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Iv. INTRODUCTION

In an effort to explain the results of sume of the experiments
involving the interaction between radiant energy and netter, such
as the photoelectric effect, it has been necesszry Lo assign to
yadient energy some pyoperties chareacteristic of o particle. In
198}, the dual chavactepistics, wave and particle, were hypothesized
by L. de Broglie (35) to be exhibited by all Pundamental entities.
Taus metter should possess wave properties with = vwavelength given
by Planck's universal constant divided by the linesy momentunm.

In 1927, this hypothesis was validsted by the diffrection of
electrons with a giangle crystal where the crystalline lattice served
as a three dimensionsl “grating." Sinee for thermal energies the
de Broglie wavelengths of ncutrons are sbout the sume as crystal
interplenar spacings, the diffraction of thermel nsutrons by crystals
was predicted in 1936. Mitchell and Powers (11); using & Ru=Be
source, were emong the first that same year to pressnt evid.ezice-
of & coberent component for a neutron beam scabtisred from an avray
of crystals. It was nobt until after high intensity neutron besns
Ifrom reactors became aveilable that diffracted beams of sufficient
intensity were obiained for the study of the energy dependence of
neutron reactions by methods similayr to those of Zeray spectrometry.

The initial phase of the project was the eansi;zuctian of a beam
collimetor and crystal spectrometer. Then the total neutron crosa
section of cadmius znd the neutron energy spectyun of the reactor



were studied with the instrument. These experiments have the ultinate
aim of confirming the ecalibration and defining the relisble energy
range of the specirometer.



V. EEVIEY OF LITERATURE

The first measurcmonts with a neutron diffractlon spectrometer
were made by We He Zimn (19) st Argonne Leboratory. Tue (1,0,0)
planes of a single czlcite erystal were used to diffract the neutron
bmfma"tme‘alam“anaasmem&mm: A
collimated beam fxam the thermmal colum wee obtalnsd with two thick
cadnivm slits, five meters apm'&- An eightefeot lomg steel block
 through the shielding containing a channel gne-half inch wide and
-mmmmamemmmmémtmsmem:
zmrmmamm&wwmmmmumam
Inerengsed two £0ld by roughing the crystsl surface. Spaetralm-
mksd&ﬂmeﬁmwfmmmmrammwmm
betmo.ookevanﬁe.%wshwastmsm:m&ancmt
distorted on the long wavelensth (low energy) side of the mextimm
and Seitz (5) to £it those experimental data theorviically was quite
mmmmmmwmm The total cross section
of eadmivm has been measured by Ziun and the resonance parameters
at&ﬁéevmingwﬁmtwlthﬂmaeabﬁaﬁm&bym
modmtedcycloermmmethod.

Williem J. Stmm (13) used the (1,0,0) planes of a LiF cxystal
fwmiwmsmwmmmmwmwm:
A study of the relstive yeflectivity and meximu cnergy obtainable was
made for IiF, calelte, mies, and copper. The LiF srystal was chosen
for the experimental cruss section determinations because of a relatively
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high reflectivity znd because the energy range could be extended wp to
€5 ev. Copper has a conparsble reflectivity but can only be used out
to 20 ev. Measuremsuts were made of reflectivity es 3 function of
erystal surface finish and of total neutron cross section between 0.0%
and 65 ev by the transmission method for several strongly sbsorbing
vere earth elements azzd elements coammonly used as neutron filters

and detectors. Attenpis were made to increase the meutron intensity
&t high energies by verying the temperature of the reactor wmoderator.

Some of the esrly experiments utilizing neutron diffraction were
done by Fermi snd MVershall (k) in determining the magnitudes apd sign
of the soattering length by observing the intensities of various orders
of Bragg reflection.

A discussion of the theoreticel conditions for neutron scattering
and messurements of resonsnce absorption has been presented by Wollan
and Shull (15, 16). A comparison of total cross section date for
iridiun bas been made between two crystal spectrometers and a veloclity
selector. It wes observed that the resonance pesks obtained with a
spectrometer operated st reduced resolution were approximately 4,000
barns lower then those oblained with & high resoluticn instrument
of the ssme type, 88 would be expected.

The DebyeeScherrerefull powder crystal method has been applied
0o neutrons (lé, 7). i&zis was done by allowing s monoenergetic
neutron besm diffracted from a single crystsl to be incident on a
povdered sanple. The eguivalent of Laue photozraphy cen also be used
for diffracted neutrons to study crystal structurs by plecing & sheet



of indivm next %0 the Xeray film. The £ilm is sensitive to the beta
rays from the raaiaacti';ﬁ.ty induced by neutron capture (16).

Hurst, Pressesky, aad Tuenicliffe (9) &t Caslk River developed
z nautron gpectrazeter which exhibited improvessats in resolution and
intensity over previously described instruments. Fer a particular
experiment the choice of crystsl depends upon a mmier of facbors:
{2} the specing of the diffraction planes detersiaes the upper and
lower energy limits, (b) the crystal struchure, chosen planes, end
relative phasges of nculron gcavtering determine the intensity and
conbanination by kighker orders, (c¢) the mosaic structure goveras the
resolution apd also the intensity. 4 study of diffracted neutron
iztensity and higher order contaminastion has been msde for ssversl
crystals, e.g. ¥ell {1,0,0), LiF (1,0,0) and {i,1,1) cut from sarples
grown synthetieslly, and caleite (2,1,1) cut from nstural ealeite.
Hall yiclded & much higher intemsity than most crystals end was used
for experimental work below a few electron wolbs. IdF (1,1,1) yields
less order contanination since even orders are almost absent due o
the opposite sign of the scabtering lengths of atoms in successive
pienes {8, h). ILiF {1,0,0) bas the smellest crystelline plane spacing,

A = 0.28587Y2 { 2,

and thus gives the highest energy for a given ingle, but the inteasity
is dlow. Caleite provides high resolution because of negligible mosaic
structure but poor Inbensity. Tae shepe, intensity, and positiocn of
the neubtron spectrum depend wpon the crystel plunes used, whether
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the erystal is used for reflection or tmnmiaaim, and the conditiom
of the surface of ihe diffracting crystal {13).

Borst and Sailor (2) found that & berylliuvm crystal extended the
ugeful range of their instrument to about 50 ev with good reselving
power, the resolution heing determined primarily by the angular
divergence of the collimated neutron beam and the rocking curve width
of the erystal. ‘merackinscurve is obtained by “"rocking” the erystel
through the Bragg meximum. The resulteant ofmahaveisa@proxma:tely
& triangle having & Al width at halfemaximm A9. This constent can
be estimated with reasomshle accuracy by the relationship

AG = [({3)2 + (éﬂ&]&/&
vhere B is the full width at helfemaximm of the rocking curve, and
o is the angular divervgence of the incident beam.

The neutron diffraction spectrometer hos become a tool in mucleay
end colid state physies (8, 14, 18). One of the most fruitful applie
cations of the neutron diffraction technigue has been the analysis of
orgenie crystal stzucture. The Heray scattering cross sectiom for
hydrogen is 6o low relabive to heavier elements that it is almost
impossible to locabe the atamic positions of hydrozen by Xerzy
aiffraction, but the coherent neutron cross section 1s camparsble
0o that of other atom-.s‘. Perhaps the most fascinsting problen has been
the location of hydrogen in the structure of ice; Feutron data by
Wollan in 1949, and Poterson end Levy in 1953, confirmed the model
proposed by Pauling (18).
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VI. THEORY

A; Neutron Biffractiaﬁ.
Bregg's Law

Interference effects similaa: to those exhibited by electromage
netic redlation can be demonstrated with newtrons, bub complications
arise due to chamateristics of this particle not exhibited by electz'o-
magnetic radiation (7). The interference properties of neutrons are
determined by the coherent scattering cross section of the individual
atoms in the crystel; in sddition there will usvslly be some incoherent
scatbbering arising from spin effects, megnetic moment interactions,
the presence of different isotopes in the crystal, =nd the thermsl
mobion of the whms.

The neutrons diffracted from a crystal cbey the Bragg eguation,

aA = 24 sinG; (1)
Heve ¢ is the angle between the incident neuwtron bozm and a set of
Plenes in the crystal, n is the order of diffraction, and 4 is the
distance between zitomic plenes.
Resolution

A schematic diagram of the apparatus and the experimental asite is
ghovn in Fig. 1. Te resolution of the instrument depends upon &
number of factors: the angular divergence of the collimated beanm,
the mosale structure of the cyystal, and the angle of scceptance of
the BFs counter. At this point the discussion will be restrieted
temporarily to the First crder (n=1).
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The de Broglie relation 1s

h
)‘gmv’

7

(0.285)E7%2 (2)
vhere h ig Planck's constant, m is the neutron maseg, v is the neutron
velocity, and B 1;; the kinetic energy expresssd in ¢lectron volts.
The energy resolution is defined by

Efaz = (B/o6){asfaE) . (3)
Combining Eq. (1) and Eg. (2), one obtains

(0.285)E%2 = 2a.sin®, (%)

and differentiating Eg. (%)

ae _ _ (0.285)R %2 (s)
dE ® k4 coso * .

Thus,

The resolution is a fimction (2, 12) whick is spproximately a
triangle having a full width at helf-maximm of 46.

te = [(B)2 + (3)Z]¥Y= (n

It may be seen from Bg. (4) that for incressing energy the angle
decreases, and from Eq. (6) that the resolution decreases. Also,
above the thermel spectrum the number of neuirons having energy E
is expected to decresse. These two factors limit the spectrometer
on the high energy side of the thermal peak.
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Higher Order Effects
Frem Eg. (1) apd Bg. (2), it may be seen that

B, = 8 ,
By = (0.285/24 sine)® ,

Bz = kB . )
The first and secomd ovder energles axe Ej end Ex respectively.
Ag By decreases, the mumber of neutrons of encrgy Ez in the incident
beam is expected to increase as Bp zpprosches the ithermal peak. Thus,
thaz»ewﬂlbemmneu’mnsofwergygamthewfmﬁedmﬂm. This
Poctor will limit the instrument at low energies where E; is below
the Maxwellian distribution and Ea mey be in it,

The efficiency of the meubron detector is given by
€ = 1o exp(-KxBE?) , (9)
in which the mumber of boron atoms per wait volume 1s K = 1.42 x 1019

abtoms per cubie centdmeter, X = 61 cm f2 the length of the counter,
and B = 612 x 10 #* ig the slope of the boron {n, )} cross section curve.

C. [Theoretical Spectrum.
Thermal. Spectrm
The neutron spectim from a resctor should repwesent a Maxwellisn

energy distrivution up to sbout 0.125 ev. Lbove this »ezion the muber
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of neutrons having emsrgy E should decrease as the inverse of the encrgy.

Coldberger and Seitz {5) have presented the Folluwing expression

for the Aiffracted noutron spectrun wiich sgrees with most experimental

data in the region of the peak (2, 15).

Iy nTla (2 - aaken~) .

B 16 o
ATy | , 2y
= kasinaG (ko ) ( ?;.L ) (13)

EB = intensity reflected from crystallographic plaves.
Hy = intensity incident om erystal.
¥ =21/\ .
oy = Z + {Gj(b)] A, [2&(&;;:3 + hay, + haz )n] .
0'53(11) = seattering cross section of the §™ atom in the unit cell
ko = Boltzmann's ecnstmt:

-~

T = average nsubtron Leperature.
(ba ha,ha) are the Miller indices of the diffraciing planes.
(x Y 532 J) desexribe the position of the I sbtan in the wait eell.

W = Wwp(t%) , (%)

vhere C is & constani.
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Epithermal NHeutrons

The gpithermal flux in the central core of the V.P.I. reector
hes been shown to be proporticnsl to 1/E by B. Stem.” An estimate
of this 1/E component will represent part of the theoreticel spectrun
cuzve. Bowever, the resolution may not be sufficient for these higher
eneyvgies.

“mis work by E. Stam bas been published for Froject number 365.
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VII. INSTRUMENTATION ARND EXPERIMENTAL PROCEIRIRES

The thewmal flux in the Virginis Polytechnic Institute veactor
is approximetely 10> neutrons per square centimeter per second,
vhich is relatively low. At the outer cnd of the collimetor in Figs.
2g and 2b, preliminery experiments with indium foils indleated that
& resonence flux at 1.4 ov between 5.k x 107 apd 7.1 x 107 could
be expected. It wes feli that this flux was sufficient to continue
with the construction of the spectyrometer. /

The outer parit of tha collimator is a steppeld rectangular sleeve
of gelvanized steel (Fig. 2b) with the space between the immer and
outer walls filled with o solidified slurry of borax and paraffin.
The inner section of the collimator (Fig. 2a), vhich slides telese
copically into the sleeve, is o stepped rectanguloxr box in which an
elumimm wavegulde is centered. The space bebtuween the walls of this
inner section and the woeveguide is also £1lled with the borexeparaffin
mixbure. This collimator is 78.T5 inches long and extends mrough
the reactor shielding to vithin ecight inches of ¢he core. An eighie
inch graphite stringer may be placed between the core and the coa.lizxia-
tor vhen desired. ’

The detector it & twoeinch diameter, 2h=inch long BFs counter
filled to a pressure of 40 ‘centimeters of mxlcuzy. Scattered neutrons
from the room are themmalized and sbsorbed by a boraxeparaffin mixture
in a box neerly surounding the counter. To further insure that no
thermal neutyons reaczh the detector, its ceylindrical sides are proe
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tected by B8 0.03«inch cadmium sheet. Pulses from the detector were
counted by a Nuclesr of Chicago Ultra-Scalar.

A NikeeAjax antisireraft radar antenna mount is used as the
spectrometer base. It i approximately 28 inches high, 4O inches in
diemeter, and congists of an upper plate, henceforth referred to as
the detector table, and o gear system comnecbing the detector table
direetly to a circular scale. The table turns by means of a bearing
surface vhich is sandwiched between six roller bearings on the top
and eix on the bottom. Mounted on this detector teble is a counter
weighted frame vhich supports the detector assembly so that the front
end of the detector is four feet from the exis of rotation of the
base.

Extending up -through the center of the detechor table is a shafi
which supports the crystal table. It is a brass disk one-fourth inch
thick end eight inches in dismeter on which the crystal mount is
located. The height of the mount is such that the center of the copper
crystal lies on horizomital lines pessing axislly through the detector
and the collimator. It was found that a point on the surface of the
crystal teble one and oneefourth inches from its center aid not
wobble in the vertical more than three-thousandths of an inch during
one complete revolution, indicating the stebility of the assembly.

In order to maintain the Bragg condition & retio of two to one
must be maintained between the motions of the detsctor and crystal
tables. This is accomplished with a pair of reduction gears between
the circular scele and the crystel table shaft. Thus when the detector
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table is twrned through one complete revolution, the scale is turned
through the same angle and the crystal table is driven through cneehalf
revolution.

It is necessary for the center of the crystal %o be positioned
as nearly &s possible in the center of the neubron beam, i.e., with
respect to the collimator. An aligning tool congisting of a wooden
plug from vhich a pointed steel rod protrudes is fitted into the
waveguide. The point of the rod defines the exsct position for the
center of the erystal teble. To bring it to tbhis given position a
second pointed steel zod is substituted for the crystal table ocn the
shaft, and the base is moved until the point of the first rod just
touches the point of the second. The apparatus is now aligned, since
the crystal mount is so constructed that the center of the copper
erystal, the detector, and the collimetor are the sume distances
Zbove the floor. (The crystal mount is centered above the crystal
table shaft.)

Before placing the crystal on the mount the Zero reading of the
cireular scale is determined by rotating the detector through the
neutron bean and counts are taken as a function of angle. A reactor
pover of five watts provides adequate counting rates for this step.

A plot of counting rate versus eangular reading yields a symmetrical
curve, the peak of vhich corresponds to the zero reading. Thereafter,
egch angular determination is made with respect to this zero reading.

The (1,1,1) planes of the copper crystal are vertically arranged
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and the Brageg copdition is determined for some small erystal angle
(< 30°) by rotating the detector with the crystel fixed. thile the
reactor is operated at ten kiloewatts, the detector is rotated and
& count talen about every ten mils of detector displacement. A
pilot of counting rate versus detector angle is & curve representing
diffracted neutrons, the peak of which corresponds to the angular
position which satisfies the Bregeg law. Thise condition is nov
naintained by engaging the reduction gears. See Figs. 38 and 3b.
The Bragg condition is always fulfilled such that vhen the detector
is rotated back until the ciircular scale is on the zero resding,
the (1,1,1) planes make an angle of zero degrees with the incident
neutron beam.

A second collimator is placed between the debector ard the
erystal. It consists of many parallel, twoefoot long, 1/32einch
thick cadmivm sheets, and is located about four inches in front of the
detector. Tais second collimator is aligned by rotating it in front
of the detector watil a maximm counting rate is cbserved, after which
it is bolted to the detector supports and remaing stationary with
respect to the detector.

The resolution of the instrmment i given by Fg. 6. The constant
o is determined by the dimensions of the collimebor while £ depends
upon the rocking curve. ‘Shie curve is obtained by rotating the crystel
through the Bragg angle, leaving the detector Pixed and recording the
cbserved counting rates. This procedure reguires the uncoupling of
the detector teble which involves the removel of 2 nineeinch diameter
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mgear. Msw.wwmmmmemmwm
thecimulsarscala.} Access may be nade through one of the three holes
in the top of the base o remove the three socket serevs.

The energy of the diffracted neutrons for & seb of planes in any
erystal may be caloulated from the Bragg egustion if the lattice
constants are mm; Tee lattice constent for copper is 3.608
Sngstroms (12); thug the neutron energy can he colculated for & range
of crystal angles.

An experimentsl verificstion of the calculatod energy may be
obtained by measuwdng the total cross section ss a function of energy
for a sultsble smubstonee with the spectmter; o loestion of the
codaiam resonpnee &b 0;1'?5 ev provides an excellent check. Other
resonences vhich could be used are near themmal resonances in
samarium, eurcpium, and lutetium.

The intengity of the beam transmitted through & sample in the
diffraected beor iz given by the following equabions

T = Igemp(-Ne(B)| (15}
where In is the intensity of the incident beam, ¥ iz the mmber of
atons per square combimeter in the semple, and g(B) is the energy
dependent cross section of the ssmple. Since the Hragg conditiom
is satisfied for cvery smgle due to the coupling belmeen the cyysial
and debector tebles, the neutron encrgy of the diffracted besm can
be determined from the cireular seale resding. The tranmmission T
is found by teking counits for equnl time intervals with the semple
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in and out of the diffracted besm.
7 = explno(m] . (16)
o(®) = (/mMw(i/z) . ()
A comparison of the resopence enewgy obtedined by this trensmission
method with other sources shomshavgcoda@emem:;

One can geb o rogsesentation of the neuiron energy spectrum
by recording the counting rabe over & range of enorgies. The
gosirved energies muy be obbained from Eg. 4 by coveful selection of
the crystal angles or, alibernatively, angles can be arbitrarily
chosen and the encxgy calculatad.

A debernivation of the background counting xebe abt different
energies was obtained by inserting a moderntor and sn sbsorber
between the cedmium collimator and the BFs eam%:ez« This shutter
congisted of o one and onsehalf inch thick pieece of paraffin
sondviched between two shegts of 1/32-inch thick codmiwm. Tuis
combination effectively ahsorbed eny diffrected neutrons from the
crystal, leaving the remaining counting rate due to neubtrons dirveetly
mmmwseemmmmm; ‘.&ehackgmmdmm
more than 10% of the totxl count end was wsually loss than 5%.
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ViIi. RESULTS

Bue to the orientation of the crystal it was expected that
only a single diffvaction peek from the (1,1,1) planes of the copper
crystal would be obrbgﬁmd. However, when the crystael was set at an
srbitrary unknown angle end the counting rate was observed as the
detector rotated, z dovble, rather than a single, diffraction peak
was found (Pigs. 3a snd 5b). After a close scrubiny of the reciproe
cal lattice constants for this face-centered cubic crystal, it was
concluded that the second peak could not be attributed to another
set of planes in a single crystal. Therefore, under the assumption
that the crystal was a double crystal, it was determined that the
average sngle between the two sets of (1,1,1) planes was 1.685
degz'ees.l The detector was coupled to the crystal on the first peak
by means of the redwetion gears because it afforded greatest intensity
and resolution. The vocking curve in Fig. 4 seems o exhibit the same
doubleepeaked forme

Froo Plg. 4 ons £inds f of Bg. T to be 0.0118 radians. Internally
the collimator is 78.75 inches long and 5/8 inches wide from which one
cbtains ten{a/2) egqusl to 0.00309, /2 is 0.00308 radiens, and A€ is
0.0118 radions from Bg. T.

The resolution as a function of crystal angle ecalculated from
Eq. 6 is tebulated in Table 1 and shown in Fig. 5./%eae values are
based on the assupiion that the diffracting crxystal 1s & single
crysbalf thus the resolution is actually less than that indicated
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Table 1. Resolution of the spectrometer asssuming =z single erystal.

e ¢ e
1.00 39554 2.90
0.90 4 08 3.06
0.80 4 23 5425
0.70 b 41 547
0.60 503 375
0.50 5 32 4,11
040 612 L.c2
0.30 7 10 5.3%
0.20 8 47 5.57
0.10 12 28 9.36
0.09 13 09 9.92
0.08 135 58 10.6
0.07 1% 57 11.3

 0.06 16 11 12.3
0.05 17T 47 13.7
0.0k 19 58 15.
0.03 235 13 18.2
0.02 28 13 22.8
0.01 43 03 39.6
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by the curve.

The surface density, H, of atoms in the cadmiuwm Toil used for
measuring cross sections wes determined to be 0.0032 x 10%° atoms
per square centimeler. The experimental total cross section caleulated
with the aid of Eg. 12 sgrees quite well with the theoretical curve
over the energy rauge from 0.03 to 0.1 ev, bul departs rapidly as
higher energies are epprosched (Fig. 6). This depsrture is attrie
buted to poor resolving pover at smell angles and, elso to the ”
previously discussed cyystal imperfection, since noutrons with dife
ferent energles are diffracted into the detector Zrom the second seb
of planes. Approaching low energies from the rescnance peek one
ohserves a devistion from the HIL curve beginning at 0.03 eve The
presence of these second order neutrons was predicted by Eg. 8 and
the second oxvder gpectrm in Pig. 9. 0f significance 1s the fact
that the energy of the resonance peak is within experimental exrror
of 0.175 ev, which is indicated by the horizontal ervor triangles.
The poorer resolution et bigher energles would buve Just the effect
geen, a slight chifiting of the observed resonance peak to lower
energy. The cross sechion and spectrun data are corrected for
deteetor efficiency and background in accordance with Figs. 7 and 8.

The peak of the thermel spectrum in Fig. 9 for the V.P.I1.
resctor is shifted toward higher energy from that of the theoretical
curve. Sturm and Arnold (13) indicate that this is to be expected
for a neutron spectronecter operated st reduced resolving power. 4
Mexsrellian distribution of thermal neutrons, second order neutrons,
and epithermal newbrong verying as the inverse of the energy compose
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Table 2.

e 3 -

Reutron ensrgy spectrum from north resctor side port

corrected for background and detector efficiency.
The counts for which errors were calculated are average values.

T = 310%K.

Energy Counts Time CPM CRi minus CPM=-B0
(minutes) background €.
1.00 4130 5 826 660 1650 + 228
0.90 4205 5 841 T2 1758 4 228
0.80 by 5 895 751 1746
0.70 x7ié 5 943 833 1852
0.60 4799 5 050 850 m
0.50 5111 5 1022 927 1818
0.40 5400 5 1080 995 1809
0.30 6652 5 1330 1230 2016
0.20 10261 5 2052 2042 3003
0.4 32 1 3742 3625 4865
0.103 6829 1 6829 6707 8436
0.100 38821 5 TT64 7642 9553
0.090 7420 1 7420 7300 8957 % 201
0.086 7909 1 7909 7789 okg9
0.083 9255 i 9255 9135 11006
0.080 10066 1 10066 9946 11983
0.078 ol 1 olTH 9351 11132
0.076 9301 1 9501 2187 10937
0.073 10087 1 10087 9970 11729
0.070 8537 1 9537 ohz2 11085
0.060 9073 1 9073 8g62 10242 ¢ 77
0.050 6457 1 6457 6352 7058
0.040 5213 1 5213 5100 5543
0.030 5287 1 3287 3187 3355
0.025 5088 2 2544 24hly 25k8
0.020 6679 3 2226 2130 2196
0.010 5323 5 117 1033 1033
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the theoretical spectzum curve. The experimental spectrum exhibits
& ough Maxwellisa dilstribution peaked at 0.075 cv, distorted on the
low cnergy side of the pesk by second order neutrons, snd on the high
energy side by the presence of high energy neulrons. Perheps the
deviation betwesn these two curves is partially due {o incomplete
thermalization, since these neutrons bave not diiffused through any
conslderable colwm of moderator material.



. CORCIUSIONS

‘hese dete confirm the calibration of the instrument and demone
strate the necessity of a carefully selected single crystal for ’
experimental applications. The (1,1,1) planes of LiF are recommended
sinee the second order neubrons are suppressed. Care should be
teken to match up the rocking curwe half width to the divergence
angle of the beam because matching these two camponents affords &
much neecded compromise between intensity and resalution. The
intensity may be increased at the expense of the resolution by roughing
the surface of the crystal (12) thus ineressing the mosaic spread.

It is fell that the mechanical reliability of the instrument
hes been clearly demensirested vhile the deviations from the anticle
peted results may probably be atiributed to the wex’bmte and '
urexpected difficuvlby of having & tvinned crystal.
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ABSTRACY

A single crystal neutron spectrometer using a copper erystal
hns been designed and constructed for the purpose of studying the
low enevey (41 ev) neutron spectrum from the V. P. I. reactor.

The basice theory necesseyy for the design, the detadls of the
spectrometer, calibrabion data and method of gpersilon are presented
in this thesis. & ralation between angle of dlffraction sad neubtyon
ensrgy is obiained from the known latiice spscings of the eopper
cerystal. A mezsure of the total eross ssetion of cednium from

0.01 to 1.0 ev bas heen cbiained from trensuission dsta for a thin
cednium cheet. The position of the lov energy responance peek
confirms the compuied caiibration. The resolubtion of the instrie
ment and the inbensiiy of the diffvacted besm as & function of '
energy were studied in order to asceriein the usahle vange of the

spectrometer.
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