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Albert Rose, Princeton, N. J., assignor to Radio
Corporation of Amemca, a corpora,tlon of Dela-

ware

Continuation of application Serial No. 357,543,
September 20, 1940. This application Novem-~
ber 28, 1945, Serial No. 631,441

(CL 250—167)

11 Claims.

My invention relates to television transmitting
tubes and more particularly to tubes of the low
velocity electron beam scanning and electron
image types and is a continuation of my appli-
cation filed September 20, 1840, Serial No. 357,543
now forfeited.

In television pick-up tubes utilizing high veloc-
ity electron beam scanning with optical or elec-
tron image projection on a surface other than
the surface scanned by the high velocity beam, it
has been proposed to utilize double-sided mosaic
type targets, as disclosed in British Patent
442.666. Such target electrodes are exceedingly
difficult to construct, the task of forming a struc-
ture having over 100,000 electrically discrete
highly insulated metal plugs extending through
the target and insulated from a signal screen em-
bedded in the target being a tedious and diffi-
cult manufacturing problem. In addition, such
electrodes, even though prepared with exceptional
care, produce a spurious signal not representative
of the electron or optical image, due to electrical
or mechanical non-uniformities over the target
surface.

Tt is an object of my invention to provide a tele-
vision transmitting tube having higher sensitivity
and lower distortion than tubes constructed here-
tofore. It is a further object of my invention to
provide a television transmitting tube having low
velocity electron beam scanning which is capable
of exceptionally high sensitivity with substantial
elimination of 81l spurious signals, and it is a still
further object to provide such a tube and targst
structure therefor which is easy to manufacture.

In accordance with my invention I provide an
imperforate homogeneous target of electrically

semi-conducting or semi-insulating material

which is very thin in comparison with the electron
beam diameter or picture element size, and a sig-
nal sereen very closely adjacent thereto. Further
in accordance with my invention, I scan one
side of the target with an electron beam preier-
ably of low velocity and provide means to form an
electrostatic image representative of the optical
image to be transmitted on the opposite side of
the target. ‘These and other objects, features and
advantages of my invention will be apparent when
taken in connection with the following descrip-
tion and accompanying drawing, in which:

Fig. 1 is a longitudinal cross-sectional view of a
television transmitting tube made in accordance
with my invention;

Figs. 2 and 3 are views of a portion of the elec-
trode structure shown in Fig. 1; and

Fig. 4 is a greatly enlarsed sectional view of a3
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portion of the target structure and associated sig~
nal screen shown in Figs. 1 and 3.

Referring specifically to my tube structure
shown in the drawing, the tube comprises an evac-
uated envelope | enclosing at one end an elec-
tron gun structure 2 and at the opposite end a
semi-transparent photocathode 3 of the conven-
tional type with a target electrode 4 intermediate
the electron gun and photocathode, positioned to
be scanned on one side by an electron beam from
the electron gun and to have an electrostatic
image formed on the opposite side. This elec-
trostatic image may be formed on the rear sur-
face of the target 4 by projecting light, such as
represented by the object arrow 5§, through the
lens 6 upon the photocathode 3 to liberate elec-
trons therefrom, or the light may be projected
directly upon the rear surface of the target in
accordance with one modification of my teaching.

The electron gun assembly is preferably of the
low velocity electron beam generating type, as
described in my Patent 2,213,174, August 27, 1940,
and comprises a cathode T from which electrons
may be drawn, control electrode 8 connected to
the usual biasing battery and an anode 9 pro-
vided with a beam limiting aperture through
which electrons may be directed toward the tar-
get 4, the anode 8 being maintained at a positive
potential with respect to the cathode by a battery
or potential source (0.

Intermediate the electron gun 2 and the tar-
get 4 I providea pair of deflection plates {{ which
are curved to produce a uniformly inereasing and
decreasing electrostatic deflection field, a pair of
shield plates 12—13, one on either side of the de-
flection plates #1 having slots for the passage of
the electron beam, and a conductive wall coat-
ing {4. The plates i1 are connected to a source
of deflection potential and to the shield plates
i2—13 and coating 14, through a center-tapped
resistance of 1 to 10 megohms. To produce the
desired deflection and focus of the electron beam
I provide means to wholly immerse the deflection
plates in a uniform magnetic field which is pref-
erably generated by a magnetic coil i5 of slightly
larger diameter than the envelope | extending
over and beyond the space between the electron
gun 2 and target 4. In the embodiment of my
invention shown in Fig. 1 the coil 15 preferably
extends beyond the photocathode 3 to focus elec-
trons from the photocathode upon the rear sur-
face of the target 4, although an auxiliary short
coil may be used between the photocathode 3 and
target 4. The electrons from the photocathode 3
are accelerated by an electrostatic field such as.
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generated by the wall coating 16 operated at a
positive potential with respect to the cathode 3
by a battery or other potential source 7.

Deflection of the electron beam in a direction
normal to that produced by the plates Il is ac-
complished by a pair of defliection coils 18. This
deflection is preferably the frame or vertical de-
flection, since in standard television systems the
frame deflection is of lower frequency than the
horizontal line deflection, the coils I8 therefore
being operated at the lower of the two frequen-
cies. The deflection coils {8 may, .of course, be
replaced by a second pair of deflection platesand,
in fact, any other type of electron gun and as-
sociated deflection structure.capable .of resolving
an electron beam having a w¥elocity -appreaching
zero adjacent the target may be used in the
place of those described.

In accordance with my invention the target
comprises a very thin imperforate target sheet
19 of homogeneous electrically semi-conducting
material, the properties of which will be dis-
cussed in considerable detail later, supported as
shown in Fig. 1 in a plane normal to the longi-
tudinal axis of the envelope | and consequently
normad to the projected electron beam. Closely
associated with the target sheet 1§ of semi-con-
ducting material and preferably adjacent the
rear surface of the sheet I provide a signal screen
2§ coextensive with and very closely spaced with
respect to the rear surface of the semi-conduct-
ing sheet. The enlarged fragmentary section of
Fig. 2 shows the target sheet 19 and closely asso-
ciated signal screen 20 with the electron beam
having an elemental picture area diameter S
focused on the scanned or front side of the sheet
19, this area of focus being represented by A. A
corresponding area on the opposite or rear sur-
face of the sheet 19 is designated B. The thick-
ness D of the sheet 19 is preferably .less than
half the diameter of an elemental picture area,
that is, less than half the diameter S of the elec-
tron beam.

The target sheet 19, as indicated above, is of
semi-~conducting material and I have found that
the specific resistance of the material used should
lie within the range of 10° to 10!2 ohm-centi-
meters. Preferably an exceptionally thin homo-
geneous sheet of vitreous material such as glass,
having the desired specific resistance and heing
smooth and of urniform thickness may be used.
I have found that a thin sheet of glass known
in the art as G—8 glass has the desired specific
resistance of approximately 5% 10! ohm-centi-
meters and that this glass may be formed in
very thin films.

In constructing this portion of my structure
the glass may be blown to form a very thin glass
film which is laid upon a metal supporting ring
21, whereuvon it will appear as shown in Fig. 3,
bulging downwardly at the center. The ring 21
is then placed in a furnace very carefully and
carefully heated until the glass film is in 2 semi-
molten state, whereupon by surface tension the
bulging sheet of glass contracts to form a sub-
stantially plane surface. The wire mesh signal
screen 20 is then assembled in very close prox-
imity to the sheet {9 such as by a slip ring con-
struction shown in Fig. 4, wherein the metal ring
22 supports the signal screen 2. I have made
such assemblies wherein the thickness of the
sheet of glass is less than 0.0002’’, which is less
than one-fourth the thickness of mica usually
used for high resistance types of mosaic elec-
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insulating sheet 19 and signal screen 28, these
parts are supported in the tube as shown in Fig. 1
and an electrical connection made from the sig-
nal screen to a translating device such as the
thermionic tube 23 and to the positive ferminal
of the potential source 17 through an output im-
pedance 24 and thence to the battery 10 at a
point substantially equal to or slightly positive
with respect to the potential applied to the
cathode 1. The wall coating i6 is shown con-
nected through an auxiliary potential source to
maintain this coating slightly negative with re-
spect to the signal screen 20, although these
electrodes may e operated at the same potential.

In operation, high velocity electrons represen-
tative of an electron image of the picture to be
transmitted are focused on the rear surface of
the thin target sheet {9 to form a positive elec-
trostatic image on this rear surface by secondary
electron emission. One picture element of this
electrostatic image will be formed on the area B.
Other methods of forming a positive electro-
static image on the target sheet 19 may be
utilized, such as by scanning the rear surface of
the sheet with a modulated high velocity elec-
tron beam or by providing a discontinuous coat-
ing of caseium or other light-sensitive material
on the rear surface of the sheet which, by emis-
sion of photo-clectrons, forms an electrostatic
image consisting of positive charges representa-
tive of the optical image to be transmitted. Thus,
in the latter case the light from the chject 5
may be focused directly on the rear surface of
the target sheet 19, as also shown in Fig. 1. The
opposite or front surface of the target sheet (9
is then secanned with an electron beam, vprefer-
ably of low veloecity, whereupon areas such as
the area A opposite a positively charged area B
receive electrons from the beam.

Referring to Fig. 2 and considering this mode
of operation in more detail, assume the absence
of an electrostatic image on the rear surface of
the target sheet and consequently zero charge
on the area B. The scanning beam such as the
beam of low velocity electrons charges the ele-
mental picture area A in a negative direction to
cathode potential so that no further electrons
from the beam can be collected over the area A
and they return toward the gun and are collected
by electrode 12, as in the above-mentioned pat-
ent and my joint Patent 2,213,175, August 27,
1940, and no signal is transmitted to the signal
screen 20. Now, let picture electrons such as
from the cathode 3 be projected on the surface
of the sheet 19 opposite A and over the ares B
af such a velocity as to charge it positively by
secondary emission. The charge on B may he
stored continuously by making the signal screen
20 sufficiently positive with respect to the photo-
cathode 2 to collect the secondary emission on
the signal screen 28. Since the area B is positive,
the space around B and including an area of the
signal screen 20 will also be positive by electro-
static influence. Points very near B will have
almost the same potential as B and, in particu-
lar, the area A directly opposite B and on the
scanned side of the target sheet 19 will have al-
most the same potential as area B. A portion
of the electrons of the scanning beam in passing
over the area A will therefore be able to land and
deposit enough charge to reduce the potential
on the area A to the potential of the cathode T.
During the subsequent frame time and prior to
the next scanning of the area A by the electron
beam, the positive charge at B and the negative
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charge at A unite by conduction through.the
sheet of semi-conducting material to return both
areas A and B to their original uncharged states.
Assuming the proper selection of specific resist-
ance for the material of sheet 19, very little trans-
verse redistribution of the charges from area to
area of the target will result. If, however, the
specific resistance of the material is too high,
such as 1013 ohm-centimeters or more, the neu-
tralization of the charges on opposite sides of
the sheet 19 is not completed by conduction dur-
ing a single frame time, and the electrostatic pic-
ture side or rear surface of the sheet 19 will tend
to charge up to the signal screen potential. How-
ever, if the semi-conducting material is chosen
with the proper specific resistance, a positive
charge on area B will be neutralized by the neg-
ative charge on area A during a single frame
period.

Further in accordance with my invention, I
have found that four conditions should be sat-
isfied if the semi-conductor is to operate effl-
ciently to transmit a well-defined television pic-
ture with adequate signal strength and without
spurious effects. TIn the first vlace, the period
of discharge between the two sides of the farget
sheet should be equivalent to the frame time.
Secondly, the capacitance between the two sur-
faces of the semi-insulator should be as great
as and preferably several times greater than the
capacitance between the picture side of the tar-
get and the signal screen. In terms of Fig. 2 the
capacitance between the areas A and B should
be several times the capacitance between B and
the signal screen 28. These relationships of ca-
pacity are to insure that a reasonably large frac-
tion of the picture charge is converted to useful
picture signal. This fraction of picture charge
so used is actually

Cas
Cas+Cry

where Cap=capacitance between areas A and B
and Ca=—capacitance between area B and the
signal screen 28. Due to the exceptionally small
spacing desired between the signal screen 28 and
the semi-insulating sheet 19, the capacitance be-
tween B and collecting anode 12 or sny surround-
ing conductors other than the signal screen 28 is
negligibly small. The third condition is that the
thickness of the semi-insulator should be less
than one-half the diameter of a picture element,
and the signal screen 20 spaced less than a pic-
ture element from the nearest adjacent surface
of the target sheet 18 in order to confine the
electrostatic influence of a picture element on the
picture side to only the corresponding element on
the scanned side. The fourth condition requires
that the time constant for the lateral diffusion of
a picture charge should be equal to or greater

han the period of frame scanning. This condi-
tion may be expressed and satisfied by the fol-
lowing relationship:

pEC

LA

xDt =
where

p=volume resistivity of target (ochm-cm.)

E—elemental picture area (square centimeters)

C—=capacitance between picture side of target
and screen (farads/cm.2)

D=thickness of target (cms.)

t=frame time (seconds).
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A reasonable set of values for these parameters
satisfying all of the four conditions above is:

p=5x 1010 ghm-cms.
E=10—* square cms,
C=10-10 farads/cm.?
D=10-3 cms.

t=1/30 sec.

While in the example given above I have de-
seribed a tube making use of electron image pro-
jection to form the electrostatic picture image on
the rear surface of the semi-insulating target, I
have also mentioned that this electrostatic image
may be formed by light projected directly on the

> rear surface, provided the surface is sensitized

with caesium. However, the described electron
image projection is preferred because of the larger
obtainable signal.

My invention may be distinguished from the
conventional double-sided type of mosaic such as
the type described in my U. S. Patent 2,213,173
and U. S. Patent to Hickok No. 2,047,369, in that
I provide no conductive plugs extending through
and insulated from a wire mesh screen embedded
in high resistance insulation such as vitreous
enamel. In this type of construction it is neces-
sary to provide exceptionally high resistance be-
tween the plugs and the embedded screen for the
express purpose of preventing electrical leakage
between the plugs and the screen. In my im-
proved television transmitting tube I avoid the
difficulties attendant upon the prior art structure
by wholly eliminating the embedded screen and,
in fact, I have found it disadvantageous to pro-
vide any good metal contact between the semi-
conducting target sheet 19, which must be homo-
geneous, and any other electrode in the tube such
as the signal screen 28. The signal screen 20
must therefore be substantially insulated from

' the sheet 18 so that electrical and mechanical

contacts between the signal screen and the sheet
{9 are a minimum,

In tubes with two-sided targets it has been pro-
posed to place on the cathode side of the target
a signal electrode in the form of a metal screen
in register with or spaced from the target in the
neighborhood of a millimeter, to collect the beam
electrons not landing on the target to discharge
the charge image on the opposite side. This is
not a practical construction, since, as a result of
the high capacitance between the screen and the
target, the negative charges bound by the posi-
tive charges of the electrostatic image on the
target are substantially all on the screen and a
negligible number on elements spaced widely
therefrom. When the beam lands sufficient elec-
trons on the target through the screen to dis-
charge the positive charges with current 7, a sub-
stantially equal discharge of these previously
bound negative charges passes from the screen to
the signal device. This discharge current pass-
ing from the screen is substantially equal to i.
The remainder of the beam collected by the screen
is, of course, I—i. These two current components
passing from the screen to the signal device are
in phase. Hence the total current from the screen
to the signal device is I—i+{i=I, or the unmodu-
lated beam. In my invention the beam electrons
not landing on the screen are collected by an elec-
trode adjacent the cathode, such as electrode {2,
which is widely spaced from the target and has
negligible capacitative relation therewith, while
the screen electrode on the image side of the tar-
get has adequate capacitance with the elemental
area being scanned by the beam to furnish a suit-
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able.signal. The beam. returning to my. collect-
ing electrode is.also. madulated by this signal, as
will be appreciated. In my improvement ade-
quate signal is thus present in the separate cur-
rents of these two electrodes.

My invention is further distinguished over the
prior art which utilizes a mica foundatmn for a
mosaic electrode or any other insulation havihg
high electrical resistance. such as mica which is
of the order of 1020.ohm-centimeters. My inven-
taon should: theref ‘ore not b2 confused with tubes
uemg thebe types of electrodes. In fact I have
uttwmptea to operate, tubes of this type wherein
the tar&,et con&%ed ofa mica foundation scanned
on one sxde by. 4 low velocity eléctron beam, the
e.lectrostatlc image being forimed on the opposite
51de and have found that such tubes will not
operate with a low velocity electlon beam be-
cause, after a few. scansions of the beam, ele-
mental areas of the target bécome charged up to
the secondeuy electron collection potential there-
by preventmg any further operation. With my
new. and 1mproved tube however, I have obtained
from three to ten times the sensitivity usually

obtamed in tubes of the “orthicon” type as de— g

scrlbed in U. S. Patents 2,213,174-6, which,
turn are from ten to fifty times more sensmve
than the conventlonal “iconoscope” which tilizes
a .h1°'h Velomty ‘electron beam. Consequently, the
te]ev151on transmlttmg tubes made in accordance
with my invention, when utilized in conjunction
w1th low velocﬂ:y electron beam scanning, have
produced sensitivities of the order of thirty to five
hundred times the sensitivity of the well-known
1conoqcope type of tube.

While T have indicated the preferred embodi-
ment of my invention and have indicated the spe-
cn’ic application as directed to cathode ray tele-
vision transm1tt1ng tubes, it will be apparent that
my invention is by no means limited to the pur-
pose of television tlansmlssmn and that many
variations may be made in the particular strue-
ture disclosed without departing from the scope
of -the 1nvent1on as set forth in the appended
claims.

"I claim:

1..A television transmitting tube comprising
an evacuated envelope, a cathode within said
envelope to liberate electrons, a target in the
path of electrons from said cathode, said target
comprising an imperforate sheet of semi-con-
ducting material, means to focus the liberated
electrons over a picture element area on one
side of said target, means to scan said beam over
said target so that elemental areas thereof are
repetitively scanned at a predetermined frame
rate of scanning and a signal screen electrode
spaced at a finite distance from and coplanar
with said target, the parameters, E, D, p and C
having such value that

oEC

!

xDt -

where E is the picture element area in square
centimeters, D the thickness of the target in
centimeters, p the volume resistivity of thé target
in ohm centlmeters, C the capacltance between
the nearest adjacent surface of the targef and
said 51gna1 screen electrode in farads per square
centlmeter and t is the frame time of scanning
in seconds.

2. A television transmitting tube comprising
an evacuated envelope, a cathode within said
envelope to liberate electrons, an aperfured
anode to form an electron beam, a target facing
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said cathode of electrically. semi-conducting
material Raving a specific resistance less than 1012
ohms-centimeters, ‘means to focus ‘said electron
beain ovetr a picture element area on said target,
means to sweep §aid beam over said target, a
signal screen electrically "separated from and
closer. to. said tdrget than the diameter of said
picture element, and means including a photo-
cathode to form an electrostatic image on the

} surface of-said target opposite that facing said

cathode.

3. A television transmitting tube comprising
an evacudfed envelope, means to generate an
electron” beam of picture element diameter, a
target having one surface adapted to be scanned
by said beam, sdid target consisting of a thin
homogeneous imperforate sheet of material hav-
ing a’ specific resistance between 101° and 1013
ohm-centimeters, means to project said electron

oy beam on said target with a velocity approaching

zero at the surface of said target, an electron
pérmeable signal screen electrode coplanar with
and separated from one surface of said sheet
by a finite distance less than said picture ele-
ment diameter, and means including a photo-
cathode to generate on the side of said target
opposite said surface adapted to be scanned by
the beam an electrostatic image representative
of the image to be transmitted.

4. A television transmitting device compris-
ing a tube having an evacuated envelope, means
within ‘said envelope adapted to generate a
beam of electrons having low electron velocity,
a target comprising a sheet of electrically semi-

r conducting material, means for producing a uni-

form magnetic focusing field for said electrons,
both surfaces of said sheet being exposed over
the entire picture area within said envelope, a
signal screen closely adjacent one exposed sur-
face of said target and substantially parallel
therewith, means to scan said electron beam
over one exposed area of said target and means
including a photo-cathode to develop an elec-
trostatic image of the picture to be transmitted
over the other exposed area of said target.

" 5. A ‘television trahsmitting tube comprising
an evacuated envelope, an electron gun to de-
velop an electron beam, a homogeheous im-
perforate target of material having a specific
resistance of 10° to 1013 ohm-centimeters in the
path of said beam, means to scan said beam over
elemental areas on one side of said target, an
electron permeable signal screen closely adja-
cent said target, the thickness of said target
being sufficiently small that the capacitance be-
tween elemental areas on opposite sides of said
target is greater than the capacitance between
said signal screen and the one of said areas
nearest adjacent the said signal screen, and
means to develop an electrostatic image repre-
sentative of the picture to be transmitted on the
side of said target opposite ‘the side scanned by
said beam.

6. A television transmitting device compris-
ing a tube having an evacuated envelope, a
target in said tube consisting of a thin homo-
geneous sheet of electrically conducting vitreous
material, an electron gun to develop a beam
of electrons, means surrounding said envelope
to produce a magnetic field to direct and focus
said beam on said target, means to scan said
beam over one continuous exposed surface of
said vitreous material target, a foraminous sig-
nal electrode coextensive with and uniformly
spaced from the contmuous exposed surface of
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said target opposite that scanned by said beam,
and means including a photo-cathode to gen-
erate an electrostatic image of the picture to
be transmitted on the surface of said target
adjacent said signal electrode.

7. A television cathode ray transmitting tube
comprising a cathode, a target consisting of a
thin sheet of semi-conducting material positioned
with one surface facing said cathode, means
including a photo cathode for forming an electri-
cal charge image on elemental areas of the oppo-
site surface of the target, means for projecting
a beam of electrons from said cathode toward
points adjacent said elemental areas with a veloc-
ity approaching zero thereat, means for focusing
the electrons of said beam on said points, an elec-
trode on the image side of the target having sub-
stantial capacitative relation with said elemental
areas, means for scanning said beam over said
points with loss of electrans thereto proportional
to the charges on the image surface of the target,
a collecting electrode for the remainder of the
beam electrons having negligible capacitative
relation with said target, and connections for
utilizing the current flowing from one of said
electrodes.

8. A television cathode ray transmitting tube
comprising a cathode, a target consisting of a
thin sheet of semi-conducting material positioned
with one surface facing said cathode, means
including a photo cathode for forming an electri-
cal charge image on elemental areas of the oppo-
site surface of the target, means for projecting a
beam of electrons from the first-mentioned cath-
ode to elemental areas of the first-mentioned
surface of the target with a velocity approaching
zero thereat, means for focusing the electrons of
said beam on the last-mentioned elemental areas,
an electrode adjacent said target having sub-
stantial capacitative relation with the first-men-
tioned elemental areas, means for scanning said
beam over the target to land part of the electrons
of the beam for discharging said image by pas-
sage through the target, a collecting electrode for

the remainder of the beam electrons having neg- ;=

ligible capacitative relation with said target and
connections for utilizing the current flowing from
one of said electrodes.

9. A television cathode ray transmitting tube
comprising a cathode, means for producing a uni-
form magnetic focusing field in said tube, a tar-
get consisting of a thin sheet of semi-conducting
material positioned in said field with one surface
facing said cathode, means including a photo
cathode for forming an electrical charge image
on the other surface of the target, an electrode
on the image side of the target having substan-
tial capacitative relation therewith, means for
projecting a beam of electrons from the first
mentioned cathode to points adjacent the image
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surface of the target with a velocity approaching ¢

10

zero thereat, means for scanning said beam over
said points with loss of electrons thereto propor-
tional to the charges on the image surface of the
target, a collecting electrode for the remainder
of the beam electrons positioned in said field and
having negligible capacitative relation with said
target, and connections for utilizing the current
flowing from cone of said electrodes.

10. A television cathode ray transmitting tube
comprising a cathode, means for producing a
uniform magnetic focusing field in said tube, a
target consisting of & thin sheet of semi-conduct-
ing material positioned in said field with one sur-
face facing said cathode, means including a photo
cathode for forming an electrical charge image
on the other surface of the target, an electrode
adjacent said target having substantial capaci-
tative relation therewith, means for projecting a
beam of electrons from said first-mentioned cath-
ode to the target with a velocity approaching
zero thereat, means for scanning said beam over
the target to land part of the electrons of the
beam for discharging said image by passage
through the target, a collecting electrode for the
remainder of the beam electrons positioned in
said field and having negligible capacitative rela-
tion with said target, and connections for utiliz-
ing the current flowing from one of said elec-
trodes.

11. A television cathode ray transmitting tube
comprising a thermionic cathode, means for pro-
ducing a uniform magnetic focusing field in said
tube, a target consisting of a thin sheet of semi~
conducting material positioned in said fleld with
one surface facing said cathode, means including
3, photo cathode for forming an electrical charge
image on the other surface of the target, an elec-
trode on the image side of the target having sub-
stantial capacitative relation therewith, means

, for projecting a beam of electrons from said

thermionic cathode to the target with a velocity
approaching zero thereat, means for scanning
said beam over the target to land part of the elec-
trons of the beam for discharging said image by
passage through the target, a collecting electrode
for the remainder of the beam electrons having
negligible capacitative relation with said target,
and connections for utilizing the current flowing
from one of said electrodes.
ALBERT ROSE.
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