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(54) APPARATUS FOR DEFINING A BEAM OF IONIZING 
RADIATION 

(71) We, SIEMENS AKTIENGE-
SELLSCHAFT, a German company of 
Berlin and Munich, Germany, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the 
following statement:— 

This invention relates to apparatus for 
defining a beam of ionizing radiation. 

During the irradiation of a patient with a 
beam of electron rays, for example, the 
beam of radiation must be screened 
(because of the scattering of electrons in air) 
by a tube which bridges the intervening 
space between a radiator head emitting the 
beam and the patient. A known method for 
achieving this is to fix radiation applicators 
to an attachment holder provided on the 
radiator head. These applicators are moved 
into direct contact with the patient. These 
applicators have the further function of 
defining the distance of the patient from the 
radiator head, which must be observed with 
great accuracy for calculation of the radia-
tion dose. Some applicators of this type are 
designed to be transparent for easier posi-
tioning. A drawback of such transparent 
applicators of preventing direct access to 
the field to be irradiated, i.e. the surface of 
the patient's skin with markings applied 
thereon, has been overcome by, instead, 
shortening such applicators by 10 to 20 cm 
and by fixing a frame-shaped displaceable 
member ("range spacer") on the applicator, 
which member is mounted on supports at a 
defined distance from the radiator head. 

According to this invention there is 
provided apparatus for defining a beam of 
ionizing radiation, the apparatus 
comprising: 

an adjustable primary collimator for 
producing a beam cone of ionizing radia-
tion; 

an attachment holder adjacent the 
primary collimator; and 

a radiation applicator releasably attached 
to the attachment holder, and including a 

tube, arranged such that the wall of the tube 
encloses the radiation beam cone from the 
primary collimator, and a spacing structure 
for defining the distance of a body to be 
irradiated from the tube, the spacing 
structure being displaceably attached to ihe 
tube such that the distance of such a body to 
the tube can be varied in use, the said tube 
wall being provided with a first limiting 
aperture for defining the outer rays of the 
radiation beam cone, and the spacing 
structure being provided with a second 
limiting aperture having a periphery larger 
than the periphery of the first limiting 
aperture such that, in use, it defines the 
same outer rays downstream of the 
radiation beam cone as defined upstream by 
the first limiting aperture when the second 
limiting aperture is substantially at a 
predetermined distance from the primary 
collimator. 

The primary collimator and the 
attachment holder could be parts of a 
radiator head for an electron accelerator. 

In the case of a radiator head with an 
attachment holder, the tube could be 
provided with a carrier frame which has' 
external dimensions corresponding to the 
dimensions of the attachment holder and 
which carrier frame is provided with a code 
which represents the tube diameter. Also, 
the attachment holder could be provided 
with a plurality of sensors for reading the 
code, which sensors are connected with 
switching means for radiation monitoring 
circuitry and with drive means for the 
adjustable primary collimator for 
controlling the radiation beam cone. In this 
case, the tube diameter, with the exception 
of the first limiting aperture, could be such 
that it lies outside the radiation beam cone 
controlled by means of the code. 

In a radiator head provided with such 
apparatus, the spacing structure could be 
mounted for displacement in the direction 
of the radiation beam cone in use and biased 
by resilient means away from the tube 
against at least one stop defining the desired 
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distance of the apparatus from a body to be 
irradiated. In this case, the spacing structure 
could be mounted by means of supports 
which are each provided with marking 

5 means for indicating any displacement of 
the spacing structure from its position 
against the stop or stops. Also, there could 
be provided second switching means 
associated with the spacing structure which 

10 second switching means is actuated when 
the spacing structure is biased against the 
stop or stops. Such second switching means 
could be connected with the radiation 
monitoring circuitry. 

15 Where there is provided a coded carrier 
frame, the attachment holder could be 
provided with a pawl which engages a notch 
in the carrier frame when the carrier frame 
is fully inserted. Third switching means 

20 could be associated with this pawl for 
detecting its position, and could be con-
nected with the radiation monitoring cir-
cuitry. Also the third switching means could 
be connected in series with the first-

25 mentioned switching means of the attach-
ment holder for reading the code. 

Additionally, for a radiator head provided 
with a carrier frame, the attachment holder 
could comprise an insertion frame for 

30 receiving the carrier frame, the attachment 
holder being mounted on second supports 
which can be received telescopically by the 
radiator head to permit free mobility of the 
radiator head around a body whilst the body 

35 is being irradiated. In such an arrangement, 
the position of the attachment holder in 
which it is fully withdrawn from the 
radiation head for receiving and retaining 
the apparatus could be detected by fourth 

40 switching means. 
The invention will now be described by 

way of example with reference to the 
accompanying drawings in which: 

Figure 1 shows a section of part of a 
45 known radiator head for an electron 

accelerator, partially cut away, together 
with an electron tube, 

Figure 2 shows a section of part of a 
radiator head for an electron accelerator, 

50 partially cut away, together with an inserted 
electron tube, 

Figure 3 shows an enlarged sectional view 
of an attachment for one support of a 
spacing structure and part of the tube wall 

55 of the electron tube shown in Figure 2, and 
Figure 4 shows a corner of an attachment 

holder, in a cross-sectional plane IV—IV of 
Figure 2, with a carrier frame inserted. 

Referring to Figure 1, a known radiator 
60 head 1 for an electron accelerator is shown 

fitted with an attachment holder 2 and an 
electron tube 3. Collimator plates 5, 6 and 7 
of a primary collimator may be seen through 
an opening 4 cut away in the radiator head 

65 1. The collimator plates 5, 6 and 7 are fully 

opened for irradiation with electrons and 
not with X-rays, with the result that an 
electron ray cone 8 glances against a wall 9 
of the electron tube 3. Secondary electrons 
are thereby produced in the peripheral 70 
region of the electron tube 3, and these 
electrons are scattered back into the 
electron ray cone 8, thus compensating for 
the usual drop in dose rate in the peripheral 
region of the electron ray cone 8. The 75 
electron ray cone 8 is indicated by broken 
lines in Figure 1. To permit access to marks 
applied to the surface of a patient's skin for 
indicating the field of irradiation, and to 
locate the electron tube 3 more accurately 80 
on this irradiation field, the wall 9 of the 
electron tube 3 is open at a distance of 10 to 
15 cm from its edge facing a patient. This 
edge facing a patient thus serves as a frame-
shaped range spacer (spacing structure). 85 

Referring to Figure 2, through an opening 
11 of a radiator head 10 may be seen 
adjustable collimator plates 12, 13 and 14 of 
a primary radiation collimator. Attached to 
the readiator head 10 is an attachment 90 
holder 15. An electron tube 16 is shown 
inserted in the attachment holder 15. The 
electron tube 16 comprises a rectangular 
carrier frame 17 (its external dimensions 
.being matched to the dimensions of the 95 
attachment holder 15), a tube wall 18 fixed 
to the carrier frame 17 and enclosing an 
electron ray cone 52, and a separate range 
spacer 19 disposed at a prescribed distance 
from the tube wall 18. The tube wall 18 is 100 
provided at its end furthest from the radiator 
head 10 with a frame-shaped output 
collimator (or "limiting aperture") 20. This 
frame-shaped output collimator 20 serves to 
additionally define the field of irradiation. 105 

The range spacer 19 comprises a frame 21 
defining a further frame-shaped limiting 
aperture, having a larger periphery than that 
of the output collimator 20. The frame 21 is 
preferably manufactured from aluminium 110 
(or polystyrene), and is mounted by means 
of four supports (of which only two, 22 and 
23, are shown) to project a prescribed 
distance in front of the output collimator 20 
of the tube wall 18 towards a patient. The 115 
supports, for example 22 and 23, are, as 
shown in the enlarged view of Figure 3, 
mounted for displacement parallel to the 
axis of symmetry of the electron tube 16 — 
in sleeves 25 and 24 respectively, which 120 
sleeves 25 and 24 are fixed to the tube wall 
18. To facilitate this the supports, for 
example 22 and 23, are each provided with 
an enlarged portion at their ends, which 
enlarged portions are received by respective 125 
sleeves, for example 25 and 24. The supports 
are each biased against a stop surface 27 by 
a spring 26. At the position at which the 
enlarged portion of each support bears 
against the stop surface 27 there is provided 130 
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a spring-loaded sensor 28. This sensor 28 
facilitates the positioning of its respective 
support against the stop surface 27 by 
actuating an electrical switch 29. The 

5 position of each support is indicated by a 
coloured ring 30 which projects from the 
sleeve when the support is in abutment with 
the stop surface 27. 

Referring to Figure 4, there can be seen 
10 an arrangement of switches 31 to 39 of the 

attachment holder 15 by which switches 31 
to 39 the cams 40 to 45 respectively 
provided on the carrier frame 17 are 
detected. These cams 40 to 45 are arranged 

15 on the carrier frame 17 in accordance with a 
code which represents the width of the 
electron tube 16. Set in one of the lateral 
guides 46 of the carrier frame 17 is a notch 
47 for receiving a pawl 48 provided in the 

20 attachment holder 15. This pawl 48 secures 
the electron tube 16 in its fully inserted 
position. The pawl 48 is loaded by a spring 
49, and its position is detected by a further 
switch 50. This switch 50 is connected in 

25 series with the switches 31 to 39 scanning 
the cams 40 to 45 of the carrier frame 17. 

When an electron tube 16 is fitted to the 
attachment holder 15 of the radiator head 
10, it must be fully inserted as far as the stop 

30 such that the pawl 48 engages the notch 47, 
and the switch 50 is actuated to allow the 
release of the radiation. In this position the 
electron tube 16 is locked in the attachment 
holder 15. Also, the cams 40 to 45 on the 

35 leading edge of the carrier frame 17 are 
pressed against respective ones of the 
switches 31 to 39 provided in the insertion 
plane of the attachment holder 15. These 
switches 31 to 39 thus detect and read the 

40 coding of the cams 40 to 45. They are 
connected, in a manner not shown here, to 
an adjustment drive 51 for the collimator 
plates 12, 13 and 14 of the primary radiation 
collimator of the radiator head 10. The 

45 primary radiation collimator is adjusted in 
accordance with the detected code and, 
thus, in accordance with the dimensions of 
the inserted electron tube 16. The type of 
electron tube 16 fitted may be indicated at 

50 an operator's control desk. It would also be 
possible to adjust the primary radiation 
collimator by hand and to actuate the 
irradiation equipment when this collimator 
setting agrees with the coding of the 

55 electron tube 16 detected by the switches 31 
to 39. The primary collimation of the 
electron ray cone 52 which is determined in 
this manner by the inserted electron tube 16 
is such that the electron ray cone 52 

50 impinges on the frame-shaped output 
collimator 20 but does not impinge on the 
tube wall 8 itself. Thus production of 
secondary electrons at the tube wall 18 is 
avoided. The secondary electrons produced 

65 at the collimator plates 12, 13 and 14 of the 

primary radiation collimator are largely 
collimated out by the frame-shaped output 
collimator 20. The radiation dose rate in the 
peripheral regions of the radiation beam 
drops slightly (maximum 25%). 70 

The range spacer 19 is held in its rest 
position by the springs 26 at a prescribed 
distance from the frame-shaped output 
collimator 20 and thus from the radiator 
head 10. The range spacer 19 must be 75 
brought into abutment with a patient during 
irradiation. The prescribed irradiation 
distance is thereby observed. At this 
prescribed distance, the frame 21 of the 
range spacer 19, preferably manufactured 80 
from polystyrol (or aluminium), has the 
function of an additional radiation 
collimator for the widening of the electron 
ray cone 52 defined by the frame-shaped 
output collimator 20 and by scattering due 85 
to air molecules. Because the range spacer 
19 may be displaced perpendicularly to the 
radiation direction, it does not hinder any 
movement by a patient during setting-up, 
nor does it impede accessibility to markings 90 
applied to the surface of a patient's skin and 
defining the irradiation field. Furthermore, 
it prevents any possible injury to a patient if 
the adjustment drives (for example, 
adjustment drive 51) are operated 95 
incorrectly. The correct positioning of a 
patient against the range spacer 19 may be 
controlled visually by determining whether 
the coloured rings 30 project from the 
sleeves (for example 24 and 25) or not. If the 100 
coloured rings 30 are not visible, the range 
spacer 19 is retracted too far. The switches 
29 associated with the sleeves (24 and 25) 
control the position of the supports (22 and 
23) and are connected together in series. 105 
The fully extended position of the range 
spacer 19 is thus detected by the switches 29 
and indicated on the operator's control 
desk. If necessary, the switches 29 can be 
connected with radiation monitoring 110 
circuitry 53 for the irradiation equipment. 

The attachment holder 15 can also 
comprise an insertion frame 56 mounted on 
pillars 54 and 55 (only two pillars visible in 
Figure 2). In cases where no attachment is 115 
required, for example when irradiating with 
X-radiation, in order that the attachment 
holder 15 does not prevent the free mobility 
of the radiator head 10 around a patient, the 
pillars 54 and 55 can be mounted such that 120 
they can be received telescopically by the 
radiator head 10. The position of the 
attachment holder 15 in its fully extended 
position when an electron tube 16 is 
inserted, is detected by means of a switch 57 125 
connected with the monitoring circuitry 53. 

WHAT WE CLAIM IS:— 
1. Apparatus for defining a beam of 

ionizing radiation, the apparatus com-
prising: 130 
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an adjustable primary collimator for 
producing a beam cone of ionizing 
radiation; 

an attachment holder adjacent the 
5 primary collimator; and 

a radiation applicator releasably attached 
to the attachment holder, and including a 
tube, arranged such that the wall of the tube 
encloses the radiation beam cone from the 

10 primary collimator, and a spacing structure 
for defining the distance of a body to be 
irradiated from the tube, the spacing 
structure being displaceably attached to the 
tube such that the distance of such a body to 

15 the tube can be varied in use, the said tube 
wall being provided with a first limiting 
aperture for defining the outer rays of the 
radiation beam cone, and the spacing 
structure being provided with a second 

20 limiting aperture having a periphery larger 
than the periphery of the first limiting 
aperture such that, in use, it defines the 
same outer rays downstream of the 
radiation beam cone as defined upstream by 

25 the first limiting aperture when the second 
limiting aperture is substantially at a 
predetermined distance from the primary 
collimator. 

2. Apparatus according to claim 1, 
30 wherein the primary collimator and the 

attachment holder are parts of a radiator 
head for an electron accelerator. 

3. Apparatus according to claim 1 or 
claim 2, wherein the tube is provided with a 

35 carrier frame which has external dimensions 
corresponding to the dimensions of the 
attachment holder and which is provided 
with a code which represents the tube 
diameter. 

40 4. Apparatus according to claim 3, 
wherein the attachment holder is provided 
with a plurality of sensors for reading the 
code, which sensors are connected with 
switching means for radiation monitoring 

45 circuitry and with drive means for the 
adjustable primary collimator for 
controlling the radiation beam cone. 

5. Apparatus according to claim 4, 
wherein the tube diameter, with the 

50 exception of the first limiting aperture, is 
such that it lies outside the radiation beam 
cone controlled by means of the code. 

6. Apparatus according to any preceding 
claim, wherein the spacing structure is 

55 mounted for displacement in the direction 
of the radiation beam cone in use and is 
biased by resilient means away from the 
tube against at least one stop defining the 
desired distance of the apparatus from a 

60 body to be irradiated. 
7. Apparatus according to claim 6, 

wherein the spacing structure is mounted by 

means of supports which are each provided 
with marking means for indicating any 
displacement of the spacing structure from ^5 
its position against the stop or stops. 

8. Apparatus according to claim 6 or 
claim 7, provided with second switching 
means associated with the spacing structure, 
which second switching means is actuated 70 
when the spacing structure is biased against 
the stop or stops. 

9. Apparatus according to claim 8, 
wherein the second switching means is 
connected with radiation monitoring 75 
circuitry. 

10. Apparatus according to any of claims 
3 to 9, wherein the attachment holder is 
provided with a pawl which engages a notch 
in the carrier frame when the carrier frame 80 
is fully inserted. 

11. Apparatus according to claim 10, 
wherein third switching means is associated 
with the pawl for detecting its position, and 
is connected with radiation monitoring 85 
circuitry. 

12. Apparatus according to claim 11, 
wherein the third switching means is 
connected in series with the first-mentioned 
switching means of the attachment holder 90 
for reading the code. 
• 13. Apparatus according to any of claims 
3 to 12 as dependent on claim 2, wherein 
the attachment holder comprises an 
insertion frame for receiving the carrier 95 
frame, the attachment holder being 
mounted on second supports which can be 
received telescopically by the radiator head 
to permit free mobility of the radiator head 
around a body while the body is being 100 
irradiated. 

14. Apparatus according to claim 13, 
wherein the position of the attachment 
holder in which it is fully withdrawn from 
the radiator head for receiving and retaining 105 
the apparatus is detected by fourth 
switching means. 

15. Apparatus for guiding and defining a 
beam of ionizing radiation substantially as 
herein described with reference to Figures 2 110 
to 4 of the accompanying drawings. 
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