Chapter 3

DEFECTS IN CRYSTALS AND DIFFUSE X-RAY REFLECTIONS

Defects In Crystals

Imperfections or defects are used to denote any chemical
impurity or structural imperfection which makes the solid deviate
from a chemically pure, structurally perfeet crystal. The simplest

classification is based on'the dimensionality of the defect.
Zero-dimensionalior point defects .
Zero-dimensional of point defeets are the simpleét é;ructu- '

ral!imperfections'only affecting & very.small region within a crystal..

There are three types of point defect as shown in Fig. 3.1
a. Vacancy

A vacancy ex¥sts when a single atom or molecule is absent

from the position it =hould occupy so a hole is left in the structure.
b. Interstitial_defect

An intefstifial defept occurs-when ‘an extra ‘atom ei;her>of.-_
the same kind as thﬁse'already present, or of a completély‘different
kind, is-présentnin a posiﬁion not norﬁally ocqupied in thaﬁ struc-
ture. Small atoms or ions can 6ccupy interstitial positions more

than can large ones.
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Fig. 3.1 (a) Vacancies, (b) Interstitials.and {e) A substitutional

atem

c. Substitutional defect

A substitutional defect occurs when an atom or molecule of
one kind occupies a position normally occupied by one.of:anothef

kind. .

In an ioniccrystal there are twé types of- point defect as
shown in Fig. 3.2. The coﬁﬁinaﬁidn:of an anion and cation vacancy
is a Schottky defect and the combination.of a vaéanc& and.éﬁ -
interstice is a Frenkel defect. Al Schottky defect has én;eﬁual'npgbéff
of cation and_anion vacancies. Such defect can be fegarded as
displacenent gf cations and anions from a number'of random. lattice
positions, "to the crysfal surfacé. ,A'Freﬁkel defect is.fofmed.by'fﬁe_
transference of an ion from'a normal lattiée positioﬁ_ﬁo an_intérétitiul
position In different regions 6f the crystal. It is u#ually_thercation
which is transferréd in this_wa& since this is often smaller ion and

thus more easily accommodated at the inter-lattice point,
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Fig. /3.2 Schottky and; Frenkel defects

(a) Region of perxrfect lattice
(b) Schottky defect Fformation

-

(c) TFrenkel defect formation
One - dimensional defects

If the structure is composed of identical, parallel planes
of atoms which are displaced parallel to oneranother in a‘regular or
irregular manner from the ideal pbéitiéns of a pérfect lattice then
the drregularity ds one—diménsional. One- dimensional, defects (liné
defects or dislocations) ‘are the ‘boundaries betWeén thelslipped and

unslipped regions; They can be distinguished into two basic types.

(a) ‘Edge dislocation

An edge dislocation as shown in Fig. 3.3 arises when one of

layers of atoms placed one on top of another is just a half layer,

) 18906299
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uses the stacking of the layers to be disturbed for a few

>n either side of the extra half layer.

?ig.-3.3 Positive édéé dislocation
3 the slipped region ABEF in which the atoms
more than half a lattice constant and the
th displacement;less than half a lattice
tion extends indefinitely in the slip

o the slip direction.
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Slip
direction

Fig. 3.4 An @dgé dislocation EF in the plane ABCD.

For a simple cubic crystal as illustrated in Fig. 3.5 (a),
the atoms are held together by a binding mechanism which is represented
- by the flexible springs. —All the atomic bonds intersécte& by plane
ABCD are broken, the lattice would separate along this line if pulled
in teﬁsion. The arrangement of atoms aroupd an édge dislocation.can-
be found by inserting an extra plane of latoms in»fhe slot as Skétch@ﬁ
in Fig. 3.5 (b). 'The line DC isva positive édge repfesented by
symbol . (There is a severe distortion around the -dislocation and a
small beﬁding of the lattice planes. A negative edge dislocation
’ obtéined by inserting the éxtra plane of atoﬁs below plane ABCD is

represented by symbol T.
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(a) : (b)

Fig. 3.5 (a) Model of a Simple cubic lattice; tﬁg atoms are
represented by hard spheres, ‘and the bonds between atoms by'sﬁrings,
onl& a few of which are/showm, (b) positive edge dislocation DC

formed by inserting an extra half plane of atoms in ABCD.
(b) Screw dislocation

A screw dislocation or Burgeré dislocation consistsrof a line
of atoms each of thch has the correct.number of aééms:coo:dinating
it; however, the coordination polyhedron is digtorted. _fﬁecgénegis
of a écrew dislocatioﬁ is most clearl& seen in a‘threeédimensional
view of the crystal. ~Fig. 3.6 shows what ﬁappens wﬁen one parf of_
the crystal is displaced relatiye ﬁo‘the rest of‘the crystal and the
displacement ter@inates within the crystal. The row ¢f atoms marking
thertermination of the displacement is the screw dislocation. In the
region surrounding the dislocatiqn the -atoms are in their corre;t
array, for example, on any of the vertical faces in Fig. 3.6; Along
the dislocation line, however, thé cobrdination polyhedra of the

atoms have become distorted by the displacement.
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The nature of the_distortién can be seen iﬁ Fig.l3.7 which
sho§§ a side ﬁiew of the dislocation and the tﬁo sets of atom rows
lying in thé planes just above and below the plane along which the
displacement occurred. The atoms'in the upper layer are represented'
by slightly smaller solid circles in Fig. 3.7'while the -atoms in the
lower layer are répreseuted by open circies, To éhe left and tﬁe,right
of the dislocation line each atom is coordinated by four atoms in fhe -
same plane (joined by solid 1iné§) and by two‘atoms, reséeétively,
lying in the planes directly abeverand belotw {shown by’ithe 'dotted
vertical line), forming a reguiar octahedron. In the aiéturﬁed region,
however, the octahedroq'is no longer regu}ar; as can be seen by ﬂotiﬁg
the shgpe of the bottom half of tﬁe distorted 6ctahedron. On the other
hand, the atoms, in thelnext layer abpve, are_arranged.acéprding to the
array of solid circles so that the‘amount of distortion gradually

disappears with increasing distance from the dislocation line.
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Fig. 3.7 A side wfew/of the screw disldcation in Fig. 3.6._-'

A dislocation can be deScribea alternafively;by.mgans_of a.
closed loop surrounding t%e dislocation, line. Tﬁis loop, or Burgers
circuit, is formed by proqeedingrfhrough the undisturbed région
surrounding a dislocation in steps which_are integral mulﬁiples of
a lattice traﬁslat;on. The loop is c&mpleted by goiqg an eqpal numbgr
of translafions in a positive sense and ﬂégati§e sénse in a ﬁlane
lnormal to the dislocatien line. Suhh a loop mgSt»eithér’clﬁée upon
itself (if it doés not eﬁcldse'a dislocation) 6r.fai1 to do so by'én

amount called a Burgers vector AR o .
97 =0 €aCr 4 e a0
naa nb nC

whére ﬁa, n, nc'are equal to,inteéers or igro aﬁq a;ch are
the three primitive létpice.translations. The Bufgérs'ciféﬁit for a
screw dislocation is shown in Fig. 3.8. 'Sgarting at some lattice
Vpoinr at the front of the crystal, the lopp fai1§ to\ﬁlose on itself
bv one unit tfanslation parallel to therdislocation ling. fhis is

Burgers vector "S" which always points in a direction parallel to the
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screw dislocation. It is noted that if the loop is continued, it
will describe a spiral path around the Burgers dislocation similar

to the thread of a screw,

A Burgers circuit surrounding an edgg dislocation is shown
in Fig. 3.9. In this case the Burgers vector is perpendicular to
the edge dislocation. It is thus possible to'disﬁinguisﬁ_the two
kindé of dislocations according to theldirection of their'respective
Burgers Qectors. Fig. 3.9 shows that the atoms in_the‘uﬁper hélf
of-the crystal, that is above the plane contéining'thé:edge dislécation;
are in a state of compfession which.is largest at. the edge disldéatioﬂ
jtself. Conversely, directly below the dislecation, the atoms have
larger than normal éeparation.' In general, a dislocatioh_may_be é'
curved line. Such a dislogation can always be analyzed in terms of
how much edge cﬁaracter'and sorew éharacter it has by drawing a

Burgers circuit around it.

Fig. 3.8 Burgers circuit surrounding a screw dislocation
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Fig. 3.9 Burgers ecircuit for an edge dislocation

Two-dimensional defects

Many structural defects in solid encompass planes of atoms

or surface. There are two types of two-dimensional defects.
a, Grain boundaries

Crystalline solids usually consist of a large number of
randomly oriented grains sepatated by grain boundaries. Each grain

is a single crystal and contains the defects.
l. "Wide-angle grain boundaries

The angles beftween the crystallite orientations of nearby
grains are large and the structure of the grain boundary is a complex
one that conforms to the details of shape and-.orientationgof the

adjacent crystals. [This is shown.ip Fig. 3.10
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Fig. 3#10" Uide-angle grain boundaries

2. Small-angle grain boundaries

The grain boundaries are not la;ge—angie and show
misorientations of no more than a few degrees. TFig. 3.11 shows a
small-angle tilt boundary which consists of a series of edge

dislocations.

Boundary

.

Grain 1 e Grain 2

[ ]

1+
1
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Fig, 3.11 Small-angle boundary
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3. Twin boundaries

When adjacent parts of a crystal are regularly arranged
such that one part is a mirror image of the othér, the two parts are
said to be twin related. The mirror plane 1is calledrthé composition
plane and is illustrated in Fig. 3.12. The open circles.reﬁresent
the compositiﬁns of the atoms Before twinning and the blackkcircles
the positions after twinning. The atoms above x-y are mirror images
of the atoms below it and therefore x-y represents the trace of the
twin composition plane in the plane of paper. Iwinning can be
represented as a homogeneous shear of the lattice‘parallel ﬁo thé
composition plane. Twins‘ate formed during the growth of a crysfal
and by mechanically deforming & crystal, for example, by shear. Thé
transformation between high-temperature and low-temperature modificaticns

of a crystal may occur via twinning.
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Fig. 3.12 A;rangement'of atoms_in a twin structure
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4., Twist boundaries

The two parté of the crystal are fotated tbrough.a'émall
angle, about an axis which is perpendicular to the grain boundary;
the result is a twist boundary as illustrated-injFig. 3;13, Just aé
the low-angle tilt bpundary results from a series of edge dislbcatioﬁs;

so the twist boundary results from sets of screw. dislocations.

BERREE R

Fig. 3.13 A twist bouddaxy'

A pure twist beoundary parallel-to the pléné of the Fig, 3.13.
The two grains have a small relative rotation about their cube axis,

which is normals to the (boundary:
Stacking faults

As 1its name implies,‘it.is allocal region in the cr&étal where
the regular sequence has been interrupted. Stacking faults are not
expected in planes with ABABAEB. Sequencesrin body—ceﬁtred of face—céntréd
cubic lattices because there 1is no alternative site for an "A" layer

resting on a "B" layer. However, for ABCABC..... stacking of the
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close-packed lattices, there are two possible bositions of one layer
resting on another. A closed-packed layer of atoms resting on an A
layer can rest equally well in either a "B" or a "C" position and-
geometrically there is no reason for the éeleétion ofta particular
position. In a face-centred cubic lattice two tyées of stgckiqg fault
are possible, referred to as intrinsic-and extrinsic. These.are.best
described by considering the change in segquence resﬁlting_from the
rEmo§al or introduction éf an-extra layer: ﬁﬂ Fig. 3.14’(3) paft‘ofl
~a "C" layer has been removed which results in a break in the stacking
sequence.. This is an intrinsic fault \and it can be seen‘tﬁat the
lattice patterns above dnhd Be1léw the fault plané are contiﬁuous.iight
‘up to the fault plane. In Fig.l3;14 (b) an‘exﬁra-"A" 1éyéf has been‘
introduced between a "B" sand a 'C".layer. There are two breaks iﬁ thé
stacking sequence and it is referred to as extrinsic fault.‘ The extra
iayer does not belong to the centinuing patterns of either the lattice

above or below the fault.
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Fig. 3.14 Stacking faults in face—centred‘cubic‘Lattice.

The normal stacking sequence of (111) planes is denoted by
ABCA...Planes in normal relation to one another are separated by 5;

those with stacking error by V, (a) intrinsic stacking fault, (b)
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Three-dimensional Defects or Volume Defects

The tendency of imperfections to interact with each other

leads to a formation of clusters of various defect typés. For example,
there is some evidence that diffusion may proceed in bertaiﬁ crystais
via vacancy pairs rather than jsolated vacancies. Larger agglomeré—
tion of vacancies can lead to the fofmétion of disioéations in crytals,
a process is described as a “eollapse' of vacancy clusters. Similé£1§,.

interstitial or“substitutional atoms tend to.cluster under certain
conditions sometimes Teadimg to the formation of regular nuclei which
may then procéed to grow. This process leads to phase segregation
and is more 1ikelj,to ocgur at elevated témperaturés at which diffusion
proceeds more easily./ Simce such defect clusters can attain sizeable

proportions, the term volume defect is proposed to describe them.

The clustering of vacancies, some;imes combined with inter;cting
dislocations, can lead to tﬁe formation of cracks inside a crystal.
Substitutional or ifterstitial atoms may form volume defects of various
shapes or they may colle;t along certain crystallographic planes that

offer a more favourablesenvironment.
Superlattices

The structure is said-tolbe ordered when all the atoms occupy
‘their correct sites, and it is said to be disor&ered when some of the
atoms occupy 1ncorfect'sites; The array of open ana shaded circles
in Fig. 3.15 a. is éonsidered as a simple example of an ordgred
structure of a binary compound. When this structﬁre is disordered‘

(Fig. 3.15 b) the two kinds of atoms may occupy the two kinds of sites
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completely at random so that the sites become statistically equivalenf.
Since their occupationrby either atom is equally likely, the scatte%ing
factor for such a statistically averaged atom is a weighted aﬁerage'

of the scattering factors of each of the two atoms.‘_A,comparison of
the two drawings shows that the point-group symmetry of the two
structures is.the same, 4mm, but the piane-group'éymmétvy has changed
from P4mm for the ordered array to C4mm/ for.the disordefed one. It is.
noted that the primitive cell din Fig. 3.15 b is,rof_course;‘smaller
than tbe centered one. Thus it appeérs as if the ordered érystal

structure has a superlattiee compared with the disordered;one,
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Fig. 3.15 (a) Qrdered structure. _ (b) Disordered structure.

" When the diffraction of.X-rays by two sucﬁ structures is
considered, it is clear that reflections from thé ordered structure,
having a primitive lattice, can have all possible hkl values, while
those from the disordefed structuré can have only those indices thét

are allowed by the extinction rules for the appropriate centered
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lattice. This means that both structures will have certain hkl
reflections in common, called fundamental reflections. The ordered
structure, however, give rise to an additional set of reflections,

called superlattice reflections.

Diffuse X~ray Reflections Due to Static Defects

A perfect lattice consisting of Stationary atoms in a'regulaf o
array would give Bragg reflections; Real erystals possessing disorder

of many kinds cause diffuse.réglons.

The X-ray diffuse s€atterings arise from dynamic effects and
static displacements. The/dynamic effects are due to the thermal
vibrations pf'a;oms in‘a crystal. [These thermal vibrations give rise
to diffuse reflections which in some crystals are confined to directibﬁs
fairly close to the normal Bragg reflections. 1In more complicated
crystals they may be spread over a very much greater'angﬁlar regieﬁ.
Static displacements which are used to.describe any départuré from the
ideal regularity of a perfect lattice obtaiming Bragg reflecﬁions,
give diffuse reflections as diffuse clouds or streaks., It is a
fundamental difficulty to’ uniquely éeparate thermal scatteringlfrom
disorder ‘diffuse scattering. Some a;tempts in the past neglect the,
influence of the distorted crystal on the lattice vibrations. It is
common for ‘the two types of diffuse'Xfray reflection toloccur at the
same time. For insténce, vanadium gives a tﬁermal diffuse.scattering
and it also gives the spikes in the neighbourhood of certain reciprqcal
lattice points. The thefmal diffuse scattefing lies beyond fhe scope
of this thesis. Only the disorder diffuse séattéring is discussed in

the fundamental level.
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Diffuse scattering caused by 1attice-imperfections may be

divided into three principally different diffraction effects.

1. Distortions have a direct influence on the shape of the
X-ray reflections. B |

2. Distortions may only be detected in the diffuse background
without any change of the form of shaep reflections.

3. Crystal distortions are-iarge enough to desfroy all sharp

reflections in‘reciprocal space.

Obv10usly dlstortlons of all three types’ by dlsorder diffuse

scattering are connected by a/continuous series of degrees of dlsorder.

The etudy of difftise/reflections by Laue photographs. The |
essential matter to be comsidered is the shape of the diffuse |
reflections. By shape islmeaht the distribution of poiﬁﬁe around
reciprocal lattice points that give rise to diffuse reflections.' To
find such shapes it is necessary to take a.series of Laue photographe,
the setting of the crystal being changed by a few degreeé_between one
photoéraph and the next. There are two types of spots from & Laue

photograph of a defective crystal

l. Braggospots

The Laue method requires a polychromatic X-ray beam and
stationary ‘erystal duringlthe entire experiment. However we must
recall that the characteristic radiation of the target is by far the
most intense in the spectrum. This componentvhas imporfant
consequences in Laue photographs, produc1ng a few strong easily
recognizable_diffraction spots. These are the Bragg spots of the

Laue phoﬁograph.
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Two features help in the recognition of Bragg spots :
first, the Bragg‘spots have high intensity compared with the average
Laue spots; second? the Bragg spots in Laue photographs of oriented
crystals appear along layer lines, similar to those observed in :

oscillation photographs.

2. Diffuse-scattering spots

B;agg spots are not thg only_consgquence of the effec; o
of the characteristic radfation. Possessing disorder of many kinds
of real crystals causes_diffuse regions of appreciable'inténsity that _
are not concentrated onldy at the nodés of the reciprocal:latcice.
In such circumstances it is quite ‘1ikely that the Ewald sphere may
intersect one or more such scattering regions,.énd that the consequen;
scattering will @e recorded on the Laué-photographs. The presence of
this diffuse scattering is eésily recognized in Laue photographs :.the'
diffgseuscattering spots may be associated with strong Bragg spots or

they may cover wide regions of the Laue photograph in a cloudlike

manner.

The X-ray diffuse scattering arising from thermal or statis- -
tical disorder An €helerystal)strdctureds much weaker than the

'intensipy of the Laue or Bfaggireflectiéns. The ﬁiffraction of ény
wavelength of the polychromatic ;adiétion used i [the Taue /method
gives rise 'to some diffuserscattering. But thé mainrconséquence of
the sum of the diffuse scattering due to the wavelengths of the
continuous spectrum is to increase thé general Background of the
photograph. ~The characteristic rédiation has high intensity and,

consequently, the diffuse scattering that is observed in Laue

photographs, superimposed on the general packground of uniform intensity,



52

is due only to the contribution of this characteristic radiation. This

allows one to study diffuse scatterlng with the aid of Laue photographs.

Since the X-ray diffuse scattering is produced by the charac-
teristic radiation, it is sufficient to filter the X-ray beam to ohtain
a monochromatic backgroond due to the K radiation., Therefore, the:
interpretation of the diffuse scartering appearing in a Laue photograph
is fairly simple : the diffuse scattering islsimply the projection'on
the film of the-diffractiOn space.cut by the K Ewald épheré. Because
diffuse scattering is very weak, the eXposure time of rhe Laue'photograph f
musr be long enough to aldow it to be recorded. It is obvious that if
" the crystal remains statdonary, as in the Laue method, the exposure
time necessary to register diffuse scattering will be much less thah
if moving-film methods arve used. The method that takes advaotage of

this situation has been called the monochromatic Laue method although

a better name is the characteristic Laue method.

The first basic question about the diffuse scattering observed
in a Laue photograph concerns its monochromatic nature. A qualitative
proof can be obtained by comparing a lLaue photograph with a photograph A
taken by oscillating the“erystal a few'degrees. Flgure 3.16 a reproduces
a zcylindripal Laué photograph-of succiniclacid [(CHZ.COZH)Z] a monoplinic
crystal, ~taken with the X-ray beam at 20°“from [100]1. @Diffuse scattéring
regions are clearly shown. A photograph taken in the same orientation
but with an osciliation of 7%° obout the c&linder aris is reproduced
in Fig. 3.16 b. The Laue spots have disappeared'apd only Bragg
reflections occur. In both photographs, however, the diffuse scattering
. appears in the same positions. Sincé the diffraction recorded in the

oscillation photograph is due only to the characteristic radiation
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(except the radial streaks), it follows that the diffuse scattering
observed in the Laue photograph is also due only to the characteristic

radiation and, therefore, is monochromatic in nature.

Fig. 3.16 X-ray photographs taken with a eylindrical camera
of a succinic acid crystal with [010] parallel to the cylinder axis.

(a) Laue photograph. (b) Oscillation photograph.
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A more powerful proof of the monochromatic origin of diffuse
photograph with a photograph
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A(b)

Fig. 3.17 NaNOy . Lawe photographs taken with a cylindrical
camera. (a) Ferroelectidic, ordered structure at 20°c

(b) Paraelectric, ordered structure at 180°%

A full record of diffraction space that can be made by taking
Laue photographs of a crystal -in a systematic manner is called the
systematic Laue methed. In this method the erystal is mounted for
rotatioh about a known crystal direction, and & Laue photograph 1is
then made with sufficient expoeure time to bring out the detail in the
diffuse scatterings The crystal.is then rotated through a small angle
to a new orientation in wnlch another Laue photograph of the same
exposure time is made. The procedure is repeated as ‘many times as is
necessary to complete the survey of all diffraction space. The character
of extension of diffuse scattering is dramatlcally shown' in F1g.l3 18
which consists of a series of Laue photographs of_NH4N03 at room
temperature taken at successive orlentations of the crystal. The

orientation of the crystal was changed for each photograph that is,
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the crystal was rotated 6° about the vertical axis {100} from one
photograph to the next. The angles referred to in the figure are based
upon assigning 0° as the orientation of the crystal that fulfillé the

Bragg condition for 020. It can be observed that the Laue spot [010]
migrates from the left to the right of the Braggbreflection 020,

indicating the variation of the orientation of the crystal in the different
Laue photographs. The diffuse scatterimgsassociated to 020, in the
contrary, does not change its position but dees change its intensity

and shape, the highest imtensity coinciding with the sefting at 0°,

. The diffuse scattering asse€lated with 020 is so extended in depth thatk

it can even be observed atiorientations of the crystal + 30° from the

position for the reflection 020, The whole diffuse domain has the
shape of a biconvex lens/ centered on the 020 reciprocal-lattice point
with maximum intensity at/the lattice point. 1in a similar way, other

domains of diffuse scattering can be observed in this crystal.
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Fig. 3.18 A series of Laue photographs of 1\]’[4141\103

57
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Diffuse reflections of Wollastonite

The study of particﬁlar type of lattice defect is described
by an example of sheet-like of mineral wyollastonite, CaSiO3
(Jeffrey, 1953y€23%n a Weissenberg photograph (Fig. 3.19) by Jeffrey
of thisrcrystal, oscillating about the b-axis, the even-order layer

line photographs had sharp spots whereas the spots on the odd-order

layer line photographs were diffuse and’drawn out into streaks along

- *
curves corresponding to a .
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Fig. 3.19 (a) Superimposed zero—and an—léyer equi—inclination

»

Weissenberg photographs about "b',

(b) 1lst-layer equi-inclination Weissenberg photograph

" about "b".

wolléstonite with a monoclinic structufelhaé the perfect
distribution of atoms within aﬁy one (100) plane of_atoms and neigh-
bouring (100) planes translated in a randdm'mannér relative té one
another by a distance b/2. The displacement of-the individual (IOO)

planes means that diffuse spikes perpendicular to the (100) planes
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and parallel to a* will be observéd. Further, since the random
displacement is b)Z the distribution lattice will have a unit cell of
dimensions a, b/2, c¢. The reciprocal cell equivalent to this will have
sides a* , 2b%*, c*. Thué hkl reflections for which k is even will
corresphnd to the cooperation of all the atoms, since these will be

the reflections from atoms on the distriﬁution lattice. When k is odd
diffuse reflections arise with an elongatioﬁ'parallel to a*., Willis
(1958) used an optical diffractometer to investigate this type of
strucéure. To concentrate.on the essentlals he chose a 31mp1e cubic
lattice rather than the monocllnic lattice of WOllastonlte.' The type
of displacement of theshorizontal ruws of atoms is shown in Fig. 3.20.
The optical masks carried many_thouéands of hoies and Fig. 3.20 a.
shows only a small portion of such a mask. " The dotted lines show where
a displacement of half a>cell side has occurred. ' Fig. 3.20 b gives the
corresponding diffractioﬁ pattern produced-by.such a mask. It will be
seen that some spots are sharp while others are diffuse and the 1attef

are drawn out in a difection normal to the dotted lines of Fig. 3.20.
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Fig. 3.20 a. Diagram representing an idealized Wollastonite-

type of lattice faulting.

Fig. 3.20 b. Diagram of the optical diffraction pattern

corresponding to the mask of which Fig. 3.20 a is a small part.
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