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The dynariical theory of «oiré patterns is davalopad on the baeia of tha 

t«o-b»aa approximation. The nothod used is the eolusa approxiaation introduced 

by Howie and Vhelan* 

First, the gaoaetry of tho aoiré patt'^rM ia dlseusaad. Thei: the intensity 

profile of the fringes ia caleulated. Aaauai&g that the aaoaalous absorption is 

nagligible, th<: affeot of a step on the surface and of tilting the orystal is 

axaiained» During tilting the fringas will be diaplaoed and tha eoatrast betweea 

dark and bright fringas will die away, posaibly in an observable fluctuating way. 

The asyaptotlc expressions of the résulta yield the foraulaa va id for the kine-

aaticsl approxination, which ia also disdussed. It ia suggested that under favoureb 

conditions the crystal thicknessas may in principle ba deterrained from the 

fluctuations of the contrast duriag the tilting of the crystal, 

The anoaalous absorption effects have then be conslâer«d{ they do not influenc 

the geoaetry of the pnttarn, but introduce corrections for the fringe profila 

if the considerad crystal is of iatermediate thickness. For thick cryotals tha 

anoaalouo absorption effects baooae predoaiaaat. 

It xa shovn that the .esults of the column upproxioatioa ean be obtained 

and generalized ia a siaple *ay, The tranaaitted, respactivaly diffrected, wave 

ia dsscribed as arising by the iaterfarence of two tranomitted, respectively 

diffractad, waves with slightly différent «ave vectors* The eoluan approziaatioa 

re\«als itsalf as a very good approxiaation for sandwiches of orystals of tha 

saae oaterial. 
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f 1. IHTHODUCTIOK 

It 1» w»ll kaoïra that if two parts of a erystu. foll, whose interface 

la parallâl to th« surface, are rotated ovar a saaXl angle or have parallel 

lattlcaa wlth allghtlj différent paraaaters, dark eod brlght fringes, knawn 

a« moiré fringeat ahow up la the électron alorosoope* 

The klneaatioal treàtaeat of thia effeet is due to 0 . Kaag (l960),whllst. 

Haahlmoto et al ( 1 9 ^ 1 ) haTe recently developed a dynarolcal theory usiag the 

SchrSdiager équation. A revlew of the llterature on the subject is givea la 

tha qooted papera. 

In the présent peper «e propose^ firat, to deriTe the iatenaitiea of the 

JBolré pattera friages froa tha systea of equationa iatrodueed by Bowie aad 

Whalaa (I960a« 1961) expresslag the eoliuia approximation. The lattar coaaiata 

la identlfylng tha intersity at a givea poiat of the baek aurf&ca, «ith the 

inte&sity of the wave tranaiBlttad and diffracted by a aarrow eolujia aoraal 

to the foll surfaoe. The final resuit «111 be obtaiaed by neana of calculatioae 

lavolviag only elenentary nathematleal aethoda* 

It « m be ahown, aext, that thi« reault ean alao be deduoed by a aimple 

reaaoaing, without any celeulatioaa. Moreoveri the forsulaa obtaiaed from 

the eoliuan approxiaatioas are generallsed and oan be appllad CTcn vhea tha 

latter brsaKa down. It «111 be aean, howeTer« that in «tost cases the eolusn 

approximation is a very good oae. 

The aethod deacribed here représenta m siaplificatioa of the dyaamlcal 

theory of solré pattern. Fiirtherœore, we ahalX «xanlBe aone aapeets of the 

œoiré pattera «hlch have aot been diaeunaed by Easklooto et al (loccit.), 

la partioulsr the anooalous abaorption affecta. The généralisation for aore 

thaa two auperposad orystals or aore than oae atroagly dlffr&cted beaa does 

not latroduee aajor difficulties. This will be exaaiaed in a paper to be 

publlshed elaewhera. 

The aaplltudea ^ aad ^ of tranasltted and rafleetad wavea are solutions 

of ti e syataa 

\ J ± - t V -i- ' i • ^ ^ 
u 1 -d.1 
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whera 

^/^ ^^ncti6n"distance; 
t. 

t anosîalous absorption distançât • 5 

: diffraction vector; 

— t raciprocal lettica vector corrasponding to the considered reflection 

(only vactors parallel to the siirfaca will be conaiderad) i ( , if 
•VL n.z. Xjd 

^ is the interplanar distance); -

. : vector dasc. ibing the déviation of the reciprocal lattice point fron 

the reflection sphère; "~ 

^ t cooponent of ^ normal to the sur.ace of the crystal, in the direction 

of th- diffracted wave; 

^ t position vector of the considered unit cell in the coluan, (we shall take 

the origin ^ the interface); 

^ I coaponent of r normal to the surface of the crystal; 

x - " ^ ^'zt- ^" i'i^erfacal^ unit vector normal to interface^ 

The sandwich crystal producing the moiré petter'n is considered as being darived 

from a single crystal by displacing the top half in a non-uniform aanner with 

reepect to the bottom half, the interface being parallel to the surface. 

In this proce«» the upper parts of the column/i normal to the surface er© 

slightly displaced with respect to the corresponding lowar parte. This amall 

displaceïîient is described by a vector u (x,,) • '^^^ position vector détermines 

the intersection of the considered column with the interface, 

?.?hil8t and ,̂  , in the part of the coluan lying in the first section 

of the crystal, are solutions of the équations (la)and (lb), whera 

the sans amplirudas îït the saeond part will be solutions of the sarae systea in 

which g.r bas to be replaced by i.(r + û). The factor ^ irr^.x. ot the second 

mamber is ehanged into 

wher» / , -s;- c o 

«nd ^ ^ hmm beea neglected. 
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SvasArizing, w« cma stat» that and ara solutions of th« syatas 

i 2. 

«hara 

_ - c [ f - C -̂ -

U X " 
( o ^ < < •=/ 

for 

C • 

aad «2 ara tha thicknessas of iha two parts of tho crystal (z c o coro 

reaponds to ths entrancs ourfaca). e suppose here th&t the change la a 

and t froa ona part of the crystal to the other is negllgible. %a shall diaonsa 

thia matt r agein in § ?• 

§ 2. THE GSOHSTSy O F THS MOIT.S ?k7'. 

Suppose it io poâaible to defins a vector IT^ lylng in the interface, 

by the relation /Yt. ^ {1:^o) z ^ • ïto CH) 

Cne hu» <̂  ' if aad ~ ' are two uait vectors deflnlag a 

référence aystea in tha interface. 

An a^quats ohoica ^f the unit vectora consista in taklag ~ parallel 

to» and "înornal to , — • 

For ^ ^ V ^ one haa ^"^^^l^ 

Âll points of the surface with th9 aasse x coordinate^/ i.e, lyiag on the a«a« 

atraight lins nors^al to F, vill have bri^ht and dark fisld imagas of the s a M 

inteuaity, which have to be calouli&tdd by integrating the aystes (3) dependiae 

on ' , rhia intenaity dépends on • MoreoTer, the periodicity 

of ' inducea the fringe charac.er, witb p^3riod " , of the 

bri .ht end dark field intenerence inage of the «ryatal sandwich. The iaag* 

is observed sa moiré pattorn i bright *»nd dark *ring«6 norsiel to icf the 

spaeing between two auceassiT* bright (dark) f^inges being ' « 

e ahall now dérive an expression for ~ . e suppone thet the axas of 

the unit co l of the first part of tha oryetal are â^, â-,» ^^'^ *2 

the interface, normal ^^the iaterisee.), and that the axas of the aeeond 

part are • -«^, * "i**» _3i/a=L^ û^x\£:.«t. 
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W» consider a column intorsacting the inter ace «t the point 

, One haa then for ^ 

and for 
U. 'VI •, 

where , and A, are the reciprocal lattl.ce veetor¥ correaponding ^o the 

lattic'ë vectora , and ay It is now clear frou the définition (4) that 

It is possible -to give a eiapie geoteetrîC inéerpi s stion for the 

vector ^ . The changes and of the reciprocal lattice rectors^ 

and >) ~ are to be foued frora the eqnàtxone ~ ^ 

which relate tha unit cefl *c^i the^ifettice to tb« unit cell of the rec/pï%cal 

lattice* 

It followa then 

A A i A A ^ neglected. 

The vector . ^ ° t a tïTe r5rt''iro\:âT lâTtace is changed into 

It is e©ay to show that a o . 

We have 

— • • ' —. . . . . . . . . . . " • ^ 

from which follo-.va inaedistely the reiatiou to be proved, 

Aô a conséquence, & tfio beau aoiré pattarn for s. glTen reflection will 

consiat of alternative ad dark straight ir.ûges normal to , , 

t. . vector différence of the considered reciprocal lattice vectoz's in both 

coaponenta of the crystal sandwich, Ths distance betweec two successive bright 

(or dark) fringes will be given by ths inverse of the leagth - of the 

vector . 

Let us conaid.r, first| a simple rotation moiré pattern. This ariaas 

when the two coaponenta of the crystal sandwich are rotated over an angla 

with respect to each other around au axis normal to the interx'ace* 

http://lattl.ce
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Xa this case, the fr nges fora with an angla g/j. in genaral 

Btgligibljr sHjall, whilat for , the intorspacing of the fringea^one bas 

( A • interplanar distance of the lattice planes defined by ^ ). 

ïTet us consider next what we propose to call a "cooipression" aoiré pattern. 

The latter occurs if ^i^^ . i ^y, t which can be interpreted as a compression 

of the lattice planes normal to ^ 2 More explicitely . 

f ' Cl') 

The fringes are normal to the reeippocal lattice vector n, whilat their 

interspaeing is still given by the aaae sinple relation ( 9 b ) , «here for ^ the 

adéquate expression (lO) h&s to be substituted. 

The gênerai case can be thought as a combination of the two simple cases 

dsscribed. Aa shown in fig. 1 « /^^can be deeomposed into two oomponents {^^)^ 

and (^ù^) * first expressiag a rotation orer a small angle £^ , the 

second being the resuit of a slight compression c . I f the c 's are small. 

so that higher powers of ^ can be neglected, ona finds for , the angle 
i 

forned by the fringe» and the diffraction vector : 

ta (», ~ _ - ; —j: 

For the interfringe spàcing one bas then 

-A. '\f ^ \ 

The eoloan approximation uaed in the next paragraph for the calculations 

of the intensitiea fails to be a good approximation if t-Z^^z a total thicknee 

Q 3 r a g g angle) is not negligibly saall compared to ^A., Since is 

proportional to the inverse of ^ y,.» this will occur for larger values of £ . 

The neglecting of . âA i-^ (7c) is then queationable and the proof thet 

^ and _ identioal breaks docm. However, from the arguments developed 

in 1 7t it will follow that tha vector governing th geometry of the moiré 

pattern is, also for largo values of ç , the reciprocal lattices vector 

différence /\n^» 

This matt will again be discussed ia § ?. 



To eloae this p«ragraph, wo rasark thet it is possibla to iaagitta m 

situation more ganeral than the oa« eonsiderod abova, giving ris» to a ateiré 

patt»rn. I f to th* displaoaisant^^ is addad an arbitrarj othar displacaaen^ 

auch t h a t ^ ru - O » ** «oiré îring* »yata« will b© produoad. Bovayar, for 

any other reciprocal latt c« Tactoç^ not purallel t«?^ * ny^ ^ ^* 

diffarant tnm saro and a aoiré «ould no long-^r ba obsorved* In ordar for a 

ttOiré pattern with straight frlngas to oecur, should of courra be suefa 

that it ia possible to define « vactor^ by tha relation (^). 

§ 5 l'iî;. XI'JTl ÎKSITI PROFILS V ÎKSITI PROFILS V 

The aubatitutioa^ _ «/Ti^iiT-sz T ^^^^-Vf^-^T^-x ^ which doea not altar 

intanaitiea|''i^ j*" norj'^j^^ ô -̂ vcL boundary conditions^ , ^ ^ { o W o 

changes sytaa ii) into tha nav aystna 

Froa ( 1 2 a ) ona obtaias 

using the relation A, i \,x^ - S L̂ J , «hare S ; Dirac delta fuaetion. 

Applying now ( H b ) yielda the systaa 
( 

«3 ̂. (rrc-) ,S = - ' t ^ ' 

the saeoad équation is darived in the aana way aa the first* 

For 2 ^ .2,^ the amplitudes and ère aolutioas of the hoaogeneous 

syatea to which systea (1]S) reducea for ^ 

One has then 

'T z A 0«kS 'T" <3" X i ^ 'à- ->A TT <T Z 

2) -̂^ vv n--: 
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Th« constants A, B, C and D are obtained by introducing into the 

ayatem ( 1 2 ) , where , , . ^ i^, , / ^ and by expreosing the bouadary 

conditions ^ , , < / . „ 

After perforaing th<3se caloulations, one obtaias 

which yield the Nrell-known expressions for the "two-beam" approximation 

of the saplitude of the WBT» tranamitted and diffracted by a perfect crystel 

(Betha, 19281 Me Gillary, 1 9 ^ 0 | Hoidenreich, 19^9î Kato, 1 9 5 2 » 1 9 $ 5 î whelan 

and Eirsch, 1 9 5 7 ; Howie and V\lielan, I961). 

The gênerai aol tion of an équation of the type 

can be written ath*^ ^ 

where is the geMera ^scslution of the homogeneous differential équation 

obtained froa ( 1 6 ) . 

If this procédure is applied to (ija) one obtains 

z 

where for 71 the expression (l^a) bas to be taken, since the intégral 

Taniahes for , ,, 

Finally 

At the surface ^ . z ^-2:^1 taking ( 1 5 ) and ( 5 b ) into account, the formula ( l 8 c ^ 

becomes 

in a similar way we hffve ^ •' 

or «t'-tl^e^âu^a^^''-^^-"^'^-'""^^""'-^ '"̂^ ̂ '̂̂  ̂ '̂ ^̂ -̂  



The s«ji3«^e«ult «Iso tasily b« obtainad by noticilig that for ^ 

the aaplltudea and ^ satisiy tha aaae hoBOgeneous systea of second-order 

dlffe ontial équations as ° aad ^ 

AS a consequeifce,^ Toc^'^^'c^^. ^ â n-crz 

The constants A** B', C*, D* are now detersined by substitutiag thèse expressloBs 
É - i 

into the systes (12) («ith ' ) and by expressing; that 
the systes (12) («ith ' ) and Igr expressing 

Thiâ method avoids the use of the -fuaction and thd Green function, vhioh 

h&ve oaly been introdueed for re&sons of aathematieal élégance* 

S DISCIJ SION OF TH2 FaiHOS PROFILE 

For an adequ: te discussion of the friage r>rofile«. it is usefull to 

dérive from the expressions (18) for T, the iatensity ^ in a f o m 

showing directly the properties of the profile. 

Formula (18) oan be rewritten as follews t 

or, efter caleulatiotu», 

•\ , 

' ^ is the Bffiplitude of the wave transmitted by a erystal with 

thickness ^ 

and ^ _ >• >i^^^ rrrz. ^ ^ .a <r Z-v _ ^ ^ ^ 

where ^ " ' 'i« the amplitude of the wave diffrected by a erystal 

with thickness '• 

If the anoaalous absorption is negleoted, one has 

T ' ' -i'- v/\." r r 2 . 

( the • signe correspond to the oasee ^ o ), 
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If (21) Is taksn into account one obtains from (20) 

where x is determlned oy the relations 

or explicitely-

and ao also 

L 2 T . — 
•'̂  o - • ,4. ^ n !T 2 , -1TI/< n- T ^ 

?'e shell now proceed to a discussion of sone iaportant aspects of l e 

moiré intenaity distribution given by (22), aasuming the anoselous absorption 

to be negligible. 

1 ) "J^J^S^gositiori_of^the^dark^and^bright fringes 

The centres of the dcsk fringea are at x = ^_A. (k : integer or 

zéro), whilat the centres of thô bright fringes are given by xr r^^\{y* \ \^\, 

( k l integex^ or zéro). 

Foraula (23) shows that the actual position of the fringes dépends in 

a complicated way on the thicknesses and i-, and on the crystal orientation s, 

The diffsrence C between the aaxiaua value of T 

and the ainiaum value of j 

^ ^ ( J 



or «xplicitely 

Thio Iftst formula indicatsa how the contrast dark-bright of a moiré 

pattern dépends on the thicknesaea of both parts of the crystal and on th* 

orystal orientation. 

If iz^fZ^) and (or) e changes» the position of the fringss and their contrat 

are altered in a way dlfficult to predict, since foraulae (23) and (25) express 

a rather complicated dependence on thèse paraaeters. The direction of the 

fringes and their spacing are iafluenced neither by a variation of thickneasee 

nor by a variation of orientation (of course, only small changes in orientation 

are eonsidered, such that the «âne reflection is always active). 

Ve shall now consid«r in soae détail the behaviour of the moiré for 

variations of the paraaeters s^tZ^ ̂ '̂ ^ ° which resuit (a) from the présence of 

a etep , and (b) froKi tilting the crystal, 

3) iS£iH££££.££_£_£te£^on^the_eurface* 

Since -p'-"-' -'̂  and are psriodic in with period 

the extinction distance, a step with height /. , . ^ t ' 

influence neither the position of the fringes and their 

profile nor their contrast. If the step is not « nultiple of the extinction 

distance* thèse featuree may change according to formulae (23), (22) and (25). 

Let ua first consider the pure dynasdcal esse, s s o. For s = o, formula 

(18) becoEes 

For the fringe profile Itself, we obtain then 

If the inérease of is introdaced in (26), it ie eaaily seen that the 

poBitioae of the fringes are not porturbed. This corresponde to the fact that 

the «econd acmber of (23,c) vanishes for s s o. The inte .sitiea of the fringes, 

hovever, will be changed, and for adéquate step height s it is even possible that 

Baxiaa beeome minisa and vice verv<;a. For values of . such that 

•L ^(.Zj,* ^ 2 - ,^i'^=^;the aolré pattern stops et the step. 



Suornarislnù t in the pure dynataical easa, the frlngos * «h«& orossia^ a 3t0p 

aaj bahava in quita différant «aya s (l) thare ia BO change in pétition snd 

XittXd or no ehanga ir, intaasityt (2) thara ia no ehanga in poa tien but an 

appraeiabls ohanga in iatonsityt (3) thay stop at tha stapi (4) tha positions 

of tha dark and ths briglît tringee ara interehangad vhieh ia aoaonpaniad by 

an appraci&bla change in intansityi (3) the interclianga ia aot Aceoapaaiad 

aa appraciâblo change in intansity. The actuel behaviour «iXl dépend on the 

thieknaases s^ and and the stapheisht ^'^x» 

»ake ihis argument derrert «e «hall give a simple •scÂ p̂la t 

suppose Ck, k» t integer or saro). 

Then m -A. la the value of the intensity before orossiag the step, 

The oaxiau» value of 

value Is for (1, 1* t intege or Bsro}» 

and the alnlaua 

Aft»r orofiiaiag a step ono has 

te 
M - M • 

For différent values of ^^^L» ail flve posslbilitiea aay oocur* as Is aliom ia 

table I. 

TABLS I 

constant intenaity ̂ /1~ 

aln. 

If mt- o , the situation beooaes «ore ooaplieated. fh« five possibilities asy 

ocour agaiji« but there is also e shift in the position of the fringes* 

The diaplaeement ^^<^ of the friages should b« oaloulated froa squatlmui 

(23) «hich axpraas the dapendien e of .x„ onz„ 

One kaa 

X -- o 

poaaibility 2 

possibility 3 

poosibility h 

possibility 5 

possibility 1 

2. ^ z, -h 
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Aftar soao caleulatioas ona also obtains 

This expression yields for two dï^ll*erent values,^fheir diffe ence being 

. . To décide whic- of thasa values is the correct one* relations ( 2 ? ) 

(21 a,b) and (20b) should bd considered. 

Since the distance of a bright to a derk fringe is alao « a valu» 

satisfying (28) represanis the séparation of a dark fringe at the one siée 

of the step and a dark or a bright fringe at the other aide. 

The diaplacement dépends on ^ , ^ and the stephaight Az.^ • "^^^ 

first fector of the second aieaber of (28) r-^ûz, - H i^J^^-

describes a simple àependence on s and ^ itself does not influence 

that factor* If the second factor were 1, the formula (28) would yield 

, Ax Az. / ^ • Thls aimpla resolt is in faot altered by a 

second facrtory which différa not Buch froa 1 if is sufficiently close 

to 1, i.e. if ,^ , 5^"» i • values of a not satisfying this condition, 

the second factor may hâve values significantly différent fron 1• The simple 

foraula for ^ Aa^ | « valid for the kinoaatical case, has to be corrected by a 

factor «hich Bcribea ths dynaaical character* It does not only dépend on s as 

but also on the crystal thickneas z^, Froa (28) and the foregoing 

argument, it follows that changing s into ^. J-^ rifi t^j^jdoes not coa-

pletely take into account the dynaaical corrections. 

W) B|£«ct_of_tilting^th2_cr2stal 

If the crystal is tilted, j^j varies froa o, for the purely dynaaical 

ca?«, towards higher values of « For a-values such that (-^t:^/»^ ^ the 

kineraatieal approximation, to be discussed in the next paragraph, may be applie 

resulting in a simplification of the description of the behaviour of the moiré 

If s changes, 7 / x » which are functions of this paraaeter, 

will vary. Tbla means that the détails of the aoir: fringe pattern will be 

Bodified in a continuous aanner during tiltiag* Whilst the direction and the 

interspaeiag of the frlages reaain unaltered, they are shifted and the eontrast 

betveen dark and bright fringes and their intensitles vary. Let us examine 

this behaviour in 3omewib.t aore détail* 
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If the cryeta^ is tilted out of the Brm.cg condition s s o, the displace&ent 

of the frlnge is govemed by the formulas (23). 

In this contaxt, we prsfer to revrite (23,d) in the fora 

i 1 „ '̂ o v„ rr f-11. t-2., \ Ĉ '')'̂ ,y 

For ; . , ^ , . * for the kinematical case, the position of the fringe 
[A to) >> i 

is giTen by the siaple relation 

For saaller valuas of . ^ , i,e. for the more dynamical case, the depsn ence 

of^ on s is Rore complicated, sinee the second faetor of the second member 

of (29a) may ad pt values significantly différent from 1, In particular, the 

fringe posi: on for a certain s will not only dépend on z. * z_, the tètal 

thickness, but on 2^ and s^ sepsrately. 

During tilting of the erystal, the moiré patern not only moves, but the 

ccntrast between its dark and bright fringea varies* The variation is given 

by fornula (?5b), and in order to be able to lake prédictions about contrast 

behVXiour during tilting, C should be studied as a function of s. 

It Geeois difficult to achievef within the frasework of this paper, a 

complète discussion of this behaviour, as C dépends on the t«ro parameters z. 

and z^, ve shall restrict ourselves to soae rsraarks and aome numerical exajaplee. 

Yi9 aay write 

The faetor ^ will acquire the absoxute laaxiaauja value 1 for vslues of 

— A / i_ f̂ or which 

For values of s for which Y'-^ differs not too auch frott 1/2, C. wlll retain 

appréciable values* 

If varies froa aero to infinity, j-'J fluctuâtes, It has ainiaua 

values Bsro for s-values given /t \v<r - k. «(it « integer) 

and adopt.) aaximtm values for , ̂7 /, v^,- . y if Y _ are the roots of the 

traasoedental équation ^ „ ,̂  . Successive Ovcrease approxiœately 
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— V } 

Sxc«pt for «xtrosely thla cryatals, for whiob-x. / ^o<-- ' '̂  , 

« m «equiro th« value 1/2 for ona or tno , ^ \ -valuas i& tha firat i&tarval, 

9f a solntarvaX la M a n t an iaterval dafinad Toy two stteeeaaiva scros ofr^^ 

If in tha oaoond iatorral tha aasLaua of i» atill largar than 1/2t t«o 

further 0-Tal»«a ooeur for whioà T^^' • 1/2. Thia will happan for cryatAls 
—s 

whioh ara not too thin. For thiokar eryatals, it la «van poasibla that 

for o-valuoA of uho thirdt fourth, intorTal. Howavari for tbaaa oryaiala 

tha "noa-aboorption" dynattie&l thaory cannot be raliad oa« aaoaalotta aboorptioi 

•ffaets baeooiag ivportimt (aaa S 6). 

Apart fros tha iaportsnt taaxiMi alraady diseussad, It la elaar fr««i 

(30,b) that oaooilata«c baing %aro «hara ^ la sarOt and beirt'̂ - aaxitaïui 

whara T' ' is mudjaiaw. Rowavar, i» a s->intarval «hara Z for 
-i • " 

two •-•aluast tha • for which t^'^ is Baxlmîan, will yiel^! for C. not a 

maxiMum but a Bialaun. 

Lat ua conaidar ao», flrat, the aaaiaat casa to diaeu8a« tb« 07«m«trleal 

caaa »^ " ^ n i ) . Tha^C » or C^t and th« qualitativa aBal:;raia of 

just parfama&d, d«acx^ib«8 than vhat ahould be ob8«rT«d in this opaoial cas*. 

For eartaitt «a*!!^ «^ - Tulaaa ^ , . i , < _ i . a d««pl7 coatrasted aoiré 

(C s 1) la •ilifSMi. If th« «ryata^ iis no«? tiltad towards higilf, -évaluée, 

th«) coatraat «111 roMia «ppraaiabla for a 0«rtaia raasa* dapendlng on the 

thickaeaa &« to daoraasa than ^uickly to xare. Tha aoiré disappaara during 

tiltinff. If tha tiltia^- la coBtinu9d« t«o qualitatitaly diffareat bah«vio\irs 

ara poaaibla. In principla, the contrent «111 inoraaaa agaia and «111 raaeli 

in tha aaeond sointarval oaa or two flMUdaa. If the«a ara a^ain of the order 

oaa, aa obsarvabljf ooatrastad aoiré «111 ba ravat2i9â «gain. Aftar dis•p|^««rlaS 

rathsr quickly, the pat arn raappaara. Thia typa of bahav our should be 

axpactad for cryatal» «hich are not too thin ( ^ | ottifieieatly larga) 

fha pattora aay diaappear and raappaar aavaral tiaaa, tha eoRtra«t daoraasiag 

howavar atoatly rathar draatieally frois tbe third iaterval on. 

Tî a aaoond poasibility oocura if tha ««xinaa of tha coatraat in tha 

«aeoad iaterval la antall, due to t'ra fact that tha eorraapOBdias eiaximua ef 

j'^^- 7'̂ '̂ '̂ io not isport at. Tha oaxiBam iatansity of tha otoiri (centre of 

tha^ bright frini^) t^r tha synsiatrioal «aoaT'^'^'Vl*^ '-̂  I*̂  •'ĵ ® 

•••aluaa eorraspoadiag to the «axiaim of tha soeoM, third.... interv&l tha 

moiré intanaity la givan bjr T _ _ d -.V̂  I ^ -

vhar« 0 la aaall ( ^ I/'»). 



W« believe that such a pattern would b« hardly rlsible, or at leaat will 

be easily overlooked. A «ail defined soiré pattern should be revealed for one 

or two small a -values, but should disappear rether slowly during t Iting, 

and should not reappear, or at least should reappear vaguely. 

This type of behaviour should occur for rather thln crystala, let us eay 

for which ^ ^ . It should be noticed that a crystal of a given substance 

and thickness may behave differently for différent reflectiona, sinee the oxtinctio 
n 

distance . dépends on the reflection considered, and the quaatity involvad 

la , • ubne should also keep in mind that a certain crystal thickness oay be 

considered a s being thia for one crystal substance but not fer &nother naterial, 

sinos ^ varies frois substance to substance» During tilting of the crystal, 

équation ( 2 9 « a } describes how ths fringe positions varies continuously. It 

should, however, bo reoarked that after passing m. orientation for vhich the 

aoiré disappear , the dark frings reappears as bright and vice versa. 

In fig. 2 are plotted soae ^ -curves for the aymaetrical case : 
T 

- Curiro (a) is for z. » z. = 1 / 3 , 

C will be zéro for . . . r . ̂i. f k = 1 , 2 ....). In the first a-interval 

^ O ^* T*̂ '̂  will vary froB }/k to 0 in a aonoteous way, such 

that only for one s-'^alue y ^ j X*"'̂  will reach the critical value 1 / 2 , 

which yields for C th^ absolute naxisiuB value 1. In the second interval 

^ S.'/lyt^ vTi/^r ^ * T*̂  • * of'Xi««« value _ 0 , 0 5 for s ^ ' • , 2 

Hhich leads to a second maximua for the oontrast C| («^^^ = 0 , 2 , It is quastionab 

whether this second «sxiauB will be observable or not. 

• Curve (b) ip for _ 2, _ ̂ y;! t 

C = o for ^^t,= f{ < > 

In tha first s-interval ( r., , ), f.decreases nonotonously from 

3 / 4 to o, ao that for one s-value of this ïéterval, ^(,, beconea 1 / 2 , and 

a» jBL conséquence C • 1 . In the «econ-j intervel ""^ the 'vw^^i^»-»^ 

appréciable' value C = J ) , 6 5 wMich should sureiy be ooVervawLrf»/ 
- Curve (c) la for ^ ^ i t- • 

'̂̂ ^ ^ t . = i / c a / V i ' ^( ^ ^ 2 . 3 . 4 ) . 
In tiie firat s-interval , r^- ^ -r'̂ o increases firat monotonously froia 

( o , ^ W 7-1-̂  ), JL^ ' 

1 / 4 to the maximiua ^ Û , 6 3 t to decreaae then again to o. In this interval -j-t i 

will thea be equal to 1 / 2 for two différent a-values, which aeans that C will 

beeome 1 for two différent values of s. Furtheraore, the successive H^K^"fl 

for C have non negligible values. 



- Curvc (d) is tor'X^^r Xj.= j-̂  -= , 

C = o for 4t„- i * 2, 3 ) 

In tho flrst and second Intsrval , C r«aches the aaxlaua value one, in the 

folloving s-intervals th^ values of the maximum deereas» rather sloi?ly, so 

that it «dMta that at laast for the first of thèse séries an observable 

aoiré pattarn Is prescrit. 

'À'e shall no« di«(eui;3 the seyametrical ctse z^» A gênerai diacusaion 

being ioposaibla» w« will restrict ourselves to eome ganeral reœarka and aome 

nuserlcal «xaaplss. 

The contrast C = \f^^^2 product of two factorsV^C^ and C^t 

the variation of sach having been discu sed above. C bas only values of the 

order 1 , if there oxists s-valuea for which and are both close to one, 

Fros the sxaaples discussed above, wc nay coaclude that in ganeral the suinter-

vais for which C.j and ar« of the order 1, are rather broad. It oaetts 

reasonable t accept that nearly always both intervais overlap. This seans 

that we can uaually predict also for the asymaetrical case cryatal orientations 

s for which aoiré pattoraa aaow up with deap* well observable contrast, sostly 

for siaall values, of s. It aay ho^aver be «xpacted that tĥ ; further raaxima for 

C will be saaller or even auch aaaller than for aud C^. Koreover, the 

successive C-aaxiaa do not necessarily dâcraase raonotonously, but they decraaea 

ir gênerai in a modulated waiy. 

In fig. 3 the contrast C^and the bright fringe maximum of the bright field 

moiré pattern are plotted as a fuaction of s, for ^ ^/J to^^i-'/fe *"o [eurvea (a) 

and (c)j • Âith the aid of thèse taro curves* the fringe profile for a given 

s can be constructed. 

C is aero for = i /(%>^n}'-L C k : 2, 3 )and i A'̂ '̂ -'" 

( k 5 I, 2 ...). In thô flrat s-int«rval / <̂  , il/i- to ) C obtaina once 

(for a 0 f / e ^ ^^'^ maximum value 1 ; in the second intorval ( V5i2'o^i^y/yf^) 

the G-values remala negligible aaall, but in the third iaterval ( l'i''^ > ^'^^ ' •'^) 

the contraôt rlsas again to an appréciable value (2 / 3 ) . The fluctuations in 

the followin(3 intc-rvala are uaimportant. The main différence betweea the 

moiré for ^ ^ o.^r^/^o « - ^ that, whilst for the firat the 

minlstum intensity of the dark fringe is zéro, this is not the caae for the 

second, the ainiiaum being now 1 / 3 . In both cases the intensity of the bright 

fringôs is one. 
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Curvca (b) mnà (d) of tisvr* 3 r«prd8«nt t^• vary «•ymawtrical uituatio)i 

Th» Cj-curT«» nay b« eonsld«r«d «a tha eurv» for »^ » " 5/5 

(aaa risura 2«d}, owdttlstad by th« C,.<>ourYa for • « 1/3 t (aae flg. 2,a) . 

C la «aro for at^ - I y(à »•/S") - <L (k i 2. 3 ....)«nd ^^^r î/o^J-i (k : 1 . . . . ) 

In th« firsttand aaeond a-lntarv&l axtats an 8-T«I.1Uô, reap*ctively 0,?5/fo 

aBd 1,15/^^'o *o which corraspi^nda a.'iXhaxm valuaa of rsa ectivoly aqual to 

0«9 and 1 (in both oaaaa tha dark fringu aiaiawa la approxlsiataly earo). In 

the thlrd s-int«rval, un iatportaat maximua stlll occuro; the correspondiag 

asK>iré exblbita, hov?aver, fringos vhicb «r« no longer cocpletaly dcrk (intansity 

^ 0,3)(the bright fringe» have tbe intenaity 1 ) , from th. fourth intarval 

on tha oaxina of th« oontrast ar« a&all» 

From foraulae (21b,d) and (23) it followa thàt X^, «nd ara 

avan funotiona of a, whildt ia odd in »• If tb« oryatnl ia tlltad, startiag 

thd orit^ntatlone o a o, in both sanseaover thâ aatte aaouat, the intanaity 

profile in b-^th caaaa will be tha a&ffio, t e reaulting displeoaaanta of the 

fringaa howavar aqual but oppoaad. 

§ 5. i;iK,,:;ATXCAL ..... .iûî» 

Thô kir.x5;r,/iticel approxisetioc appiies if /(^ àj 

r / -̂ Z /(v-r^j \ /C-<i \r 

Introducing thaao approximation^^ into expreuaions (^i)« {^.^) and (<23) datvrniniag 

— a n d neglacting hitjhar pow<»ra Of -^/(^r^)^ , «a obtaia a ^ 

kinanaticsl ;̂ p xoxiastion» 

T = ^ - r 

Thla formtila (3la) ts not imsadiately ooaparabla with that obtaiaad by Rang 

(Ion oit), nrhich ia daduoad for thu> apaoial eaaa « Sp • s. Than (31) reduoaa to 

•mhmvj'-^-ii v^n^iz/r^f,,^ ia the intanaity which ahould be diffracted \>iy on« half 

of th« erystaX ia th« «b««nott of the other hjilf* 
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This «xpresaion is still différent fros the one obtaineâ by Rang, but 

reduces to for s= o. This corresponde to the fact that the theory a« 

developed by Hang i» a kinerastical ona for 8»o, It ia believed, however, 

that putting s = o in a kineisatical theory is difficult to juatify. In any 

case, the depen:lence of t'-ie moiré profile on crysta^ thicknesses, in particular 

it» behaviour whea crossing a step and during tilting of the crystal, is 

neither predicted nor described by such siaplified kinerTiat ical trtàtaent. 

The nethod of th« "optical aaalogon" which has been freq.uently used (see 

•,g, 0. Rang (loc oit)}) does not take into account either th* influence 

of the thicknesses or the finit© value of s, and obviously not the dynaaical 

effects, Hesults obtained by thia method should bs confirsied by theoretical 

caloulations. 

Formula (31b) has to be eoepared to the expression obtained froa 

(22) and ^^3) for which z œ Zp = z, j<-v rt-̂J ~ T'-'' -^V 

T^e correct expression for s « o is 

which ia obtained froa iHie formula of Rang by substituting j- i ^ for-r • 

For the kinematical approxiraation, the contrast C is given by 

^ rr-ii.^'t^:/^ ,ri'z-L. This expression may in favourable circuiastancea for values 

of . ^^'iès large as 5, ^, 5 .... still have a value not negligible with 

respect to one. Under the conditions of a kinematical approxisiation moiré 

fringeô raay occur with observable contrast* As a conséquence, it raakes senso 

to look for the simplifications introduced by the kineaatical approximation 

for the behaviour of the moiré when crossing a step or during the tilting 

of the crystal. 

The foriLula (28), which describee the displacement of the dark (bright) 

fringes when crossing a step with height h, is extremely sisiplified and 

yields now 

In principle, formula (32) should enable the measureoent of by seasuring 
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Tha aolré contrast vanlshas for a»ralu8a aatlsfyljtg tha ralatlona 

(k : intager). In principle, the aatisuremanta of thesa valuaa shoalù anabl» 

tha saaauraaant of tha erystal tblckneaaaa and a^. Hoaavar, thls aathod 

ahould he Tery dii ficult or avan iispoaaibla to apply, aince tha moiré patterns 

ara likaly to be Tary poorly dafimad for s-Taluea for ahich tha kinenatical 

approxiaatioD io T&lid. 

§ 6."ÂÎ;0MAL0U3" àB;iOR?TIÛÎ« KFFKCTS 

Tha discussion of S and 5 is valid if the cryotal is thin enough 

eompered to th« abaorptioc length, for the effacta esaociated with the anomalous 

abfforption (due to lésa of électrons by inelaatic acattering) to be naglectad. 

It io wall kttowa that theaa affeeta «r© ta tan into acoount (Kalière , i939f 

loahida, n j ? ! Howia and i^halan, 1^61) if 1B put aqual to 

whare «ay ba conaiderad ao a nujsber aiaall enough fer the higher poaar 

of to be negliffibla (Htahimoto et al, 196O1 Howio and ïhelan, I960a,b)ï 

la callad the absorption langth. 

Expreaaion ( i i 2 ) for tranealt^i^d intensity atill holda if tha 

adeqa:ata expressions for and ~^ are .mtroducad. e bave 

Fro» 

it followB, sinea 

if the ter« v̂ -i + ̂ ta)'- -i+t̂ to)̂  ^la neglected. Thls axpresaio^ 

enables to diaeuaa quantitatiTaly the eonditiona undar «hich the anoaalotts 

abaorption baoomea important• 

1 fc- i-i " 
K : aean abao^tipn cqafficieat 

-— +- . . f r. . 1*1- vL..' -1 j t^.b 
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Hegligiblo anomalous «boorotion a«ana that th« first term of ( 3 3 ) is~' 1 j 

for Inatance, «aalX^r thaa 1,1. Aceeptlng thls auggostion, ths anomalou» ab-

«orption effeot oay ba aagXactad for oryatals aueh tbat 

W« shall eall tbeaa cryatals thln. 

îhe analytical axpresaion ( 3 3 ) ahows cléarly thet ^-^ is différent 

for two a-raluee equa but opî.oaite in sign, and this effeet, kno«m in the theory 

1950» Zachariesen, 19^51 Von Laue» 1 9 ^ 9 ; 

Hirach, 19^2)t Is only important if the crystal thlcknesa is aufficiently 

Xarge( m )). o oiesns that the reeiproeal la tice node defined by lies in 

the interior of the reflecting sphère) 

Crystala souewhat thicker than o i.Xo will be cailed of "iottirmediate 

thlckness*'. For such crystala, the firat term of (33) alnus one beooRtea of 

the saae order as tha second tera. Boughly stated, the résulta for the aon-

anoaalotts absorption are still qualitutiTely correct, but quantitatiTely lœore 

or les. influencad by thèse abacrptioa effects. If we put forward aa a condition 

that - 1 .05 < ^ 2, we obtain - i x. i i-c < - '^o 

If the first t&rm of ( 3 3 ) déviâtes signlficantly froa 1 for s m ^/ 

it is obTious that this déviation decreases with s, whlch means that for in-

oreasing a-v^lues the crystaJ behsTes aore acd more aa a thln crystal. 

For thick erystals, the first tara is the aost important one, it determim 

the character of the variation of ' with a. For very thick crystal» it 

la ever: aenslble to negleot the second term. It is then easily aeen froa (^3) 

that 7"^" will decrease monotonoualy froa « Baxlaua value to zéro, and in 

particulsr that this maxiau» does not correspo&d to s » o but to a value of 

8 depending on the thlckness z., the extinction distance t and the absorntioa 

langth . Moroover, i_ is aasyaetrical in s. 

For the intensity of the dirfracted wave, we obtaia, in a siœilar way 

Sinea 

one has 



fi«r« «gala w hav« to ooa«14«r i 

(a) i£in_££2st£l8 

It la a good approxiaatioB to neglaet th« hyparbolic funcflon and coa» 

aaquently tha aoa-abaorptlon tbaory apfkliaa* 

(b) S£2;staIa^£_iatarmaâiBte^tbioi^ 

T^' V 

Tba gasaral tendencj of tha Tarlatlon of —^ with a will ba altarad 

qttalâtatlTaly, l.a. a-valuaa for «hioh liaa «all-d«finad naxiaa and 

Biaima are atlll praaant» Thaaa a-^aluaa «111 ba oitl7 allgbtly diff rant 

froa tha valaaa pradiotad by tha aon-absorption theorjr. The ainlaran valaa 

of -s howavar, «hlch ahould be zaro if aaoaaloiaa abaorption la aot takaa 

Into aocouat, hava ao loagar nagliglbly aisall valuaa, axoapt for sufficiently 

larga a-valu«a« 

(c) Thick^cr^atala^ 

Tha rariation of -1} la qualitatlvaly dâtaralaad by tha variation of 

tha hyperbollc functlon, to «hlch ralatlaaly «aall oaeillatlona, dua to 

tha goaiomatrlc functiona» h««a to ba auparpoaad. For very thlck oryatala, 

thaaa ean ba naglactad, yialdlng for ^ a aonotonoua dûcraasing variation, 

aym^atrleal la a, tha WIXIBIUB occurln^ for a « e* 

la § 4 tha dlffractad iatansity ~5 ia aot diseuaaad* Thls dlaousaion 

v̂ aa obvioaaly auparfluouat aiaoa and ~- are aoaplamaQtery, i.a.^ ^--.T 

if tha aBOsialoua abaorption la not conaidarad. If thla laat affact la takan 

into accotmt, thla ia eo loagar trua. Tharafora «a ahall darlTa froa axpraaaioa 

(19b) for tha aaplituda of tha diffzactad «ara, an «xpraaaion for -i , in a 

aumaar alad-lar to tha ona liaad for tha darivitaion of tha axprasalon for tha 

traBsaittad ««va latanalty* 

>a obtala 

With ^ ^, , , . 

<rt-

or, aftar aoaa ealoulatioaa t 

«hara 

c 
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Oa9 has finally t 

i. io the ascprasaloit for th* intensifey of tha «avt trananlttsd by a 

eryatal with thickneaa for t.h« orlentetion a, «hilst —.y la thaa 

dafiaad by tha ralatien 

T 

For tha contrast bright-dark friaga of thâ dark fiald aoiré pattarna, ona haa 

C« aad C-, ara dafinad by _ c o _ c O 

^ c - ' " 5 "~r 

Wa hava alraady pointaddout that -^s ' is «a avan function of a, vhilat 

j:^ i.^ ̂ --ifj» A aifflilar «ffect exiata for tha dark aad bright fiald 

aoiré patt«rna for t e ayaaatrical eaaa « a^. Tfais follows froa axpresaions 

(3è)t (33) and {J>k) for tha dark fiald aoiré and froa expraasiottH (32) 

(33^ an<! (3^») for the bright field aoiré. 

Froa forailaa (22) and (3^) it follova that tha gaoaatrical propartias 

of tha aoiré pattern, i.a. the diraction aad aaparation of tha fringaa, ara 

not influanced by the anoaaloua absorption. Th* poaition of tha fringea, and 

more lEiport«<nt« tha aatual profile of the friagea, in particular thair eoatrast, 

a«iy dapand atrongly on tha anoaaloua absorption* 

3» i2fiîi*222.2£_*li£_E22ili22-2£-i^î-££i5f25-

Froa raliitions (20) it followa that the poa tion;<^ of the bright fiald 

aoiré fringaa ara dafiaad by 

whara V -, ( / , / ara tha phaaa anglaa of and 

In tha aana vay it followa that froa ralationa (3!^) th;̂  t tho poâitxon^^^ 

of the dark fiald aoiré fringaa la dataraiaad by 

If anoaaloua abaorption la nagXactad, x / --l ainca 



The bright fringea of the bright field pattern correspond of course to the 

dark fringes of the dark field pattern. 

If anomalous absorption is iaportant, thèse last relations are no longer 

true, since then Tl^^^j- ^T-^^jj'*^ phase angles of are no longer 

zéro or — . This means that in gênerai , , i.e. the positions of the 

fringes of both types of patterns differ, slightly for cryatals of interaediate 

thioknessi to a more pronounced degree for thicker foils. 

The displacement of the fringes if crossing a step on the surface or 

during tilting of the crystal will also be «tgnificantly altered for thicker 

speciiaens. The foraulae (28) and (29a) ahould be replaced b more coniplicated 

oses, depending now on , and which should be calculated with the aid 

of the relations (39)» 

Let us first examine in some détail the influence of absorption on 

the dependence of the contrast froa the position of the interface* 

For a thin crystal (J ^- C^j ^® periodic in (or z^) with period 

, , , ^ . ^(fixed s) since A , have this periodicity, 

Positions of the interface differing by a multiple of ^ give rise to the 
t 

same moiré pattern* If the inter'^ace iu nov thought to oe displaoed con-

tinuously from o to z, total thickness, C will vary pariodically having 

«inimua values zéro for z ^ ^ b ' 2. ^ ?c ( k, k' : integers|l and 

maximum values and eventuaîly ^ ' aubsidary ainimua values for positions 

ahd its periodicity is halved and is equal to / f ' 

For a thick crystal ^ and ^ are of course atill varying with 

which dépend on the total thickness* For 

0 / 

of cours 

the positions of the interface, a^thoughtthe variation is no longer periodic, 

d e to the présence of the hyperbolic fonctions in the ^dequete expressions 

for 7-f'/ and -f- . * For a symEetrical or nearly syaaetrical position 

of the interiace, and saïall s-values the variation of the contrast is nainly 

determined by the variation of the hyperbolic functions. This résulta in a 

rather slowly monotonous variation, on which oscillations due tc< the goniometric 

functions have to be superposed* Thèse are small eompared with the mean of 

the contrast. 
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Ho««TQr,ir th« lnt«rfftO* la mvd olo««r to OXM of both aurfaoea, the 

Ohareotar of th& variation ohauftat ainee on« of both crysteX p&rts beçoaea f/z 

thiimer. ADâl7tlo«)>lXy tala aaana that If e~ dacraaaea, th« factor^ '-.-n 

wlll bahava aa In tbe eaaa of a thla crystal. A thick oryatal «Ith an iater-

fnea very a^ramatrically altuatad la of aixad type i one of both hal^ea la 

thiok, «hilat the eiher le of int^rmedate thiclœeaa or thla. Strong 

flttctuatlona are aov axpeoted. The vairiatlou, ho»*ver« is aot the aaae aa 

for a thln or interaedlate crystaX, aiaoe the variation of the factor 

{ H ^ s ') correspondiag to the thiek part of the oryatal resaiaa alo». 

îlf. ^ elvea the plot of vereua (or % ^ for 

and ahowa quantltativeXy the properties descxibed above* The fuXly dravn 

cijrTe of fig. h is obtaiaed if anoaaXous abeorption la taken into account* 

vhilat the brokea Xine (if periodioslly repeeted) pioturea the caae of non 

abaorption* It la aaaiXy aean that the anoBukXous abaorption e aeta change 

littXe the T&Xueo of a^ for which the contraet la aaximn aad ai&ima, but 

•ay havc atrons influence on the reXative vaXuaa of the ainiaa and aaxiaa. 

If the poaition of the interface is aearXy ayB«etricuIt tha fluctuation» of 

the contraet with int&rr'ece positiona are aot isportent* and thie effect 

wiXl be aore pronouaced for thicker erystala* 

Troa the daflaition (30,a) it foXXows that la ay«K4trieal in 

and 2^, and thie aXao if aiioaaloua abaorption is iaportant, i.e. tlw poaitioaa 

of tiie interface ayiaaetrical with respect to the aiddX* of the eryataX 

aandwioh give riae to the aa»e contrast for the bright field aoire pattem. 

Froa (38) it foXiowa that the dark fleXd aoiré oontrast haa thie proper'y oniy 

if the anoaaXoua abaorption in negXigible, aiace otherwiae ^, ..'̂J ̂ > i 

aa a conaequenee of C, -i . « 

If «baorption la negXected* the? eontraat bright-dark fria^aa lis; the 

aaae for bright and dark fieXd p&tt«srns, ?roa (23a) and (38) foXlowa ' _ 

aiaaa p i 7~ • Thia laat aquality doaa no longer hcXd i.f anoaaioua 

abaerption is taken lato aecount* 
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can eonclude that this effect «111 tend to dlfferentiate the contrast 

for dark and bright field moiré patterna. "e bava t ^ t t v j g^^^ç^ 

^ . , whilst {-^J ^ Ç ^ (the symœetrical 

casa), but alao ^' ^ ^s (• if ^ --(the asynuetrical casa). 

Let us now examine in some détail, with the aid of soae numerical axamplea, 

how anOBalous absorption influencée th<s variation of the fringe profile with 

crystal orientation s. 

Ae consider first the synaatriael casa 2., - 2 ,̂ - T., « - y. , ^^^^ ̂ ĵ ^ 

case of a rather thin orystal* 

In fig. 5 the curve showing the variation of V (or '̂-s ) the anomalous 

absorption neglected, is plotted Ccurve (a)j the bright fringe maxiiBua for 

the bright field moiré ia equal to 1 ; the bright and the dark field moiré 

are complementary ] . 

In fig. 7 are giver. the contrast of the bright field moiré and ita bright 

fringe maximum, the contrast of the dark field moiré and Its dark fringa 

siaimuffi Lîurvos (a), (b), (d) (d) 3 • 

Comparison of both figures aug^ests that the influence of the anomalous 

absorption on the poaitiona of the maxina and minima of the contrast le 

nagligible} for the ratio of the first and the second maximum its influence 

amounta only to a rather small correction decreasing somewhat the relative 

importance of the second maximum; the asymmetry of in s is the most signiflcant 

of the effacts, reducing rather strongly for s ^ o the intensities of the 

bright fringea of the bright field moiré. 

Posaibly exccpt for this làst effect, no great harm would be done by 

naglecting the anomalous absorption, and this will be certaialy the case for 

thinner crystals. 

Kow w« shall consider the symmetrical case » *2 * 2 ; ^ \ ^ 

i.a. tha case of a crystal of intermediata thicknes3. The curvss of figures 5 

(eurve b) and 8 (eurves (a), (b), (c), (d) ) have the same aignificanee as 

for the preeadlng example* Thesa curves demonstrata that tha anoir^alous 

absorption affecta the détails of the variation of the contrast for values 

of s varying approxiaately betwaen - 2 and + 2 . The most strlking difftreneas 

bbtwaen thèse casas are x 



• th« ratio of tha aaKi— of tha first intv rv«^ i.-^ uâ » maxiaa of tha furthar 

intarvala of the bright fiald ooatrast ara rathar atronsl^r inflnancad. Tha 

noa»abaorption rasult pradieta for tha ratio of tha saxianm of sacond intar .al 

to the suuciaa of tha firat intcrval thâ valua ^0.9, i.a. thera is littla 

or no diff*ranea in tha aspaet of tha aoiré for both crytstal oriaatatlona, 

einoa in both caaas tha bright fringa »a«iwm ia cna. If tha aaoataloua 

abaorptioïT ia takea into accoust, this theoratioal valua is radi»ad to its 

raal valus - ^ O t ? ? * In mora datail va hava i 

for tha ooiré in the first iatarval t bright fringa aaxiaua intansity 1 

dark friSiga sijdJBiai intansity Ot 

for tha moir4 in the saoond intarval i bright fringa aaxistta intecsity 0,8 

dark fringa alttlmm intensity 0,,^6 

Wa oan eono uda that t o auoaaloua absorption diffsrantiatas the aspaets 

of the moir4 for the teo considarad erystal orientations. 

- for tha non-ebaorption troatmant « tha eontrast basoses zaro, i.a* tha 

aoiré pattern disappaars for orientations tJO^l^^-^ ( k « ?, 3 .,.) 

If absorption is now considarad, the s-values for which thd oontrast is 

ainimtai ara vary ap, roxisiately the S S M , but tha eorraspondini^? vsluas for 

t^s oontraat era ao longer saro, elthou|^, for the thiekaass oonsidersd hara, 

only tha value of the first mlnlau» i; non-nagligibla. 

- tha s-valuas for wbieh ai-ala» and maxlaa of the eoatrast occura uy ba 

oonsidersd as being aot noticeably influsnsad, possibly for the maxiaim 

of tha first intervel, its displscsaeat beiag In any casa very »sll* 

* the umjxm^tvj in s cf the bright field moir4 ra&aias koaavsr the aost 

striking feetm*a (for aufficiently saell a-valuas}* 

Lst us no« concider the ctise of e sosavhat thieker erystal, >^«>2 • 

cJ#i 0,1. Figuras 6 (ourva a) and 9 (curvas a, b, o, d) sh«v sgsia tha eurves 

to be coasidere<!. 

Clearly, the sase influence of tha anoaalous abaorption as for ths 

preeading axsitple is revealed by those eurves, yat the diaoussed affecta ara 

nsv . ore laportant as a eoasaquenea of the incraased thiekaass* 

It Is aot difficult to prediot ho« the situation should avoluate if tha 

erystal thiekaass is oora and aore iaeraasad. Tha affecta diseussad for tha 

•xaaplss would baeoaa still asre proaouaeed. 
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Finally, the curyea of interest, figure 6 (b,c) , fig. 10 (a),(b),(c), 

(d), have bean coaputed for the asymmetrical case s , «2 ".5to ^ 

Tha anomalous absorption effects, ahowing up for the other examples dis-

cuseed, are again présent. Even for thia rather thlck spécimen, with aaymmetrical 

ly aituated interface, the correction, for the s-values deteraining the successiv 

••acima and miaima of the moiré contraat, amounts only to a few par cent. The 

rélatiT© Bugnitudea of thèse maxina and minima are however strongly influenced. 

The fire*. minimum occurs for ^ j. ^0 ,9» îhe non^absorption theory predicts that 

the moiré should diaappaar for thic crystal orientation during slcw tilting 

of the crystal. The fluctuati4g charaoter of the moiré contrast should be 

•asily détectable. Lat us examine if this is atill tru^ «hen anoaalous 

absorption ic taken into considération. 

For , 0 , 5 5 i the contrast is maximum, the moiré pattern is characterized 

by (tha factor taking into account the normal absorption will be left out) 
max . (min) • (min) / _Jmax) _ ... 

If—77^ increases, the "tiright fringe maximum and the contrast decreases ayd 

a inimua for the latter is reached for v/^»9» The moiré pattern is now 

described by (•'y^^^ c^'^l ^ ^ _̂ /"vv-v,, ^ ̂ ,'-̂ .<-̂ ;̂  ^ 
— ' / irr " > rp — 77 ' 

(to compare with 'ihe value 1 obtaineâ il' absorption is neglected). 

. This means that the bright fringe intensity decreaaaa, whilat the dark 

fringe^^increasea during tilting from orientation -^t^^o^f on towards 

orientation 0 , 9 t both howevar in a not very pronounced way. The 

patterns for both orientations are not Tery différent. Va are inclined to 

believe that only careful observation should réveal the fluctuating character 

of the moiré contrast. The pattera can roughly be considered a« disappettring 

slowly and nearly monotonoualy during oontinued tilting, .e can conclude 

that anomalous abs rption affecta significantly the behaviour of the moiré 

pattorn, notwithstanding the fact that maxima and minima of the contrast still 

occur for nearly the same s-values. 
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•A 4 j 

.. - ('v-A^ '/ „ (•^--. ''1 

Tii««« date attggest th«t tb« varlatioB of tfas djark fi«Xd patt^^rn la asor» 

sioilar to tàe typo of variatioa pr«âict»d by noo-aba rption tra^^taent than 

it waa th» Ottiia for tha brlght field ooiré» In partioular« ftxr * ' ^ ~ 0 , 9 tha 

moiré pattdrn does not dis«pp®ar completely, but th« bright frioga intauaity 

1@ atroagly radtt««d and th« dark frlnga boeoass oo&iplataly dark, ahiob 

abeuXd aasily obaarvabl® in th« électron aicroaeope. 

It aaasa tbat tbe aaoaaioas absorption wilX offeot aora atrongXy tha 

queXitatiTe behsviour of the bright fleXd oairé pattem than th« bsbaviour 

of tll« dark fleXd ooiré pattern» 

Aa for tba othar asanpXeat tha aayumatry ia s le vary inportant* I& 

the oaa«s eonsiderad hithsrto ( « tbe brlght fieXâ pattern oaXy iras 

asyaaetricaX, wharaa» now both ty aa of pattsiraa baooaa aaymîSfirtrioaX* 

§ 7. Gi;?îsa;:Li2;ÂTicî!r 

Kxproesistts ( 2 0 ) and ( 3 5 ) for T acd S dapend oaXy on tîi« aapXituda» 

of tha wavaa tran»aitt«d and diifrfeCtad by aaob coîcponeat of ths cryetsX sand-

isrieh soparataXy. 7his aufgaats that it ahouXi bd posaibXo to dtrlve thaaa 

forxuXaa by & raaaoniing invoXvini; onXy thdaa wsvos. 
K 

If -Jo ia tfea «are vaetor of the iceident baaa, correctad for rafrectio 

and ^ th@ diffraction ractor, the tranamittad end dirfraetsd baaaa ara 

r«pr«a«ttt«â by 

On the othiisr hand, aasoiaittg tha two-baaa approximation is vaXid, aa hava fox* 

ths aXao ron «ave funotion t 

«hera K +-'W j -vv ta tha raaiprooaX Xattica veetor eoaaidered. 

wa hava / 
r 

for ^ - . :s 

for 
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Sine* g. '\A V have th© relation» 

where T end S are given by (20,b,f). 

Froai «ow on we ahali use the w a v e vector représentation {kl) instead 

of the diffraction vector representini (40), 

Fig. 11 représente the ^ -pl^ ne ; (h^j^^o)- plane ^ of the reciprocal 

lattice with the ve^tora n an;; n* defining the reflecting"planes in the 

first and second componente of the crystal sandwich, (a*a) and (b b*) are 

the intersections of the corresponding Brillouin zones* 0 is the origln 

of the reciprocal lattice, «hilst C is the projection of the centre of the 

reflection sphère. As proposed and demonstrated experifflentally by Bassett 

et al. (195^), the bright (dark) field moiré p?ttern arises by the interférence 

of two trans&itted (diffrsot&d) beams (in the two-bean ease). 

Thèse are : 

1) The "doubly" traneaitted wave, i,e, the incident beaa is first transaitted 

through the firat part of the crystal (or the firat crystal), falls on tha 

second part (or second crystal) and it is transaitted again. 

At the interfacf th* aaplitude of the ware is y ^ • ) L H - ^ Z - « I f * 

is the distance of C to the Brillouin sone, s ia giren by the relation 

a = n V ^ \'' -sve length of électron beaa) (lî helan and Hirsch, loc cit), 

A ware with aaplitude 1 falling on th» second part and transaitted further, 

will arrive et the back surface with an amplitude 7- ,^/ , , , , „ ^ 

where ^ „ / \ 1, - ( î distance froa C to the Brillouin zone (bb')). We 

hare introduced for ^ two possibly différent values z and ^ , in od»r 

to cover also the case of two superposed orystals of différent orystalline 

aaterial, or of two superposed crystals of the saae substance but with dif

férent reflections active. 

The doubly transaitted wave is then epresented by 

^' T ̂ •<r '^^j 7; z,̂  t,J T ; Ci; i -5 ^ iTo • 2 

where the wave vector ^ has ^ as eoaponent parallel to the /, -plane. 
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2) She "doubly" diffracted wave, i.e. the incident wave is first diffracted 

by the first part (or firat orystal) and then diffracted aj^ain by the second 

part (or second crystal), 

At the intdrface, the amplitude of the wave diffracted by the first part is 

4 ̂ ^̂ '̂̂  ^A"^ ^'"••'^^ 

For the diffraction of this wave conaidered as incident on the second part, 

N muat be taken as the origin of the reciprocal space, the active reciprocal 

lattice point being N", defiued by /y vv.' correaponding Brillouin 
sone being (cc*)« The wave vector ' of this wave bas now (f^/'/. Co.ûy^. 

latéral coaponeiit, i.e. ; . 
D û - 1 : 0 - 4L2i 

If tho indident aiaplitude on the second part is 1, the amplitude 

of the diffracted béas at the back sur ace is d 1 j.-^ -, ^ v „ v 

with i v ^ f ('t" » distance from C to the Brillouin zone c'c). The 

doubly diffracted bean is then represented by 

The interférence of thèse two waves yields a total transmitted irave with 

amplitude /v> given by 
'o 

In a sifflilar way the forsaulaa (35) for S can be generalissed. The diffracted 

wave arisas by the auperposition of two diffracted Traves with alightly 

différent wave vectors. 

(i) the first is obtained if the incident wave is transaiitted by the firat 

component of the crystal sandwich, and afterwards diffracted by the second 

eoaponent. 

The wave vector of this ^ave bas a latéral coapoBnt (JT/- c A/ t â^}- > 

the wave vector itself t; e:- being j><; ^ ^ with 21 

Its amplitude is t 
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(11) Th« steond wmv* mrtatn If the incident waY« i® first dlffracted by the 

first part of the oryatal and th«n traasaitted by tho aeooad part. 

2he wave T«ctor is ̂ T,̂  « and the aaplitude 

The total diffraetad «ave hâs tha aaplitude 

The foruulae (43) end (44) for sadV-^ reduce as a aattar of fact to 

the correepoadlng oaes (20) and ( 3 ^ ) (if the relatieas (42) are takea lato 

aocouat) obtsinad by uaing the colusm approxiaation, If 

1 •) < : Y , ?•) . • = - ̂' ? i ^ i ^ . ^ r X , ] 

The eolumn approximation could still be daveloped if tha différence in 

extinction distance, absorptionlength and lat^^rferenoe fallure s are takea 

Into account in th* construction of systen ( 3 ) > Eowever, the aLatheaatlcal 

developaant becoees much more «laborate* 

7h<t chaa^es of ^ into - ^ oannot be takea into account by en extensioa 

of the hypothesls underlylng th« colusin approximstion. 

order to p«>rmit the discuasion of the possible différences betveea 

the generallsed resuit aad the r suit obtalaed by the colupa appro-<rination, 

we shsll dérive expressions for s« s* and s**. 

If f » *• bave 

I«t as appljr thèse fornulae first to the case of a rotation aoir p^t^^ra 

defined by Its rotation «aele t • e eaa suppose that in the twe«b««m eaas 

Ifow a • a» aad /}-vx • -^'--^ ^/^ 

We have then -, . 

if (9) la taken into accouat» 
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KTen for a moiré wxth interspacing . ^ (close to the rasolving 
^ only 10 A .î  

power of the électron aicroacope) s-a* ia of ths order 10 , Thia means that 

(ĵ  -î jt̂  ahoiild be only a few tiaes 10 . From tne discussion of the variation 

of the intensitios -r and -7- as a function of ./. we can conclude that this 

différence in s can bé neglected. 

In a siailar way we obtaia 

,. , /. 'M + 2? • - — ' . \ • ÛS^ ^ 
<}--:} - I =a_jr r -M. t "-^ A i- 5 ^ —-

and it ia ssen that also thin 8-differenee can be noglected. 

For the compression aoiré defined by ^ . /i^t/vi situation ia not 

liai ar,A 80 fevourable. '"e have now, since ^^^^ /vt ' ̂ '̂̂ ^ parallel and 

end in the aame way we obtain 

If . 100 A« thèse différences resuit in différences for lésa than a 

few tiraee 10 and can again be neglected. For still more closely spaced moiré 

fringes, thèse s-di ferences become aoro iaportant and should influence 

quantitatively the resuit, *̂ e believe, however, that the qualitative behariour 

described in § 5 remains valid, th-j correction being probably that the maximum 

v&lues of the contrast are somewhat différent and occur for somewhat other 

valuQj of s than predicted if thèse différences are not takan into account, 

The closely apaced moiré pattern occurs however moatly for two sjperpoaed 

crystals of différent material, for which the différence in extinction dis

tance (and eventually the absorption length) plays a more important rôle, 

This will be discussed belo?* 

Following the coluan approxiaation» the geometry of the moiré pattern 

is glven by the vector L , e know now that the correct vector is . 
— -

It has alreaily been proved that both vectors are approximately equal. Wa shall 

derire an expression for the arror ^ ^ for the rotation and for 

the coapresaion moiré* If (7b) is tâken into account, one gets from (6) that 

-J. 



Fwr a rotation moiré 

àix. • - (i^-^r^^* ^ • - ^i, C-i'i^'^ t/U^and as e eonsaqucnee 

r ..(L.^.^a:.)-'^ «Hilot 2. w f , i (tha angle for««d hj ^ «nd^. ĵ ô'-5̂ ,, 

Fros thia it foliows« aine* ^4,^^ e/z <3 1 that oaglectiag ^ is uniaportant. 

For » coapraaaxon aolré î, w t aaol /- "ill again ba , whera^ is 

of the order of magnitude of • a can conclude thet it is uniaportant 

to teke ^ ^ _ <fv,» the lstt"r beinj^ the correct veotor to usa end alao 

the aasiast to daal with. 

As a général eonclusionv it csn bo statad for crystals of the sa»a 

matériel th»t the ooluan approxioation raveals itself as a very good approxi

mation, only perbaps for Tery closely spaced moiré of tha ooapreBsion or 

mixad typa, e amaXl q\iantitative correction might ba nacassary. 

Lat ue nov cousider thc aysteaa formad by tao auperpoaed crystals of 

différent cryetcillina oaterial» 

ïh® contra^st of tho resultlnf noiré pattam is deaoribed as diaeusssd 

in § 5 . fcy 

Eov.ever, now différences in axtinction distança (and poaeibly in the absorption 

length) attst be taken into aooount. For largsr values of a ^ ^ 

i.e* the kinemstioal approxi^tion appliea , and the influence of ^ ahould 

drop ont. However, the axamples discuased in § ^ suggest that the «ail con-

trasted moiré patterns occur for ralues of s too asall for thia approximation 

to be VAlid. 

e b«lieva that qualitatively the properties of the moiré pattern as 

di6«ttass4 la S 5 ara unaltared, since a strongly contrastad moiré pattern 

( C 1 ) aill etilliiccur for oryatsl orientations s for whlch r ' 

_,and at the sama tima T'''/ '<^', z,, rj y --L 

(biaght fisld moiré) ^ ^sy^' :r-^" * approximation). Th^ actuel 

s-dtauSlDtis for whioh thaaa an aubaidiary maximuii contrasta ooour will dépend, 

of course, on th£> erystal thicknessast but alao on both extinction disteneas 

(«ad for thiekor oryatala on both absorption lengthe)* 
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A <]r«t«ai for»«d by two crystsla of tbe 8«IB« crystallin* materlal bat 

«uperpoaed in auch a «ay tbat tvo différent reeiprooal lattlce pointa to 

vhlch dorreapond différent extinction dlat»noea, cone eloae tofether, la 

obviouslj équivalent to the ayatea forsed by two cryatals of a différent 

kind. 

It o«n be proved that if in formtlae ( ^ 3 ) and {^^)t S. and are 
- ^ i_ l e 

dafinad by (20 f)̂  ^ and " real or coaplex), a ooaatant ter«« i.e. vhich 

doea not dépend on crystal thickaea es and orystal orientation, should be 

added in the eKponent to — ~ . Thia tera ia aero if both 

cottponenta of the eryataX sandwich are of the saaa subatanoe and i f n and 

n* eorrespond to the saae reeiprooal lattice point* Otheéwiaet th9 ter» ia 

the eventual différence of the pbaae anglea of the oorresponding Fouxder 

expansion eoefficisnts of the els ironie potential , . If différent 

fro« zéro, thia conatsnt tarm «111 only reault in a change in orlgin for 

X and is eoaaeqti«ntly of no importance for our discuasioas* 

S 8 umk'âxs 

The principlea of the theory devaloped in the recedin^- paragraph are 

sar̂ a as thoae iatrodueed by Haahiaoto et al (loc cit). The détails of 

t i i iw- aûthenetical desc iption are however différant. Haahiaoto et al. considar 

in the flrat cryatal four sraTes t tvto transttitted and two diffracted ones, 

whilat «a deactibe only on traaasitted end one diffracted beaa» Sach of 

thèse waves bas an amplitude dependiag on s* This Hwans that eaoh wave Is 

équivalent to a wave paeket, conalsting in the considerad case of two waves 

only with elightly différent wave vectors» ^hen entering through the intt-»rface 

in the aecond crystal, sach w&ve givea rise to four waves* The resolt ia the 

présence of sixteen waves in the second eofflponent of the cryatal sandwich. 

Our aethod now corresponds to deacribiag froa the onset sach group of four 

waves as a sin^l^ <?n@ with s-dependin^ âcplitudea. So, only four vt^vos have 

to be conaidered ia the second cryatal* and no calcuXation is needed, as 

ahovn in the preceding paragraph, to express their amplitudes if the well-

known expreasions for the aaplitude of the wavea treasaittad and diffracted 

by a perisct cryatal are used. 
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Our treataont laplias that aurfece-rsflcctad wavaa aaj ba naslactad, BO that 

tka crystal wa^aa ara det«rmin«d by th» boundary condltioac at the antranoa 

aurfaca, and ara indapaadant of thosa at tha back aarTaca» Ûnl) then m&j tha 

boundary conditions of tha intarfacaa of ov.%rlapping crystals be appliad 

successiTaly and Indapandantly. Th« validity o£ tbis approximation for hlgh 

onargy alaotrôna in alactron diffraction haa baon dlaoussad by Batha(l928), 

Thompaon and Cochi~sn (1939)* Kato (lv32)» and whaXan and Hirseh (19^7)* 

It la ponsibla to bring tha final re&ults obtsinad by Haahimoto at al« 

int the form of formulaa (22) and (36)* This ta aehieved by algabrale cal

culations «rhieh ara rether loagi and will for that reaaon not be glYan hare. 

An iaportant adTantage of our method la that it would ba auch aaaiar to 

describa quantitetiraly tha aolré patterns r : ulting froa more coxplic&tad 

situations* 

Asstuue that thara ara two atrongly dixfractod baams. The method of 

Esahiooto at al. vould thon introduea tha prasanea in tha second crystal of 

thirty-six Kaves* againat nina if our description la used, acch with an am

plitude which caa ba writteo down without calculationa proTidad the asplitadaa 

of the wave trenaalttad or' diffrf-ctad by a perfect crystal are knwon for 

tbiâ "threa-beam" eaae. 

The ger.arelization of our method to syateoa forned by the auparposition 

of aore than two crystals will not introduoe major aathenatioel dlfficultiaa* 

For syatat&s of threa ervstale, tha Bothod of Hashlmoto should bave to daal 

nith sixty-four «avaa présent in tha crystal, against eight if our procédure 

is uaed, again with aasplitudea vrhich naad no calculations. 

Ânother Intar^-tinf s tu»tion» aesy to daal with^ur method, ariaea if 

a atacklng fault is présent In ona of tbe crystals. 

Theae three généralisations will be axaained inidetail in aaparata 

papors, to ba publiebed elsawhara. 
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CAPTIONS POB FIGURES 

Fig, 1 : Décomposition of the vector différence in a "rotiation" and « 

"compression " oomponent. 

Fig, 2 : Variation of the contrast of the bright end dark fringea of the 

bright field moiré pattern (anomalou» absorption neglected ) « 

«nd B„ are the thicknesaes of faoth components of the crystal 
f ^ 

sandwich - t : extinction distance 
o 

a)z =z =1/3t^} b)z^=z2=2/3t^; c)z^=z = 7/6t ; d) z =z = 5/3t^ . 
Fig. 3 : Vt^riatlon of the contrast Ĉj, of the darK and tho bright fringea 

of the bright field moiré pattern aud the variation of the maxiaua 

intensity 7-' " " of the bright fringes of the bright field moiré 

pattern (anomalou^^ absorption neglected) - and z^ > thlcknessss 

of both components of the crystal sandwich - t^ : extinction distase* 

a) for , 2/3t^ . ^2=7/6t^ S ^-l/3t^.Z2=5/3t^ 

c) 7-'- z^=2/3t^,Z2=7/6t^ d) ^rn,.xjfor z^=1/3t^,Z2=5/3t^. 

Fig. k : Dependfenoe of the contrast of the dark Jnd bright fringes of ths 

bright field moiré on the position of the interface between the 

two coaponeiits of the crystal sandwich - z^ and t thickneases 

of both components of the crystal sandwich, t^ : extinction dist-nce • 

: absorption length . ^ , / . o, 1. - <J = o - . _ 

broken line t anoiaalous absorption neglected, 

3olid line : anomaloua absorption considered. 

Fig. 5 î Variation of the contrast of the dark and bright fringes of 

the bright fitld aoiré pattern - and z^ î the thicknessea of 

both components of the crystal sandwich - t^ : extinction distance 

(anoraalous absorption neglected). 

a) « «5 » t^ b ) z, « a., a 2t^ 

Fig. 6 : Variation of the contrast of the dark and bright fringes of 

the bright field moiré patisrni and the variation of the maximua 

intaasity -j-c^ . of the bright fringes of th bright field moiré -
— r 

and : thiokncsses ol both components of the crystal sandwich-

t^ : extinction distance (anoaalous absorption neglected). 
a) for z^=Z2=3t^ t») 'or z^=t^.Z2=3t^ 

'7» 



Fig;7 i Variation of the contrast Cj( Cg) of th» dark and bright fringes of 

the bright (dark) field ooir pattern and tha variation of the ataxioram 

(miniaua) intensity ^cv^-^ij of the bright (d?irk) fringao 

of the bright (dark) fîeld moiré'^pattern - and . : thicknosejes of 

both componentB of the crystal sandwich - t^ : extinction distance -

_ : absorption lengthj 

«) ^ b) -̂ fv., . c) ç d) ^ -^' ••^) 

Fig. 8 : Variatioi? of the contra \ C_ (C^) of dark and bright fringes of 

of the bright (dark) field moiré pattera and the variation of the 

maxiffiua (minimuia) intensity -7-r'»***j^ _ <"<~-"̂ >j of th« bright (dsrk) 

fringe» of the bright (dark) fîTeld moire patt =rn - 2, and s : thicknessas 

of both component» of the crystal sandwich - t^ : extinction distanc* 

•T- t absorption length . , -, , 

a) _ b) -.'^^'^! c) c d) -r' ^ 

W.g« 9 X Variation of the contrast (Cg) of the dark aud bright fringes of 

the bright (dark) fiâld moiré pattern and the variation of the 

maximum (minimiun) intensity —-f^»^^; ^ ^c^-^yj of the bright (dark) 

fringes of the bright (dark) fiéld moiré pattern - and ' thicknessea 

of both coraponents of the crystal sandwich ~ î extinction distancée -

absorption length 

„ b) y-"" c) d) -

Fig. 10 t Vciriation of the contrast (Cg) of the dark and bright fringes of the 

bright (dark) field moiré pattern and the variation of the maxiauia 

(•inimum) iat nsity j.c^^o^y^j of tha bright (dark) 

fringas of the brightlâark) fxeldiaoiré pattôrn - and z^t thicknessea 

of both conponents of the cryatax sandwich - t^ : extinction distance -

j. t absorption length ^ . -, -r ^ - ; 6 

a) „ b) c) ^ d) T'"^ ^ 

Fig. 11 t The plane of the raciprocal lattice showing the coaiponents of th« 

wave vectors responsible for the moiré pattern oceurence. 



RSFSKSKCES 

B«ss«tt, O.A., H«nt«r, J. • s&d Pashlttj, P.''., 19^8* Proc. Hoy* S o c , A 2 V 6 . 

B«the, R.A., 1 9 2 8 , Ann. Phys,, Lpz, §2.* 55 

BorroaDD, G., Phys. S., jf2_, 157 \ 1950, Z, PhyB.» Ji22.* 297 

Hsshijsoto, H., Howie, A* «nd ïïhelan, M.J., i960, Proc. of the Suropoan Hoglonal 

Conf, on Electr. rîlcr., 1_, 207 » Delft : De N«d»rl«r.dse V9r9nif;ln,T Toor 

Klektronenialkroskopi»! Phil. Mag,, 19t>0, ^, 967. 

Eashimoto, E., Itenaaal, R. and Kaiki, T., 1961{ Phil. Trsna, Eoy. S o c , Txindon 

Sériée A, ^53, ^^59. 

Baidanreich, R.D., 19^*9» J. Appl. ?hy«., 993 

Hirsoh, P.B,, 1952, Acta Cryot., 2» 176 

Rowie, A, and v^helan, K.J,, 1960a, Proc. of th« Kuropa^n Eagional Conf. on 

Blactr, Microacopy, 194, Dalft ; Do Kaderlcndae Verenlsinjj voor 

Elaktrononnikroakoplai 1960b, Proc, of the Eurepaan Eeg, Conf2 on Electr. 

Microacopy, Vc* '^•l^* • 3* Kadarlsndaa Vareniging voor Slektroaan-

aikrookopiei 1961, Proc. Hoy. Soc», A 263 . 717, 

ICato, N, I952t J. Phys, Soc. Japan, 2.* 3 9 7 ; Ibid, ^, 350 

Laua, M. von, 1 9 4 9 t Acte Cryst., 2̂ , 106 

MaeGilIiavry , C H . , 19^0, Physics, £, 3 2 9 

Molière, K., 1939, Ann. Phyr.., Lpz., k6\ 

Rang, 0., i960, z. f. KristEll,, Vljf, 9 8 

Thoapson, G.P. and Cochrsn, ., 1939» Theory and Practiea of électron Diffraction 

(KcMiljan ) p. £-83 

Whalan, H.J. an« Hirsch, P,B., 1957, Phil. Hag., . . 

Toshioka, H., 1957, J> Phys>* Soc. Je pan, 12, 6l£, 

Zachariasan, X.H., 19^5, Theory of X-ray diffraction in Crystels. (J. ^ll«y 

Sons, Naw York) pp. 122, 157, 1**^. 



















(maio , (min) CT(5),ir"'",Is' 






