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Figure 3 represents: a- variety of this invention; in
2,697,182 wlich- a- faster reflective optical system is' shown.
59775 Figare-4 represents a‘modification of the image pick-up
TUBE FOR INTENSIFICATION OF IMAGES tube having a solid photocathode.
5 Figure 5 represents a modification of this invention, in
Edward Emanue] Sheldon, New York, N, Y. which thie: image tube is responsive to an enlarged fiuc-
.. - Tescent- image:
Original application December 9, 1948, Seria! No. 64,329, Figare 6 répresents a modification of the optical  sys-

Bew Patent Noz 2,5863392., dated February 19, 1952, lem-used in combination with the image tube responsive
Divided and this applscaﬁon.]anuary 8, 1952, Serin 10 0 an enlarged fuorescent image.

No. 265,466 I Refer;:ln’cgC will now be made to Fig. 1, in which is

. shown the X-ray source 37. the examined body 38, the

4 Claims, (CI. 313-—65) finoroscopic screen 39, the ’ﬂuorescent X-ray image 40,

g}e optical system 41 and the image intensify-ing tube 48’

My invention relates to the method and device for pro- 15 1 he Xerays after the passage thr, ough the examined body
ducing X-ray moving pictures and represents a division of form' an invisibla HKeray image, which is converted in the

1y co-pending patent application, Serial No. 64,329 fir;!Qz'osgopic sereen 39 into- fluorescent X-ray image 40.
filed on December 9, 1948, now U, §. Pat. No, 2,586,392, [he fluorescent image s projected by the rufloctiss op-

issued February 19, 1952 and i g continuation in part of ical system 41 on the. photocathode 42 of the image
my U. S: Pat. No. 2,555,423, gy Nfensitying tube 48. The optical system 41 in this form

The importance of cinematographic X-ray pictures to of vention must have the greatest possible speed as- the-
study the organs in health and disease’ was recognized porescent X-ray image 46 is of a very weak luminosity.
long ago. Lately, the value of X-ray moving pictures The reflective optical ~ystem of Schmidt may be used for
gained understanding in industry in examination of mov- this purpose, but requires: precise workmanship, as the
ing parts of machinery. In spite of obvious advantages of a5 aspheric correcting plate is of a shape, which is described
this method, no progress Was made because the X.ray ~~ ’aathematically as 4 curve of the fourth degree. Such
energy available after the passage through the body was 2 plate cannot be produced by machine with precision
not sufficient to expose the moving film. To use 5 source 1ecessary for high speed and good resolution. Therefore,

I ani making the use; in this invention, of the- optical
the patient’s safety. The dose of X-rays which would g, System belonging t5. the family of so-called “wide field

be sufficient for filming purposes would produce burns of fast cameras” described by L. G. Henyey and Jesse L.
oF i i Tt w0 Vool torming Wk e s GSRD ot cuRnty i B 21
gicf‘;l?ep a;;e;;.ratusé: “{;Illsofvg IZ?S%I;C‘;VCH}; al;ucl—lragsmgftlojn cisien.. This optical system does not requ‘ir'e aspherical
Jany, U. S. Patent No, 2,205,853 or déscribed by R. J. .. Ccorrection plate and consists essentially of meniscus lens
Reynolds in British Journal of Radiology, 1934, pages * and of the concave spherical mirror. Al optica surfaces

A4 : Eld ey 1ave a.common center o curvature located at diaphragm
Roomiommonn ¥ Stevart W. orm American Journal of srhieh Limits the entering light rays. 1 modiied fp

oentgenology and Radinm Tl.era_py, 1937, vol. 38, pages tical system £ i °f~ h tion b o Ok

465-469, failed in their application. The development 8. system for purposes of my invention Y using, in

of more sensitive film emulsion could not remedy this 4, addition, a plane or convex spherical mirror located Dbe-
situation as filming requires 15-24 frames/second, which }T‘g‘:fé‘r glfd ri‘fgegff’iqfugi?s :tf ;heucon‘,i?ﬁ’ ¢ spher;_cal'
IS gqm}r)aleltl}tl fo ttgkm}g; 1%—2_4% X—raynp Jﬁtures m ogle sec- of this op"tica’LI sy;;em is shjov%n ein %Cigs'l 'lghgpg;?)rlgsl}
ond. On the other ha it is we wn i S p H ;
that 30-40 X-ray 1Dicturie’s of Sth‘icV samléorengiorlll, VShi?:g cEntﬂX-ray image 1s produgced gY g“gﬂble X-rczixy 1mfage on
- ; : tae fluoroscopic screen 39, which as curved surface in
ggvltllli riesp zggeﬁ;gné}f' szafseeg(()-lll'g; g;pﬁg:gz;tographlc & ¢5 order to eiim}nate Lsphericél aberration. The fluorescent
Te 32 - : '- ) light' rays pass through the meniscus lens 43 and are
Cogelsihg;zr(gfif;biléle;spg;%oiz %%,?;ér:n;’gg tlggemo? Vg’;é rfﬂected byp aluminized concave spherical mirror 44 hav-
oy ch & d 3 : . ing an aperture 45 in the center thereof on the plane mir-
exp O]Séui;a to S}ITICh ?1 egﬁ;ee ﬂtl-at tX “fay. moving: pictures ror 4§ placed in the focal plape of the concave mirror
nou € no hazard to the patient. o . = Y .
° Anothernpurpcse olf this ?nver?tion is to reduce X-ray &0 Th}e1y daredé_eﬂ?ct}eid'from the tplapfg.mlr{olg ogsthe Ii".hgt‘?'
: 3 : : cathcde 42°of the image intonsi Ying tube which is
eoergy n(:,cess‘:g.ry for nroducmngray MOVINg pictures disbosed opposite the ?eﬁecting surface of th:a concave
m 7})r_de€1}o eun}xﬂ;{te the‘, need OI; Sxpensive ?nd _bglf{y mirror and in the axis of itg aperture.  The fluoroscopic
f:ile;lﬂglie;)gtnvgalnhi-crasst/uageus{p ment necessary for indus- .- screen 39, the optical system 41 and image intensifying
Another obiective of my invention is to provide X-ray tube 48 are ericlosed in hght-p;oof box 47 in fixed position

motion pictures of better detail and of greater contrast et OMIET; 10 order to avoid need for focusing at each
than it was possible until now cxamimation. In case of maladjustment focusing can be

accemplished: by mesans of lock-screw mechanism and
... nicrometer adjustment screw 32, which shifts the lens 43
64 along the optical axis. For proper positioning of the box
47 in relation to the examined part of the body serves
separate fluoroscopic screen 394 attached outside of the
bex 47 The finorescent X-ray image produces in the
photoemissive photocathode 424 a photoelectron image.
The photoelectron image obtained from the photoemissive

The purposes of my invention were accomplished by
the use in combination of an X-ray source, an X-ray
image intensifying tube, an optical system and a moving
picture camera. The invisible X-ray images of the ex-
amined body are projected onto a screen in which thev are
converted into fluorescent imaees, The fluorescent X-ray
images are projected on an intensifying tube, in which -

they are converted into photoeleptron images having the layer 42 which may be of materials such as caesinm sil-
pattern corresponding to X-ray images. The photoelec- yer oxide. caesium with antimony or bismuth or antimony
tron images after intensification by. cascade amplification, in combination with Iithium Or potassium, is projecte’
by electronic diminuation and by secondary emission, are on the first composite screen 49 of the amplifying sec-
recenverted into fluorescent images having the pattern-of 7¢ tipn 50 having one or a few successively arranged ampli-
original X-ray images, but of a few thousand times greater fying screens 49 and 49a; by means of focusing magnetic
intensity. The intensified flnorescent X-ray images are or electro-magnetic fields 55, which are not indicated in
projected by the optical System onto moving pictures re- detail, since they are well known in the art and would
cording camera. serve only to complicate the illustrations. The amplify-

The invention will be better understood when taken' 75 ing composite screens 49 and 49, consist of an electron
in connection with the accompanying drawings. pervious, light opaque, light_reﬂecting layer 51, an elec-

Tn the drawings: ) iron’ flilorescent layer 52, a-light transparent barrier layer

Figure 1 represents a. device for recording X-ray mov- £3 and a photoemissive Tayer 54. Fluorescent substances,
ing pictures, which mav be used for the layer 52 of amplifying screens

Figure 2 represents another form of this- invention in b 4% and 492 are zing silicates; zinc sulphide, .barilgm sul-
which a more compact reflective optical system- is-shown. phate, calcium: tungstate with :or without: activators, Nal-
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or KI. Another group of fluorescent substances, which
may be used for this purpose comprises organic phos-
phors, such as anthracene, phenantrene or the like. The
satisfactory photoemissive materials for the layer 54 will
be caesium oxide activated by silver, caesium with anti-
mony or with bismuth, or antimony with lithium or po-
tassium. The barrier layer 53 between the fluorescent
and photoemissive surfaces can be an exceedingly thin
transparent film of mica, ZnFa, silicon or of a suitable
plastic. The electrons emerging from the amplifying
screen 49 are electron-optically diminished and focused
by means of magnetic or electro-magnetic fields 55 on the
next amplifying screen 494. The electron images from
the amplifying section 50 are focused by magnetic Or
electro-magnetic fields 55, and are projected on the
target 56 where they are intensified by secondary emis-
sion. The secondary electron image is diminished elec-
tron-optically by magnetic or electro-magnetic lenses 57
and is focused on the electron reactive fluorescent screen
584 producing intensified fluorescent image having the
pattern of the original X-ray image. The screen 58a has
backing of a thin layer of aluminum 585, which is trans-
parent to electrons, but not transparent to the light. In
this way, back-scattering of light from the fluorescent
screen 58a is prevented.

The intensified fluorescent jmages 58 appearing on the
screen 58a of the X-ray intensifying tube 48 can be filmed
by the movie camera 59 a5 their luminosity is now strong
enough to expose the film 60 in a frame time, despite
the use of the very small amount of X-ray energy. The
movie camera is driven with the synchronous mofor 23
at 15 to 30 frames/ second according to the speed of mo-
tion of examined organs. The shutter 61 in the camera
has opening giving exposure time from ¥ to Yo of 2
second.

In this way, X-ray motion pictures can be produced
without the use of excessive amount of X-ray energy and
with complete safety for the patient which was the main
objective of my invention.

‘A more compact arrangement of this invention is
shown in the Fig. 2. The optical system 62 consists here
of aspherical correction plate 62a, concave spherical
mirror 62b and of plane mirror 63. The plane mirror 63
is placed at an angle between the reflective surface of
the concave mirror 62b and its nearest conjugate focus.
The intensifying tube 48 is positioned outside of the
axis of the optical system 62b, so that it does not ob-
struct the path of the fluorescent rays from the fluoro-
scopic screen 64 through the optical system.

‘Another reflective optical system having still greater
speed for producing X.ray image pictures is shown in
Fig. 3. The fluorescent light rays from the curved fiuoro-
scopic screen 65 pass through doublet lens 66 and are re-
flected back by the concave spherical mirror 67. The re-
flected Tays pass again through the doublet Iens 66 and are
focused on the plane mirror 78, positioned at an angle to
the optical axis of the system. The plane mirror 78 re-
flects fluorescent light rays on the photocathode 68 of
the image intensifying tube 69 placed outside of the op-
tical system in order not to obstruct the path of light
through the optical system. The photocathode 68 must
have a curved surface corresponding to the curvature of
the focal plane of the concave spherical mirror 67. This
optical system has an exceptional speed and contributes
considerably to improvement of sensitivity of X-ray mo-
tion picture camera. The fluoroscopic screen, the optical
system and the image intensifying tube are enclosed in a
light-proof box 70 in fixed position to each other to avoid
need for focusing at each examination. The remaining
components of X-ray moving picture recording device,
such as motion picture camera,
shutter and synchronous motor are the same as described
above, and shown in Fig. 1.

Further improvements in sensitivity of the X-ray movie
camera is shown in Fig. 4. TIn this variety of inven-
tion, the photocathode 71 of the intensifying tube 72 is
positioned in the focal plame of the concave spherical
mirror 73 while the remaining part of said image intensify-
ing tube is on the opposite side of the reflecting surface
of said concave spherical mirror. The fluorescent rays
from the fluoroscopic screen 74 pass through meniscus
lens 75 and are focused by the concave spherical mirror
73 on the photocathode 71. This optical arrangement al-
lows the use of solid photocathode instead of trans-
lucent photocathode and results in gain of photoelectron
output by factor of 2. This is equivalent to the same
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gain in sensitivity of X-ray motion picture camera and
represents considerable improvement over other X-ray
moving picture cameras. The remaining components O
X-ray moving picture camera are the same as described
above and illustrated in Fig. 1.

In some instances, it is advantageous to produce an en-
larged X-ray fluorescent image in the photocathode of
the image tube. In such a case, see Fig. 5, the fluoro-
scopic screen 80 is disposed between the reflecting sur-
face of the concave mirror 81 and the aberration coI-
recting element 82. The reflective optical system pro-
duces enlarged image 84 of the fluorescent image 83 in
the fworoscopic screen 30. This enlarged image is re-
flected by the X-ray transparent plane mirror 85 on the
image tube 86. The optical system used for the enlarge-
ment of the X-ray image may have many forms and modi-
fication, only some of which have been illustrated and
it is to be understood that many changes may be made
without departing from the spirit and scope of the in-
vention. The image tube 86 used in this modification of
my invention has a very large photocathode 87, which is
of size sufficient to respond to the enlarged X-ray image
84. The photoelectron jmage produced by the projection
of the X-ray fluorescent jmage on the photocathode 87 is
electron-optically diminished by magnetic, electrostatic
or electro-magnetic fields 88, which are not indicated in
detail, as they are well known in the art, and is projected
on the first composite screen 89 of the amplifying section
9¢. By electron-optical demagnification of the previously
enlarged X-ray image, 1 obtained much better intensi-
fication of said X-ray image than with previously de-
seribed methods, because electronic intensification is pro-
portional to the squaré of linear diminution. The re-
maining parts of the image tube 86, as well as the motion
picture camera are the same as described above.

‘Another optical system for projection of an enlarged
X-ray image is illustrated in Fig. 6. The optical system
96 in this case consists of reflecting concave mirror 92
and of meniscus lens 93. The fluorescent X-ray image
94 is produced in the fluorescent screen 95, which is po-
sitioned between the concave mirror and the meniscus
lens 93. The fluorescent X-ray image 94 is projected by
the optical system 96 in enlarged form on the X-ray trans-
parent plane mirror 97 and is reflected therefrom on the
image tube 86 described above.

It will be understood that still X-ray pictures may be
produced by my invention in a similar manner, as de-
scribed herein before for taking motion pictures. The
motion pictures camera will be in such a case replaced
by a still pictures camera.

Although the preferred embodiments of the invention
have been described, it will be obvious to those skilled
in the art that various changes and modifications may be
made by those skilled in the art without departing from
the true scope and spirit of the foregoing disclosure.

1 claim:

1. An image sensitive tube comprising in combination
a photocathode of a photo-emissive material for receiv-
ing an image and converting said image into a first elec-
tron beam having the pattern of said image, a composite
screen consisting of a light opaque layer transmitting said
electron beam from said photocathode, a fluorescent
layer adjacent said licht opaque layer for converting said
electron beam into a fluorescent light image, 2 light trans-
parent separating layer discontinuous from walls of said
tube and of a photoemissive layer receiving light from
said fluorescent layer through said separating layer and
emitting in response to said light the second electron
beam having the pattern of said first electron beam and
an electron reactive screen for receiving said second elec-
tron beam and converting said electron beam into an
image.

9. In a vacuum tube in combination a photocathode
for receiving an image and converting said image into
2 beam of atomic particles having the pattern of said
image, electron-optical means for demagnifying said
beam to intensify said beam, and a composite screen for
receiving said demagnified beam, said screen compris-
ing a fluorescent layer on the side facing said demagni-
{ied beam, a light transparent layer and a photoelectric
ayer.

3. ¥n a vacunm tube in combination a photocathode
for receiving an image and converting said image into a
beam of atomic particles having the pattern of said image,
electron-optical means for demagnifying said beam to
intensify said beam, and a screen for receiving said de-
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magnified beam, said screen comprising an electron
transparent light opaque layer, a fluorescent layer, a light
transparent layer and a photoelectric layer.,

4. A device, as defined in claim 1, wherein said photo-
cathode is light-sensitive.
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