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The present invention relates to television apparatus 
incorporating a video storage tube of the kind employing 
high velocity scanning, such as of the types known as 
iconoscopes and image iconoscopes, and to a method of 
operating the same for producing a video signal whereby 
an improved performance is obtained. 
Such tubes essentially comprise a target having a 

storage surface backed by an electrode termed “a signal 
plate,' the storage surface being capable of carrying a 
charge pattern corresponding to the point by point bright 
ness values of a light image focussed on the tube. In the 
case of tubes of the innage iconoscope type, the storage 
surface is secondary emitting and the tube has a photo 
cathode upon which the light image is focussed and 

- which, in response thereto, releases photo-electrons which 
are accelerated and focussed onto the storage surface of 

- the target to form the charge pattern by secondary emis 
sion from the storage surface. In the case of tubes of the 
iconoscope type, the storage surface is a photo-sensitive 
mosaic upon which the light image is focussed to form 
the charge pattern by photo-emission from the storage 
surface. In either case, the charge pattern on the storage 
surface is evaluated by a high velocity scanning beam 
of electrons the effect of which is to generate a train 
of signal pulses in the signal plate which constitute the 
output video signal of the tube. A collector electrode 
arranged in the tube near the storage surface collects 
selectrons emitted from the storage surface under the 
action of the incident photoelectrons in the case of the 
image iconoscope, or the incident light in the case of 
the iconoscope, and under the action of the scanning 
beam. In the normal operation of such tubes, the storage 
surface is restored at each scanning to an equilibrium 
potential from which the charge storage process starts at 
each point of the storage surface in accordance with the 
light value of the corresponding point of the light image. 
High velocity scanning. as employed in such tubes pro 
motes the emission of secondary electrons from the 
storage surface in excess of unity ratio to the number 
of-primary bombarding electrons, and under these condi 

...tions the storage surface assumes an equilibrium potential 
approximating the operating potential of the collector 
electrode. 
Such video storage tubes, suffer from.a. number of dis 

advantages, and in particular, low storage efficiency, gen 
eration of spurious signals, production of the visible effect 
known as "flare" in the reconstituted pictures, and lack 
of “average brightness' components in the generated video signal. 
An object of the present invention is to minimise the 

effects of the above mentioned disadvantages by provid 
ing, an improved method and apparatus for producing a 
video signal utilizing a video storage tube of the kind 
described, in which the operating point of the storage 
surface is modified. Another object is to provide an 
improved construction of video storage tube which is 
especially adapted for operation according to the improved 
method. 
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According to the present invention, periodically during 
the flyback periods of the scanning beam, preferably dur 
ing the frame flyback periods, the storage surface of a 
video storage tube is, submitted to the simultaneous, and 
combined actions of an irradiation, causing the storage 
Surface to emit electrons, and of a field causing the emit 
ted electrons to return to the storage surface, so as to 
cause the storage Surface to be charged negatively. rela 
tively to its normal equilibrium, potential (normal col 
lector potential), whereby the equilibrium potential or 
average equilibrium potential of the storage surface is 
changed from that which it would normally, attain during 
the flyback periods, thus modifying the operating point 
of the tube. In this way, the storage surface, is made 
more negative to the collector electrode than its would 
normally be, and consequently a greater number, of the 
electrons emitted from the storage, surface in response to 
the light image or the scanning beam can be collected by 
the collector, electrode. 

In carrying out the invention, the required. electron 
emission from the storage surface may be obtained, in 
the case of a tube of the image iconoscope type, by irradi 
ating the storage surface with a pulse of high velocity 
diffuse electrons to cause the surface to emit secondary 
electrons, and the pulse of irradiating electrons may be 
generated by illuminating the photocathode of the tube 
with a pulse of diffuse light. In the case of a tube of 
the iconoscope type, the photosensitive storage surface 
thereof may be directly irradiated with pulses of electrons 
in order to obtain the required electron emission from 
the charge-storage surface. In either case, the required 
field for returning the emitted electrons to the storage sur 
face may be obtained by applying a suitable negative volt 
age puise to the collector, electrode, or a positive voltage 
pulse to the signal plate, while the irradiation of the 
storage surface is proceeding. Both the electron or light 
irradiation pulse, and the voltage pulse should be: of the 
same duration and should not be of longer duration than 
the flyback period during which they are applied. If 
necessary, blanking pulses may be simultaneously applied 
to the signal amplifier connected to the output of the tube 
in order to avoid overloading and transient effects. 
The invention may be carried out with the use of video 

storage tubes of normal types of construction with the 
addition of only simple apparatus for producing the pulses. 
However, according, to a feature of the invention, an 

improved construction of video-storage tube is provided 
in which a fine mesh, screenis arranged between the col 
lector electrode and the storage surface and close to the 
latter, for obtaining increased sensitivity and other advan 
tages as will hereinafter be more fully explained. 
The invention is equally applicable to stationary. or portable equipment. 
In order that the invention may be more clearly under 

stood, reference will now be made to the accompanying 
schematic drawings, in which 

Fig.1 depicts one embodiment of the invention. 
Fig. 2 depicts a modification, and 
Fig. 3 depicts a modified tube construction. 
in the embodiment depicted in Fig. 1, a video storage 

tube 18 of the image iconoscope type is utilized, since 
a practical form of the invention may be easily, realised 
with this type of tube. The tube 0 is of a normalcon 
struction for this type of tube and essentially comprises 
an evacuated, generally cylindrical envelope, 11 having 
a homogeneous photo-cathode 2 on the internal sur 
face or adjacent thereto at one end of the envelope and 
a charge storage target. 53 parallel to the photo-cathode 
and spaced therefrom towards the other end of the en 
velope. The target 13 consists of a thin insulating sheet 
14, usually of mica, which is backed by a continuous 
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conductive layer 15 forming the signal plate. The sur 
face of the sheet 14 which faces the photo-cathode 12 
constitutes the storage surface and may be treated so 
that it has a high secondary electron emissivity. The 
storage. Surface 14 may be regarded as consisting of a 
multiplicity of elementary condenser plates, each in 
sulated from the others but each having capacity to the 
signal plate 15 which constitutes the common electrode of 
all the storage capacities and is connected externally of 
the tube to a load resistor 16 feeding into a signal pre 
amplifier 17. Photo-electrons emitted from the photo 
cathode under the influence of a light image focussed 
thereon by a suitable lens system 18 are accelerated 
and focussed on to the storage surface by the field of an 
image focussing coil 19 surrounding the envelope 11. 
The storage surface 14 is scanned in a line raster by a 
high velocity electron beam generated by an electron 
gun 20 in a side tube 21 of the envelope 11, the side 
tube being surrounded by the necessary coils 22 and 23 
respectively for focussing and deflecting the beam. A 
collector electrode 24 is arranged in the envelope 11, 
usually in the form of an internal conducting coating on 
the envelope wall, for collecting secondary electrons 
emitted from the storage surface 14 both by the incident 
primary photo-electrons from the photo-cathode 12 and 
by the incidental electrons from the scanning beam. 

In the normal mode of operation of a tube of this 
type, at the equilibrium potential (collector potential) 
of the storage surface 14, the ratio of the number of 
secondary electrons reaching the collector 24 from the 
storage surface 14 to the number of primary electrons 
incident upon the storage surface from the photo-cathode 
12 or the scanning beam is unity, the remainder of the 
Secondary electrons liberated by the primary electron 
bombardment of the storage surface returning to and be 
ing redistributed over the storage surface, giving rise to 
the well-known spurious signals. 

Present theory is that these spurious signals and other 
observed distortion effects are due to non-uniformities 
in this redistribution. The redistribution of the return 
ing electrons is affected by the local potential conditions 
over the storage surface, variations in which are caused 
by the scanning process in which the storage surface is 
being bombarded only locally at any instant, and by 
the bombardment of the whole of the Storage surface 
simultaneously and continuously by the photo-electrons 
liberated from the photo-cathode by virtue of the light 
image focussed thereon. The general effect of the bom 
bardment with the scanning beam is to charge the area 
of the storage surface which is immediately and tempo 
rarily being bombarded, to the positive equilibrium po 
tential (collector potential) by virtue of the liberation 
of secondary electrons, and as the scanning beam moves 
across the storage surface the area immediately behind 
the beam is left as the lost positive area on the surface, 
and consequently any free electrons in the neighbourhood 
migrate preferentially to this area and discharge it. Thus, 
as a result of the process of redistribution, there is a 
tendency for the free secondary electrons to migrate in 
the opposite direction to the motion of the scanning 
beam. The effect of the bombardment by photo-elec 
trons from the photo-cathode is to charge the Storage sur 
face more positively, so counteracting the discharge effect 
of the redistributed secondary electrons which are, of 
course, liberated by the primary photo-electrons as well 
as by the scanning beam. 
The most marked effects, which can be accounted for 

by non-uniformities in the redistribution of returning 
secondary electrons, are the development of an additive 
black signal from the earliest scanned portions of either 
line or frame, and the appearance of a white "flare" at 
the bottom of the viewed picture i. e., the area corre 
sponding to that portion of the Storage surface which is 
last scanned. The additive black signal, which is be 
lieved to be due to the migration of the redistribution 
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4. 
electrons against the direction of scanning, can be bal 
anced out by compensation in the amplifying chain. 
"Flare,' however, is more troublesome. This effect is 
believed to be due to the fact that when the scanning 
beam reaches the bottom of the storage surface it 
switches immediately to the top to recommence scan 
ning, and consequently there is no region of induced. 
secondary electrons following this bottom area and in 
close proximity to it, with the result that the positive 
charge resulting from the scanning is less readily dis 
charged by migration of redistributed electrons. The 
overall effect is that as this area is less discharged than 
the rest of the storage surface, it appears relatively 
white in the viewed picture and, for the same reason, 
the depth of picture modulation is reduced. The effect 
is most noticeable when an area of black picture con 
tent reaches to the bottom of the frame, whereas when 
the bottom of the picture contains white areas (high 
light content) the effect is less noticeable due, it is be 
lieved, to the discharge of these positively charged 
regions being assisted by redistribution of secondary 
electrons induced by the arriving photo-electrons. 
Due to the competing effects of the processes of posi 

tive charge by bombardment and discharge by redistribu 
tion, the overall storage efficiency is low and is not pro 
portional to the current density of the photo-electrons. 
Moreover, since the maximum amplitude of charge is 
inited by the process described, it is not possible to 
increase the output of the tube above the level set by 
these processes, by increasing the light content of the 
scene to be transmitted. 
A further disadvantage is that the output signal con 

tains no component conveying intelligence regarding the 
mean value of light level of the picture. This condition 
arises from the requirement that the mean target current 
must equal zero over the frame period. Therefore, in 
order that any intelligence may be generated, it is neces 
sary that the signal output waveform shall include both 
positive and negative departures from this mean value 
of Zero. Since, therefore, the output signal is not uni 
directional in relation to the zero value which is avail 
able as reference during the line blanking period, it is not 
possible to use this reference level for purposes of "D. C. 
restoration.” This limitation requires that during picture 
transmission it is necessary for the D. C. level of the out 
going signal to be manually adjusted for any appreciable 
change in the average light value of the transmitted scene. 
Now, according to the present invention these disad 

vantages and their effects may be considerably reduced by 
shifting the mean potential of the storage surface 14 
negatively sufficiently to improve the collection of second 
ary electrons by the collector 24 and so reduce their redis 
tribution over the storage surface. 

In order to effect the required negative shift of the 
Storage surface potential, in the embodiment in Fig. 1, 
the storage surface 4 is irradiated with pulses of diffuse 
electrons obtained by irradiating the photo-cathode 12 
with pulses of diffuse light. A suitable light source for 
this purpose is shown as a miniature cathode ray tube 25 
having a simple triode structure comprising a cathode 26, 
a control electrode 27 and an anode 28 which cooperate 
to direct an electron stream on to the fluorescent screen 
29 of the tube so as to produce diffused luminescence 
thereof for illuminating the photo-cathode 12, the light 
output of the fluorescent screen 29 being pulsed by appli 
cation of suitable voltage pulses e1 to the control elec 
trode 27 from a square waveform generator 31 so as to 
obtain corresponding pulse emission of electrons from 
the photo-cathode. The square waveform generator 31 
may be of any convenient form, such as a conventional 
multi-vibrator circuit arrangement. Since arrangements 
for producing the requisite waveform are very well known 
in the art, it has only been shown in block form on the 
accompanying drawings. The afterglow of the fluores 
cent Screen 29 must be of short duration in order to avoid 
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prolongation of the light pulses into the picture scan 
ning time. The pulses of electrons thereby released 
from the photo-cathode 2 are accelerated and imaged 
on to the storage surface 14 and impinge thereon in a 
diffuse stream at high velocity to cause secondary emis 
sion from that surface. Simultaneously with the applica 
tion of the pulses e1 to the light source, suitable negative 
voltage pulses e2 are injected into a resistor 30 inserted 
in series with the collector 24 of the tube 10 by means 
of a square waveform generator 32 so as to cause these 
negative pulses to appear at the collector 24. The gen 
erator 32 may also comprise a conventional arrangement, 
as indicated for generator 31, and for the same reason has 
only been shown in block form. The pulses e1 and e2 
are of equal duration, are applied during the frame fly 
back periods of the scanning beam from the gun 20, and 
do not exceed those periods in duration. 

During the pulsing periods, the storage surface 14 is 
charged negatively relatively to the normal potential to 
which the collector reverts on the cessation of the pulses 
e2, this charging apparently being brought about as fol 
lows. During each pulsing period, the retarding field at 
the storage surface due to the negative voltage pulse on 
the collector 24 prevents the collection of the secondary 
electrons emitted from the storage surface 4 by the inci 
dent pulse of electrons and causes the secondary elec 
trons to return to the storage surface, thus causing the 
latter to become progressively more negatively charged 
and continue charging either until equilibrium is estab 
lished with the collector pulse potential, or until the ces 
sation of the pulse, if the amplitude of the collector pulse 
potential should be too high for such equilibrium to be 
established within the pulse period. When the pulse 
ceases, the collector reverts to its normal potential and 
is, therefore, positive relatively to the negatively charged 
storage surface, thus achieving the required potential 
difference for obtaining improved secondary electron col 
lection. Consequently, during the interval until the next 
pulse period, the tube 10 operates under the improved 
conditions required. During the next pulse period the 
charging process is repeated, and thus by successive repe 
tition of the charging process, the improved operational 
conditions are maintained. 

If the storage surface 14 is scanned in the absence of 
an image charge pattern thereon, the storage surface is 
discharged from its negatively shifted potential due to the 
pulse charging process, to its normal positive equilibrium 
potential (normal potential of the collector 24) by the 
action of the scanning beam, thus giving rise to a rela 
tively high secondary emission current to the collector 
24, which is of constant amplitude over the whole stor 
age surface. If, however, a charge pattern is formed on 
the storage surface responsive to a light image on the 
photo-cathode 2, the surface is discharged from its nega 
tively shifted potential due to the pulse charging process, 
to a greater or lesser extent from point to point over the 
storage surface according to the brightness values of the 
corresponding points of the light image, so as to form 
the charge pattern. Consequently, when the storage 
surface is scanned by the scanning beam from the gun 20, 
the action of the latter completes the process of discharg 
ing the storage surface to its normal positive equilibrium 
potential (normal collector potential), so that a video 
signal is generated at the signal plate 15 in accordance 
with the charge pattern formed on the storage surface 
14, which signal is of higher amplitude but of similar 
polarity to that obtained by operating the tube in the 
normal manner, i. e., without the pulse charging process. 

in contrast to the normal mode of operation, when 
the tube is operated with the pulse charging process ac 
cording to this invention, a greater proportion of the 
secondary electrons released from the storage surface 
4 by the primary photo-electrons and the scanning beam 

is collected by the collector 24, thus giving rise to an 
increased signal output, and only a smaller proportion 
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6 
of the secondary electrons is returned to the storage sur 
face, with a resultant reduction of the above-mentioned 
disadvantages effects due to redistribution electrons, and 
especially a reduction in the amplitude of spurious sig 
nals and a reduction or avoidance of the "flare' effect. 
The increase in efficiency of secondary electron collec 
tion by the collector also improves the storage efficiency 
of the storage surface by a similar ratio. 
An additional and important advantage of the inven 

tion is that the output video signal obtained during scan 
ring is unidirectional in character, i. e., it contains D. C. 
components. This arises from the fact that the pulse 
charging process biasses the storage surface negatively 
during the frame flyback period but, as earlier mentioned, 
the mean target current must equal zero over the frame 
period. The principle of operation may, therefore, be 
described as ensuring the unidirectional nature of the 
signal nature of the signal current during a scanning 
(video transmission) interval by balancing it with a 
countergoing biassing pulse on the storage surface dur 
ing a flyback (non-transmission) interval. Thus, the 
output signal contains information regarding the mean 
value of light level of the picture being transmitted. 
Consequently, the restoration of D. C. level is facilitated. 
These D. C. components may be retained during the 
passage through a resistance-capacity coupled amplifier 
by the use of a D. C. restorer referring to the line fly 
back periods. The unidirectional output and the reduc 
tion of “ilare' are important advantages obtainable even 
if the storage surface is negatively biassed by the pulse 
charging to a lesser degree than maximum efficiency, for 
instance, only to such a degree that no substantial in 
crease in sensitivity is obtained. 
To obtain the most efficient operating conditions, it 

is necessary to establish the optimum required relation 
ship between the pulse charging amplitude, the scanning 
beam current, the storage capacity, and the operating 
light range. Although from the viewpoint of obtaining 
the inaximum advantage of saturated secondary emission 
from the storage surface, it would be desirable to make 
the amplitude of the negative pulse charge as high as 
possible, it is preferred not to operate the tube in this 
mainer because limitations are placed upon this charge 
amplitude for other reasons. In particular, it is neces 
sary to keep down the amplitude of the potential charge 
pattern developed across the storage surface in order 
to avoid the incidence of Secondary effects, such as loss 
of definition due to chromatic aberration and the de 
fiection of the emitted secondary electrons by transverse 
fields. Also, if the discharge is taken too far a satura 
tion effect becomes apparent which gives rise to non 
linearity in the video signal circuit. It was found in 
practice that the permissible amplitude of the charge 
pattern was limited to the order of only a few volts. 
The value of the storage capacity depends on the 

value of the charge which it is required to store. For 
operation at low light levels, Smail storage capacities are 
preferable so that they may be charged by small values 
of photo-electron current, and the evaluation of the 
charge pattern may be carried out by scanning with 
low intensity beams, which may be well focussed. On 
the other hand, if high light levels are available it is 
preferable to have relatively large storage capacities 
which can retain a larger charge. Under these conditions 
it is possible to obtain very strong output signals with 
negligible noise content. This feature of low noise work 
ing at high light levels has not been possible hitherto. 
The method of operation according to the invention 

modifies the transfer characteristic of the tube 0 from 
that which is normal for that type of tube under normal 
operating conditions. According to the degree of the 
potential shift imposed on the storage surface, so is the 
initial (low light level) portion of the tube characteristic 
made more straight and the level at which output limita 
tion occurs is extended to higher values. The half-tone 
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values as seen on a normal television receiver are conse 
quently different from those normally obtained, and it 
may therefore be necessary to "de-gamma' the signal. 
The average signal amplitude is considerably Smaller 

than the charge pulse amplitude and since the charge 
pulses contain no useful information, it is desirable that 
they be eliminated at the amplifier, or at least restricted 
in amplitude to the limits imposed by the maximum 
excursion of the signal. For example, Suitable means 
may be provided for simultaneously applying blanking 
pulses to the amplifier 17 as the charging pulses are ap 
plied to the tube 8 so as to suppress the charge pulses 
in the amplifier and avoid overloading and transient 
effects. These blanking pulses may be derived from any 
suitable waveform generator, schematically illustrated at 
35. The operating potentials for the cathode ray tube 
25 may also be derived from existing Sources. In addi 
tion, a pulse generator for producing the pulses e1 and e2 
may derive its master pulses from the existing frame 
flyback pulses. Thus, it will be apparent that for carry 
ing out the invention with the use of a normal con 
struction of video storage tube it of the image icono 
scope type, the additional equipment required is very 
simple. 
With the use of a cathode ray tube 25 as the pulsing 

light source, the controlling pulses e1 may be modified 
to have a sloping trailing end for compensating for the 
decay time of the afterglow of the fluorescent Screen 29. 

During the transmission of continuously illuminated 
scenes, the processes of charging the storage Surface i4 
by photo-electrons released from the photo-cathode 2 
and discharging the storage surface by the Scanning bean 
occur simultaneously and their effects are Superimposed. 
If the discharge of the storage surface is completed by a 
single scanning, then the video signal amplitude at the 
commencement of the scan may be lower than that ob 
tained during a later part of the Scan, due to the fact that 
the photo-electrons have had less time to form the charge 
pattern on the storage Surface. This effect would be 
progressive across the storage surface and would give rise 
to a video signal amplitude modulation in the frame di 
rection. This modulation may be compensated in the 
signal amplifier by means of a correspondingly modulated 
and balanced amplifier stage, such as a hexode modulated 
with a waveform of frame frequency. However, methods 
will now be described for reducing Stich video signal 
modulation in the tube itself, whereby a reduction of 
such modulation in the output signal taken off from the 
signal plate 5 is obtained. For this purpose, the Inethods 
to be described have for their object to obtain a useful 
amplitude of video signal at the commencement of each 
SC 

In one method, the intensity of the scanning beam is 
adjusted to such relatively low value that the storage Sur 
face does not reach the positive equilibrium potential 
(normal collector potential) during a single Scan, but is 
only partially discharged, so that the charge pattern is not 
completely erased but the contours of a residual charge 
pattern remain on the storage surface at the end of each 
scan, from which to develop a useful amplitude of charge 
by the time the next scan commences. It has been found 
that this adjustment of the scanning beam is not critical 
and that the required value can easily be seen by viewing 
the resulting picture. Since, with the normal method of 
operating of an image iconoscope type of tube (i. e. with 
out application of the pulse charging process) the charge 
pattern on the storage surface is also not connpletely 
erased by a single scan, the retention of a residual charge 
pattern, as now proposed, will not give rise to any de 
terioration in the definition of fast moving televised ob 
jects. 

Now, if the pulse charging of the storage surface dur 
ing the frame flyback period between successive Scans 
were to be applied for the duration of that period and 
were to be of such amplitude as completely to erase the 
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8 
residual charge pattern retained from the previous Scan, 
the advantage of limiting the discharging process of the 
scanning beam in order to provide that residual charge 
pattern would be lost. Therefore, in addition to limiting 
the discharging process of the scanning beam in this way, 
the pulse charging process is also limited So as to avoid 
elimination of the residual charge pattern retained from 
the scanning process and to ensure continuation of the 
charge pattern development after scanning has taken place. 
This is achieved, in the method under consideration, by 
limiting the amplitude of the negative pulse charge, which 
may be applied for the duration of the frame flyback 
period, by pulse charging the storage surface indirectly. 
This may be performed by applying the pulse irradiation 
only to an area or areas of the storage Surface adjacent 
to but not overlying the picture area (i. e., the scanned 
area) of the storage surface, thus avoiding direct irradia 
tien of the scanned area. The irradiated area or areas 
may conveniently form a frame surrounding the Scanning 
area, the storage surface being suitably enlarged for this 
purpose. Experiments have shown that this produces the 
desired negative charging of the scanned area of the stor 
age surface, probably by a second order effect of indirect 
charging by redistribution over the scanned area of the 
slow moving electrons released from the adjacent irradi 
ated area or areas. Experiments have also indicated that 
with this method of indirect charging, the contour of the 
charge pattern on the scanned area of the Storage Surface 
is sufficiently retained after the pulse charge has taken 
place. 

For carrying out this indirect charging process, the 
embodiment of Fig. 1 may be modified in the manner de 
picted in Fig. 2, in which parts corresponding to those in 
Fig. 1 are denoted by similar reference numerals with the 
suffix 'a.” In the tube 10a in Fig. 2 the photo-cathode 
E2a, corresponding to the photo-cathode 2 in Fig. 1, is 
masked so that the pulsing light is allowed to flood only 
an area of the photo-cathode surrounding the area on to 
which the picture to be transmitted is imaged by the lens 
system i3a. For this purpose, the tube Ga is fitted with 
an opaque funnel 40 which is inserted between the lens 
system 8a and the photo-cathode 52a and is of Such 
shape that it frames the picture area of the photo-cathode 
and masks that area from illumination by the pulsed light 
source. The latter is shown as a plurality of cathode ray 
tubes 25a, each similar to the tube 25 in Fig. 1, which are 
arranged around the funnel 40 so as to illuminate only 
the framing area of the photo-cathode 2a lying outside 
and surrounding the picture area framed by the funnel 
4. The light output of the tubes 25a is controlled, sim 
ilarly as is the case in the embodiment of Fig. I, by the 
pulses e1 applied to their control electrodes 27 a from 
generator 35a, and the photo-electrons released from the 
outer framing area of the photo-cathode 2a in response 
to the pulse illumination thereof by the tribes 25a are 
focussed by the image focussing coil 9a of the tube on 
to a corresponding outer frame area of the storage surface 
féa which surrounds the scanned area thereof on to which 
are imaged by the coil 9a the photo-electrons released 
from the picture area of the photo-cathode i2a in re 
sponse to the light image. At the right hand of Fig. 2 is 
depicted a face view of the storage surface i4a on which 
the scanned area thereof is indicated by A, and the outer 
framing area from which the secondary electrons for in 
directly charging the scanned area A are released under 
the influence of the light pulses on the oriter area of the 
photo-cathode E2a is indicated by B, it being understood, 
of course, that there may not ordinarily be any visible 
demarcation between the two areas A and B, such as is 
indicated purely for the purpose of illustration. 

By means of the described method of indirect charging, 
a useful amplitude of video signal may be obtained at 
the commencement of each scan and thereby the modu 
lation of the video signal amplitude in the frame direc 
tion reduced. Any such modulation still remaining may 
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be compensated in the aimplifier in the miariner already 
mentioned. 

In another method, the duration of the pulse charging 
process is limited to only a portion of the frame flyback 
period and is made as short as possible, being timed to 
occur at the beginning of the frame flyback period. 
Thus, the latter is sub-divided into two intervals, during 
the first of which the pulse charge is applied to obtain 
the desired negative shift of the storage surface potential, 
this first interval being immediately followed by the sec 
ond interval which extends to the remainder of the frame 
flyback period and during which the storage surface is 
allowed to build up a video charge pattern before scan 
ning commences. During this second interval, referring 
to Fig. 1, the charge storage process may be accelerated 
by applying a positive voltage pulse to the collector 24, 
the potential of which is restored to its normal value 
before scanning commences. Thus, the cycle of poten 
tials on the collector 24 would be as follows. The col 
lector would be pulsed negatively with the pulses e2 from 
generator 32a during the pulse charging interval, then 
pulsed positively during the charge storage interval, and 
then restored to normal potential for the scanning process. 
Whilst with this method the charge pulse development 
on the storage surface may still continue during the scan 
ning period, the storage process is mainly concentrated 
to the second interval of the frame flyback period, so that 
a useful amplitude of video signalis obtained at the con 
mencement of each scan and modulation of the video 
signal amplitude in the frame direction is thereby re 
duced. Any such modulation still remaining may be 
compensated in the amplifier in the manner already de- - 
scribed. - 

The methods above described for obtaining a useful 
amplitude of video signal at the commencement of each 
scan may be utilized individually or in combination. 

In the case of a tube of the iconoscope type, the inven 
tion may be applied in a similar manner to that above 
described in the case of a tube of the image iconoscope 
type, except that the light pulses irradiate the photosen 
sitive mosaic target of the iconoscope instead of the photo 
cathode as in the case of the image iconoscope. 
A further feature of the invention is that secondary 

electron militipliers may be incorporated within the tube 
to obtain an increased output, since with the improved 
method of operation according to the invention, such 
multipliers operate with greater efficiency than they would 
do if incorporated in high velocity scanned storage tubes 
operated by the normal method, owing to the higher 
velocity of the electrons leaving the storage surface. 
Another embodiment of the invention, which incorpo rates secondary electron multiplication, is depicted in 

Fig. 3. This embodiment incorporates a video storage 
tube 16b which is constructed similarly to a normal image 
iconoscope type of tube, but with modifications as will 
hereinafter appear. Accordingly, insofar as the tube 10b 
conforms to a normal type of image iconoscope construc 
tion, the parts of the tube 10b corresponding to those of 
the image iconoscope 18 in Fig.1 are denoted by similar 
reference numerals with the suffix "b." The differences 
from a normal type of image iconoscope tube, such as that 
in Fig. 1, are that in front of the storage surface 14b 
of the target 13b and closely spaced therefrom is a fine 
mesh wire gauze screen 50, and in place of the collector 
24 in Fig. 1, there is provided a secondary-emitting col 
lector ring 51, the inner surface of which is preferably 
activated to have a high secondary electron emissivity. 
In this tube, the video signal is taken off from the output 
electrode 52, after electron multiplication, instead of 
from the signal plate 15b of the target 13b. In front of 
the inner surface of the collector 51 is provided a mesh 
or the like openwork electrode 52 which constitutes the 
output electrode of the tube and is connected externally 
of the tube to a load resistor f6b feeding into the signal amplifier 17b. 
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In operation, the screen 50 is connected to ground po 

tential and the signal plate 5b is normally at the same 
potential as the screen, i. e., at ground potential. The 
collector 5i is maintained at a positive potential and the 
output electrode 52 is maintained at a positive potential 
higher than that of the collector 51. The photo-cathode 
2b is maintained at a negative potential to ground. Simi 

larly as described in connection with Fig. 1, during the 
frame flyback periods of the scanning beam from the 
gun 22b, the photo-cathode 12b is illuminated with pulses 
of tiffuse light from the cathode ray tube 25b, the light 
output from which is controlled by the voltage pulses 
e1 applied to its control electrode 27b from a generator 
3ib, so as to irradiate the storage surface i4b with pulses 
of diffuse electrons released from the photo-cathode 2b 
under the influence of the light pulses. Simultaneously 
with the application of the pulses e1 to the light source 
25b, suitable positive voltage pulses e3 from generator 
32b are applied to the signal plate 5b so as to raise 
its potential for the duration of these pulses to a value 
approximating to the potential of the collector 51. This, 
it will be noted, is in contrast to the application of nega 
tive voitage pulses e2 to the collector 24 in the embodi 
ment of Fig. 1. 

Diaring each pulsing period, the pulses of electrons 
bombarding the storage surface 14b release secondary 
electrons therefroin. Owing to the attracting field due 
to the positive puising of the signal plate i3b as de 
scribed, and owing to the screen 59 now being at a lower 
potential than the signal plate, the secondary electrons 
released from the storage surface 14b are not attracted 
towards the collector 52 but are returned to the storage 
surface and redistributed thereover, charging it negatively. 
At the end of the pulsing period, the signal plate 15b 

is restored to its normal ground potential so that it is now 
negative with respect to the potential of the collector 51. 
Therefore, secondary electrons released from the nega 
tively charged storage surface i4b by incident photo-elec 
trons arriving from the photo-cathode i2b in response 
to the light image are collected partly by the screen 56 
and partly by the collector 5i, while the video charge 
pattern is developed on the storage surface. When the 
storage surface is discharged to normal equilibrium po 
tential by the scanning beam from the gun 2b, the sec 
ondary electrons emitted from the storage surface as a 
resuit of the beam bombardment, are also collected partly 
by the screen 53 and partly by the collector 52. In each 
case, the secondary electrons emitted with sufficient veioc 
ity to pass through the interstices of the screen 50 are 
accelerated to the collector 5 and bombard it to release 
secondary electrons from its secondary emitting surface, 
these electrons being drawn off to the output electrode 
52 and providing the output signal. 
By arranging the screen 50 close to the storage surface 

14b, the tube characteristic is given a high slope and 
consequently greater sensitivity, Less pulsing voltage is 
required arid, due to the electrostatic screening action of 
the screen 5), less interference is produced in the output 
circuit by the effects of the light and voltage pulses. The 
tube also provides an efficient current multiplication by 
reason of the secondary emission possibie, thereby pro 
viding an output signal of improved signal/noise ratio. 
Of course, although for the purpose of illustration, oily 

one stage of electron multiplication at the collector 5: 
has been shown, it will be apparent that any other suitable 
electron multiplier arrangement, which iay incorporate 
several stages of multiplication if desired, may be asso 
ciated with the collector for increasing the output of 
the tube. it is not essential that the screen, and normally 
the signal plate, should be at ground potential, since 
they may be appropriately biassed to any other suitable 
potential value while still operating in the manner de 
scribed. 

It will also be apparent that the methods earlier de 
i5 scribed herein for compensating for video signal ampli 
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tude modulation in the frame direction, and in particu 
lar the method of indirect charging of the storage surface 
and the method of limiting the duration of the pulse 
charging process, in order to obtain a useful amplitude of 
charge storage pattern on the storage surface at the com 
mencement of each scan, may equally be applied to 
the embodiment of Fig. 3. 

It will also be apparent that the modifications above 
indicated to a tube of the image iconoscope type, as de 
scribed in connection with Fig. 3, may be applied in a 
similar manner to a tube of the iconoscope type, by irradi 
ating the photosensitive surface of the mosaic target of the 
iconoscope with pulses of electrons from any convenient 
SOCC. 

Although a cathode ray tube is depicted as the inter 
mittent light source, and is preferred for this purpose 
as it may be easily controlled by voltage pulses applied 
to its control electrode, it will be apparent that other de 
vices, such as a gas discharge tube or a light source ob 
turated by rotating or vibrating shutters may be utilized 
to obtain the intermittent light pulses. Moreover, al 
though with a video storage tube of the image iconoscope 
or iconoscope types the irradiating pulses may be con 
veniently generated by utilizing the existing photo-cathode 
or photo-sensitive mosaic, as the case may be, of the 
tube in conjunction with an intermittent light source, it 
will be apparent that as a further alternative an additional 
electron gun may be included in the tube from which 
irradiating electron pulses may be derived directly. 

In the drawings, the photo-cathode 12, 2a or 12b in 
Figures 1, 2 and 3 respectively, which is pulsed with light, 
constitutes a large area source of electrons for biassing 
the charge storage surface. 
We claim: 
1. Television apparatus comprising a video storage 

tube having a charge-storage surface associated with a 
signal-plate electrode and adapted to form a charge pat 
tern in response to an image incident upon said storage 
Surface, means for scanning said surface with a high 
velocity electron beam to discharge said surface to an 
equilibrium potential, a collector electrode for collect 
ing electrons emitted from the said storage surface under 
the action of the scanning beam and of the incident image, 
a large-area source of electrons within the tube, an elec 
tron optical focussing device on said tube for forming an 
image of said large-area source on said charge-storage 
surface to cause the latter to emit electrons, means asso 
ciated with said large-area source and operable during 
each frame flyback period of the scanning beam for 
pulsing said source, means to cause electron emission 
therefrom at a high velocity so that, as a result, secondary 
electrons are emitted from the charge-storage surface, the 
number of secondary electrons emitted exceeding the 
number of impinging primary electrons from said source, 
and a source of field-forming potential connected to one 
of said electrodes and operable simultaneously with said 
Source-pulsing means for applying a field in the neigh 
bourhood of said storage surface to cause the emitted sec 
ondary electrons to return to that surface, whereby to 
charge said storage surface negatively during the flyback 
period and thereby shift its potential negatively from said 
equilibrium valve attained by the discharging action of 
the scanning beam. 

2. Television apparatus comprising a video storage 
tube having a charge-storage surface associated with a 
signal-plate electrode and adapted to form a charge pat 
tern in response to an image incident upon said storage 
surface, means for scanning said surface with a high 
velocity electron beam to discharge said surface to an 
equilibrium potential, a collector electrode for collecting 
electrons emitted from said storage surface under the 
action of the scanning beam and of the incident image, 
a large-area source of electrons within the tube, an elec 
tron-optical focussing device on said tube for forming 
an image of said large-area source on said charge-storage 
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surface to cause the latter to emit electrons, means asso 
ciated with said large-area source and operable during 
each frame flyback period of the scanning beam for 
pulsing said source, means to cause electron emission 
therefrom at a high velocity so that, as a result, second 
ary electrons are emitted from the charge-storage sur 
face, the number of secondary electrons emitted exceed 
ing the number of impinging primary electrons from said 
source, and pulsing means associated with said collector 
electrode for simultaneously applying to it negative volt 
age pulses to cause the emitted secondary electrons to 
return to said storage surface, whereby to charge said 
storage surface negatively during the flyback period and 
thereby shift its potential negatively from said equilibrium 
value attained by the discharging action of the scanning 
beam. 

3. Television apparatus as claimed in claim 2, in which 
the video storage tube is of the image iconoscope type 
having a photo-cathode and in which said photo-cathode 
also comprises said large-area source of electrons within 
the tube, and comprising further a cathode-ray tube ex 
ternal of said video storage tube, said cathode ray tube 
having a beam-control electrode, pulsing means connected 
to said control electrode for controlling the light output 
of said cathode-ray tube, said light output being directed 
towards the said photo-cathode of said video storage 
tube. 

4. Television apparatus comprising a video storage 
tube having a charge-storage surface associated with a 
signal-plate electrode and adapted to form a charge 
pattern in response to an image incident upon said stor 
age surface, means for scanning said surface with a high 
velocity electron beam to discharge said surface to an 
equilibrium potential, a collector electrode for collecting 
electrons emitted from the said storage surface under 
the action of the scanning beam and of the incident image, 
a large-area source of electrons within the tube, an elec 
tron optical focussing device on said tube for forming 
an image of said large-area source on said charge-storage 
surface to cause the latter to emit electrons, means asso 
ciated with said large-area source and operable during 
each frame flyback period of the scanning beam for 
pulsing said source, means to cause electron emission 
therefrom at a high velocity so that, as a result, secondary 
electrons are emitted from the charge-storage surface, 
the number of secondary electrons emitted exceeding the 
number of impinging primary electrons from Said source, 
and a source of field-forming potential connected to one 
of said electrodes and operable simultaneously with said 
source-pulsing means for applying a field in the neigh 
bourhood of said storage surface to cause the emitted 
secondary electrons to return to that surface, whereby 
to charge said storage surface negatively during the fly 
back period and thereby shift its potential negatively 
from said equilibrium value attained by the discharging 
action of the scanning beam, said means for negative 
pulse charging of said storage surface being operable 
for a portion only of each frame flyback period commenc 
ing at the beginning thereof, whereby the remainder of 
the flyback period allows charge-pattern development on 
the said storage surface. 

5. Apparatus as claimed in claim 4, comprising fur 
ther, means for applying a positive pulse to said collector 
electrode during said remainder of the flyback period for 
accelerating the charge-pattern development. 

6. Television apparatus comprising a video storage 
tube having a charge-storage surface associated with a 
signal-plate electrode and adapted to form a charge pat 
tern in response to an image incident upon said storage 
surface, means for scanning said surface with a high 
velocity electron beam to discharge said surface to an 
equilibrium potential, a collector electrode for collecting 
electrons emitted from the said storage surface under the 
action of the scanning beam and of the incident image, 
a large-area source of electrons within the tube, an elec 
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tron optical focussing device on said tube for forming an 
image of said large area source on said charge-storage 
surface to cause the latter to emit electrons, means asso 
ciated with said large-area source and operable during 
each frame flyback period of the scanning beam for puls 
ing said source, means to cause electron emission there 
from at a high velocity so that, as a result, secondary 
electrons are emitted from the charge-storage surface, 
the number of secondary electrons emitted exceeding the 
number of impinging primary electrons from said source, 
a source of field-forming potential connected to one of 
said electrodes and operable simultaneously with said 
Source-pulsing means for applying a field in the neigh 
bourhood of said storage surface to cause the emitted 
secondary electrons to return to that surface, whereby to 
charge said storage surface negatively during the flyback 
period and thereby shift its potential negatively from said 
equilibrium value attained by the discharging action of 
the scanning beam, and means for applying blanking 
pulses to a signal amplifier connected to the output of 
the tube simultaneously with the application of the charg 
ing pulses to said tube. 

0 

5 

20 

7. Television apparatus comprising a video storage tube 
having a charge-storage surface associated with a sig 
nal-plate electrode and adapted to form a charge pattern 
in response to an image incident upon said storage sur 
face, means for scanning said surface with a high-velocity 
electron beam to discharge said surface to an equilibrium 
potential, a collector electrode for collecting electrons 
emitted from the said storage surface under the action 
of the scanning beam and of the incident image, a large 
area source of electrons within the tube, an electron opti 
cal focussing device on said tube for forming an image of 
said large-area source on said charge-storage surface to 
cause the latter to emit electrons, means associated with 
said large-area source and operable during each frame 
flyback period of the scanning beam for pulsing said 
source, means to cause electron emission therefrom at 
a high velocity so that, as a result, secondary electrons 
are emitted from the charge-storage surface, the number 
of secondary electrons emitted exceeding the number of 
impinging primary electrons from said source, a source 
of field-forming potential connected to one of said elec 
trodes and operable simultaneously with said source 
pulsing means for applying a field in the neighbourhood 
of said storage surface to cause the emitted secondary 
electrons to return to that surface, whereby to charge 
said storage surface negatively during the flyback period 
and thereby shift its potential negatively from said equi 
librium value attained by the discharging action of the 
scanning beam, a signal amplifier connected to the out 
put of said tube, said signal amplifier including an am 
plifying stage, and means for modulating said annplify 
ing stage to compensate for video-signal-amplitude modu 
lation in the frame direction in the output signal from 
said tube. 

8. Television apparatus comprising a video storage 
tube having a charge-storage surface associated with a 
signal-plate electrode and adapted to form a charge pat 
tern in response to an image incident upon said storage 
surface, means for scanning said surface with a high 
velocity electron beam to discharge said surface to an 
equilibrium potential, a collector electrode for collecting 
electrons emitted from said storage surface under the ac 
tion of the scanning beam and of the incident image, a 
large-area source of electrons within the tube, an elec 
tron-optical focussing device on said tube for forming ari 
image of said large-area source on said charge-storage 
surface to cause the latter to emit electrons, means asso 
ciated with said large-area source and operable during 
each frame flyback period of the scanning beam for 
pulsing said source, means to cause electron emission 
therefrom at a high velocity so that, as a result, second 
ary electrons are emitted from the charge-storage Sur 
face, the number of secondary electrons emitted exceed 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70. 

14 
source, pulsing means associated with said collector elec 
trode for simultaneously applying to it negative voltage 
pulses to cause the emitted secondary electrons to re 
turn to said storage surface, whereby to charge said 
storage surface negatively during the flyback period and 
thereby shift its potential negatively from said equi 
librium value attained by the discharging action of the 
scanning beam, and cut-off means associated with said 
video tube so that only an area of said charge-storage Sur 
face adjacent to but not overlying the area thereof which 
is scanned by the scanning beam is irradiated by the elec 
tron pulses, whereby to avoid direct irradiation of the 
scanned area and to effect the negative charging of the 
scanned area indirectly by electron emission from said 
irradiated area. 

9. Television apparatus comprising a video storage 
tube having a charge-storage surface associated with a 
signal-plate electrode and adapted to form a charge pat 
tern in response to an image incident upon said charge 
storage surface, means for scanning said surface with a 
high-velocity electron beam to discharge Said Surface to 
an equilibrium potential, a collector electrode for collect 
ing electrons emitted from the storage Surface under the 
action of the scanning beam and of the incident image, 
a large-area source of electrons within the tube, an elec 
tron optical focussing device on said tube for forming an 
image of said large-area source on said charge-storage 
surface to cause it to emit electrons, means associated 
with said large-area source and operable during each 
frame flyback period of the scanning beam for pulsing 
said large-area source to cause electron emission there 
from at a high velocity so that, as a result, Secondary 
electrons are emitted from the charge-storage surface, the 
number of secondary electrons emitted exceeding the 
number of impinging primary electrons from said source, 
a fine-mesh screen closely spaced in front of Said charge 
storage surface, and pulsing means connected to said 
signal-plate electrode for applying a positive voltage pulse 
during each flyback period to the signal plate to cause 
the return of emitted secondary electrons to the charge 
storage surface, said screen and signal plate being ar 
ranged to operate at other times at the same potential, 
the collector electrode being arranged for collecting elec 
trons emitted from the storage surface which pass through 
said screen, and said collector electrode being secondary 
emissive and forming part of an electron multiplier, the 
output of which constitutes the output of the tube. 

10. Television apparatus comprising a video-storage 
tube having an image photo-cathode and a charge-storage 
surface associated with a signal plate electrode and adapt 
ed to form a charge pattern in response to a light image 
incident upon said photo-cathode, means for Scanning 
said storage surface with a high-velocity electron beam to 
discharge said storage surface to an equilibrium potential, 
a collector electrode for collecting electrons emitted froin 
said storage surface under the action of the scanning bean 
and of the incident image, an electron-optical focusing 
device on said tube for forming an image of said photo 
cathode on said charge-storage Silrface to cause the latter 
to emit electrons, means for masking a picture area of 
said photo-cathode on to which said light image is pro 
jected from an area of said photo-cathode area surround 
ing said picture area, said electron-optical focusing device 
being operable to focus photo electrons released froin 
the picture area of the photo-cathode on to the Scained 
area of said charge-storage Surface and to focus photo 
electrons released from said surrounding area of said 
photo-cathode on to a corresponding area of said charge 
storage surface which surrounds the scanned area thereof, 
means for illuminating only said surrounding area of the 
photo-cathode with periodical light impulses during each 
frame flyback of the scanning beam for pulsing said sur 
rounding area, means to cause electron emission from 
said surrounding area at a high velocity so that, as a 
result, secondary electrons are emitted from the said cor 
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ber of secondary electrons emitted exceeding the number 
of impinging primary electrons from said surrounding 
area of the photo-cathode, and pulsing means associated 
with said collector electrode for simultaneously applying 
to it negative pulses to cause the emitted secondary elec 
trons to return to said storage surface, whereby to charge 
said storage surface negatively during the flyback period 
and thereby shift its potential negatively from said equi 
librium value attained by the discharging action of the 
scanning beam. 
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