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X-RAY APPARATUS 

Edward B. Graves, South Euclid, Ohio, assignor to Picker 
X-Ray Corporation, Waite Manufacturing Div., Inc., 
Cleveland, Ohio, a corporation of Ohio 

Original No. 2,905,827, dated Sept. 22, 1959, Ser. N0. 
698,994, Nov. 26, 1957. Application for reissue Sept. 
21, 1960, Ser. No. 57,599 

8 Claims. (Cl. 250-93) 
Matter enclosed in heavy brackets I: ] appears in the 

original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates in general to X-ray or ?uoros 
copy apparatus and to shutter mechanism in such appa~ 
ratus as employed in X-ray examinations, and more par 
ticularly to such X-ray apparatus and shutter mechanism 
used in combination with control means and with X-ray 
stimulated mechanism, such as a photoconductive pick 
up tube for furnishing a signal, in accordance with the 
viewing area of the part or object penetrated by the X 
rays, which can then be transmitted to a picture produc 
ing device, such as a kinescope tube, to produce an ef 
fective picture of the portion of the object penetrated 
by the X-rays. 

While the invention will be described and is shown in 
the accompanying drawing in combination with a photo 
conductive pick-up tube and a kinescope tube for receiv 
ing the signal from the photoconductive tube and produc 
ing a picture thereon, it will be understood that the X 
ray apparatus and associated shutter mechanism and con 
trol means could be used in combination with other X 
ray stimulated mechanism, and for control of the lat 
ter. For instance, the mechanism of the invention could 
be used for the e?‘ective control and coordination of 
an X-ray stimulated signal for transmission to mechanism 
such as tape equipment, for permanent recording of the 
signal and subsequent play-back. 
The advantages associated with being able to produce 

an effective picture of the part or article irradiated by 
X-rays, or a permanent tape recording of a signal pro 
duced by such radiation, are obvious. The use of a 
pho-toconductive camera or pick-up tube or “Vidicon” as 
it is known in the art, with X-ray or ?uoroscoping equip 
ment, provides many advantages as compared to the use 
of an image ampli?er tube, or image orthicon pick-up 
tube, as it is sometimes known, for accomplishing the 
same result. Some of the advantages are increased sensi 
tivity, thus providing operation at lower light levels, de— 
creased bulk and weight, and substantial simpli?cation of 
mechanism. A photoconductive pick-up tube or “Vidi 
con” broadly comprises a glass envelope having a face 
with a specially prepared plate or photoconductive target 
on the inner side thereof. Many materials, such as se 
lenium and sulphur, as well as the sul?des, selenides and 
oxides are known to be photoconductive, and when prop 
erly processed have been found suitable for pick-up tube 
plates or targets. The target plate or screen is adapted 
to be stimulated by a medium, such as light, X-rays or 
the like, from a source disposed exteriorly of the glass en 
velope and it has been found that the spectral response 
of the target plate is a function of the material used and 
the processing thereof. The rear-end of a photoconduc 
tive tube contains an electron gun consistingof a ?la' 
ment which furnishes the electrons, and de?ecting means 
either electrostatically or magnetically actuated, which 
causes a focus beam of electrons to scan the aforesaid 
photoconductive layer or target plate. As the electron 
beam or pencil passes over the different areas of the tar 
get screen, more or less current will pass down the pen 
cil depending upon whether the area scanned is light 
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or dark. The current passing through the pencil then 
furnishes a signal which can be taken o? the tube for 
further use on the aforementioned kinescope or television 
tube or on tape equipment or the like. Since the elec 
tron pencil as indicated above is caused to scan in two 
directions, vertically and horizontally, the height of the 
scan as well as the length of the scan can be controlled 
to cover any size or shape that is desired, by proper 
adjustment of voltages applied to the de?ecting means 
of the photoconductive tube. 

In the normal process of X-ray or ?uoroscopy, the 
radiologist usually starts out with a relatively large ?eld 
and then orients himself to bring the image down to- the 
area in which he is most interested. The radiologist 
tries to keep the viewing area as small as possible, not 
only to reduce the amount of X-ray impinging upon the 
object being irradiated, which is very important in case 
the object comprises living matter, but also to‘ reduce the 
“scatter” and improve the visual acuity of the resultant 
picture. The variation of the viewing area is accom 
plished in most X-ray or ?uoroscopic equipment, by 
means of X-ray opaque shutter means, which can be ac 
tuated or moved to change the size of the aperture de 
?ned by the shutter means through which the X-rays 
pass into the object being irradiated. 

Furthermore, the aforesaid photoconductive tube or 
“Vidicon” has the disadvantage of presenting a picture 
which is a series of black and white lines. Substantially 
half the scanned area results in black lines and half in 
white lines, and if the ?eld has, for instance, 500 lines 
(which is generally the present scanning rate in tele 
vision), it will be apparent that the width of the black 
lines, or signal voids, will be signi?cant in the overall 
picture, and may possibly black out a vital point of in 
terest in the object being X-ray examined. If, on the 
other hand, the scanning ?eld is reduced in size, the 
thickness of both the black and white lines, constituting 
the picture on the kinescope, is reduced, and the poten 
tial area of black out of signi?cant detail is minimized. 
The above subject matter is generally known in the 

art. However, an arrangement for automatically con 
trolling associated X-ray stimulated, sensing apparatus as 
for instance electrically varying the scan of an X-ray 
“Vidicon” tube, in coordination with the facility of vary 
ing the viewing area of the X-ray apparatus by means 
of the aforementioned shutter mechanism, provides unique 
advantages, especially in connection with the obtaining 
of clearer and sharper images or pictures for the radio10— 
gist. 
The instant invention provides an X-ray apparatus in 

cluding adjustable shutter mechanism and embodying con 
trol means which translates the opening and closing move 
ment or“ the shutter mechanism to automatically control 
associated X-ray simulated sensing mechanisms in coordi4 
nation with the aforesaid movement of the shutter mecha 
nism. In the environmental embodiment of the inven 
tion shown, the X-ray apparatus which includes adjustable, 
X-ray opaque shutter mechanism, translates the opening 
and closing movement of the shutter to control auto 
matically the voltage applied to the de?ecting means of 
a photoconductive tube, and to vary automatically the 
scan of the tube in coordination with movement of the 
shutter, thereby producing much clearer and sharper im 
ages on a kinescope which represents the ?nal viewing 
screen for the radiologist. 

Accordingly, an object of the invention is to provide 
an X-ray or ?uoroscopic apparatus which includes an ad 
justable shutter mechanism, and control means associated 
with such mechanism, for controlling and regulating, in 
automatic coordination with the movement of the shutter 
mechanism, an ‘associated X-ray stimulated device. 
A further object of the invention is to provide an X~ray 
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or ?uoroscopic mechanism, including a photoconductive 
tube in which means are provided to automatically vary 
the scan of the tube in coordination with the movement 
of the shutter of ‘the X-ray or ?uoroscopic mechanism, to 
thus keep the scan ?eld in step with the shutter opening. 

Another object of the invention is to provide an X-ray 
apparatus of the latter mentioned type in combination 
with picture producing means, such as a kinescope tube, 
whereby the picture produced by the picture producing 
means from the signal of the photoconductive tube is 
clear and sharp in detail. 
A still further object of the invention is to- provide an 

X-ray or ?uoroscopic mechanism including ‘a phiotocon 
ductive tube in which the movement of the shutter mech 
anism of the X-ray apparatus is utilized to vary the resist 
ance of suitable potentiometers controlling the horizon 
tal and vertical sweep circuits of - the photoconductive 
tube, to vary automatically the scan of the photoconduc 
tive tube in coordination with the movement of the shutter 
mechanism. 

Other features that are advantages of the invention will 
be apparent from the following description taken in con 
junction with the accompanying drawings wherein 
The FIGURE in the drawing is a generally diagram 

matic, partly cut away view of an X-ray apparatus dis 
posed in an organized system for carrying out the instant 
invention. 

Referring to the drawing there is diagrammatically il 
lustrated a directed source of X-ray, represented by a con 
ventional X-ray tube 10, an X-ray opaque shutter mech 
anism 12 de?ning an aperture 14 through which the X-ray 
beam 16 passes to irradiate the object 1.8 which is the 
subject of observation. The object 18 in the embodiment 
shown is supported on a table top 20. After passing 
through object 18, the X-ray beam impinges on the photo 
conductive tube or X-ray “Vidicon” tube 22 and stimulates 
the aforementioned target plate of the photoconductive 
tube. The target plate is scanned by the electron beam 
produced by the electron gun in the rear of the photo 
conductive tube, as aforediscussed, thereby producing a 
signal which is adapted to be transmitted to suitable re 
ceiving mechanism such as a kinescope tube, tape equip 
ment etc, for further processing. The electron beam of 
the photoconductive tube is de?ected across the target 
plate by de?ecting coils 24 ‘and 26 which are connected 
into conventional power supply and oscillator circuit 28 
for supplying the sweep potentials to coils 24 and 26. 
Connected in the power supply and oscillator circuit and 
to the de?ecting coils 24 and 26 are suitable potentiometers 
30 and 32 which are of conventional character and which 
are adapted to vary the sweep or scan of the photocon 
ductive tube 22, as will hereinafter be more thoroughly 
discussed. 
The iaiforediscussed shutter means 12 is mounted inter 

mediate the X-ray tube 10 and the object 18 being ex 
amined, and de?nes aperture 14 through which the di 
rected X-rays emanating from the X-ray source 10 will 
pass to the object 18. The shutter may comprise a pair 
of plates 34 and 36 of X-ray opaque materials such as 
lead, and a second pair of similar plates 38 and 40 over 
lapping the ?rst pair and generally positioned at right 
angles thereto. By moving the X-ray opaque plates rela 
tive to one another, the size of aperture 14 can be 
varied, thus varying the cross sectional area of the X-ray 
beam irradiating object 18, and the resultant viewing area 
thereof. Actuation or movement of the shutter mech 
anism can be accomplished in any conventional manner, 
such as by means of linkages, gearing. etc. Arrange 
ments 'for such movement of a shutter apparatus in X-ray 
or ?uoroscopy equipment are well known in the art, and 
accordingly will not be discussed in detail here. One such 
arrangement which could be utilized in the above purposes 
is shown and described in U.S. Patent No. 1,953,497, 
issued April 3, 1934, to A. C. Nelson. One pair, 34-66, 
of the lead shutter plates are operatively connected to the 
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4 
potentiometer 32, as for instance by arm portion 41 
illustrated in the diagrammatic embodiment of the inven 
tion shown, while another pair, 38—40, of the plates are 
openatively connected, as for instance by arm portion 42, 
to potentiometer 30. Thus, upon relative movement of 
plates 34—36 with respect to one another the resistance 
of potentiometer 32 will be automatically varied in ac 
cordance with such movement of the shutter plates, thus 
varying the sweep voltage applied by vertical de?ection 
coil 26 to the de?ecting means of photoconductive tube 
22, and thereby varying the vertical scan or sweep of the 
electron beam. Likewise upon relative movement of 
plates 38-40, the resistance of potentiometer 30‘ is auto 
matically changed in accordance with such movement, 
thus varying the horizontal sweep or scan of tube 22. 
It will be seen therefore that the scan or sweep of the 
photoconductive pick-up tube is automatically coordinated 
with, and kept in step with, the movement of the shutter 
mechanism of the X-ray apparatus, by the control poten 
tiometer-s 30 and 32 thus resulting in a much clearer and 
sharper picture on the picture producing device or 
kines-cope tube 45 which picks up the signal, as afore 
stated, emanating from the photoconductive tube 22. 
These same controls generally represented in the embodi 
ment of the invention shown, by the movable arm portions 
41 and 42 of the shutter mechanism in combination with 
the potentiometers 32 and 30, can be used to adjust the 
?nal image size appearing on the kinescope. The picture 
on the kinescope, which represents the ?nal viewing screen 
for the radiologist, can either be left in the size as pro 
duced by the kinescope, or can be enlarged with suitable 
sweep controls of conventional character on the kinescope 
or television receiver itself. 
From the foregoing description and accompanying 

drawings, it will be understood that the invention provides 
a novel X-ray or ?uoroscopic apparatus which includes 
adjustable shutter mechanism and control means oper 
atively connected to the shutter mechanism for auto 
matically regulating an associated X-ray stimulated device 
in positive coordination with the adjusting movement of 
the shutter mechanism. The invention also provides an 
apparatus of the above mentioned general type in which 
the X-ray stimulated device comprises a photoconductive 
tube for emitting a signal corresponding to the object 
being irradiated by the X-ray, and which is automatically 
coordinated with the viewing area established by the 
shutter mechanism of the X-ray apparatus, thereby result 
ing in a clearer and sharper picture of the irradiated 'por 
tion of the object, when the signal is transmitted to a 
picture producing device such as a kinescope tube for 
visual reproduction. Furthermore, the invention provides 
an X-ray apparatus of the latter mentioned type in which 
the controls that move or actuate the shutter mechanism 
of the apparatus also control the size of the ?nal image 
produced on the kinescope tube by automatically coordi 
nating the sweep or scan of the photoconductive tube with 
the movement of the shutter mechanism. 
The terms and expressions which have been employed 

are used as terms of description and not of limitation and 
there is no intention in the use of such terms and expres 
sions of excluding any equivalents of the features shown 
and described or portions thereof, ‘but it is recognized 
that various modi?cations are possible within the scope 
of the invention claimed. 

I claim: 
1. In combination, a source of X-rays positioned to 

direct a beam of X-rays at an object to be irradiated, an 
X-ray stimulated device having a target area positioned to 
intercept the modulated X-rays passing through the ob 
ject, adjustably X-ray opaque- shutter means disposed in 
the path of the X-rays between the source and the object 
to control the width of the X-ray beam and thereby the 
size of the stimulated target area, means for scanning the 
target area and translating the X-ray stimulation thereon 
into a corresponding signal, means for adjusting said 
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scanning means to conform to the area of X-ray stimula 
tion on the target area, and means coacting between said 
adjustable shutter means and said scan adjusting means to 
automatically coordinate the scan with the stimulated 
target area. 

2. The combination of claim 1 wherein said scan ad~ 
justing means is controlled by an electrical signal and 
wherein said coordinating means includes a potentiom 
eter operably coupled between the adjustable shutter 
means and the scan adjusting means to convert the shutter 
adjustment into a corresponding scan control signal. 

3. In combination, a source of X-rays positioned to 
direct beam of X-rays at an object to‘ be irradiated, an 
X-ray stimulated device having a target area positioned 
to intercept the modulated X-rays passing through the 
object, adjustable X-ray opaque shutter means disposed 
in the path of the X-rays between the source and the 
object to control the width of the X-ray beam and there 
by the size of the stimulated target area, means for 
scanning the target area and translating the X-ray stimu 
lation thereon into a corresponding signal, means for 
converting said signal into a visual image corresponding 
to the modulated stimulation of the tar-get area, means 
for adjusting said scanning means to conform to the area 
of X-ray stimulation on the target area, and means coact 
ing between said ‘adjustable shutter means and said scan 
adjusting means to automatically coordinate the scan 
with the stimulated area of the target. 

4. In combination, an X-ray source, adjustable X-ray 
opaque shutter means disposed in the path of the X-rays 
and between said source and a subject to be irradiated, 
said shutter means comprising at least two pairs of X-ray 
opaque plate members, said pairs being disposed in over 
lapped and substantially right-angled relationship with re 
spect to one another to de?ne an aperture therebetween 
through which the X-rays travel to the subject, the plates 
of each of said pairs being movable relative to one an 
other to thereby adjust the size of said aperture, an X-ray 
stimulated device having a target area positioned to inter 
cept the modulated X-rays passing through the subject 
and be stimulated thereby, said device having means in 
cluding an electron beam for scanning the target area 
and translating the X-ray stimulation on such target area 
into a corresponding video control signal, electrically 
controlled means for adjusting said scanning means to 
conform to the area of X-ray stimulation on the target 
area, means coacting between said adjustable shutter 
means and said scan adjusting means to automatically 
coordinate the scan with the stimulated portion of the 
target area responsive to adjustment of said shutter means, 
said coordinating means including a pair of potentiom 
eters, each of said potentiometers being coupled for ad 
justment by a respective one of said pairs of plates of said 
shutter means and being electrically coupled to said scan 
adjusting means, one of said potentiometers being oper 
able to vary the vertical scan of said scanning means and 
the other of said potentiometers being operable to vary the 

6 
horizontal scan of said scanning means in accordance with 
movement of the respective of said pairs of plates of said 
shutter means. 

5. In a mechanism‘, including a support for on ‘object 
5 to be studied, a source of X-ruy energy positioned on one 

side of the support and w movable ‘diaphragm positioned 
between the source 07‘ X-ray energy and the support, said 
diaphragm being adjustobly positionable to delimit an 
energy beam ‘of a selected size, the combination of, a pick 
up tube having an input screen positioned on aside of 
the support opposite the source and positioned for activa 
tion by an ‘object o?ected ?ow of energy initiated by said 
source, a picture tube having a picture producing screen, 
electronic circuit means connected to the tubes to trans 
mit output of the pickup tube to the picture tube, and 
control means actuated by said Idiaphragm and electrically 
connected to said circuit means to vary the magni?cation 
and clarity of a picture on said picture producing screen 
in response to adjustment of the diaphragm‘ while main 
taining the area essentially constant. 

6. The device of claim 5 wherein ‘one of said tubes in 
cludes a scan means to scan the screen of said one tube 
and said control means is connected to the scan means to 
vary the scan in proportion to adjustment of said dia 
phragm. 

7. The device of claims 5 wherein the control means is 
at variable potentiometer. 

8. In a mechanism for producing ‘an X-ray stimulated 
image of an object the combination of, a support for an 
object to be examined, on X-ray tube‘ positioned on one 
‘side of said support, adjustable diaphragm means between 
said tube and said support for delimiting ‘a beam of X 
rays for impingement against such object, a pick-up tube 
including a screen for producing an electronically detect 
able image and scan means for scanning the image, means 
including at least said screen for converting the beam of 
X-roys into such electronically detectable image on said 
screen, a picture tube, electronic circuit means connecting 
said tubes together to transmit a scan means emitted im 
pulse to said picture tube and thereby produce an optically 
visible picture and means connecting the diaphragm means 
to the circuit means to vary the magni?cation and clarity 
of the produced picture in proportion to adjustments of 
the diaphragm means while maintaining the area of the 
produced picture substantially constant. 
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