘in diameter of the spot which occurs as the mod 
ulation potentials vary. 
According to one feature of the invention a 

method is provided of operating a high vacuum 
or hard cathode-ray tube which has within its 
envelope in the order named, a cathode, an aper 
tured cathode screen, a ?rst accelerator, a decel 
erator or constricting electrode, a second accel 
erator or ?rst anode, and an electron receiving 
target or screen, and means, not necessarily With 
in‘the envelope, for ?nally focussing a beam of 
electrons from said cathode onto the screen of 
the tube, the method consisting in accelerating 
and causing the electrons to cross over between 
the cathode and the ?rst accelerator, deceler 
ating the cathode ray beam to form a second 
cross-over point near to the end of said ?rst 
anode facing the cathode, modulating the beam 
in the region of one of said cross-overs and ac 
celerating the electron beam and focussing an 
image of the said second cross-over point onto 
said screen the method being such that the di 
ameter of the focussed spot on the screen is ren 
dered more nearly constant. 
According to a further feature of the invention 

a circuit arrangement is provided embodying a 
cathode-ray tube of the high vacuum or hard 
type having arranged within its envelope in the 
order named, a cathode, an apertured cathode 
screen, an apertured' accelerator electrode, a de 
celerating electrode comprising an apertured dia 
phragm, a second accelerator or ?rst anode, and 
an electron receiving target, and means, not nec 
essarily within the envelope for ?nally focussing 
the beam into a small spot on the target of the 
tube wherein signals to be reproduced on said 
target are applied either to modulate the beam 

(01. 250-27) 

between said cathode and ?rst accelerator or to 
modulate the beam at said decelerating elec 
trode, and wherein means are provided for ap 
plying to the ?rst accelerator a high potential 
positive with respect to the cathode and a poten 
tial to the decelerator which is the same as, or 
slightly positive or negative with respect to, the 
cathode potential, and a high potential positive 
with respect to the cathode to the screen accel 
erator, the arrangement of the electrodes and the 
potentials applied thereto being such that, in 
operation, the electrons emanating from the 
cathode are caused to cross over between the 
cathode and ?rst accelerator and are caused to 
cross over' again near the end of the second ac 
celerator or ?rst anode facing the cathode, the 
arrangement being further such that the varia 
tion of the size of the spot on said target over 
the higher range of current densities is substan 
tially less than the variation represented in curve 
“A” of Figure 2 of the drawing hereinafter re 
ferred to. 7 

According to a further feature of the invention 
a, circuit arrangement is provided embodying a 
cathode-‘ray tube of the hard type having ar 
ranged within its envelope in the order named, a 
cathode, an apertured cathode screen, an aper 
tured accelerator electrode, a decelerating elec 
trode comprising an apertured diaphragm, a 
second accelerator or ?rst anode, and an electron 
receiving, target, and means, not necessarily 
within the envelope, for-?nally focussing the 
beam into a small spot on the screen of the tube, 
the ?rst accelerator being disposed from the 
cathode a distance of between 3 and 5 times the 
diameter of the aperture in the cathode screen, 
and wherein signals to be reproduced on the said 
target are applied either to modulate the beam 
between said cathode and ?rst accelerator or to 
modulate the beam at said decelerating elec 
trode, and wherein means are provided for ap 

, plying to the ?rst accelerator a high potential 
positive with respect to the cathode and a po 
tential to the decelerator which is the same as or 
slightly positive or negative with respect to the 
cathode potential and a high potential posi 
tive with respect to the cathode to the second 
accelerator, the arrangement of the electrodes 
and the potentials applied thereto being such 
that in operation the variation of the size of the 
spot on said target over the higher range of cur 
rent densities is substantially constant, that is, 
less than the variation represented in curve “A” 
of said Figure 2 of the drawing. 
According to another feature of the invention 
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a cathode-ray tube of the hard type is provided 
having arranged within its envelope in the or 
der named, a cathode, an apertured cathode 
screen, an apertured accelerator electrode, a de 
celerating electrode comprising an apertured di 
aphragm, a second accelerator or first anode, and 
a target, and means, not necessarily within the 
envelope, for ?nally focussing the beam into a 
small spot on the target of the tube, the shape 
and disposition of the various electrodes being 
such that when in operation a relatively high 
potential positive with respect to the cathode is 
applied to said ?rst accelerator and av potential 
is applied to the decelerator which is the same 
as, or slightly positive or negative with respect 
to, the cathode potential, and a high positive 
potential with respect to the cathode is ap 
plied to the second accelerator, and when the 
cathode-ray beam is modulated between said 
cathode and first accelerator the electrons ema 
nating from the cathode are caused to cross over 
between the cathode and ?rst accelerator and 
are caused to cross over again near to the end 
of the second accelerator or ?rst ‘anode facing 
‘the cathode, the. arrangement being such that 
the diameter of the focussed spot on the target 
of the tube is rendered substantially constant as 
the current in the cathode-ray beam is varied. 

According to another feature of the invention a 
cathode-ray tube of the hard type is provided 
having arranged within its envelope in the order 
named, a cathode, an apertured cathode screen, 
an apertured accelerator electrode, a decelerating 
electrode comprising an apertured diaphragm and 
a second accelerator or ?rst anode, and means, 
not necessarily within the envelope, for ?nally 
focussing the beam into a small spot on the screen 
of the tube, the ?rst accelerator being disposed 
from the cathode a distance of between 3 and 5 
times the diameter of the aperture in the cathode 
screen and the arrangement and disposition of the 
electrodes is such that when in operation a rela 
tively high potential positive with respect to the 
cathode is applied to said ?rst accelerator and a 
‘potential is applied to the decelerator which is the 
same as or slightly positive or negative with re 
spect to the cathode potential and a high positive 
potential with respect to the cathode is applied to 
the second accelerator and when the cathode-ray 
beam is modulated between said cathode and 
said ?rst accelerator the diameter of the focussed 
spot on the screen of the tube is rendered more 
nearly constant as the current in the cathode-ray 
beam is varied. 
In order that the nature of the invention may 

be more clearly understood, an electron gun sys 
tem designed in accordance'therewith will now be 
described by way of example with reference to the 
accompanying drawing in which: . 
Figure 1 shows the elements of such a system, 
Figure 2‘ shows curves which demonstrate the 

relation between spot diameter and second anode 
current in the case of known tubes, and in the 
case of a tube according to the invention, 

Figure 3 illustrates an electron gun according to 
a modi?ed form of the invention and, 
Figure 4 illustrates a cathode-ray tube embody 

ing the arrangement shown in Figure 3 with the 
electrodes connected in circuit with appropriate 
sources of potential. 

Referring to Figure 1 of the drawing, a cathode 
I is situated behind an apertured diaphragm 2 in 
a cylinder 3 which may be termed the cathode 
screen. Next to this screen is arranged a ?at 
apertured accelerating electrode 4 which is fol 

2,229,766 
lowed by a relatively short tubular electrode 5 
having an apertured diaphragm 6 arranged with 
in it at a short distance from the accelerating 
electrode 4. The electrode 5 can be regarded as 
a constricting electrode since, owing to the poten 
tial applied thereto it constricts the ?eld in its 
vicinity and causes the electrons to cross-over. 
The electron gun assembly is completed by the 
provision of a ?rst cylindrical anode 'I of the same 
diameter as the cathode screen 2 and constricting 
electrode 5, and provided with apertured dia 
phragms 8 and 9, a second anode In of greater 
diameter than the anode ‘I, being arranged to 
overlap that anode. 
Assuming that the electrodes 4, 5 and ‘I are 

cylindrical and of about one half inch in diam 
eter, the operating voltages for the various elec 
trodes of the gun assembly may be as follows. 
Thus, while the cathode I is maintained at zero 
potential the ampli?ed picture signals or modu 
lating potentials are preferably applied to the 
cathode screen electrode 3, and may vary from 
about -—40 volts to zero. The accelerator elec 
trode 4 is maintained at approximately 1,500 
volts, but the constricting electrode 5 is main 
tained at zero potential or at a slightly positive 
potential. If the constricting electrode 5 were at 
a negative potential, a halo would surround the 
focussed spot, and this halo is removed by arrang 
ing that this electrode is at zero or at a slightly 
positive potential. If it is found that a halo can 
be tolerated, the electrode 5 may in this case be 
maintained at a slightly negative potential. The 
?rst anode ‘I is maintained at a positive voltage 
from about 50 volts upwards and the second anode 
Ill is maintained at a higher positive potential 
than that applied to the anode ‘I, in order that a 
focussing action will be produced, which will result 
in the electron beam being focussed to a small 
point on the electron receiving target I2 or screen 
of a cathode-ray tube containing the electron gun, 
as shown in Figure 4. The focussing action may 
alternatively be obtained by means of an electro 
magnetic coil, in which case the anodes 'I and I0 
may be connected together or anode I0 may be 
omitted. 
The apertures in the electrodes 2, ll, 6 and 8 may 

be 0.075" in diameter. The distance between the 
accelerator electrode 4 and the cathode I is crit 
ical and is between three and ?ve times the diam 
eter of the aperture in the screen 2 the optimum 
distance being about four times the diameter of 
said aperture. The actual spacing of the elec 
trodes may be as follows: 
The screen 2' is placed in front of the cathode 

which is 6 mm. in diameter a distance of 0.3 mm. 
‘whilst the tubular portion 3 is '7 mm. The ac 
celerator 4 is separated on each side from the 
electrodes 3 and 5 by 1 mm. The electrode 5 is 
10 mm. long and the diaphragm 6 spaced by the 
end of 5 adjacent accelerator 4 a distance of 3 
mm. The anode ‘I is 8 cms. long and spaced from 
the electrode 5 by 1 mm. with the diaphragm 9 
spaced from the end of the anode ‘I adjacent the 
second anode II] a distance of 2.5 cms. 
of the various electrodes may be 0.008" thick. 
The electron gun shown operates in the follow 

ing manner. Electrons from the cathode I are 
accelerated by the electrode 4, and are converged 
so that they cross over near the cathode and in 
front of the apertured diaphragm 2. The cross 
section of the beam at the cross-over point is 
small in the case of low current densities, but at 
high current densities electron repulsion caused 
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2,229,766 
cross-over point being considerably increased in 
size. The electrostatic lens between the electrode 
3 apertured ‘accelerating electrode 4 and the con 
stricting electrode 5 with its apertured diaphragm 
6, forms a one to one image of the cross section of 
the beam at the ?rst crossover point, somewhere 
in the neighbourhood of the aperture in the 
diaphragm 6. The second cross-over point, how 
ever, differs from the ?rst, in that its cross section 
remains small even at high current densities, be 
cause of the constricting action of the saddle 
shaped converging ?eld in the electrode 5 and 
aperture of the diaphragm 6. A somewhat mag 
ni?ed image of the cross section of the beam at 
the point of the second cross-over is reproduced 
upon the electron receiving target or screen. 

' When the electrode operating potentials are as 
‘indicated the operating currents, assuming small 
aperture diameters in the diaphragm 2, 4, 6 and 
8, equal to .075", and an aperture in the dia 
phragm 9 of approximately 0.3”, are as follows: 
The total emission will be of the order of 1 to 1.5 
mi1liamps., the accelerator electrode (4) current 
5%, the‘ constricting electrode (5) current Zero 
and the ?rst anode current 30 to 40%. 
While a tubular electrode 5 and a diaphragm 

6 have been shown for producing the converging 
saddle shaped ?eld a differently shaped electrode 
may be placed between the accelerating elec 
trode and the ?rst anode provided that the de 
sired converging ?eld is produced when a poten 
tial lower than that of either the accelerating 
electrode 4 or the ?rst anode 1 is applied to it. 
As previously stated the modulating potentials 

are preferably applied to the electrode 3, these 
potentials being effective upon the electron beam 
at an appreciable distance from the constrict 
ing ?eld, due to the electrode 5. It may, how 
‘ever, be advantageous in cases where the modu 
lating potentials are. applied to the cathode 
screen to apply a varying potential to the con 
stricting electrode, the varying potential hav 
ing some de?nite phase relation to the modulat 
ing potentials. Such a varying potential would 
not have the elfect of varying the second anode 
current, and the object of applying such a vary 
ing potential would be to constrict the beam to 
an increasing extent with increase in the repul 
sion effect, due to space charge, that is to say 
with increasing current. 

If desired, the modulation potentials may be 
applied to the constricting electrode 5. This is 
not so satisfactory as applying the modulation to 
the cathode screen 3 owing to the possible pro 
duction of a halo. Where halo can be toler 
ated it is therefore immaterial whether the mod 
ulation potentials are applied to the electrode 
3 or 5. ' 

The diameter of the focussed spot on the ?uo 
rescent or other screen of a cathode-ray tube 
employing an electron gun embodying the inven 
tion increases more slowly with increase in cur 
rent than in the case of existing types of tube, 
such as triodes and hexodes, the latter type being 
described in the Speci?cation of the British Pat 
ent No. 431,327. , 
Figure 2 of the drawing shows graphically the 

relation between increase in the spot diameter 
(SD) in millimetres with increasing second anode 
current AC2 in micro-amperes. Thus the curve 
A shows this relationship in the case of a hexode 
tube, and the curve B shows this relationship in ' 
the case of a tube having an electron gun em 
bodying the present invention. The curve for 
a triode is of the same general shape as curve A 

:3 
but the spotdiameter increases more at the higher 
range of currents. . ' ‘ .. 

The bene?cial effect of the introduction of the 
‘constricting electrode in accordance with the 
present invention can be demonstrated in the ~ 
following manner. If the accelerating electrode 
4, the constricting electrode 5 and the ?rst anode 
‘! are all connected together andmaintained at 
the potential of the anode ‘I, the electron gun 
functions as a triode and‘when an appropriate 
potential is applied to the second anode l0,_an 
image of the cross section of the electron beam 
at the ?rst cross over point is focussed on the tar 
get or ?uorescent screen. A curve similar to A 
will then apply to such‘an arrangement. The 
?rst cross over point which is focussed on the 
screen in this case is further from the ?nal lens 
formed between the ?rst and second anodes than 
is the second cross over point in an electron gun 
embodying the invention and may, therefore, be i; 
expected to produce a smaller spot on the screen 
owing to the reduced magni?cation. In actual 
fact, however, the focussed spot has a larger 

"15 

diameter than when the constricting electrode is ‘ 
used, in accordance with the present invention. 
A modi?ed electron gun system designed for 

carrying'out the invention is shown in Figure 3. 
The dimensions of the electrodes are similar to 

"25 

those shown in Figure 1, that is to say, the diame- I 
ters of the electrodes 3 and 5 and the ?rst part5 A‘ 
of the anode ‘I are one half an inch in diameter 
or of that order. The anode‘! is provided at its 
end with a portion 1a of larger diameter, actually 

30 

about one inch and a quarter, and the diameter 
of the second anode II] is about one inch and a‘ 
half. ' 

The cathode I is supported so that its emitting 
surface is .3 mm. behind the diaphragm 2 and the 

,- portion of the cylinder 3 between this diaphragm 
and theend near the accelerating electrode 4 is 
7 mm. long. The accelerating electrode 4 is 
spaced from the end of the cylinder 3 by 1 mm. 
and a similar distance separates the electrode 4 
and the end of the constricting'electrode 5. It 
will be seen in the present case that the tubular “ 
portion of the constricting electrode 5 beyond the 
diaphragm B in the direction of the ?uorescent 
screen in the construction shown in Figure 1, is 
omitted in the modi?ed construction. The dis 
tance between the ?rst anode 7 and the dia 
phragm 6 is thus reduced and in the modi?ed 
construction a distance of 1 mm. separates the 
diaphragm 6 and the diaphragm 8. The tubular 
portion of the electrode 5 extending towards the 
cathode is 3 mm. long. The tubular portion of 
the anode 1 between the diaphragm 8 and the 
diaphragm 9 is 5.5 cms. long and the portion be 
tween the diaphragm 9 and the end of portion 1a 
is 2.5 oms. The diameters of the apertures in 
the diaphragms 2, 4, 6, 8 and 9 and the ,metal 
thickness are as stated with reference to Figure 1. 
In operation, the cathode I is maintained at 

zero potential and the modulating potentials are 
applied to the cylinder 3 or electrode 5 as stated 
above. The voltage applied to the accelerator 
electrode 4 is 2000 and the constricting electrode 
5 is, as in the previous case, at zero potential or 
thereabouts. The voltage of the anode ‘I may 
be between 300 and 700 volts and that of the sec 
ond anode between 3000 and 7000 volts. 

It will be seen that the formation of the elec 
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beam is substantially as shown in Figure 1. The 
?rst cross-over occurs between the cathode I and 
the accelerator 4 whilst the second cross-over 75 
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may occur within arm the neighbourhood of ‘the 
saddle-shaped ?eld due to the electrode 5 and 
may occur at a short distance within the anode 1. 
As a general rule in the construction shown in 
Figures 1 and 3 the distance apart of the two 
cross-over points should be between 3 and 20 
times the diameter of the aperture in the screen 2. 

If desired, the ?nal focussing of the beam- on 
to the screen may as stated above be effected or 
assisted by magnetic focussing means disposed 
externally of the tube. ‘ 

It is immaterial whether the cathode screen 
during the application of modulation potentials 
takes currenti. e._,the voltage swing causes the 
screen to become slightly positive with respect to 
the cathode, in. cases where ‘the diameter of the 
aperture in the cathode screen is smaller than 
the diameter of the emitting area of the‘ cathode. 
By the term “cathode screen” is meant‘an aper 
tured electrode arranged close to the cathode and 
which is designed so'that when in operation it is 
maintained at a potential at or near thecathode 
potential the electrons emanatingfrom, the cath 
ode are caused to converge. - ' 

Figure 4 illustrates the electrode structure 
shown-in Figure 3 mounted within‘ an evacuated 
envelope I I the beam being focussed on to a screen 
or target l2 which is rendered luminous under 
impact of electrons, the target l2 being pref 
erably a ?uorescent screen. The various elec 
trodes are energised by the potential sources 
shown, the signals to be reproduced on the target 
being applied to, the electrode 3 from the tele 

5‘ visionreceiver shown. 
.3 ,_ We claim: , 

> 1. A circuit arrangement including a cathode 
ray tube ‘of the high Vacuum type having a 
cathode to- emit electrons, an apertured cathode 
screen to form the emitted electrons into a beam, 
an apertured accelerating electrode comprising 
an apertured disc spaced from said cathode by a 
distance of between three and ?ve times the di 
ameter of theaperture in said_ apertured cathode 
screen, a decelerating electrode comprising an 
apertured diaphragm, a ?rst anode, a second 
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anode, and an electron receiving target, a source 
of electron beam modulating energy, electrical 
connections from said source to said cathode 
screen and to said cathode, potential means con 
nected between said accelerating electrode and . 
said cathode to maintain said accelerating elec 
trode highly positive with’ respect to said cathode, 
a direct electrical connection between said cathode 
and said decelerating electrode, means to main 
tain said second anode at a higher positive po 
tential with respect to said cathode than said ac 
celerating electrode and means to maintain said 
?rst anode at a positive potential with respect to 
said cathode less‘than the potential applied to 
said. accelerating electrode. 

2.'A cathode ray device comprising a cathode 
to'emit electrons, an electron receiving target, a 
cylindrical electrode partially surrounding said 
cathode and extending longitudinally in the di 

_ rection of said target, an apertured cathode. 
:screening disc in said cylindrical electrode on the 
target side of said cathode with its aperture 
axially aligned with said cylindrical electrode to 
focus the electrons emitted by said cathode into 
an electron beam, an apertured electron decelerat 
ing electrode between said cylindrical electrode 
and said target, an apertured electron accelerat 
ing electrode between and spaced by a distance 
of approximately one millimeter from said cylin 
drical electrode and said decelerating electrode, 
>means including an apertured anode to focus the 
electron beam on said target, the apertures of 
said screening disc, accelerating electrode, and 
anode being of substantially the same diameter 
and smaller than the diameter of said cathode, a; 
direct electrical connection between said cathode 
and said decelerating electrode, potential means 
to maintain said accelerating electrode at a high 
positive potential with respect to said cathode, a 
source of signalling energy and electrical connec 
tions from said source to said cathode and to 
said screening I disc to modulate the electrons 
emitted by said cathode. 
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