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1
The present invention relates to neutron ve-

locity selector apparatus and particularly b aP-
paratus of this type which utilizes a rotating
shutter.

In various physical investigations it fa nece$-
sary to measure the numbers and effects of neu-
trons at various velocities. The usual aPPfirahS
for accomplishing this includes a beam source of
neutrons, neutron detection or measuring means,
and a device known generally aS a neutron ve-
locity selector which is located intermediate the
beam source and the detection or measuring
means. The neutron velocity selector includes a
shutter means for periodically interrupting the
neutron beam and means for preventing the
activation of the neutron detection and measur-
ing means except for short periods of time fol-
lowing each opening of the shutter, Velocity seleC-
tion of neutrons being thereby effected. The best
known type of neutron velocity selector employs
a rotating shutter which is so designed that
neutrons are passed during a portion or portions
of each rotation of the shutter, the shutter effec-
tively blocking all neutron radiation at other
times. With this aPparatus, there k. used a
mechanical timing mechanism operable to acti-
vate the neutron detection or measuring means
at the desired time following each opening of
the shutter, and reasonably satisfactory results
have been obtained with this arrangement.

There are, however, serious inherent limita-
tions in mechanical timing devices of this char-
acter and in the other known prior apparatus,
and these limitations act to so restrict the range
of operation and the accuracy of the devices that
there is a great existing need in the art for an
improved neutron velocity selector. Accordingly,
a principal object of the present invention is to
produce a novel improved neutron veloclty selec-
tor, and particularly a velocity selector which
shall be simple in design and easy to operate, and
which shall be free of the undesirable limitations
and deficiencies of the known prior structures.

As will hereinafter appear, this object is ac-
complished by the provision of a neutron velocity
selector apparatus which utilizes a novel im-
proved rotating shutter of special design and
which employs an electronic, photoelectrically
controlled means, for effecting the activation and
the deactivation of the associated neutron detec-
tion and measuring means at predetermined times
following the opening and the closing of the shut-
ter. The particular shutter involved and the
combination of that shutter wih an electronic
timing means, while producing a simple, substan-
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tially completely automatic instrument, greatly
increases the fundamental accuracy of the selec-
tor apparatus and at the same time greatly ex-
tends its useful range of operation.

The various novel features and structural com-
binations which contribute to the successful
operation of the apparatus of the invention will
be made more apparent in the following descr@-
tion and the accompanying drawings of one
preferred embodiment thereof. In the drawing%

Fig. 1 is an end elevation of the rotatable shut-
ter unit and the driving motor therefor of a
velocity selector constructed in accordance with
the teachings of the present invention;

Fig. 2 is a plan view of the rotattng shutter
shown in end elevation in I?&. 1;

Fig. 3 is a side elevation view partially In sec-
tion of the shutter unit of Figs. 1 and 2;

Fig. 4 is a sectional view on the line U of
FYg. 3;

Fig. 5 is an enlarged fragmentary cross-sec-
tional view showing certain of the details of eon.
struction of the shutter unit; and

Fig, 6 is a diagrammatic view illustrating a
neutron velocity selector apparatus which tn-
cludes a rotating shutter unit and a photoelectric
timing means in accordance with the present
invention.

The features of the rotating shutter unit are
illustrated in I?lgs. 1 to 5. The active wrtion
of this unit comprises a fabrkxited, cylindrical
member I I having a laminated central portion
i 3 which consists of a plurality of superposed,
alternate laminations IS and i 1 of sheet alumin-
um and thin cadmium sheet or foil, respectively.
In Figs. 3, 4 and 6 the solid lines between cross-
hatched spaces represent the cadmium sheets
II, since the thickness thereof is only a small
fraction of the thickness of the aluminum sheets
15, as is pointed out below. The laminations IS
and 17 are held in proper relation within a thin
walled, cylindrical, tubular support 19 which is
of aluminum or other material having low neu-
tron capture capabilities and which has a rela-
tively heavy, solid hub 21 at one end thereof and
a hollow hub 23 at the other end. The larntna-
tions i 5 and 17 which comprise the central por-
tion 13 of the shutter unit are held centrally of
the tubular support 19 by four, suitably shapea
arcuate, spacer strips 25, preferably of metal,
which extend for the full length of the lamina-
tions and which are held apart by elongated radi-
ally positioned shield strips 21 of cadmium or
other material having high neutron capture
capabilities. To obtain a balanced unit which
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can be rotated at high speed without excessive with t~e hub 2 I at the end of the shutter tube
vibration, the laminations 15 and 11 are sym- 19. The inner race 53 abuts against an oil
metrically disposed within the hollow, cyl~dfical thrower 54 which in turn abuts against a suit-
support i 9, and the surface Planes thereof extend bble shoulder provided on the bearing shaft 52,
parallel to the longitudinal axis of the support, 6 and the outer race 66 is held in position in the
as illustrated. bearing block 37 by an outer cap member 51

In a particularly satisfactory embodiment of having an internal rib 69 similar h the member
the invention, the aluminum laminations 15 were 49 previously described. Lubricant is admitted
approximately 4~4” long with a maximum width through a suitable passageway61.
along the diameter of the suPport 19 of about 10 The bearing blocks 31 are both rigidly bolted
2 inches. The laminations 16 were cut from a h the base a5 by suitable bolt members 62 as
+Z inch aluminum sheet, and the cadmium sheet indicated in Fig. 3. If desired, dowel pins (not
or foil laminations i 1 which were interposed be- shown) may be used to assure accurate position-
tween the aluminum sheets i 5 had a thickness ing of the bearing blocks S1 relative to the base
of the order of .004 to .008 inch. 15 35. Motive Power is applied to the shutter

The aluminum laminations provide a relatively mechanism by means of a short shaft 63 which
low 10SSpath through the shutter in the shutter is press fitted into the hollow shaft 52 of the
position where the laminations align with the shutter tube 19 and is keyed thereto by a pin 65.
direction of movement of the neutrona. The The axis of the shaft 63 Is concentric with the
thickness of cadmium is SUfUCieIItto cause the 20 axis of the shutter.
shutter tQ block alf neutrons incident thereon, Externally of the bearing support and end
except those of extremely high velocity, when closure at this end of the shutter there is a belt
the shutter is turned more than about 1Y“degrees Pulley 61 which is supported upon and keyed to
from the position where the laminations align the shaft 63 by a suitable spacer and keying
with the direction of movement of the neutrons. 25 member 69 and a nut 1 i, which engages a
The cadmium shield strips 27 in this embodiment threaded portion on the outer end of the shaft
of the invention were & of an inch thfck. The 63. The pulley 61 is mechanically connected by
sole function of the shield strips 21 is to provide a belt 13 to the drive pulley 15 of a suitable varia -
shielding at the side Portions of the shutter which ble speed motor 71 which is adjuktably supported
prevents neutron transmission in those areas 30 uPon the base 35 by means of a bracket 79 afnxed
when the shutter is in operation. to the motor frame, an angle iron 8 i aflfxed to

While the use of alternate cadmium and the base 36, and a hinge bolt connection 82 which
aluminum laminations is preferred in the shutter permits convenient adjustment of the position
construction, it will be understood that other of the motor (Fig. 1). It is intended that pulleys
materials can be used. The important require- S5 of vafiou diameters may be aPPlied to the drive
ment is that there shall be alternate laminations shaft 63 at the drive end of the shutter and to
of material which has high neutron capture the drive shaft of the motor 17. The adjustable
capabflit ies, for example, cadmium, boron, or support provided by the connection 62 facilitates
gadolinium, and parallel laminations of a mak- the changing of pulleys and the obtaining of
rial having low capture capabilities, such as 40 correct belt tensionafter such change has been
aluminum, magnesium, or beryllium, to provide made.
a neutron path through the shutter. During the operation of the device, as has

In order to utilise the apparatus successfully been previously pointed out, it is contemplated
without greatly extending the dfstance from the that the rotatable shutter shall be placed in the
shutter to the neutron detection and measuring 45 path of a beam of neutron radiation, most con-
means, which may include an ion chamber unit venfently a collimated beam, and that the beam,
and a counter unit as illustrated generally at 29 after having been periodically interrupted as the
and 30 in Fig. 6, it is desirable to rotate the shutter rotates, shall hnplnge upon an ion cham-
shutter at high speeds, those of the order of ber or neutron detecting means. Such an ar-
10,000 to 15,000 R. P. M. being frequently en- ~0 rangement is illustrated diagrammatically in
countered. To facilitate the convenient obtain- Fig. 6, where the arrows 83 represent a collimated
ing of speeds of this order, the active portion I I beam of neutron radiation which originates in
of the shutter is supPorted for free rotation about a suitable source, such as a neutronic reactor,
the longitudinal axis thereof by means of a pair fndicated generally at 84, and which passes
of precision bearings 3 I and 33 which are in turn 55 through suitably oril%x!d shield or collimating
supported upon a rigid base 35 by means of suit- Plates 85 arranged to limit the dimensions of the
able bearkg blocks 37. The inner race 39 of the beam h a width not greater than that of the Iami.
bearing 3 ( at the hollow hub end of the shutter nated central portion [3 of the shutter. The beam
tube i 9 engages a suitable stub shaft member 4 I of neutron radiation after passing through the
having an enlarged end 43 which is press fitted in- 60 shield plates 65, and a suitable opening 81 in the
to the hollow hub 23 of the support tube 19 for the base 35, reaches the central portion 13 of the
shutter laminations 15 and 11. The inner end shutter and during those periods when the
portion 43 of this stub shaft 4 i serves the further laminations 15 and i 7 are in line with direction of
function of holding the shutter laminations in neutron movement f.n the neutron beam, neutron
place. Lubricant is admitted to the bearing 3I 65 radiation, as indicated by the arrows 89, will
through a suitable passageway 45, and the outer pass through the shutter and reach the ion chain -
end. of the bearing assembly is closed by means ber 29. Material under test may be located at a
of a plate member 47 having an internal rib 46 sample position illustrated at 61. The ion cham-
fer holding the outer race 5 I of the bearing 31 ber 29 is connectid to a suitable indicating ap-
properly seated against the bearing block 31. 70 paratus such as the ~~ter mechanism indicated

The bearfng construction at the other end of at SO.
the shutter is substantially identical to the struc- In order for the apparatus to be susceptible of
ture just described, except that in this instance convenient use, it is necessary that means be
the shaft 52 which engages the inner race 53 of provided for timing the operation of the indfca-
the bearing S3 la hollow and is formed integrally ?5 tor or counter. The only re%ult of the operation
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of the shutter la to periodically interrupt the
neutron beam in such manner that the neution
radiation of the beam fs transmitted through the
shutter only during periods of time roughly equal
to l/mI of the period of time required for each
revolution of the shutter, these openings of the
shutter to transmit neutron radiation oocurring
at exactly the same pofnt during each half revo-
lution thereof, Having avaflable an interrupted
neutron beam of thfs character, it becomes ap-
parent that if some means be available for ac-
tivating the neutron detection or memmring
means at a predetermined time followfng each
opening of the shutter, the activation persisting
for a very short interval only, it will be possible
to select and study the effects of neutron radia-
tion of various velocities. In the prior known
arrangements, attempts have been made to ac-
complish this selection by timing means which
utilizes mechanical expedients, but as PrevlOUSIY
indicated, these mechanical arrangements are of
limited capability and utility.

The apparatus-of the present invention utilizes
an electronic, photoelectrically controlled, timing
mechanism, which, although of simple design, is
capable of extremely accurate operation over a
much greater range of velocity than has hereto-
fore been considered possible. This timing means
includes a photocell control unit 9S which 1s
adapted to be energized to effect activation of
the neutron detection and measuring means in
response to a beam of light reflected into the
photocell by one of a pair of diametrically spaced
mirrors 95 which are carried by the rotating
shutter. The mirrors 95 are provided by polfah-
ing a mirror surface at either end of a pin 97
which is supported in the solid hub 21 at the
drive end of the shutter tube 19. The pin 97 and
the hole 99 within which it fits are accurately
ground so that the flat mirror surfaces 95 are
perpendicular to the longitudinal axis of the pin
91 and so that the longitudinal axis of the pin
intersects the axfs of rotation of the shutter and
iS accurately positioned relative to the parallel
planes of the laminations i 6 and 11. we al-
most any relative positioning of the mfrror pin
97 and the laminations i8 and 11 may be used,
it has been found convenient b dfsplace the adz
of the mirror pin 45 degrees from the planes of
the laminations, and such an arrangement is il-
lustrated in the drawings. The axfa of the mir-
ror pin 97 is preferably at right angles of the axis
of rotation of the shutter, and the mirror pin
may be conveniently held in place by the taper
pin 65 which locks the shaft 6a in pcsition. It
will be noted that the inner end of the shaft 68
also passes through the mirror pin 97, but this is
of no constructional importance.

TO permit convenient adjustment of the tim-
ing interval and thereby further facf.litati the
use of the apparatus, an arcuate support 101 fs
provided for the photocell control unit 9a and
the beam light source 103 used in conjunction
therewith. The arcuate support 10i is bolted to
the base a5 and is concentric to the axis of rota-
tion of the shutter unit, and is preferably lo-
cated in a plane which is parallel to the plane of
revolution of the longitudinal axfa of the mirror
pin 91, as is illustrated in the drawings. The
beam light source 10a is of unitary construction
and includes a source of llght 105 and suitable
collimating lensea i 01. The photocell unit 98
includes a phototube 109 and a similar set of
collimating lenses I I 1. A common SUPPOrt 1Ia
which slidably engages the main arcuate support
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1DI is provided for both the photocell and the
light source units. The optical constanti of the
beam source 10S and the photecell unit 93 are
such that a spot of llght will be concentrated
on the mfrror surface S5 at one end of the mfrra
pin $7 and will be reflected Into the phototubo
109 at each instant when the axis of the rnfrror
pin 97 is midway between the beam source t M
and the phototube unit 9S, i. e., once during each
half revolution of the shutter. Further, ~
the main arcuate support 10I for the light beam
source and photocell assemblage is concentrb
with the axis of rotation of the shutter, and par-
allel to the plane of rotation of the axis of th.
mirror pfn 97, thfa condition wilf pertain for any
position which the light beam source and photO-
cell assemblage may occupy along the arcuat9
support i oI.

The phototube i 09 is connec~d to the counttir
unit M so as h effect a triggering activation of
that unit during each of the very short pew
when the phototube is llhuninated. As is w~
known in the art, the operation of an electronic
circuit of this character involves a time inkwv81
of the order of only a few microseconds, and B
will be apparent that the arrangement permft8
extremely accurate timing. Further, since the
light beam source and photocell assemblage may
be moved a full 180” relative to the neutron ad-
mitting position of the shutter, it fs possible to
vary the timing over the complete operative range
of the device.

In the position shown in Fig. 6, the light beam
source and photocell combination is in posltlon
to trigger and activate the neutron detection and
measuring means at the instant the shutter
opens. This is the maximum time interval which
is practical in operation of the device since the
only neutrons which will affect the ion chamber
in this instance are those which were released
during the last opening of the shutter, and obvi-
ously, these will be neutrons of the slowest type.
If the position of the light beam source and
photocell assemblage is moved in either direc-
tion from the position illustrated in Fig. 6, the
triggering will take place so as to decrease the
time interval and to indicate or measure the ef-
fect of neutrons which reach the ion chamber in
a lesser interval of time. Knowing the speed of
rotation of the shutter, the distance from the
shutter to the ion chamber or other detection
unit, and the relative angular position of the
light beam source and photocell assemblage, it 13
possible to determine the velocity of the neutronq
whose effect is being observed to a very high de-
gree of accuracy. In an apparatus having the
shutter dimensions previously described and
operating at reasonably obtainable speeds of ro-
tation with a separation of the shutter and ‘ion
chamber of 2 to 10 meters, for example, it :J pos-
sible to accurately separate and measure neutrons
at velocities up’ to 6,000 or 7,000 meters per sec-
ond, which is far beyond the range of any of the
known selector mechanisms using mechanical
timing means for activating and deactivating
the neutron detection and measuring means.

In the foregoing there has been described a new
and Improved neutron VelOCitYselector appara-
tus which possesses important advantages over
the prior known devices. The particular feat es

xof the invention which are believed to be ne v? re
expressly pointed out in the appended claims.

What is claimed is:
1. In apparatus of the class described. means

for alternately blocking and permitting to pam
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<a neutron stream, said means comprising a plu- position during each half revolution thereof, a

rality of superposed, alternate laminations of pair of angularly spaced mirrors rotatable with
sheet material having high neutrou capture cB- said shutter, a source of light, and a Photocell
pabllitles and sheet material having low neutron positioned to receive light reflected from said
capture capabilities, means supporting said lam- s, source bY one of s~d mirrors at a Predetermined
Inations for rotation about an axfs which is par- thne following each opening of said shutter.
allel to the surface planes of said laminations, 6. Neutron velocity selector apparatus comprls-
means for detecting neutrons permitted to pass ing a rotatable shutter which includes a hollow,
by said first means, and means for counting de- cylindrical support member of a material having
kcted neutrons of predetermined energy during 10 low neutron caPt~e capabilities and @ plurality
predetermined periods of time, said counting of superposed, alternate laminations of sheet ma-
means including reflecting means rotating with terlal having high neutron capture capabilities
said first means. and sheet material having low neutron capture

2, In apparatus of the class described, shutter capabilities, symmetrically disposed within said
means for alternately blocking and permitting to 15 suPPort member with the smface planes thereof
pass a neutron stream, said shutter means com- extending parallel to the axis of said member,
prising a fabricated cylindrical member having said shutter being movable to a closed, neutron
a laminated central portion which comprises a blocklng position and to an open, neutron trans.
plurality of superposed, alternate laminations of mitting position during each half revolution
sheet material having high neutron capture ca- 20 thereof, a pair of angularly spaced mirrors ro -
pabilities and sheet material having low neutron tatable with said shutter, a source of light and a

capture capabilities, said laminations being so photocell positioned to receive light reflected
supported that the surface planes thereof extend from Said source by one of said mirrors at a pre -

parallel to the axis of said cylindrical member, determined time following each opening of said

means supporting said cylindrical member for 2.3 ‘hutkr.
rotation about the axis thereof, means for de- ‘7. In combination, a beam source of neutrons,
tecting neutrons permitted to pass by said shut- normally inactive neutron detection apparatus

ter means, means for couhting detected neutrons, including an ion chamber which is positioned to
and means for selectively operating said neutron receive neutron radiation from said beam source,

,.,, neutron velocity selector means located inter-counting means including a light source, reflect- .,
ing means rotating with said cylindrical member, mediate said ion chamber and said beam source,

and a refleckd light receiving means. said velocity selector means comprising a rot.at-

3. Neutron velmity selector apparatus com- able shutter which includes a cylindrical mem-

prising a rotatable shutter which includes a plu- ber having a laminated central portion consisting
.- of a plurality of superposed, alternate lamina-rality of superposed, alternate laminations of ~LI

material having high neutron capture caFabili - tions of sheet material having high neutron cap-
ties and material having low neutron capture ca- ture capabilities and sheet material having low
pabilities, said shutter being movable to a closed, neutron capture capabilities, said laminations be-
neutron blocking position and to an open, neutron ing so supported that the surface planes thereof
transmitting position during each revolution 40 extend parallel to the longitudinal axis of said cY-
thereof, a mirror rotatable with said shutter, a lindrical member, said shutter being movable to
source of light, and a photocell positioned to re- a closed, neutron blocking position and to an
ceive light reflected from said source by said mir- open, neutron transmitting position during each
ror at a predetermined time following each open- revolution thereof, and means actuable to acti -
ing of said shutter. 45 vate said neutron detection means for a prede-

4. Neutron velocity selector apparatus com- termined short period of time following each
prising a rotatable shutter which includes a fab- opening of said shutter, said actuating means in-
ricated, cylindrical member having a laminated eluding a mirror rotatable with said shutter, a
central portion consisting of a plurality of super- source of light, and a photocell positioned to re -
posed, alternate laminations of sheet material ‘0 ceive light reflected from said light source by said
having high neutron capture capabilities and mirror at a predetermined time following each
sheet material having low neutron capture ca- opening of said shutter.
pabilities, said laminations being so supported 8. In combination, a beam source of neutrons,
that the surface planes thereof extend parallel normally inactive, neutron detection apparatus
to the longitudinal axis of said cylindrical mem- 5.-J including an ion chamber which is positioned to

her, said shutter being movable to a closed, neu- receive neutron radiation from said beam source,
tron, blocking position and to open neutron neutron velocity selector means located inter-
transmitting position during each revolution mediate said ion chamber and said beam source,
thereof, a mirror rotatable with said shutter, a said velocity selector means comprising a rotat-
source of light, and a photocell positioned to re- ~o able shutter which includes a cylindrical mem-
ceive light reflected from said source by said ber having a laminated central portion consisting
mirror at a predetermined time following each of a plurality of superposed, alternate lqmina-
opening of said shutter. tions of sheet material having high neutron cap-

5. Neutron velocit y selector apparatus compris- ture capabilities and sheet material having low
ing a rotatable shutter which includes a fabri- 05 neutron capture capabilities, said laminations be-
cated, cylindrical member having a laminated ing so supported that the surface planes thereof
central portion consisting of a plurality of super. extend parallel to the longitudinal axis of said
posed, alternate laminations of sheet material cylindrical member, said shutter being movable
having high neutron capture capability= and to a closed, neutron blocking position and to an
sheet material having low neutron capture capa- ~Q open neutron transmitting position during each
,bilities, said laminations being so supported that half revolution thereof, and means actuable to
the surface planes thereof extend parallel to the activate said neutron detection means for 8 pre -
longitudinal axis of said cylindrical member, said determined short period of time following each
shutter being movable to a closed, neutron block- opening of said shutter, said activating means
ing position and to an open neutron transmitting 75 including a pair of angularly spaced mirrors ro-
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tatable with said shutter, a source of light, and
a photocell positioned to receive light reflectid
from said light source by one of said mirrors at a
predetermined time following each opening of
said shutter.

9. In combination, a beam source of neutrom,
normally inactive neutron detection apparatus
including an ion chamber which is positioned to
receive neutron radiation from said beam source,
neutron velocity selector means located inter-
mediate said ion chamber and said beam source,
said velocity selector means comprising a rotat-
able shutter which includm a hollow, cylindrical
support member of a material having low neu-
tron capture capabilitia, and a plurality of super-
posed, alternate laminations of sheet material
having high neutron capture capabilities and
sheet material having low neutron capture capa-
bilities symmetrically disposed within said suP-
port member with the surface planes thereof ex-
tending parallel to the axis of said member, said
shutter being movable to a clmed, neutron block-
ing position and to an oPen, neutron transmitting
position during each half revolution thereof, and
means actuable to activate said neutron detec-
tion means for a predetermined short Period of
time following each opening of said shutter, said
actuating means including a pair of angularly
spaced mirrors rotatable with said shutter, a
source of light, and a photocell Positioned to re-
ceive light reflected from said source by one of
said mirrors at a predetermined time following
each opening of said shutter.

10. A shutter for use in neutron velocity se-
lector apparatus comprising a plurality of super-
posed, alternate laminations of sheet material
having high neutron capture capabilities and
sheet material having low neutron capture capa-
bilities, and means supporting said laminations
for rotation about an axis which is parallel to
the surface planes of said laminations.

11. A shutter for use in neutron velocity se-
lector apparatus comprising a fabricated, cylin-
drical member having a laminated central por-
tion which comprises a plurality of superposed,
alternate laminations of sheet material having
high neutron capture capabilities and sheet ma-
terial having low neutron capture capabilities,
said laminations being so supported that the
surface planes thereof extend parallel to the
axis of said cylindrical member, and means sup-
porting said cylindrical member for rotation
about the axis thereof.

12. A shutter for use in neutron velocity se-
lector apparatus comprising a hollow, cylindri-
cal member of a material having low neutron cap-
ture capabilities, a plurality of superposed, alter-
nate laminations of sheet material having high
neutron capture capabilities and sheet material
having low neutron capture capabilities sym-
metrically disposed within said hollow cylindri-
cal member with the surface planes of said lami-
nations extending parallel to the axis of said
member, and means supporting said cylindrical
member for rotation about the axis thereof.

13. A shutter for use in neutron velocity s?-
lector apparatus comprising a plurality of super-
posed, alternate laminations of sheet aluminum
and sheet cadmium, and means supporting said
laminations for rotation about an axis which is
parallel to the surface planes of said laminations.

14. A shutter for use in neutron velocity se-
lector apparatus comprising a fabricated, cylin-
drical member having a laminated central por-
tion which comprises a plurality of superposed,
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alternate laminations of sheet aluminum and
sheet cadmium, said laminations being so suP-
ported that the surface planes thereof extend
parallel to,, the axis of said cylindrical member,
and means supPorting said cylindrical membsr -
for rotation about the axis thereof.

15. A shutter for use in neutron velocity se-
lector apparatus comprising a hollow, cylindrical
member of a material having low neutron cap-
ture capabilities, a plurality of superposed, alter-
nate laminations of sheet aluminum and sheet
cadmium symmetrically disposed within said
hollow cylindrical member with the surface planes
of said laminations extending parallel to the axis
of said member, and means supporting said cylin-
drical member for rotation about the axis thereof.

16. In combination, a beam source of neutrona,
means for alternately blocking the beam and
permitting the beam to pass mounted in the path
of said beam, said means comprising a plurality
of superimposed alternate laminations of sheet
material having high neutron capture capabili-
ties and sheet material having low neutron cap-
ture capabilities, means supporting said lamina-
tions for rotation about an axis which is parallel
to the surface planes of said laminations, nor-
mally inactive means for detecting neutrons per-
mitted to pass by said means for blocking neu-
trons, and means to actuate said neutron detect-
ing means for at least one predetermined short
interval of time following the passing of neutrons
through the means for blocking neutrons, said
means including at least one mirror rotatable
with the laminations, a source of light, and at
least one photocell positioned to receive light
reflected from said light source by a mirror at a
predetermined ‘time following each passage of
neutrons through the blocking means.

17. The method of measuring the intensity of
neutrons of a given velocity in a beam of neu-
trons comprising placing a number of spaced par-
allel sheets of neutron absorbing material in the
path of a beam of neutrons with the surfaces
of the sheets parallel to the path of the neutrona,
turning the sheets whereby the bedm of neutrons
is interrupted, and measuring the intensity of
those neutrons impinging on a given point at a
distance from the sheets during an interval of
time taken after the lapse of a period of time
from the time that the sheets obstructed the
beam.

18. The method of measuring the intensity of
a velocity component in a neutron beam compris-
ing: placing a number of spaced parallel sheets
of neutron absorbing material in the path of the
neutron beam, continuously rotating said sheets
about a central axis which is parallel to the sur-
face of the sheets, and measuring the intensity
of those neutrons impinging on a given point at
a’ distance from the neutron absorbing sheets
during an interval of time taken after the lapse
of a period of time from the time that the sheets
obstructed the ~ath of the beam.

19. The method of measuring the intensity of
a velocity component in a neutron beam compris-
ing: placing a number of spaced parallel sheets
of neutron absorbing material in the path of a
beam of neutrons, continuously rotating said
sheets about a central axis which is parallel to
the surface of the sheets, and measuring the in-
tensity of those neutrons impinging on a given
point at a distance from the neutron absorbing
sheets during an interval of time, said interval
commencing after the lapse of a period of time
after the parallel sheets obstruct the neutron
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beam ewd to the time required for the slowest
neutron Of tho8e neutrons having a velocity
greater than the velocity component desired to
traverse the distance from the sheeta to the given
point, and terminating just before the period of
time elapses that is reaulred for the fastest neu-
tron of those having a velocity less than the ve-
locity component desired to be measured to trav-
erse the aforedefhed distance.

ENRICO FERMI.
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