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ABSTRACT: Improved linear accelerator apparatus for 
directing ionizing radiation on an object is realized by utiliza 
tion of a horizontal axis of rotation about which the linear ac 
celerator axis rotates while the accelerator axis maintains a 
horizontal spatial orientation at different circumferential 
points of rotation in conjunction with beam de?ection means 
disposed at the downstream end portion of the accelerator 
which produce beam deflection along an axis different than 
the accelerator axis and preferably substantially 90° with 
respect thereto. 
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SUPPORT STRUCTURE FOR ELECTRON 
ACCELERATOR WITH DEFLEC'I‘ING MEANS AND 
TARGET AND COOPERATING PATIENT SUPPORT 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation of US. Pat. application 
Ser. No. 645,916 ?led June 14, 1967 by Robert T. Avery, 
which application is in turn a continuation of US. Pat. appli 
cation Ser. No. 411,170 ?led Sept. 14, 1964, in turn a con 
tinuation of US. Pat. application Ser. No. 46,432 ?led Aug. 1, 
1960, all of which applications are now abandoned and appli 
cations assigned to the same assignee as the present applica 
tion. 
The present invention relates in general to particle accelera 

tors and in particular to methods and means for irradiating ob 
jects with ionizing radiation for research, therapy, steriliza 
tion, polymerization, radiography and the like. 

In the ?eld of ionizing radiation, particle acceleration 
machines of large size such as Van de Graaff generators, reso 
nant transformers and linear accelerators are used for produc 
ing very energetic radiation. In using these machines .it is often 
desirable to direct the high energy particles or the rays 
produced by high energy particles from many different 
directions at the object being irradiated. The conventional ap 
proach in designing high energy irradiation machines is to 
have the particle beam strike the object or irradiation target in 
the forward direction. The machines just referred to are very 
long and are not easily moved about and therefore, they 
require a large mounting fork or gantry. In this manner, these 
machines require considerable head room for overhead 
“shots” and require a large room to accommodate the rear of 
the machine for distant horizontal “shots.” Furthermore, this 
construction does not readily permit lateral internal “shots” of 
large hollow structures. 

Also the particle beam emanating from the particle ac 
celerating machines contains particles of different energies 
many of which it is desired to direct in the same direction or 
focus on a small spot. Furthermore in certain irradiation 
machines, such as for use in therapy, a change in energy of the 
particle beam emanating from the machine over a period of 
time must not effect the ultimate direction on the ionizing 
radiation or serious harm might come to the patient. 
The present invention relates to accelerating a particle 

beam along a substantially horizontal axis and directing the 
beam at an angle of 90° with respect to its original axis to ir 
radiate an object from many directions. With this scheme in 
mind other criterion govern the manner in which this can be 
accomplished since invariably a wide range of particle ener 
gies (momentum) emanate from the particle accelerator. In 
an industrial radiographic irradiation machine, for example, it 
is important that the particle spot size on the X~ray target be 
as small as possible in order to achieve a sharp X-ray image. 
On the other hand in an irradiation machine which produces 
X-rays for therapy it is more important that the X-ray beam be 
uniform over the area being irradiated since small changes in 
the energy of the particles striking the X-ray target are apt to 
cause a dangerous overdose in a portion of the area being ir 
radiated. 
The object of the present invention is to provide a novel 

method and means for irradiating objects with large particle 
accelerating machines from many different directions within a 
relatively limited space. 
One feature of the present invention is the provision of a 

novel irradiation machine including a horizontal particle ac 
celerating means, means for de?ecting the particle beam 
emanating from the particle accelerator means at an angle of 
90° with respect to its original direction, and means for mov 
ing the accelerator in both horizontal and vertical directions 
for irradiating an object from many sides. 
Another feature of the present invention is the provision of 

an irradiation machine of the ?rst mentioned feature including 
means for rotating the deflecting means about the axis of the 
accelerator means whereby ionizing radiation may be directed 
on the inteiior surface of a cylindrical object. 
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2 
Another feature of the present invention is a provision of an 

irradiation machine of the ?rst mentioned feature including 
means for rotatably supporting the accelerator means about a 
horizontal axis spaced from the axis of the accelerating means. 

Another feature of the present invention is the provision of 
a novel irradiation machine of the last mentioned feature in 
cluding means for positioning the portion of the object being 
irradiated on the horizontal axis of the supporting means and 
rotating the portion of the object being irradiated about a ver 
tical axis through the portion of the object being irradiated. 

Another feature of the present invention is the provision of 
an irradiation machine of the ?rst mentioned feature wherein 
the de?ecting means includes ?rst magnet means adapted to 
de?ect the accelerated particle beam a small angle from its 
axis and second magnet means adapted to de?ect the beam so 
that it crosses the axis of theparticle accelerator substantially 
perpendicular thereto. 

Still another feature of the present invention is the provision 
of an irradiation machine of the ?rst mentioned feature 
wherein the deflecting means includes magnet means adapted 
to de?ect the beam through substantially 270° whereby the 
particle beam crosses the axis of the particle accelerator 
means substantially perpendicular thereto. 

Still another feature of the present invention is the provision 
of an irradiation machine of the first mentioned feature 
wherein the de?ecting means include ?rst magnet means for 
de?ecting the particle beam a small angle from its original 
direction, second magnet means for deflecting the particle 
beam the remainder of the 90° and a target for producing 
ionization irradiation positioned in the second de?ecting mag 
net means out of the path of the particle beam de?ected by 
said ?rst magnet means but positioned such that the particle 
beam entering said second de?ecting magnet means along the 
axis of said particle accelerator means will be de?ected 
through substantially 90° and strike said target. 

Still another feature of the present invention is the provision 
of a novel method for irradiating objects with ionizing irradia 
tion including the steps of accelerating a particle beam along a 
horizontal axis, de?ecting the accelerated particle beam sub 
stantially 90° with respect to the accelerator axis and provid 
ing horizontal and vertical motion for the accelerating means 
and rotational motion about a vertical and horizontal axis 
whereby an object can be irradiated from many directions 
within a relatively small area. 

FIG. I is a diagrammatic view of a radiographic irradiation 
machine embodying features of the present invention, 

FIG. 2 is a diagrammatic view of the structure shown in FIG. 
I taken along line 2-2 in the direction of the arrows, 

FIGS. 3 and 4 are additional views of the radiographic ir 
radiation machine of FIGS. 1 and 2 with the machine posi‘ 
tioned so as to direct X~rays at different portions of a cylindri 
cal member from within the cylinder, 

FIG. 5 is a side view partially broken away of the irradiation 
head on the radiographic irradiation machine as shown in 
FIGS. 1-4, 

FIG. 6 is a side prospective view of an irradiation machine 
embodying features of the present invention and useful for 
therapy, 

FIG. 7 is an end view of the structure of FIG. 6 taken along 
the line 7-7 in the direction of the arrows, 

FIG.'8 is a side view partially broken away of a possible par 
ticle beam bending apparatus as utilized in the head of the ir 
radiation machine shown in FIGS. 6 and 7, 

FIG. 9 is a schematic view showing one manner in which the 
particle beam can be de?ected through a 90° angle from the 
original direction and focused on a small spot, 

FIG. 10 is a schematic diagram showing other apparatus 
whereby the particle beam can be de?ected so that it is 
directed in a direction at 90° from its original direction, 

FIG. 11 is a longitudinal view taken of the particle beam 
shown in FIG. 10 along the line 10—I0 in the direction of the 
arrows with the electron beam laid out in a straight line, 

FIG. 12 is an alternative embodiment of the structure shown 
in FIG. 10, 
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FIG. 13 is a cross-sectional view of the particle beam of 
FIG. 12 taken along line 13—13 in the direction of the arrows 
with the electron beam laid out in a straight line, 

FIG. 14 is a schematic view of other means for de?ecting 
the particle beam in the irradiation machines embodying the 
present invention, 

FIG. 15 is a longitudinal view of the particle beam shown in 
FIG. 14 taken along the line 15~15 in the direction of the ar 
rows, and 

FIG. 16 is a longitudinal view of the particle and X-ray 
beams shown in FIG. 14 taken along line 15-15 in the 
direction of the arrows. 
The particular irradiation machines depicted in the drawing 

and described in the following speci?cation are especially 
designed for directing a beam of electrons at a target or object 
to be irradiated. However, the features of the present inven 
tion are equally applicable to irradiating machines for irradiat 
ing objects with other particles such as, for example, protons, 
deuterons and neutrons. Also, the novel irradiating machines 
are adaptable for use with both pulsed and continuous beams. 

Referring to FIGS. 1-5 of the drawings, an irradiating head 
21 is rotatably mounted on the end of a particle accelerating 
device 22 such as, for example, a linear accelerator. This par 
ticle accelerator could be a Van de Graaff generator or a reso 
nant transformer accelerator. The particle accelerator 22 is 
mounted horizontally with its cooperating electronic com 
ponents housed in a cabinet 23 on the end of a vertically 
rotatable telescoping boom 24 the upper end of which is sup 
ported from an overhead crane 25 which can be moved the 
length and width ofthe room in which the particle accelerator 
22 is housed. 
With the irradiating head 21 rotatably mounted on the end 

of the horizontally positioned particle accelerator 22 an ir 
radiating beam can be directed substantially anywhere within 
the room housing the particle accelerator 22. Thus, when 
using the irradiating head 21 to generate an X~ray beam for 
use in industrial radiography the X-ray source can be located 
closer to the ?oor, ceiling, or any walls with this con?guration. 
Furthermore, the irradiating head 21 can be positioned within 
a cylinder as shown in FIGS. 3 and 4 and internal radiography 
achieved by rotating the irradiating head 21 about the 
horizontal axis of the particle accelerator 22. 

Referring now to FIG. 5 a typical irradiation head 21 for use 
in industrial radiographic applications would include ?rst and 
second bending magnets 26 and 27 respectively for ?rst 
de?ecting an electron beam 28 emanating from the particle 
accelerator 22 through a small angle and then bending the 
particle beam back toward the accelerator axis so that when it 
crosses the axis it is substantially perpendicular thereto. The 
manner in which this particular scheme for bending the parti 
cle beam focuses the beam into a small spot even when the 
beam includes particles of different energies will be described 
in detail below with reference to FIG. 9. At the position at 
which the bent particle beam crosses the axis of the accelera 
tor an X-ray target 28' is positioned such as by means of a 
motor driven rotating rod 29 whereby the X-ray target 28’ can 
be rotated to aid in long life. The X-rays emanating from the 
X-ray target 28' will pass through a beam ?attener 31 as of, 
for example, aluminum which provides a greater thickness of 
the center portion of the beam of X-rays to provide a uniform 
intensity across the X-ray beam. The size of the X-ray beam is 
limited by a collimator 32 as such as lead and the remainder of 
the area around the second bending magnet and the X-ray tar 
get 28' is surrounded by lead shielding 33 for preventing ex 
cessive irradiation in directions other than through the colli 
mator 32. 

Referring now to FIGS. 6—~8, there is shown apparatus for 
adaption of the present invention for use in therapy. An ir 
radiation head 41 is mounted at the end of a substantially 
horizontal particle accelerator 42 which is supported on a 
counterweighted gantry 43 rotatable about a horizontal axis 
55 which passes through the spot 40 where the portion of the 
patient which is being irradiated is positioned. The X-ray 
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4 
beam will always be directed perpendicularly on the same spot 
40 on the axis of the gantry, and the gantry can make a 
complete rotation about spot 40 within a room and require 
very little headroom. A typical machine ?ts within a room 8 
feet high. 
The patient is placed on a couch 44 with the malignancy to 

be irradiated positioned at the spot 40 on the gantry axis 55. 
The couch is supported by a vertically movable post 44’ 
placed a distance away from a vertical axis 56 passing through 
the spot 40 so that the irradiation head 41 can pass beneath 
the spot 40. The post 44’ is supported on a floor level horizon< 
tal platform 45 which is rotatable about the vertical axis 56 
passing through the spot 40. In this manner the gantry can 
rotate through 360° in a vertical plane which passes through 
the spot 40 and the patient can be moved through almost 360° 
in a horizontal plane so that the malignancy can be irradiated 
from almost every direction. It is obvious that a chair could be 
used in place of the couch 44. 
The irradiating head 41 includes magnet means such as that 

shown in FIGS. 10—13 and described in more detail below 
whereby the electron beam 46 emanating from the particle ac 
celerator 42 is bent through substantially 270° and directed 
vertically downward onto an X-ray target 47. The amount of 
X-rays emanating from the X-ray target 47 is limited to a small 
spherical angle by a collimator 48 and then further limited to 
the desired spot or ?eld size by two pairs of movable shielding 
jaws 4-9. As is apparent from the drawing, since the rotational 
axis 55 of the gantry 43 passes through the spot 40, the gantry 
43 will maintain the irradiation head 41 and, hence, the target 
47 at a ?xed distance from spot 40 at all positions of rotation 
of the head about the axis 55. Also, a light 51 can be directed 
on the area being irradiated by re?ecting it off a mirror 52 
which lies in the path of the X-ray beam. Thus the light 51 will 
follow the path of the beam and, as is apparent from the draw 
ing, indicate visibly the size of the area irradiated. A wedge 
?lter 53 can be positioned in the path of the X-ray beam when 
the patient is lying on his side so that the X-ray intensity across 
a malignancy is relatively uniform even though some X-rays 
have passed through a greater distance of body tissue. 

Referring now to FIG. 9, there is shown the manner in 
which the particle beam emanating from a particle accelerator 
with an energy spread of, for example, 10 percent is de?ected 
a small angle away from the axis of the particle accelerator 
upon passing between the pole pieces ofa ?rst de?ecting mag 
net 26 and is then bent back toward the axis of the particle ac 
celerator upon passing between the pole pieces of a second 
magnet 27. In this manner the beam is focused such that it 
crosses the axis of the accelerator at right angles thereto and 
focuses into a small spot thereon. The de?ection caused by the 
?rst de?ecting magnet 26 causes rays of varying energies to 
diverge and causes rays of the same energy to converge 
horizontally. The second bending magnet 27 bends the beam 
in the reverse direction and causes rays of different energies in 
an original horizontal position to focus down to a small spot. 
The location of the “energy focus" is primarily determined 

by the entrance angle of the second bending magnet 27. The 
location of the “horizontal“ focus can be shifted by varying 
the entrance or exit angles or the radius of curvature of the 
?rst bending magnet 26. By suitable adjustment of these 
perimeters these two foci can be made coincident. The loca 
tion of the “vertical” focus can be changed by varying the gap— 
radius ratio of the second magnet which changes the amount 
of bending in the magnet fringe ?eld. By suitably shifting the 
vertical focus, it can be made coincident with the other two 
foci which produce a very small focal spot size. Industrial 
radiographic applications require an extremely small electron 
beam spot size on the X-ray target to create a “point source" 
in order to produce a sharp image on the X-ray ?lms sur 
rounding the particle being X-rayed. By utilizing the ?rst and 
second bending magnets 26 and 27 it is possible to focus a 10 
mev. electron beam with a 10 percent energy spread from a 
beam with a 5 mm. diameter to a 1 mm. diameter on the tar 
get. 
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Furthermore, this arrangement allows the target to lie on 
the axis of rotation of the irradiation head. In this manner 
when irradiating a cylinder from within as shown in FIGS. 3 
and 4 with a sheet of X-ray ?lm surrounding the cylinder the 
source for irradiating in the 360° directions will be the same 
point on the axis of rotation to the irradiation head. 

Referring now to FIGS. 10 and lll there are shown vertical 
and horizontal sections through a particle beam which is bent 
through an angle of substantially 270° upon passing between 
the pole pieces of a bending magnet 50. The output rays from 
the bending magnet 50 are substantially parallel to each other 
on the plane of bending, and the beam is of slightly larger size 
than the input beam. The vertical focusing characteristics can 
be varied by changing the pole gap thereby changing the effec 
tive width of the fringe ?eld. 

Alternatively as shown in FIGS. 12 and 13 the particle beam 
can be bent through an angle of substantially 270° and also 
provided with an energy focus at some distance from the mag 
net by means of a bending magnet 50' similar to the bending 
magnet 50 described above but with slightly concave input 
pole faces. This arrangement will focus the beam to a smaller 
spot size and the target can be located on the accelerator axis 
if desired. 

Also, in therapy where a particle beam such as an electron 
beam is directed onto a target to produce X-rays for irradiat 
ing a malignancy it is extremely important when slight varia 
tions occur in beam energy that the particle beam remain per 
pendicular to the target, or otherwise a greater dose of irradia 
tion would be applied to one part of the malignancy than to 
the other. The present invention embodies a magnet system 
whereby slight changes in energy of the beam emanating from 
the particle accelerator will not signi?cantly change the axis of 
the lobe of the X-rays generated from the X~ray target. 

Thus, with respect to the magnet arrangements shown in 
FIGS. 10— 13, higher energy particle rays will remain between 
the bending magnets 50, 50' for a greater length of path and 
will therefore be bent through substantially the same angle as 
lower energy rays with the result that the sum of all the 
de?ecting forces applied to any given particle will be substan 
tially proportionate to the energy of that particle. In this 
manner, rays of all energies will strike the X-ray target at sub 
stantially right angles thereto and thus the axis of the lobe of 
X-rays will be directed perpendicular to the X-ray target and 
directly at the area being radiated. This avoids the possibility 
that a change in particle energy will cause a greater dose of ir 
radiation in any particular area of the irradiating spot. 

Referring now to FIGS. l4-16, there is shown another em 
bodiment of the present invention wherein either the particle 
beam can be bent through'an angle of 90° with respect to the 
axis of the accelerator and onto the object to be irradiated or 
can be directed upon a target to produce X-rays which are 
directed on the object to be irradiated. 

For the direct irradiation the particle beam 60 emanating 
from the particle accelerator is passed between the pole pieces 
of a de?ecting electromagnet 61 which de?ects the particle 
beam 60 away from the axis of the particle accelerator from 
which it emanates. The particle beam then passes between the 
pole pieces of a second de?ecting magnet 62. Between the 
pole pieces 62 of the second de?ecting magnet the higher 
energy rays travel a further distance and are therefore sub 
jected to a greater magnetic ?eld so that they are de?ected 
through substantially the same angle as lower energy rays. 
Upon emerging from between the pole pieces 62 of the second 
bending magnet the particle beam is slightly diverging for ir 
radiation of a generally broad subject. 

FIG. 15 shows a top view of the particle beam path through‘ 
the magnets 61 and 62. 
When it is desired to create X-rays with the apparatus of 

FIG. 14 the electromagnet 61 is turned off and the particle 
beam 60 is directed along the axis of the particle accelerator 
until it enters a gap between the pole pieces of the second 
de?ecting magnet 62. With the input face of magnet 62 nor 
mal to the particle beam 60, horizontal foci are produced in a 
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6 
plane containing the X-ray target 63. This plane is approxi 
mately at 45° to the directions of both the input and output 
beam directions. The rays of lower than normal energy are 
bent through 90° on a shorter radius and the rays of greater 
than nominal energy are bent through 90° on a longer radius. 
Thus, central rays of all energies over the chosen energy range 
are traveling parallel at the instant of impingement on the tar 
get. Rays of excessively low energy miss the target and are col 
lected in a shielded cup. This design makes the direction of the 
axis of the X-ray lobe always in the same direction even when 
the machine energy drifts; consequently, changes in electron 
energy do not produce asymmetries in the X-ray ?eld. 
The input face of magnet 62 can be tipped slightly if desired 

to produce slight vertical convergence of the beam rays at the 
X-ray target, thereby producing slight enlargement of the 
beam horizontally. FIG. 16 shows a top view of the particle 
beam path with the input pole pieces of the magnet 62 tipped 
slightly to produce this slight vertical convergence. Also with. 
this arrangement the electron beam shown in FIG. 15 would 
not diverge as much upon passing through the magnet 62. 

Since many changes could be made in the above construc 
tion and many apparently widely different embodiments of 
this invention could be made without departing from the 
scope thereof, it is intended that all matter contained in the 
above description or shown in the accompanying drawings 
shall be interpreted as illustrative and not in a limiting sense. 
What I claim is: 
1. Radiotherapy apparatus capable of directing a beam of 

ionizing radiation from a multitude of directions onto a por 
tion of an object to be irradiated, said apparatus comprising a 
high energy linear accelerator for producing a beam of high, 
energy particulate radiation including particles having dif 
ferent energy levels; particulate radiation de?ecting means for 
de?ecting particulate radiation emanating from said accelera 
tor through an angle of approximately 270° in one direction 
back across the path of said particulate radiation emanating 
from said accelerator for focusing said particulate radiation 
onto a target reactive with said particulate radiation to 
produce ionizing radiation, the sum of all the de?ecting forces 
applied to any given particle of said particulate radiation being 
substantially proportionate to the energy of that particle in 
order to de?ect all of said particles within a predetermined 
range of energy levels through substantially the same angle; 
collimation means for directing said ionizing radiation along a 
beam axis; movable shielding means for de?ning the cross-sec 
tional area of the beam of ionizing radiation; a light source; 
means for directing light from said source through said mova 
ble shielding means onto the area to be irradiated to indicate 
visibly the size of the area irradiated; said target, de?ecting 
means, collimating means, movable shielding means, light 
source and said light directing means being carried by an ir 
radiation head from which said ionizing radiation emanates 
along said beam axis; a gantry mounting said linear accelera 
tor and said irradiation head for rotation in a generally vertical 
plane about a second axis which is spaced from said head and 
traverses the path of said beam axis at a preselected point, said 
gantry maintaining the point at which said particulate radia 
tion is focused onto said target at a ?xed distance from said 
preselected point at all positions of rotation of said head about 
said second axis; a holding member for positioning the portion 
of the object to be irradiated at said preselected point at which 
said second axis traverses said beam axis, said holding member 
being mounted by a support means for rotation with respect to 
said irradiation head on a generally vertical axis passing 
through said point, said support means for holding member in 
cluding a base which is spaced a greater distance from said 
second axis than said irradiation head whereby said head is . 
rotatable between said holding member'and said base, said 
support means further including a supporting column con 
necting said base and said holding member at a location out 
side the path of travel of said gantry and said irradiation head 
between said holding member and said base and means for ad 
justing the location'of said holding member in the direction of 



3,582,650 
7 8 

said axis about which said holding member is rotatable to ena- second axis is substantially horizontal. 
ble adjustment of the location of said holding member with 3. The radiotherapy apparatus of claim 1 wherein said base 
respect to said preselected point. of said support means is rotatable about a generally vertical 

2. The radiotherapy apparatus of claim 1 in which said axis to provide said rotation ofsaid support means. 
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