
Dm»n 17,'1946. » WWA'T’SÓN . ` 2,412,662 
l x-RAY'APPARATUS - ` 

Filed Aug. 23.11944 



Patented Dec. 17, 1946 2,412,662 

UNITED STATES PATENT oFFl’cE 
2,412,662 

X-RAY APPARATUS 

William Watson, Ilford, England 

Application August 23, 1944, Serial No. 550,733 
In Great Britain September 3, 1943 

(Cl. Z50-105) 11 Claims. 

1 
This invention relates to apparatus for defining 

the cross-sectional area of a beam of radiation 
which may be visible light, infra-red, ultra violet, 
'X-rays or gamma rays, or other radiation. The 
invention is particularly concerned with arrange 
ments for defining the cross-sectional area of a 
beam of X-rays incident on a ñuorescent screen, 
photographic nlm, paper, or plate or other ele 
ment, and will be described with particular ref 
erence to that application. 
Optimum conditions for radiological observa 

tions on a fluorescent screen usually involve the 
adjustment of the apparatus so that there is only 

» a short distance between the X-ray tube and the 
fluorescent screen. By keeping the distance short 
the electrical power energising the iii-ray tube 
may be kept to a minimum and this is desirable 
where the observation of the ñuorescent image 
on the screen takes some time, as in the observa 
tion of movement in medical radiology. On the 
other hand for optimum conditi-ons for radiog 
raphy it is usually desirable to adjust the appara 
tus so that there is a relatively long distance be 
tween the X-ray tube and the fluorescent screen 
since this increases the sharpness of the image. 
The cross-sectional area of the beam of X-r'ays 

employed is normally deñned by inserting a dia 
phragm of adjustable aperture in the path of the 
rays. It will be appreciated therefore, that the 
actual size of the image on the fluorescent screen 
will vary with the distance of the screen from the 
X-ray tube, assuming a constant size of aperture 
in a ñxed position relative to the X-ray tube, and 
it is frequently the case that on increasing the 
distance between the fluorescent screen and the 
X-ray tube to that most suitable for radiography, 
the size of the image on the screen becomes too 
great and has to be reduced by manually adjust 
ing the aperture to a smaller area. » 
According to the present invention in appara 

tus comprising a substantially point shaped 
source of rays, a substantially plane element on 
which a beam of said rays is desired to fall, and 
aldiaphragm substantially parallel to said plane 
element and located between said element and 
said source of rays, the aperture in said dia 
phragm serving to denne the cross-sectional area 
of a beam of said rays emitted by said source, 
there is provided a longitudinally extensible mem 
ber extending between and joining the said source 
and the said plane element, the said extensible 
member having one or more points in its length 
which move as the said member is extended or re 
_tracted a distance which is a constant fraction 
of the amount by which the said member is eX 
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2 
mounted on the said extensible member at one 
of such points. 
More particularly, according to this invention, 

the source of rays is an X-ray tube and the plane 
element is a fluorescent screen or photographic 
plate, íilm or paper. 
In one form of the invention the extensible 

member consists of a symmetrical system of 
crossed levers of the type known as a “lazy-tongs.” 
The pivotal points along the centre line of such 
a system, where the levers cross one another, 
and also the other points where the levers are piv 
otally connected, are points within the meaning 
defined above. By securing one end of the lazy 
tongs to the X-ray tube and the other to the 
fluorescent screen and by mounting the dia 
phragm on one of the said pivotal points an in 
crease or decrease in the tube-screen distance, 
effected by extending or retracting the lazy-tongs, 
causes a proportional movement of the dia 
phragm. Thus the cross sectional area of the 
beam of X-rays falling on the screen remains 
constant irrespective of the tube-screen distance. 
The lazy-tongs system may be of the type in 

which the levers cross one another at the mid 
points of their length, but they may be arranged 
to cross at some other point along their length, 
the system necessarily being symmetrical along 
its longitudinal axis. ' 
In another form of the invention the extensible 

member consists of a uniform spring. This may 
be in the form of a coiled metal spring or may 
be a length of elastic material such as rubber cord. 
It is the property of a uniform spring that all 
points along its length move, when the spring 
is extended or retracted, a distance which is a 
constant fraction of the distance by which the 
spring is extended or retracted. The diaphragm 
may, therefore, be mounted at any convenient 
point along the length of the spring. By secur 
ing one end of the spring to the X-ray tube and 
the other end to the fluorescent screen and by 
mounting the diaphragm at some convenient 
point along the length of the spring, it is ensured 
that the cross-sectional area of beam of X-rays 
falling on the screen is constant irrespective of 
the tube-screen distance. 

It will be apparent that any other form of 
extensible member satisfying the conditions 
stated above may be similarly employed. 

It is sometimes considered desirable to employ 
a plurality of diaphragms of successively increas 
ing aperture from X-ray tube to screen since it 
is considered that this reduces penumbral shadow. 

55 It is to be understood that several such dia. 

;tensied., 0r retreated» _the said. .diaphragm @eine Y t phragm-s may be used in the present invention 
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by mounting them at successive pivotal points on 
the lazy-tongs linkage or by mounting them at 
intervals along the length of a spring linkage as 
described above. 
As indicated above it is essential that the dia 

phragm be arranged so as to be substantially 
parallel to the iiuorescent screen or other ele 
ment. However, the axis of the X-ray beam need 
not lbe normal to the fluorescent screen nor need 
the aperture in the diaphragm be centrally dis 
posed in relation to the axis of the beam; an 
eccentric aperture will give an image of constant 
size and position on the screen when mounted 
in accordance with this invention. 

It will be appreciated that the actual construc 
tion of the device must take into account the 
Weight of the parts involved; the X-ray tube, 
diaphragm and screen or any of them may con 
veniently be mounted in guides cr runners to 
take their weight, the extensible member serving 
only to control their relative positions. 
The aperture in the diaphragm is preferably 

adjustable ̀ but once set will, as indicated above, 
give the same size image for any tube-screen dis 
tance. 
The invention will now be described with ref 

erence to the accompanying diagrammatic draw 
ing in which Figures 1 and 2 show one form ci 
the apparatus, employing a “lazy-tongs” ̀ connec 
tion, in different degrees of extension. Figures 
3 and 4 show 'an alternative form of the appara 
tus, employing a spring connection, in different 
degrees of extension. Figures 5 and 6 show a 
form of apparatus similar to that of Figures 1 
and 2, employing an ec'centrically apertured dia 
phragm, in diiierent degrees of extension. Fig 
'ures 7 and 8 show a form of apparatus similar 
to that of Figures l and 2 where the screen is not> 
normal to the X-ray source, in different degrees 
of extension. Figs. 9 and 10 show two modiñ 
cations of the apparatus 'shown in Fig. 1. 

Referring to Figure 1, there is provided a source 
of X-rays H and a Iscreen l2. Thefscreen l2 is 
linked through a lazy-tongs 'connection I3 to the 
source of X-ra'ys so that 'one mid-point end Id of 
the lazy-tongs system is located at the screen i2, 
and the other mid-point end 'is is >connected to a 
point on the X-ray tube (not shown) correspond 
in'g with the source ofthe X-'rays ‘i l. At another 
mid-point i6 of the lazy tongs system is located 'a 
diaphragm Il having an aperture I8. _The path 
of the X-rays from the source H to the screen 
|»2 is shown bythe limiting lines IQ. 
In Figure 2 the apparatus of Figure 1 is shown 

in extended form. It will be noted that, although 
no change has been made in the ̀ dimensions 'of the 
aperture I8, the limiting lines i9 meet the screen 
l2 in the same position as in Figure l. - In other 
words, the screen lîand the source of X-rays 'il 
have been moved further apart without any 
change in the dimensions oi the area of the screen 
l2 reached by the X-rays. 
Figure 3 illustrates similar apparatus in which 

there is employed a spring 2i) instead of the lazy 
tongs system I3. One end of the spring `lil is 
anchored at the screen i?. and the other end l5 
at the source of X-rays ii'. The diaphragm il 
is located at a point along the length of the 
spring. In Figure ¿l this system »is shown ex 
tended, and it will be seen that asin thevcase of 
Figures l and 2, the area of vthe screen reached 
by the X-rays is not affected by increasing the 
distance between the screen and the source of 
IEC-rays. , A , 

Figure 5 illustrates apparatus of the type of 
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Figure 1 wherein the diaphragm Il has an ec 
centrically located aperture I8. This apparatus 
is shown extended in Figure 6 and it will be seen 
that, although the aperture is eccentric, the area 
of the screen reached by the X-rays is not af 
fected by increasing the distance between the 
screen and the source of X-rays. 
Figure '7 illustrates apparatus ‘of the type of 

Figure l wherein the screen is mounted at an 
angle to the position normal- to the source of 
'X-rays, and the diaphragm Il is mounted at the 
same angle. This apparatus is shown extended in 
Figure 8, and it will be seen that, although the 
yscreen I2 and diaphragm Il are at an angle to 
the normal, the same conditions hold as in the 
other examples. 

Fig. 9 illustrates an apparatus of the type 
shown in Fig. l wherein a plurality of diaphragms 
il, 2i] and 2i are arranged substantially parallel 
to screen i2 and located between this screen and 
the X-ray tube i5. These diaphragms Il, 29 and 
2l are provided with apertures |18, 22 and 23, re 
spectively, adjusted so as to define the cross sec 
tional area 'of the beam of X-rays emitted by the 
X-ray tube I l. Of course, in accordance with the 
present invention», these diaphragms are each 
mounted at a point where the levers are pivotally 
connected, namely diaphragm il' at point l 5, dia 
phragm 2l? at point 2d and diaphragm 2l at 
point 25. 

Fig. 10 illustrates an apparatus of the type 
shown in Fig. 1 wherein the levers i3 cross at 
some other points than the midpoints of their 
lengths. Of course, in order to obtain proper 
operation of such a system, it is necessary that 
the same -is symmetrical along its longitudinal 
axis. 

Although in the drawing the element l2 has 
been designated as a screen, it will be clear that 
it may alternatively be a photographic iilm, plate, 
paper or other substantially plane element on 
which the X-ray bea-m is intended to fall. If de 
sired, other diaphragms of appropriate size may 
be located at Aother mid-points or any other piv. 
otal point of the lazy-tongs systems of Figures 1, 
2, 5, 6, '7 and 8 or ̀ at other 'points alo-ng the length 
of the spring 29 in Figures -3 and 4 for the pur 
pose, for example, 'of reducing penumbra] shadow. 
Only one diaphragm has been shown‘in the draw 
ing for the sake of simplicity. 
Whilst the foregoing description relatesV par 

ticularly to the case where the source of rays 
is an X-ray tube, it is to be clearly understood 
that it may, instead, be a substantiallyr point 
source of other radiation, e. g. visible'li'ght, infra 
red,~ultra-violet or Jgamma rays. Similarly the 
nucres‘cent screen 'or photographic ‘element may 
be replaced by any other plane surface. 
What I claim is: Y 

1. Apparatus comprising a substantially point 
shaped sourcevof rays, a substantiallyplane ele' 
ment on which a beam of said rays is desired Yto 
fall, a diaphragm substantially parallel Vto said 
plane >element and located between said element 
and said source of rays, the aperture in 'said dia 
phragm serving to deñne the-cross-se’ctionafl area 
of a 4beam of said rays emitte‘dby said source, and 
a longitudinally extensiblfemember extending‘be 
tween «said `source and said plane element and 
joining the same, the said extensible member 
having at least one poi-nt in 'its length Äwhich 
moves -as vthe said member is extended ̀ or reà 
tracted a distance which is a ‘constant fraction 
or the amount by which the'sa-i‘ol member Vïis ‘eX 
tended or retracted, vthe said diaphragm being 
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mounted on the said extensible member at one 
such point. ` 

2. X-ray apparatus comprising a substantially 
point shaped source of X-rays, a substantially 
plane element on which a beam of X-rays from 
said source is desired to fall, a diaphragm sub 
stantially parallel to said plane element and lo 
cated between said element and said X-ray source, 
the aperture in said diaphragm serving to define 
the cross-sectional area of a beam of X-rays 
emitted by said source, and a longitudinally ex 
tensible member extending between said source 
and said plane element and joining the same, the 
said extensible member having at least one point 
in its length which moves as the said member 
is extended or retracted a distance which is a 
constant fraction of the amount by which the 
said member is extended or retracted, the said 
diaphragm being mounted on the said extensible 
member at one such point. 

3. X-ray apparatus comprising a substantially 
point shaped source of X-rays, a substantially 
plane element on which a beam of X-rays from 
said X-ray source is desired to fall, a diaphragm 
substantially parallel to said plane element and 
located between said element and said X-ray 
source, the aperture in said diaphragm serving 
to define the cross-sectional area of a beam of 
X-rays emitted by said X-ray source, and a 
crossed lever lazy-tongs connection extending be 
tween said X-ray source and said plane element 
and joining the same, the Said diaphragm being 
mounted at a point on such connection where the 
levers are pivotally connected. 

4. X-ray apparatus comprising a substantially 
point shaped source of X-rays, a substantially 
plane element on which a beam of X-rays from 
said X-ray source is desired to fall, a diaphragm 
substantially parallel to said plane element and 
located between said element and said X-ray 
source, the aperture in said diaphragm serving 
to deñne the cross-sectional area of a beam of 
X-rays emitted by said X-ray source, and a 
crossed lever lazy-tongs connection extending be 
tween said X-ray source and said plane element 
and joining the same, the said diaphragm being 
mounted at a point on such connection where 
the levers cross one another. 

5. X-ray apparatus comprising a substantially 
point shaped X-ray source, a substantially plane 
element on which a beam of X-rays from said 
X-ray source is desired to fall, a diaphragm sub 
stantially parallel to said plane element and 10 
cated between said element and said X-ray 
source, the aperture in said diaphragm serving 
to define the cross-sectional area of a beam oi 
X-rays emitted by said X-ray source, and a uni 
form spring extending between and connecting 
said X-ray source and said plane element, the 
said diaphargm being mounted at a point along 
the length of said spring. 

6. X-ray apparatus comprising a substantially 
point shaped X-ray source, a substantially plane 
X-ray sensitive element on which a beam of 
X-rays from said X-ray source is desired to fall, a 
diaphragm substantially parallel to said plane 
X-ray sensitive element and located between said 
X-ray sensitive element and said X-ray source, 
the aperture in said diaphragm serving to define 
the cross-sectional area of a beam of X-rays 
emitted by said X-ray source, and a crossed lever 
lazy-tongs extending between and connecting 
said X-ray source and said plane X-ray sensitive 
element, the said diaphragm being mounted at 

10 

20 

70 

6 
a point on such connection where the levers are 
pivotally connected. 

7. X-ray apparatus comprising a substantially 
point shaped X-ray source, a substantially plane 
X-ray sensitive element on which a beam of 
X-rays from said X-ray source is desired to fall, 
a diaphragm substantially parallel to said plane 
X-ray sensitive element and located between said 
X-ray sensitive element and said X-ray source. 
the aperture in said diaphragm serving to deñne 
the cross-sectional area of a beam of X-rays 
emitted by said X-ray source, and a crossed lever 
lazy-tongs extending between and connecting said 
X-ray source and said plane-X-ray sensitive ele 
ment, the said diaphragm being mounted at a 
point on such connection where the levers cross 
one another. 

8. X-ray apparatus comprising a substantially 
point shaped X-ray source, a substantially plane 
X-ray sensitive element on which a beam of 
X-rays from said X-ray source is desired to fall, 
a diaphragm substantially parallel to Said plane 
X-ray sensitive element and located between said 
X-ray sensitive element and said X-ray source, 
the aperture in said diaphragm serving to dei-lne 
the cross-sectional area of a beam of X-rays 
emitted by said X-ray source, and a uniform 
spring extending between and connecting said 
X-ray source and said plane X-ray sensitive ele 

. ment, the Said diaphragm being mounted at a 
point along the length of said spring. 

9. X-ray apparatus comprising a substantially 
point shaped X-ray source, a substantially plane 
element on which a beam of X-rays from said 

\ X-ray source is desired to fall, a plurality of dia 
phragms substantially parallel to said plane ele 
ment and located between said element and said 
X-ray source, the apertures in said diaphragms 
being adjusted to define the cross-sectional area 
of a beam of Xv-rays emitted by Said X-ray source, 
and a crossed lever lazy-tongs connection extend 
ing between said X-ray source and said plane 
element and joining the same, the said dia 
phragms each being mounted at a point on such 
connection where the levers are pivotally con 
nected. 

10. X-ray apparatus comprising a substantially 
point shaped X-ray source, a substantially plane 
element on which a beam of X-rays from said 
X-ray source is desired to fall, a plurality of dia 
phragms substantially parallel to said plane ele 
ment and located between said element and said 
X-ray source, the apertures in said diaphragms 
being adjusted to define the cross-sectional area 
of a beam of X-rays emitted by said X-ray source, 
and a crossed lever lazy-tongs connection extend 
ing between and joining said X-ray source and 
said plane element, the said diaphragms each 
being mounted at a point on such connection 
where the levers cross one another. 

11. X-ray apparatus comprising a substantially 
point shaped X-ray source, a substantially plane 
element on which a beam of X-rays from said 
X-ray source is desired to fall, a plurality of dia 
phragms substantially parallel to said plane ele 
ment and located between said element and said 
X-ray source, the apertures in said diaphragms 
being adjusted to define the cross-sectional area 
of a beam of X-rays emitted by said X-ray source, 
and a uniform spring extending between and con 
necting said X-ray source and said plane ele 
ment, the said diaphragms being mounted at dif 
ferent points along the length of said spring. 

WILLIAM WATSON. 


