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Edward Emanue! Sheldon, New York, N. Y.
Application May 27, 1954, Serial No, 432,743
8 Claims, (CL 313—65)

This invention relates to an improved method and
device for intensifying images and refers more partic-
unlarly tc an improved method and device for intensify-
ing images formed by ine impingement of invisible radia-
tions wnich term is meant to include X-rays and other
invisible radiations such as ultra-violet, infra-red; gamma
rays and the like and also irradiation by beams of atom
particies such as e. z. neutrons on a fluorescent or other
reactive screen.

This application has a common subject matter with my

following U. 8. Patents: No. 2,555,423, filed April 16, B

1947, and issued Jume 5, 1951; No. 2,699,511, filed May

4, 1951 and issued January 11, 1955 and No. 2,717,971,

filed March 390, 1949 and issued September 13, 1955.
One primary object of the present invention is to

provide a method and device to produce intenmsified *

images. This intensification will enable to cvercome the
inefficiency of the present fluoroscopic examinations. At
the present level of illumination of the fluoroscopic image
the human eye has to rely exclusively on scotopic (dark
adaptation) vision, which is characterized by a tremen-
dous loss of normal visual acuity in reference both to
detail and to the contrast.

Another object of this invention is to make it possible
to proleng the fluoroscopic examination since it will re-
duce markedly the strength of radiation affecting the
patient’s body. Conversely, the exposure time or energy
necessary for the radiography may be reduced.

Another object is to provide a method and device to
store X-ray images which was not possible until now.

The present intensifying devices concerned with repro-

duction of X-ray images are completely unsatisfactory;
because at low levels of fluorescent illumination, such as
we are dealing with, there is not enough of X-ray photons
to be abscrbed by fluorescent or photoelectric screens used
in such devices. Therefore the original X-ray image can
be reproduced by them only with a considerable loss of
information. It is well known that the lack of sufficient
number of X-ray quanta cannot be remedied by the in-
crease of intensity of X-ray radiation, as it will result in
damage to the patient’s body. This basic deficiency of
the X-ray examination was overcome in my invention by
using an X-ray exposure of a strong intensity but of a
short duration, and storing the invisible X-ray image for
subsequent inspection of the desired length of time with-
out any need of maintaining the X-ray irradiation. The
X-ray beam, therefore, can be shut off while reading the
stored X-ray image and in this way the total X-ray ex-
posure received by the patieni is not increased, in spife
of using bursts of a great X-ray intensity.

In order to obtain the objects of this invention a special
X-ray sensitive image tube had to be designed, Fig. 1.
This novel X-ray image tube is characterized by elimina-
tion of the optical lens system present in other image tubes
which resulted in 20-30 fold gain in the light reaching
the photo-cathode. Then by the combined use of a novel
photcemissive pick-up system and storage system of the
tube, of an electron multipiier section of the tube, of a
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novel electron image amplifier section of the electronic
acceleration and of the electronic image diminution the
intensification of the luminosity of the original image
exceeding the ratio of 1000-1 was accomplished.

The elimination of the optical system present in other
image tubes to focus the fluorescent image on the photo-
cathode of the tube was accomplished by positioning
within the X-ray sensitive image tube of the screen, con-
sisting of combination of X-ray transparent, light reflect-

0 ing layer, of X-ray fluorescent, or reactive layer, and of

the photoemissive layer. All layers are placed in close
apposition to each other to prevent the loss of definition.
The fluorescent and photoemissive layers are separated
only by a very thin light transparent, chemically inactive,
barrier layer of a thickness not exceeding 0.15 millimeter.
the previous combinations of fluorescent and photoemis-
sive layers were not successful because of detrimental
chemical interaction of both iayers, due to lack of a
barrier between them, therefore the introduction of light

<V transparent barrier layer represents a very imporiant part

of this invention. The photoemissive layer is of semi-
transparent type. This layer is characterized by emission
of electrons on the side opposite to the side of the in-
cident light. The photoelectrons emitted from the photo-
emissive layer in a pattern corresponding to the incident
light patiern are accelerated and focused by means of
magnetic and/or electric fields on the novel image am-
plifying system.

The amplification section of the tube consists of one
or a few screens each of them composed of a very thin
light-reflecting, electron pervious layer, of a fluorescent
layer, and of a photoemissive layer in close apposition to
each other. It is necessary to include a very thin light
transparent, chemically inactive barrier layer between the
fluorescent and photoemissive layers in order to prevent
their chemical interaction, which should be of a thickness
not exceeding 0.15 millimeter but preferably much Iless.
The electrons from the pick-up section of the image tube
are focused by magnetic or electrostatic fields on the
fluorescent layer of a screen described above. The lumi-
nescence of the fluorescent layer of the amplification
screen will cause the emission of electrons from the
photoemissive layer of the screen. This process can be
repeated a few times, using a few screens described above
resulting in 10-100 times intensification of the original
electron image.

In another modification to be used in this invention
there is an additional multiplier section which consists of
a muitiplier and can give an additional intensification of
the electron image by secondary electron emission.

The electrons leaving the amplifying section are accel-
erated by means of high voltage electro-static fields. The
accelerating systermn can be of a conventional type well
known in the art. Much better results with higher volt-
ages will be achieved with an electrostatic multi-lens
system. Next the electron image is stored in the special
storage target. ‘The storage of the electron image allows
the inspection of the X-ray image for a desired time with-
out the need of maintaining X-ray irradiation during the
reading. This saves so much energy in X-ray exposures
that the patient’s body will not be impaired even with pro-
longed examination.

Next the electron image is demagnified which results
in its additional inteunsification. The electron diminution
of the image, in order to gain its intensification is well
known in the art, therefore does not have to be described
in detail.

The diminished electron image is projected on the fluo-
rescent screen at the end of the tube where it can be
viewed by the observer directly or by means of an opti-
cal magnifying eye piece, through the light transparent
end wall of the tube.
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The combination of the above described features of
the X-ray sensitive image tube allows to obtain intensifica-
tion of the original X-ray image which was the primary
objective :of this invention. Having such a marked inten-
sification -of ‘the original X-ray image it will be .possible
now to use a much finer grain of fluorescent screens than
was practical until now and to improve this way detail
and ‘contrast of the final image, which was another pur-
pose of this.invention.

The invention will appear more clearly from the fol-
lowing detailed description when taken in connection with
the accompanying drawings by way of example only, pre-
ferred embodiments of the inventive idea.

In the drawings:

Fig. 1 is ‘a cross-sectional view of the X-ray image stor-
age‘tube.

Fig. 2 is a cross-sectional view of a modification of the
X-ray image storage tube.

Fig. 3 s a:cross-sectional view of the X-ray storage im-
age tube in.combination withoptical system.

Fig. 4 is a cross-sectional view of a modification of the
X-ray image storage tube.

Fig. 5 is a cross-sectional view of a modification of
the X-ray image storage tube.

Figs. 6 and :6a show a plan view of the storage target.

Fig. 7 is a diagrammatic view of the neutron sensitive
photocathode to be used in neutron storage tube.

Figs. 8:and 9 show a modification of an X-ray or a neu-
tronsensitive photocathode.

Fig. 10 is .a cross-sectional view of a modification of

the X-ray image storage tube.

Fig. 11 shows a modification -of the storage tube using
electrostatic focusing system.

Fig. 12 shows a modification of the storage tube using
an imperforated storage target.

Fig. 13 shows a storage tube adopted for transmission
of images.

Fig. 14 shows a modification of the storage tube with
an imperforated target.

Rigs. 15 and 16 shows a tube having photocathode of ¢

photoconductive type.

Fig. 17 shows a modification of photoconductive photo-
cell.

The face 1 of the image tube 40 shown in Fig. 1 must
be of a material transparent to the type ‘of radiation to
be used. .Inside of the face of the tube there is a very
thin visible light reflecting, X-ray transparent layer 2
such as of aluminum or light diffusing layer such as of
titanium oxide which prevents the loss of light from the

adjacent fluorescent layer 3. An extremely thin barrier ¢

layer 4 separates ‘the fluorescent screen 3 from the ad-
jacent iphotoemissive layer 5. The reflecting layer 2, the
fluorescent layer. 3, the separating layer 4, and photo-
emissive layer § form together a composite photocathode
Sa ‘which converts X-ray images into electron images.
In some cases the composite photocathode must be of
convex shape.instead of flat type, as will be explained be-
low. The fluorescent layer 3 and the photoemissive lay-
ers -5 should be correlated so that under the influence of
the particular radiation used there is obtained a maximum
output of photoemission. More particularly the fluores-
cent Jayer should .be composed. of a material having its
greatest ‘sensitivity to the type of radiation to be used,
and the photoemissive ‘material likewise should have its
maximum sensitivity to the wave length emitted by the
fluorescent layer. Fluorescent substances ‘that ‘may be
used are willemite, .or other zinc silicates, BaPbSO,, zinc
selenides, zinc sulphides or calcium tungstate, with or
without .activators. The satisfactory photoemissive ma-
terials for the composite photocathode will be caesium
oxide, -caesium oxide activated by silver, caesium with
antimony, caesium with tellurium, bismuth -or arsenic or
antimony, ‘with lithium or potassium. The barrier layer
4 between the fluorescent and photoemissive surfaces can
be an exceedingly thin transparent film -of glass, -of ZnFy,
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of silicon, tin .oxide, tin chloride or of a suitable plastic
such as polyesters, e. g. Mylar made by DuPont Company
in U. S. A., or of a conducting material such as known
in the trade under the name “Nesa” made by Pittsburgh
Plate Glass Company.

In order to prevent chemical interaction between the
photoemissive and fluorescent layer, I found that light
transparent layer must be of a thickness not less than 0.5
microns and preferably of 1 -micron. It is also desirable
to provide in some cases a light transparent layer which
is electrically conducting and which may serve as a con-
ducting base for the proper functioning of the photo-
emissive layer 5. I found that conducting layers loose
their transparency when they are made thicker than 0.1
micron. On the other hand the light transparent sepa-
rating layer if made of dielectric material such as silica
or Mylar remains transparent regardless of its thickness.
Therefore in some embodiments of the invention the sepa-
rating layer is composed of two layers, one of dieleciric

0 materjal 4a which provides the protective ‘barrier :and

the other layer 4b .of conducting material which helps
the function of the photoemissive layer 5.

The thickness of ‘the separating layer should not exceed
0.15 millimeter, but preferably should be less than 2%
microns to preserve definition of images. The light trans-
parent separating layer 4 in the photocathode 5a may be
deposited on the fluorescent laver 3 so that it doesn’t
require any support by the walls of the tube. In modifi-
cation of the composite phetocathode the light transparent
layer 4 such as of Mylar may be attached to the walls of
the tube by means of metallic rings and may provide then
support for other layers. In another preferred modi-
fication the fluorescent layer 3 is embedded in the plastic
such ‘as Mylar which has a great tensile strength. The
fluorescent layer embedded in Mylar is self-support-
ing and can serve also as a support for other layers of
the composite photocathode. Mylar can be dissolved in
a proper -solvent. Therefore it may be made of any de-
sired ‘thickness so that the top of Mylar layer outside of
the fluorescent layer which will now serve as a light trans-
parent separating layer may be made of a thickaess -of
the order of microns as it is necessary for the best reso-
lution of the reproduced image.

The use -of plastic embedded fluorescemt layer has a
great advantage over the glass embedded fluorescent layer
because ‘the thickness of the plastic outside of the
fluorescent layer can be controlled up to microns which
cannct be done when using glass. This construction
is especially ‘suitable for the composite screen used as a
second stage -as shewn in Fig. 1. It may be added that
Mylar will withstand processing of the vacoum tube.

The electron image obtained in the pick-up section is
now accelerated by electrodes 6 and is transferred to
the first screen of the amplifying section by means of
focusing niagnetic or electrostatic fields which -arc not
indicated, since they are well known in the art and would
only serve to complicate the dllustration. The amplify-
ing section uses -one or a few successively arranged com-
posite screens Sa each of them consisting 6f an electron
pervious, light-reflecting layer 8, of a fluorescent layer
9, of light transparent barrier layer 10, and of photo-
emissive layer 11. Flucrescent substances that may be
used are willemite -or other zinc silicates, zinc selenides,
zinc sulphide -or calcium tungstate with or without acti-
vators. The satisfactory photoemissive materials will be
caesium oxide, caesium oxide activated by silver, caesium
with antimony, with bismuth or arsenic or antimony with
lithium or potassium. The barrier layer 16 between the
fluorescent and photoemissive surfaces was described
above and may be of the same type. The amplification
achieved by this system results in marked intensification
of the originalimage.

Tn some applications it may be preferable to use in
conjunction with amplifying system the electron multi-
plier section consisting of one or a few stages -of ‘sec-
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ondary electron multipliers which serves to intensify fur-
ther the electronic image. In such a case the electron
image from the pick-up section of the tube is focused by
means of magnetic field on the first stage of the multiplier
section. The secondary electrons from the first stage are
focused the same way on the second stage of the multi-
plier section and so on. CsO:Cs or Ag:Mg multipliers
provide a good secondary electron emission.

The electrons emerging from the amplifying section
are now accelerated and imaged by means of fields 47
to the desired velocity, giving thus further intensification
of the eleciron image. Next the electron image is di-
minished by means of electromagnetic or electrostatic
lenses to the desired size, resulting in image intensifica-
tion proportional to the square power of the linear
diminution and is projected on the storage target.

The use of a storage target improves markedly signal
to noise ratio resulting in pictures of much better detail
and contrast. The storage target is shown in Fig. 6 and
consists of a thin perforated metal sheet or of woven
conducting wire mesh 4iq. On the side of the target op-
posite to the photocathode there is deposited by evapora-
tion storage material such as CaF,, 416 in such a manner
that openings 41c in the target should not be occluded.
In some cases on the side of the target facing the photo-
cathode there is deposited by evaporation a thin metal
coating.

Between the photocathode and the storage target, in a
close spacing to the target, there is mounted a fine mesh
conducting screen 42. On the side of the storage tar-
get, opposite to the photocathode there is disposed a
meshed metal electrode 43, which repels electrons during
the writing phase of operation and attracts electrons dur-
ing the reading phase. Adjacent to said meshed metallic
screen there is disposed a fluorescent screen 44 provided
with a metallic light reflecting electron transparent layer
44q such as of aluminum. The reflector electrode 43
during writing is kept at the potential negative to the
photocathode Sa. Therefore the photoelectrons trans-
mitted through the perforated target are repelled by said
reflector electrode and have to fall back on the storage
target 41 and deposit thereon varying charges at suc-
cessive points according to the pattern of X-ray image.
The best way of operating my system is to have the stor-
age target surface at zero potential or at photocathode
potential and then to write on it positive which means
to deposit positive charges. This can be accomplished by
adjusting the potential of the surface of the storage
target so that its secondary emission is greater than unity.

The photcelectrons having the pattern of X-ray image
after passage through openings in the target are re-
pulsed back by the reflector electrode 43 because in this
phase of operation its potential is lower than that of the
storage target. The impingement of photoelectron beam
causes secondary electron emission from the target 41
greater than unity. The secondary electrons are drawn
away. As a result a positive charge image is formed on
the perforated target 41 having the pattern of the original
X-ray image. This charge image can be stored in the
target as long as 50 hours, if the storage material is
Can.

In the reading phase of operation of my device the
target 41 is scanned by a slow electron beam 50 from
the electron gun 52. The electron beam is focused by
magnetic or electrostatic fields 49 and is decelerated by
the electrode 42 which may be in the form of a ring or
of meshed screen. The deflecting fields and synchronizing
circuits are mot shown in order not to complicate the
drawings. It is obvious that all fields controlling the
scanning beam are inoperative during the writing phase
of the operation. In the same way the fields controlling
the photoelectron beam are not operating during the read-
ing phase of the operation. A part of the scanning elec-
trom beam 58a passes through the perforations 41c in
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the passage of the scanming electron beam 50a acting
in the similar manner to a grid in the electron tube.

The electron beam 50 in the reading phase of opera-
tion passes through the openings in the target 41,, is
modulated by the stored charges on it and strikes the
fluorescent screen 44 producing thereby a light image
having the pattern of the original X-ray image. The
fluorescent screen 44 is provided with an electron trans-
parent, light-reflecting backing 44a such as of alumi-
num. At the same time the open mesh metallic screen
43 may be used as a collector for electrons to be con-
verted into video signals and transmitted to distant re-
ceivers. In case no transmission of storéed image is de-
sired the image reproduced on the fluorescent screen 44
can be markedly intensified by using instead of the scan-
ning electron beam a broad electron beam from the elec-
tron gun 52 covering all storage target 41 of a flat rib-
bon scanning beam covering one line of the image.

Video signals can be obtained not only from the trans-
mitted electrons of the scanning beam but as well from
the electrons 585 of said scanning beam returning to the
electron gun. This part of the electron beam is also
modulated by the charge image on the target 41 but is
of reverse polarity than the transmitted electrons. The
non-transmitted part of the scanning electron beam re-
turns to the multiplier section 46. They are multiplied
there and then are converted into video signals. This
arrangement by using multiplication of electrons allows a
marked intensification of video signals. The returning
electron beam 505 contains.two groups of electrons. One
group are electrons which are reflected specularly from
the target. Another one are electrons which are reflected
non-specularly it means were scattered. These two groups
can be separated from each other before reaching the
multiplier. There are many ways to separate these two
groups of electrons, all well known in the art. The best
method is to introduce an additional helical motion into
a primary scanning beam. Then the scattered electrons
in the returning beam will be on one side of the specular-
ly reflected electrons. Therefore it will be possible to di-
rect scattered electrons into aperture of the multiplier,
while stopping the reflected electrons by the edge of the
multiplier aperture. The use of the scattered electrons
increases markedly sensitivity of the system because it
reduces the inherent shot noise of the scanning electron
beam.

Video signals have the pattern of the original X-ray
image. They are amplified and transmitted by coaxial
cable or by high frequency waves to receivers. Receivers
may be of various types such as kinescopes, facsimile
receivers, in combination with electrographic cameras
and. others may be used to reproduce images for inspec-
tion or recording. The accelerating, focusing, and deflect-
ing fields as well as synchronizing circuits are not known
as they are well known in the art and would only com-
plicate drawings.

After the stored image has been read and no further
storage is desired it may be erased by the use of the scan-
ning electron beam 50 by adjusting the potential of the
storage target to the value at which the secondary elec-
tron emission of its storing surface is below unity. In
such a case the target will charge negatively to the po-
tential of the electron gun cathode. The potential of the
reflector in the erasing phase of operation must be more
niegative than that of the storage target, sc¢ that the scan-
ning electron beam will be repelled to the target.

It should be understood that instead of composite photo-
cathode 5a a single layer photocathode 5b of a material
emitting electrons when excited by X-rays such as of lead,
gold, bismuth or uranium may be used. This modifica-
tion is shown in Fig. 2. The operation of the X-ray image
tube 78 is similar to the tube 48 described above. The
only difference being that in this tube the photoelectron
image having the pattern of the X-ray image is deposited
as a positive charge image on the storing surface 41b
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of the-storage target facing the photocathode. The photo-
electron image .may ‘he deposited on .the opposite side of
the target, .as well, if .a reflector -electrode of .mesh 43
is -provided for this purpose.as was explained above.

In another modification of my invention shown in Fig.
3 the X-ray :imageis converted into a fluorescent image
32q in the fluorescent screen 31 outside of the X-ray im-
age storage tube 33. The fluorescent image is projected
by -an optical system, -preferably of a reflective type 34
on the X-ray storage tube having a photocathode 35 of
a material emitting -electrons -such as of -CsSb, CsOAg,
or-of lithium or potassium on antimony or bismuth. The
fluorescentimage prajected.on the -photocathode produces
a ;photoelectron image. The rest of the operation of this
X-ray -storage tube is:the same as described above.

It sshould -be ‘understood -that the storage surface 41b
may be :deposited .on -the side of the target 41 facing the
photacathode -or .on the opposite side of said target in all
my rembodiments of invention. Tt is also to be under-
stood that in -case in which the storage surface 415 is
facing ithe photocathode, the reflector electrode 43-should
be eliminated as it-serves then no purpose and causes only
deterioration-of the image.

Tt ‘should ‘be understood that the composite photo-
cathode, ‘the -electron gun and the perforated target may
be:disposed in many different ways and it is to be under-
stood thaf-the various modifications of their mutual ar-
rangement come within the scope and spitit of my inven-
tion. -One :of such -modifications is shown by way of
example:only in Fig. 4. The X-ray image tube 53 oper-
ates in:the same way .as the tube 70, the only difference
being ‘the photoslectron ‘image is projected on the stor-
age target:at an-angle which requires the use of arcuate
focusing fields.

-Another modification of X-ray storage tube in which
the :photocathode :and :electron gun are disposed at the
opposite ends of the tube is shown in Fig. 5. This ar-
rangement :is suitable :only for converting the stored X-
ray images into video signals and.cannot be used for im-
mediate reproduction of X-ray images in the same tube.
Tn this ‘modification -of my invention, shown in Fig. 5,
the -invisible X-ray image of the examined object 32 is
converted by the :composite photocathode Sa which has
been described :above into a phiotoelectron image. The
photoelectron image is accelerated by the electrode 47
and is focizsed by :the magnetic or electrostatic fields 48
on the perforated storage target 64, also described above.

Between the phiotocathode and the storage target, in a
close:spacing to-the target, ‘there is mounted a fine mesh
conducting:screen-65. -On the side of the storage target,
opposite to the photocathode there is disposed a meshed
metal -electrode 67. The reflector electrode 67 during
writing iis kept-at the potential negative to the photo-
cathode 5. Therefore :the photoelecirons transmitted
through the perforated target are repelled by said reflector
electrode -and:have .to fall back on the storage target 64
and .deposit thereon wvarying charges at successive points
according to:the pattern. of the X-ray image. The photo-
electron :image may be also stored on the side of the
storage target.facing -the photocathode as was explained
above. In:such acase the storing surface should face the
photecathode and the mesh. electrode 67 is-eliminated, as
it:is-notinecessary. The:best-way of operating my system
is to have the storage target surface at zero potential or
at photocathode. potential-and then to .write on it positive
it ‘means .to - deposit positive .charges. This can be ac-
complished by -adjusting the potential of the surface of
the-storage:target:so that its secondary emission is greater
than:unity.

‘The photeélectrons-having the- pattern of X-ray image
after passage through openings in-the target are repulsed
back ‘by-the reflector -electrode 67 because 'in this phase
of operation its-potential is'lower than that of the storage
target. The impingement of photoelectron beam causes
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secondary electron emission from the target 64 greater
than unity. .. The secondary .electrons are drawn away
by the miesh screen 64a of the storage target which is
connected to the source of positive potential. As a result
a positive .charge image is formed on the perforated
target 64 having the pattern of the original X-ray image.
This charge image can be stored in the target as long
as 30 hours, if the storage material is CaFa.

In the reading phase of operation of my system the
target -64 is scanned by .a slow electron beam 62 from
the electron gun 72. The electron beam is focused by
magnetic or electrostatic fields 71 and is decelerated by
the electrode 73 which may be in the form of a ring or
of meshed screen. The deflecting fields and synchroniz-
ing circuit are not shown in order not to complicate the
drawing. It is obvious ‘that all fields controlling the
scanning beam are inoperative during the writing phase
of operation. In the same way the fields controlling
the photoelectron beam are not operating during the
reading phase of the operation. A part of the scanning
electron beam passes through the perforations in the
target-64. The charge image on the target controls the
passage of the scanning electron beam 62 acting in the
similar mangner.to a grid in the electron tube.

It is obvious that all fields controlling the scanning
beam are inoperative during the writing phase of the
operation. In the same way the fields controlling the
photoelectron beam .are not operating during the read-
ing;phase of the operation. The scanning electron beam
62 is modulated by the stored charge image. A part
of :it, :$2¢, is transmitted through the openings in the
storage targei 64, is collected by the mesh electrode
65 and is converted into video signals in -the usual
manner. Another part, 626, of the scanning electron
beam is returning to the electron gun 72, is diverted to
the multiplier 63 and after multiplication therein is
converted into video signals. Video signals have the
pattern of the original X-ray image and are amplified
and transmitted by coaxial cable or by high frequency
waves to receivers. Receivers may be of various types
such as kinescopes, fascimile receivers, in combination
with electrographic camera, and others may be used to
reproduce images for inspection or may be photographed
or recorded.

In some cases it may be more desirable to have the
fluorescent screen 44 mounted outside of the vacuum
tube, in such cases thin electron fransparent layer of
chromium or aluminum is placed on the end wall 22 of
the vacuum tube made of fernico glass. The image ap-
pearing on the fluorescent screen can be viewed directly
or by means of an optical eye-piece giving the desired
optical magnification of the image. In other cases the
fluorescent screen 44 is substituted by electrophotographic
Jayer or by photographic layer in combination with
fiuorescent screen, or by an electrographic plate, permit-
ting thus to obtain a permanent record of electron image.

Jdn another alternative of this invention the X-ray image
tube -is curved and the electron beam is deflected by
proper megnetic or electrostatic fields. This arrange-
ment will prevent the positive ions from reaching the
photoemissive  section.

It is not intended to restrict the scope of this inven-
tion to the employment of X-ray or gamma radiations
but other corpuscular radiations and suitable reactive
layers are intended to be comprehended. Another form
of the invention is illustrated in Fig. 7, wherein a neu-
tron reactive layer 26 preferably from the group boron,
lithinm, gadolinium and uranium or of paraffine is
placed within.the image tube to act as a photocathode.
The protons or electrons liberated from this layer 26
under the impact of neutron radiation will strike direct-
ly or in some cases through an additional thin electron

ervious .chemically inactive barrier layer 4¢’, .a suit-
able fluorescent layer 27, causing it to fluoresce and acti-
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vate a suitable photoemissive layer 29 through the light
transparent barrier layer 28. In other cases a neutron
reactive layer of cadmium or copper will be more ad-
vantageous, because of its gamma emission. In some
cases when the definition of reproduced images is not
critical, the fluorescent layer 27 may be placed outside
of the tube on its face 1.

In some cases it may be more desirable (Fig. 8) to
eliminate the fluorescent layer 27 and to cause protons
or electrons from the layer 26a to act on electron emis-
sive layer 29a either by apposition, or through an elec-
tron pervious chemically inactive barrier layer 3¢ which
may be sometimes used either to prevent chemical in-
teraction of adjacent layers or to slow down atomic
particles from the layer 26a. In other cases it is pref-
erable to focus protons or electrons or alpha particles

- from the layer 264 on electron emissive layer 29« with
magnetic or electrostatic fields (Fig. 9). It should be
understood that all modifications apply to X-ray or gam-
ma images as well. In case of X-ray images layer 26a
should be preferably of gold, lead or bismuth.

The fluorescent layer to be used in the neutron sensi-
tive tube may be of similar composition as described
above in the X-ray sensitive image tube, but it has also
to be adapted to respond most efficiently to the radiation
emitted from neutron sensitive layer by enriching it with
proper neutron reactive elements such as boron or gado-
linium. The photoemissive layer has again to be cor-
related with spectral emission of fluorescent layer. The
amplifying system, the multiplier system, the storage
system, the electronic diminution are the same for neu-
tron sensitive image tube and for X-ray semsitive image
tube.

In another modification of my invention shown in Fig.
10 the X-ray sensitive pick-up tube 76 has a composite
storage target 7¢ shown in Fig. 6a. The X-ray image
is converted in the photocathode 5a described above into
photoelectron beam having the pattern of the X-ray
image. The photoelectron image is accelerated and
focused on the perforated storage target 79. The target
consists of a thin perforated light transparent dielectric
such as glass 83. Also a metallic mesh screen can be
used instead of a perforated glass. In such a case
however, a light transparent dielectric must be deposited
on the mesh screen and in such a manner that openings
in the screen remain unobstructed. On the side of the
glass layer 83 facing the photocathode is deposited a
fluorescent layer 81 also in such a manner that the open-
ings in the glass are unobstructed. On the side of the
fluorescent layer is deposited a light reflecting layer 80
such as of aluminum. On the side of the dielectric
layer 83 which is away from the photocathode is de-
posited a photoemissive layer 84 in such a manner that
openings in the dielectric layer are not obstructed.

The photoelsctron beam causes fluorescence of the
layer 81. The flucrescent light passes through glass layer
83 and causes emission of electrons from the photo-
emissive layer 84. The emitted photoelectrons are led
away by adjaceant collecting mesh screen 85. As a re-
sult a positive charge image is stored on the layer 84.
This stored charge controls the passage of the scanning
electron beam 87 in the same manner as was described
above. The transmiited electrons of the scanning beam
will strike the fluorescent screen 89 having a light reflect-
ing electron transparent backing 88 and will reproduce
therein the X-ray image. The transmitted electrons are
focused on the fluorescent screen 89 by means of mag-
netic or electrostatic fields which are well known in the
art.

It should be understood that the storage tubes shown
in Figs. 1, 3, 4, 7, 8, 10, 11, 12, 13 and 14 may be
markedly simplified by eliminating the electron gun 52
and by using as a reading electron beam, the electron
beam produced by the photoemissive layer 5 or 35, This
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may be accomplished by irradiating the photoemissive
layer 5 or 35 with a source of light 101 from outside in
the image reading phase of operation.

Storage of X-ray images may also be accomplished
by using a light image feed-back system. The fluorescent
X¥-ray image in this modification of my invention is re-
produced on the face of the image tube as was explained
above. Before it begins to fade it is projected on a tele-
viston pick-up tube and produces an electrical image there-
in. The electrical image is converted by the pick-up
tube into video signals in the manner well known in tele-
vision. For the purposes of this invention any type of
television pick-up tube such as photoemissive type, photo-
conductive type, or of photovoltaic type may be used.
Video signals are sent from the pick-up tube to the kine-
scope and reproduce there the fluorescent image. The
fluorescent image from the kinescope may be again pro-
jected on the pick-up tube to produce again an image
therein. In this way an endless stream of fluorescent light
images is produced so that the fluorescent image may be
inspected for a desired time without maintaining the X-
ray exposure.

1t should be understood that all my storage tubes may
be of the electrostatic or of magnetic type. In case elec-
trostatic focusing means 48a are used the photocathode
should have a slight curvature to improve definition of
reproduced image as shown in Fig. 11. The same ap-
plies to all other types of photocathodes. In such a case
the light reflecting layer 2 which may be of aluminum
may serve also as a supporting member. The electron
beam from the composite screen Sa, 5b, or 35 may be
intensified by the secondary electron emissive screen such
as screen 286 shown in Fig. 11. I found however that
velocities of secondary electrons emitted from the screen
29b vary considerably and they proceed in divergent di-
rections. This leads to detericration of définition of re-
produced image. In my embodiment of the invention I
eliminated this defect by using the secondary electron
emissive screen 29 in the shape of a lems. In this way
I may provide suitable potentials so that divergent sec-
ondary electrons will be electron-optically focused.

It should be understood that all my storage tubes will
be useful in producing images formed by radio isotopes
whether they are present in the human body or used
in industrial applications. The image formed by radio
isotopes such as radio-iodine which emits penetrating
gamma radiation cannot be focused on my image stor-
age tube because there are no optical systems, which can
focus gamma rays. As a result no image from radio-iso-
topes distributed in an organ could be obtained. I sclved
this problem by using in combination with my storage
device a pinhole camera as illustrated in Fig. 11. The
pinhole camera 187 is made of lead or cther material
which is able to stop penetrating gamma radiaticn. The
camera 167 is provided with a pinhole opening 108. The
storage tube of any type described above is introduced
into said lead camera 107 and receives the image pass-
ing through the pinhole opening 108. In this way the
gamma image may be now focused on the image sensi-
tive screen of the storage tube. The use of a pinhole
causes however a great decrease of radiation available for
image formation. Therefore my storage devices are of
great importance tc make such system workable. The
weak radio isctope image can be stored im the storage
target 41 or $0 and by a long exposure may build up a
charge pattern on the storage target which is strong enough
to be reproduced as a visible image.

Another embodiment of my invention is shown in Fig.
12. In this modification of my device the perforated
storage target is replaced by a target having a continuous
imperforated surface of dielectric material such as silica,
titaninm compounds, BaF,; or CaF,. The photocathode
may be of any one of the types shown and may be in the
form of a composite screen Sa, as shown in Fig. 1, or
may be in the form of the composite screen as: shown
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in Fig. 7 or 8, or in the form of a screen 5b, as shown
in Fig. 2, or screen 35 as shown in Fig. 3 or 26a as
shown in Fig. 9. The beam of electrons emitted from
the photocathode 3a and having the patiern. of the X-
ray or other radiation image is accelerated and is focused
by magnetic 48 or electrostatic means 484 on the novel
storage target 90 which consists of a continuous sheet
90 of a dielectric material such as described above. The
impingment of said electron beam causes secondary emis-
sion of electrons from said diclectric material which may
be higher or lower than unity according to the velocity
of the electron beam or potential applied to said storage
target. The secondary electrons may be led away by the
adjacent mesh screen 91. In some cases it may be prefer-
able to have mesh screen 91 deposited on the surface
914 of the target 90 which is facing the composite screen
5q. If the electrens are of the velocity at which the sec-
ondary electron emission is higher than unity, a positive
charge pattern having the pattern of the original image
will remain stored in the dielectric target 90. The elec-
tron beam from the photocathode could not pass through
dielectric target 90 to its opposite side but the charge
image can produce by capacitance effect a corresponding
charge pattern on the opposite side 915 of dielectric tar-
get 99. On the side of the dielectric target 91 facing the
electron gun 94 is disposed in a close spacing a mesh
screen 92. The charge pattern appearing on the sur-
face 915 sets up by capacitance effect a similar charge
pattern on the mesh screen 92. Screen 92 is irradiated
by a beam of electrons 93 from the electron gun 94.
The beam 93 after ihe passage through the opening 95
in the diaphragm 96 is decelerated by decelerating elec-
trodes 97 and is defocused to produce a broad beam 98.
The broad clectron beam 98 approaches the mesh screen
92 with a very low velocity and is modulated and re-
flected by the positive electrical pattern on said screen.
The reflected broad electron beam has now therefore the
imprint of said electrical pattern. The reflected modu-
lated electron beam is striking the fluorescent screen 99
through the light reflecting layer 99« such as aluminum
and reproduces the visible image which is the replica of
the original image. The fluorescent layer 99 is supported
by the light transparent diaphragm 96 which should be
of preferably light transparent material such as silica or
Mylar so that the observer may study the fluorescent
image through window 102. The advantage of this novel
embodiment resides in the fact that the reading electron
beam 98 does not discharge the stored charge image be-
cause it does not come in contact with it at all. There-
fore the stored image may be read for a desired time
without the necessity of maintaining the action of the in-
visible or visible image forming radiation. As a result
my device will protect the living tissues from an excessive
radiation. The stored charge image may be removed
when desired by producing a broad electron beam of the
opposite sign than the stored charge image. Such a broad
beam of electrons may be produced by irradiating the
photoemissive layer 5 which is inactive at this stage of
operation with an extraneous source of light 191 or of
ultra-violet. In some cases it may be preferable to pro-
vide for this purpose an additional electron gun 94a which
will produce the erasing electron beam.

Another embodiment of my invention is shown in Fig.
13, which discloses the storage tube with a continuous im-
perforated target of the type illustrated in Fig. 12, and
which may be used for transmission of images. The tube
194 has deflecting means 195 tc produce a scanning mo-
tion of the fine-focus eleciron beam 103 across the mesh
screen 92. The electron beam 183 after being reflected
and moduiated by the electrical pattern on the mesh screen
%2 rsturns 1o the multipliers 186 as beam 1034, The
multiplied electrons from the multiplier 166 are converted
into video signals over a suitable resistance in 2 manner
well dknewan in the.art,
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Another modification of my invention is shown in Fig.
14, in which the mesh screen 92 is eliminated and ‘the
scanning electron beam 103 is allowed to impinge on the
target ‘90. "This construction dees not permit a long
reading of the image as devices shown in Figs. 12 or 13
because the impingement of the electron beam on the
target 90 causes neutralization of the positive charges.

Another -modification -of my invention is shown in Fig.
15 -which ‘illustrates -the novel -image tube 1084. The in-
visible-image passes-through-the face 1 of the ‘tube, which
obviously must be -of -material -transparent to the radia-
tion used and-may be flat or convex in shape and strikes
the composite photocathode6a-disposed in the image tube.
The composite photocathede -6a consists of an invisible
radiation transparent, light reflecting layer 2, of a flucres-
cent layer 3 sensitive to-said invisible radiation, of a very
thin conducting layer -4b and of a photocenductive layer
25. The layer 2 may be -of aluminum, gold, silver or
platinum :and must be very :thin in order not ‘to absorb
the invisible:image. The fluorescent and light transparent
conducting layers may be the same as described above.

For neutron images, the -fluorescent layer should be
activated with elements which have a large cross-section
for neutrons, such .as boron, lithium, gadolinium or an
additional -neutron -sensitive layer, such as of boron,
lithium .or -gadolinium, should be disposed adjacent to
fingrescent layer, -as-was explained above. In some cases
the -fluorescent layer should be eliminated and the layer
264 may :be applied in contact with the photoconductive
layer 25 as:showniin Fig. 16.

The photoconductive layer 25 may be of CdS, Sby-—Sg,
selenium, ZnSe, or PbQ. Many sulphides, antimonides,
selenides, iodides, arsenides and oxides exhibit photocon-
ductive -effect and .may be used for the purposes of -my
invention. The invisible image .produces in the fluores-
cent layer 3 a fluorescent light image ‘having the pattern
of said -invisible image. The fluorescent image produces
within the photoconductive layer a pattern of changes in
electrical .conductivity .and -on the surface of said photo-
conductive layer -a pattern .of potentials according to the
pattern of said fluorescent light image. The photocon-
ductive layer 25 is .under the influence .cf an electrical
field produced by an.extrinsic source of ¢lectrical power,
such as battery, which is connected to the conducting
Jayer 4b. Under the influence .of this electrical field,
the electrons and positive holes liberated in the photo-
conductive layer by the impingement of fluorescent light
from the layer 3 move to respective electrodes. There-
fore, the pattern .of potentials having the pattern of the
original X-ray or neutron image appears on the uncovered
surface of the photoconductive layer 25. In some cases,
better results are .obtained by using a pulsating electrical
field instead of a:baftery. In particulaz, applying a square
wave voltage .of a low frequency, such as 15-39 cycles
per second to the gonducting layer 45 will markedly -im-
prove the sensitivity of the photocathode and will prevent
“fatigue” effects.

The uncovered surface of layer 25 is irradiated by a
broad beam 93 of electrons from the.electron gun 94. The
broad electron beam is focused by magnetic or electro-
static fields to a small diameter, so.that it will pass through
the. aperture 95 in the light transparent diaphragm 96, such
as of mica, silica or glass. The electron beam 93 after
passage through aperture 95 is enlarged by suitable mag-
netic or electrostatic fields to the size corresponding to
the size of the photocathode 6a. The electron beam 93
when approaching photocathode, may have velocity of a
few hundred volts. It is necessary, however, to use a slow
electron beam. Therefore the electron beam 93 is de-
celerated in front of the photocathode by an additional
decelerating .electrode 97, which may be in the form of a
ring,or.of.a mesh screen. The.electron beam approaching
the photocondugtive layer 25 is medulated by the pattern
of potentials on its:surfaces.. The areas of a higher nega-
tive potential will reflect electrons more than areas hav-,
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ing a lower potential acting as an electron mirror 11A.
The teverse situation exists if the X-ray induced conduc-
tivity is due to positive holes, because in such a case, the
areas of higher positive potential will obviously attract
electrons instead of repelling them. The reflected elec-
tron beam 93 is therefore modulated by the potential im-
age in the composite photocathode 64 and carries the rep-
lica of the original image of the examined body.

The reflected electron beam 93 irradiates the fluorescent
screen 99, which has electron transparent light reflecting
backing 994, such as of aluminum. The impingement of
reflected electron beam 93 on fluorescent screen 99 will
reproduce the original invisible image as a fluorescent light
image. The fluorescent screen 99 should preferably have
a very fine grain. ZnO or ZnSCdS phosphor is suitable
for this purpose. Better definition will be obtained by
evaporated phosphors which have no grain structure and
are, therefore, capable of reproducing images of high
definition. The fluorescent image can be viewed by the
observer through the window 192 and through magnify-
ing optical system. In some cases, the light reflecting
layer 99z may be omitted and image may be viewed from
the uncovered side of the fluorescent screen. In such a
case, however, photoconductive layer 25 and the fluores-
cent screen 99 must be so correlated that a wave length
of the finorescent light should not affsct the photocon-
ductive layer 25. For example, antimony trisulphide is
not, sensitive to blue ilght or selenium may be prepared
not to be sensitive to the red light.

A very important feature of my novel image tube is
that it can be operated as'a storage tube. This means
that after the invisible image is formed in the photo-
cathode 6z as a pattern of electrical conductivity changes
or of electrical potentials, the image forming radiation
may be shut off and the image may be read for the de-
sired time. This results in a great reduction of X-ray
or neufron exposure of patients, which was one of the
primary objectives of my invention. The operation of the
image tube 108a as a storage. tube is. essentially the same
as described above, except that X-ray or neutron radia-
tion may be stopped after one short exposure. The stor-
age effect of my image tube is due to photoconductive lag
observed in insulators, such as selenium, cadmium, sul-
phide or antimony, trisulphide and cthers when the incident
light is of a low intensity. Such conditions prevail in
medical fluoroscopy. where. the brightness of fiuorescent
light image produced in layer 3 by X-ray or neutron image
is in. the range of 0.01-0.001 footcandle. The photocon-
ductive lag means that conductivity pattern within the
layer 25 and potential pattern on the uncovered surface
of said photoconductive layer persists for many seconds.
During all this time, the electron.beam 93 can be modu-
lated by said conductivity or potential pattern and will
reproduce visible image corresponding to the original
X-ray or neutron image in the fluorescent screen 98. The
photoconductive lag may be prolonged by refrigerating
the photoconductive layer 25 of the photocathode, or by
addition of suitable impurities, such as Cu when using
CdS for a photoconductive layer. “It-should be added that
the tube 1084 shown in Fig. 15 may be provided with a
composite screen Sa for receiving an image and convert-
ing said image into.a beam of free electrons. The beam
of free electrons will in turn act on. the composite screen
6a.to produce a stored potential image as was. explained
above. )

Another important advantage of my photoconductive
tube resides. in the efficiency of the photoconductive layer
as compared with the previously used photoemissive layer.
Whereas the best photoemissive materials have quantum
efficiency of the order of-3-to 5%, the photoconductive
layer 25 has quantum -efficiency: close to unity or even
exceeding unity. ‘The:efficiency of photoconductive layer
25 can also be increased by. providing a strong electrical
field across it, which serves to.move. liberated electrons
and positive holes across said layer.
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A preat problem in quality of images produced by my
devices'is the reproduction of contrast vatues which means
reproduction of half-tones. 1 found that I may improve
the contrast and in addition amplify arbitrarily the con-
trast of reproduced images by using in front of the photo-
cathode of any type described above a mesh screen 24
as shown in Fig. 13. The mesh screen 24 is connected
to the source of an extraneous elecirical power such as
battery and may be supplied with various necessary po-
tentials. By providing the mesh screen 24 with a potential
which will cause cut-off of electrons of certain prede-
termined velocity we may vary arbitrarily the contrast
of reproduced image. The mesh screen 24 has wide mesh
openings in order not to cause the loss of a large per-
centage of electron beam. It should be uaderstood that
the use of contrast regulating mesh screen 24 is intended
for all embodiments of my invention.

It should be understood that the image reproducing
screen 44 in all types of tubes described may be of
material capable of the storage of the image. Screen 44
may be of persistent phosphors such as flucrides which
have a long after-glow. In some cases screen 44 may
be of a scotophore material which means of material
changing its color under the influence of electron irradia-
tion. There are many scotophores known in the art such
as halides; especially useful is potassium chloride. In
case a scotophore type of screen is used means nust be
provided to return this screen to the original condition
after the image has been read. For this purpose we
may use either heating of said screen or we may use
a strong beam of electrons which may be supplied by
the photoemissive layer of the composite screen irra-
diated by a strong extraneous source of light. It should
be understood that the image appearing in the reproducing
screen of fluorescent type or of tenebrescent type or other
types may be photographed or recorded on a suitable
surface to provide a permanent record thereof.

It should be understood that all modifications of my
device are suitable also for the storage of images produced
by ultra-violet radiation. In such a case the photocathode
may be of composite type such as shown in Fig. 1. The
fluorescent layer will be of material sensitive to particular
wave:length of ultra-violet radiation used. For example,
phosphors such as calcium phosphate, calcium silicate or
barium silicate with suitable activators are sensitive to
ultra-violet rays of 30600 A. In case ultra-violet radiation
is of a shorter wave-length such as 1000-3000 A. the
photocathode may be of a single layer type using potas-
sium, sodium salicylate or silver chloride as a photo-
emissive layer.

My invention in all its medifications may be also used
for the storage of infra-red images. Tn such case the
photocathode may be of composite type as shown in Fig. 1.
The fluorescent layer may be of one of infra-red sensitive
phosphors such as alkaline earth sulphides or selenides
activated by cerium, samarium or europiura. In case in-
frared radiation is of a longer wave-length such as 2-20
microns we may use a single layer photocathode of ma-
terial: such as PbS, tellurides, antimonides or of barfum
titanate or other titanium compounds.

It may be added that the preferable way of dissolving
Mylar is to heat it to temperature of 250° C. at which jt
becomes liquid. When it is in a liquid condition we may
add to it a desired quantity of a phosphor. After a
thorough mixing we let the solution cool off and solidify
again. In this way a self-supporting layer of fluorescent
material and. a light transparent separating layer of Mylar
of the desired thickness such as 1-20 microns are pro-
duced. On this composite screen we may deposit a light
transparent- conducting layer and a photoelectric layer
such as a photoemissive layer, as described above.

In some cases the fluorescent layer and light transparent
conductive layer may be eliminated. and the neutron re-
active layer-or the X-ray reactive layer 26z may be.ap-
plied in direct contact with the side of the photoconductive



2,817,781

layer 25 which is facing the image. This arrangement is
shown in Fig. 16 and is especially suited for very pene-
trating X-rays or gamma rays. The materials for neu-
tron or X-ray reactive layer were described above.

In some cases the image tube shown in Fig. 15 may be
simplified by using as a photocathode instead of a com-
posite screen provided with a fluorescent layer, a screen
of material such as cadmium, sulphide or lead oxide which
when irradiated by X-rays or neuntrons change their elec-
trical conductivity. The remaining part of the tube may
be the same as described above and shown in Fig. 15.

The layer of CdS or of PbO may be preferably de-
posited on a conducting layer of material transparent to
the image forming radiation such as gold, platinum or
tungsten. A source of electrical potential should be con-
nected to said conducting layer to provide the bias po-
tential.

It should be understood that all tubes described above
may be adapted to transmit the images instead of re-
producing them in the same tube. Suvch adaptation of
one of the embodiments of my invention.to serve as a
pick-up-tube, which means a transmitting -tube, will be
shown in Fig. 17. The tube 109 is characterized by the
photocathede 119 comprising a dielectric layer of ma-
terial showing changes of electrical conductivity when
irradiated by an iavisible radiation and a conducting
layer 132 transparent to the image forming radiation.
Layer 111 may be of CdS, PbO, PbS or PbSe. Layer 112
may be of gold, platinum or silver. A source of direct
current such as battery or preferably of a low frequency
alternating current should preferably be connected to
layer 112 to provide the biasing potential.

The X-ray or other invisible radiation is converted in
the layer 112 inio a pattern of electrical conductivity
changes. The photocathode 319 is scanned by the slow
electron beame 113 from the electron gun 94. The elec-
tron is decelerated in front of the photocathode 119 by
the decelerating electrede 114 to almost zero velocity.

The impingement of the scanning electron beam on
the layer 111 produces electrical impulses at the con-
ducting layer 112 which may be converted over a suitable
resistance into video signals. The returning electron
beam 1i3a is also modulated by the pattern of con-
ductivity changes in the photocathode 11 and therefore
carries also video information. 'The returning beam 1134
may be directed to multipliers 115 and after electron
multiplication may be converted into video signals. The
focusing coils 116 and deflecting coils 1317 are not illus-
trated in detail as they are well known in the art,

Tube %09 may also serve as a storage tube by pro-
viding in front of the photocathode 116 a mesh screen
118%a which will serve as an electron mirror and will re-
flect the scanning electron beam 123. n the first stage of
operation of the tube the scanning electron 113 will be
allowed to pass through the mesh screen 1104 by a suit-
able choice of potentials. The electron beam 132 will
thus deposit electrons on the dielectric layer 111. After
the layer 111 was subjected to the image forming radia-
tion, the potential pattern will appear on the mesh screen
118a by a capacitance effect from the layer 111. This
potential pattern will now serve to reflect and modulate
the scanning electron beam 113. In this phase of op-
cration the potential of the mesh screen is so adjusted
so that the scanning eleciron 113 cannot pass through it
but is reflected instead.

It should be understood that all embodiments of my
invention can be further improved to make them able
to discriminate between X-ray or gamma images and
images produced by atomic particles. This is 2 very im-
portant feature of my invention as many sources of
atomic particles are at the same time a source of gamma
radiation. I obtained the differential response of my de-
vices to one type of radiation only by providing all my
modifications of invention with a mesh screen of conduct-
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ing material 24 such as shown in Fig. 13. The screen 24
should be of material not emitting secondary electrons.
The mesh screen 24 is connected to the source of electri-
cal potential. By applying proper potential to said screen
24, the electrons caused by impingement of gamma rays
and which have a relatively low velocity will be cut-off
by said mesh screen. On the other hand the electrons
or other secondary atomic particles which are produced
by impingement of the primary image forming atomic
particles and which are of relatively high velocity will be
able to pass through the mesh screen. In this way dis-
crimination between gamma images and atomic particles
image is-accomplished.

It will thus be seen that there is provided a device in
which the several objects of this invention are achieved
and which is well adapted to meet the conditions of prac-
tical use.

As various possible embodiments might be made of the
above invention, and as various changes might be made
in the embodiment above set forth, it is to be understood
that all matter herein set forth or shown in the accom-
panying drawings is to be interpreted as illustrative and
not in a limiting sense.

Iclaim:

1. A tube having in combination a photocathode com-
prising a continuous photoelectric layer for receiving an
image and converting said image into an emitted beam
of electrons, said photoelectric layer comprising an ele-
ment of the group antimony and bismuth, an apertured
member having a planar shape disposed in the path of
said beam and transmitting particles of said beam emitted
by said photocathode and a screen comprising an electron
pervious light reflecting layer and luminescent means for
receiving said transmitied electrons.

2. A device as defined in claim 1, in which said aper-
tured ‘member is a mesh screen of conducting material
and is connected to a source of electrical potential, said
source producing only a unidirectional current.

3. A vacunm tube having luminescent means and
photoelectric means and light transparent -separating
means comprising a plastic material, all aforesaid means
forming together a composite screen.

4. A vacuum tube having a composite screen com-
prising luminescent means and photoelectric means and
light transparent separating means comprising a polyester.

5. A vacuum tube having in combination luminescent
means for producing a luminescent image, a photocathode
comprising a continuous photoelectric layer for receiving
said luminescent image and converting said image into an
emitted beam of electrons forming an electron image,
said photoelectric layer comprising an element of the
group antimony and bismuth, a mesh screen connected
to a source of electrical potential disposed in the path of
said beam and controlling transmission of electron of
said beam emitted by said photocathode and a screen
comprising an electron pervious light reflecting layer and
second Iuminescent means producing a second lumines-
cent image corresponding to said electron image.
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