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This invention relates to signal-reproducing 
units for television receiving systems and par 
ticularly to such systems including a cathode~ray 
image-reproducing tube having a control grid 
upon one surface of which charge images are 
formed by a signal-modulated scanning ray in 
order to modulate another electron stream of 
substantially uniform density and of a cross 
section comparable to the area of the grid, the 
latter electron stream being incident on the 
other surface of the grid and being utilized to 
produce a visible image. 
The cathode-ray tubes conventionally utilized 

in television receivers are basically the same as 
the early Braun tube. The development of elec— 
tron optics, resulting in e?icient electron lens de 
signs, and the development of thermionic emit 
ters have brought the design of the present-day 
cathode-ray tube almost to its theoretical limit 
of advancement. However, one of the problems 
to which a completely satisfactory solution has 
not yet been found is that of obtaining a large 
image of adequate brightness. The apparent 
brightness of an image to the eye is independent 
of the image size or its proximity to the viewer, 
in accordance with well-known optical princi 
ples. This means that, as the image size is in 
creased, the amount of light in the total image 
must be increased in proportion to its area, 
since the brightness must be kept the same for 
satisfactory reproduction regardless of size. In 
other Words, the power which must be provided 
by the electron beam bombarding the ?uorescent 
screen must be increased in proportion to the 
picture area. 

In the cathode-ray tubes of the Braun type 
conventionally utilized, the total power delivered 
to the fluorescent screen by the electron beam 
must be both modulated and scanned. As the 
picture size is increased, the required increase 
in electron beam power is obtained by increas 
ing the beam voltage and a theoretical limit of 
beam current exists at each voltage. This 
means that, as the picture size is increased, the 
anode Voltage of the tube must be increased, 
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system. Thus, while the conventional system 
having a picture tube which operates on the 
principle of the Braun tube may be considered 
as a satisfactory solution of the problem of pro 
ducing a small television image,’ as the picture 
size is increased, the cost and complexity of the 
tube and associated equipment mounts very 

' rapidly. 
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the video-frequency voltage required to modu- ‘ 
late the beam must be increased, and the scan 
ning voltage or current must be increased. For 
these reasons, an increase in picture size is at~ 
tained only at a relatively large increase in cost 
and complication of the receiving equipment. 
These considerations apply with even. greater 
force to projection-type picture tubes than to 
direct-viewing tubes, since, with the former, 
there is a considerable loss of light in the optical 
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It is possible to produce a television image on 
a ?uorescent screen by means of an electron 
beam which is not directly subjected to modula 
tion and scanning. This can be done by means 
of a tube containing a. type of electrode here 
inafter called an image grid. The image grid 
can be regarded as a special kind of vacuum-tube 
ampli?er grid. The image grid may take the 
form of a ?nely-perforated ?at sheet or wire 
mesh which can receive and maintain on one 
surface thereof an electrical charge distribution 
representing a television image. This charge 
distribution is hereinafter called a charge image. 
The other surface of the image grid may be of 
conductive material and be utilized as an anode 
upon which is incident‘a ?ooding‘electron stream 
of substantially uniform density and of a cross 
section comparable to the area of the grid. 
Electrons of the ?ooding stream, therefore, pass 
through the grid apertures but the density of 
the elemental electron stream passing through 
each small aperture of the grid is controlled by 
the electrical charge density of the charge image 
on the adjacent emergent surface. In this way, 
the electron stream leaving the grid surface is 
formed into an electron image analogous, for ex 
ample, to that formed at a photocathode surface 
when an opticalimage is focused upon it. This 
electron image can be focused by means of elec 
trostatic or electromagnetic lenses, or by a com 
bination of these lenses, upon a ?uorescent 
screen to produce a visible image. The charge 
image may be produced by scanning the image 
grid surface, which is usually of dielectric ma 
terial, with a video-modulated electron beam. 
The term “dielectric" as used herein is under 
stood to include any surface of charge-retaining 
material including a mosaic on a dielectric back 
mg. 

The use of an image grid of the type described 
introduces another degree of freedom in the de 
sign of image—reproducing,tubes and frees the 
tube from many of the limitations inherent in 
conventional tubes utilizing the Braun tube prin— 
ciple. Among the more important advantages 
which the image-grid tube has over conventional 
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tubes utilizing the Braun tube principle are the ' 
following: 

( 1) The electron beam exciting the fluorescent 
screen need not be modulated or scanned. Only 
the relatively small part of the total power input 
to the tube which is used in the beam which 
builds up the charge image needs to be modu 
lated and scanned. ' This means that the power 
required in the scanning circuits can be greatly 
decreased over that needed for operating con 

' ventional image-reproducing tubes of the same 
power output. , 

(2) The regulation of the voltage supply to the 
picture-producing electron beam is not nearly as 
critical as the regulation required for conven 
tional picture tubes since, in the image-grid 
picture tube, this beam current varies only with 
the average picture brightness whereas, in the 
conventional image-reproducing tubes, the beam 
current varies over the full-modulation range 
when the beam passes from a dark picture ele 
ment to a bright picture element. This lower 
voltage regulation requirement decreases the 
cost of the high-voltage power-supply unit. 

(3) Direct current reinsertion, that is, control 
of the average picture brightness, can be ef 
fected by controlling the current in the picture 
producing beam by means of a control grid of its 
electron gun. 

(4) In the image-grid lmagemreproducing tube, 
a large number of elementary picture areas of 
the ?uorescent screen are simultaneously ex 
cited. Therefore, although the average current 
to the fluorescent screen is the same for an 
image-grid tube as that for a conventional 
image-reproducing tube, the instantaneous cur 
rent density is much less for the former. Since _ 
the space-charge effects which limit the theo 
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grid over the whole surface simultaneously and 
continuously, either directly from the emitted 
photoelectrons or indirectly by electron-focusing 
of the electron image produced at the photo 
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reticai maximum beam current density depend‘ 
upon the instantaneous beam current density, 
the image-grid tube operation is not limited as 
severely by space-charge effects as is the con 
ventional --image-reproducing tube. 

(5)A much greater average-to-peak illumina 
tion is possible without burning the ?uorescent 
screen. . ., 

(6) It is possible to operatelthe image-grid 
tube in such a way that thecomplete television 
image appearing on the fluorescent screen is at 
all times modulated point-by-point to change 
the brightness at such point from the value cor 
responding to one picture to that corresponding 
to the brightness of the next. This means com 
pletely ?icker-less operation, even at low picture 
repetition rates, which is impossible with the 
ordinary type of image-reproducing tube because 
the decay of luminosity of the fluorescent mate 
rial falls off exponentially. 
Image grids have been utilized in signal-gen 

erating tubes of the prior art and tubes utilizing 
the image-grid principle have also been em 
bodied in image-reproducing units. However, 
the modi?cation of the principles involved in 
utilizing image grids in signal-generating tubes 
to those involved in their use in an image-re 
producing tube is di?icult, inasmuch as the re 
quirements and operating characteristics of the 
image-reproducing tube are radically different. 
For example, in a signal-generating tube, it is 
desired to transform an optical image into the 
appropriate electrical signal representing it. 
The method used is to cause the optical image to 
be focused on a photosensitive surface to pro 
duce an electron image. This electron image is 
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cathode onto the image grid. The electrical sig 
nal is then produced by scanning this charge 
image with a sharply-focused electron beam, the 
passage of this beam through the image grid 
being governed by the local values of electrical 
charge of the charge image. 
Furthermore, the image-grid type tubes which 

have previously been utilized for image repro 
duction have incorporated an arrangement by 
which the beam to be modulated and utilized 
for reproducing the picture is incident on the 
same surface of the image grid as that on which 
the charge image is formed. In such arrange 
ments, electrons from the source utilized to effect 
picture reproduction have an undesirable dis 
charging effect upon the charge surface of the 
image grid. This discharging e?ect occurs be 
cause the sharply-focused electron beam produc-: 
ing the image charge, which is a focused, 
scanned, and modulated beam, and the wide uni 
form electron beam, which supplies the current 
going to the ?uorescent screen, are both incident 
simultaneously on the same charge-holding sur 
face. Thee?ect of the wide beam predominates 
since it contains the greater current. This ef 
fect is to bring the whole charge-holding surface 
to a datum potential which may be positive or 
negative relative to the collector electrode 'de 
pending on the secondary-emission characteris 
tic of the charge-holding surface and the velocity 
of the electrons in the wide beam. The sharply 
focused electron beam can produce local changes 

a in the charge on the image grid at the point 
where it is incident at the moment, but this 
change is quickly erased and the potential 
brought to the datum value when the narrow 
beam moves away from a particular point in its 
scanning excursion. With such arrangements, it 
is, therefore, not possible to maintain a persist 
tent charge on the image grid. The luminous 
image appearing on the ?uorescent screen is 
accordingly active over only a few points simul 
taneously, thus limiting the discharge by the 

- space-charge effect in addition to limiting the 
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made to produce the charge image on the image 75 

effective brightness of' this luminous image and 
producing substantially the same ?icker effect as 
the conventional type of image-reproducing tube. 
A further disadvantage of such arrangements is 
that, when the wide electron beam is incident on 
the charge-holding surface, the potential of this 
surface may be unstable since the charge on it is 
nonuniform. 

It is an object of the invention, therefore, to 
provide in a television receiving system a signal— 
reproducing unit including a cathode-ray tube of 
the image-grid type in which one or more of the 
above-mentioned disadvantages of arrangements 
of the prior art are eliminated. 

It is a further object of the invention to pro 
vide in a television receiving system a signal 
reproducing unit of the image-grid type de 
scribed above, in which the image-forming beam 
is incident on the surface of the image grid op 
posite from that upon which the charge image 
is formed and in which the passage of electrons 
of the picture-beam source directly through the 
image grid is prevented. 

It is still another object of the invention to 
provide in a television receiving system a signal 
reproducing unit including a cathode-ray tube 
of the image-grid type in which the unidirec 
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iional component of the reproduced picture is in 
the picture-forming beam. 
In accordance with a preferred embodiment of 

the invention, there is provided in a television 
receivingr system a signal-reproducing unit com 
prising a cathode~ray image-reproducing tube 
including an apertured grid having one surface 
of dielectric material. There is further provided 
means for scanning this dielectric surface with a 
signal-modulated cathode-ray beam to produce 
a charge image thereon. There is also provided 
an electron source including means for directing 
against the other surface of the grid an electron 
?ood stream of cross~sectional area comparable 
to the area of the grid, together with means for 
developing a source of low velocity electrons ad 
jacent the other surface and of a cross—sectional , 
area comparable to the area of the grid, the last 
named means comprising means for forming a 
virtual cathode or means for emitting secondary 
electrons. Means are provided for preventing 
the passage of electrons from the flood stream 
directly through the grid, whereby the density 
of the electron stream passing through the grid 
is space-modulated by the charge image on the 
one surface. Means are also provided for utiliz 

last-mentioned modulated electron 
stream to produce a visible image. 
For a better understanding of the present in 

vention, together with other and further objects 
thereof, reference is had to the following de 
scription taken in connection with the accom 
panying drawings, and its scopewill be pointed 
out in the appended claims. 

Fig. 1 of the drawings is a circuit diagram, 
partly schematic, of a ‘complete television re 
ceiver of the superheterodyne type embodying a 
signal-reproducing 'unit in accordance with the 
invention; Fig. 2 is a fragmentary perspective 
view of the image grid utilized in the signal 
reproducing unit of Fig. 1; Figs. 3, 4, 5, and 6 
are graphs utilized to explain the operating char 
acteristics of the image-grid cathode-ray tube of 
Fig. 1; while Figs. 7, 8, 9, and 10 are fragmentary 
cross—sectional views of different arrangements 
of an image grid for the reproducing tube of the 
type shown in Fig. 1 to prevent the passage of 
electrons from the source of the picture-forming 
beam directly through the image grid. 
Referring now more particularly to the draw 

ings, the system illustrated comprises a. receiver 
of the superheterodyne type including, an an~ 
tenna system H), II connected to a radio-fre— 
quency ampli?er H to which are connected in 
cascade, in the order named, an oscillator 
modulator l3, an intermediate-frequency ampli 
?er I'd, a detector I5, a video-frequency ampli 
?er l6, and an image-producing device l1. A 
line-frequency generator l8 and a ?eld-fre 
quency generator l9 are coupled to an output 
circuit of detector l5 through a synchronizing 
signal separator 20, the line-frequency generator 
l8 and the ?eld-frequency generator I9 being 
coupled to line-scanning winding 2|’ and ?eld 
scanning winding 2|, respectively, associated 
with image-reproducing device I ‘l. The stages 
or units I045, inclusive, and I8, l9, and 20 may 
all be of conventional well-known construction 
so that a detailed illustration and description 
thereof are unnecessary herein. 
Referring brie?y, however, to the operation of 

the system described above, television signals in 
tercepted by antenna circuit III, II are selected 
and ampli?ed in radio-frequency ampli?er l2 
and coupled to the oscillator-modulator iii 
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wherein they are converted into intermediate 
frequency signals which, in turn, are selectively 
ampli?ed in'intermediate-frequency ampli?er I 4 
and delivered to detector I5. The modulation 
components of the signal are derived by the 
detector l5 and the video components thereof 
are supplied to the video-frequency ampli?er l6 
wherein they are ampli?ed and from which they 
are supplied in the usual manner to a brilliancy 
control electrode 22 of the image~reproducing 
device IT. The synchronizing-component output 
of detector I5 is supplied through synchronizing 
signal separator 20 to generators I8 and [9. The 
intensity of the scanning ray of device I1 is thus 
modulated or controlled in accordance with the 
video-frequency voltages impressed upon the 
control electrode 22 in the usual manner” Scan 
ning waves are generated in the line-frequency 
and ?eld-frequency scanning generators l8 and 
[9, which are controlled by synchronizing-volt 
age pulses supplied from detector l5, and are ap 
plied to the scanning elements 2|, 2|’ of the 
image-reproducing device I] to produce electric 
scanning ?elds, thereby to deflect the scanning 
ray in two directions normal to each other so as 
to trace a rectilinear scanning pattern on the 
image grid within tube l1 and thereby recon 
struct the transmitted image as explained in de— 
tail hereinafter. 
Referring now more particularly to the portion 

of the system of Fig. l embodying the signal 
reproducing unit of present invention, there is 
provided in cathode-ray reproducing unit I‘! an 
image grid 25. The image grid 25 of tube ll 
consists of an apertured, a perforated or reticu 
lated flat sheet one surface of which is made up 
of a thin dielectric charge ?lm or plate 26 coated 
on a conductive sheet or backing plate 2‘! to form 
an opposed surface of secondary~electron emis 
sive material, the dielectric surface being capa 
ble of holding a surface distribution of electron 
charge corresponding to a television image which 
is formed thereon by facing it toward the scan 
ning beam modulated by electrode 22. A portion 
of the image-grid structure is shown in more de 
tail in Fig. 2 of the drawings. _ 
There is also provided within tube ll means 

for scanning the dielectric surface with a signal 
modulated cathode-ray beam to produce a charge 
image on the dielectric surface. This last-named 
means includes an electron gun for developing 
the charge image upon grid 25 which comprises 
a cathode 28, control electrode 22, focusing and 
accelerating anodes 29 and 30, and a collector 
electrode 3|. Cathode-ray tube I‘! also comprises 
means for developing a source of low-velocity 
electrons of substantially uniform intensity and 
of a cross-sectional area comparable to the area‘ 
of grid 25. This last-named means includes an 
electron gun for providing a picture-forming 
beam which includes a cathode 32, a control elec 
trode 33, anode 34, and a grid 35, which is effec 
tive with the image grid 25, to develop a virtual 
cathode between the grid 35 and the conductive 
backing plate 21 and closely adjacent the latter. 
The gun for providing the picture-forming beam 
is thus effective to provide a source of low velocity 
electrons in the vicinity of the conductive sur 
face 21 of image-forming grid 25 which is of sub 
stantially uniform density and of a cross-sec 
tional area comparable to the area of the grid, 
whereby the density of the picture-forming elec 
tron stream passing through the grid 25 is space 
modulated by the charge image on the surface 
26 of image grid 25. 
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In order to develop the background-illumina 

tion component of the received signal in the re 
constructed image, there is provided means in 
cluding a reinserter 31 having an input circuit 
coupled to detector l5 and an output circuit 
coupled to control grid 33 for controlling the 
electron stream derived from cathode 32. The 
electron stream which passes through the image 
grid 25 is thus space-modulated by the charge 
image on surface 26 of image grid 25 and is time 
modulated by successive charge images and by 
the unidirectional component of the received 
signal and this stream is focused on a ?uorescent 
screen 38 of cathode-ray tube IT, by means of 
an electron lens system comprising focusing cyl 
inders 39, to form a visible image. 
For a successful reproducing unit of the type 

under discussion, the image charge on the image 
grid must be discharged during each scanning 
cycle. The charge image on the image grid may 
be discharged between successive image scan 
sions by any one of several arrangements, an ar 
rangement hereinafter called‘ a “chasing-beam 
scanning apparatus” being illustrated‘ in Fig. 1. 
The chasing-beam scanning apparatus includes 
an electron gun comprising a cathode 40, and 
focusing anodes ill and 42, for directing a stream 
of relatively low-velocity biasing electrons upon 
surface 25 of image grid 25, and a chasing-beam 
scanning generator M having output circuits ‘ 
coupled to scanning windings Q5 and £36 for caus 
ing the beam generated by the chasing-beam gun 
to scan the surface 28 of image grid 2% in a way 
to be described more fully hereinafter. Suitable 
operating potentials are provided for the elec 
trodes of cathode-ray tube H in a manner which 
is well understood in the. art. 
Before describing in detail the operation of the 

portion of the system of Fig. l constituting the 
present invention, it is helpful ?rst to consider 
some of the operating characteristics of partic 

- ular elements of tube l1 and particularly the 
secondary electron emission characteristic of the 
surface 26 of image grid 25. The general nature 
of this characteristic is illustrated by the graph 
of Fig. 3 of the drawings in which the secondary' 
emission ratio R, which is de?ned as the sec 
ondary emission current divided by the primary 
electron current, is shown as a function of the 
total voltage V through which the incident or 
primary electrons fall in striking the grid 25. 
The curve starts from zero, rises to a maximum 
as V increases to a certain value, and then falls 
gradually and continuously as V increases be 
yond this value. It should be noted that the 
curve of Fig. 3 cuts the value of ‘it-=1 at two 
places having abscissae values V1 at the low 
voltage value and V1’ at the high-voltage value. 
The curve of Fig. 3 has been divided into sec 
tions A, B and C which are de?ned by the lower 
and higher values of the unity secondary emis 
sion voltage V1 and V1’, respectively. When the 
incident primary electron-beam voltage lies in 
the region A, the secondary emission ratio is less 
than unity, so that‘ the target gains more pri 
mary electrons than it loses as secondary elec 
trons and the net electron current ?ows to the 
target which is thereby charged negatively. This 
is also true when the incident primary-beam 
voltage lies in the region C. In the region B, 
the secondary emission ratio is greater than unity 
so that more electrons leave the target as sec 
ondaries than arrive as primaries and the net 
electron current is away from the target which 
is thereby charged positively. 
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The secondary electron-emitting target of 

electron gun 28, 22, 29, 30 of cathode-ray tube 
I1 is eifectively the surface of the insulating film 
26 of image grid 25 which forms one plate of a 
condenser, the other plate of which is conductive 
plate 21 connected to the collector electrode 3| 
so that it is maintained at a. proper operating 
potential. The grid 25 may take a variety of 
forms. For instance, the target may consist of 
a, conductor over the surface of the dielectric or 
insulator, which conductor is not continuous but 
is broken up into a number of minute elements, 
as a mosaic. For such a target, any electrical 
charge produced on the target by the primary 

' electron beam is localized ‘at the region where 
the beam strikes the target and is not dissipated 
over the surface of the target. Alternatively, the 
target may'consist of a dielectric sheet or ?lm 
26. A primary electron beam incident on such 
a target releases secondary electrons from the 
outer layer of the target which behaves in much 
the same way as does the mosaic target described 
above; that is, any electrical charge produced by 
the incident primary electron beam remains 
localized where the beam strikes. The target of 
the mosaic type and the insulated target are 
thus similar in electrical behavior and the fol 
lowing discussion of the electrical charging prop 
erties of the insulated target is valid for the 
target of mosaic type. - 

In considering in detail the electrical prop= 
erties of the dielectric ?lm 26, which is the 
target of the electron gun comprising cathode 
28, it is assumed that the .beam current from 
cathode 28 is unmodulated and unscanned. The 
current to the backing plate 2?. is zero after a 
steady beam current from cathode 28 has been 
supplied ‘for an appreciable, time and the cur 
rent surge has died out so that an equilibrium 
condition has been reached. For equilibrium, the 
beam current Ib must equal the collector cur 
rent Ic. It will be assumed that the primary elec 
tron-beam voltage from the cathode 28 is in the 
A region of Fig. 3 having a value of, say, Va volts. 
It is also- assumed that the dielectric surface 25 
was initially uncharged so that its surface poten 
tial is the same as that of the backing plate 21. 
The primary electron beam striking the dielec 
tric surface with the voltage Va has a secondary 
emission ratio less than unity, which simply 
means that fewer electrons are released as sec 
ondaries than arrive as primaries. These sec 
ondaries go to the collector electrode 3!. The 
portion of the surface of dielectric 26 upon 
which the electron beam is incident, therefore, 
becomes increasingly charged and its potential 
rises negatively with respect to the potential'of 
the collector electrode 3! and the backing plate 
21. This negative potential effectively reduces 
the voltage of the incident primary electrons 
from cathode 28and diminishes the beam cur~ 
rent to the target. The potential of the dielec 
tric surface 26 continues to increase negatively 
until the beam current to the target is reduced 
to zero, which represents an equilibrium condi 
tion of the tube. Under these conditions, elec~ 

.trons from cathode 28 are repelled by the di 
electric charge so that they are de?ected directly 
to the collector electrode 3|. The potential of 
the dielectric surface, under these conditions, has 
a negative value relative to the collector electrode 
3| which equals Va. In summary, therefore, it is 
seen that, under the conditions assumed, when 
the incident primary electron voltage Va is in 
the region A, the dielectric surface, upon which 
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the electron beam is incident, is charged to an 
equilibrium negative potential of Va relative to 
the collector electrode 3 i. 

If, on the other hand, the voltage of the pri 
mary electron beam from cathode‘28 is in the 
region B of Fig. 3, for instance, 'has a value Vb, 
the surface of the dielectric 26 loses more elec- 
trons as secondaries than it gains as primaries 
so that it becomes positively charged relative to 
the backing plate 21 and the collector electrode 
3|. Assuming, for example, that the dielectric is 
initially uncharged and the primary beam from 
cathode 26 is turned on, the building up of a posi. 
tive electrical charge on the surface of the di 
electric 26, which begins when the primary beam 
from cathode 28 is turned on, has two effects: 
(1) The electrical ?eld of the positive charge aids 
the electrons in the primary beam and causes 
them to strike the dielectric with increasing ve 
locity, thus slightly increasing the secondary 
emission ratio, if Vb is on the rising part of the _ 
characteristic as assumed, or slightly decreasing 
this ratio if Vb is on the falling part of the curve; 
(2) the electrical ?eld of the positive charge op 
poses the secondary electrons which leave the 
dielectric to go to the collector electrode 3!. 
This opposing ?eld tends to suppress the sec 
ondary emission current to the collector electrode 
3 I, turning back to the dielectric surface 26 those 
secondary electrons having an initial velocity of 
emission insuiiicient to overcome the electrical 
?eld. As the charge on the dielectric 26 becomes 
more positive, a greater portion of the secondary 
emission current is thus suppressed until a point 
of equilibrium is reached. This occurs when the r 
secondary emission current is suppressed to such 
an extent that the part of the secondary emis 
sion current which reaches the collector elec 
trode (H is exactly equal to the primary beam 
current. The value of this limiting positive po 
tential Vs depends upon the velocity distribution, 
that is, upon the voltage distribution of sec 
ondary electrons. The value of Vs has been 
measured for several conductors and is about 
three volts for caesium-oxygen-silver surfaces. 
V5 for insulators is of the same order of magnitude 
and may be as high as 10 volts for an insulating 
surface such as that of dielectric 26. The_ sup 
pressed secondary emission current is 1b (R—1). 
In summary, therefore, it is seen that, under the 
present assumptions, when the incident pri 
maryvelectron-beam voltage Vb is in the B re 
gion. the dielectric charges up to an equilibrium 
positive potential of V5 relative to the collector 
electrode 3!, and that Vs, which is of the order of » 
10 volts for an insulator, is a characteristic of 
the dielectric material and depends upon the 
velocity distribution of the secondary electrons. 

It will now be assumed that the voltage of the 
primary beam from cathode 28 is in the C region 
of Fig. 3 as indicated by the value of Ve. In this 
region, as in the region A, the secondary emission 
ratio is less than unity so that the dielectric sur 
face gains more electrons as primaries than it 
loses as secondaries and it acquires a negative po 

This negative potential effectively re 
duces the voltage of the electrons in the incident 
primary beam and reduces their velocity as they 
strike the surface 26. This decrease in the volt 
age of the incident beam causes an increase in the 
secondary emission ratio. It should be noted 
that, under the conditions assumed, the secondary 
emission to the collector electrode 3| becomes 
saturated since it is aided by the negative poten 
tial of the surface of dielectric 26 upon which the 
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primary beam current is incident. The negative 
charge or potential on dielectric 26 accordingly 
continues to increase until an equilibrium value 
is reached. This occurs when the potential of 
the dielectric surface has become su?iciently neg_ 
ative so that the incident primary beam is slowed 
down to such an extent that it strikes the surface 
with a voltage of V1’. Under this condition, the 
secondary emission coefficient is unity and the 
secondary emission current is exactly equal to the 
primary beam current. In summary, it is seen 
that, under the conditions presently assumed, 
when the incident primary electron-beam volt 
age Ve is in the C region, the dielectric 26 charges 
up to an equilibrium negative potential of 
Vc—~Vl' relative to the collector electrode 3| . The 
potential V1’ is the higher value of beam poten 
tial for which the secondary emission ratio is 
unity. - 

Considering now the operation of the tube I‘! 
of Fig. 1 as an image-reproducing tube, it is seen 
that the electron gun structure, comprising cath 
ode 28 and the image grid 25, is similar to a con-, 
ventional image-reproducing tube except that the 
fluorescent screen of the conventional tube is re 
placed by the thin sheet of dielectric 26 attached 
to the conductive backing plate 21. It is seen 
that the control grid 22 of this electron gun struc 
ture is connected, as in a conventional image 
reproducing tube, to a television receiver and its 
operation will be considered during the scanning 
of exactly one frame of a television image start 
ing with the dielectric 26 uncharged. It will be 
assumed that the secondary emission character 
istic of the dielectric is that shown by Fig. 3 and 
that the scanning beam derived from cathode 28 

v is operating in the B region of Fig. 3. The di 

40 

electric 26, under these conditions, is charged 
. positively by the electron beam as set forth in de 
‘ tail above. This results in a distribution of a 

. positive electrical charge over the dielectric sur 
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face 26, that is, in the production of a charge 
image, which is an electrical replica of the re 
ceived television image. This charge image re» 
mains on the dielectric surface 26 for an appre 

‘ ciable length of time but eventually leaks off at a 
rate determined by the speci?c resistance of the 
dielectric 26. 
In order to examine in detail the manner in 

which a charge image is built up on the dielectric 
26 of the tube of Fig. 1, the operating character 
istics of a small area of the dielectric surface will 
be examined while it is being bombarded with a 
?xed signal beam from cathode 28, that is, when 
there are no scanning potentials applied from 
generators l8 and I9. Let the signal beam volt 
age be equal to Vb. It is thus seen from the sec 
ondary emission characteristic of Fig. 3 that the 
secondary emission coe?icient has a de?nite value 
Rb. This means that if the beam current is Ib, 
the current leaving the dielectric ?lm 26 initially 
will be equal to Is’, where Ib'=§;lb. It is fur 
thermore assumed that the potential of the di 
electric is equal to that of the collector electrode 
3| and conductive backing plate 21 at the instant 
the beam is turned on. 
The graph of Fig. 4 shows how the potential Vs 

of the dielectric surface 26 changes, under the 
conditions assumed, as a function of time after 
the beam has been turned on. The initial cur 
rent which charges the dielectric is equal to In" 
Where Ib"=(Ri-1)Ib. As the dielectric becomes 
charged, the secondary emission becomes more 
and more suppressed until the charging current 
falls to zero and the dielectric has the equilibrium 
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or saturation potential Vs. The rate of charging 
depends upon the beam current, as shown by the 
various beam currents I1, Ia, and Is, in Fig. 4. If 
the beam is turned on only for a short time tp, 
the potential of the dielectric surface rises to a 
value Va which is dependent upon the beam cur 
rent as shown in Fig. 4 by the points where the 
curves corresponding to various beam currents 
intersect the ordinate axis through the time tp. 
These points are plotted in Fig. 5 as a function of 
beam current Is. - 
The effect of the beam on a given area of the 

dielectric iilm is the same whether the beam is 
?xed (not scanned) and is turned on for time 
interval tp or whether the’ beam is operating con 
tinuously but is being scanned at such a rate that 

10 

it requires the time interval t; to traverse the] 
given elemental area. This means that, .if the 
dielectric ?lm 26 of the tube of Fig. 1 has initially 
a uniform zero potential relative to the collector, _ 
and is then scanned for one complete frame with 
a television signal, the dielectric receives a point 
for-point charge distribution which is a replica 
of the television image, the electrical character 
istic of which is shown by Fig. 5. From Fig. 5 it 
is seen that the beam current dielectric charge 
characteristic is linear only over a portion of the 
curve beginning at the origin and that the poten 
tial of the dielectric approaches a maximum 
saturation value as the beam current is increased. 
This means that the useful range of beam cur 
rent modulation has a de?nite limit. It will be 
arbitrarily assumed that the upper limit of the 
beam current has the value Ismail) at which the 
beam current characteristic extrapolated linearly 
from the initial part of the characteristic inter 
sects the limiting voltage value Vs as shown in 
Fig. 5. , 

The operating conditions for an elemental area 
A of the dielectric, equal to the area of the scan 
ning beam, which is also equal to the area of each 
elemental picture element, will now be considered. 
For simplicity, it is assumed that this area is a 
square of side lengths \/A. This part of the di 
electric with its corresponding portion of the 
metal backing plate 2? can be regarded as form 
ing a small condenser which is charged by the 
scanning beam. The capacitance C1 of this con 
denser is given by the relation: 

70A 

where, 
k=rlielectric constant, 
a=area in square centimeters, 
d=thiclrness of dielectric in centimeters. 

If this condenser charges to a voltage Vs in a 
time t» at a uniform rate of Ib"(max), the follow 
ing expression results: 

ClVs=Ib"(max)tp (2) 

Since the time t» equals the time required to 
scan one picture element, . 

(3) t, =52? seconds 
where, 
=number of lines per frame. 

_1_2_=aspect ratio (1.33 in conventional television 
practice), 

f=frames per second (30 in conventional tele 
vision practice). 
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Upon substituting the values of Equations 1 and 75 
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3'in Equation 2. the following expression is de 
rived: 

However 
An=§=A' (5) 

where, A'=the area of charge image. ' 
Therefore, from Equations 4 and 5, the following 
expression may be derived: 

As an example of the use of Equation 7, the 
maximum allowable beam current for a Cryolite 
film, 10 microns thick, utilized with a beam 
voltage of 1,000 volts where Vs==10 volts, A'=l00 
square centimeters, {=30 frames per second, 
Ic=5, d=10-3 centimeters, and R=4"is found to 
be: . 

Ib(max)=4.4 microamperes 

In the operation of tube of Fig. 1, it is neces 
sary to provide some biasing arrangement to 
bring the surface of the dielectric 26 to a uniform 
potential; that is, below the maximum value V». 
between successive picture 'scansions. If this is 
not done, the charge over the entire dielectric 
surface approaches a constant maximum value 
and the image disappears. This biasing may be 
effected either by electrical leakage of the charge 
through the dielectric ‘26 or by bombarding the 
dielectric 26 with electrons of sumciently low 
voltage that the secondary emission ratio is less 
than unity (see region A of Fig. 3) causing the 
charge on the dielectric to fall to the cathode 
potential of this bombarding beam. This cath 
ode potential may have any convenient value. 

If the image is discharged using only the leak 
age properties of the dielectric, the rate of leak 
age is determined by the speci?c resistance of 
the dielectric 26. If the discharge rate is such 
that, in the interval of time between successive 
scannings of the picture element by the signal 
beam, usually 1,530 second, the electrical charge 
falls to a small fraction, for example 5 per cent, 
of its initial value, the dielectric surface biases 

. itself to substantially the potential of collector 
electrode 3! between successive scannings and 
the charge image may be repeatedly built up 
during each scansion. The charge images in 
this case act in a manner analogous to that of a 
luminous discharge of a ?uorescent screen, which 
has an exponential decay constant analogous to 
the discharge constant of the dielectric. 

If the discharge rate is too slow, a blurring of 
moving objects of the transmitted picture will 
be apparent. In explanation of this, consider a 
small section of the dielectric surface, having an 
area A equal to that of a picture element which 
has received an electrical charge from the signal 
beam. If the thickness of the dielectric is small 
in comparison to the width of the area, sidewise 
leakage can be ignored and it can, therefore, be 
assumed that the charge will leak directly from 
the dielectric surface to the metal backing plate 
21 which is at the potential of collector electrode 
3|. The time constant te or time required for 
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the charge to drop to l/e of its initial value is 
given by the relation: 

te=CR (8) 
where, 
te=time in seconds required for the charge to 

fall to 0.368- (l/e) its original value, 
C=capacity in farads, 
R=resistance in ohms. 
However, 

kA 
(9) 

where, 
C=capacity in farads, 
k=dielectric constant, 
A=area of picture element in square centimeters, 
d=thickness of dielectric in centimeters, 
and 

R =pii ‘ 
where, ‘ 

R=resistance in ohms, - 
p=speci?c resistance of dielectric in ohm centi 

meters. 
Therefore, 

(10) 

_ ‘kn lg-LllXlO 1121-; (11) 

It is, therefore, seen that the time constant of 
the discharge is independent of the dielectric 
thickness but is directly proportional to the di 
electric constant and its speci?c resistivity. In 
time t9, the charge falls to l/e or 0.368 of its 
original value; in time 2te, the charge falls to 
(l/c‘)2 or 0.135; and in time (its, it falls to (1/6)3 
or 0.050 of its original value. For example, if the 
speci?c resistivity of the dielectric is to be found 
if the charge is to fall to 5 per cent in one frame 
period (1,60 second) assuming k=6, 

(12) 

p = 2.1 X 101" ohm centimeters 

It is also possible, as stated above, to provide 
the proper bias for dielectric 26 by bombardment 
with electrons of low velocity. From the secondary 
emission characteristic curve of Fig. 3, it is seen 
that if the dielectric surface is bombarded with 
an electron beam of voltage less than V1, the sec 
ondary emission ratio is less than unity and the 
surface becomes negatively charged since it re 
ceives electrons from the bombarding beam faster 
than it loses secondary electrons. The dielectric 
surface under these conditions continues to 
charge negatively until it reaches the cathode po 
tential of the biasing beam. This cathode poten 
tial may be made negative relativeto the collec 
tor electrode 3| by a value equal to the biasing 
beam voltage if the anode of the biasing beam 
gunis connected to the collector electrode 3|. 
This allows the biasing beam to enter a ?eld~ 
free space. Of course, a negative bias for the 
dielectric surface 26 is preferable to a zero bias 
since it increases the linear range of the operat 
ing characteristic as shown in Fig. 5. 
The image-producing beam produced by the 

electron gun including cathode 28 is a sharply 
focused beam which is modulated and scanned 
in the conventional manner. The biasing beam 
for wiping off the charge image may be com 
pletely independent of the image-producing beam 
and may be made to operate in a number of 
ways. For example, the biasing beam may be 
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7 
made to ?ood the whole dielectric surface with a 
uniform intensity beam. For example, this may 
be done in Fig. 1 by omitting scanning elements 
45 and 46 and focusing the beam from gun 40, 
4|, 42 into a wide angle beam to flood the dielec 
tric 26. 

If a ?ooding biasing beam is operated contin 
uously, a given picture element, after having re 
ceived a charge from the signal beam, is effective. 
ly discharged at a constant rate until its poten 
tial approaches the bias potential V: when the 
rate of discharge decreases to zero. This is shown 
by the curves of Fig. 6, in which the time rate of 
change of potential of the element during dis 
charge by the bias beam is illustrated for various 
given initial values of potential V1, V2, and V3 on 
the picture element. The biasing beam current 
should be so adjusted that a picture element hav 
ing a maximum voltage V5 is substantially dis 
charged in the time of one frame scansion (I/éw 
second), Under equilibrium conditions, such a 
biasing beam current is equal to the average sec 
ondary emission current leaving the dielectric. 
It is apparent that an image element which has 
received only a small charge from the scanning 
beam is discharged sooner than another element 
which has received a larger charge. The com 
plete history of the potential of an image element 
during one picture cycle can be obtained from 
the charge characteristic of Fig. 4, which is as 
sumed to start from a negative volt-age Vi instead 
of the zero voltage as shown in Fig. 4 and the dis- _ 
charge characteristic of Fig. 6. 
A biasing ?ood beam may be operated inter 

mittently during the line-retrace period, each 
line being discharged immediately after it has 
been charged by the signal beam. ‘Under these 
conditions, each line of the image is luminous 
only during a single line-scanning period and the 
individual image elements of any line or active 
for various durations. If the biasing flood beam 
is operated intermittently during the frame-re 
trace period, the individual picture elements of 
the entire picture are active for various dura~ 
tions. Thus, the ?rst element scanned is active 
for the length of a full line-scanning or frame 
scanning period, whereas the last element 
scanned is active for only a minute fraction of 
such period, resulting in a nonuniform image il 
lumination over the lines or over the complete 
picture. To avoid this effect, the charge image 
must be actively made use of only during a frac 
tion of the respective retrace period prior to the 
initiation of the biasing ?ood beam. For ex 
ample, this can be done in the circuit of Fig. 1 by 
omitting scanning elements 45 and 46, focusing 
the beam from the gun 40, 4|, 42 into a wide angle 
beam to ?ood the dielectric 26, and periodically 
suppressing the electron stream from cathode 40, 
The preferred method of biasing the image grid 

is that illustrated in Fig. 1 which utilizes a bias 
beam from the electron gun 40, M, 42 which is 
sharply focused to a scanning beam and scanned 
over the surface of dielectric 26. This bias beam 
is scanned in the same manner as the signal 
beam but the phase of the saw-tooth field 
scanning current is retarded by nearly a full 
cycle, or advanced by a relatively small angle, so 
that the bias beam follows or chases the signal 
beam by almost a full ?eld-scanning period. 
Therefore, the charge image is retained at full 
intensity for almost the entire ?eld-scanning 
period. This leads to an ideal condition giving 
a_ substantially completely , ?ickerless image. 
Since it is impracticable to utilize an arrange 
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ment in which the biasing beam of cathode 40 is 
focused anywhere nearly as sharply as that of 
the image-forming beam from cathode 28, it is 
necessary to have a gap of appreciable width, for 
example, 20 lines, between the image-forming 
beam and the bias beam. This phase relation 
can be obtained by advancing the phase of field 
scanning current of the bias beam developed by 
chasing beam-scanning generator 44 by the 
equivalent of 20 lines relative to the field 
scanning current developed by generator l9. 
Under these conditions, ?icker can appear in 
only 20 lines so that the resultant average ?icker 
is extremely low. 
Up to this point in the discussion of the op 

eration of the system of Fig. 1, only the arrange 
ments for forming a charge image on the di 
electric ?lm 25 and the process of wiping o? or 
discharging the charge image between scanslons 
has been considered. In order to provide a visible 
image by means of the charge images developed 
on image grid 25, an electron stream is directed 
against the surface of conductive backing plate 
'2? by means of the electron gun arrangement 
comprising cathode 32. This electron stream is 
of substantially uniform density and of a cross 
sectional area comparable to the area of grid 25 
and, neglecting the effect of electrode 35, would 
also produce a cloud of secondary electrons of 
uniform density adjacent the surface 21 of grid 
25. The density of the electron stream through 
the holes of any particular region of grid 21 is 
determined by the potential of the dielectric im 
mediately surrounding the holes of that region, 
just as the grid potential of a vacuum-tube re 
peater determines the density of the electron 
current passing through the grid. The charge 
image on the perforated dielectric screen or 
charge plate 26, therefore, acts as a vacuum-tube 
grid having a two-dimensional charge distribu 
tion corresponding to a television image. The 
passage of electrons of the picture-forming beam 
from cathode 32 through the grid 26 thus forms 
an electron stream, the density of which is space 
modulated and which may be focused by means 
of the focusing electrodes 3% upon ?uorescent 
screen 38 to provide a luminous television image. 

Since, under the conditions assumed, the 
picture-forming beam from cathode 32 is 
directed against the conductive backing plate Zl‘ 
to produce secondary electrons, a part of the 
beam may pass directly through the holes of the 
grid 25. . In the regions of the image grid 25 
which are charged positively relative to the back 
ing plate 2?, the secondary electrons are pulled 
through the holes by the dielectric ?eld, as in 
dicated in Fig. 7. A part of the picture-forming 
beam produces secondary electrons which, in 
turn, are controlled in their passage through 
the apertures by the charge image to form a 
picture beam of the secondary electrons emitted 
‘by conductive backing plate 27. The velocity 
distribution of these secondary electrons is 
roughly Maxwellian with an average velocity of 
about 3 volts so that the beam can readily be 
focused on the ?uorescent screen by means of 
the electron lens system 39 illustrated. The dis 
tribution of initial vectorial velocities of the 
electrons causes a spreading out of the com 
ponent elements of the electron beam focused at 
the ?uorescent screen 38, but this effect 
(analogous to chromatic aberration) decreases 
with increased accelerating voltage in the elec 
tron-optical system, in a well-known manner, 
and determines the lower limit for this voltage 
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in accordance with the resolution required in 
v the electron image focused on the fluorescent 
screen 38. 
That part of the picture-forming beam which 

passes through the apertures directly has an 
undesirable effect superimposed on the desired 
picture on ?uorescent screen 38. If the velocity 
of the electrons in the picture-forming beam is 
high, that part of the beam passing directly 
through the apertures of the image grid 35 will 
not be appreciably modulated by the charge 
image and will not be focused sharply on the 
?uorescent screen 38, giving rise to a diffused 
background illumination of the ?uorescent 
screen 38 of substantially constant value and 
independent of the charge image. The e?ect of 
this diffused background illumination is to in 
crease the minimum brightness level and, there- ' 
fore, to decrease the contrast ratio, which deter 
mines the perceptibility of the picture. There 
fore, it is desirable to prevent these electrons 
from reaching the ?uorescent screen and this 
is accomplished in the embodiment illustrated 
in Fig. 1 by means of electrode 35 in conjunction 
with the image grid 25 which is biased highly 
negative relative to electrode 35 and is, there 
fore, e?ective to form a virtual cathode closely 
adjacent the conductive backing plate 21, there 
by to prevent high velocity electrons from pass 
ing through the image grid 25, while the virtual 
cathode has the effect of producing a cloud of 
electrons similar to that produced by the second 
ary electrons, as described above, if electrode 35 
is not used. 
Another arrangement which may be utilized 

to prevent direct passage of electrons from 
cathode 32 through the image grid 25, in case 
electrode 35 is not used, is that illustrated in 
Fig. 8 of the drawings wherein there is shown a 
portion of grid 25 together with a portion of an 
auxiliary apertured electrode 60 disposed closely 
adjacent to the backing plate 2°! of the image 
grid in such a way that the openings in the grid 
Bit register with the imperforate part of the 
image grid, this arrangement comprising means 
for physically blocking the direct path through 
the grid 25 of electrons from cathode 32. Such 
a battle may also consist of small tabs 6!! at 
tached‘to or upset from the edges of the aper 
tures of the conductive backing plate 2‘! as illus 
trated in Fig. 9. 
In another embodiment of the invention, direct 

passage of electrons from cathode 32 through 
image grid 25 may be prevented by projecting 
the electrons of the picture-forming beam onto 
the backing plate 2i at a suf?ciently small angle 
relative to the surface of plate 2‘! such that the 
tunnel effect of the aperture does not allow the 
direct passage of the beam. Such an arrange 
ment is illustrated in the modi?cation of the 
invention shown in Fig. 10. 
While there have been described what are at 

present considered to be the preferred embodi 
ments of this invention, it will be obvious to 
those skilled in the art that various changes and 
modi?cations may be made therein without de 
parting from the invention, and it is, therefore, 
aimed in the appended claims to cover all such 
changes and modi?cations as fall within the 
true spirit and scope of the invention. 

What is claimed is: 
1. In a television receiving system, a signal 

reproducing unit comprising, a cathode-ray 
image-reproducing tube including an apertured 
grid having one surface of dielectric material 
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and an opposed surface of secondary electron 
emissive material, means for scanning said. sur 
face with a signal-modulated cathode-ray beam 
to produce a charge image on said surface, means 
including an electron source for directing against 
the other surface of said grid an electron stream 
for developing a source of low»velocity electrons 
of substantially uniform density and of a cross 

5 

sectional area comparable to the area of said Y 
grid, means for physically blocking the direct 
path of electrons of said stream through said 
grid, whereby the density of thevelectron stream 
passing through said grid is space-modulated by 
‘said charge image on said one surface, and 
means for utilizing said last-mentioned modu- ‘N 

10 

lated electron stream to produce a visible image. ‘ 
2. In a television receiving system, a signal 

reproducing unit comprising, a ‘cathode-ray 
image-reproducing tube including an apertured 
grid having one surface of dielectric material 
and another surface forming a conductive back 
,ing plate therefor, means for scanning said one 
surface with a signal-modulated cathode-ray 
beam to produce a charge image on said surface, 
an electron source including means for directing 
against said other surface of said grid an elec 
tron stream for developing a source of secondary 
electrons of substantially uniform density and 
of a cross-sectional area comparable to the area 
of said grid, said backing plate including ele 
ments forming means for physically blocking the 
direct path of said electrons through said source 
from said grid, whereby the density of they elec 
tron stream passing through said grid is space 
modulated by said charge image on said one 
surface, and means for utilizing said last-men 
tioned modulated electron stream to produce a 
visible image. 

3. In a television receiving system, a signal 
reproducing unit comprising, a cathode-ray 
image-reproducing tube including an apertured 
grid of appreciable thickness having one surface 
of dielectric material, means for scanning said 
surface with a signal-modulated. cathode-ray 
beam to produce a charge image on said surface, 
an electron source including means for directing 
against the other surface of said grid an elec 
tron stream for developing a source of low 
velocity electrons of substantially uniform 
density and of a cross-sectional area comparable 
to the area of said grid, the electrons from said 
?rst-mentioned source being incident on said 
surface with a relatively small angle, whereby 
the tunnel effect of said apertures effectively 
prevents the direct passage, of electrons from‘ 
said source through said grid and whereby‘ the 
density of the electron stream passing through 
said grid is space-modulated by said charge 
image on said one surface, and means for utiliz 
ing said last-mentioned modulated electron 

, stream to produce a'visible image. 
4. In a television system for receiving a car 

rier-wave signal including video and unidirec 
tional background-illumination modulation com 
ponents, a- signal-reproducing unit comprising, a 
cathode-ray image-reproducing tube including 
an apertured grid having one surface of dielec 
tric material, means for repeatedly scanning said 
surface with a cathode-ray beam modulated by 
said received video components to produce suc 
cessive charge images on said surface, an elec 
tron source for directing against the other sur 
face of said grid an electron stream for develop 
ing a source of secondary electrons of substan 
tially uniform density and of a cross-sectional 
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area comparable to the area of said grid, means 
for modulating said electron stream with said 
unidirectional background component of said re 
ceived signal, whereby the density of the electron 
stream passing through said grid is space-modu 
lated by each charge image on said one surface 
in accordance with the video components of the 
received signal and is time-modulated in ac 
cordance with the unidirectional background 
component of the received signal, and means 
for utilizing said last-mentioned modulated elec 
tron stream to produce a visible image. 

5; In a television receiving system, a signal 
reproducing‘ 1m? comprising, a cathode-ray 
image-reproducing tube including an apertured 
grid having one surface of dielectric material, 
means for repeatedly scanning said surface with 
a signal~modulated cathode-ray beam to pro 
duce successive charge images on said surface, 
means for biasing said surface substantially to 
a predetermined potential, an electron source 
including means for directing against the other 
surface of said grid an electron stream for de 
veloping a source of secondary electrons of sub~ 
stantially uniform density and of a cross-sec 
tional area comparable to the area of said grid, 
whereby the density of the electron stream pass 
ing through said grid is space-modulated by 
each charge image and time-modulated by suc 
cessive charge images on said one surface, and 
means for utilizing said last-mentioned modu 
lated electron stream to produce a visible image. 

6. In a television receiving system, a signal 
reproducing unit comprising, a cathode-ray 
image-reproducing tube including an apertured 
grid having one surface of dielectric material, 
means for repeatedly scanning said surface with 
a signal-modulated cathode-ray beam to pro 
duce successive charge images on said surface, 
a biasing ?ooding beam for biasing said surface 
substantially uniformly to a predetermined po 
tential, an electron source including means for 
directing against the other surface of said grid 
an electron stream for developing a source of 
secondary electrons of substantially uniform 
density and of a cross-sectional area comparable 
to. the area of said grid, whereby the density of 
the electron stream passing through said grid is 
space-modulated by each charge image and 
time-modulated by successive charge images on 

- said one surface, and means for utilizing said 
last-mentioned modulated electron stream to 
produce a visible image. 

7. In a television receiving system, a signal 
reproducing unit comprising, a cathode-ray 
image-reproducing tube including an apertured 
grid having one surface of dielectric material, 
means for repeatedly scanning said surface with 
a signal-modulated cathode-ray beam to produce 
successive charge images on said surface, means 
for biasing said surface substantially uniformly 
to a predetermined potential between successive 
scansions, an electron source including means 
for directing against the other surface of said 
grid an electron stream for developing a source 
of secondary electrons of substantially uniform 
density and of a cross-sectional area comparable 
to the area of said grid, whereby the density of 
the electron stream passing through said grid is 
space-modulated by each charge image and 
time-modulated by successive charge vimages on 
said one surface, and means for utilizing said 
last-mentioned modulated electron stream to 
produce a visible image. 
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