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IMPROVEMENTS IN OR RELATING TO RADIOGRAPH 

(71) We, EMI LIMITED, a British 
Company of Blyth Road, Hayes, Middlesex, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 

5 the method by which it is to be performed, to 
be particularly described in and by the follow-
ing statement: 

The present invention relates to radiography, 
and it relates more specifically to a branch of 

10 radiography which has become known as com-
puterised tomography. 

Computerised tomography permits the pro-
duction of a representation of the variation, 
over a cross-sectional slice of a body under 

15 examination, of the absorption or transmission 
coefficient with respect to penetrating radi-
ation, such as X-radiation. Such representations 
provide a considerable amount of clinically 
useful information and, in particular, enable 

20 tumours or tissue damage to be identified and 
accurately located without the need for surgery 
or invasive diagnostic procedures. 

Various techniques for performing com-
puterised tomography are described in British 

25 Patent Specification No. 1 283 915 and other 
techniques are disclosed and claimed in (inter 
alia) British Patent Specification No. 1 478 124 
and in British Patent Specification No. 1 430 
089. These two latter techniques are concerned 

30 primarily with the acquisition of the data 
necessary to permit the desired representation 
to be produced and the technique disclosed 
and claimed in British Patent Specification No. 
1 430 089 offers potentially the more rapid 

35 data acquisition rate. Rapid data acquisition is 
of importance, because if the data is acquired 
rapidly there is less chance of the representa-
tion being spoilt or marred by artefacts due to 
movement of the body under examination, or 

40 of organs or fluids therein, during the acquisi-
tion time. 

In principle, with the technique described 
and claimed in British Patent Specification No. 
1 430 089, the radiation is constrained to con-

45 form to a fan-shaped spread, emanating from a 
small source area, and the radiation is projected 
through the body. The fan angle of the spread 
of radiation is sufficient to embrace at least a 
substantial part of the aforementioned slice of 

50 the body and the source is rotated around the 
body about an axis intersecting the slice. An 

array of detector devices is provided to receive 
radiation projected through the body and to 
provide output signals which are sampled at a 
rapid rate to produce individual output signals 5 5 
attributable to respective, substantially linear, 
beam paths traversed by the radiation through 
the body. 

The array of detector devices may be just 
sufficient in angular extent to accommodate 60 
the aforementioned spread of radiation, and in 
that case it will be appreciated that the beam 
paths along which radiation is projected to-
wards any detector will all be tangential to a 
respective, common circle. Because of this, in 65 
some circumstances, the respresentations ob-
tained after processing the data acquired by 
the technique just described can be spoilt or 
marred by artefacts due to sensitivity differ-
ences and/or relative changes in sensitivity as 70 
between the various detectors. 

Techniques have been evolved, and two of 
these are described in the Complete Specifica-
tions of British Patent Applications Nos. 
49074/74 and 43984/75 respectively, (Serial 75 
Nos 1 529 799 and 1 558 062 respectively), for 
overcoming or reducing the problem described 
in the last preceding paragraph whilst maintain-
ing the advantage of rapid data acquisition. 
However these techniques involve the produc- 80 
tion of considerable amounts of data at rapid 
rates and the handling of such data can, in some 
cases, give rise to difficulty. 

It is an object of this invention to provide a 
computerised tomographic apparatus which 85 
permits rapid data acquisition and enables 
representations to be produced which are sub-
stantially free of artefacts due to sensitivity 
differences and/or relative changes in sensitivity 
as between detectors without, however, requir- 90 
tag the acquisition of data at rates which are 
too high for convenient handling. 

According to the invention from one aspect 
there is provided radiographic apparatus com-
prising 95 

a) patient locating means 
b) a source of penetrating radiation (such as 

X-radiation) arranged to produce a divergent 
spread of the radiation directed to pass through 
a patient located by said locating means J QO 

c) a plurality of detectors for receiving the 
radiation transmitted through said patient along 
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relatively narrow, angularly spaced beam paths, 
and for producing signals indicative of the 
received radiation, 

d) scanning means for 
5 i) causing the radiation to assume a series of 

different angular positions during first periods 
of time, the origin of the spread remaining 
effectively stationary during each said first 
period 

2Q ii) causing said spread to move from one of 
said angular positions to the next during second 
periods of time interleaving said first periods of 
time so that the spread angularly scans a slice of 
the patient, the slice being disposed transverse 

15 to the axis of the angular movement and 
iii) causing said detectors to move with 

respect to said spread during said first intervals 
of time in such a way that a succession of the 
detectors receive radiation along each of said 

2q beam paths, and 
d) means for producing a representation of 

a characteristic of said slice affecting said radi-
ation in response to the signals produced by 
the detectors. 

25 In one example, the source and the detectors 
are mounted on a frame which is angularly 
movable about said axis, and said scanning 
means includes means for moving said frame 
smoothly about said axis and for reciprocating 

2Q the origin of said spread of radiation to periodi-
cally effectively arrest the movement of the 
spread of radiation which would otherwise 
occur due to said smooth movement of the 
frame. 

In another example, the source comprises 
means for generating X-radiation at a plurality 
of locations distributed angulary about said 
axis, and said detectors are mounted on a frame 
which is angularly movable about said axis, and 

4 q said scanning means includes means for step-
ping the origin of said X-radiation from one 
of said locations to anotMr and for effecting 
a smooth angular movement of said frame. 

According to the invention from another 
45 aspect there is provided radiographic apparatus 

comprising means for projecting a substantially 
planar, fan-shaped spread of penetrating radi-
ation, such as X-radiation, across a location at 
which a selected cross-sectional slice of a body 

5q under examination may be located, from each 
of a plurality of positions distributed angularly 
around said location, detector means including 
an array of detector devices disposed to receive 
said radiation after it has traversed said loca-

55 tion, scanning means for causing, on the one 
hand, said spread of radiation to move, or 
effectively move, in discrete angular steps 
around said location and to dwell at each of 
said angularly distributed positions and, on the 

^q other hand, said detector array to perform a 
smooth angular movement around said location, 
the movement, or effective movement, of the 
spread of radiation and the movement of the 
detector array being such that, whilst the 
spread dwells in each of said positions, the 

detector array moves relatively thereto, sequen-
tially aligning a number of different detectors 
with each angular portion of said spread. 

In order that the invention may be clearly 
understood and readily carried into effect, ^q 
some embodiments thereof will now be des-
cribed, by way of example only, with reference 
to the drawings accompanying the Provisional 
Specification, in which:— 

Figure 1 shows, in front elevational view, a -75 
radiographic apparatus in accordance with one 
example of the invention, 

Figure 2 illustrates, in flow diagrammatic 
manner, one way in which data produced by 
the apparatus shown in Figure 1 can be assem- go 
bled for processing, 

Figure 3 shows, in front elevational view, 
radiographic apparatus in accordance with a 
second example of the invention, and 

Figure 4 shows, again in front elevational 35 
view, radiographic apparatus in accordance 
with a third example of the invention. 

Referring now to Figure 1, there is shown 
apparatus in accordance with one example of 
the invention. This example is described first <jq 
because, as it involves mechanical drive systems 
only, it is simpler to visualise than some other 
examples of the invention. It is not necessarily, 
however, a preferred form of the invention. 

A source 1 of a substantialy planar, fan- 95 
shaped spread 2 of X-radiation is mounted upon 
a ring 3 which can rotate in steps around a 
location 4 in which a selected cross-sectional 
slice 5 of a patient's body can be disposed. The 
source 1 can conveniently comprise a rotating JQQ 
anode X-ray generating tube of known kind, 
and the rotational movement of the ring 3 (and 
thus of the source 1) around the location 4 is 
performed about an axis 6 which intersects the 
slice 5 of the patent's body. jq5 

The patient's body is supported supine upon 
a platter 7 which is slidably supported upon 
front and rear couches of arcuate form, for 
example as described in British Patent Applica-
tion No. 11959/76. The body is held firmly in h q 
place on the platter by means of straps such as 
8. Gaps between the patient's body and the 
platter are preferably filled with bags (not 
shown) containing material which absorbs the 
X-radiation to substantially the same extent as 115 
does human body tissue. The bags may also be 
placed to the side of and on top of the body so 
as to form, with the body, a substantially cir-
cular object for irradiation. 

The stepped roatational movement of the uq 
ring 3 around the location 4 is achieved, in this 
example, by means of a drive mechanism 
known as a Geneva mechanism. The outer peri-
phery of the ring 3 is formed with prongs such 
as 9 and slots such as 10; the prongs being 125 
formed with arcuate depressions such as 11. A 
drive wheel 12 is continuously rotated, by 
means of an electric motor 13, and it carries a 
pin 14 and a locking cam 15. The pin is moun-
ted eccentiraclly on the wheel 12 and is dis- 230 
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posed so that, upon anticlockwise movement 
of the wheel 12, the pin enters radially the 
slot between two prongs, engages one of them 
and pushes the ring 3 in a clockwise direction 

g through, a well defined angle and then leaves 
the slot radiaEy. In order that the ring 3 is held 
steady between successive rotational step 
movements, the can 15 engages with the depres-
sion 10 of the prong which formed one edge of 

jq the slot into which the peg has entered and 
emerged from, but which was not engaged by 
the peg during the previous rotational step. 

The ring 3 is supported on an annular 
bearing 16 which is secured to a fixed frame 

j5 member 17. The frame member 17 also sup-
ports the aforementioned motor 13 and drive 
wheel 12. 

Disposed inside the ring 3, and mounted 
concentrically therewith, is a second ring 18 

2q which supports an array 19 of radiation-sensi-
tive detectors. The array may contain a hun-
dred or more detectors, and each detector 
conveniently comprises, in optical combin-
ation, a caesium iodide scintillator crystal and 

25 a photo-diode. Other forms of detector may be 
used if desired, however, without departing 
from the scope of this invention. The field of 
view of each detector is defined by a respective 
collimator, so that, at any given time, it receives 

30 radiation projected through the location 4 
along a respective substantially linear beam 
path, and the various collimators are disposed 
in a bank 20 supported by the ring 18. It will 
be noted that the array 19 of detectors and the 

35 bank 20 of collimators extend beyond the 
bounds of the spread 2 of X-radiation. This is 
one important feature of this example of the 
invention and will be discussed in more detail 
hereinafter. 

40 The ring 18 is mounted on a bearing 21 
which is supported by the frame member 17 
and ring 18 is rotated smoothly about the axis 
6 by a direct drive (not shown) from the motor 
13. 

45 The inter-relationship of the stepped angular 
movement of ring 3 and the smooth rotation of 
ring 18 is such that, during the period in which 
the spead 2 of radiation dwells in each of the 
angular positions, around location 4, defined by 

50 the Geneva mechanism 10-15, the detector 
array 19 moves through the spread of radiation, 
in a clockwise direction, from the position in 
which the extreme left-hand detector of array 
19 aligns with the extreme left-hand edge of the 

55 spread 2 to the position in which the extreme 
right-hand detector of the array 19 aligns with 
the extreme right-hand edge of the spread 2. 
When the latter-mentioned position has been 
reached, the Geneva mechanism rotates the ring 

60 3 through the aforementioned well-defined 
angle, which is chosen to be sufficient to cause 
the extreme left-hand edge of the spread 2 to 
catch up with, and again align with, the ex-
treme left-hand detector in the array 19. The 

55 above-described process of movement of the 

array 19 through the spread 2 is then repeated 
and so-on until a total rotation of at least 180 
or at least 180° plus the angle of the fan-shaped 
spread 2, depending upon the form of process-
ing to be used, has been carried out by the rings 70 
3 and 18. 

It will be appreciated that the situation 
shown in Figure 1 is that which obtains half-
way through the dwell period of the spread 2 in 
the angular position shown. 75 

The output signals provided by each detec-
tor in the array 19 are sampled a number of 
times during each dwell period of the spread 2 
(i.e. during periods when the array 19 moves 
through the spread 2) so that each detector 80 
produces distinguishable output signals relating 
to a number of mutually divergent beam paths 
through the location 4 during each of said 
periods. In this example, there are eight detec-
tors which, at any time, lie outside the bounds 85 
of the spread 2 and each detector output is 
sampled eight times or more during each of said 
periods. Conveniently, in this example each 
detector output is sampled sixteen times per 
period in order to allow data relating to over- 90 
lapping beams to be derived. Thus, if the spread 
2 irradiates a total of n detectors at a time (the 
array 19 thus consisting of (n+8) detectors), at a 
given sampling period output signals will be 
generated from those n detectors in relation to 95 
a group of n substantially linear and mutually 
divergent beam paths through the location 4. 
At the next-but-one sampling period, output 
signals will be generated, in respect of the same 
n beam paths, by (n-1) of the same detectors 100 
and one new detector which has now moved 
into the spread 2. Each of the (n-1) detectors 
still irradiated by the spread 2 receives radiation 
along a beam path along which, prior to the 
previous sampling period, radiation was received 105 
by a neighbouring detector. In the course of a 
complete dwell period, therefore, it will be 
appreciated that radiation projected along each 
beam path is received in succession by eight 
different detectors. In order to reduce the n o 
effects of inter-detector sensitivity variations, 
therefore, the eight output signals pertaining 
to each path are combined. For convenience, 
the combined signals can be divided by eight 
to effect an averaging of contributions from 115 
different detectors. 

If desired, the aforementioned eight output 
signals pertaining to a given path can be com-
pared to assess differential errors, corrected for 
such errors (taking one of the detectors as a 120 
master to which the other are normalised) and 
then combined. Usually, however, mere com-
bination is sufficient. 

If the detectors are numbered Dl , D2, D3 
etc. starting from the left in Figure 1, then it 125 
will be clear that the nett output signal per-
taining to the beam path traversed through the 
location 4 by radiation at the extreme left-hand 
edge of spread 2 will be one-eighth of the sum 
of the sum of the output signals produced by 130 
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detectors Dl - D8 during the swell time of the 
spread 2 in the angular position shown in 
Figure 1. likewise, the output signal for the 
beam path, through the location 4, traversed 

5 by radiation adjacent the left-hand edge of 
spread 2 will be one-eighth of the sum of the 
signals obtained from detectors D2 - D9 
during the same dwell time and so on. If the 
aforementioned normalisation is effected, and 

10 if detector Dl is regarded as the master, then 
since detectors D2 to D8 are corrected with 
reference to detector D l , it will be appreciated 
that detector D9 can also be corrected with 
reference to detector Dl and so can all o f t h e 

15 other detectors; the corrections being in effect, 
passed on frome one detector group to another 
across the array. 

It will be appreciated that the respective 
beam paths followed by the radiation towards 

20 the n detectors which, for the time being, are 
irradiated by the spread 2 of radiation are 
mutually divergent; the angle 0 between the 
centre-lines of adjacent beam paths being a/n, 
where a represents the angle subtended at the 

25 detector array by the spread 2 (typically 30° 
to 40°). 

The Geneva mechanism described herein-
before can be arranged to rotate the spread in 
steps of where m is an integer. Clearly, 

30 if m takes the value unity, then (n-1) of the 
beam paths in respect of which output signals 
are obtained during one dwell period will be 
parallel to beam paths in respect of which out-
put signals were obtained during the previous 

35 dwell period. In that case, rotation of the 
spread (in steps of (3°) through a considerable 
angle (in excess of a ) enables output signals to 
be obtained in respect of a set of parallel beam 
paths at each of a number of angles with res-

40 pect to the location 4, neighbouring sets of 
paths being spaced in angle by (3°. 

Clearly if m takes a value greater than unity 
then the number of beam paths in each set is 
reduced, but provided m does not exceed n no 

45 set will be totally lost. In practice, however, it 
is unusual for m to exceed ten when n takes a 
value around one hundred, because the loss of 
beam paths in each set tends to reduce the 
resolution of the apparatus beyond acceptable 

50 levels if m exceeds ten. 
Modifications may be made to the apparatus 

shown in Figure 1 without departing from the 
scope of the invention. For example the spread 
2 may be sectioned up into individual beams 

55 prior to its incidence upon the body slice 5 by a 
suitable array of collimators (not shown) 
aligned with the array 19. Moreover, shaped 
attenuators may be placed between the source 
and the body and/or between the body and the 

60 detector array for the purpose of tending to 
equalise the absorption suffered by the radi-
ation at all points across the spread 2. 

In known manner, graticules (not shown) 
are formed on, or carried by, the rings 3 and 18 

65 and these graticules cooperate with respective 

photo-cell units to permit the progress of the 
angular movements of the rings to be moni-
tored by virtue of timing pulses generated by 
the photo-cell units. These timing pulses are 
used to effect the sampling of the detector 70 
output signals, as referred to hereinbefore, to 
verify the synchronism between the stepped 
rotation of ring 3 and the smooth rotation of 
ring 18 and to control the distribution of the 
sampled detector output signals amongst storage 75 
addresses of digital storage means. 

Figure 2 indicates a flow diagram in respect 
of one detector, the r ' th detector, in the array 
19. The detector 19r feeds an amplifier 21r, 
and thence an integrator 22r which, in known 80 
manner, is read and reset periodically by means 
of the timing pulses derived from the graticule 
associated with the ring 18. This periodic 
reading and resetting of the integrator 22r 
effects the aforementioned sampling of the 85 
detector output signals and is carried out, in 
this example, eight times during each dwell 
period of the spread 2. It will be appreciated 
that the movement of spread 2 from one of its 
dwell positions to the next is not instantaneous, 90 
and it is preferable for the sampling of the 
integrators such as 22r to be continued during 
the angular movement of the ring 3 with the 
radiation, however, interrupted. This enables 
zero level checks to be made on the detectors 95 
(i.e. to check whether the detectors are provid-
ing output signals of finite amplitude when, 
because the radiation is interrupted they 
should be producing no output signals) and 
permits allowance to be made for after glow in 100 
the crystals. After glow is a term commonly 
used in this art to described a phenomenon 
known as phosphorescence which manifest 
itself as a lag in the response of the detector 
devices, causing (if uncorrected) an output 105 
signal provided in respect of one path to be 
contaminated by portions of the radiation 
previously transmitted to the detectors along 
one or more other paths. All of the integrators 
such as 22r are read and reset simultaneously. 110 

The sampled output signals from the inte-
grator 22r are applied to an analogue-to-digital 
converter circuit 23r of known kind, to zero 
and-gain correction circuit, a short term store, 
sorting and combining circuits, all of which are 115 
included in a circuit 24r, and thence to a log-
arithmic converting circuit 25r, of known kind. 
Each signal from the circuit 25r relates to a 
respective beam path through the location 4. 
The signal is thus routed, under the influence 120 
of the timing pulses derived from the graticules 
associated with both rings, 3 and 18, (because 
the beam concerned is characterised by the 
angular position of the spread 2 as well as the 
position of the detector array 19 relative to the 125 
spread at the relevant sampling time) to a 
storage address in a digital store 26 which has a 
storage adress dedicated to each beam path. 

It will be realised that if detector 19r has 
provided an output signal relating to a given 130 
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beam path at one sampling time then (provided 
there is another sampling time within the rele-
vant dwell period of spread 2), the next samp-
ling time will result in detector 19r+l providing 

5 an output signal in respect of the same beam 
path, t h a t putput signal is routed to the cir-
cuit 24r for combination with the output signal 
from detector 19r which was derived at the 
previous sampling time. Thus, in the course of 

j0 rotation of the rings 3 and 18 through at least 
an angle of 180° + a°) in this example, each 
address of the store 26 is supplied with a com-
bination of (in this example) eight digitised out-
put signals. The signals distributed to a respec-

15 tive address are, if necessary, divided by eight 
to average them. The division by eight, if per-
formed at all, need not be performed in the 
store 26 but can be effected by separate cir-
cuits (not shown) external thereof. The storage 

20 addresses in store 26 are conveniently arranged 
in rows and columns, and each row relates to a 
set of parallel beam paths; the column relating 
to differing positions (measured perpendicularly 
from the axis 6) of the centre lines of the beam 

25 paths in the parallel sets. The sorting of data, 
derived in groups relating to divergent beams 
paths, into sets relating to parallel beam paths 
is disclosed in British Patent Application No. 
4562/74 (Serial No. 1 493 594). 

30 It is known that the spacing of the centre 
lines of the beam paths in each parallel set 
varies with position across the set, and a pre-
processing circuit 27 is provided to employ any 
known technique, such as interpolation, to tend 

35 to equalise the said spacing. Such interpolation 
is described in British Patent Application No. 
43984/75 (Serial No. 1 558 062). 

The data, now assembled in groups relating 
to sets of parallel beam paths, the centre lines 

40 of which are equally spaced, are then processed 
in a processing circuit 28 which may, for 
example, comprise the arrangement described 
and claimed in British Patent Specification No. 
1 471 531, in order to produce a representation 

45 of the variation of absorption coefficient, with 
respect to the X-radiation used, over the body 
slice 5. 

It is possible, for example by employing a 
processing technique of the kind described in 

50 British Patent No. 1 283 915 to process the 
data, in the form in which they are derived (as 
fan sets) and, in that case, the parallel set sort-
ing and the interpolation are not required. 

Figure 3 shows another example of appa-
55 ratus in accordance with the invention. In this 

case, the X-radiation is produced by a source 
tube 29 which has an elongated X-ray pro-
ducing anode 30 and is provided with deflec-
tion coils 31 enabling the electron beam 32 of 

60 the tube to be scanned along the anode 30. The 
scanning of the beam 32 along the anode 30 is 
synchronised with the smooth rotation of a 
single ring 33, which carries both the source 29 
and a detector/collimator assembly 34, so that 

65 the origin of the spread 35 of X-radiation stays 

in one place whilst the ring 33 rotates through a 
given angle, as before, and then moves rapidly 
to a new angular position relative to the rota-
tion axis 36. The scanning of the beam along 
the anode 30 thus is required to counteract JQ 
exactly the rotation of the ring 33 during each 
dwell time of the spread 35 and then to fly 
back rapidly, in the direction of rotation of 
the ring 33 so that the spread 35 catches up 
with the leading detector in the assembly 34. 7 5 

The actual beams paths which can be exam-
ined using the technique described with refer-
ence to Figure 3 and the manner in which out-
put signals relating to said beam paths are 
operated upon and processed can conveniently gQ 
be the same as described with reference to 
Figures 1 and 2. An additional advantage of 
the Figure 3 arrangement, however, is that the 
X-rays can conveniently be suppressed during 
the flyback periods of the deflection waveforms g j 
applied to the coils 31 and the detector outputs 
can be sampled at such times to enable the 
"after-glow" or lag of the detectors to be 
assessed and compensated for. 

The resolution of the representation to be ^Q 
finally produced typically requires the angle 

or (ajn), between the center-lines of adjacent 
beam paths to be (1/15)°, but other angles 
could be used if desired. 

Figure 4 shows another example of the 95 
invention, in which the stepped angular move-
ment of the spread of radiation is achieved by 
sequential energisation of a number of fan 
source positions distributed, with the required 
angular separation, around the rotational axis JQO 
37 of a detector array 38. In this example, the 
required number of static source positions are 
provided by means of a static, toroidal X-ray 
tube 39 with multiple X-ray emitting anodes 
40 spaced at the requisite angular intervals jq5 
therearound. The anodes are sequentially 
caused to emit radiation while the detector 
array 38 and an associated collimator bank 41 
rotate smoothly. It will be appreciated that the 
detectors and the source may need to be in j j q 
different planes, but this does not substantially 
effect the representation produced. Alterna-
tively, as shown in the drawing, the detectors 
may rotate within the locus of the source 
points. The array 38 and the collimator bank ^ 5 
41 are supported on a ring 42 which can rotate 
on a fixed bearing 43 supported by a main 
frame 44. The rotation of ring 42 is conveniently 
achieved by means of an electric motor 45, sup-
ported by the frame 44, which drives a gear 1 2 o 
wheel 46 cooperates with gear teeth (not 
shown) formed all around the outer periphery 
of ring 42. Each anode 40 can have associated 
therewith a respective, fixed cathode. In that 
case, the cathodes can be energised sequentially j 2 5 
to direct electron beams, for a desired duration, 
onto their respective anodes. 

Advantages of the arrangement of Figure 4 
over the previously described arrangements 
include the absence of high power rotating 130 
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cables or slip rings to convey power or coolant 
(as the case may be) to the X-ray source and 
improved dissipation of waste heat generated 
by the X-ray emission. 

5 In an alternative arrangement to that shown 
in Figure 4, the X-ray emissive anodes can be 
disposed at greater angular spacing. The detec-
tors can then rotate smoothly through one 
revolution with the tube stationary and the 

2Q anodes pulsed in sequence as before. The toroid 
is then rotated (e.g. by a Geneva mechansim) 
through a small angle and another revolution 
performed by the detectors. The sequence is 
continued until the indexing of the toroid 

j j tube has Med the angular gaps between the 
anode spacings. 

It will be appreciated that, in either of the 
arrangements just described, the beam paths 
in respect of which output signals are produced, 

2Q and the manner in which those output signals 
are treated and processed can be substantially 
the same as that described in relation to Figures 
1 and 2. 

For accurate processing it is desirable that 
25 the source and detectors are mounted on the 

circumference of a common circle. The centre 
of this circle is not necessarily, however, the 
axis of rotation of the apparatus. 

In all of the foregoing embodiments of the 
30 invention, the ability exists to compensate, by 

calibration, errors due, for example, to different 
path lengths followed by the radiation through 
material, such as the shaped attenuators re-
ferred to previously. The calibration is effected 

35 by substituting a phantom of known character-
istics for the body and obtaining calibration 
signals which compensate for errors in the 
evaluation of said characteristics. These cali-
bration signals are stored in known manner, in 

40 lock-up tables or in the various locations of a 
store such as 26. 

WHAT WE CLAIM I S : -
1. Radiographic apparatus comprising 
a) patient locating means 

45 b) a source of penetrating radiation (such as 
X-radiation) arranged to produce a divergent 
spread of the radiation directed to pass through 
a patient located by said locating means. 

c) a plurality of detectors for receiving the 
50 radiation transmitted through said patient along 

relatively narrow, angularly spaced beam paths, 
and for producing signals indicative of the 
received radiation 

d) scanning means for 
55 i) causing the radiation to assume a series of 

different angular positions during first periods 
of time, the origin of the spread remaining 
effectively stationary during each said first 
period 

ii) causing said spread to move from one of 
said angular positions to the next during second 
periods of time interleaving said first periods of 
time so that the spread angularly scans a slide 
of the patient, the slice being disposed trans-

65 verse to the axis of the angular movement and 

iii) causing said detectors to move with res-
pect to said spread during said first intervals of 
time in such a way that a succession of the 
detectors receive radiation along each of said 
beam paths, and 70 

e) means for producing a representation of a 
characteristic of said slice affecting said radiation 
in response to the signals produced by the 
detectors. 

2. Apparatus according to Claim 1 including 75 
a frame, on which said source and said detectors 
are mounted, and means for moving said frame 
angularly about said axis. 

3. Apparatus according to Claim 2 wherein 
said scanning means includes means for moving go 
said frame smoothly about said axis and for 
reciprocating the origin of said spread of radi-
ation to periodically effectively arrest the 
movement of the spread of radiation which 
would otherwise occur as a result of the smooth g5 
movement of said frame. 

4. Apparatus according to Claim 1 wherein 
said source comprises means for generating 
X-radiation at a plurality of spaced locations 
distributed angularly about said axis, the appa- 90 
ratus including a frame, on which said detectors 
are mounted, and means for moving said frame 
angularly about said axis and said scanning 
means including means for causing said radi-
ation to originate in sequence from a plurality 95 
of said locations while moving said frame 
smoothly about said axis. 

5. Radiographic apparatus comprising means 
for projecting a substantially planar, fan-shaped 
spread of penetrating radiation, such as X-radi- 100 
ation, across a location at which a selected 
cross-sectional slice of a body under examin-
ation may be located, form each of a plurality 
of positions distributed angularly around said 
location, detector means including an array of 105 
detector devices disposed to receive said radi-
ation after it has traversed said location, scann-
ing means for causing, on the one hand, said 
spread of radiation to move, or effectively 
move in discrete angular steps around said j jq 
location and to dwell at each of said angularly 
distributed positions and, on the other hand, 
said detector array to perform a smooth angular 
movement around said location, the movement, 
or effective movement, of the spread of radi- 115 
ation and the movement of the detector array 
being such that, whilst the spread dwells in 
each of said positions, the detector array moves 
relatively thereto, sequentially aligning a 
number of different detectors with each angular 120 
portion of said spread. 

6. Radiographic apparatus substantially as 
herein described with reference to Figures 1 or 
2, Figure 3 or Figure 4 of the drawings accom-
panying the Provisional Specification. 125 

R. G. MARSH 
Chartered Patent Agent 
Agent for the Applicant 130 

Printed for Her Majesty's Stationery Office by MULTIPLEX medway ltd.. Maidstone, Kent, MEW 1JS. 1981. Published at 



1595805 PROVISIONAL SPECIFICATION 

4 SHEETS drawing is a reproduction of 
the Original on a reduced scale 

S h e e t 1 

Ft o.1 



1595805 PROVISIONAL SPECIFICATION 
4 SHEETS TV'5 drawing is a reproduction of 

the Original on a reduced scale 
S h e e t 2 

FROM A/0 CONVERTERS 
FOR OTHER DETECTORS 

FIG. 2 



1595805 PROVISIONAL SPECIFICATION 

4 SHEETS This drawing is a reproduction of 
the Original on a reduced scale 

S h e e t 3 

FIG. 3 



1595805 PROVISIONAL SPECIFICATION 

4 SHEETS TV'5 drawing is a reproduction of 
the Original on a reduced scale 

Sheet 4 

FIGA 


