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Patented Feb. 23, 1954 2,670,443 

UNITED STATES PATENT OFFICE 

John C. Pennock, Marblehead, and Abert J. 
Bacchieri, Dedham, Mass, assigners to Pracer 
lab, Inc., Boston, Mass., a corporation of Was 
sachusetts 

Application...February 28, 1951, Seria No. 213,4 
(C. 250-105) Claims, 

This invention relates to devices for forming 
a beam of radiant energy, which may be used for 
the treatment of disease or the. radiography of 
structural materials or the like. More particul 
larly, the invention is concerned. With a new and 
improved radiant energy heam-forming device in 
which a radioactive.Source is renovably mounted 
in a shield of radiation absorbing material With 
provision for producing an opening in the ab 
sorbing material to form a collimated beam of 
radiations and embodying new and improved 
means permitting the simple and Safeloading into 
the shield, and unloading therefoil of the radio 
active-source, together with a novel "fail safe' 
arrangement to keep the Source. Shielded in the 
event of power failure to the device. 

Devices for the purposestated above have been 
used for a number of years with radium as the 
source of radiation. Because of the great cost of 
such material and the inherent limitation on the 
amount of radiation which can be obtained fron 
a naturally radioactive source of given. Size (Vol 
ume specific, activity), such devices have never 
been built to handle more than about 50 grams 
of radiuin. 
Beam forming devices using radium sources of 

1 to 20 grams have usually consisted of a pneu 
matic device for transporting the radium source 
from a shielded storage container, which protects 
the attendant personnel from irradiation, to a 
collimating device and then back to the shielded 
storage container. While Such a pneumatic 
transport system is satisfactory for handling ra 
diation sources of liaited strength, the possibility 
of sticking of the radiation Source in the transport 
tube in a position in which there is no protection 
for the attendant personnelinakes such a device 
extremely hazardous for use with very high in 
tensity gamma-raysources. 
In order to arrive at some estimate of the po 

tential danger inherent in the use of very high 
intensity gamma-ray sources, a comparison is 
given of the time required to receive a mean 
lethal-dose (assumed to be 250 roentgens over the 
whole body) of gamma-radiation from a 50 grain 
radium source and from a 1000 curie and a 
10,000 curie cobalt-60 source if the entire body is 
exposed at a distance of one meter from the 
SOUCe. 

Aethat eacpositre table 

Time-equired 

Approximately 6 hoirs. 
Aroximately li intinu; tes. 

... Aroximately, 1...minutes. 
50 Gian Radill -- 
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It becomes obvious from the above that the der 

gree...to which the device in which the Source will 
be used must be made failproof increases very. 
rapidly with the intensity of the Source to be used. 
Wery high intensity gamma-ray SGurces are noW 

available and will become increasingly available 
in the for of naterials, which have been made 
artificially radicactive, by exposure to neutrons 
in a nuclear reactor. Such materials can be made 
With a nuch higher rate of enlission of radiant 
energy per unit volume of Source (higher specific 
activity) than is possible with radium, or other 
naturally radioactive materials and at a much 
lower cost per unit of radiant energy. It is, there 
fore, now possible and economically practical to 
produce and use radiation sources with gamma 
ray emission equivalent to thousands of grarias 
of radium, 

Several mechanisms which may be used to 
form collimated beams of radiations by moving a 
radioactive source into position in line. With a 
hole in Surrounding radiation absorbing mate 
rial have been suggested. All of the devices which 
have been suggested have three major disadvan 
tages: First, they require power of Some Sort to 
move the source from the beam-forming to the 
completely surrounded position and the hazard 
of having the source in the beam-forning posi 
tion for longer than is safe if the power Supply 
fails is always present; second, it is extremely dif 
ficult to produce a mechanism which Will always 
position the source in exactly the Sarine location 
for forming the beam and any location difference 
will change the shapes of the ganina ray beam 
emerging from the device; and third, the prob 
lens of protection of personnel during the load 
ing of the radioactive source into a device Which 
requires that the radioactive source must. Sub 
sequently move, during the operation of the de 
vice are much more difficult of solution... than the 
similar problems with a device;in which the Source 
remains: fixed after it, has been loaded into the 
device. 
The invention has for its primary object the 

overcoming of the foregoing difficulties by pro 
widing a device-for-forming a collimated bean of 
penetrative radiations which will close of the 
beam automatically in case of failure of the Sup 
ply of power to the device and which makes provi 
sion for the easy loading into and unloading from 
the surrounding absorption material of the radio 

55 

active. SOLICe, 
A further object of the invention is to provide 

a device of the foregoing classin which the radio 
active source is stationary: during. operation. 
With the foregoing objects in mind, the in 
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vention is featured by the provision of a shielded 
container adapted to be loaded with and there 
after to hold an extremely intense radioactive 
source in a fixed position generally at its center, 
the shield being composed of radiation absorbing 
material of sufficient thickness to reduce the ra 
diation intensity at or near its surface to a toler 
able level and having a collimating slot extend 
ing from the location of said source to its Sur 
face for forming a beam of radiations, the shield 
also having a slot intersecting the collinating 
slot and adapted to receive a shutter of radiation 
absorbing material, the shutter being so mounted 
and arranged that, in the event of power failure, 
it will be moved by the force of gravity alone to 
its closed position, blocking said collimating slot, 
even in a wide variety of different positions of the 
container, the collimating slot also being prefer 
ably provided with an iris for adjusting the cross 
sectional area of the beam of radiations. 
The novel radioactive source holder, shield 

ing carrying container therefor and the Spe 
cial arrangement for loading of the source into 
the radiography container have been made the 
subject matter of a separate divisional applica 
tion co-pending herewith. 

Still another object of the invention is to pro 
wide a radiation beara-forning unit having a 
gravity operated shutter for closing off the beam 
and which will permit the proper functioning of 
such shutter in a variety of different positions of 
the device. 

Still a further object of the invention is to pro 
wide a device of the character described which 
may be loaded with a radioactive source or un 
loaded without danger to the operating person 
ne. 
With the foregoing objects, features and ad 

vantages in view, the invention consists of the 
novel features, combinations and arrangement 
of parts as disclosed in the following detailed de 
Scription taken in connection with the accom 
panying drawings which disclose a preferred en 
bodiment thereof and in which like nunerals re 
fer to like parts in the several views. 

Fig. 1 is a front view of the outside of the beam 
forming unit; 

Fig. 2 is a side view of the same; 

0 

5 

30 

35 

Fig. 3 is a bottom view of the unit which shows 
only the face of the iris; 

Fig. 4 is a section with portions cut-away on 
line 4-4 of Fig. 1 showing the shielding sphere 
shutter, shutter supports, shutter operating 
mechanism, and the iris; 

Fig. 5 is a section with portions cut-away on 
line 5-5 of Fig. 4 showing further details of the 
shutter, shutter supports, shielding sphere, and 
source cylinder; 

Fig. 6 is a fragmentary sectional view on line 
6-5 of Fig. 4 showing the details of the mov 
able mounting for the shutter supports on the 
shielding sphere; 

Fig. 7 is a fragmentary section on line - of 
FigS. 2 and 4 showing the movable mounting of 
the iris on the shielding sphere; 

Fig. 8 is a fragmentary sectional view taken 
on line 8-8 of Fig. 7 showing further details of 
the mounting of the iris; 

Fig. 9 is a sectional view on line 9-9 of Fig. 7 
showing further detail of the movable mounting 
of the iris; 

Fig. 10 is a view taken on line - ) of Figs. 2 
and 4 showing the iris; 

Fig. 11 is a partially diagrammatic view of one 
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4. 
of the block guides of the iris, including the Sup 
ports for the cable rollers; 

Fig. 12 is a schematic diagram showing the air 
rangement of the cables used to move the absorb 
ing blocks in the iris; 

Fig. 13 is an elevation with portions cut-away 
of the source holder; and 

Fig. 14 is a fragmentary representation illus 
trating the manner of loading the source cylin 
der into the shielding sphere. 

In the preferred embodiment here disclosed, 
the device consists of a shielding sphere 22 in 
which is mounted a shutter 2 which is novably 
connected to the shielding sphere 22 through the 
shutter support arm 24, the shutter Support bear 
ings 26, and the shutter support tracks 28. Said 
shutter 20 may be made to move linearly between 
the closed position in which it is shown in Fig. 2 
and the open position in which it is shown in 
Figs. 4 and 5 by means of a solenoid 30 or other 
device for producing linear motion. The Sole 
noid 30 acts through the solenoid core fork. 32, 
shutter lever 34, fulcrum fork 36, and shutter Sup 
port fork 38 to move the shutter 2. The motion 
of the shutter 2 to open position is just Sufficient 
that the collimating opening 4 is Square in 
cross-section in a plane perpendicular to the Wer 
tical center line of the device. When the Sole 
noid is not activated, the shutter 20 moves to 
closed position automatically; when the Sole 
noid 30 is activated by passing an electric current 
from a power source (not shown) through the 
Wires 42 and thence through the Solenoid 30, the 
shutter 20 is drawn into the open position. The 
shutter 25 is so mounted that the force of grav 
ity always acts in the direction of moving the 
shutter 20 to the closed position as will be de 
scribed below in the description of the Shutter 
mounting. Thus the shutter 20 is always in the 
closed position except when power is applied to 
the Solenoid 30. 
The Shielding sphere 22 is constructed of a 

strong material which also has the property of 
Strongly absorbing radiations emanating from 
the Source used, in this case gamma rayS. Such 
a material as tungsten, or an alloy containing a 
high percentage of tungsten is suitable. The 
Shielding sphere 22 may also be constructed of a 
Sturdy she which need not have the additional 
property of Strongly absorbing gamma rays but 
Which is filed with another material which has 
the property of strongly absorbing gamma rays. 
Such a combination of material as a steel shell 
filled with lead is Suitable. 
A slot 44 formed in the shielding sphere 22 pro 

Wides room for the insertion of the shutter 2 
and also forms three of the Walls of the collinnat 
ing opening a which is produced when the shut 
ter 2 is in the open position. The side of the 
slot 4 which is at the top in Fig. 4 is formed at 
an angle to a line perpendicular to the vertical 
center line of the device. This angle is approxi 
nately 20 degrees in the preferred form of the 
invention but may be slightly more or less with 
out affecting proper functioning. The slot 44 ex 
tends beyond the vertical center for a distance 
equal to one-half its own width. 
The shutter 28, like the shielding sphere 22, 

is constructed of a strong material Which also 
has the property of strongly absorbing ganna 
rays. Again like the Shielding sphere 22, the 
shutter 2 may be constructed of a she of a 
strong material which need not have the addi 
tional property of strongly absorbing gamma rays 

5 but which is filled with another material having 
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good absorption, characteristics. It is not necess 
Sary to... the invention that the same: material or 
combination of materials be used in the shutter 
2 as...is used in; the shielding sphere 22. 
The shutter 20...is. So shaped that it fits, closely 

into the slot. At in the shielding sphere 22 with 
Only, Sufficient clearance between the Walls of the 
Shutter 2 and the slot 3 to allow linear motion 
of the, shutter 29 with respect to the slot 44 in a 
direction parallel to theside of the slot. 4 which 
is at the top in Fig. 4. Further, the shutter 20 is 
Of Sufficient height and length that when it is in 
the closed position as: shown in Sig. 2, it mates 
with the: slot. 4 is: at, both the top. and bottom, in 
Suchi. a. Way that, the radioactive source: 46 is 
shielded on all sides by sufficient thickness of 
gamma ray absorbing material to reduce thera 
diation: intensity at or near the Surface, of the 
shutter 29, to a tolerable:evel. Further, the shut 
ter 20 is so shaped that when it is in the open 
pOsition as: shown in Fig. 4 the vertical inside wall 
of the shutter 2 extends sufficiently far along a 
line parallel to the vertical center line of the 
device SO. that the bottom of all of the four wer 
tical. Walls of the collimating opening 40 are in 
the Sane plane, said: plane being taken perpen 
dicular to vertical centerline of the device. 
The shutter 20 is movably mounted on the 

shielding Sphere: 22 through the shutter support 
arm 24, the shutter adjustment screws 48, the 
shutter adjustment pivots 52, the shutter adjust 
ment arms 50, the shutter support bearings 26, 
and the shatter Support tracks 28. The shutter 
Supportan 24 is a rigid member which a firmly 
fastened to the shutter. 2: through the shutter 
Support plates 54, and shutter Support ribs' 56 
which are, of course, firmly fastened to both the 
shutter: 20 and the shutter support arm. 2d. The 
Shutter Support airn 25 extends around the Out 
side of the shielding: Sphere. 22. The shutter ad 
justment. arns 5 are mounted on the shutter 
Supportarin. 24 by the shutter adjustment pivots 
52 around which said shutter adjustment arms 50 
are.free to rotate. The shutter support, bearings 
26 are mounted on the shutter adjustment: arms 
50 by the shutter support bearing pins 58 around 
which said shutter Support bearings 26 are free to 
rotate: Eight of the shutter support bearings 26 
have their axes of rotation on a line perpendicu 
lar to the plane. indicated by line: 4-4 and four 
of the shutter Supportbearings 2S, have their axis 
of rotation on a line: perpendicular to the plane 
indicated by line. 5-5. The shutter support bear 
ings 26: roll on the surfaces of the shutter support 
tracks, 28. The shutter adjustment screws; 48 
pass through internally threaded apertures in 
the shutter support. arm 2 and the ends of said 
shutter adjustment. Screws 48 bear on the end of 
the shutter adjustinent arms 5: Opposite to the 
end where the shutter adjustment pivots 52 are 
located. The shutter adjustment Screws: 48 may 
bernoved in early along their axes in the normal 
fashion of a Screw and Wil then bears down on 
the shutter"adjustment arms 5 causing the shut 
ter support bearings 26 to press against the shut 
ter. Support tracks28. By repeated. Successive ad. 
justments of the shutter adjustment Screws, ge 
the shutter may be-raised or lowered, moved from 
side to side, and turned slightly about both a ver, 
tical and a horizontal axis to permit the exact 
positioning of the shutter 2 within the slot, 44 
SO. that said Shutter 2: Will be free to move in 
early within Said slot 44 and parallel to the walls. 
of Said so. 44. 

- The shutter support, tracks 28 are made of a 
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strong hardt material such as steel. They are 
firmly attached to the: Outside, of the shielding 
sphere .22 and are, given support by shutter Sup 
port tracks ribs 60. Such as are shown in FigS. 4, 5. 
The horizontal surfaces of the shutter support 
tracks 28 are Smooth and are made parallel to the 
side of the slot 44, which is at the top in Fig. 4. 
The outer vertical surfaces of the shutter support 
tracks 28 are smooth, and are made to be parallel 
to the plane indicated by line 4-4 for at least 
a distance equal to the length of travel of the 
Shutter. 2). The shutter Support tracks 28 this 
form surfaces on which the shutter Support bear 
ings 26 ride to support the shutter 20 and to de 
fine the direction of travel of the shutter 20 SO 
that it moves freely and without binding within 
the confines of the slot 44. 
The shutter support fork 38 is firmly attached 

to the shutter Support, piate 54; the fulcrum fork 
35 is firmly attached to the Solenoid base 62; the 
solenoid core fork. 32 is firmly attached to the 
Solenoid core it. The Shutter ever 34 is a strong, 
rigid member which is rotatably attached to the 
fulcrum fork. 36. by the fulcrum fork pin 66 which 
passes through round holes in the fulcrum fork 36 
and the shutter lever 34. The shutter lever 34 is 
attached in a similar manner to the Solenoid core 
fork. 32, and the shutter support fork 38 except 
that, at these places a slot is provided in the 
shutter lever 33 in place of the round hole in. Or 
de; to permit, the required motion, when the shut 
tes' 23: is noved fro: the Open to the closed go 
sition. Or fron: the closed to the open position. 

le. Solenoid base. 32 is a cylindrical section 
which is firmly attached to the shielding sphere 
22. At east enough of the Solenoid base. 62 is 
rade of a ganna, lay absorbing material in Such 
a... shape that the ganna, rays from the radio 
active source intust pass through. Sufficient thick 
ness of absorbing material to reduce the radia 
tion intensity at or near the surface of the Sole 
noid cover 68. to a tolerable level. In the: en 
diment shown in the accompanying dra Wings, 

tine solenoid base $2 is a cylinder of the same:Ina 
terial or combination of materials, as the shield 
ing Sphere 22. The invention is not changed, 
iOWeyer, if the Solenoid base. is a hollow cylin 
dirical. Section in the nature of a cover and coin 
taining cally sufficient, absorbing material that 

50 

55 

the gamina, rays from the: radioactive Source 66 
allSit paSS, through, at least as much absorbing 
atterial before reaching the Surface in this di 

rection as they would if they passed through the 
shielding sphere 22, in any other direction and 
Containing furtheir such solid pieces as may be 
required to permit the fastening of the Solenoid 
39 or equivalent firmly onto the shielding sphere 
23, 
The solenoid cover 8 is a hollow piece which 

is relia Ovably in onted onto the Solenoid base, 62 
and cowgis the: Sciergig. 3, and which contains 
an Opéing through. Which the Solenoid core 4 
and the Solaaiii core fork. 32. pass. Said sole 
niid crer 53. Serves the Sua functions of a 
cover Su?i as protection fron dust and damage 
by kraggking and may be made of any suitable 
laterial. 
Tha axle it is a hollow shaft, passing through 

a's firmly attached to the shielding sphere 22 
and protruding from the sides of said shielding 
Sp;e e 2. to. form: trunnions by which the entire 
i87ice Gay be. Slipported. The axle O is part 
tially cut away at and near the center of the 
shielding. Sphere 33 where the axle. ... passes 
thicolagh; tie: slot. Sin, order to permit the shutter 
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20 to slide into the slot 44 and in order to elimi 
nate partial absorption of the gamma radiation 
from the radioactive source 48 which would OC 
cur if the rays were required to pass through 
the full wall of the axle 75. The axle 8 per 
forms the dual function of providing a means of 
supporting the entire device and of providing an 
opening for the insertion of the radioactive 
source 44 contained in the source cylinder 72. 
The hangers a which support the device may 

be of any type which will not permit lateral no 
tion of the device with respect to the hangers 
74 but which wili permit rotational motion of the 
device about the axle 78. The hange's 75 may 
be attached to any solid foundation. Such as the 
ceiling, waiis, or floor of a room. These hangers 
may be so arranged that translational notion of 
the device can be produced in any direction. 
Since the device may be rotated about the 

axle i (), it is necessary to indicate how the shut 
ter 20 will operate when the device is at any angll 
lar position other than the vertical position 
shown in the drawings. The device may be Op 
erated with gravity closure of the shutter 20 be 
tween the two positions at which the component 
of the force of gravity which acts in the direc 
tion of closing the shutter 26) is just Sufficient to 
overcorne the opposing frictional forces and cause 
the shutter 20 to close. Thus, one extreme po 
sition is with the gamma ray beam pointing in a 
generally downward direction with the shutter 
support tracks 28 in a nearly horizontal position 
but sloping downward slightly to the right as 
seen in a view taken on line 4-4; the other ex 
treme position is With the gamma ray bearin " 
pointing in a generally upward direction with 
the shutter support tracks 28 in a nearly hori 
zontal position but sloping slightly downward to 
the left as seen in a view taken on line 5-6; and 
all positions produced by rotation of the device 
from position one clockwise to position two are 
permissible. It may be seen by examination of 
the drawings (particularly Fig. 4) that a con 
ponent of gravitational force is acting in the di 
rection of closing the shutter 20 in any of the 
above-defined permissible positions. 

Referring to Fig. 13, the Source cylinder F2 is a 
thin-walled cylinder with an outside diameter 
nearly equal to the inside diameter of the axle 

but sufficiently smaller to permit the source 
cylinder 72 to slide freely within the axle . 
Said source cylinder 2 is made of a material of 
Sufficient strength and hardness to Support its 
contents and to permit it to side within the axle 
9 without binding. The radioactive source 43 

is a capsule which fits inside the Source cylin 
der T2 and which contains the radioactive na 
terial which is used as a Source of the ganna, 
rays which form the gamma ray beam. Said 
radioactive source 4G is positioned in the center 
of the source cylinder 2 between the two Source 
cylinder plugs . The Source cylinder plugs 6 
are made of a material Which has the property of 
strongly absorbing gamma rays, are fitted close 
ly to the inside diameter of the source cylinder 
12, and Serve the purpose of preventing unwant 
ed beans of gamma rays from coming out of the 
ends of the axle 3. 
The manner of loading the radioactive source 

46 into the Shielding sphere 22 is indicated in 
Fig. 4. The radioactive Source A6 and the Source 
cylinder plugs 6 have previously been loaded 
into the Source cylinder 2 in a working area, 
provided with the necessary safeguards and 
equipment. The Source cylinder T2 is then trans 
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ported to the beam forming unit in the auxiliary 
shielding container 8. The auxiliary shielding 
container T8 is made of a material which has the 
property of strongly absorbing ganna, rays or 
of a shell of a strong material Such as Steel which 
is filled with another material which has the 
property of strongly absorbing gamma rays. 
Said auxiliary shielding container 78 may have 

any convenient shape provided only that it pro 
vide Sufficient thickness of absorbing material to 
reduce the intensity of radiation outside it to a 
tolerably low level and that it contain a cylin 
drical hole of the Sanne dimension as the inside 
dimension of the axle 76, said hole to contain the 
Source cylinder 12 during transport. In order to 
load the radioactive Source 46 into the beam 
forming unit, the hole in the axle 40 is aligned 
With the hole in the auxiliary shielding con 
tainer 8 which contains the source cylinder 72 
and the latter is pushed out of the hole in the 
auxiliary shielding container 8 and into the hole 
in the axle 70 using a ram 80. Thus, the radio 
active Source 46 is always Surrounded by Sufi 
cient absorbing material to reduce the radiation 
intensity to a level which is tolerable to the people 
near it except for the moment when it is actually 
being loaded into the beam forming unit. If 
desired, it is possible to provide additional gamma, 
ray absorbing material Surrounding the Space 
between the beam forming unit and the auxiliary 
shielding container 8 to reduce the radiation 
intensity in the Surrounding area, during the 
moment of loading. Even if no such additional 
protection is provided, however, the persons who 
are doing the loading are to a great extent pro 
tected by interposing the auxiliary shielding con 
tainer 3 between their persons and the radio 
active source 46 during the moment of loading. 
If it is desired to remove the radioactive source 
iS for replacement or to make the maintenance 
of the beam forming unit easier, the above pro 
cedure is reversed and the radioactive source 46 
is pushed from the bean forming unit into the 
hole in the auxiliary shielding container 78. 
The iris 82 and the manner of its attachment 

to the shielding Sphere 22 will now be described. 
On the botton of the shielding sphere 22 and 

firmly attached to or forming a continuous part 
Of the same is a cylindrical annulus which will 
be designated as the scatter shield upper section 
84. This Section 84 is constructed of a strong 
material which also has the property of strongly 
absorbing ganna, rays. It may be constructed 
of a shell of a strong material which need not 
have the added property of strongly absorbing 
gamma rays but which is filled with another 
material Which has the property of strongly ab 
SOrbing ganna, rays. In conjunction with the 
iris scatter shield 86 and the upper absorbing 
blocks 88 and lower absorbing blocks 90, the 
scatter shield upper Section 84 Surrounds the path 
of the ganna ray bean between the botton end 
of collimating opening 40 and the bottom end 
of the iris 82 and reduces the amount of gamma, 
radiation which passes Out of the iris in any 
direction other than the direction of the original 
beam. 
The iris 82 is best described by referring to 

Figs, 3, 4, 16, 1 and 12 and its movable attach 
ment to the shielding sphere 22 is best described 
by referring to Figs. 4, 7, 8 and 9. The iris 82 
consists of the upper absorbing blocks 88, the 
lower absorbing blocks 90, and guides for the 
same, and means for moving the blocks of each 
pair toward and away from each - other. The 



2;8704:43 
9 

function of the iris 82 is to collinate; the ganna 
ray bean further after it passes out of the cgl. 
limating opening 46 and to vary the size and 
CrOSS-Sectional shape of the bean by positioning 
absorbing blocks in such a way that they alsor 
part of the radiations, and to reduce the amount 
of gamii.3, railiation whi£h passes out of theiris 
in any direction other than the direction of the 
Original beam. 

Referring now to Figs. 4 and 10, it may be 
Seen that the two sets of absorbing blocks S3 
and 90 are movably mounted in the iris one set 
above the other and with the direction of motion 
of the two sets of blocksmutually-perpendicular 
a.S. Seen in Fig. 10 and perpendicular; to the river. 
tical center line of the device. The blocks are 
composed of material having the desired radia 
tion absorption characteristics. In addition, the 
blocks may have a piece inserted along their 
edges nearest the vertiga, ceriter;line, of the de 
Vice, Said piece being fade of a material which 
has the property of a Sorbing gainnina rays, excep 
tionally Strong. This inserted piece would serve 
the function of absorbing very strongly the edge 
of the garnina, ray bean as it passes through the 
it is and thus of producing a ganizina, ray bearin 
With very Sharply defined edges. 
The means for moving the two sets of absorb 

ing blocks 33 aid will noty, he described. Fig. 
12 shows 3, schematic diagra: ... of the arrange 
illent for producing notion of one set of absorb 
iing lock.S, that of the other set being identical 
except for direction of noids, 
In Order to produce a gamiya, ray bear the 

Center of Which is always coincident with tie 
Weitical ceiter line. of the device, it is desirable 
to use. a reais of adjusting the distance of sepa 
ration of the two absorbing blocks in each pair 
of blockS, Sugh that both blocks in each pair. are 
roi. Only ringved by the adjustinent of a single 
control, but t2&t they will be moved toward or 
a Way from each other the Sane distance by ad 

Stinent of that control. 
For Convenience in describing the reas of 

producing the motion of the blocks, Fig. 12 will 
be taken to represent the lower absorbing: blocks 
96), but in actuality it could be taken to repre 
sent the upper absorbing blocks 88 as well. 
An iris' control Screw 32 is rotataily mounted 

in the iris cover .34. Motion of the iris controi 
Screw 2 along its own: axis is prevented in. One 
direction by the iris control. knob S6 and in the 
other, direction by the iris control collar:98. The 
iris. Control Screw 92, is threaded into the iris 
control drive backet fles which is firmly at 
tached to One of the pair of absorbing blockscal 
Which is inset into the edge of , the absoring 
block. Rotation of the iris control knob and 
Screw noves the bracket ... and block 290 insa, 
direction along the axis of the iris control screw. 
The blocks 9 are interconnected by a pair; of 
cables. 0.2. Which nake the absorbing block. Which 
is not attached to the iris, control drive bracket 
perform the desired notion, Referring to Fig. 
12, it Will be seen ...that When the iris : irol 
knob 96 is turned to move the bracket 66 girl 
wardly, or outwardly the two blocks. Willmoye 
toward or away from each other, an equal dis 
tance. 
A similar cable system 04 operates the other 

set of blocks 88 under the control of the knob-li, 
The absorbing blocks are mounted between 

block guides 8 of the type indicated in the 
schematic view of Fig. 11 so that only linear 
motion in the desired direction is produced by 
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the action of the iris control knob and the as 
Sociated notion producing equipment. 
The iris 82 is rotatably and removably mounted 

On the shielding sphere 22 through the iris sup 
port : i, the outer iris ring 3, the iris support 
wheels 4, and the iris support track 6. The 
iris support track - 6 is firinly attached to the 
Scatter shield upper section. 83. The iris. Support 
wheels 6 ride on the surfaces of a V-shaped 
notch cut in the outer surface of the iris, support 
track 8. Said iris support wheels its arear 
ranged in pairs about the circumference of the 
iris support track 6 with one of each pair 
riding. On one surface of the notch and the other 
of each pair riding on the other surface of the 
notch. The outer iris ring 2 is attached to the 
iris: support wheels is 4 through the iris support 
wheel mounts i8 which are adjustable in posi 
tion to permit the iris Support wheels. i. A to be 
so located that they will ride accurately on the 
surfaces of the notch in the iris support track 
| 6. It may be seen that the outer iris ring : i. i2 
is thus rotatably attached to the scatter shield 
upper Section 8 regardless of the position of the 

5 device. 
The iris Support - it is attached to the iris 

cover 94 through iris Support screw 20 and iris 
support mount 22. Said iris support f AO is 
prevented from rotating within the iris support 
mount 22 by a pin 24, which rides, within a slot 
in the iris support S. Rotation of the iris, sup 
port, knob. 26 causes the iris Support, Stoneye 
in and out of the iris. Support, mount 22. Three 
iris Supports. and their associated neuntings 
are arranged equidistant around the circumfer 
ence of the iris. 82 and may be aligned with three 
equally spaced apertures in the outer iris ring 
{{2. When so arranged, the iris supports 6 
nay be moved into the apertures in the outer 
iris ring 2 by turning the iris Support knobs 
23 and the iris 82 thus be attached to the outer 

iris ring 2. The iris 82 may be removed by 
reversing the above process. A slot is, provided 
in the router iris ring 2 as indicated in Figs. 
and 9 to facilitate the alignment of the iris 

supports and the apertures in the outer iris 
ring 2. 
The device of the invention has been illus 

trated as adapted for use with a strong emitter 
of gamma, rays, such as cobalt-60, since for 
therapeutic and radiographical purposes such 
radiation, at present, appears to have the great 
est practical value. It will be understood, how 
ever, that modifications and changes, primarily 
as to the nature of the absorbing material en 
ployed in the shielding members, will be readily 
apparent to those skilled in the art to adapt the 
unit for use with other radioactive sources emit 
ting predominantly other types of penetrative 
radiations. For example, sources of neutrons 
might be employed necessitating the employinent 
of paraffin or other material of like, character 
istics in the shield. 

Still other modifications and changes, may oc 
cur to those skilled in the art within the Spirit 
and scope of the appended claims. 

O 

s 

Having described our invention, we claim: 
. A radiation bean forning. Init. Which coin 

prises...a shield having an internal chaineerior 
holding a radioactive Source, Said, Shield having 
a collinnating slot extending from an external 
Wall into said chamber for forming radiations 
from said source into a beam and a Second Slot 
transversely intersecting said collinating slot, 
and ...a, shutter movably mounted in Said second 
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slot, Said shutter being shiftable from a closed 
position Shielding said collinating slot and in 
terrupting Said beam to another position leaving 
Said slot clear for the passage of said beam, said 
shield and shutter being composed of radiation 
absorbing material of Sufficient thickness to re 
duce the intensity of radiation at the outer Sur 
face of Said unit to a tolerable level and said sec 
Cnd slot being so positioned that in normal use 
of said unit said shutter will be urged to its 
closed position by the force of gravity. 

2. A radiation beam folning unit capable of 
being readily loaded and unloaded With a radio 
active Source Without endangering operative per 
SOhinel which comprises a Shielding nerinber hav 
ing a central bore therein, an elongated Source 
holder insertable in said bore directly from a 
Shielding container thereof, Said holder being 
composed of radiation absorbing laterial and 
having a Source holding portion intermediate its 
length for holding a radioactive Source, Said 
Shielding member having a collimating slot ex 
tending fron an exterior Wall into said bore 
at the location of Said source holding portion of 
said holder when said holder is in place in said 
bore, Said member also having a second slot in 
tersecting Said collimating Siot at an angle there 
to, and a shutter composed of radiation absorb 
ing material movably mounted in Said Second 
slot and shiftable from an open position to a 
position effectively blocking the escape of radia 
tions through Said collinating slot, Said Second 
slot being directed at Such an angle that in the 
normal use of the unit Said Shutter will be gravity 
operated to its closed position. 

3. A radiation beam forning unit capable of 
being readily loaded and unloaded with a radio 
active Source without endangering operative per 
Sonnel which comprises a shielding member hav 
ing a central bore therein, an elongated source 
holder insertable in Said bore, Said holdier being 
composed of radiation absorbing material and 
having a Source holding portion intermediate its 
length for holding a radioactive Source, Said 
Shielding member having a collimating slot ex 
tending from an exterior wall into Said bore at 
the location of Said Source holding portion of 
Said holder. When Said holder is in place in Said 
bore, Said member also having a Second slot 
interSecting Said collinatining slot at an angle 
thereto, a shutter composed of radiation absorb 
ing material novably mounted in Said Second 
slot and shiftable from an open position to a 
position effectively blocking the escape of radia 
tions through Said collimating slot, Said second 
slot being directed at Such an angle that in the 
normal use of the unit said shutter Will be gravity 
operated to its closed position, and an iris a S 
Sociated with Said collimating slot to control the 
CrOSS-Sectional area of Said bean. 

4. A unit for forming a beam of penetrative 
radiations from a radioactive Source Which com 
prises a generally Spherical shield of radiation 
absorbing material, a mounting for said shield 
permitting rotation thereof about an axis, said 
Shield having an opening along said axis for the 
reception of Said Source and a collimating slot 
extending radially from Said opening for the 
paSSage of a beam of radiations from said source, 
Said shield also having a second slot intersecting 
Said collinating slot at an angle which is directed 
downwardly in normal positions of said unit, a 
shutter of radiation absorbing material movably 
held in Said Second slot and operable by the force 
of gravity to closed position across said collimat 
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12 
ing slot to block off said beam and means for 
opening Said shutter against said force. 

5. A device in accordance with claim 4 in which 
Said ineans comprises a Solenoid connected to 
said Shutter by a lever System. 

6. A unit for forming a beam of penetrative 
radiations fron a radioactive Source which com 
prises a generally spherical shield of radiation 
absorbing material, a hollow axle extending 
through said shield with the ends thereof pro 
truding on either side of said shield to form 
trunnions for rotatably mounting the same, the 
opening in Said axle being adapted to receive 
a radioactive Source, Said shield and axle having 
adjoining slots forming a single collinnating slot 
extending radially outwardly from the position 
of Said Source When inserted in Said axle to an 
external wall of Said shield, Said shield also hav 
ing a second slot intersecting said collimating 
slot at an angle which is tilted downwardly in 
normal positions of Said unit, a shutter novably 
held in said Second slot and operable by the force 
of gravity to closed position across said colli 
nating slot to block off Said bean and means 
for opening Said Shutter against Said force. 

7. A radiation beam forming unit comprising a 
Shielding member having a central bore therein, 
an elongated Source holder insertable in Said bore, 
Said holder being formed of radiation absorbing 
imaterial and having a Source holding portion in 
termediate its length for holding a radioactive 
Source, said shielding member having a collinnat 
ing slot extending from an exterior Wall per 
pendicularly into said bore at the location of Said 
Source holding portion when Said holder is in 
place in Said bore, Said Shielding member also 
having a Second slot formed therein and inter 
Secting said collimating slot at an angle thereto, 
a shutter formed of radiation absorbing material 
slidably mounted in said second slot and movable 
from an open position to a position effectively 
blocking the escape of radiation through Said 
collinnating slot, said second slot being directed 
at such an angle that in the normal use of the 
unit said shutter Will be gravity operated to its 
closed position, and means for moving Said shut 
ter to said open position against the force of 
gravity. 

8. A radiation beam forming unit comprising a 
shielding member having a central bore therein, 
an elongated source holder insertable in Said bore, 
said holder being formed of radiation absorbing 
material and having a source holding portion in 
termediate its length for holding a radioactive 
Source, said shielding member having a collimat 
ing slot extending from an exterior Wall perpen 
dicularly into said bore at the location of said 
Source holding portion. When Said holder is in 
place in said bore, said shielding member also 
having a Second slot formed therein and inter 
secting said collimating slot at an angle thereto, 
Supporting tracks Secured to Said Shielding mem 
ber and disposed parallel to the axis of said sec 
Ond slot, a shutter formed of radiation absorbing 
material provided with supporting bearings ar 
ranged to ride on said supporting tracks and slid 
able in said slot from an open position to a posi 
tion effectively blocking the escape of radiation 
through said collimating slot, said second slot 
being directed at such an angle that in the normal 
use of the unit said shutter will be moved to its 
closed position by the force of gravity, a solenoid 
Connected to Said shutter through a lever system 
for moving said shutter to said open position. 
against the force of gravity, and an adjustable iris 
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Surrounding said collinating slot to control the 
Cross-sectional area of said beam. 

9. A radiation beam forming unit comprising 
a shielding member having a central chamber 
therein for holding a radioactive source, Said 
shielding member having a collimating slot ex 
tending from an exterior wall into said central 
chamber, said shielding member also having a 
second slot formed therein and intersecting Said 
collimating slot at an angle thereto, a shutter 
formed of radiation absorbing material slidably 
mounted in said second slot and movable from 
an open position to a position effectively blocking 
the escape of radiation through said collimating 
slot, said second slot being directed at such an 
angle that in the normal use of the unit said 
shutter will be gravity operated to its closed 
position, means connected to said shutter for 
moving said shutter to said open position against 
the force of gravity, and an adjustaile iris sur 
rounding said collinnating slot to control the cross 
Sectional area of said beam. 

10. A radiation beam forming unit comprising 
a shielding member having a central bore therein, 
a mounting for said shielding member permitting 
rotation thereof about the axis of said bore, an 
elongated Source holder insertable in said bore 
and having a source holding portion intermediate 
its ends for holding a radioactive source, said 
shielding member having a collinnating slot ex 
tending from an exterior Wall into Said bore at 
the location of said source holding portion when 
Said holder is in place in Said bore, said shield 
ing member also having a second slot formed 
therein interSecting said collimating slot at an 
angle thereto, a shutter formed of radiation ab 
SOrbing material slidably mounted in said second 
slot and novable from an open position to a 
position effectively blocking the escape of radi 
ation through said collimating slot, said second 
slot being so directed that in the normal rotation 
of Said unit about the axis of said bore said shut 
ter will be gravity operated to its closed position, 
means for moving said shutter to said open posi 
tion against the force of gravity, and an iris sur 
rounding Said collimating slot to control the cross 
Sectional area of said beam. 
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14 
11. A radiation beam forming unit comprising 

a shielding member having a central bore therein, 
mounting trunnions secured to said shielding 
member coaxially with said bore permitting ro 
tation of said member about the axis of Said 
bore, an elongated Source holder coextensive with 
Said bore insertable in Said bore and having a 
Source holding portion intermediate its ends for 
holding a radioactive source, said shielding men 
ber having a collinating slot extending from an 
exterior wall into said bore at the location of Said 
Source holding portion when said holder is in 
place in said bore, said shielding member also hav 
ing a second slot formed therein disposed per 
pendicular to Said bore and interSecting Said col 
limating slot at an angle thereto, a shutter formed 
of radiation absorbing material slidably mounted 
in said second slot and movable from an open posi 
tion to a position effectively blocking the escape 
of radiations through said collinating slot, said 
second slot being directed at Such an angle that 
for the rotation of Said unit about the axis of Said 
bore encountered in normal use said shutter Will 
be gravity operated to its closed position, electro 
mechanical means for moving said shutter to 
said open position against the force of gravity, 
and an iris including a plurality of blocks of 
radiation absorbing material adjustable in posi 
tion relative to the axis of said collimating slot to 
control the cross-sectional area. Of Said bean. 

JOHN C. PENNOCK. 
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