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.This invention is concerned with a collimator
to define a beam of radiation.

.The primary application of this device is to
the collimation of the radiation from a radio
active source of Cof to be used for therapeutic
pburposes but it could be used for other isotopes
emitting high energy gamma radiation or for
high voltage X radiation. The same principles
could also be applied to collimators for low en-
ergy gamma or X radiation in which case the
thickness of material necessary to define a beam
of high energy radiation could be considerably
reduced.

An object of the present invention is to provide
a collimator, for radiation, the aperture of which
can be infinitely varied through a wide range of
square and rectangular shapes.

A further object is to provide a collimator in
which the aperture is defined by blocks disposed
in 2'single plane and movable only in one plane.

Another object is to provide a convenient means
for varying the distance between the source of
radiation and the blocks which define the aper-
ture of the collimator, thereby enabling a con-
stant distance from aperture to skin to be main-
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tained for a range of treatment distances (source =

to skin distances).  This is of importance as it
is undesirable for the skin to be too close to the
blocks as the skin may then be subject to second-
ary radiation emitted by the blocks, and on the
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other hand too great a distance will result in a

blurred and poorly defined beam.

In accordance with this invention the distance
between the source of radiation and the blocks
is Varied by providing a cylindrical upper shell
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teleseoping with a cylindrical lower shell within 7

which are disposed the blocks which define the
aperture for the emission of the beam. The
upper and-lower shells are telescoped by means
of -2 series’ of cerews parallel to the axis of the
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shells and spaced about the periphery of one shell

angd secured thereto in a manner which prevents
axial'rotation and movement in a direction par-
allel to these axes, A series of nuts co-operat-
ing with these screws are rotatably supported

by the other shell so that the nuis may be turned -

in one direction to extend the shell and may be
rotated in the other direction to close up the
shell. A series of sprockets corresponding to said
nuts are operably connected thereto so that the

rotation of each sprocket causes rotation of the

corresponding nut. A continuous sproecket chain
is carried by the sprockets so that all of the
sprockets will rotate simultaneously. Means are
provided for rotating one of the sprockets where-
by allof the nuts will be rotated. ST
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The beam of radiation is defined by blocks
movable in a unitary plane which is substantially
perpendicular to the axis of the beam of radia-
tion. These blocks comprise two pairs of opposed
barallel blocks, the blocks of one pair being ab
right angles to the blocks of the other pair. The
inner face of each block is in abutment with and
slidable along the end of one of the blocks in
the other pair and its end is in abutment with
and slidable along the inner face of the other
of the blocks in the other pair. Means are pro-
vided for maintaining the blocks in abutment
as aforesaid and mounting means is provided
for the blocks which permit the movement of
each of the blocks within the unitary plane in
a, direction parallel to the ends of the block and
also in a direction perpendicular thereto. Means
are also provided for increasing or decreasing
the distance between one of said pairs of blocks
and means for increasing or decreasing the dis-
tance between the other of said pairs of blocks.
As the distance between one of the pairs of blocks
is increased or decreased the other blocks will
be moved in opposite directions along parallel
paths. Hence a square or rectangular aperture
will at all times be defined by the two pairs of
blocks. .

Confining the blocks to a unitary plane is con-
sidered to be of great importance.. If two.or
more planes were used the total thickness of the
defining portion would be twice as great as in
accordance with the present invention and the
total weight would also be somewhat greater.
In addition the distance to the skin from one
pair of defining blocks would be different than
for the other pair, thus losing some definition
of the beam for any given distance. Further,
the centre of gravity of the defining system would
be further from the source for a system capable
of a certain minimum placement from the source,
and thus the entire device would be more dificult
to rotate about a horizonta] axis.

In the drawings which illustrate the preferred
embodiment of this invention:

Fig. 1 is an elevation view partly in section of
the collimator.

Fig. 2 is a plan view partly broken away of the
collimator shown in Fig. 1.

Fig. 3 is a plan view showing a different posi=
tion of the blocks from that illustrated in Fig. 2.

Fig. 4 is an elevation view partly in section cor-
responding to Fig. 3. )

Fig. 5 is a sectional view illustrating the base
plate assembly. ‘ S -

Fig. 6 is a perspective view showing the blocks

© mounted on the base plate. -
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Fig. 7 is a detailed view of the lower cam plate.
Fig. 8 is a view illustrating the general assem-
bly of the collimator and the source of radiation.
In the drawings in which the same numerals
indicate similar parts a cylindrical upper shell
slidably engages a cylindrical lower shell 2 so
that the lower shell 2 will telescope within upper
shell {. Four screws of which 3 and 4 are illus-
trated are symmetrically disposed around the pe-
riphery of shell {1, the screws.being parallel to
the axis of shell | and being within the shell
The screws are anchored to an inwardly directed
flange 5 at the top of shell [ in a manner which
prevents axia] rotation and movement in a di-
rection parallel to these axes. At the upper por-
tion of shell 2 there is an inwardly directed flange
6 within which is journalled a series of nufs
corresponding to each of the four screws, nuts T
and 8 being illustrated. .Ball bearings @ facili-
tate the rotation of these nuts. A series of
sprockets corresponding to the nuts, of which 10
and Il are illustrated, are rigidly connected with
or integral with the nuts so that rotation of: the
sprockets rotates their corresponding nuts. An
additional needle bearing 12 engaging a shaft {3
/which downwardly depends from the sprocket
can be provided to give additional support to
the nut sprocket assembly. Shaft 13 is prefer-
ably hollow. A sprocket chain {4 encircles the
four sprockets so that rotation of one sprocket
causes all four sprockets to rotate simultaneously
in the same direction. Idler sprocket 20, adjust-
able in groove 2{, provides for the adjustment
of chain {4. A vertical scale may be provided
on the lower shell 2 which is read off from the
lower edge of the upper shell {. 'This scale will
show the correct relative position of the shells for
any treatment distance within the useful range.
A cylindrical tube {5 replaces bearing 12 and
shaft 13 in one of the nut spocket assemblies.
Tube 15 is rigidly secured to sprocket I8 so that
rotation of tube 15 causes rotation of sprocket
10 and nut 1. A shaft 16 is inwardly directed
with respect to shell 2 perpendicular to the axis
of tube 15. A handle {7 exterior to shell 2 turns
shaft 16. A helical gear |18 mounted on shaft (6
meshes with a corresponding gear piece. 19 at the
bottom end of shaft 5 so that shaft 15 will ro-
tate when the handle {7 is turned. Shaft (6 is
journalled in a bearing 22 whieh is mounted on
base plate 23. The screws are permitted slight,
angular and lateral displacement to prevent
binding when the nuts are close to the heads of
the screws.

Plates 24, 25, 26 and 27T are mounted on base
plate 23 between rollers 28 which engage grooves
29 in the side edges of plates 24, 25, 26 and 27.
These rollers permit plates 24, 25, 26 and 27 to
move inwardly or outwardly with respect to base
plate 23 but prevent lateral movement. Addi-
tional rollers 30 are mounted on plates 24, 25, 26
and 27. Rollers 30 engage grooves 34 in the side
edges of plate 32. There are four plates 22 cor-
responding to each of plates 24, 25, 26 and 27,
and plates 32 are mounted between rollers 20 so
that each of plates 32 is capable of movement
relative to its corresponding plate 24, 25, 26 or
21 in a direction perpendicular to the direction
of movement of its corresponding plate. It will
bhe evident that the combined effect of mounting
plates 24, 25, 26 and 271 between rollers 29, and
plates 32 between-rollers 30 is to enable plates
32 to assume a variety of position in a unitary
plane; parallel to base plate 23.

Blocks 38, 34, 35 and 36-are rigidly mounted on
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each of plates 32 and are movable with plates 32.
The blocks are arranged with their longest di-
mension in the -direction of movement ‘of plate
32 with respect to plates 28, 25,°26 or.21. The
inner surface 37 of block 33 is partly in abut-
ment with the end 38 of block 34 adjacent to one
end of block 33 and the other end of block 33,
namely ‘39, is-partly or completely in abutment
with the inner face 40 of block 36. Similarly one
end- of: block. 34 is in abutment with the inner
face 371 of block .33, and at the other end of block
34.there is an abutment between the inner face
of block 34 and the end of block 35. One end of
block .35 is. in. abutment with the inner face of
block 34 and at the other end of block 35 there
is-abutment with the end of block 36. One end
of-block 36 is in abutment with inner face of
block. 35 -and at the other end of block 36 there
is abutment between the inner face 39 of block
36 and the end of block"33.

It will be appreciated from the foregoing that
if a pair of parallel opposed blocks 33 and 35:are
moved inwardly towards each other from an ini-
tial position adjacent to the periphery of hase

plate 23, the inward movement of block 33 will -

cause block 34 to move in the same direction as
block 33, the plate 32 upon which block 34 is
mounted sliding between its rollers 30. Simi-

larly the inward. movement. of blocks 35 will '

cause block 36 to move in the same direction:as
block 35 the inner face 40 of block 36 sliding
with respect to the abutting end 39 of block. 33
and the plate 32 upon which block .36 is mounted

moving between its rollers.30. A rectangular

space will thereby be defined by blaocks 33, 34, 35
and 36. Similarly if blocks 34 and 36.which are
parallel and in opposed position.with.respect to
each other are moved inwardly, blocks 33 and .35

will move in opposite parallel directions, block .
33 moving in the same direction. as block 36 and ..

block 35 moving in the.same direction-as. block
34. If blocks 33 and 35 are brought.together to
the same .extent as blocks 34 and 36 a square
space will be enclosed by the blocks.

Plates 41, 42, 43 and 44 are mounted: on the

inner faces. of blacks 33,-34, 35 and 36 respec- .
tively. 'These plates extend the full length of
their corresponding blocks. and. have . portions

such as. 45 which-extend slightly above the upper
surfaces. of the . corresponding blocks.
plates 41, 42, 43 and: 44 .also have downwardly

extending portions-46 which extend beneath the
lower surfaces of the corresponding blocks a. dis~ -
tance which is approximately equal to the height .

of ‘the blocks. These downward extensions-en-

able suitable definition for the beam to be: pre- .
vided whilst keeping the heavy mass of the block ;:

as close as possible to: the:source.and as far-as
possible from the patient. This means-that the

treatment. unit is easier to til, due to their being .
a lower moment about the: herizontal -axis, ‘the i
heavy blocks -can be smaller in size, and there is .
less scattered radiation delivered to the patient’s .-

skin, The inner surfaces of plates-4t, 42, 43 and
44 have longitudinally extending grooves- 47,

which correspond to raised portions-48 in . the .

abutting end of the block and the faeing. plate
in contact with that inner face, in order that

there may be no direct downward path between .
abutting blocks for the escape of radiation. - 'I»'h_‘is,:,,
construction prevents the-escapeof radiation and
enables rollers-to be included which:give rolling -
rather than sliding friction between:the blocks..
A strap: 49:is mounted on each -of blocks 33,34,
35 and 36 at the end: of-therblock which: is not -

Facing' -
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In' abutment with the inner face of another
block. At the abutting end of the block a plate
50 is located on the upper surface of the block
adjacent to the end of the block. Spaced up-
wardly extending studs 51 and 52 are diagonally
disposed on block §0. A clamping piece 53 is
placed with its shank portion 54 between studs
§1 and 52, and its head portion 55 extending
over the facing plate 41, 42, 43 or 44 of the ad-
Jjacent block. A roller 56 is mounted on the lower
surface of head portion 55 and moves along the
outer surface of extension 45. A tension spring
57 is connected between strap 49 and the end
of shank 54 and this urges roller 56 against the
outer surface of extension 45 thereby tending to
keep the end of one block in close abutment with
the inner face of a second block while permitting
the inner face of the second block to slide rela-
tively to the abutting end of the first block. A
roller 58 mounted in an indentation 59 in the
end of extension 45 bears against the inner face
of extension 45 in the adjacent block and reduces
the friction when the inner face of one bhlock
slides with respect to the abutting end of an-
other block. Similarly at the bottom of down-
ward extension 46 a roller 60 is urged against the
outer surface of the downward extension 46 of
an adjacent block by a spring 61 connected be-
tween clamp 62 and a strap 63.

Cam followers 64 are mounted bensath each of
plates 24 and 26 on supports 65 which are secured
to plates 24 or 26. Apertures 65 in plates 24 or
26 provide access to bolts 67 which secure cam
followers 64. Cam followers 64 engage arcuate
oppositely disposed cam grooves 68 in cam plate
69. Cam plate 68 is in the form of an annular
ring with inwardly directed fing 78 in the upper
surfaces of which are cam grooves 68. A groove
Ti runs around the outer edge of cam plate §9
to provide a race for balls 712 which are retained
in an annular groove 73 in a cylindrical flange
14 which downwardly depends from the edges of
plate 23. A handle 15 is attached to cam plate 69
and this moves through a slot 76 in flange 74. A
scale 7T mounted on flange 74 enables the extent

to which handle 15 has been moved to be meas- .

ured. It will be appreciated that movement of
handle 76 in a clockwise direction causes cam fol-
lowers 64 to ride up to the inner end 18 of cam
groove 68, this moves plates 24 and 26 inwardly
and consequently moves blocks 33 and 35 towards
each other. Similarly movement of handle 15 in
an anti-clockwise direction increases the distance
between blocks 33 and 35.

Cam followers 79 are mounted beneath plates
25 and 27 in a similar manner on supports 18
which bring cam followers 19 into a position be-
neath cam plates 69 and radially inwardly from
the annular edge of cam plate 69 so that there
will be no interference bhetween cam followers 79
and upper cam plate 69, cam followers 19 engage
cam grooves 81 in a cam plate 82. The annulay
edge of cam plate 82 is wider than the annular
edge of cam plate 69 and the fins and cam grooves
in cam plate 82 are inwardly disposed with re-
spect to the corresponding members in cam plate
€9. The edge of cam plate 82 is grooved as at 83
to provide a face for balls 84 which are carried by
an annular groove 85 in cylindrieal flange 14. A
handle 86 is secured to cam plate 82 and this
moves in a slot 86¢ in flange 74 to enable the in-
ward and outward movement of blocks 34 and 36
to be controlled in the same manner as that de-
scribed for blocks 383 and 35.

Base plate 23 has a square central aperture 87
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to permit free movement of the downwardly ex-
tending portion 46 of the facing plates ang to
provide an opening for the emission of the beam
of radiation. A rectangular indentation 88 in
base plate 23 permits lateral movement of the
downward extension 48 of facing plate 44 and
indentations 88, 98 and 91 are provided for a
similar purpose with respect to the downward
extensions of facing plates 41, 42, and 43 respec-
tively. An inwardly directed slot 82 in base plate
23 permits inward and outward movement of
cam followers 64 and similarly slots are provided
to allow inward ang outward movement of the
other cam followers. The downwardly extend-
ing portion 46 of the facing plates may require
slotting as at 93 to prevent interference with the
cam plates.

Figure 8 illustrates the general arrangement
of the collimator and the source of radiation. It
will be seen that source of radiation 94 outlet
port 95, beam limiting aperture 96 and the col-
limator indicated generally at 97 are in align-
ment. The source may be positioned by means
of a sliding tray between absorptive lead hous-

Y ings 98 and 99. A conical shaped outlet port 95

in lead housing 99 defines a beam of radiation
which is restricted by beam limiting aperture 96.
Outlet port 85 may be closed off by the insertion
of merecury.

Source 94, outlet port 95, aperture 96, hous-
ing 89, are mounted upon upper shell {. The col-
limator 97 is mounted in lower housing 2 which
telescopes with upper housing { in the manner
described. )

It will be appreciated from the foregoing that
a device in accordance with the present invention
will enable a fixed distance to be preserved be-
tween the defining blocks and the patient for
different distances from the source to the patient
and will achieve the various other objects of this
invention.

We claim:

1. In a collimator for defining a beam of radia-
tion a lower shell telescoping with an upper shell,
means for defining the beam disposed within the
lower shell, means for telescoping the upper and
lower shells comprising a series of screws at-
tached to one shell and parallel to the direction
of telescoping, a series of nuis engaging said
screws said nuts being journalled in bearings in
the other shell and means for simultaneously ro-
tating all of said nuts whereby the shells will be
telescoped together.

2. In a collimator for defining a beam of radia-
tion an upper shell telescoping with a lower shell,
means for defining the beam disposed within the
lower shell, means for telescoping the upper and
lower shells comprising a series of serews parallel
to the direction of telescoping spaced about the
periphery of one shell and secured to that shell
a series of nuts engaging said screws said nuts
being journalled in bearings in the other shell
and means for rotating all of said nuts simulta-
neously whereby the upper and lower shells will
be telescoped together,

3. A device as in claim 2, in which the means
for rotating the nuts simultaneously comprises
a series of sprockets corresponding to the nuts
and operably connected thereto, a continuous
‘sprocket chain carried by said sprockets and
means for rotating one of said sprockets.

{ 4. In a collimator for defining a beam of radia-
tion a cylindrical upper shell telescoping with a
cylindrical lower shell, means disposed within
the lower shell to define a beam of radiation,
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means for telescoping the upper and lower shells
ecomprising a series of screws parallel to the axis
of said shells spaced about the periphery of one
shell and secured to that shell, a series of nuts
co-operating with said screws and rotatably sup-
ported by the other shell, a series of sprockets
corresponding to said nuts and operably con-
nected thereto, a continuous sprocket chain car-
ried by said sprockets and means for rotating one
of said sprockets.

5. In a collimator for defining a beam of radia-
tion a cylindrical upper shell telescoping with a
coaxial eylindrical lower shell, blocks disposed
within the lower shell and movable in a plane
transverse to the axis of the shell to define an
aperture for the emission of the beam of radia-
tion, means for telescoping the upper and lower
shells comprising a series of screws parallel to
the axis of the shells spaced about the periphery
of one shell and secured to that shell a series of
nuts co-operating with said screws and rotatably
supported by the other shells, a series of sprockets
corresponding to said nuts, and operably con-
nected thereto, a continuous sprocket chain car-
ried by said sprockets and means for rotating one
of said sprockets.

6. In a collimator for defining a beam of radia-
tion a eylindrical upper shell telescoping with a
coaxial cylindrical lower shell, blocks movable in
a, unitary plane substantially perpendicular to
the axis of the beam of radiation to define an
aperture for the emission of the beam, said blocks
comprising two pairs of opposed parallel blocks,
the blocks of one pair being at right angles to
the blocks of the other pair, each block having
its inner face in abutment with and slidable
along the end of one of the blocks in the other
pair and having its end in abutment with and
slidable along the inner face of the other of the
blocks in the other pair, means for maintaining
the blocks in aputment as aforesaid, supporting
means for the blocks permitting movement of
each block within said unitary plane in a direc-
tion parallel to the axis of said block and in
a direction perpendicular thereto, means for in-
creasing or decreasing the distance between one
of said pairs of blocks and means for increasing
or decreasing the distance between the other of
said pairs of blocks, means for telescoping the
upper and lower shells comprising a series of
serews parallel to the axis of the shells spaced
about the periphery of one shell and secured to
that shell, a series of nuts co-operating with said
serews and rotatably supported by the other shell,
g series of sprockets corresponding to said nuts
and operably connected thereto, a continuous
sprocket chain carried by said sprockets and
means for rotating one of said sprockets.

7. In a collimator for defining a beam of radia-
tion, blocks movable in a unitary plane substan-
tially perpendicular to the axis of the beam of
radiation to define an aperture for the emission
of the beam, said blocks comprising two pairs of
blocks, the blocks of each pair being parallel to
each other and at right angles to the blocks of
the other pair, each block having its inner face
in abutment with and slidable along the end of
one of the blocks in the other pair and having
its end in abutment with and slidable along the
inner face of the other of the blocks in the other
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pair, means for maintaining the blocks in abut-
ment as aforesaid, mounting means for said
blocks permitting movement of each of said
blocks within said unitary plane in a direction
parallel to the axis of said blocks and in- a
direction perpendicular thereto, means for -in-
creasing or decreasing the distance between one
of the said pairs of blocks and means for in-
creasing or decreasing the distance between the
other of said pairs of blocks.

8. A device as in claim 7 in which the mount-
ing means for said blocks to permit movement
of said blecks within said unitary plane in a
direction parallel to the axis of said blocks and
in a direction perpendicular thereto comprises
for a plate on each of which one of said blocks
is mounted in a manner which permits relative
movement between said block and said plate only
in a direction parallel to the axis of the block,
each. of said plates being mounted on a base in
a manner which permits movement only in a di-
rection perpendicular to the axis of said block.

9. A device as in claim 8 in which the means
for increasing or decreasing the distance between
said pairs of blocks comprises: cam followers
mounted beneath the plates, a cam plate for
moving the cam followers associated with one
pair of blocks inwardly or outwardly to decrease
or increase the distance between that pair of
blocks, and a second cam plate for moving the
pair of cam followers associated with the other
pair of blocks inwardly or outwardly to decrease
or increase the distance between the other of
said pairs of blocks.

10. A device as in claim 9 in which the cam
plates are in the form of an annular ring hav-
ing diametrically opposite inwardly directed fins
and arcuate cam grooves in said fins.

11. A device as in claim 7 in which each of
the means for maintaining the blocks in abut-
ment comprises a clamp extending beyond the
end of a block which is in abutment with the
inner face of another block and engaging an up-
ward extension along the inner face of said other
block, said elamp having a shank portion slid-
able between upwardly extending studs mounted
on the first mentioned block and the clamp be-
ing connected to a tension spring longitudinally
disposed with respect to the first mentioned bloek.

12. A device as in claim 7 in which the inner
face of each of said blocks comprises a facing
plate having a portion extending downwardly
below the block.

13. A device as in claim 7 in which each of the
inner faces of the blocks have longitudinally ex-
tending grooves which correspond with raised
portions at the end of the block which co-op-
erates with said face.
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