
PATENT SPECIFICATION                              (11)    1 572 599 (21)
Application No. 5138/76/  (22) Filed 10 Feb. 1976,     (1 (23) Complete
Specification filed 21 Jan. 1977 (44) Complete Specification published (51)
INT. [err] G01N 23106 (52) Index at acceptance H4F D12M D18X D27E D27K D27M
D30K D53D D54 D56X D61 D83B L (72) Inventors ALLAN BEATTIE LOGAN ROBIN
GEOFFREY MARSH IAN ALEXANDER FLEMING (54) IMPROVEMENTS IN OR RELATING TO
RADIOGRAPHY (71)   We, EM I LIMITED, a British  in the evaluation of said
coefficients. To Company of Blyth Road, Hayes, Middlesev this end, it has
been proposed to use a do hereby declare the invention, for which  source
of a substantially planar, fan-shaped I/We pray that a patent may be
granted to  spread of the radiation, the spread being 5 me/us, and the
method by which it is to be  disposed in the said slice, and a plurality of
50 performed, to be particularly described in  detector devices distributed
across the spread and by the following statement:        of radiation so
that a group of many (e.g. The present invention relates to radio- one
hundred or more) of the paths can be graphy and, in particular, to that
branch  irradiated at one and the same time and l0 of radiography which has
become known  the corresponding output signals derived. 55 as computerised
axial tomography (C.A.T.). Provided that the spread is sufficiently broad
By means of C.A.T., it is possible to evalu- to encompass at least a
substantial part of ate the absorption coefficient, with respect the body,
all of the desired signals can be to penetrating radiation, such as
X-radia- obtained, group by group, by rotating the 15 tion, at each of a
plurality of elemental source and the detector devices around the 60
locations distributed over a cross-sectional body about a common axis which
intersects slice of a body under examination. It is the said slice. usual
to provide a visual display of the   The output signals derived from any
one evaluated coefficients.                detector are rendered
distinguishable from 20  In order to permit the aforementioned co- one
another by means of sampling pulses, 65 efficients to be evaluated, it is
necessary to  relating to the progress of the rotational obtain signals
indicative of the absorption  movement; many such pulses being deve-
suffered by the radiation on traversing each  loped during the rotation of
said source of a large number of beam paths through  and said detector
means about the body. 25 the body in the slice. It is usual to obtain   It
is an object of this invention to increase 70 these signals by causing a
source of the  the number of groups of output signals radiation to project
radiation through the  which can be derived from an apparatus of body along
one or more of said paths to- the kind described above without the neces-
wards detector means positioned to receive  sity for additional source or
detector com- 30 the radiation emergent from the body along  ponents.
75 the path or paths and scanning the source    According to the invention
there is pro- and the detector means relative to the body  vided
radiographic apparatus. comprising a to cause the remainder of said beam
paths source of a substantially planar spread of to be irradiated and to
produce the re- penetrating radiation, means for. supporting 35 quired
signals. These signals are then pro- said source to project said radiation
across 80 cessed in any convenient manner, such as an opening in which a
body to be examined that 'disclosed in British Patent Specifica- can be
inserted, the spread of radiation tion No. 1,283,915 or that disclosed in
Bri- being disposed to irradiate a selected cross- tish Patent
Specification No. 1,471,531 to  sectional slice of said body, means for an-
40 evaluate said coefficients.            gularly moving said means for
supporting, 85 The rapid acquisition of the signals con- and with it said
source, about an axis in- cerned is clearly desirable, since the faster
tersecting said slice, a plurality of detector the signals can be acquired,
the lower is devices disposed to receive radiation direc- the chance of the
body, or of an organ or ted through said slice along a plurality of 45
fluid within it, moving and causing errors groups of divergent beam paths,
in said 90    2                                          1 572 599
2 slice, during said angular movement, a sig-  that a selected
cross-sectional slice of the nal channel for each detector device arran-
body is disposed in the opening. Bed 2 may ged to receive output signals,
developed by  include supports on either or both sides of said detector
devices and indicative of the  the member 6. but has been shown: in Fig- 5
absorption suffered by said radiation on  ure 1 to include supports only at
the rear 70 traversing said beam paths, and means for  for the sake of
clarity. The rotatable mem- generating timing signals for application to
ber 6 is arranged to rotate about an axis said channels to define
absorption measur- ..7, longitudinal.of the body and perpen- 



ing periods for the detector devices and thus  dicular to the paper. For
that purpose, the 10. to cause the generation of discrete output  member 6
is supported and/or guided by 75 signals relating to the respective beam
paths  three gear wheels 8a, b,c, which engage in each of said groups, said
timing signals  with gear teeth (not shown) cut into the being related to
the angular movement of  periphery of member 6. The gear wheels said means
for supporting relative to said  8 are journalled in a main frame 9 of the
15 body, and means, effective during said an-  apparatus, which may take
any form suit- 80 gular movement for changing the relation-  able to
support the apparatus and to allow ship between said timing. signals and
said  the necessary rotation.A further gear wheel angular movement, so as
to derive output  10, also engaging with the said gear teeth is signals
relating to more of said groups of  driven by an electric motor 11, also
moun- 20 beam paths than would have been available  ted on the main frame 9
and serves to pro- 85 without said change of relationship.     vide the
required rotary motion. It has previously been proposed, for ex-    The
rotatable member. 6 also carries a ample in British Patent Specification
No. source 12 of a fan-shaped spread 15 of X- 1,478,121, to increase lie
number of groups  rays, a bank of detectors 13 and a bank of 25 of beam
paths irradiated by physically shift-  associated collimators 14. The
detectors, 90 ing the detectors relative to the source,  which in atypical
embodiment number 120, either abruptly at an appropriate stage in  can be
of any suitable type, for- example the rotational scanning movement or pro-
scintillation crystals with associated photo- gressively throughout the
rotational scan-  multipliers or phofodiodes. 30 ning movement The present
invention per-    The source 12 may be of any known type 95 mits such a
physical shift to be dispensed  capable of producing- the fan-shaped spread
with, whilst retaining the advantageous in-  15 of X-rays and may be the
type in which crease in. the number of groups of beam  the point source of
the radiation can be paths irradiated. In order that the inven-  scanned
across the surface of the anode to 35 tion may be clearly described and
readily  change the position of the fan of X-rays. 100 carried into effect,
one embodiment thereof  That shown in Figure 1, however is fixed will now
be described, by way of example  in relation to the detectors 13. In this
x- only, with reference to the accompanying  ample the source 12 and
detectors 13 are drawings of which:-                    substantially
equidistant, each about 50cm., 40   Figure 1 shows, in front elevation,
part from axis 7 although this may be varied 105 of an apparatus suitable
for use in accor- if desired provided the geometry of the ar- dance with
one example of the invention,  rangement is accurately known. and
In operation the source 12 irradiates body Figure 2 shows, in block
schematic form, 1 with thefan 15 of X-rays. The X-rays 45 part of a circuit
arrangement for causing  are partially absorbed by the body and the 110
said apparatus to operate in accordance  intensity, after such absorption,
is mea- with said example of the invention.     sured by detectors 13. Each
detector re- Referring now..to Figure 1, a body 1, of  ceives radiation
transmitted through the a patient to be examined, is shown in trans- body
along a respective one of a group of 50 verse section supported on a
suitably sha-  mutually divergent beam-paths. The dimen- 115 ped bed 2,
also shown in transverse section. sions of the paths are related to the
dimen- A material 3, having an absorption to the  sions of the associated
one of collimators 14. radiation similar to-that of body tissue, is  The
output of each detector is applied to'a positioned between the body 1 and
bed 2, respective channel, of Which only one is 55 partly to support the
patient and partly to  shown in the drawing; and each chanel 120 exclude
air from the gap therebetween, and  comprises, in series, an amplifler such
as is extended to some extent about the body  16, an integrator such as'
17, an analogue- to provide an approximately circular cross-  to-digital
converter such as 20 and a log section to the radiation. The material 3
converter, circuit such as 21. Each int- 60 may be water or a viscous or
particulate  grator integrates the signal in its channel 125 material in
one or more flexible bags. The  for a period representing a predetermined
body 1 is retained firmly in a desired posi-  degree of rotational motion
to provide an tion by means such as a retaining strap 4.   analogue signal
representing the total in- The bed 2 and the body 1 are inserted into
tensity of radiation incident on the respec- 65 an opening 5 in a rotatable
member 6 so  tive detector in that time and transmitted 130    3
1 572 599                                      3 through the body 1 along a
path effectively  nals which relate to beam paths parallel to examined by
that detector (taking. into ac-  beam paths in respect of which other de-
count the rotational motion). To provide  tectors provided output signals
in response the information regarding the rotation a  to the previous
timing pulse. Thus, in. the 5 circular graticule 18 is provided mounted
course of rotation of the member 6 through .70 coaxially on the shaft of
cog wheel 10. This  a substantial angle, sets of output signals graticule
takes the form  of a translucent  relating to sets of parallel beam paths
can ring carrying radial engraved lines. The  be built up. Some of these
parallel sets will 



lines can interrupt a light path between a  clearly be completed before
others, for ex- 10 light source and photocell included in a  ample a set of
output signals relating to 75 photocell unit 19 mounted on main frame  beam
paths parallel to the left hand. ex- 9. Thus as cog wheel 10 rotates,
driving  tremity of the spread 15 will have been com- rotary member 6,
successive lines interrupt  pleted as soon as the member 6 has rotated the
light path and photocell unit 19 pro-  clockwise through an angle equal to
the 15 vides pulses at a repetition rate indicative  angle of the fan
shaped spread 15 (e.g. [err]).  80 of the rate of the rotary motion. The
pulses  However some of the sets, notably those are provided to integrators
17 for setting  parallel to beams intermediate the extremes and resetting
at the desired intervals thus  of the spread 15, in the position shown in
providing the said analogue signals. Out-  the drawing, will not be
completed until the 20 put conductors such as 22 convey the sig-  member 6
has rotated through more than 85 nals in all the channels to a processing
cir-  [err]. If signals relating to these sets are cuit (not shown in
Figure 1) which operates  required, then the rotation has to be con- on the
signals to evaluate the absorption  tinued at least until it reaches the.
angle coefficient, with respect to the radiation  ([err] + [fan angle]-
[inter-beam angle]). 25 from source 12, at each of a plurality of  When
this is done, however, some redun- 90 locations distributed over the
examined re- dancy of information occurs, i.e. duplicated gion of the body
1.                      signals are obtained in respect of some beam It
will be.apparent that all path lengths  paths. Where this occurs, the
duplicated of the radiation through body 1 are not  signals may be averaged
or, alternatively, 30 equal, in view of the approximately circular  one of
the two signals obtained for a given 95 cross-section of the body and
surrounding  beam path can be rejected. material. For this reason the outer
detectors    The principle of this invention is to main. of the array tend
to give higher outputs than  tain the timing pulses at a constant phase
centrally disposed detectors, even for a body  in relation to the rotation.
of member 6 35 of uniform absorption. This may be miti-  whilst the member
6 moves through a first 100 gated, for example, by providing suitably
substantial angle, thus causing each detector shaped attenuating bodies
between source  to provide, in sequence, output signals re- 12 and body 1
and/or between body 1 and  lating to beam paths in different parallel
detectors 13 to substantially equalise the  sets, and then, at a suitable
stage in the 40 path lengths. Alternatively, the gains of the  rotational
movement to shift the phase of 105 resepective detectors and/or amplifiers
may  the timing pulses. relative to the rotation- of be appropriately
adjusted. Alternatively, or  member 6 so as to cause each detector, dur- in
addition, correction factors may be mea-  ing further movement of said
member sured in the presence of an artificial body  through another
substantial angle, to pro- 45 of uniform absorption such as water in a
vide output signals relating to beam paths  110 suitably shaped box or a
body phantom of  in parallel sets interleaved in angle with the plastic
material. Such correction factors  first mentioned parallel sets. may'
later be subtracted from all readings for    In accordance with a feature
of the in- the real body 1.                         vention, the
aforementioned  matters of 50   Each outputs signal provided by a detec-
completeness of output signals relating to 115 tor relates to the
absorption suffered by  certain parallel sets of beam paths and of the
radiation from source 12 on traversing  redundancy of information are both
taken a respective beam path through the body 1. account of by means of a
form of strobing It will be appreciated that the output signals  technique,
employed at the phase-shifting . 55  derived from the various integrators,
such  stage, to arrange that the shift is not ap- 120 as 17, in response to
a given timing pulse  plied simultaneously to the timing pulses relate to a
group of mutually divergent for all detectors. Instead, the phase shift is
beam  paths, and that signals relating to  applied to the timing pulses for
each detec- further groups of divergent beam paths will tor just prior to
the stage at which that par- 60 be derived in' response to successive
timing ticular detector would have commenced to 125 pulses. The
relationship between the timing  supply 'redundant information. -By . this
pulses and the angular separation of adja-  means output signals relating
to complete cent beam paths in such that, if there are n  sets of both
original and- interleaved beam detectors, then (n-1) of them will provide,
paths are obtained in a total rotation of 65  in response to one timing
pulse, output sig-  ([err] -[inter-beam angle]).       130    4
1 572 599                                         4 It is convenient, for
the sake of simpli-  example a suitable interpolating circuit ar- city, to
consider that there are only five  ranged to accept the sorted signals and
pro- beams of radiation having their centre lines  vide new signals which
relate to uniformly distributed equi-angularly (i.e. at [err] spac-  spaced
beam paths, though it will be ap- 5 ing) across the spread 15 of radiation.
In  preciated that some at least of the new sig- 70 this case, of course,
only five detectors [err]  nals will have been synthesised from suit- to
[err] are included in the bank 13 and cor-  ably combining appropriate
proportions of responding only five sets of the circuits 16, two or more of
the real output signals. 



17, 20 and 21 are required:                 Circuit 30 feeds a convolving
circuit 31 10  In Figure 2, the five sets of circuits [err]  of the kind
described and claimed in the 75 20 and 21 are shown, each set bearing a
aforementioned Specification No. 1,471,531 suffix which is characteristic
of the detec- in which the absorption coefficients are tor to which it is
connected; the suffices 1  evaluated, and the coefficients so evaluated and
5 relating to the detectors for the outer-  are applied, by way of a window
height and 15 most beams' at the left and right-hand sides  width control
circuit 32 of 'known kind to 'a 80 respectively of the spread (in the
position  visual display unit 33. The unit 33 con- shown in Figure 1),
suffix 3 relating to the  veniently comprises a cathode ray tube with
detector for the central beam, which always  facilities for photographing
the picture dis- passes through the axis of rotation, and  played thereon.
The evaluated coefficients 20 suffices 2 and 4 relating to the detectors
for  are also conveyed from circuit 31 to a long 85 the intermediate beams
at the left and right-  term score 34 which may comprise mag- hand sides
respectively of the central beam.  netic tape or disc storage means. The
opera- As shown in Figure 2, each integrator 17  tions of units 29, 30 and
31 at least are con- receives the timing pulses from the unit 19  trolled
under the influence of the master 25 via a respective switch 23, the
switches 23  timing circuit 28.                 90 being shown as single
pole, two-way mach-    The operation of the apparatus in accor- anical
switches although it will be appre-  dance with this example of the
invention ciated that in practice they are transistor or  will now be
described with reference to the diode switches. The timing pulses from unit
drawings and' to the table which shows how 30 19 take the form shown at 24,
consisting of  sets of output signals relating to parallel 95 spike-like
pulses, such as 25 and 26, which  beam paths are built up as the member 6
effect the reading and resetting of the inte-  rotates around the body. For
the purposes grators 17, successive pulses being separated  of the
following description, it is convenient by a time T. These pulses are
'applied  to assume that the various beam paths are 35 directly to one
switched contact of each of  obtained at unique angular positions of the
100 the switches 23 and also, via a delay ele-  member 6, rather than over
a finite time ment 27, to the other switched contact of during which the
member rotates, as is 'the each of the switches. The poles of all the  case
in practice. It will be assumed that sets switches 23 are directly
connected to their  of output signals are obtained each time the 40
respective integrators. The delay element 27  member 6 has rotated through
[err], the in- 105 is arranged to' impart, to the pulses applied  ter-beam
angle. thereto, a delay equivalent to one half of    Referring now to the
table, the tows in- the time T.                               dicate the
successive angular positions of The undelayed timing pulses are also ap-
member 6 relative to the starting position 45 plied to a master tining
circuit 28 which  shown in Figure 1 and the columns indicate 110     4
controls the operation of the switches 23 as  the angle of a beam relative
to the extreme well as some other 'components which will right-hand beam-
of the spread in said start- now be described.                         ing
position. The numbers' 1 through 5 en- The signals appearing it the outputs
22  tered at respective row-column intersections 50 of all five channels
are applied o a sorting  indicate the' detector 13 which is for the 115
circuit 29 which sorts the output signals in- time being providing an
output signal in- to sets relating to substantially parallel beam
dicative of the' beam path through the body paths through ihe body 1. For
reason's of  characterised by the ordinate and abscissa geometry; the
signals so selected do not re-  values concerned. 55 late to uniformly
spaced parallel beam paths,    Thus, as the member 6 is rotated in a 120
and since the preferred technique for pro-  clockwise directibn, it will be
appreciated ceasing the output signals to evaluate said  that the complete
parallel set of five beams coefficients (the technique described and  at
[err] to said extreme right-hand beam has claimed in British Patent
Specification No.  been built up after only [err] of rotation 60 1,471,531)
requires that, for high accuracy  of the member 6; this being signified by
the  125 of operation, signals be presented in sets  complete sequence of
numbers 1 through  5 relating to uniformly spaced, parallel beam  listed
'in the relevant column.' The sets at paths, a suitable equalising circuit
30 is pro-  [err], [err], [err] and 30 remain incomplete at vided to
compensate for said non-uniform-  this stage, as indicated by the
incomplete 65 ity of spacing. The circuit 30 can be, for  columns of
figures under the respective 130    5
1 572 599                                      5 headings. Further rotation
of member 6  interleaped in angle with the first group. causes further
complete sets of output sig-   It will be appreciated that for the purpose
nals to be built up in sequence,. as can be  of controlling the switches 23
the timing seen from. the table, and this procedure con-  circuit 28 can
include a ring counter which 5 tinues unchanged until the member 6 has
accumulates a count in response to the re- 70 rotated through [err]. At
this stage, if the  ceipt of the timing pulses from unit 19 and timing
pulses applied to the integrator [err]  provides output signals on
respective ter- remained of the same phase, the detector  minals when the
accumulated count rea- 



[err] (which feeds integrator [err]) would pro-  ches selected amounts. The
switching pro- 10 vide an output signal relating to the same  cedure is, of
course, predetermined by the 75 beam path for which the detector 135 (which
geometry of the apparatus and is the same feeds integrator [err]) produced
an output for all examinations. signal when the member 6 was in its initial
If desired, the apparatus can be operated ([err]) position. This is a
characteristic. of the  without the interleaving facility and the 15
geometry of the apparatus and, with the  rotation merely performed through
[err] 80 notation used in the Table, duplicated beam  (i.e. [err] + [fan
angle [err]]- [inter-beam paths are characterised by the two detector
angle 10]). In this case the appropriate out- suffices concerned adding up
to. six. This  puts from the timing circuit 28 can be. used only applies,
of course, to beam paths ir-  to reject the duplicated output signals which
20 radiated at angular positions of member 6  would be derived from the
detectors [err] to 85 spaced apart in absolute terms by more  [err] feeding
integrators [err] to [err] over the than the fan angle. In order to avoid
dup-  rotational period from [err] to [err]. lication of output signals
relating to the    The invention can also be applied with first group of
sets of beam paths (i.e. those  advantage to apparatus of the kina de- 25
occuring at [err], [err], [err] etc.) the timing cir-  scribed in British
Patent Specification No. 90 cuit 28 is arranged to actuate switch 23, so
1,529,799 and in co-pending patent applica- as to apply the delayed timing
pulses to in-  tion No. 43984/75 (Serial No. 1,558,062) in tegrator [err]
thus causing the relevant detec-  which the X-ray source 12 is such that
the tor [err] to provide an output signal indicative  electron beam can be
scanned over an elon- 30 of a beam path angled at [err] to said ex-  gated
anode so as to effectively shift the 95 treme right-hand beam of the spread
and  spread 15 in relation to the body. The scan- commences the derivation
of'signals from a  ning of the electron beam is, of course, second group of
sets of beam paths exactly  synchronous with the rotation of the mem-
interleaved with the paths of the first group  ber 6. 35  of sets. The
remainder of the detectors,   In operation, therefore, assuming that 100
however, are all still occupied in providing  five detectors are spread
over the [err] fan information relating to the first group of  of
radiation, so that the inter-beam angle sets.         .
(i.e. the angle between the centre lines of The next integrator to suffer a
change  adjacent beams of radiation) is 100, the in- 40 in the phase of the
timing pulses applied  tegrators 17 will provide output signals re- 105
thereto is [err]. This occurs when the member  lating to a group of five
mutually diver- 6 has rotated through [err] and avoids the  gent beam paths
through the body in re- duplication  of the output signal which  sponse to
the receipt of each timing pulse, would otherwise have been obtained from
such as 25, 26. The timing pulses will be 45 the relevant detector [err]
with that obtained  produced at a rate of one per [err] rotation 110 for
the [err] set at the initial 00 position  of the turntable 6 and clearly
the graticule from the detector [err] which feeds integrator  and the
photocell arrangement 18, 19 are *17,.                                  -
constructed to achieve this. Such arrange- The process of changing the
phase of the  ments are well known for monitoring not 50 timing pulses
applied to the various inte-  only rotational but also linear movement of
115 grators at appropriate times continues until a member. A photocell and
graticule ar- all of the integrators are being supplied with  rangement
functioning as a linear motion the delayed timing pulses. This condition
transducer is illustrated in the book "Ano- then remains unchanged to the
end of the  log-Digital Conversion Techniques", edited 55 rotational
movement of member 6, which  by Alfred K. Susskind and published in 120 in
this example is [err]. The switches 23  1957 jointly by the Technology
Press of can be set to their starting positions (i.e. Massachusetts
Institute of Technology and connecting the undelayed timing pulses to  John
Wiley & Sons, Inc., at pages 6-31 the integrators) either by a mechanical
re- and 6-32 with reference to Figure 6-14 there- 60 setting device or by a
signal from the tim-  of.                                125 ing circuit 28
as the member 6 completes    Returning to the scanning procedure, it its
rotation and assumes its starting ([err]) will be evident from the
foregoing that if position. By this means, output signals re-  the
turntable 6 were allowed to rotate to lating to the entire. second group of
sets are  the [err] position with no change in the 65 provided;. the second
group of sets being  phase of the timing pulses applied to the :130    1
525 599                                        6 integrator 171, that
integrator would start to  relative to said body, and means, effective
produce duplicated information. 'Thus once  during said angular movement
for chang- the integrator [err] has provided the signal ing the
relationship between said timing for the beam at [err], the appropriate
switch  signals and said angular movement,. so as to 5 23, is actuated by
the timing: circuit 28 to  derive output signals relating to more of 70
cause the delayed timing pulses from ele-  said groups of beam paths than
would have ment 27 to be applied to integrator [err]. been available
without said change of rela- This integrator then produces signals re-
tionship. 



lating to beams at [err],[err], [err] etc. which    2. Apparatus according
to  Claim  1 10 are interleaved with the beams for which  wherein said
means for. hanging ther- 75 that detector has previously provided out-
lationship between said timing signals and put signals. Likewise, the
switch [err] is said angular movement includes selectively changed after
the integrator 17, has pro-  operable switch means associated with each
vided a signal relating to a beam  at [err]  of said channels. 15 (after
[err] rotation of the turntable) and    3. Apparatus according to Claim 2
in- 80 this process continues with the timing pul-  cluding means for
operating said said switch ses fed to integrator 173 being changed in
means in a predetermined sequence so as phase after 1700 rotation of
turntable 6  to change said relationship at different and so-on. Clearly
the: phase of the timing  times in diferent channels. 20 pulses fed to all
integrators will have been    4. Apparatus according  to :Claim  3 85
changed by the time that the turntable has  wherein said means for
operating said rotated through 2200 and from  that time  switch means
changes said relationship for until the turntable has rotated through [err]
each channel immediately prior to the time all of the integrators are fed
with the. de-  when, if said relationship had not been 25 layed timing
pulses and are thus providing  changed, that channel would have commen- 90
output signals indicative of beams inter-  ced producing duplicated
information with leaved in angle with those in respect of  progress of said
angular movement. which output signals were provided in re-    5. Apparatus
according  to  any  of sponse to the undelayed timing pulses.    Claims 2
to 4 wherein each said switch 30   The effect is, therefore, that by using
the  means comprises a transistor switch device 95 invention it is possible
to obtain during  having an input terminal connected to re- [err] of
rotation, and using five detectors,  ceive control signals. substantially
the same information as could    6. Apparatus according  to  Claim 5 have
been obtained during [err] of rotation  including a timing control circuit
adapted 35 and using ten detectors if the invention  to receive said timing
signals and to utilise 100 were not used.                        .
said'timing signals to generate said control WHAT WE CLAIM IS
signals. 1. Radiographic apparatus comprising a    7. Apparatus according
to  Claim  6 source of a substantially planar spread of  wherein said
timing control circuit includes 40 penetrating radiation, means for
supporting  a counting circuit which counts said tim- 105 said source to
project said radiation across  ing signals and generates said control sig-
an opening in which a body to be ex-  nals in response to the count
assuming amined can be inserted the spread of radia  selected values. tion
being disposed to irradiate a selected    8. Apparatus  according  to  any
of 45 cross-sectional slice of said body, means for  Claims 2 to 7 wherein
each channel includes 110 angularly moving said 'means for support-  a
resettable integrator circuit and said tim- ing, and with it said source,
about an axis  ing pulses are applied to said integrator cir- intersecting
said slice, a plurality of detector  cuits to act as reading and re-setting
signals devices disposed to receive radiation direc- therefore. 50 ted
through said slice along a plurality of    9  Apparatus according to any of
Claims 115 groups of divergent beam paths, in said  2 to 8 including a
delay component con- slice, during said angular movement a sig-  nected to
receive said timing pulses and to nal channel for each detector device ar-
supply delayed timing pulses to said chan ranged to receive output signals,
developed  nels, means for applying said delayed tim- 55 by said detector
devices and indicative of  ing pulses and the delayed timing pulses 120 the
absorption suffered by said radiation  to each  switch means, and wherein
each on traversing said beam paths, and means  switch means is adapted to
supply either for generating timming signals for applica-  said delayed or
said undelayed timing tion to said channels to define absorption  pulses to
its respective channel. '60 measuring periods for the detector devices
10. Radiographic apparatus substan-  125 and-thus to cause the generation
of discrete  tially as herein described with reference to output signals
relating to the respective  the accompanying drawings. beam paths in each
of said groups, said tim-     R.G. MARSH ing signals being related to the
angular       Chartered Patant Agent 65 movement of said means for
supporting    Agent for the Applicants Printed for Her Majesty's Stationery
Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1980. Published at
the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which
copies may be obtained.    6                                   1 572 599
6 integrator [err], that integrator would start to  relative to said body,
and means, effective produce duplicated information. Thus once  during said
angular movement for chang- the integrator [err] has provided the signal
ing the relationship between said timing for the beam at [err], the
appropriate switch  signals and said angular movement, so as to 5 23, is
actuated by the timing circuit 28 to  derive output signals relating to
more of 70 



cause the delayed timing pulses from ele-  said groups of beam paths than
would have ment 27 to be applied to integrator 17,.  been available without
said change of rela- This integrator then produces signals re-  tionship.
lating to beams at [err], 5, [err] etc. which    2. Apparatus according  to
Claim   1 10 are interleaved with the beams for which  wherein said means
for changing the re- 75 that detector has previously provided out-
lationship between said timing signals and put signals. Likewise, the
switch [err] is  said angular movement includes selectively changed after
the integrator [err] has pro-  operable switch means associated with each
vided a signal relating to a beam  at 0'  of said channels. 15 (after [err]
rotation of the turntable) and    3. Apparatus according to Claim 2 in- 80
this process continues with the timing pul-  cluding means for operating
said said switch ses fed to integrator [err] being changed in  means in a
predetermined sequence so as phase after [err] rotation of turntable 6  to
change said relationship at different and so-on. Clearly the phase of the
timing  times in diferent channels. 20 pulses fed to all integrators will
have been    4. Apparatus  according  to Claim  3 85 changed by the time
that the turntable has  wherein  said means for operating said rotated
through [err] and from  that time  switch means changes said relationship
for until the turntable has rotated through [err]  each channel immediately
prior to the time all of the integrators are fed with the de-  when, if
said relationship had not been 25 layed timing pulses and are thus
providing  changed, that channel would have commen- 90 output signals
indicative of beams inter-  ced producing duplicated information with
leaved in angle with those in respect of  progress of said angular
movement. which output signals were provided in re-    5. Apparatus
according  to  any  of sponse to the undelayed timing pulses.    Claims 2
to 4 wherein each said switch 30   Tht effect is, therefore, that by using
the  means comprises a transistor switch device 95 invention it is possible
to obtain during  having an input terminal connected to re- [err] of
rotation, and using five detectors,  ceive control signals. substantially
the same information as could    6. Apparatus according  to  Claim  5 have
been obtained during 210' of rotation  including a timing control circuit
adapted 35 and using ten detectors if the invention  to receive said timing
signals and to utilise 100 were not used.                            said
timing signals to generate said control WHAT WE CLAIM IS
signals. 1. Radiographic apparatus comprising a    7. Apparatus  according
to  Claim  6 source of a substantially planar spread of  wherein said
timing control circuit includes 40 penetrating radiation, means for
supporting  a counting circuit which counts said tim- 105 said source to
project said radiation across  ing signals and generates said control sig-
an opening in which a body to be ex-  nals in response to the count
assuming amined can be inserted, the spread of radia-  selected values.
tion being disposed to irradiate a selected    8. Apparatus  according  to
any  of 45 cross-sectional slice of said bodv, means for  Claims 2 to 7
wherein each channel includes 110 angularly moving said means for support-
a resettable integrator circuit and said tim- ing, and with it said source,
about an axis  ing pulses are applied to said integrator cir- intersecting
said slice, a plurality of detector  cuits to act as reading and re-setting
signals devices disposed to receive radiation direc-  therefore. 50 ted
through said slice along a plurality of    9. Apparatus according to any of
Claims 115 groups of divergent beam  paths, in said  2 to 8 including a
delay component con- slice, during said angular movement, a sig-  nected to
receive said timing pulses and to nal channel for each detector device ar-
supply delayed timing pulses to said chan- ranged to receive output
signals, developed  nels, means for applying said delayed tim- 55 by said
detector devices and indicative of  ing pulses and the delayed timing
pulses 120 the absorption suffered by said radiation  to each switch means,
and wherein each on traversing said beam paths. and means  switch means is
adapted to supply either for generating timing signals for applica-  said
delayed or said  undelayed  timing tion to said channels to define
absorption  pulses to its respective channel. 60 measuring periods for the
detector devices    10. Radiographic  apparatus  substan- 125 and thus to
cause the generation of discrete  tially as herein described with reference
to output signals relating to the respective  the accompanying drawings.
beam paths in each of said groups, said tim-           R. G. MARSH ing
signals being related to the angular           Chartered Patent Agent 65
movement of said means for supporting             Agent for the Applicants
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