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:J)l ô;1 .r.ta ,.r tl.
i,iYl UVb?T qàJl

ùJ-*J L-+"'làs f:-i"J q+*Jl

3 57 .a,Ë-,! JY; ;f a-',lÿ

,* U*l oi-.-a -U-a*j .52

êt (hkt)c ;r-/ll .,t#
;9-r.j «aril: iJ^à-b 

"J, 
c^a

G ei-1l-i i*iôl i.-7.1.ra llb J)L-;'- e'L;-'Il oj'o;'lri &t'ëyV tf

ür-* 4s.V,cÇy3.,rl! i,..ri;.r-çL-l;r-/11 ,}.j dl i,.ilJl âr"âll Cif -l:
Jrn ., .'S, c^JtJ ü-! J)u U b*l I ôr:Ul a/ ../KÜaj +""J1 iJYl b?

.,1;V' -Wrr+uJl + c*t'lr i:v is§i1 
"tr frJYr ;' ."ril'j i* ' i'iL i'iJ"

i,l.r:,ly .E ;43;§)l ilL-.;a i";'Jl iJYli,? obÇt 6itJl aUJl rÇ.rÇ g+'r

j.rÀl .r* ;:11;Jl *Jl ;JYl i,7 ç)\*'l 4t' f-.6'iJl J<-Jt 'JljJl a'r;dl cr'§

n+yUl .rl) qt,Yl \:tl {t;ra,ll .,Ja ;r-/Jr ÿt o-&r I $lJt Üt-'rrT

,-e-l: .0 t4;,-,, L;lj -ur;.,-lJl ÔÉr;r-àll *r;ii ùYl ,+ '0 =0 (i-c'Lt'd-l

,-,,L.(rYl Lrlj ùÉ c#'ù,.UJt ïÿ *$ ,'-i., 
i*<dll q+Jl Â'iYl ;";- ç):-l

l4-*àJ, p 20 *+11; r:;ls .r! ,aUJl rir; ùJ-< dlJ+J ''t:LJl tJl, tJt*"

;-*-Jl ;r-L;J{ Jo;, iÿ otsha ..dl U 0 \-t!l ^^* {* fv' 'J'rYt

r+ltj 
"f 

J-âJq q*rJl ;.*Jl o.r.À'L-'1 ,-er-z-a a )K'illJ 'i-S,u'tl i"FlJ it*'Jl
.qt/!l
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2-4 JE.tJl

.s

g'0'
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350

(a)

,,.ilitl rLâijl

tW;J JIJ r.itJ- J":'*
::

0 LrlJlu* i.lt- é dl 2d sin0=n). !11î):V* ÿi:*ell JeLJI tÇl '1

J!.Jl ,-,[..-- ,l34 lr-," ç+* i'-]1 i"i! cLYl ,r4'E Jl t't{'Jl ÇJ'J'J'dl
a iÇ,:Jl Â,*3 s d iH Âi>\.tjl [l 'd a-ty't 0l.J.J. 4t'tJl i"FX'f?]l

.ilSr iJ-ll i.r--3J ./*Àl J.«.Jl ür a KJI i**i .-'',t'"^- i'Qt ÂiJ7

n )s é-f: , l+J*, JJb zni" iJ,;-pl;Jt-,J :Jufl J*-.-J'';'-/Jl

iitl(Jl ,ÿ @f Js il5) (ql41 ;'urJ

:.-(; ù1 U:t-{ P filss/,:".F

.)qill :Jp) = i.Jll ;.t-j 
'.+>

:-lIqt=

z-4b JEjrI1 J-# d4 .xUlr ili Jl.r":-l f 6Èt !qr.t J.+-Jl ,t"-".Jt

i{qJl 4r ç;ly Jl 0, s 0t \ltJl'r-r'iapl 'i<r )*Vl J:Lll c1
0i *tyùü,aEUl qiJl i,.")l u* a'* ,gr éF ÇuJlr drYl ïYl
Jt* 7 3s.il.4 1' ;z -J:t J.1,}Jl ôt .1' -it ,iî éÿ etv ùê1 0: t

-+l

n(M lN,)
p

( nM \"'a=l.-.l
\N ^P 

)
.......2-r0
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1:

a#J-all 4Sl'*l-9 ùlJJûJl 2-z!"*Âl ?*nYl .r3g>

ÿ N 
^ 

=6.02214 x1023 part/mol ù13 ô.,13U1 ;rtl o**l .i;-Jl f M ôl il
.(,fr;3tt iJs VrU") 31.:t5eil .r.tc

1-* èe2-4 JçjJt 4 *)t !+Jl f-,-iYl .r.t J-r:ôJJr lJi tÇl .2

J-iJ .ijJ:iJ,l ,ll1;J.Jl \..-.5-i i*,U: + '*::Lll liÂ Jt".:-l 
"* 

etl+r .;trl1Jl

U),UJI .r$:Jl d ifu-Jl C- ^t*, 
ôl r-1" n'pYl;lri eJJlj J>t- 

"r 
.ta.r

a+ 
erl:ll ".,<ll .iItri {Jt-.J,Jtil J:.-, &.;u-; (111)r (tto)3 (too)

:ÇUJl .-;J\ d,,, J d,,, J d,oo e*iJl .:t4t

d rro d ll0 d lll

§. c I I tJl I tJl
I 2 tJl I tJl

f ."." I t tJ' I tJl
I 6yd3-L.rl! *ay'l J!"Jl q-:t'-l i^'"", iJl L; JL".:-! elJ+v

s-"l,Jl L-I.{jJl ÇJ L-Jq 0, s 0z j 0, ïabé-l lil3}l ,ÿ ,)-èl ,'-1 
,-ryr*"

ë;rt.+trJl Je U11) r (110) t (100) ..:u.,g"-^u Jlr .içt" ÿ cLYl

t: '..-<i tllJ iJ:L" ùl .t1:-,'

,I

)" = 2,d,oo sin 0, = 2d,,0 sin 0, = 2d,,, sin 0t

:Q.rJ.l§p d{y

tlt

i

l

.t:

d,0,,: d,,, 
" 
d,,,

sin 0, sin 0, sin 0,

:;il; .:J:tlJ ,/*Àl J*,Jl i/ Çl ,rl u$ e i!-yll r*,;Jl ï1W t*3
:\.ü NoCl ôrJ'ti iJt- i

d,oo:d,,0:d,,,::l :l lJl :2 lJj
J+i*, 4*ô JLllJ 'f .c.c.;-lÉ .>l.r-l i/ ù,-6J NaCl ;;r! ,:r* etJ.Li

:ùl tîL, ,t-7:- bY s.c. IJ; ;J.-j dlLi KCI e1ÿ.;sl

d,oo:d,,0:d,,,::1 :1 lJî :1 IJT
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(riUJl d,.âârl'

.)UJ{YI ÿ\r ç+t Y r-(Jl (iÇ!l flrl r-t+ a;l f.r J-ldll U^ ùl

UL ;!l .i-êJlr L+j,, NaCl Jl KCI .rltA .rl.jyl ,"i,': f l ürs.iiJÈIl
t^.--j.5Yt * t-2e J,*.Jl 4 ù:Jt:-5tU

Laue equationt çlgY ürÿrLu 2.4

ù11 i, Ji 4+.:" ôJ-,>i.Çtr it-r! Jte hL; qjl9:, !"" iJl bf kl
a.r-.1 i-t,i; ,t:.e .>b-, iüJtrIl Â"ill

ùl J.aJj r§-, [ç.6.7:r iJ>3 .t+ll

r:.*j éé-r
l-"6+W
c-jls l3lJ .2-5

.rL-oÇl ,;e i
:,)ti ,*it,:ll .,le

QM =i.§, s PL =i'§,
:* Q J:, s:.ii dl éUc., P t;-ç ir'"l"Itl

PD =QM:-PL =/.(st, -r-,)=i,§ ..2-tt

4-,.1lllËürJl u)-e 6,:i-"-c2-6 Jçill i gà'.-t §=s-r -.i, ,:t it

jJlJi d/t<^jl .:rty,"- )l c*.J lr[il] oJ"ls Q J P -btirJl t{* C,r 6Jl ;.;.et4ull

ei-ti:Jl "r:-e ir-ll i,iYl ;,x-1 ;tJl ttÿ,éL*; 'Jlrt Ulj d 0 LJUI ÜlJ

:;ùL-31

-æ+ **
§o

sl

a M

z-s tf*Jl

YI

,'l

o=fflrnl=fflr s1 ..,...,...,,,,2.|2

,r4-br- t+td ,,'1, J.ê-,:*' tjlJ .ilitJl a,-i)tJ *-Jl JJLJI *r I ül tl

çT ,;;3-Çl ,J ;r3 JS .r .t+Yt U{.t i*ll aJ)l )Jil ci*l lil §/ .Çt1 rrJ
*i*l lil o"r*r* li-ÀJ 2 r ,!l t*ç,-àl qr.r,Jl ,.rLi.cLâl ilL:r JJut .iJ:I
qJ.lYl i<#Jl .rL6:,. t+! ,J.ê41 çJl ù14+l .-,ril ,.:.,1,2i ir" A*ll i,-l,Yl JJttJ

el-çr1 J-*Yl i,-h;; ;s td-al lf ,3r1Yf ,":rl.,;.rJl .rt"Çl élàbt d,Ë,d
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A{l.Laf l ZS, r.t't11 ûlUiLJl '2-a,"t',.i1i.rÉYl s3,s

ùr5. ùl ** euly ..llJiJl :#y qtl, *4 JlJl Jl .:,ta-6ll oi^ ;r +t<J
Ë tl a üàt2-12 ü:[Jl ç , Jr+*,- V.t* 6,,-,, t.t^,'Ujr;, 2 tt .*Jl ç9;

:61 .d j
1*zta

2n
7

I

)"

(uS) =2rh'=2rnh

(t§) =2rk'=2rnk

)o

(u s) =2tt(.'=2rn(. ......2-t3

.2-r4

lLa4i,_l nh eLl-,'t h' $s.:*l l.Jl -E-Y .La*p sl,lsl (,' J k' s h' ôl il
:ùÉ c^:+ rn y'Yl ij;^:ll r.l"Ul l's k' t h'l,-,-àl rl.r.cYl çyj kt cy

(.'=n.(.Jk'=nkjh'=nh

k I h i;ll .n =1,2,3,... ùl !l

i^ê,4.:l.t-cl .ri.el ..!rü ô)l ê ( 
_l

l' s k' t h' cll t-"5 t+",-i !-:Jtt
.rÿ"1-" .ll o«tl, rl-tcl irr*-*. ù_É-l

.L-
:;l.ri" ù§ 2-6 J§,il,/*Àl J#l .r

^ÿ 
!s, sin 0 + s, sin 0 = 2 sin 0

tsé ( § .lll;lt r3,-r ta+".o,"éJl tilrrl ê T: §:a \l:Jl c"jts lil

:r!t:.11,ÿ d : 6 : d ;r-y'Jl

d.§ = aS cos a = 2asin lcos q

UrtJl *r*.,, r.§ t b.§ Jt q*:Jtt n«t":.-.rti)\p ÿ ér*Lt;r*t
:,J,L. LJ 2-13

2asin0cosa=nh)"

2bsin9cos p=nk),

L---*: 
-

2-6 J*Jr

2c sin 0cos y = n(.À
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lj

(iti.ll lt é;Jl

JflJ ô,-,Jt " g1-nJ9 .Laue equations éyY .)Yrt-"'{ pY:l'*Il o't'a ,^j9
ir ,.^jlJ 0 il..,J 2-15 .rlrtJl) h,k,l-,n Âr*,-) I :l'rr)13 )' Lil*Jl.fll

:-*+f .Çl ;xy; ;ft., . cos y J cos P e cosa .::.i;'Jl tal çU ''.'ll gtat+l

,fQlt.:til"r--Yl çl L: ç Jt r.tt J.=, rJr 'eL-Ill æ c*JtjJl fti
e 14 rL*l Ç A-rrl ;r çl) .:YrL,.:lJ+l cos' a+cos' B+cos' y =l

.i::"t;Jl 't+l iJrir § r

:ûll ,.{J3 s.,.!.,J Jt; ù;iüJ i515- ç.1).r$L',)l
h la g. ."-,t , § .::.i:lt r,/ çU .Jl .rLat+l ,)l 2-15 .:YrLJl eli
ôl .(hkZ) etle:Jl * r#l iU .r-.+ oLrÇl ,J*à; étJ.i51 l lc I k lb i
h I a ,>lii rb I ., i s , ,rflt CU; (nt l) ]., o)"t"" .rli ;.,13Çl '.r$:'Jl
.r!e:Jl Üb ,--b rJ ^Jl "pk 

§ ùl cJ .rl;L:.cYl .r" JS isl . (' lc 1 k lb 3

L+f," ùl . jJlJ o,t<,jl ,>\i:.,- tçl ,-J. (hk () olyJl rt-l ;* ôtl '(hk {)

.JlJ ùiU ;à-P ü.",1 $ ü-É éu+,S"rY

V é)-; av (hki ) .:!e:*. (J ot*-,rJt t^i q#l iitJl J:i d c,jts l3l

:ùl l-9l:YrLJl

i

_a
d = -Cosh

2dsifi0=n),

:Q.rJ ,i§.- 2-15 .rY:LJl .,r. ç1 i/ ùYlJ

r.eJJ ,r"-U-Jl qÇJl Ç-, üi n ùl r gt,1 ilyti xn a;.tJl3

Atomic scattering factor gi$rll c&iüll iJ.t"

ô-t ,.t* ô3.rJ t-,Ll G; U lrit<ll ç.rY .rYrL, rl :Jt, iJsL' *';

.py'.ryr1,-rl oi: ül.r .(hkl) L-;ly'l Cth)l âeJ,\1dl t+Jl iJ)lJ Jl-r
rl$, l,l ,(ml.) eLJl ü" in"ill qrll ;.r"! Ç,J, ,)t*Lt JL":-Y j:Yl 'tâLl

,(i::^1:tl i,.rYl ;.r.l .el t*,)ije 3l\ç-e 3l'lL-,i- .t1\é üé Jüi l#Jl l:J];

ô:J4 ô,! 
^bL:r 

qjr*Jl i;!t r:*:-ti rL:el .Jÿ; .f gLL,ll J.ÿ V ç^LLl U^J

L-itKJ ir^r.,,- t-*:y dl-Ui i<SJl d,t*,ï ùJ-( dl 6ârll ir"tJl ül .iJ.ij f 'Y+
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tr,

Z?JJ-àf l l§#riJl-9 ùUrryl+zéi,uSl ?r*iYl r3s

Ll3 .(+aliJl .S:JJ t*; ;4,.,"J1 .::,:;Jl sl4jL Jt"Âl UÂ t *)t{.-t"i ùrjÇ)l
,J.rJt-.t qi*Jl i*"r!t c.:5 l;.r-tlt i+Jl .r Us,l;7l;r,:ti3-n(JYl sil5

Ç d Uly U.*lt ç .rUjr'.Ç!l t4 \sra,.ul.e ùj§J) i.Jl c.*rl i-.-Jl g[i

J-.t, ùLi 4!-, ..:"l.l;Jl .J"b.*. 'f ,ÿq\t:+' "r-13 ù3§.Jl 4,-, ilrl
Â*It ô1.tJl J3,- ù-rju)l L;t:S gjr #; i-,1.tlJ ir.t*.rt ! .-*4 .-*Jl
t61 c^* 6Jl ;"üÉl 

'*- _# .itrYl tJlj-, IELJI iï+Jl aJYJ ,,7ll Jrul,

ù- irl.l,ll ;J!l i,-,4j1 * ç","5t i::.l;.Jl ,ÿV q* ù<4J,J.itJl ltJJl ;.,r'tll

..r-13 ùjj(.Jl ;* iJll c.:ji Â^*, uitLi" J:, ;J.tJl

.rrjÇJl ù.r a*ll i;ÿt i,-, rrl f A$l .::.:Jl J*tJ iiy, ,# éJ

S

so

'.:l

4

,,,r z-7 J(,ill

;*I1 .I,l.Jti3 ôJiJl jsJl s:e :ÿu
p?) au L,.-: .# Âtt -31

+4y1, "r-r dv ra-. ,æ ,)G*,
_,-^ p(r) üt_s .î ilàJl J3- 0 !lJ,

ÿ r2-7 Jç.j.Jt .ôrj<rJ)l iitjs
ù;i4jl W u q+Jl i,.l!t c.::;
.jy:jl ,)l .;_,.,-lr ifu rt*,ï ;ri
j.S-Jl .r-rc Â**Il i,JYl i,1,.r ;r!l
i .t-;r- dv "*Al "i 

A*11 ,il-.l;_,

:eLLy uÿ^'.

a=+=(r §) . .2-16

,-* i, ,111. O .r:r .i1;ÇYl e}.ij ;-. .:":.-Jl i,*, J-*§r')l ir5-6

.:lJ-rr.r.sî, .Ç!l f ,;l:,--Yl ijt*. x ;sl t k =2r12 ùl !l ,Ae'(k"-'):[4,l

Ae'\o*-*.'t')p(7)fu ,Ë s-, oÇYl ,s fu r+Il ræ u *.:'*l;Jl L,.-'ô-fi

\t.,-"- O .t:-ç;1;ÇYl ....*1 eUi;;.e 9, oLL-t. t-Hl eV:,*Jl I çiJl-r
.1J,! t-{.crtÀ.S dv ÿ-ilÜày. Â*11 i..rYl i.-, ùl ,ÿnl i i:Jl obÇ-t.

:nbl-'y Jb'J O .r." ôrÂJl LHj ilL-Jr i*ll
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'rn.

dli.ll rt âajt

A e,$* -^ *0,) p dv
=eia'p(i)dv

rdf=
-ûl

.2-17

:ôl !l

Ae'

d5 ;r.dl f *,j.l(.Jt -,

f = !o?) eiv'dv .2-t8

Jl iJlr ùé:- i:J.Jl Âitlf ùU,!r, 
"ljL:" 

6riJl d LJI ëji ù1 ç") i
:;4 r91 tr

p(i) = p(r)

:2-16 iJrtJl ;,.

2 n Ia rsin0cos ç= prcos g.................,........,..,..2-19Q, =7rs cos (p= 
tr

S =2sin0

p, =lLrin g

-b ,P2-18 i 2-20 i2-19 uQj,:"1

,:'

F!

f = )P(r) e'o'
v ,.,

.2-21

A.iJ.- dl ,sJe dv ,*i..ll r*,,1,r4 ol5 ùt<Il .,/^, ,J"t*Jl tr« r.; éy
:ùYll2-7 J,«.Jl c2l*S dr k.(^-,.1 rdç l,iy; rsin cp lat}ü -;,c;

dv = 2 rr sin g(rd g)dr = 2 7rr2 sin rfi r@r

:üê3 2-21 i.JrLJli

f= r- p(r)e'u'*'e 2 rr2 sin rfrcfir ) -)')

:eÉj J[.t*Jl ;," eslJl,;ll rÇYy

:isinrfiQ=fl7 O-É C.+ cos (P=7

dYco§p

,!

ç-,o
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n

aiJrlÀl aS+sJl_g dilJgryl p- ànsllZ*iYl :3rs

f, 
,'o'*'' sin rN tl = l,'

iur -iur
_o

iLE , ç L
cuz

ipr
2

= 
-Sln 

ÿrpr

2-22 ilJ.Àl v*ai ,-!JLr
v

.f =4zr f r'?p(r)fffi, 2-23

c, .l"t*Jtr r4.* trtr =0 .Lâi du ct =0 .u.c i:^Jl iil5 J*15 t'i lll

. stnpr _.r 

--l 

OtS* Ét U^
pr

f=ftor'p(r)dr .2-24

g^-,J r .bill.j.ej.rli U-SJI ;J.:iJl f+- Jst  rrzdr =4fu .:"il5 tl,l

:,j.$L .dr

f = [pdv:z

ç*;,.çrLi Cly ;-,,-r-Jl ,J tKJl ùri<JYl ;:i 63t*,. / ,t"LJt ot .5f

.âJiJl d,.r|,;j-;ÇYl :"t.e

ir fl lt=0 ,2-20 ilr[Jl ps 0 =0 dt-.Yl .l+Yl ,J k -", 4:{,LlqJ

.f =Z ôt*2-23 aJrLJl

Â,*,,)tr t*'Lii ét æ ËJ-tlJ irJj<âJYl L,JJI e§J lil JliJl i-Ë3
Üàt\:ra-,.r--13,J-jj{.Jl s,.;rüYl i-'^" c;yLi i}-â:Jl oj-o ù" i*ll iJYl
i^-iYl i,-, ùéJ ô:.r-c 6.,; Ul- + ctJ! l.r.-c Vt"Z iJiJl ci.rtj3§J)l .r.tr

.f <Z ,)l e/lrl dr.r-ll irrjÇl i/ dl ,$s 6;y f i*ll
i+Jl Jlyr rÇu 2-23 iJ,;tÀt u f etl+-9 p(r) 4 -b Jtèt U«
JJi - Cru.rUL*.- üt*,1 i:*,:.Jl Cfii sV ét**t o*; .l.lrUl j;1"t1!

;-. ribidium llr-.rJl y él §-r-rJt :"r-*Jl .rl!.rl;.rJJ q*:J! 3Ï Hartree-Fock
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'a

dtiJlJ[â.àJl

Fi ùU L;*r.Thomas and Fermi €i: dV-ÿ itL.ri âtLJl i*'ta-Yl ;i,.pl

"uJ .JJl.rr ,F ,*;JJ,lr, sin 0 / 2 Jl illJs .rl').tll .iJtl 6-,1jJl .::^:.:.ll ,J,t

clJ:J l.r-7 -*i ür-(;;rll ol.,1.rlJ ;,qrul .J.H t#, Jj**t i ,èl f f., 0l ,.,
./-rtis t,"r-:-e,.IU3§J)U P €)i J-â1c".- J,lJ+l a! el.ljJJ +rJtl ,iJl

.r"ql &(,:;J rrYl ,Jâ^Jl t{.â*, Jl .:l!Jl

The geometrical structure factor gtéi4ll y:É:rJÊJldl.Le

JJ-- &J"Jl g,jr ,)e Lfi.r^:,u Y zt*, u i:l:Il L;""Jl i;!l âr^i ùl

\#, ,rt, 4J.i5 J^:^, ù.(JJ .(/ r:"*Jl 
"!,te 

ÂJY"t., üÇJl ,, LÀ

-r:.e.rt.;jJl Cü.lt- qJ.rYl iJ*t .rl.».1 iJt- j .rl.r"a,.;6Ï J

crlJ-.1 .rl! c.,11;J ù.- i:iiill ;,iYl ÂJt- ,J c.,l-t i;
4 ,f .c.c. t b.c.c. *..5lj i-l.-.rl.t-t "[r;.ulj 

i-r! .f
lil .iJll ôr>t üA-à ol;.rJl J!! il,Lÿ b..|,{l fill Jrtâ

^LLrr 
i*ll ÂiYl ,Jt -,4ï*j ,Y (h'k'l') .rLt(.;l Jl

:4iti J.rYl îL;;,t;-e ili; ùyjÇl ilL-ÿ c.""; §l .gX Jl

F (h'k't) =ÿ ,eiei
::i

1$l ét f Ai ùlr;i$l il,.t d J'h t2,il1.,1 ;';!t{ .:.ll, Jrt, f , Otlt

;*I".c ilt .iJ-J'l ;-r-l ü, J'o ;-,,"rJl ;,. ;*tl .IJJüJ J-rYl zLju lv Â.;.lll iJ)l rç
iiX,Jti t.,-ul r!r-r ;rLJtS J ;b*-.iJll i.r-l ,ë dl.:l,,1"rJl § *,lri g{l
üL5 lil .tJrl 6r->3 ;., J'h er.tJl g;yr-a:r JA rj t:l'll r4j =fft, S)

:,ru (x, ,! i,z i) ,! J'ï,;riJl Jl t,JJl i,,"*b)l eÇl'r-Yt

ti=xia*yib+zjc

Fj.§=(x,d+y,6+2,ô).§

= fl(h'x , +kÿ , + l.'z ,)

,,1'
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a#' U aS+*Jl-9 ôLüiqJl 1?*jt..'tl Z.r2Yl r3o

ù----J d.§= !.').=n(.). J r.§ =k').=nk). J d.§ =nh).=h'). i-tlJs

:2-26 il*Âl

F (h'k'l') =ÿ ,ezn(h'x 
1+kÿ 1+t'z 1\ .2-27

j

,f Wl Jil3 lra*i; \4t f i 6+ cltxl i[t":,;r,y'Jl rrl';i 5a.,:§ t *,c

,,* LJ \r<-.)tçl ilrtJl,i

F (h'k'l')=.f S .........

S =Lrt*'(h'x, 
+kÿ 

1 +t'2,)

S .J"t".,r Çt.tJl i::;Jl üb lr* JeV ÜLy, Ll-(Jl c;j;!l i,-' ;h'iJ
,,,-*Àl :#-Jt ,ÿb ,*:;Jll ;.t-.r;^.â .rl;jJl t#.j,rle "tu-. 6-tll

OSql F (h'k'(') ôLt LIL:. .rll"rJl ëâ r-6*, ô-É y ll .rl;elJJ a'-Jtr

üày,Plç,ÿtF(h'k'l') ùU.r)tll ..1^Jj"çr.S tf ;*âl Jl 4f.Éj

\-§jJl it, ôlJt-., ê.* c;.r.Jl c*-.t".o :"+-i J.-t 5 ..-rf ù-É 2-27 üslÀl

.;;j.lJ r.rll f+.ll 4ju étJ§.r

, :r53 ,:l ù<+ .ti.r.. rJ.c F ùtS U-,

F 
=:t, 

cos2 n(h'x, +kÿ, + {'2,)

,,,,...2.28

2-29

ÿ sin 2tr(h'x, +kÿ

t =lFl' - FF.

:Âtl.-y i*Jl i,jll sü, ;b,Jr

+i

F_

j )

ÿ,cos2n( h'x

+i ÿsin2n(h'x,+kÿ,+ .....2-30
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dEJll!,ê-àJl

..E Jl rÀtl ôi$lrÂ .E' ùl 3l

,-,Ê-l #rl ,J"t" ê ùl )a ta, § UU* é44 üpV ü,lÉ,.ll *t
oj-a ,31,e .4JLéjJl i<+Jl üày. eLJS l.r- Li i-J,*. ùJJl; ,tl .rLtÉüYl

.;trÇl #, .I-^J d .teL; ;rriÀl .rLtfuYl
i*,|;s !",a1 :J;S ùl ù* üL3 iiJ.r .rl.u3 U @ l9ir- l" JË ,,

,.:11;J.Jl & +,/.t.Àl :-5rJt
Lr",{l \.r<tl I(âî.,

oj-a e"t-,! ô1., ;Jr. âJ.>J JlJ -Ut;.r.-l.e i_,1! L,.Jl ç.lII ifu .:l!i
LJTLJI ps .x j =/, =2, =0 .t-:c i-t L:".:.,1;!;--,)j--t*;<r"i Jl

:e.rJ ùÉ clJ+l .ÿ =/ ::5!l &t, ùl r* s =le"'l'i1+kÿ 1+{':1)

l

F (h'k'l')=1 s =f

i$Çy. Cy.Çl çÏ j i*Il i";ll ;"r-.1 UË i4 iJl .,reus Y clJ+_r

t+ 1-., 6Jl reJl -Li d b-»l 6a.,le J*^br.UiLl LJr;JLl,iJl i<#Jl

. :Jl',21 ':;u
1--+l §S dll i(îir

g ét r-:e1 ér,F "r:.c i.ltfL:".r1;3 all frr sJIt i<^^i élL:i

uc.À):,;l S L.i elJ:i,ft :# etlfu g,,üjj, b.c.c i); iJ>j r1lJ:i-e .i-Lll ;"r-j
JJ.cj xj=ÿ j=z j=0 .l:.ç LJ.îL:",ll13,.llJ:5 b.c.c c-Jiü"L*lôl. 1

j =0 f. »).-*2-27 iJrtJl 
Ç, c+l ùé- éujJ ,x j =, , 

,r,rr, l,, ,, | ,
F (h'k' l') =ÿ.,e2ti 

(h'x' +k ÿ i +(z')

F (h'k' l') =1 ll + e'' {n'.*'./)1

t

..2-3t
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ZiJ,[Âf l a5*...lrl-g ü,IJJJ+I+Z,1jr4J| Z*!Yl :3,s

:d*.r

"t-1J{ Y élJ.r-l-r 6:rj r.r-.e (h'+k'+1,') ;sjK1l",s:.ç F =f (1 -l)=0
.(soo),(zzt),(ttt),(too ) Cù-lt .r^ &.,Ie a.["] .ry,.--

ùÉ{ etJ-r-r,r ,*; ttu (h' + k' + l') ;tt*. L.r-:-c F =.f (l + l) = 27

.(zzz) ,(zoo) ,(t to ) C,L.J' o-rÀ J["3 ).r- clJu,o

.2-S J,*"Jl .f te"# .r*_r

Bearps cancel in pairs

I st Plane

2 nd Plane

3 rd Plane bcc unit cell

(a) (100) Refiection

Beams Relnforce 0 ît
/t

I st Plane

2 nd Plane

3 rd Plane ,zbcc unit cell

(b) (200) Refiection

2-8 J*Jr

i:
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s.itill rt â4Jl

,iJl ,gt-;*11 ,';- et*,t<^j!l -;!r L"u,c;:tJl j (tOO) rrtÉ;Yl ol4r' 'J v 
.2 n oLL'.t ,-Fl éilll ;Jrl -t#

J.*"Jl C "J;-rt Pt,>ti: çi;,.- r4t f;l .JIl i<t.j d dJJtr^

.jl;!. Lr<;f P.t,J.Ê)l o$:Jl .:;*Jl ô.r-r+ ,f,rf" 6jJl3 ( 2 nd 6 $\

.r/t<,jYl ,P .çÿl dJ! 4".èt*. ê att+, JlYl .r-fJl f o tl'toç,,.lJJli

.rt*,I.<^;Yl .iil t,.r:r t4i.rt;;-Jl zeJçl çr" (Çf:ll cr"t<;Yl ^4)") (200)

,A*'tit,f#l ,<.*,. g-l .4 n Ül*'9, ",rH! iJll ;"r-.r J4 .rl 'rt1;ill ;"
J416jJl é[Ji V 2/r rl.r;r -,rtl! ,;b] uy (ôr/l 

''-41 
c.,lri Ç*->

,iYl o4t ta*a--,1 Ct Jl, J3Yl .rtg*It ç? ép ù;1 .JrYl t5-f-Jl ob|v.

.(200 ) .rKül élJuÂ ürÉ 4+.,

;,-,*À) JlJjtl .,Jr Ar.yl ûi** le ll r3Jl é9 eÿi *:
../t1-!l

.etIl §f ,4*W
(OOO).r-rp a-I[^:, ol.;i.lJJ:5 l'{-Ll .)ly qJ:l * 1* f 'c'c'd.t- ,:t

, , 2_27 il,tÀui!,jr (iir) ,(i, ) ,(r i),
F (h'k'(') =ÿ ,e2 

zi(h'x 1+kÿ 1+t'z 
')

j

.,

t
J

F (h'k' l' ) = -f ll + r'' {o' * n') * 
"T 

i (n' + 11 
eri 

(h' + k' 
] ................2-32

.f .c."..rt-r* ë+ tt' il:L" oja3

:r*Jkll te-Jt 6:; c.rti)t Jl .lÂ Jr. ,ÿ ét
1 tà!r-,,r*,1 .r-- Ji ùU qe-rj t<§11 qrl W @'+k'+/') .:iS lll

(eLJl oi^ ir 5f * Ja*,'r

F (h'k'l')=.f lt +t +t +tf:+1

.(zzz) ,(220) ,(200) ,(tst) ,(ttt ) :gu-Yt oi.o i-ll,l gr.r
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ar-JJ.if l ZS+.{.1J1, d,lrjL,Jl \\ÿeSl ?rnYl .r3x>

,J-> ,;-e J"r,ê Y .i9*i (drj+ .ü) eLJ= (h'+k'+/') c.it5 lil t"l
::-5;Jt ,Utc,ir<*.r gt-,Yt oi-^ af

F (h'k'l')=f [o]:o

.(zzt) ,(210) ,(t ro) ,(too ) :CêJt o-r.o iJl"r .,pr

:2-lrJLr

No , 
t t t 

,!-oo ,o !-o ,oo !-222 2 2 2

Cl 3 Na olli ÿly ül c^*lt l'sl ,.NaCl :.JjJ ?-§jJl J'.1, iJ>{, r?
:;!ts

ct . ooo .!-o !-.o !-!- .!-!-o2 2 22 22

.tt.te 3l t_'-!l æ j;";>tJl b:.ll oriU

:Jtt

il

F (h'k,'l') =ÿ ,e2 
n(h'x i +kÿ 1+t'z i)

"j

F (hk' {') =f ,rll + e''{n'*'') * 
"ri(t'+u\""i(n'*')l

' +f r,ll +e''@'+k'+/) nrilh'+eo'k'+e

F (h'k' {) =f ,,ll + eoiln'*t') * rn (r'+t\"n(n'+r'))

,,r')

+f *ue 
oi (h' * r' -,') 

lt + | e - 
1ti (k' + t' ) * 

"- 
ri (h' + t' ) * 

" 
n $' + r' ) 

)

F (h'k'l')=f .rll +e'i(*'*t') *ra(re 
'+t'1e'Ti(h'+k'))

:ôli cenoi =g-nzi c^!t5 UJ

y' r, + -f *u"i v' * r'' + t' )l

:L5r:Jl

:ùU ilâ!! (h'tc'l') 116 l3l
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, o.iliJt dl.aiJt

.r.r- Ja.l. Yy F (h'k'{.'1=g

:t[i ir.rr.r t+§ l1 +*lj klS (h'k'1.') c"it5 lilJ

rj.- .1JL.o3 F (h'k' (') = 4 V r, +.f *,)

:2-2 ,)V

c^^1, lil bb U r-,'Hl ,ÿ L:-*..rSUr u,Ul .J.,;J :#if J.,b iry, q
:.'a .fU U,,L-YI ,.:l;! 6l

11 111133 313 333
2 2'444'444'444'444

,Jrt

F (h'k'l') =ÿ ,e2 
ri(h'x 1 +kÿ 1+t'z 1)

F (h'k' (') =-f ll * r'''o'*n') * rri(n'+r)"ri(n'+r'\)

f t 
oi (n' *r' - r', 

* r1 
tti (h' +3 k' + t !') 

* rLri 
(3 h' +k' +3 t'l 

* rtri Q n'-ro 
" 

nl 
-l

+f 
f ' 

'+ez '+e/ +e' 
)

.!

,: 
:J;)tJ a't^"" ;l.lll ,-,'-ïtJl H

F (h,k, (,i 
) = -f ll +, "' {o' n n') * 

" 
ti (h' + t ), ri (n' + *')f

000
I .ot .t ot .o2' 2'2 2

[,
L

lri(2k'+2t') lriQh'+2t') lziQn'-zt')+e/ +e/ +e'

F (h'k'(') =.f ll *"''lo'*'') *rri(n'+tlrti(n'+r'))

+7rl'' to' "o' 
* (') j * e 

*i (k' + {' ) *, ri (h' + t') * 
" 

ri (n' + rt'))

F (h'k' l' ) =.f lt + r'i lt' n t') * 
" 

ri (h' + t') 

"'' 
A'. rl)ll + rt'' to'. o'.'l)

./ul :.i5i q.:". :#JJ J<J rUl ùiUJl .:^ li^-r
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Z+J;làtl a§alül-, djl.;3rLJl :2- arjsJl ?^rr!Yl .rii>

tLrAt
:ùu i!!i (h'k'l') cits lil

.)-È Jq3aYl ,F (h'k'{.'];=g

:fU q:ri tds (ft'k'{.') ,lls l3l1

F (h'k'(')=4f 
l, 

*çr''r'ro'.''')' ']

ùL, / I 2 ü,\ æÿy q-)l i.JuJl cits ü3 .s'i(h'*k'*t') - -l -rt;r.ill ,:r(.-
tLs-ll *tA:\ i J1li."-, J{ ùér- ü"rill )lt;-

Lri I h'+k'+ l'\e2 =cos90o +icos90u =0+i =i

:-5jJl J"te ôr5''-9

Reciprocal lattice a{JJ.ËU as++Jl

4 d s Ë t â sjLt lil :ÇuJl ri.ruti ô-"iul l<rj"Jtr qrlâl i<#Jl -tri
i*lJ .J:)l JtÀjYl .rl.6a:, ù1.à ôJ.iUl +[;iJl efuJJ qJyYt Jtaiyl c.,lai;-:.

J. L".5 éï; d. , Ë. , d- LlAl
<* - i'* , -*d'.d =b'.b =d^.d =l
d' .b =b^ .d =d" .â =0

{* 
- '-* 

+ 
-* 

;d' .d =b' .â =c-' .b =0

....2-33

..,..,,.,.,,,.2-34

.:3*z élJL,o ô§yt F (h'k'l') =4f ll + i ]

J,-t, ùJ.(u æsj ùj4 ùl ü-(4 d/Yl ùLi i.-?--,j W (h'k 'l') c^;t5 lily

:ÿ:"§rl
,, .ry- éLlLo ôr*yr F (h'k'()=4f lt +t)=a1

' :ôJç*,:#,Jf J,"tr ùU a;:y ,,Yl ùtS lil t,l

.)-r? +-ÿ.Y; F (h'k'1.')=4f l0)=0
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a,^itiJl J,-â.iJl

F. = pd +qË +rô l<bà; tslJ 4<#J a,/'i" i<^*i *.* 154 ;t u't.,e

(=2n11) Ë i+-rll .rLa.n:r Âr9^l Wl ,-J" G,,** rl'rrt ,rr p,q'r ôlil)

:,r.^a ,gl .n- qrf.É e'i' Liu 6tft'È- dl

^itr-, --ir'(r*n)-rir'a .........2-35ae =lte -c

2-35aÂJ:l.Jl ÿ él[ +-Âf oQ5:,' iet4 il'[-l iJHl ifuJl '';'asJ

:*6.11 i.bLja qrull i<#Jl bla )u": 'n ë+
Ë = hd. + k6. + !d- .'...'.., """"2-35b

22,*-p rl.r.cl ,r'o ( sk s ft ül 51

*r*d-ô|f.lj..o3â-.d=6-,d'=d*,6=0:2-34Ur[Jlg'.Q.tJ
:.-51; ùl ti<{ dJ+: b xd q;ll Jl Atl-rs d :6 obtt.r"r}t 6yJt ''l'

,,,.,,.,........,...2-36

.É)J, ,>',8 A ùl il

:.-53 .tl b<4 2-33 iJ:tJl .f ':lJ§-r
:ùl .rï

d* = A (r.u)

â. .d = t(t g),d =l

c

c

X

6"
(bq
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t "e)
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I
txca

c

ax

A
(

:ÿÿA2-36iliÀt6A 4&*:

:i,15 [::(g a x6 ;t Ç)ly T. ;s\ d xd Jl atl-r d. ùu 4-ij J,.!lr

b
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a

b

X 2-37b

.....2-37c

a
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i<#.Jl L*r ,frLr"Yl ,t*ÀJl a) rl ilri-flr ilrl ,J Ç 
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;trl.Jl
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i<#Jt dr" Ç eü) çlJl J"rYl
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.104 eV bJlu, Ljq t4.. /S3 crUs;{l b? +,{ eJUJl.r c,Ur-i#
.LLjl J<t frll JyJ.Jl .*-t

,Jrl

:abl-'3; ii'"*Jl i.-i>tJ .ill J-Hl ,tL*.

l"( ,q" \ = '1'03 ,\ / E (kev)

7= l2'43 
=1.243A

10 keV
:ZLl-,3t ùr-,,-rJl L[jy q.Jtt,,7.1J.1 }t}Jl ;b-'J

t(o') =
0.286

n (er)

0.286

W1= =0.00286 A'

150.8
=0.1228 A')"-

104

q NaCt iil5 ùl c^.Ie lil . NuCt iJ* i,t- Ç et/l iH qi.Jl iitJl l+
rJ- r)lj 35.5 .2-r Ct élt 23 s, Na J ç.rJJl ùjjJl ülr 2.16 g / cm3

.N,t =6.03 x1023 g 5-s,itSjl

,Jrl

.Cl s Na ,>lls i+tCl ùt-SJYt "r:-e cJJ:i q,(,. qJ, 4 NaCl i!;"ç-r
;"r.-13 ô.,! Jr^ltt étJt+ ,*l èlri ù[ g. :J;+ Çt;Jl ùt5J)l U ,y ô15 Ur

;Ji .i.4-j * çy NaCl i/ É ÂJi ôJ>l JS Ot 
";^q 

,1J, ;J-J jÉ
ja NaCl Jt a*t;;rll elJ"r5x.NaCl 4? i.* 31 ,Cl ;2': ü-e'i Na

. 23 + 35.-i = 58.5

I

ü.-:;(fll é-Nl ,rL-..ru3;Ç!l L;l +.J!-r

E
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'i.t,

58.5

d3 = i)fl ir>-, il:5 A.-ü d AA*; JJL diJt ç-,<l! qÉ rf"St .f.(,l.Jl ,"y

\r
| =NaCt i.,-.î + ilsi = e^lll ô.r-r ils ùYlI 't' 1)-

iit:(Jl x

.-lll ÿ l* ùr<r*, 3.;:tSeil rJ-ey iil,:(Jl Q-rl ; +a =iirl(jl x dr' - 2N,

:?,tàtl a§*r,iJl_, ùlJJnïJl 2- a+ij*Jt â+.!Tt j3g.i

I /3

N
!_
2

ÿ

d-

o

( sa.s )\ffi) = 2.821 xl0-8 cm = 2.821A'

iJ.rLJl ;". .rl;jJl éH q#l iiLJl r+ ùt ù* tSit ,",.-b,:
t/3

nM
NnP

.p=2.16g/cm3 JNu=6.03x10" tM=58.5 Jn=1 *.r,

( i8.i \'''a=l+l =2.821 xl0-8cm =2.821A'\?"6.03x10" x2.16 )

;r'1r.l1 Cr *ay'l J_rLJl iart-l !+., i,.rl i,jf dJyl u"t<,iyl {pJ cJ>,
NaCl irr-l.J lr-,,t.,ïl c.rt;il| gç iitJl sits lll .S"i;LtÈ t4el7 NaCl

.5

i.lcl i,J*- i"rl; çÏ .ue .i#Jl r^.r)l 1"ÿ ,r)| JJul t .2.821A' ç
fçUl ,r.E^lt

,ÿl
:Jly iJ:L" ;"

2drorsin0=nÀ

:éU*l d =2.821A'=2.t2lxl0-t0m s 0=go J n=l :\-ü

^ 2d sin0
/L-_-

n

{

I

;

{
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(!itill rt â-àJl

z (z.tz t x t o -'o 
)(0. t soz )

=0.7854 x17-to m =0.7854 A'

n:2 Jl +Jtry

-1 z(o.rusqxlo-'o\
sin?=t'/e - =0.27842d 212.821"10-'u)

0 -- 16" 10'

t+ilù !iî-./ l,-ll 1-,* cltJïl iJJl .,,tfuI ,r,J dl $l;a fulj LJ t**l .6

ùr*- ç$V .d ,oo = 3.14 Ao ül t^le z)t» U00 ) Crtt y 0.01 MeV

fiJtll .J, C t{':là-)A, O* .rÇl §J ,J"l ql"

,ryl
:ùU E =O.1lMeV j d --3.14A' J n =/ Q.tJl 2doo,sind= n), ;slS1Ü,

l"(,q'\= 1?''3 
, -12'43 =t.243A'\ / E(keV) 10

sind = 
,r,=l (l..zll "to-'o) =0.r9792d 2 p.t4 xl0-'o )

0=llo25'
:ftj / .rr sin? ,)l,r^l^Jl L+Jl ..rt5 tl.l

sin 0 =Ü.1
2d

)) z (s.ll xlo-'o\n.:+<-:_ _#<s.Os t\À 1.243 xl0-'u
. n = 5 ,rÂ tË[-J" ;<, ç, &t O-É 4+-r

c-*til;+ ütir ,,b c-t - (1" = t.slz e') ,t^ll K o i",)l U iio.à i'? .7

t*j+ u.<'Jt Ll,.l.lt ùt JLJ ..LitJl Et..t!l * ,§t*.:rtj r.,c ér »s
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'q,.

a*JJàll aS*&Jl9 ôIUILJl l= a+j*4Jt ?*iYl :3g:

3llS" jlZz" j t3' tâJl"ü, L;lj reÇl C;p t r:, tJJ, ütjJl Lâÿ U
fc.rtli-Ill oJ^ ÿ h::-i ç.lll t, .ütiJl Çt* e 64"

,,yl
,I-.i i=il ,.rUl*+.rt1.rll ;-. i-ÀLê eL_cr -* in,,1l s:-.lilll iiUJ.llLi
Â-i')*;-*,,.;l ,.rbÇt i.titJl a"ill .,l,J dl ao s d: t dz t d,.r!r-Jl
éJli2dhk,sin0=n). ,. ;lSlüs.0o J 0s J 02 s 0, #j)l ..--.-d

:,r.o i.lL- J« d ùé:- n =I él UJl.i
I 1.542

' 2 sin 0, 2 (0.2250)

)" I .542

d

d

= 3.427 Ao

'=1rr\ror=7çoZs+01=

d,=--!-- 1.542 
=l.l3o' 2sin?, 2(0.6520) """

d, = --L - = ..' 'to' , =o.g57g A,' ,2 sin?, 2 (0.S9SS) " ""'" "

' .J! ül5dnor=al h2 +k2 +12 ôl La.,,t ur.(, i.(..iJ t-:Jtt.jl c-jl I

r

#=#p2+hk *k')*) 4u çtset

:J+l

:ÿ 4 lrl;ll ;5'.:Jl * l$l J,^pt- ùr<i

7. =(h'd. + k6. + !'d*).(r,u. +k6- + (,d.)

=r'(h'd* .d. +k'Ër .i. +(,2d* .d" + 2hkd. .Ë- +2klËr .c-* +2!.hd- .d-)
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a* s-jt5 I .e?* r.t-e & n l:as (.'=n(. J k'=nk I h'=nh ül'>l

;4; -.lyJl y. t lS t d. .t e. i^-.i --lÇl §. c;6 t d. t Ë. ;y;,Jtrl

:q(;,:l t;j<-ç f- .7. = lL qJ,.:lJJsJ Ë. 1A- IJUII .rta6ll
unkt

1,ilj.llrt â;Jl

:ùl ç!.^4

+=h2ar' +k2b-2 +12c*2 +2hkarb.cosy* + 2klb-c.cosa" +2lhc.ar cos/-)
d io,

!*rJ! k3Jy iri,ll n+-,rlJl \"éll !*:Jq ;.l-;,, dU ,r- {i)t Jl oj-oy

.tL,*r jsl ù-É ùl ùft t+u ,JUl 
"ljt*Jl 

e13 al.*Jl qr_/.Jl :-51;lJ

d* =§r =yr =90" islj d* =Ë* =dr bs§; L,.,Jl ç-lll ;fu.J q*lJqt

:rJÀl Jl ilrtJl -tri éU-l.ir

I
d io,

:.l[Jty a* =ll, ét

.'(h' *k2 +{.')

d1r1ry=al h2 +k2 +1.2

d* =§* =90o; y =60o J d* =Ë* *d- Q-uli c-u- ftlrlJ i."'Jti !,rl

:Jl iJ:tJl t^*"r eJJ4.r

*= 
o.' (h' + hk + k' 1+ {'c.'

4 A-ét i*,l.r- i<--i o: e*l.r-, Âfu-J i-.t.1$l i#-Jl 
"lJ-,

:.*:51;-9T c* =l lc 1a- =l lacosS0' =2laJT

a*2=d* , =(#t"i:) [
I

;G
: l:
1+-J

a
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a*JJ-Ëll Z§*rrJl9 ùLUüJI +7,4*.Jt Z*.i,Yt .lJ*>

t ,. 4 (2';- =(h: +hk +k - )-------=*--=dio, '3a' c:

,.-l^, tra*Jl I a.Jtâ C ür.,-r--+ sJi crl !., dq i+Jl iJ' .9

J-b."-l .JJ)l 
-u t1-Ji,i.à g a" ülil V=e-'too lJ;a: :ZL..,r).

.qtJJt .J;ll
,,yl

:4bLr,, 
"!; ;;:fl)l iit:S üb W dl J.i.ll ortll .* ÿ/- sit5 !!l

/ \ * e-,'o,, e-, 
,,, 

,-2 
rtao

I ooi ,l ooi |rq;

:2-23 ÀJstJl ilt*,.;l.iÂ Jt, ;.,1.rJ 6.,1jJl :-5ll J"V ,;h^;r

) ,,sinrzr
r- plr ) dr

pr

:Q.rJ ùÉ Lr"-Jly p(r) 4 ,-*.*:

f =+ T ," "',,sinprdr
Fq; e

t.tt

f =4"1

kJrL" rj-r I *r-* sinbx dx = :tj,.-tJ q-l"iJl e)\rL5-Jl ;".p
2ab

(a2 +b'
:d*;

)
b=lt J o=2|a" 6tS:-' o)tel

2

4

t\lpl
al 2^4I --J-l

pa; 2

16
=-q;

2
ao

4 + trt2 a'"
+ p'

2a

^16
J - ------- 1

lt + p'aj)'
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15itill J,â4Jl 1

uJ, * ,é =?(0, xô + kd xd + ti.a ) U/"rl i<+Jl 16, c{'rJ '10

.qrïl îiS.rc.--t- t<.J,J i.';Jtt qrJt<Jl c-,Çl.r-!! iJüll i{*Jl q:'
dfrlf q.:, .r.--l .a .Jà étb '*§'r U- .*U t-{t lfy ":-<' I(â.iJ

:ÇtCt / tk tft crl.zl..;;Yqrtitl i<+Jl c.rlg:.

,,ÿl

:,rr Ç3Yl i:Jta:)l .:ta.n:Il ùÉ ralYl ;Srr .Jlt ifuJ q*lJq

iJ->3 rürs.dr* ô=î(krî) 'Ë=|(i*t) t a=i\i)
:;*Ill

i

V =d'Ë
3

-a
t8 [(,r) (i.r,).(r.,)]

=i$l) (,.io )=7,' *t t =l
t?J ür<â- C Ut +lt,;tl*ll ü)l,Jl QV t d,b,d ,A*:

a 2

(i )"(r+i)+h

k

7
)a'

+k

G
8n

3a

)

2.a+(-
4

(,.j )" (j.r )k+i x i+j
4

2tr
Itn-r +t)î+(n+t -t)j+(-h+k +/)k]

o

h k I
I 0 0

I I 0

I I 0

I I I
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I

aJ-Jilâll a§.f!fJl-9 ùUrrl+Jl ll*t';l ?rÉYl r34r

:q3lÂIl i<*"lJl 4+:" JIJLÏ

G =JG é =*ltr-k +t)'? +(rt+k -{)' +(-hnt *t)')"'

: ;§ ;t-b*ll o,r-,T I .:l-2Ç;)lJ UJll
)* )rt" 2 , 

t" 
2tl 5

oa

V =d

at

I

1- )*
G =iAJi , "' 2$

qa

d ÇyYt dLiJll .:taa:" üu r+l f; sJtt ituJ ç:Jti t"l

a =|(îi-t) ' Ë =i!i+t) ,e =iç;.k)

:LlIl i.Py f+- ùr<i d.r,

Ë x6 =rSç;t r) (;r.t).(r.o )]

(

.j

în i)lz fn))=Z,t +t t =!
:e.rJ ù-§r- d Ur q*,tt ;t-t*tl ü>\,Jl j I/ 1 d,Ë,d &.*.1

h*$n.k),.(î+jk).

k *f;.k). (î.j û) . {ï$n't). (-î+1+û)

; 4tr,=7

'r*Z /L

a
h ilj +k

t ( ) (i.t).\r'.î))

= *lt, + h)î+ (n + r ) i * (r, + | r)
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dEJld''â'àJl t

:q9till ;< Jl a'r:",) ÿ:

G = JCG = *ltn + h)' +(rt + rc)' *(t * 4')"'

*lrIl .rl;Ç-)\J i1;llr.r

1-
G=t" J2

a

1*
Z IL J7 'o JT , 12,11s

aaa
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1
ril

)

.3

.4

a*J; f l aS{+.,,J1,9 ùb3il*Jl 'La,"t",tl l*tYl rgs

frb ÿ*11ô9 7ÿ*Â

§qt-JJl :#lrl Ll.,;s j q+Jl iJYl dL",i-l .:lsJs.e.ulei,re t
ifu ir- q+Jl ;,*l)tJ çilr d/tfuts;-,-r!l .r.1- Jly Cb 4 git

.:Jlr1 o;ti .Fil .er-{

fU^" :Jly .r;u .rljl ù<{ ."J
i^-.!l r-.; c^r.i.i l,,s:e 18' i,itt L;17 (100) ,bYl ul .rÇl J^.jFi

Î;rrJJl 4 d,oo ÂitJl o-o t- +i lt-* .r 1.542 A" ,fll Urf qi."
d too =0.2495 A' :elt+l

J9.lJl .r*l .14.60 .r-:r JeYl Çl ;;gt4l Lrlll JâJi ,1lJ .,*t +
.d =3.04A' ,)l c.^Ie lil i#Jl iJ>\J .fll

). = I .533 A, ?l*l
i+J c^rl \A ,;e c^ti-' t"..u.c . 0.5 A" ,ijl up qir- â"àl t*7 ,6

s-r.itr$ ôJrt-dll .r[:Jl aH q#l ;jtJl .rr 1..4.9"e cbl ../tÉÜl

!I .o=9'50',d=2.92TA'l-t\{l

o"t-*r,lJ K, lLiY o-èy; 4.26 A' ta;l.,! üFi q#l iJtJl Y.,1lr5 ;.2r{

éJl c,,t<,jl Çt.-Jrl ql" O-É t .ult L;,U .'êl.r.--l .(l=t.Sle')
§qrrJl .i^ 6!.uU;;l ;5,ç

n = 5, 0 =10' 25' :,.;1.5{l

GPlr ç.rY .rYrL^. ii-!l liJ/ .r ti.,Jl AJYI :3.- qgyY dt" .+ .8

..r).:tJl oi^ ir :Jl; rr;E

ü.- i^*Jl ç;U Y ;s"t= ô'li ir- ir".iill !+Jl i.-rYl À,*, ùl .,4-5 É ,9

;Jy, di-.!l .(ôJiJl .:1J j.rU3§JYl r.r-c) Z ÂLl-'J1?rjà ù.e§rJl

.fr

7
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à,

.rltiJl claijll

,l .Jrr .j.h .-fq ! Jô 'iJtll 'iÂ #" é Z érç*;6'Xl ,t"LJl !-J!
f.-jj'Jl J"t

6l .(;.JL:,. Çl;i 6e).a.rYl 6§i ?*;r-/J cfsl :-5;lt &t'râ '10

,(t tO) ,(tOo) :;1r!1 o.LÀ l.:3r3,. ùéâ- UuJl ;ï+Jl iJYl ..:Lt5dl ;r
.(too) ,(tzs) ,(zzt) ,(211) , (222) ,(zzo) '(zoo) '(lil)

,(zzz) ,(Zzo) ,(zoO) ,(ttl) :-r-r i'-t+-t' "r!r-'t5;Yl :'-rl3Jl
.(+oo)

:-2-,r i*,1.;) i k *t" ll "rrlfl d U .»rv 'Çr'rJt :#;lt Jrb iiX' d;Lll '11

..11.23$1 tbàtç;f ;JYl ,-rrl UIY ..r!:L,. d,t..il fi#Jl L'iYl

.râ* qr--+ f.l f-+l FS é t<r:J o."*Àl :#;lt J"t' .*-l 'rz

F-,r *-*;rrJ| qi*Jl iJYl ti""'-Àÿ i/ i);" tdt **tt o['Jl
.r+1

o+rYl.{,l?s"ifuJljulli<fjjl.i..-l§ljtill;fuJtl9.a;1t".13
I J.rY I ë d J. ZlL4 r.",a'alt'';rittll

.tt-{t.,ÿU 
f * ÿ.r lbxt-* e t"r 'o1r$l i<*;Jl oolÈ §V '14

, tq*J, iJll t-f )te # ,: ü'r"t-r "àé lJlrl "Q 3l b '15

.-,<., e<#J lrHl i<#Jl Ôlr .4*ô ?-b 9 -tî..Jt lJll :#"i ül É '16

,r- r-+l §t # À(;.llr ..ar)l f -i \*& t<"J C ët §t
.ot-rYl -Ér, :".-<t lrlÀl i<#Jl

.ilLi;.i-h, JS ù1 cill a,/ran i-r" a(;J JJll ij)UJl ô-lt "bV 
.i*1 '17

.k--;j i>tJl

;-"J)\, 
-y;1 

e.-Hl .J^ ,)r<i liü .;;rÇl é-; tal Q c!r^- "'J'l 4-b e '18

1,5r-!1 qiJl i.^!Yl :* o-ÿ U

uJe çg4-"e ;)J5.,-î. =h'd* +k6- +('d* qr'ill ;fu'Jl ,=i t+:" ù1 c^il '19

n üls l'--n(. t k'=nk 3 h'=nh Ül il c;y'1'' ifu-J (hkl) é**'
rJ'c 6l
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.{i.i

AJ-JJàU aS*l*!Jl-9 ùlJJiLJl 1*1 't. ;l ?r..n$l .r3çr

.7i,0,0, = n I d hk ( ql;Il Â<#Jl +" J* ül c-jl

,J +11 âJ->e f ?-& ü-É qrüll ituJl C +ll ôJ>,, f.+â ül c"",Ï

.;y'tJl a.<#Jt

,",Ll,Jl s-;.i_r .Zis-r * q u/ e:.::.lj 0.083eV tç:iLb .rU.e; _* bf
lil .i+,Jl 6i3 gt1.o:*. êt-.i q#l iil.Jl ,rr l' .0=22' LJI) * ü Çt
i1..r t.+Jl iilJl ,rr t*i ,(ZZO) ,-,"t1^j)l os-;"r. ).a>,gjJl ,gj-Jl ùt5

..:l1.tJl

V"L- itr.i 4l ÂrlJl .fl-'L.Jl * rtJJ. uJ-c .>l:erii br üJ-
lLiJ-l ;it-b t, .0 = 20o i,;lJl .ur .jyl Çt r.e.- c;b3 2,81A"

LÀ i<$Jl c-rtJ i-,-(, tt{ ,* c^ti*, .,ay'l J3-ul qrt-l !;." iJl
i+rlrl to (ttt ) d;".:-Jt f drYl ÇJl .rÇl c.,,.r.- lll .a= 5.78A'

.ÂLitJl e"F),,7ll JJul .*'l .û = 2 0 = 26'40'

L;lj la-->l .ll.JJl C! ,rA J§ 0.71A' ,t7ll Urf qi iJl c^Li-,

,)l c^-1, t''t (111) '(t to) ,(tOO ) ou.-i*f l ;.-" q!)l i+rl o"t-l,jl

.: d too = 2.84 A"

.20

.21

,22

.23

.24
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