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(57) ABSTRACT 
A device for measuring the spatial distribution of radia 
tion absorption in a body wherein a multiplicity of radi 
ators are regularly distributed about a circle surround 
ing the body, each radiator emitting a wedge-shaped 
beam of radiation in the plane of the circle toward a 
different arc portion of the circle beween two other 
radiators, a multiplicity of adjoining detectors in each 
arc portion measuring radiation from the radiator emit 
ting radiation to that arc portion, the spatial distribution 
of radiation absorption being calculated from the mea 
sured radiation values of all the detectors. 

9 Claims, 1 Drawing Sheet 
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DEVICE FOR MEASURING LOCAL RADIATION 
ABSORPTION INA BODY 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

The invention relates to a device for measuring the 
spatial distribution of radiation absorption in a body, 
wherein the radiation to be emitted by at least one radia 
tor is measured in a large number of directions by means 
of a number of detectors which are successively ar 
ranged in one plane in the body, each detector having 
only a comparatively small effective measuring field, 
the spatial distribution being calculated from these mea 
suring values. 
A device of this kind is known, for example from 

German Offenlegungsschrift 1,941,433. Therein, the 
radiator/detector system is displaced perpendicular to 
the radiation direction, and the absorption is measured 
in a large number of directly adjacent points. Subse 
quently, the radiator/detector system is rotated through 
a given angle, after which the operation is repeated, etc. 
The time required for obtaining the necessary measur 
ing values in this apparatus amounts to a few minutes, so 
that using this apparatus only bodies or body parts can 
be examined which can be kept completely immobile, as 
otherwise disturbances occur due to lack of focus. 

It is already known to reduce this measuring time 
(German Offenlegungsschrift 1,941,433, FIG. 7) by 
measuring the radiation emitted by the radiator by 
means of a plurality of detectors which are arranged in 
a arc of a circle around the radiator, each detector mea 
suring the radiation stopped by a collimator associated 
with the detector. In order to measure the absorption in 
the parts which are not irradiated during a first measur 
ing series, the detectors and the associated collinators 
are translated until all regions of the body to be exam 
ined and which have not yet been irradiated have been 
covered. Subsequently, the radiator and the associated 
collimators and detectors are rotated through a given 
angle, and simultaneously the detectors are translated 
back, after which the operation is repeated. The con 
plete measurement, however, is still comparatively 
time-consuming in this apparatus. Moreover, always 
only a very small part of the radiation emitted by the 
radiator is used for the measurement (i.e. the radiation 
which is stopped by the collimators), so that when use 
is made of an X-ray tube as the radiator, this X-ray tube 
must be operated to the limit of loadability. This has an 
adverse effect on the service life of the X-ray tube and 
on the reliability of the apparatus. 
The invention has for its object to provide a device 

for measuring the spatial distribution of the absorption 
of radiation in a body whereby the measuring time is 
reduced and in which the power of the radiator is more 
efficiently used. 
To this end, a device of the kind set forth according 

to the invention is characterized in that the detectors 
are arranged in a row such that their effective measur 
ing fields directly adjoin each other and cover the en 
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tire, approximately wedge-shaped stopped radiation of 65 
the radiator. 
The invention will be described in detail hereinafter 

with reference to the drawing. 

2 
FIG. 1 is a diagrammatic view of a device according 

to the invention. 
FIG. 2 shows such a device comprising various radia 

tors arranged in a circle. 
FIG. 1 shows a radiator 1 which can contain an X-ray 

tube or radio-active isotope. A collimator 2 passes a 
wedge-like beam 7 of emitted radiation, the outer limits 
of said beam being denoted by 3 and 3". The beam 7 
irradiates a body 4 to be examined. Behind the body 4, 
a large number of detectors 5 are arranged in a circle 
around the radiator 1 such that their effective measur 
ing fields adjoin each other in a contacting manner, with 
the result that the overall radiation wedge 3,3' is mea 
sured by the individual detectors. Using this device, the 
absorption in the directions determined by the connect 
ing lines between the radiator and the detectors 5 can all 
be measured in one operation. So as to obtain the ab 
sorption distribution in the other directions, the radia 
tor/detector system is preferably continuously rotated 
about the body 4, the radiation source being switched 
on and the absorption being measured in given angular 
positions. Because the absorption in the plane of exami 
nation can be determined by way of a single measure 
ment in one position of the radiator/detector system, a 
substantial reduction of the examination time (to a few 
seconds) is feasible. 
A scattered radiation diaphragm 6 which is arranged 

in front of the detectors 5 and a collimator (not shown 
in the drawing) which limits the beam in the direction 
perpendicular to the plane of the drawing such that 
only the detectors are struck by the radiation, ensure 
that the scattered radiation density in the region of the 
detectors remains substantially smaller than in the case 
of conventional tomography. The scattered radiation 
density can be further reduced by arranging the detec 
tors not directly behind the body, but rather at a larger 
distance therefrom, so that the opening angle as regards 
the scattered radiation centres in the body is reduced. In 
that case the geometrical lack of focus is increased, but 
this effect can be neglected, because in the device ac 
cording to the invention-like in the known devices-- 
substantially reduced spatial resolution is used. In par 
ticularly critical cases, the scattered radiation can be 
reduced by means of an additional diaphragm device to 
be provided between the collimator 2 and the radiator 
1, if the said diaphragm opening is proportioned such 
that each time only a beam corresponding to the effec 
tive measuring field of one or only a few detectors is 
stopped, the diaphragm device being rotatable about 
the radiator such that during one rotation all detectors 
5 are successively irradiated. The required time is thus 
increased, but the measuring time can still be reduced, 
because in such a device the moving mass is essentially 
smaller that in the known devices. 
The detectors 5 may comprise radiation-sensitive 

PbO-crystallites or HgI2-crystals, or use can alterna 
tively be made of radiation-sensitive semiconductor 
detectors. For example, the use of light-sensitive photo 
cells or photodetectors (photo-diodes, photo-field ef 
fecttransistors, etc.) is possible, these devices being pre 
ceded by an amplifier foil for converting X-radiation 
into visible light. The detectors can be operated such 
that they supply a signal which is proportional to the 
dose power (in this case pre-amplifiers which form the 
time integral of the output signal of the detectors must 
be connected behind the detectors) or they may be 
connected such that their output signal is proportional 
to the dose, so that the subsequent pre-amplifiers only 
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have to amplify the signal. Because the measuring val 
ues of all detectors are each time simultaneously re 
leased for one direction, the subsequent computer (not 
elaborated herein) for measuring the spatial distribution 
of the absorption in the plane usually cannot process the 
measuring values in parallel; the detector output signals 
must therefor be applied to a storage element, for exam 
ple, to a sample-and-hold amplifier, the outputs of all 
sample-and-hold amplifiers being connected to the com 
puter via a multiplex device which successively applies 
the stored measuring values to the computer. 

In addition to the row of detectors shown in FIG. 1, 
a further row of detectors may be provided in a direc 
tion perpendicular to the plane of the drawing, immedi 
ately adjoining the row of detectors shown. In that case, 
the radiation of the radiator must obviously be limited 
such that the two detector rows are struck by the radia 
tion. During the subsequent processing of the measuring 
values supplied by the two rows of detectors, either the 
absorption distribution in the two planes determined by 
the detector rows can be measured or, after addition of 
the measuring values each time supplied by two adja 
cent detectors, the mean absorption distribution for the 
two planes can be calculated, the signal-to-noise ratio 
thus being improved. 

In practice the fact must be taken into account that 
the intensity of the radiation emitted by the radiator is 
not uniformly distributed over the radiation wedge 3 
and that the sensitivity of the individual cells may differ. 
To this end, the gain of the pre-amplifiers connected 
behind the detectors is adjusted such that, in the case of 
direct radiation by the radiator (i.e. without the body 4 
being in the beam path) the output signals are preferably 
the same. 

In order to prevent the distribution of the absorption 
in the plane of the body to be calculated from the mea 
suring values from being influenced by temporary fluc 
tuations in the radiation intensity, an additional detector 
can be provided which is arranged above or below the 
plane of the drawing, so that the radiation measured 
thereby on the one hand is not attenuated by the body 4, 
to be examined, and the detector on the other hand does 
not influence the radiation measured by the other detec 
tors. To this end, the collimator arranged in front of the 
radiator must be provided with an additional opening in 
the correct position. The absolute values of the measur 
ing values, being dependent of temporary fluctuations 
in the intensity of the radiator, should then no longer be 
used for the calculation, but rather the ratio between the 
measuring values of the row of detectors 5 on the one 
side and that of the additional detector on the other side, 
this ratio being independent of such fluctuations. 
For the operation of the device it is important that the 

row of detectors is directed exactly to the radiation 
beam formed by the collimators in front of the radiator. 
Alignment can be effected by means of an optical ad 
justing device (not shown) which is permanently con 
nected to the radiator 1 and which emits light rays by 
means of a mirror device, the position and the direction 
of the two outer light rays corresponding to the position 
and the direction of the boundary lines 3,3', whilst the 
third light ray coincides with the bisector between these 
two rays. The row of detectors 5 can thus be more 
readily directed to the radiator. Moreover, the light 
rays produce light spots on the object to be examined, 
the layer to be measured thus being optically marked. 
FIG.2 shows an embodiment of the device according 

to the invention which enables a further reduction of 
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4. 
the measuring time. Therein, a number of radiators (11 
in the drawing) 11-21 are arranged in a circle, in the 
centre of which the object 4 is to be arranged, each time 
a row of detectors 51-61 being associated with the said 
radiators, diametrically opposite in the space between 
two adjacent radiators. Using this device, the absorp 
tion in the plane of the body can be simultaneously or 
almost simultaneously measured in a number of direc 
tions corresponding to the number of radiators. 

If all radiators were simultaneously switched on, the 
scattered radiation density would be substantially in 
creased in comparison with the device shown in FIG. 1. 
So as to avoid this phenomenon, the X-radiators and the 
associated rows of detectors can be successively 
switched on. This can be effected within fractions of 
seconds. 
On the basis of spatial and economic considerations, 

in practice the number of radiator/detector systems 
cannot be made as high as the number of directions in 
which the absorption is to be measured in the separate 
regions of the plane of the body to be examined. In 
order to measure the absorption in all necessary direc 
tions, therefore, the system consisting of the radiators 
and the associated rows of detectors is rotated about the 
body to be examined (or the body relative to the sys 
tem), during one rotation through the angle 27t/n 
(n= number of radiators) all radiators being actuated m 
times, so that the absorption can be measured in mix in 
different directions. These measurements can be per 
formed in a comparatively short time, because the de 
vice need be rotated only through a small angle and 
because the rotary movement can be continuously per 
formed. Therefore, planes of bodies which can only be 
very briefly immobilized can also be examined. 
What is claimed is: 
1. A device for measuring the spatial distribution of 

radiation absorption in a body, comprising: 
a multiplicity of radiators regularly distributed about 

a circle of diameter sufficient to surround said 
body, each radiator emitting a wedge-shaped beam 
of radiation in the plane of said circle toward a 
different arc portion of said circle between two 
other radiators; and 

a multiplicity of adjoining detectors in each of said 
different arc portions of said circle to measure 
radiation from the associated radiator emitting 
radiation thereto, each detector having only a com 
paratively small effective measuring field, the spa 
tial distribution being calculated from the measured 
radiation values from said detectors. 

2. The device defined in claim 1 wherein said circle of 
radiators and detectors is rotatable in the plane thereof 
with respect to said body to measure radiation values in 
different rotary orientations thereof. 

3. The device defined in claim 2 wherein said radia 
tors and detectors may be successively rendered effec 
tive. 

4. An apparatus for examining a body by means of 
penetrating radiation including a source means arranged 
to irradate the body with a planar spread of said radiation, 
detector means arranged to detect the radiation to provide 
output signals, relating to absorption of the radiation by the 
body, for processing to provide a representation of the distri 
bution of absorption in a substantially planar section of the 
body and means adapted to scan the planar spread of 
radiation in relation to the body so as to irradate said 
section along a plurality of beam paths passing through the 
body from a plurality of direction, wherein said detector 
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means comprises a plurality of detector devices of which a 
predetermined number are irradiated by said spread at any 
time and wherein the scanning means is arranged to tra 
verse the spread of X-rays along the detector device so as to 
change the irradiated device progressively. 

5. An apparatus according to claim 4 wherein the scan 
ning means include means adapted to move said source 
means in relation to the body to provide at least part of the 
scanning of said spread of radiation. 

6 
7. An apparatus according to claim 4 in which the scan 

ning means include means adapted to provide at least a 
rotational notion of said spread of radiation relative to the 
body, 

8. An apparatus according to claim 4 including collina 
tor means adapted to restrict the number of said detector 
devices irradiated at any time. 

9. An apparatus according to claim 8 including means 
for moving the collinator means in relation to the detector 

6. An apparatus according to claim 4 including means 10 means to change the detector devices so irradiated 
adapted to move said detector means relative to the body. 
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