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PROVISIONAL SPECIFICATION.
Improvements in Cathode Ray Tubes.

We,
British  Subject,

Freperick HermeEs Nicorn, &
of 17, The Drive,
Ickenham, Middlesex, and ErLrecTRIC
aNp  Musicar Inpusrries Livitep, a
British Company, of Blyth Road, Hayes,
Middlesex, do hereby declare the nature
of this invention to be as follows: —

A form of cathode ray tube has been
proposed consisting of a highly evacuated
envelope in which there is placed an
electron emitting cathode behind an aper-
tured diaphragm known as the cathode
shield. The electrons from the cathode,
after passing through the cathode shield
which may be at or mnear cathode
potential, are first accelerated towards an
accelerator electrode, then decelerated to-
wards a modulator electrode and again
accelerated by a plurality of anodes,
usually two in number and referred to as
the first and second anodes. The various
pairs of adjacent electrodes, at different
potentials, in particular the first and
second anode serve as electron lenses to
focus the beam upon a fluorescent screen.
The brightness of the spot formed by the
cathode ray upon the screen is varied by
applying a varying negative potential to
the modulator electrode relatively to the
cathode. The electrodes are commonly in
the form of metal tubes having apertured
diaphragms, and it is usual to make these
diaphragms in the form of planar metal
discs, provided with ecircular apertures
concentric with the dises.

In an ideal case all the electrons leav-
ing the modulator electrode would reach
the fluorescent screen, but in practice this
is not the case: it is found that they tend
to collect on such electrodes as are above
the potential of the cathode, and they are
then lost in the form of current in the
corresponding electrode circuits. An in-
dication of the efficiency of the tube may
be obtained from the ratio of fluorescent
sereen current to first anode current. . This
ratio may be increased by lengthening the
tubular portion of the modulator elec-
trode, but only at the expense of sharp-
ness of focusing of the beam.

It is an object of the presenf invention
to provide a cathode ray tube of the kind

[Price 1/-]

above described in which the efficiency of
the tube, measured by the ratio of screen
current to anode current, is increased,
without resultant decrease in the sharp-
ness of focusing of the beam.

According to the present invention
there is provided a cathode ray tube com-
prising a cathode and a plurality of elec-
trodes for accelerating electrons from said
cathode towards and focusing them upon
a screen associated with the tube, one or
more of said electrodes comprising an
apertured diaphragm, the invention be-
ing characterised in that the diaphragm
is of part spherical or other dished shape.
The diaphragm may advantageously be
that in the modulator electrode and may
be arranged with its concave side facing
away from the cathode.

Further according to the present inven-
tion, a cathode ray tube having a cathode,.
a modulating electrode and an electrode
system for directing the electrons from
the cathode upon a screen associated with
the tube is characterised in that the
modulator electrode has an apertured dia-
phragm of dished, frusto-conical or like
shape. Preferably the shape of the dia-
phragm is such that portions thereof
around the aperture are substantially
normal to the incident ray and portions
further from the ray are at progressively
decreasing angles to the ray.

In carrying the invention into effect,
one may proceed as follows:—

A cathode ray tube is constructed in
the manner already described, having the
accelerator, modulator and first anode in
the form of metal tubes all of the same
diameter as the cathode shield. The
accelerator tube is short and has an aper-
tured diaphragm in the end remote from
the cathode.

The modulator tube is longer than the
accelerator and has an apertured dia-
phragm intermediate between the ends of
the tube and on the cathode side of the
centre of the tube. The first anode is of
much greater length than the modulator,
and has an apertured diaphragm in the
end nearer the cathode and a second dia-
phragm with a larger aperture about two-
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thirds of the way along from this end.
The second anode is in the form of a tube
of considerably larger diameter, the adja-
cent edges of the two anodes being
located substantially in a plane but
slightly overlapping. The second anode
may be in the form of a silvering upon
the inside of the tube envelope. -All the
tubes are arranged co-axially. Such a
tube gives a well focused beam of elec-
trons on the fluorescent screen in the
following way. FElectrons are accelerated
from the cathode by means of a relatively
low positive potential on the accelerator;
after passing through the accelerator the

- electrons are decelerated to the modulat-

ing electrode which is at or near zero
potential with respect to the cathode
screen. The high positive potential of the
first anode then accelerates the electrons
from the modulator aperture, and they
pass through the two apertures in the
first anode. The second anodé is main-
tained at a potential higher than the first
anode and the field between these two
anodes forms an electrostatic lens which
focuses the electrons into a fine spot on
the screen.

When the diaphragms of the tubes
above mentioned are in the form of flat
disecs with aperbures in their centres, ib
is found that the average ratio of screen
current to first anode current is less than
unity.

As already stated, it is possible to de-
crease the first anode current and conse-
quently increase the second anode current
or screen current by simply lengthening
the modulator tube on the first anode side

COMPLETE

of the modulator aperture. This is accom-
plished, however, only at the expense of
the focus which becomes very poor.

According to the present invention,
however, the efficiency can be increased
by providing a modulator diaphragm of
a dish-shaped or frusto-conical form, posi-
tioned in such a way that the aperture
in it is nearer to the cathode than the
rim where it joins the modulator tube.
The effect of such a tube is to so shape the
equipotential lines of force that they tend
to converge the electrons into a beam
which passes through the apertures of
the first anode, so that only a very small
fraction of the beam is collected by the
first anode.
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The preferred shape for the aforemen-.

tioned dish-shaped diaphragm is hemi-

spherical and it may be placed with its

concave side facing away from the
cathode end of the tube, but the inven-
tion is not restricted to this shape. The
diaphragm may for example be parabolic.

The invention is of course not restricted
in its application to the particular form
of cathode ray tube described above,
which is by way of example.

The diaphragm of the present invention
may be of thick material or may be
arranged with a second apertured dia-
phragm close to it to form a double aper-
tured modulator as described in co-pend-
ing Application No. 83204/84 (Serial No.
447,493).

Dated this 25th day of February, 1935.

REDDIE & GROSE,
Agents for the Applicant,
6, Bream’s Buildings, London, E.C.4.

SPECIFICATION.

Improvements in Cathode Ray Tubes.

We, Freperick Hermes Nicorn, a
British Subject, of 17, The Drive,
Ickenham, Middlesex, and FErrcTRIC
anD Musicat Ispustries LiMITED, a
British Company, of Blyth Road, Hayes,
Middlesex, do hereby declare the nature
of this invention and in what manner
the same is to be performed, to be parti-
cularly described and ascertained in and
by the following statement:—

The present invention is an improve-
ment in or modification of the invention
forming the subject of Patent No.
431,327.

In the specification of that Patent there

-+ is described and claimed an electric cir-

cuit comprising & cathode ray tube of the
hard type having arranged within its
envelope, in the order
cathode, a first accelerator, a decelerator

mentioned, a

having an apertured diaphragm, and a
second accelerator, the accelerators and
decelerator being so disposed that the ray
can pass through them to ascreen asso-
ciated with the tube, and the tube having
means whereby the ray can be deflected
over the screen, and electrostatic or elec-
tromagnetic means for focussing the ray
in a small spot upon the screen, charac-
terised by means for. applying to the
accelerators potentials positive with re-
spect to the cathode potential and to the
decelerator a potential equal, or nearly
equal to the cathode potential, the shape
and disposition of the electrodes and the
potentials applied thereto being such
that, in operation, increases of potential
of the decelerator, in the negative sense
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first accelerator.

The said electric circuit as described
and claimed in the parent Patent may
comprise a cathode ray tube having
arranged within its envelope, between
said second accelerator and said screen, a
second decelerator adjacent said second
accelerator, and a third accelerator,
characterised by means for applying to
the accelerators pofentials positive with
respect to the cathode potential and to
the decelerators potentials
nearly equal, to the cathode potential.

In the parent Patent there is also de-
scribed and claimed a cathode ray tube
of the hard type having an indirectly
heated cathode and an anode, and hav-
ing, between the cathode and anode, at
least four auxiliary electrodes including
two accelerators and a decelerator, one of
said accelerators being arranged wupon
either side of said accelerator, the
arrangement being such that when the
accelerators are maintained at suitable
positive potentials, relative to the cathode
and when the decelerator is at a potential
in the neighbourhood of cathode poten-
tial, increases of potential of the deceler-
ator in a negative sense with respect to the
cathode potential produce increases in
current flowing to the accelerator located
upon the cathode side of the decelerator.

With cathode ray tubes of the kind to
which the parent specification relates, it
is usual to vary the brightness of the spot,
formed by the cathode ray wupon the
screen, by applying to the decelerator
electrode between the first and second
accelerator electrodes a- varying potential
which is negative with respect to the
cathode. The decelerator may therefore
be regarded as the modulator. The elec-
trodes are commonly in the form of metal
tubes having apertured diaphragms, and
it is usual to make these diaphragms in
the form of planar metal discs, provided
with circular apertures concentric with
the discs.

In an ideal case all the electrons leav-
ing the modulator electrode would reach
the fluorescent screen, but in practice this
is not the case; it is found that they tend
to collect on such electrodes as are above
the potential of the cathode, and they
are then lost in the form of current in the
corresponding electrode circuits. An in-
dication of the efficiency of the tube may
be obtained from the ratio of fluorescent
screen current to first anode current. This
ratio may be increased by lengthening the
tubular portion of the modulator elec-
trode, but only at the expense of sharp-
ness of focusing of the beam. .

Objects of the present invention are to
provide an. electric circuit of the kind

equal, or-

hereinbefore set forth, and a cathode ray
tube adapted for use in such a circuit, in
which the efficiency of the tube, measured
by the ratio of screen current to anode
current, is increased without resultant
decrease in the sharpness of focusing of
the beam.

According to the present invention. in
an electric circuit of the kind hereinbe-
fore specified, at least one of the said
decelerators, and/or a cathode shield
elestrode if provided, comprises an aper-
tured diaphragm the surface of which fac-
ing the screen is of dished or frusto-coni-
cal shape and has its concave side turned
towards said screen.

According to the present invention in
a further aspect, in a cathode ray tube of
the kind hereinbefore specified said de-
celerator, and/or a cathode shield if pro-
vided comprises an apertured diaphragm
the surface of which facing the anode is
of dished or frusto-conical shape and has
its concave side turned towards said
anode.

Preferably the shape of the diaphragm
is such that portions thereof around the
aperfure are substantially normal to the
incident ray and portions farther from the
ray are ab progressively decreasing angles
to the ray.

The invention will now be described
with reference to the accompanying dia-
grammatic drawings in which Figs. 1 and
2 illustrate the electrode system of two
forms of cathode ray tube according to
the parent Patent modified according to
the present invention, and Fig. 8 shows
an alternative form of electrode in the
tube shown in Fig. 1.

Referring to Fig. 1, there is illustrated
a cathode ray tube constructed in the
manner already described, and having the
accelerator 1, modulator 2 and first anode
3 in the form of metal tubes all of the
same diameter as the cathode shield 4.
The latter is axranged next to the cathode
5, the other electrodes being arranged in
the order mentioned proceeding from the
cathode shield 4. The accelerator tube
1 is short and has an apertured diaphragm
6 in the end remote from the cathode 5.
The modulator tube 2 is longer than the
accelerator and has an apertured dia-
phragm 7 intermediate between the ends
of the tube and on the cathode side of the
centre of the tube. The first anode 8 is
of much greater length than the
modulator, and has an apertured dia-
phragm 9 in the end nearer the cathode
and a second diaphragm 10 with a larger
aperture aboub two-thirds of the way
along from this end. The second anode
8 is in the form of a tube of considerably
larger diameter, the adjacent edges of
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the two anodes 8 and 8 being located sub-
stantially in a plane but slightly over-
lapping. The second anode 8 may be in
the form of a silvering upon the inside of
the tube envelope. All the tubes are
arranged co-axially. Such a tube gives a
well focused beam of electrons on the
fluorescent screen which is not shown, but
which is disposed on the side of the second
anode 8 remote from the cathode in the
following way. Electrons are accelerated
from the cathode 5 by means of a rela-
tively low positive potential on the
accelerator 1; after passing through the
accelerator 1 the electrons are decelerated
to the modulating electrode 2 which is at
or near zero potential with respect to the
cathode screen 5. The high positive
potential of the first anode 3 then acceler-
ates the electrons from the modulator
aperture, and they pass through the two
apertures in the first anode 8. The second
anode 8 is maintained at a potential
higher than the first anode 3, and the
field between these two anodes forms an
electrostatic lens which focuses the elec-
trons into a fine spot on the screen.

When the diaphragms of the tubes
above mentioned are in the form of flat
dises with apertures in their centres, it
is found that the average ratio of screen
current to first anode current is less than
unity.

As already stated, it is possible to de-
crease the first anode current and conse-
quently increase the second anode cur-
rent or screen current by simply lengthen-
ing the modulatar tube on the first anode
side of the modulator aperture. This is
accomplished, however, only at the ex-
pense of the focus which becomes very
poor.

According to the present invention,
however, the efficiency can be increased
by providing a modulator diaphragm the
surface of which has a dished or frusto-
conical shape, positioned in such a way
that the aperture in it is nearer to the
cathode than the rim where it joins the
modulator tube. The effect of such a tube
is to so shape the equipotential lines of
force that they tend to converge the elec-
trons info a beam which passes through
the apertures of the first anode, so that
only a very small fraction of the beam
is collected by the first anode.

The preferred shape for the aforemen-
tioned dish-shaped diaphragm is hemi-
spherical with its concave side turned, to-
wards the screen end of the tube, but the
invention is not restricted to this shape.
The diaphragm may for example be para-
bolic. In Fig. 1 the modulator dia-
phragm 7 is shown as having a surface

11 of hemispherical shape, and having its .

concave side turned towards the screen.

In Fig. 2 there is shown a cathode ray
tube having a cathode 5, a cathode shield
4, a first accelerator 12, a decelerator and
modulator 13, a second accelerator 14, a
second decelerator 15 and first and second
anodes 8 and 8. All the electrodes are
in the form of co-axial metal tubes of
equal diameters with the exception of the
second anode 8 which has the form
already described with reference to Fig. 1.

In this tube, according to the present
invention there is provided a dish-gshaped
surface 11 on the diaphragm 7 of the
second decelerator 15, shown in this case
as hemispherical, and with its concave
side turned towards the fluorescent screen.

In operation of the tube means are
provided for maintaining the electrodes
of the tube at various voltages of which
the following is an example. The poten-
tials are given relative to the potential
of the cathode 5. The cathode shield 4,
—0 volts; first and second accelerators 12
and 14, 4250 volts; second decelerator
15, +5 wvolts; first anode, +800 volts;
second anode +4000 volts. The intensity
of the beam is modulated by varying the
potential of the modulator 18 from zero to
about —30 volts.

If desired, the first decelerator may be
provided with a dished diaphragm hav-
ing its concave side turned towards the
fluorescent screen. A cathode ray tube
according to the present invention, of
the kind shown in Fig. 2, may have either
or both decelerators provided with such
diaphragms.

An advantageous focusing effect is also
obtained if the cathode shield 4 of either
of the tubes shown in the drawings has
a diaphragm of dished form with its con-
cave side turned towards the screen. Such
a diaphragm serves to concentrate more
electrons through the aperture in the first
accelerator (1, in Fig. 1 or 12, in Fig. 2).

Though hemispherical diaphragms have
been shown in the Figures, other dished
shape or the like diaphragms may be
used. For example, the surface 11 may
be frusto-conical, or parabolic. It is pre-
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ferred to use surfaces such that porfions -

thereof around the aperture are substan-
tially normal to the ray, and portions
farther from the ray are at progressively
decreasing angles to the ray. The sur-

face has, in other words, preferably the

form of the surface of revolution of a
curve.

It is not essential for the dished or
frusto-conical diaphragm according to the
present invention to present a continuous
surface. The diaphragm may thus com-
prise a plurality of flat plates spaced at
short intervals apart and having co-axial
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apertures of progressively varying dia-
meters. Thus the modulator 2 of Fig. 1
may be replaced by the electrode shown
in Fig. 8 where the dished diaphragm is
composed of the four flat apertured plates
7, 11a, 11b and 11ec.

The aperture in the diaphragm of the
modulator electrode may be lengthened
in any of the ways, and for the purposes,
described in Patent Application No.
88204 /34 (Serial No. 447,493).

Having now particularly described and
ascertained the nature of our said inven-
tion and in what manner the same is to
be performed, we declare that what we
claim-ig: —

1. An electric circuit constituting an
improvement in or modification of the
invention forming the subject of Patent
No. 431,827 wherein ab least one of the
decelerators of the cathode ray tube,
and/or a cathode shield electrode if pro-
vided comprises an apertured diaphragm
the surface of which facing the screen is
of dished or frusto-conical shape and has
its concave side turned towards said
SCZ‘GBI‘L

2. An electric circuib as claimed in
claim 1, wherein said surface is of such
shape that portions thereof around the
aperture are substantially normal to the
ray and portions farther from the ray are
at progressively decreasing angles to the
ray.

8. An electric circuit as claimed in
claim 2 wherein said surface is of part-
spherical shape. :

4. An electric circuit’ as eclaimed in

claim 3 wherein said surface is hemi-
spherical.

5. An electric circuit as claimed in any
of the preceding claims wherein a deceler-
abor having said dished or frusbo-conical
diaphragm surface also serves as a modu-
lator electrode.

6. A cathode ray tube constituting an
improvement in or modification of the
invention forming the subject of Patent
No. 481,327 wherein said decelerator
and/or a cathode shield electrode if pro-
vided comprises an apertured diaphragm
the surface of which facing the anode is
of dished, or frusto-conical shape and has
its concave side turned towards said anode.

7. A cathode ray tube, as claimed in
claim 6 wherein said surface is of such
shape that portions thereof around the
aperture are substantially normal to the
ray and portions farther from the ray
are abt progressively decreasing angles to
the ray.

8. A cathode ray tube as claimed in
claim 7, wherein said surface is of part-
spherical shape.

9. A cathode ray tube as claimed in

claim 8, wherein said surface is hemi-.

spherical.
10. Electric
described herein.
11. Cathode ray tubes substantially as
described herein, with reference to the
accompanying drawings.
Dated this 6th day of February, 1936.
REDDIE & GROSE,
Agents for Applicants,
6, Bream’s Buildings, London, E.C.4.
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