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UNITED, STATES PATENT OFFICE 
2,533,701 

COLLIMATING SHIELD 
Robert D. Watt and Warren N. Watson, El 

Cerrito, Calif, assignors to the United States 
of America, as represented by the United States 
Atomic Energy Commission 

Application January 11, 1950, Serial No. 138,024 
(C. 250–08) 19 Claims. 

This invention relates to collimating appara 
tus and more particularly to collimating ap 
paratus adapted for use in conjunction with 
beams of accelerated charged particles requiring 
Shielding against radiation therefrom. . 
AS is known, the requirements for Shielding 

against radiation from the bealms of high energy 
particle accelerators presentS the anomalous 
problem of Simultaneously prowiding a Small 
aperture for Such beam through the Shielding 
structure and yet providing for variations in the 
axis of the beam, which latter normally, requires 
a larger aperture. Various forms of apparatus 
enabling adjustment of the axis of a Small aper 
ture through Shielding Structure have been Sug 
gested, but so far as known, all such arrange 
ments have required time-consuming methods of 
adjustment whenever the axis of the beamshifts 
and adjustment of the aperture becomes neces 
Sary. In Some high energy accelerator installa 
tions, Shielding by means of concrete hawing 
thicknesses in the Order of ten feet is employed 
and as a consequence the shielding provided by 
the collimating means should approximate this 
Same Shielding Value Since Otherwise a danger 
Zone might exist through an otherwise safely 
Shielded area. Accordingly, the rapid adjust 
ability of the collimating shield should not be 
obtained at the expense of adequate overall 
shielding. Moreover, the functional relationship 
between the collimating shield and the particle 
accelerator, as for example, the maintenance of 
the Vacuum of the accelerator tank upon the 
collimating Structure, must be considered even 
while providing the above-mentioned shielding 
and adjustability factors. 
An important object of the invention there 

fore, is to provide a new and improved combina 
tion of a, particle accelerator and a collimating 
Shield. 
A Second object is to prowide a rapidly adjust 

able collimating shield. 
Another object is to provide an elongated ad 

jlistable collimating shield affording a shielding 
effect commensurate with the surrounding struc 
tural Shielding effect. 
- Still another object is to provide an improved 
combination of collimating shield and beam 
position determining means. 

A. further object is to provide an improved 
means for adjusting the relative positions of the 
Component parts of a collimating shield. 
Stilla further object is to provide an improved 

mounting for a collimating shield maintained 
?under high wacuum conditions. , . 

2 
Other Objects and advantageS Will becOne more 

apparent as the description proceeds when con 
Sidered in conjunction With the accompanying 
dra Wings in Which 

Figure 1 is a diagrammatic View showing the 
relation Of the Severa? elementS Of Our improved 
particle accelerator System. 

Fig. 2 is an end elevation Of the COllimating 
Shield aSSembly, the Surrounding Structural 
Shielding being Omitted; 

Fig. 3 is a longitudinal Sectional View taken Oh 
i line 3–3 of Fig. 2; 
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Fig. 4 is an end elevation of the inner portion 
of the Shield taken On line 4–4 Of Fig. 3; 

Fig. 5 iS a Sectional View taken On line 5– 
of Fig. 3; 

Fig. 6 is a view, partly in Section, of the drive 
end Of the Shield; 

Fig. 7 is a detail View, partly in Section and 
taken On line –7 of Fig. 5, showing the gear 
arrangement at the drive end of the shield; 

Figs. 8, 9, 10 and 11 are Schematic ViewS show 
ing the displacement Of the axis Of the inner 
most tube Of the Shield during rotation Of the 
two outermost tubes through Successive quad 
rants, while the two innermost tubes are re 
strained from rotation; and 

Figs. 12, 13, 14 and 15 are Schematic ViewS 
showing the displacement of the axis of the 
innermost tube of the shield during rotation of 
the two innermost tubes through successive quad 
rants, while the two outermost shields are re 
Strained from rotation. | 
i Referring first to Fig. 1 a preferred arrange 
ment for employing our invention is diagram 
matically illustrated in which a conventional 
particle accelerator 8 is to be used to direct a 
beam i å of charged particles upon a target 12. 
Such an accelerator may comprise either the 
well-known linear accelerator or Similar type in 
which the charged particles are directed in a 
substantially straight path, or may comprise the 
well-known cyclotron, synchrocyclotron, beta 
tron, bevatron, synchrotron or analogouS types 

* wherein the charged particles are deflected to 
ward the target after traversing a rotary path 
within the accelerator. In any ewent the high 
Vacuum employed within such accelerator is 
maintained in the practice of our invention 
within an elongated hollow conduit 3 connect 
ing the accelerator with the collimating shield 
indicated generally at i 4 and disposed within 3 
massive shielding structure i 5. 
Whenever required a suitable beam focusing 

m?ans i 6 of conventional construction may be 



2,533,701 
3 

employed to narrow the beam from the accelera 
tor 3 and to direct the same upon the aperture 
aligning target 7, later to be described. As will 
appear later from the description, a Skitable 
marking means i 8 alsomay be adjustably Secured 
upon the outer end of the collimating Shield 4 
for the purpose of prowiding an indication of the 
precise spot at which the beam emerges from 
the properly positioned collimating aperture and 
thusserve in the positioning of target i 2 in inter 
secting relation to beam i i. 

Passing now to Fig. 3 it will be noted that the 
collimating shield i 4 includesa plurality ofnested 
elongated hollow rotatable tubes 20, 20, 220 and 
320, respectively, of larger diameters. For a pur 
pose later to become apparent, the axis of the 
bore of each tube is inclined with respect to the 
axis of the tube and in the assembled structure 
theseaxes intersectat the same end of each tube. 
Moreover, in their assembled relation the ends 
of the tubes at which their bore and tube axes 
intersect, hereinafter called the common Con 
centric ends, are disposed facing the direction 
from which the beam enters the collimating 
shield. 
As shown in Fig. 4 the nested tubes are mount 

ed within a stationary tubular bushing 2 haV 
ing its bore axis parallel to the bushing axis and 
such bushing is disposed securely within the 
outermost end of the conduit 3 leading from the 
accelerator. For convenience, the bushing 2 is 
shown as having its bore displaced from the bush 
ing axis thereby to provide an enlarged cross Sec 
tion suitable to mount rotatable shafts 22 and 23 
and an elongated rotatable conduit 24. InSOfar, 
howewer, as the function of bushing 2 is con 
cerned, a bushing of Suficiently large CroSS Sec 
tion disposed concentrically within conduit 3 
would be equally well adapted and the invention 
therefore is not intended to be limited to the 
form of bushing as shown. Since the Shielding 
effect of the collimating apparatus with respect 
to energetic particles striking the same along the 
longitudinal axis thereof preferably should ap 
proximate the Shielding effect of the shield struc- i 
ture 5, the relatively Short bushing 2 i may be 
formed of a good Shielding material such as lead, 
preferably molded within a Suitable casing, and 
the rotatable tubes may be formed of braSS. In 
one satisfactory arrangement employing a con- 5i 
crete Shield 5 ten feet thick, adequate Shield 
ing Was Secured When the Casing for bushing 2 
had a length of 44% inches and the rotating 
tubes had lengths commensurately longer and of 
the order illustrated by the drawings. 
Although not shown in Fig. 3 it will be appre 

ciated that the concrete shielding i 5 Surrounds 
closely the conduit 3 adjacent the end which 
terminates in flange 25. To this flange a n?SSiye 
mounting plate 30 hawing a centrally disposed 
aperture is adapted to be detachably Secured as 
by boltS 3, assisted during assembly and dis 
asSembly by means of Owerhanging brackets 32, 
33 and 34 through which extend set screws 33, 
36 37, respectively. Interposed between said, 
flange and plate is a Sealing gasket 38 adapted 
to be compressed upon tightening of bolts 3 but 
hawing an internal abutment Section prewenting 
undue deformation of the gasket. One form of 
Seal which is Suitable for this purpose and is 
Satisfactory for Sealing the high Vacuum existing 
inside plate 30, is disclosed in the Copending ap 
plication of Warren W. Chupp, Serial No. 50,721, 
filed September 23, 1948. 
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4 
thin diaphragm, 40 which is pervious to the bean 
of charged particles but which has Suficient 
strength to withstand the pressure difference be 
tween the interior and exterior of the ewacuated 
system, is securely mounted. Such diaphragm 
may be secured in clamped relation between tWo 
adjoining discs 4 and 42 which in turn may be 
held in place on the exterior of the plate aperture 
as by set screws 43. The diaphragm may be of 
any conventional material for this purpose and 
is of a diameter greater than the largest diameter 
occupied by any part of the bore of the innermost 
tube 20 during displacement thereof in operation 
Of the apparatuS. 
In addition to prowiding a Sealed cover for the 

collimating shield, plate 30 also serwes to Sup 
port the driving means for the internal mecha 
nism of Said Shield and is prowided with a depend 
ing framework having a Vertical Sheet 50 and a 
horizontal Sheet 5 with Strengthening Web Sec 
tions 52 Welded therebetween to insure rigidity 
of the composite structure. By means of Suit 
able boltS 53 and adjusting Set Screws 54, hous 
ingS for reversible electric motorS 55 and 56 are 
mounted upon Said framework. These motors 
preferably are identical in rating and are mount 
ed in Such a manner that a balancing of torques 
upon the Supporting framework may be effected 
during Simultaneous rotation of Such motors. 
Through conventional motor pulleys 57 and 58 
driving Shaft pulleyS 59 and 60 by means Of belts 
6 and 62, the reSpective motorS 55 and 56 nay 
thus transmita rotary movement to the collimat 
ing Shield elementSnow to be described. 
As best shown in Fig. 2, pulleys 59 and 60 are 

rigidly afixed to shafts 69 and 70 which are 
IIOunted for rotation Within brackets affixed to 
the exterior of plate 30. Shaft 69 is prowided 
with a threaded section i intermediate itslength 
and terminates in a worm section 72 adapted to 
mesh With a wOrm gear i 3 affixed to the e?on 
gated Shaft 22 Which is mounted in Sealed rela 
tion, not shown, Within plate 38. Similarly, Shaft 
70 is prowided with a threaded Section i 4 inter 
mediate its length and terminates in a WOrm sec 
tion 75 adapted to mesh With a worm gear 76 
afixed to the elongated Shaft 23 which likewise 
is mounted in Sealed relation, not shown, within 
plate 30. 
As shown in Figs. 3, 5 and 7, a recessed mount 

ing plate 80 is affixed to the end of bushing 2 i 
and prowides a cantilever Support for a Short Stub 
Shaft 8 having gears 32 and 83 thereon. The 
projecting end of elongated drive shaft 23 is pro 
wided with dual gears 84 and 85 adapted to mesh 
respectively with the periphery of a flat gear 
plate 86 affixed to the end of tube 220 and With 
the gear 82 On Said Stub Shaft. In turn, the gear 
83 on said Stub shaft is adapted to mesh with a 
flat gear plate 8. affixed to the end Of tub? 32, 
whereby upon rotation of shaft 23 by motor 56 the 
respective outermost tubes 223 and 326 may be 
rotated in Opposite directions at a Uniform rate. 
For purposes of avoiding any lengthwise slippage 
of One tube with respect to the other, a stationary 
projection 88 afixed to stationary bushing 2 
rides in groove 89 in the Outer periphery of tubé 
320 While a Similar projection 93 affixed to tube 
320 rides in groOWe 9 i On tube 223. w 

Neglecting for the moment the drive for the 
remaining Set of tubes and referring now to Figs. 
8 to 11, inclusive, it will be noted that point A 
representing the point in Space corresponding to 
the axis of the aperture of the innermost tube. 

Within the aperture of pl?t? 30 a suitable 7:5, 20 at its end nearest the accelerator 10. coincides 
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in a vertical plane of elevation with point Brep 
resenting the point in space corresponding to the 

| axis of the aperture of that sane tube at its end 
farthest from Such accelerator, whenever the Sev 
*eral tubes Occupy the respective positions shown 
in Fig. 8. In the ewent that the axis of the bean 
coming from accelerator i 0 fully coincided with 
the axis between such points A and B, the loca 
tion of the tubes shown in Fig. 8 according?y 
would represent the position of the collimating 
shield for optimum performance. As is known to 
those skilled in the art, howewer, the axis of the 
beam may Wary and should this Wariance be in a 
vertical plane, rotation of tubes 220 and 322 in 
Opposite directions With the tubes 23 and 23 be 
ing restrained from rotation, will serve to bring 
the axis A-B of the innermost tube into coinci 
dence With Said beam axis Variation. AS Seen in 
Fig. 9, by moving tubes 220 and 328 through 90 
degrees in opposite directions and With the gear 
ing arrangement above described, the point B 
may be dropped a distance C below the point A 
which remains fixed due to the mounting ar 
-rangement of the Several tubes With their com 
„mon concentric ends. Further opposite rotation 
of said tubes 220 and 320, as indicated in Fig. 10, 
serves to bring points A and Bagain into coinci 
dence in the vertical plane of elevation while still 
further opposite rotation of Said tubes 229 and 
320 Serves to raise point B a distance D. which is 
equal in scalar value to distance C. As will thlis 
be apparent, by focusing a beam upon point A, 
which beam tends to wary in a vertical plane no 
greater distancethan C below point A ordistance 
Dabove point A, it now becomes possible to col- : 
limate the wariable beam by means of the struc 
ture above described. 

i Referring again to Figs. 3, 5, 6 and 7 it will be 
seen that drive shaft 22 extends through a re 
cessed mounting plate 95 afixed to the end of 
bushing 21, which plate prowides a cantilever Sup 
port for a short stub shaft 36 having gears 95 
and 98 thereon. The projecting end of drive 
shaft 22 contains dual gears 99 and 3 which 
are adapted to mesh respectively with the periph 
ery of a flat gear plate 3 i afixed to the end of 
tube 20 and with the gear 33 on said Stub shaft 
96. In turn, the gear 98 on said stub. Shaft is 
adapted to mesh with a flat gear plate ?02 af 
fixed to the end of tube 29, whereby upon rota 
tion of motor 55 the respective innermost tub3S 
20 and i 20 may be rotated in opposite directions 
at a uniform rate. For purposes of avoiding any 
lengthwise slippage of these tubes a projection 
|03 on tube 220 rides in groove (94 of tube 28 
while a projection i 65 on tube 28 rides in grcowe 
|06 Of tube 20. 
Referring now to Figs. 12 to 15, inclusive, and 

| assuming the outermost pair of tubes represented 
therein are restrained from movement while the 
innermost pair of tubes 20 and i 20 are oppositely 
rotated by shaft 22, it will be noted that in Fig. 
12 with the tubes occupying the respective posi 
tions shown, the points A and Bin space coincide 
in a vertical plane of elevation. Upon opposite 

i rotation of tubes 20 and 120 through 90 degrees 
as shown in Fig. 13, point B may be moved hori 
zontally to the left a distance E. Further Oppo 
site rotation of tubes 20 and i 20, as indicated in 
Fig. 14, again brings the points A and B into co 
incidence in a vertical plane of elevation while 
stillfurther opposite rotation of tubes 20 and i 20, 
as shown in Fig. 15, serwes to mowe point Bia 
distance F horizontally to the right. Distances 
E-and Fare equal in scalar value, but are not 

S 
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mecessarily and not preferably equal to the dis 
tances C and D, since such distances are depend 
ent essentially upon the angles between the axis 
of the bore and of the tube in each case. 

It Wilnow be ewident that by appropriate rota 
tion of the respective tubes the point B repre 
Senting the axis at the Outlet end of the inner 
tube 20 may be positioned at any point within 
a rectangular area which has one axis equal to 
the distance C--D, and the other axis equal to 
the distance E--F. This effective area, howewer, 
may be further enlarged as will be moted from: 
an inspection of Fig. 4 wherein it is shown that 
tubes: 320 and 220 have their maximum and mini 
mum eccentricities disposed on the horizontal 
plane While tubes 20 and 20 have their maximum 
and minimum eccentricities disposed On a Vertical 
plane. In Other Words, the Outer pair of tubes 
are Shifted 90 degrees from the companiom inner 
pair Of tubeS. 

i In Order to increase the effective area Scanned 
by point B it is possible, firstly, to mount the two 
sets of tubes at Some angle other than 90 degrees 
between their extreme eccentricities, or Secondly 
to position the Outer tubes 320 and 220 with their 
maximum eccentricities in a plane Other than 
horizontal with reSpect to the bushing 2 i, Such 
modifications are intended to be comprehended 
Within the Scope of our invention as Well as the 
use of Only a single set of two tubes arranged to 
scan, through a single plane as shown in Figs. 8 
to 11 or in Figs. 12 to 15, Orthe use of two, Ormore 
tubes moving to Scanthrough a polar coordinate 
rather than through a rectangular procedure. 
Having thus disclosed a Collimating Shield 

Structure Suitable for rapid adjustment without 
Sacrifice of Shielding effect, it will be moted that 
the employnent thereof requires that the accel 
erator beam be directed accurately upon point A. 
As seen in Figs. 1 and 3, a movable aligning tar 
get i 7 is cooperatively mounted upon the colli 
mating Shield adjacent the point A and comprises 
a conventional ionization chamber || 0 affixed to 
a platform | 1 || which is adjustably Secured in a. 
slot i 12 of block i 3. This block in turnis rigidly 
mounted upon the hollow elongated, rotatable 
COnduit 24 Which eXtends through bushing 2 and 
terminates in a Vacuum Sealed housing i 5 
mounted on the external Surface of plate 30. 
Suitable electrical leads i 6 and i 7 connected to 
conventional radiation measuring means, not 
shown, serwe to prowide an accurate reading of 
the ionization Occurring within the ionization 
chamber serwing as the beam aligning target 7. 
By Suitable adjustment of the focusing means i 6, 
as well as of any beam deflecting orother focus 
ing means normally incorporated in the structure 
of accelerator 0, the beam may be focused until 
a maximum reading is Secured by the ionization 
chamber i 8 indicating the focusing of the most 
intense portion of the beam plasma at point A. 
Thereupon, by manipulating housing || 15 the en 
tiretarget means i 7 may be rotated into the lower 
portions of conduit i 3 out of the trajectory of 
Said beam. 
Having thus focused the beam upon point A, 

a photographic film, not shown, may then be 
placed adj?cent diaphragm 49 and the location 
of the center of the beam determined with re 
spect to point B. After this, suitable rotation of 
the Several tubes Of the Shield is effected uhtill the 
point B is brought into coincidence with the cen 
ter of the beam thus indicating optimum colli 
mation of the beam. As noted in Fig. 2, scales 
12 and 22 afixed to plate 30 adjacent shafts 69 
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and 70 indicate the displacement of the innermost 
and outermost sets of tubes respectively. By 
means of suitably mounted travelling nuts i 23 
and 24 engaging the intermediate threaded por 
-tions 7| and 74 of these shafts a marker cooperat 
ing with said scales shows at all times the posi 
tions occupied by such tubes. Appropriate sets 
of limitswitches (25, 26, 27, and i 28 connected 
sto a source of power driving motors 55 and 56, 
respectively, may be adapted to stop rotation or 
to reverse the rotation of said, motors whenever 
the travelling nuts i 23 and 24 contact any of 
.said Switches. 
By the above described structure it now is 

possible to collimate the beam and to Secure a. 
rapid measured determination of the precise 
point on diaphragm 40 at whichthe center Of the 
beamis emerging. For convenience in establish 
ing the location of the effective target 2 the 
following procedure may then be employed. 
By use of a marking means 18 comprising a 

movable horizontalymounted rod 30 disposed in 
brackets ! 3 and 32 on the face of plate 30, a 
vertically movable rod 433 having a Small aper 
ture i 34 at its lower end may be disposed ata. 
location corresponding to the center of the col 
limated beam. This second rod 133 passes 
through a hole in rod 30 and is adjustably 
secured therein by a set screw i 35, a second set 
screw 36 being provided at the Small aperture 
34 in the vertical rod whereby, a wire or other 
marking means may be mounted. Rod 33 is 
provided with a scale i 40 cooperating with a suit 
able marker 14 carried by rod (30 adjacent the 
mounting of rod i 33 therein, Said scale 40 corre 
sponding to the values of scale 122. Moreover, 
rod (30 is provided adjacent one end with a scale 
marker 42 cooperating with scale 143 on plate 
30, said scale i 43 corresponding to the values of 
scale 2j. A set screw i 44 in. bracket 3 i serwes 
to position rod i 39 in a desired operating position. 
Accordingly, after the beam has been Collimated, 
the marking means i 8 may be adjusted until 
scales 40 and i 43 show the readings of scales i 22 
and i 2 at which time the aperture 34 will pro 
wide an accurate aiming point upon which the 
target i 2 may be directed. In the ewent that the 
target aligning procedure employs the use of a 
stretched wire or the like, aperture (39 and set 
screw i 36 provide a convenient retaining means 
for one end of said, wire. When target 12 is 
properly positioned, the aligning means 8 may 
be withdrawn from the trajectory of the beam 
and the beam i l, as shown in Fig. 1 thereupon 
strikes target i 2 in an unimpeded, properly col- i 
limated and mode of travel. 
While a preferred arrangement of structure 

embodying our invention has been described in 
detail, it is intended that no limitation should be 
placed upon the scope of the invention by réason 
of Such ilustrative examples except as such 
limitations may appear in the appended claims: 
What is claimed is: 

| 1. In a particle accelerator adapted to prowide 
a beam of charged particles, the Combination 
.comprising a fixed shield, a collimating tube 
rotatablymounted in Said Shield, Said tubehawing 
a bore with the axis thereof inclined to the tube 
axis, means focusing the beam upon the bore axis 
atone end of said tube, means for rotating said 
tube thereby to render the bOre axis thereof par 
allel to said beam, and target means disposed 
exteriorly of the shield in intersecting relation to 
said beam passing through the tube. 

2. In a particle accelerator adapted to prowide 

10 

8 
a beam of charged particles of high energy, the 
combination comprising a fixed shield, an elon 
gated collimating tubehawing a Shielding effectin 
the direction of the beam Substantially equivalent 
to the Shielding effect of the fixed shield in the 
direction of the beam, Said tube having a bOre 
with the axis thereof inclined to the tube axis and 
being rotatably mounted in the fixed shield, 
means focusing the beam upon the bore axis at 
one end of Said tube, means for rotating Said tube 
thereby to render the bore axis thereof parallel 
to said beam, and target means disposed exte 
riorly of the shield in intersecting relation to said 
beam passing through the tube. w 

3. In a particle accelerator adapted to provide 
a beam of charged particles, the Combination 
comprising a fixed shield, a collimating tube 
rotatably mounted in said shield, a conduit co? 

i necting said accelerator and said tube and main 
20 

25 

5 35 
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tained at sub-atmospheric pressure, Said tube 
having a bore with the axis thereof inclined to 
the tube axis, a diaphragm sealing one end of the 
tube bore, means focusing the beam upon the 
bore axis at One end of Said tube, means for 
rotating the tube thereby to render the bore axis 
thereof parallel to said beam, and target means 
disposed exteriorly of the shield in intersecting 
relation to the beam passing through the tube. 

4. Collimating apparatus comprising an elon 
gated tube having a collimating aperture there 
through and adapted to occupy a fixed position 

| at a first end thereof and a Selected adjustable 
position in space at a second end of the tube, 
means for shifting the aperture at the second 
end of the tube along a first predetermined plane, 
means mounting the tube for movement of the 
aperture at the second end of the tube in a Sec 
ond predetermined plane intersecting Said first 
plane, and means for shifting said tube mount 
ing means for movement of Said second end of 
the tube in said second plane. 

5. Apparatus as defined in claim 4, wherein. 
said means for shifting the aperture in Said first 
plane includes means for rotating said tube. 

6. Apparatus as defined in claim 4, Wherein 
said meansfor shifting said tube mounting means 
includes means for rotating Said tube mounting 
168lS. 

7. Collimating apparatus comprising in con 
bination, a wall hawing an aperture therein, a 
movable collimating means positioned in Said 
aperture and including a pair of nested elongated 
tubular members having bores concentric at a 
common end, each member having an inclined 
bore with the axis thereof intersecting the axis 
of the tube at said common end and displaced 
from the axis of the tube at the nonconcentric 
end, and means for rotating said tubular mem 
bers in opposite directions thereby to reciprocate 
the axis of the bore of the inner tube member 
acrossa, predetermined plane, M 

8. Apparatus as claimed in claim 7, Wherein 
Said means for rotating Said tubular membersis 
adapted to rotate the members in opposite di 
rections at a uniform Speed. : , 

9. Apparatus as claimed in claim 7, wherein 
the nonconcentric ends of Said members are ?o 
cated adjacent the outer Surface of the wall and 
the common concentric ends thereof are dis 
placed from the outer surface of the wall. 

10. Apparatus as claimed in claim 7, Wherein 
the tubular member of Smaller diameter is long 
'er than the tubular member of larger diameter. 

11. Apparatus as clained in claim 7, Wherein 
said tubular members are driven by gearing af 
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fixed thereto adjacent the concentric ends of 
Said members. 

12. Apparatus as claimed in claim 7, wherein 
the tubular member of greater diameter provides 
a mounting bearing adjacent its ends for the 
tubular member of Smaller diameter. 

13. Apparatus as claimed in claim 7, wherein 
"the tubular member of greater diameter is pro 
vided with guide means engaging a recess in 
the tubular member of Smaller diameter thereby 
to prewent relative longitudinal shifting of One 
member With respect to the other member. 

14. In Combination, a stationary Wall COn 
prising a radiation shield and having an aper 
ture therein, a bushing disposed in Said aper 
ture and having a tubular opening therethrough, 
a movable collimating means positioned in said, 
opening and including a pair of nested elongated 
tubular members having bores concentric at a 
common end, each member having an inclined 
bore with the axis thereof intersecting the axis 
of the tube at said, common end and displaced 
from the axis of the tube at the nonconcentric 
end, means for rotating Said tubular member in 
opposite directions, adjustable radiation detect 
ing means positioned adjacent the concentric 
ends of said tubes, and means extending through 
said bushing for adjusting Said detecting means. 

15. In combination, a Stationary Wall hawing 
an aperture therein, a bushing disposed in Said 
aperture and having a tubular opening there 
through, a movable collimating means positioned 
in Said opening and comprising an elongated 
tube having a collimating aperture therethrough, 
a cover plate affixed to Said Wall, a thin dia 
phragm mounted in Said plate and adapted to 
cover the Collimating aperture, a shaft extend 
ing through said bushing and adapted to rotate 
Said collimating means by engagement therewith 
interiorly of Said Wall, and Shaft driving means 
mounted upon said, cover plate exteriorly of Said 
Wall. 

16. Collimating apparatus comprising in com 
bination, a wall having an aperture therein, a 
movable collimating means positioned in said 
aperture and comprising a first pair of nested 
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10 
tubular members having bores concentric at a 
common end, a second pair of nested tubular 
members having bOres concentric at a common 
end, Said Second pair being disposed Within Said 
first pair and each pair having their Common 
concentric ends mounted adja cent each other, 
each tubular member hawing an inclined bore 
with the axis thereof intersecting the axis of 
the tube at the concentric end and displaced 
from the axis of the tube at the nonconcentric 
end, Said Second pair of tubular inembers being 
mounted in non-Symmetric angular relation With 
in Said first pair, means for rotating the mem 
bers of the first pair in opposite directions and 
means for rotating the members of the second 
pair in Opposite directions. 

17. Apparatus as claimed in claim 16, wherein 
Said Second pair of members are longer than Said, 
first pair Of members. 

18. Apparatus as clained in claim 16, Wherein 
each of Said members is prowided with a driv 
ing gear disposed adja cent the concentric bore 
end. 

19. Apparatus as claimed in claim 16, wherein 
the means for rotating the members within each 
pair are adapted to rotate Said members at the 
same speed. 

ROBERT D. WATT. 
WARREN N. WATSON. 
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