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(71) W e , 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, 

5 and the method by which it is to be per-
formed, to be particularly described in and 
by the following statement:-

The present invention relates to radiog-
raphic apparatus, and it relates more espe-

10 cially to such apparatus for providing a rep-
resentation of the variation in absorption of 
the penetrating radiation used with position 
over a planar, cross-sectional area of a 
body. 

15 Such apparatus has been described and 
claimed in British Patent Specification Nos. 
1,283,915 and 1.478.124. From these specifi-
cations it will be appreciated that the princi-
ple of operation involves scanning a source 

20 of penetrating radiation and a detector 
means (comprising one or more detectors) 
relative to a body in the plane of interest. 
The scanning is arranged so that the body is 
irradiated along a plurality of co-plannar 

25 paths, many of which intersect within the 
body. The absorption suffered by the radia-
tion on traversing each path is recorded and 
used in a computation process to evaluate 
the absorption coefficient attributable to 

30 each element of a two-dimensional matrix of 
elements notionally delineated in the plane 
of interest. 

In order to irradiate the body along each 
of the afore-mentioned paths, it has been 

35 found convenient to scan the source and de-
tector means linearly relative to the body, 
then to rotate the source and detector 
means through a predetermined angle about 
an axis perpendicular to the plane of interest 

40 and then to scan the source and detector 
means linearly relative to the body in appro-
ximately the opposite direction to the pre-
vious linear scan. This procedure of alter-
nate linear scans and predetermined incre-

45 ments of rotation is continued until a total 

rotation of about 180° or more has been 
achieved. 

In order that the computation can be car-
ried out with accuracy, it will be appreciated 
that it is necessary for the position of the 50 
source and detector means to be accurately 
monitored during the scanning procedure, 
so that the data signals relating to absorp-
tion of radiation on traversing the various 
paths can be identified and used at the cor- 55 
rect stage in the computation process. 

Particularly in apparatus, such as that de-
scribed in the aforementioned patent appli-
cation, for examining the torsos of human 
patients, it is necessary to provide for con- 60 
siderable variation in the cross-sectional di-
mensions of the body as between different 
patients. It has been proposed to select one 
of a number of differently sized rings to sur-
round the body at the plane of interest to 55 
locate patients in the apparatus; an over-
sized ring being chosen as appropriate for 
each patient, and the region between ring 
and the body being filled with an appropri-
ate medium having absorption qualities 70 
similar to those of human tissue. 

If the apparatus were used with no further 
modifications, the representations obtained 
for small bodies would b e displayed with a 
spatial resolution equal to that obtainable 75 
for large bodies, whereas it would be desir-
able for the resolution to vary with the 
dimensions of the body. The object of this 
invention is to provide apparatus capable of 
achieving this is an advantageous way. go 

According to the invention there is pro-
vided radiographic apparatus including 
means defining a patient position for the 
body of a patient to be examined, a source 
of penetrating radiation, such as X-
radiation, arranged to project said radiation 
through said patient position along at least 
one beam path, scanning means for scan-
ning the source of said radiation relative to 
the patient position so as to project said 90 
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radiation therethrough along further beam 
paths displaced angularly and/or laterally 
from said at least one beam path said beam 
path each traversing a common cross-

5 sectional slice of the patient's body, a sens-
ing arrangement for sensing the progress of 
said scanning and for providing timing sig-
nals indicative thereof, said timing signals 
consisting of regularly occurring electrical 

10 impulses, detecting means including at least 
one detector device for detecting the 
amount of said radiation emergent from said 
patient position along each of said beam 
paths and for producing output signals indi-

15 cative of said amounts, means connected to 
receive said timing signals and said output 
signals and to sample said output signals at a 
rate governed by the repetition frequency of 
said impulses, thereby to determine, at 

20 least, in part, the effective widths of said 
beam paths to which said output signals re-
late and means selected in accordance with 
the cross-sectional dimensions of said body 
slice to control the repetition frequency of 

25 said impulses. 
In order that the invention may be clearly 

understood and readily carried into effect, 
one embodiment thereof will now be de-
scribed. by way of example only, with refer-

30 ence to the drawing filed with the Provision-
al Specification, of which:— 

Figure 1 is a general side elevational view, 
partly in cross-section, of apparatus in 
accordance with one example of this inven-

35 tion. and 
Figure 2 shows, in block schematic form, 

part of the apparatus in accordance with one 
example of this invention. 

Referring now to Figure 1 of the draw-
40 ings, a patient (not shown) to be examined 

is constrained to lie with the relevant part of 
his body disposed within a locating collar 1. 
The collar 1 is formed of a lower half 2, 
which is releasably secured to a fixed part of 

45 the apparatus, for example by means of 
bolts such as 3, and an upper half 4 which is 
secured to the lower half once the patient is 
in position. A bag (not shown) containing a 
medium which absorbs radiation to an ex-

50 tent similar to that of human tissue is wrap-
ped around the body and trapped between 
the collar 1 and the patient's body so as to 
exclude air. as far as possible, from the 
periphery of the section of the body which is 

55 to be examined. 
A source 5 of X-radiation, and an associ-

ated detector arrangement 6 with associated 
collimator means 7 are disposed on either 
side of the collar 1. These components are 

60 arranged to execute rotational and transla-
tional scans relative to the collar by means 
of respective electric motors (not shown) 
are drive shafts 8 and 9 respectively. Shaft 8 
drives a pin member 10 which constitutes 

65 part of a geneva mechanism for effecting the 

rotational scan, the scan being carried out in 
angular steps of a few degrees. The remain-
der of the geneva mechanism comprises a 
fixed ring 11, which carries an annular bear-
ing 12 around which a movable, toothed 70 
ring 13 can move, such motion of course 
being perpendicular to the plane of the pap-
er. The ring 13 carries with it, as it rotates, a 
frame upon which are mounted the compo-
nents which are used for effecting the trans- 75 
lational scan, including the electric motor 
which drives the shaft 9. The motor is a 
reciprocating motor. 

Shaft 9 drives an endless, toothed rubber 
belt 14 by means of a toothed drive wheel 80 
15; the belt 14 extending out of the plane of 
the paper and passing over a toothed idler 
wheel (not shown). Attached to the belt 14 
at one side of the wheel 15 and the idler 
wheel is a yoke 16, of elongated oval shape 85 
in elevation, which carries the X-ray source 
5 and the detector/collimator assembly, 6 
and 7. The yoke 16 carries a frame 17 bear-
ing rollers such as 18 which run in grooved, 
linear tracks 19 formed in a member 20 90 
attached to the ring 13. The member 20 thus 
rotates with ring 13 but does not take part in 
the translational scan; the yoke 16 being 
arranged to translate relative to it. Fore" 
and-aft movement of the yoke 16 (i.e. left- 95 
to-right movement in Figure 1) is restricted 
by means of a pair of rollers 21 which roll on 
a plate member 22 which, like the member 
20, rotates but does not take part in the 
translational scanning. 100 

In order to maintain an even distribution 
of mass despite the fact that the source 5 
takes part in the translational scanning, a 
counter-balance weight 23 is secured to the 
opposite side of belt 14 to the yoke 16 and 105 
thus executes lateral scans in the opposite 
direction to the source 5. The weight 23 runs 
on a pair of rods 23a, 23b. 

The sequence of events is thus that the 
yoke 16 and its attachments (including the 110 
source 5 and the detector arrangement 6) 
are caused to execute a first lateral scan re-
lative to the collar 1; the ring 13 and its 
attachments (including the yoke 16) are ro-
tated through an angle of (say) ten degrees 115 
relative to the collar; the yoke 16 and its 
attachments then execute a second lateral 
scan relative to the aperture, this scan being 
in substantially the opposite direction to the 
first lateral scan, this being followed by a 120 
second rotational step of "ring 13 and" its 
attachments, and so-on until the total angu-
lar movement of ring 13 is about 18()°"or 
more. 

The source 5 is arranged toproduce a fan- 125 
shaped sheet of radiation which extends 
above and below the plane of the paper, the 
angle of the fan being, for example, ten de-
grees. The detector arrangement 6 includes 
a plurality of radiation sensitive detectors 130 
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each responsive to radiation travelling along 
a respective radial path in the aforemen-
tioned sheet, and in one example thirty such 
detectors are provided. The radiation which 

5 can be received by each detector is defined 
by a respective collimator in the collimator 
means 7. As a lateral scan proceeds, each 
detector provides output signals relating to 
the amount of radiation passed through the 

10 body along a plurality of different paths; the 
effective width of each path being deter-
mined in part by electrical timing pulses 
which are produced during each lateral scan 
and used to control the integration time of 

15 integrator circuits, such as 24 in Figure 2, 
which are provided for each detector in the 
detector arrangement 6. The integrators 
such as 24 feed processing circuits (not 
shown) arranged to process the data to pro-

20 vide a representation of the variation, with 
position across the planar slice of interest 
through the patient's body, of absorption of 
the X-radiation from the source 5. Such pro-
cessing will not be described further herein, 

25 since it forms no part of this invention, but 
examples of suitable processing arrange-
ments can be found in British Patent Specifi-
cation Nos. 1.283.915 and 1,471,531 for ex-
ample. 

30 The aforementioned electrical timing 
pulses are derived, in this example, by 
means of a graticule member 25, which com-
prises a translucent member bearing equally 
spaced opaque lines, and lamp and photo-

35 cell detector units 26, 27. The member 25 is 
mounted, by means of a bracket 26, to a 
part of the apparatus which rotates, but 
does not take part in the translational scan-
ning. It is therefore fixed in relation to the 

40 yoke 16. which carries the units 26 and 27 
which thus scan along the graticule member 
25 during each lateral scan. 

As can be seen more clearly in Figure 2, 
the graticule member 25 in fact carries three 

45 graticules, 28. 29 and 30 the opaque lines of 
which are of different pitches. Units 26 and 
27 include respectively three lamps and 
three photocells, one lamp and one cell for 
each graticule. The reason for providing 

50 three graticules and three lamp-detector un-
its is that it is usual to provide an apparatus 
with three collars such as 1 (Figure I) to 
accommodate different patient sizes. The 
diameters of the collars are. respectively, 

55 16, 13 and 10 inches. As mentioned in the 
introduction, it is desirable for the spatial 
resolution of the representation produced 
by the apparatus to vary with the dimen-
sions of the body being examined, and this is 

60 achieved, in this example, by selecting the 
frequency of the timing pulse's derived from 
the units 26 and 27 in accordance with the 
size of the collar used. This is done by deriv-
ing the timing pulses from a respective one 

65 of the three graticules 28. 29 and 30 in de-

pendence upon the collar size; the 16 inch 
collar being associated with graticule 28, the 
13 inch collar with graticule 29 and the 10 
inch collar with graticule 30. The selection is 
achieved by selectively energising the lamp 70 
and photocell units. It will be appreciated 
that such selection controls the effective 
widths of the paths and hence the resolution 
of the representation. 

In practice, when either the 16 inch or 13 75 
inch collar is in use the linear traverse motor 
is operated at the same speed and the yoke 
16 and its attachments are scanned across 
the full extent of the linear traverse; the tim-
ing pulse rate being higher for the 13 inch 80 
collar than for the 16 inch collar, however, 
because of the smaller pitch of the opaque 
lines on graticule 29 as compared with those 
on graticule 28. This means that the 16 inch 
collar, the integration times are somewhat 85 
longer, and the effective paths are some-
what longer, than those for the 13 inch col-
lar, so that the resolution in the former case 
is somewhat lower than in the latter case. 
This, however, is acceptable because of the 90 
larger dimensions of the body accommo-
dated in the 16 inch collar. 

In the case of the 10 inch collar, the 
traverse may be carried out at the same 
speed as for the two larger collars, or a low- 95 
er speed could be used if desired, but in any 
event the linear scan is not allowed to pro-
ceed to its extremities, since this would en-
tail an unacceptable degree of wasted time 
when the radiation was not within the 10 
bounds of the body. The early termination 
and reversal of the linear scan underthese 
conditions may be achieved, for example, 
by a mechanical stop or buffer which is 
manually set into position when a 10 inch 10 
collar is used, or it could be effected elec-
trically if the graticule were provided with 
suitable end of scan markings which, when 
scanned by the respective photocell unit, 
could provide a reversing signal for applica- 11 
tion to the translation motor. It will be 
observed that the pitch of the opaque lines 
on the graticule 30 is finer than those on 
either of the other graticules, and whether 
the scan is effected at the same speed as for 1] 
the two larger collars, or at a lower speed, 
the arrangement is such that the timing 
pulses are of higher frequency than would 
be provided by graticules 28 and 29, so pro-
viding effective beam paths of reduced 12 
width, and thus a higher definition. An 
advantage of using a slower scanning speed 
is that more X-radiation can be passed 
through the body, subject of course to main-
taining safe dosage limits, and thus better 12 
accuracy can be obtained by the resultant 
representation. 

A counter (not shown) of conventional 
kind can be provided to count the timing 
pulses and to initiate reversal of the lateral- i ; 
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scan when a predetermined number (e.g. 
160) of the pulses have been counted. 

Alternatively the reversal may be effected 
by other means, and the counter merely 

5 used to provide an indication to the proces-
sing circuits of the number of beam paths 
irradiated during each lateral scan. 

It will be appreciated that the foregoing 
embodiment of the invention has been de-

10 scribed by way of example only and that 
other embodiments not departing from the 
scope of this invention may be devised by 
those skilled in the art. 

W H A T W E CLAIM I S -
IS 1. Radiographic apparatus including 

means defining a patient position for the 
body of a patient to be examined, a source 
of penetrating radiation, such as X-
radiation, arranged to project said radiation 

20 through said patient position along at least 
one beam path, scanning means for scan-
ningthe source of said radiation relative to 
the patient position so as to project said 
radiation therethrough along further beam 

25 paths displaced angularly and/or laterally 
from said at least one beam path, said beam 
paths each traversing a common cross-
sectional slice of the patient's body, a sens-
ing arrangement for sensing the progress of 

30 said scanning and for providing timing sig-
nals indicative thereof, said timing signals 
consisting of regularly occurring electrical 
impulses: detecting means including at least 
one detector device for detecting the 

35 amount of said radiation emergent from said 
patient position along each of said beam 
paths and for producing output signals indi-
cative of said amounts, means connected to 
receive said timing signals and said output 

signals and the sample said output signals at 40 
a rate governed by the repetition frequency 
of said impulses, thereby to determine, at 
least in part the effective widths of said 
beam paths to which said output signals re-
late, and means selected in response to the 45 
cross-sectional dimensions of said body slice 
to contact the repetition frequency of said 
impulses. 

2. Apparatus according to Claim 1 
wherein said sensing means includes a grati- 50 
cule, a lamp and photocell circuit and means 
for causing relative movement, concom-
itantly with the scanning of the source rela-
tive to the patient position, between the gra-
ticule on one hand and the lamp and photo- 55 
cell circuit on the other hand. 

3. Apparatus according to any preced-
ing claim wherein said scanning means scans 
said source successively in lateral sweeps 
and angular steps relative to the patient go 
position, the total angular movement being 
at least 180°. 

4. Apparatus according to any preced-
ing claim wherein said source comprises an 
X-ray tube and said scanning means in- 55 
eludes means for physically scanning said 
tube relative to said patient position. 

5. Apparatus according to any preced-
ing claim wherein said scanning means is 
also effective to scan said detector means re- 70 
lative to said patient position. 

6. Radiographic apparatus substantially 
as herein described with reference to the 
drawing filed with the Provisional Specifica-
tion. 75 

A . B . L O G A N . 
Chartered Patent Agent. 
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