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Abstract

The previous exprssion for the diffracted neutren intensity by a highly orie-
nted polycrystalline is modified using the Kunitomi’s formula of the crystal
reflectivity. The method of studying the preferred orientation in metals with
white neutron is proposed utilizing the above formula and the fact that the real
position of the diffraction of certain grain in the sample can be found by the
comparison of the smaller angle part of the maxwellian curve of the calculated
intensity of neutrons diffracted and the experimenal curves. The most probable
wavelength of thermal neutrons from the reactor is found by the measurement
of the neutron spectrum with the correction for the crystal about the multiple
reflection and the absorption of neutrons and turned out to be 1.025 =+ 0. 001A.
The preferred orientations of some electric steel sheets, mostly with the cube-
on-face orientations, are investigated by the present method. The orientations
of most grains relative to the rolling directions are found to be within & degrees.
It is found the most of theories for large crystals may be extended to highly

oriented polycrystalline materials without extensive modification.
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1. Introduction

In recent years neutron diffraction method
has become an important tool for the study on
the crystallographic problems of ‘materials.
Although neutron has superior characteristics
to X-ray like the momentum-energy relation-
ship and high penetration in substance as the
projectile for the diffraction works, the.neu-
tron diffraction method plays only complem-
entary role in many fields of investigation
to X-ray diffraction only because of the fact
that the available neutron flux is not comp-
etent to that of X-ray in the magnitude of
density.

In this respect the method of using white
radiation coming from a nuclear reactor wi-
thout monochromator proposed by Lowde!? for
the diffraction experiments has been attractive
and developed continuously till the crystal
structure can be determined by this method®.
Since only low neutron fluxes are available,
it has been our keen interest t0 improve the
ways of using white neutron for some fields
of neutron diffractions. Recently, Eugenio®
proposed the method of studying the preferred
orientations in metals with white neutrons
while the monochromatic neutrons can be used
for the study when the high flux reactor is
available*®. The determination of the prefe-
rred orientation of coarse grained sheets or
wires using the X-ray diffraction method is
difficult and often practically impossible be-
cause of the small number of grains “seen” by
the X-ray beam. Owing to the high penetra-
ting power of neutron and to the application
of a beam with large cross section, the neutron

diffraction is suitable for the investigation of
coarse grained samples. Eugenio derived some
formulae for the counting rates of neuirons
received by the detector when maxwellinly
distributed neutron beam came from a reactor
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and was reflected by a single crystal. The
most probable velocity of the neutrons was
obtained by comparing these formulae with
the experimental values. The above formulae
were also used to index the maxwellian curves
of some sheets of silicon steel. Finally, the

o preferred orientions of these sheets were found
with the informations derived from the rocking
sample experiments. Walters ef al® investi-
gated the preferred orientations and grain sizes
of silicon iron single crystals cold rolled
70%. The effects of impurities on the (110)
[001] texture in silicon iron was studied'®.
The methods of developing the cube-on-edge
and cube-on-face texture in silicon steel were
presented by Walker et al'* and Wiener ef
al®. Schade'® modified the Eugenio’s formu-
lae for the counting rates by considering the
detector efficiency.

Using the Bacon’s conclusion for the refle-
ctivity that R(y) is proportional to the value
of (th,,/sinﬁ)%, the neutron count rate (CR)
recorded with a BF; detector was derived as

CR=cl1—exp(—Z2:/0)Jo*? expl—{(v/v.)*]

cos®6, (1)
where
¢; a constant coming from the total counting
efficiency,
2. =N3seo oL’

v the neutron velocity (cm/sec),
v,; the most probale velocity of the maxwe-
Ilian distribution,
v, =2.2X 10*cm/sec,
Nas; the density of B! in the detector
(atoms/cm?),
o,; the absoption cross section of B! for the
2200m/sec neutron.
The relation between the peak values of the
observed and maxwellian distribution was
found as
£,=012.25—a/(2exp(a)—1)+0.25 tan’, (2)
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where a=2,,/v and 8 was the angle correspon-
ding to the observed peak.

2. The Reflectivity of a Crystal

The actual reflectivity of a crystal is a func-
tion of many variables, such as the wavele-
ngth, the incoming direction of neutron, the
order of reflection, crystal shape, etc. For a
small ideal crystal, the reflectivity with rota-
ting crystal method is related to the crystallo-
graphic quantity @ as

R=QdV, (3)

where R; the reflectivity,

V; the small elemental volume,

3 2 e

e

2: the wavelength for Bragg angle,

N.; the reciprocal of the unit cell

volume, -~

6; the Bragg ange,

F'; the crystal structure factor.
But the extinction phenomena makes the simple
expression of R, Eq. (3), not applicable for
large crystals. Most crystals are assumed to
be ideally imperfect and the reduction of the
incident intensity within them has been dis-
cussed in terms of secondary extinction. Bacon
and Lowde® worked on the reflectivity of
this kind of crystal for the kinematic case.
Their formula for the reflectivity, R(y), in
the symmetric reflection case is

dA

(" a
RO)=" T e T ar oo
- (4)

where a=—§— 1 e—4%/29%,

p(27)

C=upt,/sin,

#; the absorption coefficient,

7; the mosaic spread,

4; the angular displacement of an indi-
vidual block from the mean orienta-
tion of the crystal plane,

¢,; the thickness of the crystal.

They have also concluded that the reflectivity
is proportional to Q% for the thick non-abso-
rbing crystal while the reflectivity is propor—
tional to @ for the the very small crystal.
Following Bacon’s development, Dietrich and
Als-Nielsen'® derived the formula for crystal
reflectivity in the neutron transmission case.
These calculations are based on the assumption
that the plane slab crystal has infinite surface
area and it has neglibible absorption and that
the incident neutron beam has spatial unifo-
rmity over the whole area of the cryatal.
Under these assumption, the intensity of the
diffracted neutron beam depends only on the
variable, the penetration depth of the neutrons
within the crystal. According to their conclu-
sion, the reflectivity should monotonically
increase with the mosalc spread due to the
decreasing secondary extinction effect. Howe-
ver, this conclusion contradicts to the naive
consideration that the crystal with infinitely
large mosaic spread, which is for example
powder sample, should not be a good mono-
chromating crystal. This contradiction arises
from the fact that their reflectivity is dete-
rmined by integrating the neutrons scattered
towards all directions. This assumptions, ho-
wever, is not true in the actual case, espe-
cially when the width of the incident neutron
beam is not large in comparison with the
width of the collimator for the reflected beam.
In such a case the intensity of the reflected
neutron beam can no longer be assumed uni-
form over the whole crystal surface. Hami-
Iton'™® calculated with numerical technique,
the neutron reflectivity for crystals of arbi-
trary shape, accounting for the spatial inten—
sity distribution of the diffracted beam. We-
rner and Arrot!™ analyzed the multiple-Bragg
scattering problem by recasting Hamilton’s
differential equations for crystal diffraction,
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in transmission case, into integral-- form.
Desjardins'® did the similar work for the
reflection case. Kunitomi, ef al.,'® combined
the Bacon and Lowde’s result(cf. Eq. 4) with
the Sailor’s coddimation factors®®. His work
will be discussed in some detail. Let us consi-
der the individual neutron ray which passes
through the first collimator with the deviation
angle between ¢, and ¢,+dg; and is reflected
by a mosaic block with the orientation between
4 and 4+d4 from the mean. The number
after passing the second collimator with the
angle ¢, from the centerline of the collimator
should be

K¢y, 4)dgdd=1($1)R(4) Ag:)d ¢, d4, (5)
whereR(4) is the form of Eq. (4) and A(¢)
is the transmission funation of the collimator.
Following the method used by the previous
authors this expression can be modified into
the form with two variables § and 4, in which
é denotes the angular difference between the
reflecting angle of any neutron beam and the
average Bragg angle. The total number of the
monochromatic neutrons produced by the pre-
sent assembly can be obtained by integrating
Eq. (5) with respect to 6 and 4 as

1={{" 16-0RWAG+DAs ds.  ©

Since this expression contained both the effect
of the angular collimation by two collimators
and the reflectivity of the crystal, Kunitomi,
et gl transformed this into the product of
both factors as

1= 1f e# G @) RaBO @
where the first factor represent the effect of
the collimators and the last factor R(A4,B.C)
is the reflectivity of the collimated neutrons.
With the assumption that the angular dive-
rgence of the first and the second collimators
are very close to each other, they obtained
the value of the reflectivity in terms of the
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anguler collimators, mosaic spread, crystallo-

rgraphic quantity, linear absorption coefficient

and the thickness of the crystal as
Aexp(—Bx?/2) dx

R= S"
1) I+ Ae= 2 q (14 24e = %)} x coth(1+24e-= )k,

®
where
A=Q/uy,
9.2 2 3
o 2+ 2
Since Eq. (8) contains many independent

parameters, an assumption was introduced to
decrease them without limiting the practical
usefulness of the equation, namely that the
effect of the collimaion is independent of the
thickiness of the crystal. This assumption
seems to be fairly reasonable because the beam
divergence is influenced by the effect of the
collimations but hardly by the crystal thickn~
ess. The calculation by Bacon and Lowde, neg-
lecting the effects of the angular collimation,
corresponds to the extreme case of B=1 in
Eq. (8).
numerical calculation of the complete function
R(A,B,C), a simpler function R(A4, B, o)
was calculated on a digital computer.

In order to avoid the troublesome

Grabcev?? has studied extensively the reso-
lution problem of the diffraction from a cry~
stal. Many experimental works on the refle-
ctivity or the efficiecy of the crystal monoch-~
romators have been cariried out recently?*2%,
Finally it is worthwhile to contemplate the
meaning of the effective absorption coefficient
and the mosaic spread for the sake of appli-
cation of the results from the above discuss-
ions to the actual case.

The effective absorption cross sectien, g, can
be written as

#=No, 1T Ei(S) +Eu(S) +Einet (5), 9
where N; the number of atoms in unit
volume,

o,; the absorption cross section,
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E, (s); the elastic incoherent scattering.
E...:(S); the inelastic coherent scattering,
E...:(s); the inelastic incoherent scattering.
In the Placzek incoherent approximation
which has been shown to be accurate within
a few percent over the energy range 0.0001
to 1.0ev,
properly chosen, we can represent the inelastic

provided the Debye temprature is

coherent scattering cross section by E,,..(S)=
(0./0:) Fina(s), where g. and o, are coherent
and incoherent scattering cross sections of
bound nucleus respectively. The expression
for p becomes ~

p=Nl{o,+o+o.[r—i(1—exp(—r) }/7]}, (10)
where

e= Q4Em/K®M) [¢ (%) /x—l—%}

where Z' is the neutron energy, m is the mass
of the neutron, K is the Boltzman constant, @
is the Debye temperature of the crystal, M is
the mass of the crystal atom, and X=®&/T,
Thbeing the absolute temperature of the crystal.

Unrortunately Holm?” used the total ma-
croscopic cross section for g, in his calcula-
tion of reflectivity.

The value of experimentally determined
mosaic spread is that of the so called effective
mosaic spread, 7.ss. 7.7r 1S such a quantity
that the crystal reflectivity is approximated
to being proportional to exp (—4%/7%.,,). The
7.ss’8 can be convert to real mosaic spread
easily.

3. Experimental Method and Apparatus

As mentioned in Sec. 1, Eugenio® and
Schade'® have derived the formulae for the
counting rates of diffracted neutron as the
function of the diffraction angle when a single
crystal is irradiated by white neutron beam

from a neuclear reactor. They have used the

* g =1—F g X«
$()=1—71+

% —-_3_660_+......

formulae to determine the most probable velo-
city of the beam firstly. In order to investigate
the preferred orientation of silicon steel, they
have used their formulae to index the maxw-
ellian curves by samples taking the samples
as mosaic single crystals.

1) The Most Probable Velecity of Neutrons
from a Reactor

In order to obation the accurate value of
the most probable velocity of reactor neutrons,
the spectral distribution of thermal neutrons
emerging from a reactor has to be measured
rather than employing the above procedure
due to the incorrectness as follows. Firstly,
the derivation of Eq. (1) is based on the crude
relation between the crystal reflectivity and
the wavelength of neutron. Secondly, they
have not been careful enough to consider the
multiple reflections in measureing the count
rates. In terms of the reciprocal lattice, this
situation means that two reciprocal lattice
points lie on the sphere of reflection. The
multiple Bragg reflection has received consi-
derable attention recently?$=3®. There is no
feasible method of calculating the magnitude
of their perturbing influence. The problem is
further complicated because the occurence and
magnitude of these reflections will be diffe-
rent for different orders of reflections. The
means of mechanically circumventing the
problem of multiple reflections would be
useful. Two dimensional goniometer is used
as the crystal holder which provide with an
extra degree of rotational freedom to allow
the rotation of the crystal about an axis per-
pendicular to the primary reflecting planes,
The reactor spectrum, ¢ (i), can be unfolded
when the observed count rates are compared

with the values of R(4,B,C) multiplied by
e(2)’s.
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2) Preferrdd Orientation by Diffraction of
White Radiation

To investigate the preferred orientation of
samples, another method has to be sought
rather than the method of Eugenio® and
Schade!® since their work has been based on
the proposition by Bacond and Lowde that the
reflectivity is proportional to the square root
of @. But any unique relationship between
the reflectivities and the @ can not be found
from the Kunitomi’s formula for the reflec-
tivity, Eq. (8). It can be the advantage that
we know the crystal structure of the samples
being tested. The uneasy problem is to to find
the thickness of the samples as crystals. This
problem can be solved as follows. Curves of
the count rate [R(A4,B,C)e¢(2)] versus 6 for
various thickness with the reflectivity, Eq
(8), are drawn. By the comparison of the
smaller angle part of these curves with that
part of the measured curve, the thickness of
the samples can be found. The absolute values
of angles in the measured curve are also
determined by above comparison. The max-
welliam cruve can then be accurately indexed.

3) Apparatus

The schematic diagram of the spectrome-
ter’? is shown in Fig. 1. The spectrometer
is essentially two turn-tables on the same
vertical axis. The lower turn-table is fastened
to the large counter arm. The upper turn-
table has a goniometer fastened to it. The
two turn-tables are geared independent of
each other and are driven by seperate AC-DC
motors. The primary coarse collimator is
made by heavy concrete with the beam ape-
rature of 4cmX6cm. For another coHimators,
Soller collimators are chosen to obtain the
required neutron intensity and still maintain
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" Fig. 1. The stchematci diagram of the spec-
trometer.

the desired beam divergence. All the Soller
collimators are constrtcted with 0. 05mm thick
stainles steel pasted by myristic acid. The
dimension of each channel in the collimator is
1mmXx40mmX300mm. The mechanism for
orienting sample crystals is performed by a
two-circle goniometer. The vertical axis of
rotation is called the “rock” axis since the
crystal is rotate about this axis to produce a
rocking curve. The top axis of the goniome-
ter is called “tilting” axis and permits rotation
of the crystal about a horixontal axis which
is parallel to the reflecting planes. The middle
axis is called x-axis and permits rotation of
the crystal about an axis perpendicular to the
Bragg plane. That the x-axis must necessarily
be the middle axis rather than the top axis
is apparent since x-axis must always lie in
the plane defined by the incident and diffra-
cted beams. Ideally, the three axes should
intersect at a point in space which remains
fixed over the entire range of rotations for
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the three axes. The point should lie in the
horizontal mid-plane of the crystal, being at
the center or on the surface of the crystal
depending upon whether the crystal is being
A beam
«catcher is used to attenuate the portion of the

used in transmission or reflecton.

primary beam that does not undergo diffrac-
tion. The beam catcher is built with borated
paraffin and lead. The main detector is a
Reuter-Seuter-Stokes BF; tube with a diameter
of 2 in. The BF; gas is enriched to 96% B!®
and the tube is filled to a pressure of 70 cm.
The detector is surrounded by a shield made
of borated paraffin. Since the reactor power
can fluctuate as much as 10% during opera-
the beam is monitored by a fission
Main
«detector counting times are determined by a

tion,
.chamber before reaching the crystal.

preset monitor count, thus eliminating the
effect of reactor power changes. The preamp-
scalers, scalers,

lifiers, and high-voltage

suppliers for the two detectors are all RIDL
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Fig. 2. The rocking curve of copper single
crystal crystal (111).

Series transistorized units. Both six-decade
scalers are connected to a Hewlett-Packard
printer. When the monitor scaler reaches the
pre-set count, main detector count and angular
position are printed out.

4. Results

1) The Most Probable Velocity of Neutrons
From the Reactor

A copper single crystal (111) is used to
measure the reactor neutron spectum in the
reflection geometry. A rocking curve of the
crystal is shown in Fig. 2. The full width at
half maximum (FWHM) of the rocking curve
is seen to be 0.0051. As shown by Sailor et
al®, the rocking curve for a mosaic single
crystal in a beam of white neutron can be
approximated by a normal distribution with
the FWHM of (a*+27%,) %, where 7,/ is the
effective mosaic spread of the crystal as me-
ntioned before. Since a;=a;=0.036%>, we
obtain the avalue of 7., to be 0.0026. In Fig.
3, the observed counting rate for neutron
reflected from the crystal is plotted as the
function of neutron wavelength. The jagged
appearance of the curve is due to the multiple
reflections in the monochromating crystal.

As mentioned in Sec. 3-1-b, the unpertu-
rbed count rate is determined, with reasonable

COUNT RATE(ARB UNITS )
o
8 & 8
T T T

o
(=]
T

1 1 1 1 1, 13
i [Xo] 15 20 25 30 ‘3.5

NEUTRON WAVELENGTH LAY

Fig.3. The Observed Count Rate of Feutrons Reflected

by the Kenochromator.

Fig. 3. The observed counting rate of neutrons
reflected by the monochromator.
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Fig. 5. The real spectrum of neutrons from the
reactor.

accuracy, by obtaining enough points free of
multiple reflection. A part of three spectral
curves for different orientation of x-axis is
shown in Fig. 4. The values of R ¢(2) are
calculated with a digital computer and the
spectrum, ¢ (1), is unfolded starting from the
shorter wavelength where the order contami-
nations are-negligible. The results are shown
in Fig. 5. The procedure of unfolding is
carried out until the wavelength of 1.5 A since
we are interested in the peak value and the
order contamination makes the procedure
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complicated from 1.5 A onward. The obtained
value of the most probable wavelength is 1. 025
4 0.001A and this value correspond to an
effective neutron temperature of 361-+7°K.

2) Preferred Orientation of Electric Steels

Four different kind of samples with various
thickness from Armco steels Corporation are
investigated. Series A consists of ten 9-mil
samples and is classified as cube-on-edge tex-
tured. Series B consists of ten 5-mil samples.
They are classified as equal permeability and
cube-on-face. The grain size is mixed with
grains verying 1 to 6 mm. Series C consists
of fifteen 3-mil samples. They are classified
as cube-on-face and equal permeability. The
grain size of series C is mixed with majority
of grains.being about 0.1mm. Series D con-
sists of twenty 7-mil samples. They are clas-
sified as cube~on-face. The rocking curves of
all materials are taken with the collimation
of 0.0035 to see, by comparing their FWHM
Witf] the monochromating single crystal whe-
ther the diffraction fheory for single crystal
can be applied to the'm.

a) Mixing Samples of Different Orientations

Sheets 1 through 5 from series A, (110)
[001), and the Serles B, (100) [001), are used
to investigate the stacking of samples of dif-
ferent orientation. This experiment has been
initiated to see if the presence of different
orientation at various depths within a sample
can be observed and meaningful information
obtained. Fig. 6a displays the rocking curves
for C and the A series. These rocking curves
are fitted to gaussian type and.the FWHM’s
are 5.6° and 1.8° for 4 and B series. As can
be seen from the rocking curve of A, it has
a secondary peak which is caused by another
g}ains oriented differently from the rolling
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Fig. 6. The rocking curves of series A, B, and C.

plane. Fig. 6b is the rocking curves for three
differently stacked samples. The stacking
ways are A+B, B+A and each sheets of A
and B-series mixed together to obtain homo-
geneous series. If the samples had a neutron
absorption coefficient of zero and no extinction
effect, the three rocking curves would be a
linear sum of the seperate curves. A beam of
neutron will be reduced by about 6% in inte-
nsity during passage of 0.15” of 3% Si steel.
Neglecting extinction, this means that the
last sheet in the stack would be weighted
0.94 as compared to a weight of 10 for the
first sheet. In any real sample, secondary
extinction plays a very important role. Once
the sample thickness has passed the region of
linear proportionality the weight for a given
sheet becomes unknown. Since any proportio—
nality is not known between the thickness
and the secondary extinction of the sample,
this will make almost impossible to analyze a

stacked sample while the resulting curve will
not be a linear sum of the individual sheet.
The maxwellian distribution for the B-series
exhibits a secondary peak. This is due to a
build-up from a secondary orientation of (211).
The maxwellian distributions contain peaks
corresponding to all of the crystal planes
present in the tacked samples. But the curve
shape and peak height are functions of the
stacking arrangement. The distribution corre-
sponding to the homogeneous mixture closely
approximates a linear sum of the two seperate
maxwellian distributions. This is because the
differently oriented grains are distributed
randomly as a function of thickness and no
one orientatation is segregated to the front or
back of the sample.

b) Transmission Rocking Curves

Transmission experiments have been run in.
order to define the orientation or grains within:
the sample completely by obtaining useful
diffraction patterns from other than main
plane. The C-series is classified as (100
[001] oriented with the [001] direction being
well aligned. The (100) plane is parallel to-
Therefore, at-+45° from
this plane will lie a (110) plane. If the sample:
is rotated--45° {rom the normal starting angle

the rolling plane.

for a rocking curve, the curve will be from
a (110) plane. Rocking the (100) plane about
the axis defined by the neutron beam will
give little information in relation to the degree
of the cube edge directional alignment. Roc-
king (110) plane about this axis will allow
the complete directional properties to be obta-
ined. Since the two-circle goniometer used is.
not an full circle goniometer it has some phy-
sical limitation. Therefore, it is impossible to-
rock the sample through the entire angular
range. For the transmission rocking curve of’
C-series, diffraction: patterns with the sam—
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ples at the position of445° from rolling dire-
<tion shows no peak. This means no planes
are aligned at4+-45° to the [001] direction.

¢) Investigation of Cube-on-face Oriention

Three different samples C,B,D, of cube-
-on-face, (100) [001], orientations are investi-
gated. For each sample series, maxwellian
distributions are run to determine the crystal
plane parallel to the rolling plane. Maxwellian
distributions are indexed by the method men-
tioned in 3.2. For each series, the primary
-orientation is the (100) plane parallel to the
rolling plane. The maxwellian distributions
indicate the presence of several secondary
orientations, (110), (211) and (220). To
.completely specify the orientation, a series of
rocking curves are run for each set of sam-
ples. The rocking curves taken include the
following types: rolling direction, reflection
and transmission: cross rolling direction,
reflection and transmission. The transmission
diffraction was from the (110) family of
planes. Analysis of the rocking curves will
.determine the direction of orientation and the
:scatter about the mean orientation. The peak
.amplitude and the FWHM for the rocking
-curves are determined. Two times the FWHM
gives a confidence interval of 0.95 that a
grain will have the given orientation. In const
ructing a pole figure several ratios play a
very important role. These ratios are:

G:=peak height of sreflection rocking curve,

rolling direction/peak height of trans-
mission rocking curve, rolling direction

G.=peak height of reflection rocking curve,

cross rolling direction/peak height of
transmission rocking curve, cross rolling
direction

Gi=peak height of reflectin curve, rolling

direction+45°/peak height of transm-
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Fig. 8. The rocking curves of series C.

ission rocking curve,

+-45°
Fig. 7. are maxwellian distribtions for the
cross rolling direction for the C-series. The
background is obtained by running the curve
without a sample neglecting the incoherent
scattering from the sample. Fig. 8a and Fig.
8b display the rocking curves used in constru-
cting the pole figure in Fi. 9. For the C-
series, 95% of the grains lie within+4.8° of

rollng direction
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the rolling plane in the rolling direction, and
+4.1° in the cross rolling direction. The cube
edge direction has a 95% probability of being
within+6.0° of the [001] direction. Using the
maxwellian distribution from the RB-series, it
is known that 95% of the grains lie with-
3.8° of the rolling plane in the rolling dire-
ction. The cube-edge direction has a 95%
probability of being within:t4.9° of the[001]
direction. The maxwellian distribution for the
D-series in- cross rolling direction is also mea-

sured. A comparison of the two maxwellian
distribution indicates the primary orientation
is the (100) plane parallel to the rolling plane,
but from the apparance of the cross rolling
distribution the palne appears to be rotated
about the [001] direction. The rocking curves.
for D-series in various directions are measared.
From' this curve, the pole figure in Fig. 10 is.
constructed. Due to limited data, this pole fig-
ure can only be classified as a rough schema-
tic. The grains are well oriented in the rolling'
plane with respect t7 the rolling direction.
About 50% of the grains have (100) planes.
that lie4-5° of the rolling plane with respect
to the cress rolling direction. The grains have
a 95% probability of being within+4.5° of
the rolling plane with respect of the rolling
direction. About 25% of the grains are oriented
with their cube-edge direction -+4,5° of the
[001] direction.

5. Conclusions

The thermal neutron spectrum from the
reactor is measured accurately and the most
probable wevelength of the neutron is obtained.
The preferred orientations of some electric
steels are studied, and the average orientations.
of the samples are determined. In summary,
the various samples are found to have the
following orientations:

1. a-sries: 95% of the grains are oriented
such that (100) plane is in the rolling plane
with a deviation of 3.8 in the rolling dire-
ction and has a deviation of +4.9° from the
[001] direction.

2. C-series: 95% of the grains are oriented
such the (100) plane is in the rolling plane:
with a deviation of 4-4.8° in the rolling dire-
ction, and the cube edge direction has a devi-
ation of 46.0° from the [001] direction.

3. D-series: 95% of the grains are oriented
such that the (100) plane has a deviation of
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-+4.5° from the rolling plane in the rolling
direction, 50% are oriented such that the(100)
plane has a deviation of +5° from the rolling
plane in the cross rolling direction. About 25
% Of the grains have the cube edge direction
aligned within +4.5° of the [001] direction.
More elaborate measurement than the present
one can be performed by the use of a complete
two-circle goniometer as crystal holder, tho-
ugh a sophisticated electronics may be needed
to operate the goniometer. Stacking of samples
changes the shape some what of the maxwe-~
llian distribution, but does not change the
location of the peak. It is believed that if the
effects of stacking are investigated further it
may be possible to determine the exact amount
of the secondary orientation by analysis of
the maxwellian distribution. Most of the the~
ories that are applicable to large crystals may
be extended to highly oriented polycrystalline
materials, however, the efforts for the exten~
sive modification are required. The present
method with white radiation seems to work
best for the investigation of materials of
relatively large grains.
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