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c-"Ie ùl ÇtS ôr51l .(JU-+l ,Q c,Ç J:, ,t{i" ;r-/Jl ,,ç dl Ll:ll ô;3'tJl

.;-,-/Jl .ir,j ùl Ll-ll ;.t-.r üolf
t+J.i:.Jl ;-l.!1 ;,r.-3 rq:rl ùU cLa.:rp ,J ryW Y ir..r LJll ;.r-v ,,1:l .r*
i,-i!l ,:+ ?,,t1ÂtL-,:r iJll ;"r--v :t^'Te 

"$l 
qr/ ùft'n^J)\" ;J!''" ,r"

lJJl ,j_r ,:11!t êU t"--â ;r-/Jl sjg M :;!t ç>t aJJ-l ;-çr ùr<i .l;Jl
: r '.: ' 'e rtnll ,a*, C-,L)l tSjl.r.,Frl f+J C-b Ql2* ô§a.D xc ,++ frtJ )rrr Jr /.,4r\r C-ru 

.a^l.!t ;_r_9 d;Ç

qJrT qlrl ;.r-.e ù§ krr

*:1 C3B 1A t"Yrl dt.5
ôl .F s D sE d t-"5 Hrl
3T .rl_,13 dJ-J;i éJl tïtll ôJ->.e

qL"lJl L.tlrj.r:c i(-, -bl.;

üu c. :l;"u L-,11j . §e !.ir
6JiJl 1/8 l.ii ù"É .11+;) !)u
Ly'tr, (q,t+ Js üe1eLilt tl
l-hfi tl6Ji trl, a;,e: § çë
ôJ--y 4cJi L ii;"r.=ly Â(-:
.Primitive unit cell ilrlt i.Ut

P -él ç-f t!+: 'y'l ,.a'- sli iJ; J^d-' Ül isl ..t'1'll d/ Utt-l ô'&;

non- Ç.lYl l+ i]ljLl ôJ->J,, ucti i-Jé ô.t--v I'rJ"o rl-:'.1 ;Ji Jl i<*i Ât.;j

ÿ!. t+ ..*-r-ry ;tÂJ ql4l ;-vs i.* 
"1.2 

J-(lJl Ùvt 'Primitive unit cell

.L,É ;rrU i-À;- LL- 6J>v 1'3 J'*Jl

Unit Cell Choices
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dj$lJ!âàll

ù*L .r isl 4JtjÂ A(Jy ,t<+r* 
É ql.!l ;"r-rJ .-S; 100 \lJtb ùé kr

iJ-$.l ;.r--y :.-5",; t} ;rrLll rl;Àl ;,. -q.r,Jl eJJL.o ,11 :J;;u h 
"r, 

,i^b t)*"
i,r- "L,.J,JI .t*i3 .isomorphic l;JJl 4eU:, ll3,l[ ,e,l; +*ll :lyjl oj.o sÿ3 ,*À;

,o*ô +lt ;J,.r .Ji.itLi r+y ÇtAJt t+#; d *{.i[, Ç&tl r*Ut
*iél drYt y aÿ Ji "r 

;r>lr ôr! ,rl, .JiYl .J, tt*.f açt çÿ
ét 4{rçn§jl V*l* Jyr ir L a;""s y ül;lt .:t;.rJt c,.;l5 U_, .a..,rLU

éLJuÂ ür<i ùl ù*,+iJ jæ U i;§t ;rrUt é ,*r,+It , t<+i.r As
.rai.rl.2jJl 6 -vlj Lt U tii.;r* Llll ;"r*; ôl , ...!tlJt U Lt U -i5
polyatomic .rlyiJl )Jr:{ ,rr;u hl.r.e,g monoatomic unit cell ;-,"rJl q.rl*u ,re.nj
.{rlti .r^*; d;Ytr i4*Jl 4+Jti eJJ-rs;riJl !:t-t i(*Jt .r;; .unit cell

..rl;.rll ;rJ,j, ;t-y'Jl ifuJ JS r^, .rll.rJl U ,*t.-J, çÉ:f ù çX
iL". .ll dILi-Jt ôrr t!)_iJt ,:t
.ijk} -{Jt*} oztÈ Jl ,;+ U-Jl.r
i<r-r.Jt otjt.ual dlli Jtjlt ,b _b
ai- t-.H Ljl* .)t-r,a ;rjJl ÇtJ
L":" ;riJl L-1st-l i<+Jl .rl;1.:_:.ol

.ClJl ,J-,aijt d éUi -E-yj-
;r-/Jl ÂJ; iu>r Jt §-; ôl t+"

"littJl 
yVe 5a t#*-r,r JY, d/ ê

ôJ->y p*, J>U.rl .6rr!U ;tÀ.,yt
Y kr .Éy .;ry'Jl &§ ,q u:<4 *t1.1
L-Jrl â{=3 ù}§ ôt \).,)-à ù}4
.rt-!.i.;Y lj .:.,til13.,r.JJ q*JL, ilL:.
6,r: i1;.;rAlJ dLJj ù_<{ L.I"
qf Lr- 

"[jU 
rys ;<#.Jl gy:"I ;it("t

..:lJi .:l!i Y q.lll ;.r-.e L; Ç:Jl

{

a

C

r-r,.j*.Jt
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1

1:JJr.LJ l adJ l-9 ôlrjJ+ l ÉJ.c

ô.J C* .bJl ê Â!U {-U*. .rli ùÉ tt',, i.fu.J llYl i.J4l ôJ--J ùl

c^j,t;rl ùlJ 4.-LJU qJt^-.i" l-2 J"*-Jl Q C .t B s A t+>\r-t ,L-o.,13t4 rt#l
.ut#l

:.,;L. ts qJ;!l UtÀiYl t^-,-rt, aJY.q Ç3Yl LJll ;.r-y f+- .lr,r

..yrl Àiy,Jl .:l.r., qJyYl r: ÂJll ;"r-y g # éU5,r

:;i)LJtr ,rt-, U I-LJU !-,-ll .jItSJl g 
"l"tuJl 

.toy

, =lu'6 "al

1-1 dl.r

4-L*.r ,q, =ld.dle Q Jç*Jrl d B Ç;)l tJ}l iJ>3 a-t*. sjt5 lil

c+l .,srTt ,<StJ Ë'=3d+à .ltSe ,q, =ld"Ë'l€ ç cil Çir q.l-

sriYl qJ.rYl i-1.l1 ;.u3 i*tJ ô;t* ü-# B iJrYl iJll ;,u3 LL*" fl
fJ.*Jl C l.#" .il* dJl

A =laxbl

t,ÿl

lu"

-rjJ-tll 3oj

r-2 Jtr,

i-Lll Â-t*. ÇlL;-, t+l .r ü.-d A2 {J\l ilLl i-l* é b' æ ü2-ÿ*

,AI

:ùU dxb *0 3 dxd=0 ù|5

t, =lax(sa +b)l

-AbXA, =lâ'l

ir-t*- A i*f"p q:J.e r:[r.eb 4 .E LIJYI 4" qt -l ;J.,-.e Ll..-" ùl c+l
f l-2 J.*"Jl d B U.,!1 irlrl

-23 -



lgYt clsàJt

'rÿl
Ç;Yl 4i Ll4-t i,-U-, c^j6; ,1, =lara I U.lVr illt ;.r_; t>t*, c"jL, tit

Ë'= 2Ë ü53 A, =
,-;.) ç;u Çl ;r d;l.à::J A, i)j\t4j +lt ;-t*..J

;-tÀr i,'
'il

t,=laxlzi) = ,lu "Ël= z 1,

Wigner-Seits

.Jl çlY I iJ.*-l t+ti .jly .qry'Jt rt3Jt Ll.,1r + -f* 4üÀ t
;#.Jt (j (l-4 J.(.lJl) qlrl a.I; ,!: eÿt i<*! -büj \t ,f

.Jl)t ùlri:aLu qri"tl

:J>t- ,y +ll cJe .6.j ,,--t
Jel eLl5',.:r,,,. {(-;! itl ,t;;l :!.91

.u;rrtll ituJt !6 §* dt .iÂ 6#Jt ,w L, 4L; rJ :çri

el);"r-1"ç L*; LrLr.l.j--è sJ, !s_e^-e.j çj-djl ,rr,r-,; ,'UlU

(Â»[!l rt^,Yl

qJ-,Y! p-As ql- Jj{ ti;.bl."r^.1 t# f> }et 6t :Lt,
:{:JUJI .eLJ! ;r- - t ,; iJ; g;t

J*-Jlr f+.It-.i U.iL:" i<#Jl -ttij a.-t,^ \l ;* -,r,; t+)t- c:a û-,53 .

.*_lts
(.il,J"ts-Yi çe -:s1v-;51"-t* .

.polyhedron.+yYl r&:r.ir - tt il- Ar* .

.r+tu :La.,r 1l.t54tij #u éLui .

cr.r
.t

t i*-
.:.]

-24-

"Ë'l

I

i
.f
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4d»L+,I44b ùtr3ùJlplê

Wigner - eitz Cell

1-4 J,*Jl

?J.rdC lLldidl ]L ot.t3l,rr$l plJa3 1.4

Co-ordinate system in crystallography
tiJ iJJ ( d r Ë J d t{Jt€& gl) t'<r>ÇT .:u d:,l}t ô-r-3.1§;l .:}
c s b 3 a élÿ<! I !11 c6.t-.t,.:ll .rÇl.r--Yl t;tÉ .;n ÇJll ,.f-Jl 

"|Jl 
JtLl

J'*.Jl VniLlu*. C-b dtÿ ÂJi ôJ-; Jtj" irL tj3cr ..,itll Jlrtl uei ,

,r:-Jtr J-*-Jl C: ,*-.Sl 
f 
t-hJl ,)*l M ù-,* Ùl ù(§ t<r+ 

'J;u çÏ ùl ' l-5

;* .rÇl.r-l 
f 
tui uJrl t ", .J*l Ât;5 .ilt ùl ù.* ;Jll ;.r-3 ùtStl .r ..,5J ,stj

: ,t; J>l-.râjll f jl.»Yl ,Vl ÿ.fll X ,jl.r-!l oÇl y-es f l3l, a/;.Jl

Ji; .."+ tlt Z Çl,t--Yl .L+! çult Jl Jr*;-, ù4T d, JL.*' ùu <180"

t^irex.:i-r,rl ."...- c sb sa\t.èl dl*!l OC sOB JOAcJtrllt
.X )J-,*li^Jl,r a L;ljl;tS:'t4,y t § sa ri,ü:;lt ,rÉt ;4.,t*tryt

+LrJl ;te c t Ë s d g ;.r"L:. üJ* OADB J OCGA J OBFC .rt3-I1 .;lj
.C3B5Aaq3lu*;j

-25-



ÿ{t

dl_9ïr dL,âiLil

é;JÀ:,fT -i{r,J;* Oyty
.;-r-"1^:ll ,_rtll oj-" dll ôrlt s.ry'Jt

P(x,y,x) LL); 
"!:, 

ilÀJ q*:Jt.i

ÿ ,t x gliLJl ii- ,1"_-*:Jl ,.-+ 
y

r"1rt"rYl Lp;ll .rtiLJl rJy_t z 3
s a F -,r(5 f **r' r** OÉ,r
J, Jt.tr irLJ .,*ikjt ÿ c 1 b
b =4.8Ao _, e=6.4A" ;.*J:éJi
x =l.6Ao .- :tS lj6 .c =g.2 Ao s

91+:.-} tz =4.1A' s y = 2.4A, S

crJe P ;làJl .:,,Ç1.u1 üe #Al
É-{ "t.., .:lJ, } ,+ ,î L-+t

;f 4.^,:Jl ùé; c tb 1a LtJ*l
111
, '1 'Z €\ tJ P ;!i:Jl oÇl.r-t

:t ï 
t- r é P & t ^" itij grjÂ ùrs tit ,-u*; ;+Jt *é Ust*i,ti .rÇl.l-Yl ptl, ily.r,3 .i,, ;.r-; ,ÿ é;rr-r,4«ti, ilrL*:, -ttii JL^

çl * n ül 3l e z tn tÿ *n cx *n.r--.c rjrLl-,o Ll]r,.!Jl:,a z ,y (x ilaJtt5,r.r 
T u;JrLdlt -tt_aJt C-ir 

p LLÀ; J-:" r!.ii U' C .ttJ*t .tæ ,,re

hi oJ Â'---4 ù§ 6ruJr o"r.o .)t dt sJt^iyt t*_t.d, ,+ + + ,+ + L
.c:b:a e.l 

ç1 st y s s s a \6ÿi^; çl ,§ÿ é|'^Lieil
Symmetry in Crystals o5güJte.1sk:Jt 1.5

J*ç **rt""Yl tJt.- Q: .ç.-{l ,*SjJl i*,,:r ç t {, l;_er 

"[.îLJl 
,.-^L

4 çs-ly 
"l-.,U 

l*. r- dt .:l!i U,L*-U .JrrLd.Jt d,c rrJ 
Lu* | d:t ,ési)t"ljL*rJto5)t ,_èt * {tr-, ey! L*j;*yl ._i_a.Jt C àJ.,;*1yt . i.r.Jt JÊ"+air- oyl ,.r4 çJ-llt r,tr,l lJÂ..r*Jt ;,.,,q1>trt -E_yü d,,r.["--1.

1P (x,y,z)

1ZC[p

a bI
I 'x

+Z

+Y

G

D
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aàJrl+l 4".+li ùIJJ'LJl ÉJ-e

éui Ji-jk fi.Jr ir +q-l li^ ,r1, .:;l ùl uJ., a+Jt .*r J*Ul Ju+l 't-'r ci

.;,l}t y rYl +41 ,& s;.tJl

yt* ùlr J.stdjt ;r"Gtgr#,, |..É.t<i J# rr* a! .rlJjJl y+i 4r.tl ù1

r..a rLt-Jljy OU 4+3 .e:.', olly oLÇ-y\)*ar f* "Ft*lt 
31 ..rI!LJl 'j-o

d;lf i&n J J3^s;rL;ll J.:tdJlJ'rtr' Ülr'r# U3': a'5-"1 f ,ÿæ"')ç
'+ l" *r ullt i"-Uj!l ù" ;i);ll

Rotation axis 6!.p"rJlgra.r .1

dr L.* \r"uu ,P L.r:-e éJl JJtll .p1 i"!:Il LI^aJI çt-e!l tll:i
131 ,Jtill ,b -b..Jju r*c ljn ùll3.rJl tf ,*s,..lü" ÿr + f**t .rn"

çily),liLl L; ér,J--rYl *'iv ü 9oo i',Jlj J)\' ?'(e;j't1 ir^i
b-à-rA æ,# ù-, ù<"r, .j9*i,raYl qeJl §y J'.jo rx tÿU:Jt ..rLât'J-

tl.r ..lb Ay 4 -,1 ç,13 ,-lu"r ,J J'*Jl )'+ n / 2 \il; ùl-,13r .§ ùl 's'l'aYl

€\t ,ÿV ti .,^*,. u^,)u i"ti iJ>13 Ë,-e'r.J qU' ü\r 6ll lIJL^r utS'

és- 2r/ n \i17,.11;3r 3J+ lit-r ei-.açJl ,iÂ f"*i ùl tJ ùS4r '(+Jl) +Jt

-" ,FÉ t*'*.rr,lt ti," ùU,J-eYl ^'.àt\ eb €y c, X<", W tf
, rol;;J|l 1! t<^Il çilJ,rJl "ljtrJl 

)JV (il çÿrLb'r ...f '

360' t$ly !113r çJ:*r 6.il1 ,'-.dl ,il :e.r-l.;Jl ç:Jt ç3 {,lJJJl #Ul lrr
r1-. d) ,5, çilr.r.: JÉti .ilL{ i ,rtrll 4^.à} 4*ô J.^i ;fJ ( n = I )

.r--;l Jl.:,. 360')S;"u-ll iy a*iû

l-6 a .[.*Jl

i.,,ü çi dlr.r, |i..iü r;=.il-J:{
J5 ülr çb t-É rrét lj-.3 ;.ut-e

li- ir çÇ ! ls.r-e e.lJ:.i ;-;rJ"

.1-6 aJ.ilJl J/l
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a a

1-6 b JgJt

1-6 c.§:.Jl

J.rYl Jla.iJl

:i-+,t ç-Îx, çjtr.r, ÿtï tÉ .c
ülr-9r r-g t&".-cj .r;ü Cl ft^-.Yt
JJJ i:l_U.i Çt JL4 '120" L_stt,

L+:lt #Yl çitr.rr,,[.-.iU
!(*; .r-.- t4lr( 360 / 120 = 3 )
.l-6CJ.*J| .360" J>B .rlrr o>Âi

.l1.c1 lil :çJl *ftu *,,l;, ,ÿÉ tf .,

æ 90" Ltl) d)1, u;; ,'--a 61
alrt ç.j **ü .r.,* 4jU ùlJJJl

.l_6 d J.*tt .360. ér,;
lif :l.*:lll *.-,1"r- dlrr, üV tÿ .c

U tf ét-00" i,_el1 ùl;3: c*j
.lll:5 élJ+ +jU ce*,eJ J:^i ùY ,,*+l
i+Jl s-l.r- fl;y: ,ÿV t*

.l-6 e J.*Jl . (:Oo I 60 = 6)

ft*+.!l g>U-l r.r-n k glll
;l **!*,;l i*,Ui ül;_9r,,1.91-.c tI, tl

+J ;rJ+Jl ôl çll :,;*,,. *Jt; ec.rl.l.fJl ,_, t<r,J..J élJ3 i,l U(,Jlsl yl UL"j
e;LÉ,I oj.o fl3 .sL^,| ijj.:, U;ys.rl,,1-rJl Ç -;_^;:& f* Uly'Çt, i..** -U;;

f>ü, ÇJl ;LJy ;r..-trl i.Cl ùtt.rs Jrtr jjL L"r:p -Hi J*,A;bÿ i.]l.itdlt

,*.ri..rl3 fL*-l gt UJrE t3t ,1-7J*.Jl ç O; t"!,_r.i#Jl .t:,.-t.ftr;y $Jl

l4

1-6 d Jt*.Jt

a6
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éJ*.-Jq.:- ulr ,uu Ulllj *+r'l k"+ rr ùfu , uti .rti Ç1"| il ot"Ü

.üà. e l-Fân JÉl$ ô3'e- l1 te* Üf

.:l,3JJl J t(^ll ilJ.,Jl 
"liL*Jl 

)rV tit Ét 1-1 Jr+1''

aàjûJ I a*r.!l-, ù!.iü'L.Jl Êlc'

t-l J3$l

Narn§-- Alias Rot4!Sn Svmble

monad One- fold 360 O (or- none)

' diad Two. fold 180 t
Triad Three- fold r20 A

Tetrad Four- fold 90 a

hexad
60 O

.:r)§.JIl .l1lJ4 :|"r*irTJ q, -n ,tirDt"Jl )-f ô-5J ei' çe"l:

,ÿ çr*k,.r-lr JS.r .1-8 a JiJl ,l gv tJÂr ç$l Cb "ttu 
..rl!;et-r'

ç, O'rr, )re r+.'-U lf-:^J(ll ')l.)er ùll (-'<^1J iiil-fil 4?J!1 U Vs)

,*, a-. f i*tl l3tll oj^ sJ-e1 1-8 b J'*'Jl ç Ùtt 9 tJ +tJl '/)t JÏ
J-,- :^-<fl y;-r-: É L.* çiJl rytJ vV ou ..IJU^ 1-8 C J"*Jl dl ':^^(tt

'rrYl t{"â,J t"il.ill ÂJt-dll LJ.pll çù L*s J'u; hv' ç'tJl -ttl
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dgYl rLê.ojl

Plane of symmetry dl3t-ddt +Sii.s .2

J..-l ùyl* 6.Ut J<,!tr a+"-.; Jl t<*4; iJrï Jy, rl çiJt ,5.t-ll ot

,l .* y)\.f-il| f.i^ Jrl j"r_l 
"pL*Jt 

g,;*i .,*{ iYl ü"a.tJ ;:ç -iLaVt
s.-flI dr- ù!tj:" ü.çs gjl* L+- JS 

"lrU 
.rt-y**. .l)U éUUÂ aJll ;rrlJl

Lê-.1 Ârry J,iti.r[*, J+L, r.,ilt a;-Jt pÇytr .t-9 J.«Jt U ùt,9 L§

.l-10 J.*.Jt é ùt,9 L"s

I
I
t

J

(a) (b) (c)

l-e Ji*,Jt

ti

(b)

l-8 J,*.Jt

43 (a)

ê,
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4:r!t t a+J lj ù|iU'LJ I fl.le

I 1

1-10 J,*Jl

Centre of inversion g)tâiYli-âJ', .3

L; ç-t ùl éJl ;rr#l c, Â-tëJl eJ-Ju I
;5ll JYr;r-/Jl ,ÿ A, (;Ji) iln qt .r r*-
diü is]l 1-rÀ;Yl +q.l sr L;t"-:" ÂiL*' dilr
LJJj .( 1-1 I J.*.Jl) A 2 il:V ;J! rl ÀL.aj ./ÿ./
r-:, ÂJI.îl.r Â-taj dLJUÂ (r,y,* ) i-tàJ a.*:J!

1.*> î ÿ)\..,)L.ajYl é-) -r».(2,ÿ,r)
'(-1! "t-le

Rotation-inversion axis H)ta1t-![9rge,r'4
;r:$ ÉriJt \"+rl :J;-. ,5jJt ,.,'lt etl;

i{Jlj Jy, aJr,- ;13U1 JJtù. î-* l,".uc ,54 U-e:

./)Uojq 4: @ =l ,2,3,4,6) ztt ln radians

).â:e ùl .ùlrl'tJl .,-l- [S ,4 Ç iL;: éY

J+ ù4 ':ér" #u r.le ii'Lrl qi li' ,jt*Jl
Tr;3) 6,4,i,2,1 3 ,;)\-.ijl- ùltl) s9l-3

. 60",90', 1 20" 1 80" 360' Lsl1,

-)Y eii ér 'tsrtt J}- ."7)t'i;1 d ;r
li t-L;ût g^;t' r)e * At iLill 1-12 J'*,Jl -E-)tj li'o -.,ÿijl- ùl _r.r.rJ I

.e>l.aYr e A, tL;ût ÿr A æ ëeo' L.l:, La r q$ J:p
ÉJ.JÉ

Ar

rl-11 J(.l.Jl

a

*'rA,

\

f'

1-12 J,<.r^ll

Ar {r,

I
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clgYl ttd;Jl

{\t: i+Jl i)t - +:Jl Jli - 6.l-13 Ç) i-Jl ÔlJrJl s5v 6e iJ*l

:(+ll ,-l.t-y Ç:Jl

r<

l"É ,:<J.r .,rDtrJl .rlj-tl éU-r5 t<r 6,vl ,>l1]t;;l .:lJtr-À ùl ,SiJt J-.le.r

,4i=- f*1 6.lt-lt Çl ..>l-ol .rr5! 6Jt .rtj3*X i-tll .rl.ey2.^lJ i:it(" l.{-f
ù1r Â-tàJl 4J; .r:-" ÿV -*b u b-É il[-r eLa éy "[*à.nlJ ,J<Jl JjLdll

ùl .Point group eJÀ; L;-t^e,r"*, ZJ;; .t:e.i-é J-jU c,l-;y le y1.f 1.,+

o,,l; "jtj:1 
qit*Jl .JiLrJl yl* 1;.i Uÿ ù*.rl ,irtlJ J# çÂ ÂtàJl tere

,iJ-JUÂ L- .ry ,elJt 
f 
t"i! â;.-.b 32 étJUÀ ùl .rrly .4t ;"r-ly !-"r.,o tL;: ôr

.iL;; e.ç-,^.* 32

rJr .iJa 6rt+ ..r"t*,l * â-j)* i"til Jl 'J,J .dl o1J3Çl { d ù*
tg-ri:-,éJl) çJtaJYl JütcJl ,.el:c e ÂtaJl e.ca^+/.TU olj3" e! ù*;t-/Jl
Space Â*l*àÀl ë,.+!,r"J o.l+ l.i<^ Jj,,)13.Ài1t";" ùJ* ùl ;l",t:" (ti-!

.ellyJ.Jl ibà-r. -# 4é lst^1230 éULÂ-r.groups

Translation Symmetry Elements .rJLâisïlCI3WJl lslt 1.6

A 1i-{5 Él ræ e g"4 ül ù* lii ,.,J iLa e-e t t JüU ,.rr r:l

JLiJI ÿV 6,r-a* éllLrr JUIYI g. et' ôl ù* 45,iÉ., ,d,l*r j:U ,a*
:.r1.,13ÂJl ebl-"y. ,#

Glide plane rlJâjijl çj;wt ,l

,-T JL;:,;t ")p C--c J-àr- 6l-* Çy,1J'-jti Ç**, Çàr,"
L;lr ;iJ-ll é*- ùr5-r etl]. Q ,i,4. ç-f* él Q- =ntd +n,6 +n,d)

I
j

-32-
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1l

a..,JJJ.{J I æ 19 ùbrry I FJ.

,*.u, dl ijlâll ü-l-rl .)q.,1:*. æ*"t-2 és*ls '.IttJl é-# Jl çjlr
.,rlr-* obÇ-t,

1-2 Jr"t+l

f .arttiS.," ÿ)l .i-rl
a/ 2 cl çÊtÿ çb)

b/ 2 b é:ÿ 'b)
c/ 2 c ésÉ -;>j

ab
-+-,22

b
-+

c

2

c
or -+

a

2
n e"b a:

a

4

bb c c a+- -+- or -+-4'4 4 4 4-
d ,"tJl -i';

Screw axis ,rP3'UlJ9t'tt '2

A)l_r Jl-.iJl 5" r4 islts> tf &"
.dll )r)\,-#" ):u ,'a* Jl ùlrrJl J/
;rt- Çll rr'--.lJ P* 1-13 J'(.'JI Cil,
2 r / P çrLi 0 \:1, ù1r-l: in*--r P, Y)\

JIJYI a4x,ler-à, î *t, crt^'- JtiJlJ

,éJ Jt-jll ,p ,ÿ.ùlJrJl .,-/ trl.," ''f
.6, dÿt t-èr -)Y ç*

++rlj -e-rù L*.fl n =2 J P =6

JtJ'ÿl Jlü, L,l .0 = 2 n / 6 --60" 6lY"ll

a:ra!.9tà-, n/ P =2 / 6 =1/ 3a ùéi

.i,.tj i;is JS g U^,Jl oi-^ .t,i È;t,)1.,1'e'rJl )Je il)lJ'q JtiJYl

11 L)i UiJ ùé ù1 ù5'+ ;r-À q, L(r ,11;er )rV ,-è 't'a' .ilJlrÂ ùt5 tl'r

.2,;3,;3r;4t;4r;4r;6,;6 r;6,;6r;6s :.;\LJ ÇLli g* t-J lÉ

1-13 J.C.lt

l,
T

0

-33-
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çl9ït çl.a-à11

Bravais lattices -ià!r+ 43La,1.7

Ct Utu ÇljJ r,2,; Ct ,rÂ i eit.(.il .rl1-rJl € b-* 6 ltl i<..-

;;jJl a.1:t-l ,fu.JlJ iil, i.<# ü§ .;"r-rJl aa:t 61lj1oÇ[ ;"r-3 +" é-h
UjL^üIl -pl,1 etrp i/ J,.J,Jl i/ ù,J<J.rl;.rJl :.tr:.. ifu.Jl ;(, ;:Ul j ü,U:"

;-,AJl :fu i/ )^jti §1 .rl;jJl ;r&i, ;:-t Slt À<J ùJ<J t" UEI 'Ç-"u,o

,* .ytçl J-jU ,*t*.tlJ.li kJr ;;r!1 üV *V Cf ,J" çÿ çp .L+J

cf U-, JS ;l; Â<# dll:i L; q,:Jl ,iX 
"l,U 

\-u*";r.,J" elLi ta, Jt$l J:*
*+rrÇl .:Xç:Jl 4 C-,-*tl C"4 r--e,-,)Lijl éÇ ts\l Â<#,..iJJ:iJ.Ç:J1

lié 
"pü '-e* 

$:i ol ;ryrâli I (.rl1"tJl r.t :" ;t;,.â!)

§sa t-lrllr c sb 3a élÿ)Jl .rl'rby.iCÉiYtJUrSJipt".u.c
i(#Jl Jt(.,}t U )s& * tv éUU^1.r.ll irU,,rr .JlrtYl U Vsi,ÿ *. y:
o.J æ l:-,ü rlc .JJUÂ ùr<i -,t "Yli i.il:;Jl 

"ljttJl 
t44 -irYq ù<JJ't<Jl

y ,§ ù1 .t"Li o*"4j .b+l i<#Jl .btij J5 e.ll:i c-a (,i(-.!l ,w é -tu:Jl *J;

,.o U ÿlrr i(.n.l;1Le ùl t'iJt 1+ .llt §r.l ,r.*,41J1.âj ifu.J,.rÇrJl ."t"

f"ét; ùl J-.Yl ÿl.r +, ,Ç*t t4J* +Jl .:JJL*JI oLÀ iJt-: ;;L--" Yl

"Sy.,Lô 
iJl d -tt-LJl U Ùl é)l-ÿ ifu /J ,.rtll "r 

Jrl f Frankenheim

ü-<^tl r"r-dl ùl Auguste Bravais ÿlJ, t*tl .*l 1848 fb C - 
,.rlP .t i

i*,,,)l ..jJ:çj-Jl oi^ i,/;.r.'l-e,r.o ri, i*.tll ;«Jl tsli 14 3,.o.rl-fuJl .J" #
k.i:e.-H\t rrlrr cltÇ& é-l -* ot;Yl étJqjJl oJ-a c»3al l-a 6:.P

.üJn ,: ÿt-r.l!tr! 5 JUÂ tsl é;

UÉ.r.+.ié!.r.r é-,31 t'''

a \jl|\ b : d t^r ;ar."t-l &&n:, Üày. alir1i ;Jll i,r--r -À-.,- fa
oj-",r^*;y rt-Ë)l é .lt:* a ,tls a*b Ç ôq i"Ul ;<#Jl J"f: t*{à

J-j".ÀJUl i<SJ1 ,-r-*.1-14 a J,*Jlr Oblique layyice ürüt i<+l! i<rjJl
;l,iji-il lr 2r/ 2 3 2r/ 1;3;ücj L;À 4 6êr41sY ifuJl oi.è

.( 2,1) ftJl j3tl e qll -JLJ Clr.r, "l,U 
y^ U J.ltdJl gr: .4,;
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i'

a11JJTJ I 1*H l_9 ùlJlLJ I FJ.c

g':1 u* ,f .j9i ÂfuJl 
"r çUt &Jl l-iÀ,,J" r-**Jl ,;1 1,.;3 lll

J.tL; 'tJ a;u ! t{tj i*,otll .l,t:l.":Jl ,"u ùÉr .rr* ..jJsl.+Jl n 6';1 (il
.ç:it d"t<,jl é:1 2tr/ 6 i 2n/ 4 r1 2r/ 3

IrJ ;î-,U.r t<iJ .r"*, i<#^JU t a = I 20o q.llll.l a = b ;ls* Vtp

ô-* 2r/6 i 2t/ 3 JJ'I-I cj4lsYi<SJl oj-43,1-l4bJ'«Jl U*.
-;)Àj dlr,,, J.jU i<#Jl oiÀj .,r-dl ,ÿ çr*y nL- i.tô J)\' -Â tf

.6 mm a;1; .rtful ,lrü ., 3 m u-19.^'l .j,Li, +:J1- ,r-l.r-j Ç:Jl

f-.rrtl K#.J!,r"; afu^ll oi.a ù[i a=90o q-rl]l"r a=b û-fi L-u'oe

W ?-Al U-è dl& .t-t4 C J.*.Jl lç+y.s 2 n / 4 rr-Li .^-J;" Y ,/,
.4mm ;çr"L:" iryirf .rtÉ;l .lrü,, Ç:Jl -o*!., Çltlr.JjU;rtr dlt;Jl

;r->-, ;*.t çr1"Jl ","t<;Yt C-J t"Jr tryriYl ;<#Jl dV t*Ut
:,r." aîJ3Yl .rta3:Il

a =a..l +a. I
^ 

yr .... 1-3

Ui,rl ! .:^jLJl ,* y I x jl.r--!l -n-e.rta-n:. eç: î; i Ol il

6', d',t;.e.rl*,1(^;l tJùJ4 Ë ,d 6ti r,tÉ;Yl -Ui4jl ÿx jl.uYl
U

Ë':b,*î -t,î J d'=o,î -orî .....'.............'.1-4

.,)j-i ël ,-* b' J d' bli d"L<*jYl jl-, t>J r+ül Y Â<SJl d'its 131

.22,*q:1"r-el ,r,o flz -) nt ll3l n,d+nr6 L.tt U a<.-, etaa:"

:i/JL:rl h.tJ U"r

:.:lJ{y Ç.:L; ;.r,L:, Ë : d O§ .:l'd3Yl

b=bJ 3 o=ol
:i;§s

Ë'=*Ë 5 d'=d

-35-
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lgYl st^a;Jl

r:$ ! rltrr, a=90" isls a*bt ki Ôl ,rt";iJ*' KJJI ùJ*- e!{-l

g-71y .r..tungular lattice:JîL':,"JI t<#Jq i(#Jl oi'o,r^;j s,"t<''j)l -)y é
. 2 mm 3 I m u-6-:l 

"lrü C .JrU ï Crt+ i<#Jl''r'a dlLi'1-14 d J'«Jl

:1-3 iJ:[Jl U ,t\ ,6' = A -t * ür5l; çiUJl rtd;it.r

b:î -b;; =(ar -b*)î +(a, -b,);
:,ll C.,.4

r-6

Q.rJ x *jl"r-Yl ;/.r"ti.jY! a<Jl

b', =', -b, J b', =a, -b

"t

l

l:

l
tb-bb)= x b ,,,..',|.7yt

u, =*o, J o, =o

-t6'==a,i-b,j3d'--ari/

-b ,P 1-7 s 1-6 .>!:LIl ,ÿ:

:Q"rJ ùé" 1-4 iJrLll ,j ûriJl ..i^ è.-*l
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a-rJ9ryl d++li ËrtJJJ+Il Êlê

;
a

b

o

a a a

(a) oblique rattice 
lctl 

* 
lUl 

, 
" 

arbitrary

a

a
b C[

I
I

-----a
O

a a o

(b) Hexagonal lattice Fl= lbl 
:o = 120'

1-14 J<.r.tl

(c) square r.tti.. l"l = lul

a
o

cr

b a

{
ao o

90'ct (d) Rectangular lattice lal.16l 
:cr = 90"

------a

a

b

ao

a

a

a

a a

Ct
CX

b
o

Ë
.,

a a {
(e) Centred rectangular ruttlce ldl 

* 
lUl 

: cr = eO'

with non- primitive cell

-37 -
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slgYl r-l,a;rl

:(JjL. ts itlt ;u ..rli;4"r{-l :<+Jl i* st

6 =ioi +b,i r à =ai .............. ..'........'....1-8

4**-6Jl centered rectangular lattice ôi5y'1 4l--tl t<#J! ,s**iJ

.2 mm ,2 I m u-lS.*) 
"FU 

C "pü 
itl,i 6,"t+ tJl:i1,1-14 e J.*Jl

rterlê)l!jè,1 é^3tt'l,'

;:L-cYl' a-,"§ ù54 -btiJl ;-. r.r3 ri fU C qllrl i<#Jl ôl tjt'!
r-L.ÿ 14 tjai ùl^ll ir- .jl Slt, ei:\.iiy:Jl rL.!l Ç: ;.r-tj iti;J ;:JtÀjYl

Uél o[-:1Y1 el .rt-1;]l yÎ .:lljJl ë!-*, uy, 6i,l-àÀl i -ttxJl \i*rJ
l4À-;ri-e l*,JYl ;rlrr e13F.i!3 .-tiJ ül-El.j-o;'*; t6"-, +/ .)l ;-,:$

:é".1 
--" h C

.;-Jll ;.r-; J.(,.: .l

.t{<J:i dJl JütdJl dil 2

.ttir eri qÀ51 t+ +L-l (§l Ûô ,* ,t* lu§ll .*t+Jl {"r, ù*
:dr +!l i;,-t,ÿ i<*Jl

i-ljvl 
"r1 ë^+:Jl .f ü-6sr , P yrJtr lÀ ÿt: Primitive lattices iJJl étll+ .1

;ét,§,J ü-É r:".- rL.Yl ,;iyj,t+j i i*Jl i{rJl étrtJJl .r-51 t",,ut1

41iLJ isj.L" ô§;.r-trJl ÂtaJl oiri ,J.i.i ;.»ly i(*.1 Âti; iJ, s;l .iS;t ;"
étJiJ.Â-tij 1/ I lLltl oi^..r;.r-l_,Jl Â)Llâ4- ù-É AJ43 u"p*" tiX-

.tâi ;.r-13 i<# iLij ÇÉ 4:1rl +Ll ;-l, ;.t--r Js ùu

ÇlT elt=..i f1 'F ÿrq U ,,cr.r :Face-centered lattices q-)l §rt ét l+ .2

;r->r ,$-#.qJÂtJ i*Jl q3Yl U qr,F §r C Ç iti;:rr.r e A<,
,c*l^pÿ:" ààl.l 6P qs §r éeLÀ; JS+:"; c.-- ifu -büi i^,Jl iîlrl

ù(r,r- él ,rb oa.rYl -É,,r 4#t * ç_*.t" iJ, ,J f.6*1 Lt.+êi dlJ.iJ

...lXt+U i*Jl drYtt ijJti" ,<riJl -ttlj ,'"
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't:

aJuLJ I irÿaS t9 ôIJJûJ I ÉLe

Â$ù :1a_e,jl;ii r/ j"r! U j// :Body-centered lattices ët Fl4Jt-, .3

,§rri eu,rrl ,Ll-!l ùl.5rl ;i ;:s;Jl -btLJl Jl i.iÇl ql4l ÿy A ôJ>le i-(-':
..tii i<# ,P -b

U LAI li, jtr :Base or Side centered lattices ôJrlijlJÏ +t+l §S eV 'q

i{jl-nll 4+rYl V çi ééy V ,F -uc;"t-'.le i<J ÂtÀ )ÿ!..:Xqiil

"!-a 
e73Yl U g:|l liÂ ùt5 lll .tJ,l .:l5rl *;:;ryy,ll -tUJl ;c y'âi l{'â^J

ùL-5 Mr cC ;"r-cLijl i§t';5;' i<#Jl ,s*'; d 4+il1 qkJl.r t-l"tJl ,r*-t-
i<^-.l,- Â<+Jl ,-,^;s â 4d.JJ qkJl: tlJ.Jl ,r^-t- & .-.rYt f 6rJl t't^

o+t<Jlr Ll41 ,*,,Lq o-..rYl6-, ç:ll lir ùL5 l':li tA;.trüJl ;;5;

Llr ri- d qJ}l ;»s éÿ. B ;-r-çl.ijt tts/ Â<rj., i<JJl çê; b 4+:^iJ

.-ti3 i<J qâH dlJF,Jt d/

.a-l)l i^^" ù1 .n;".J! Â ÿ-*t:Rhombohedral lattices qsYl iri., i<â-' '5

ôrÉ Ls.ry ;.rru:" *J kijr q =b =c LpL;" ij)Ljl aç)u;l ÔJ* J* ,^
.a=§=y*90o

,f k "r qrrUl i"-EjIl & qWt étrÇlJl ù/ i-Jl d;yt .i^ Ür,
oj-a ilj,§ ü*r.iitÉ.tl qr-/Jl LJi;$ tél q-,rUl .:!l.Jl Ubÿ 14 ub
.jXtJ l-15 J.*-Jl e.nt.JJt.^.lJ Ài!}r i.-Ujl \*' -b r$ nlYl d!trJl
(triclinic) JJt Çx i<#Jl i,p; ;"tc «rr- ,3 L$" 6r--1., dlt * o*pYl ,ÿlt

'â'?v dvl d **Ç1 ,'1" d'')üJl3

:i,*Jl ô;-*Jl r"lâjYl .il ül ÔIl uJ ù<4

+ ùq i'*t cürsi LJ i"Ul ;.<iJl &y :Triclinic JJt ,{i$ Çr-JJl itL:ll .1

oj--o éLUrr,Hl ,*+)t lLLi.s**r d* P+y+90' ç trlljlv a*b +c

.P y)\ Jsr 
"FU 

tÿ V ,.=l-, 
"!,t*tll 

,a j:!l "r}l i<".:Jl

a+b *c e4 ù! çrlJl li-è J;r :Monoclinic 
"[Jl 

çrl,-l çty'Jl ltlàÂ,| .2

éLJtj^ .lB0' j g0' *11 ;rt- § \:Ul ù-É; a=y=90o * P * t-lvjlv

;S; pYl: P y)\ d Pt t,',- r, 6:t-l L-a.r-l fl.ILJl 
UÂ U ôbÿ

l
l
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iê:

.!9Tl lLéàJl

U-Àr C ÿ)\J y-,réJl iJLdll qyYl çt flr e"l ùÉl;j el§;'uUJl
..b;i i+Jl ;L§ 1r* çtluJl

L ur ,l L'Jl li-À,/e ét*lt gU :Orthorhombic fjtijl +{l qtJJJl çtliJl .3

.d1stiJl i/ d3jl g.,1l çtLJl l.r.À 'a = §=T=90o lrlrjlv a+b +c é§
ql- ,f 

"l-r 
;y; ÀJ}l .qjYlr r+l ;s-Jlv c ;'r'euJl-ÉrJlr P 'trJl

â)s-,r t#l: .t y)\d r» 
"-+t 

JUil Ctt-ai "tj9 Çl;l Àt'ir c. itr-
61 ,Â-.î)LJl o+rYl çÿ)l élt.u.e ÇÇl !6 e U..-.i ql- .JJJ§ C ut-rYl

-iJlJ .rrt-* o),i djlir F y)\. i<rijl .i^ JÊt l";-r ;;s/-n:-J 
,::,'s

a=b *c 4ÿ ùq Çr:Çt ît.tüJl 
lb ;o, :Tetragonar *rtJl qt.,-JJl çtlitt .a

r4r ,-r; t\ P eL*, qfqrl UTt o-É è1 ù* 'a=0=T=90o t"ujl-r

.I

ô3,5; l"-r-:r Çr:JJf f 
tJ:Jl l-i-à ,/, ,f :Trigonal ./)Â'Jl €lrl1Jt lthJl '5

,j.+ itji dIJiJ ç*1 a = § - y *90' <120' "* L+llll 1 o=b =c

Jl) td"iil i-K i-Jj! Cf ,..r-Jl iJ,t*,J,4iti:-ll i+t*Y rhombohedral

!-, fsrj-ei ,' L ii ;blJ i<f-i Âtij rl.LjJl 
lj.À .ltlJ4,, .tÂr"i ar (ta:Jtk-1

,-,tJt .;- çjL;ltt ,,k *Al tèl lj-av .r--13 dS r.r' ds P y)\ d yt
'ô\:Jl

.e=,§=f =g0o ô13 a=b=c 4 ù|i.i.r-;:CubiclJll €t.r!t lth:Jt .6

.^--(t, p y)\4 yt, (r."') L,",Jl .-Jll C eltt+Jt U Lil o>tj oJ-r

ù ÿr,s V.r.r.).a:Yl .É;:^*(ltt I y)l,d ÿtt (U'c'c') êt y;
qrlp r;le g.,1l çtl-Jl lj-À3 ' F ;Jt,

isl3 a =b +c ^-i ùt-.i j-"t"3 :Hexagonat O-l.r-Jt ç1r4l ll L:Jl '7

d p-rt;.t=I3 ifu iL); Li| éUUÂ ît.E:Jl 
lir,J .a= F =90'iT=120"

i-*'g. L-.rtrt dU ùr5," r{ll ,rJt t;-nr.r--ll **lr-, tf 4 ,P y}\
'u"-èl
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aàJûJl a*iJlg ôl1'ul ÉJê

Bravais latticesCrystal

CPP

a,B,y+90'
a+90"

P'Y =90"

a+90"

P,r=eo'

monoclinic
triclinic

ICP

a+b*c a+b+c a+b *c a+b +c

bbbb
AIP

hexagonal

a+c

CT

a+c

ct
PFP I
a,B,y+90',

c[C[ CTct

cubic

:'.Ii,,I§ 1,'
.,,,'. t:,,,,:,,, 

r,l:::i...: .:: :

-41 -
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tetragonal

a+c

rhombohedra.' (trigonal)
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I

lgYl J,â.àJl

LLll .rl-r-J.i!r g+.- 1-3 Jlr*l e*
t-3,.J.r.t+l

i;L l1 \-ts-e ù§.rl;.rlJl ot5*' .+r C Jt, '>ltL; A ,ÿ*l ,ÿ

f 
U{ t"s.-r, +-i .rljyall .el .rQr}l 3l .rt.l'rJl Ül éf ÿ ';rrUt q:\ ,y t-Su

y U-,ü, ÂJ.ÿ.rllL*' r^r -r:i L'UfJl oir ')l1ij)LJl 'q!!;rrUl ç tltÉ'r
t-Wq; .&.rtr i*J 1-16 J.*Jl ç i+-Jt iJtll Yrl r'LJ 'i?JlÉil ;"t-i

i+ UI ..La/.r -btlJl i,r- *t5,J'Pl dlJ:i dJl 'brt'l ,î AC t AB Jl til}l

l,»e b3-hLt oi-a ùl 'Jif .btjj Ljtis dJJii t'o;l Jl3 AE s AD ÿ b-Pl

l,ù1 .(LrJrl *.,*;'a:;*'c) e!.1*' g# rhYl Ç)Âj i-tuJt g 
"t"Ls

,ô-rrJ*lJ ;i*l^11 or.rTl .u-e ÂiL5 §Yl .:13 '.rte:Jl L# ùJ-< qh 04;-':Ul

*jrljl ii>\,Jl .1"-.r- AC J AB Jl ù.jlll ;-'rÇl 4âJl Ùl ÂLt* e1,*] L^ .-r'r

i|j-.i À.ï#t t-lrrl ùl .â,rl$.r .AC r AB Â1.jJl ot3*' i" dl 'jJJij 
[J L€-"t

Volume
f.,Fllrf.r*Jlçlli'Jl

' B -cos' y + 2 cos dcos Pcos Yabc I -cos ' c( -cosJJl,tili

abcsin a.$1 çrt-l
Monoc

du cf
Orthorhombic

€Lt
T

71i"ot2 a+2cost G1

a'

,/U-

:-É

-4?-

!

ir

I
2ac

ç»t

s Jlo',



ai13&JI a*iJl-, ùUü'LJI ÉJ-c

qj13, elll ù.jS [s'AC t AB i*Jl o$* e ii)l^Jl sU,, .,'i':- '-ft]l
.)lJ/Jl ,, *+tj ùf ..-7,eYl ;n.1 Çl-:Jl ùti i<-l.Jl -bli,r ,r i;r'" ..:t.i:*' Jl

4âJyJ €Jl r,*Jdjl,r.rltrJ+U q-ilrl rt -,ll 4t ,llr.l'cJt Ôl .k".;;:L'U iiltll
.iiiLll e^À 4*ô {-JYl C ô-§'-ü1 .l"ir- ,e73!1 *r t"ll}l ê Y Â'"-';:L ,9Y

*L-Lal ç13,t- ,.rt.j*11 .L+l ç1,ü,J çt5 ùJ*ü U3l§Jj (AC Jl iJiUJ'l (,tFJ
.,|-;ill + k;ty

B

t t I a a

a a a I G

I I a

t I a t o
F

C a I I I a

D
E

.!

1-16 J,*.Jl

.U+lt UY* Y3l .:t-!l-r.--!l;jL= !-à-,.r,i ï-ltr" é*-".çl .jl é
Cf+t isl rÇ;l JeJl .r gr^-. d("*Jl -btn .*-ii 4rt-Ej U.1, l3l ';.t-rjl Jta;t,

.:ty:Jl3 AB -* LÀJUI éJl ot,-Jl .iÉLJ 'q,ill ôr-ll ':Çl'r-Yl ,rtl i*y"

J-.tS p.-lr .>t3;Il oi.o,)l .(iiJrl é-*)B,q,C e[:J13 AC -* tÀrUl éJl

.rL.Yly J.CJI .; ^«b k§ grut .)tjlÿ U é:.r-c Jl ;rrUl ;û /-rJJ|

»V.f k--J i<r!l .:)\"1-." ,*.i-{jl-fil Ct-Yl .j-o p\-}l Jlrll ùl

,)t .l}ÇlJ>Yl ÂlLy L."àll y : § I a \lxJl ir^l !,J'i53';J)LJ1 lrÇl'»Yl

rL--;l ô1 t'iJt ,1J_1.t+^"ôrü.rLÀ.p b;T s § ta sc s b s a sl'ti"

.full -,krYl él'r.rr J- sll t!tr"l lr"T "r*,- iJti:ll .rt"-2:Jl .f grÇ c..,)|'l
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lgïl i-l-!ajl '

.fUll Jt-ÉYl JÀr'" 4!"r J-ârl .:.,=Jl ca ilrl "ljkJl 
Ùr<. ù1 ,,)l *è;?'

'ërt+1 'iÀ

-bLj: .j/yÜ 61 ^Ll-'y;tA6-* orientation l.g-r'J ÿf AÉ *
ùfu isÿsi*,ÿ e -bLaJl .iÂ sjts 131J'çrJl j;-r-13 LU:-l ,rl",t-J
* ér .;<#Jl ,.:.,1,/ iJY,4 ,i!l f LVll eày iir-. Jy, i/ ç-**ll th ,

A. +-;,tl dll .il! € Ç-y n*t .l* j ;*ti ôrat yt ô-É :-siJl ,1;i
JX.; y + ii,-A ôü 12,f"-ê:l.r-cl c-,)Ü ÜVy, Çi*" q-r* j Miller

ét'r éJl i*-^.É.Jl Àj)UJl :l.r.c!l 
'#s.Llr.tJU q#l çrJl ibL, U[Jtij

:ÇU,Jl el;b;JJ t^n Wt}*il f+y çrJl rt- e>{,t^t tr-fJl

.rt-c.eL,àJ t4, q*: d 16,d tttj]t,* ç-**tl t{.:"É,"11 .rtJUJl .r+ '1

.ir)UJl tuél *.rl.itJl ôJ-,

.r1.r"!l oj,o,-.,.9Ià i; ,2

;41 * J4-n:l.p!t oj41n..àj.:Lti.JJ ri.pYl g-tlt .jrtâl irL .3

.|6*ô Âll ell:i:l.pl cr)ti

.:ÿ"L," f #.:l"rp!l .lr j.rly Câ ùl ù;* iny, 
"y 

ia;Jl f t
I . (hk (.) ;t_êt. -b, 

1_3 JU.

-U--Y,.:!LrJl )c 3a i 2b 14c r-:e d i Ë: d.;.et.}t .5rr*' Câi lll

,5-*-ll l.U Ji4 .:ÿ"L" rJ'- '1-17 J'«-Jl

'J}t
+ ,+ ,+:,r.o.e.rlJ.e!l ..Lo.-,3'Li, j;T.j
3 24

J*A:l"r-o!l o\ et tu.iü, 12 ÿr.lL"U.JJ ;-r'!l J-ull 'j'tâ' j-;tjJ

J-S f.-i clrrt .4,6,3,r-o ôrEu) k"-à; +-Jl U çJl :l.r-c!l -*1 ,ÿ
.(los ) '* E #, ç-,r*tl ,1." .r>\"t "

I
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i:

Z*t9!Jl aaj-.tJl-9 ÉrlJJü+Jl {clê

B

x
1-17 JÉr.Jl

,*À ^all .jJ-U.i a,! dtr ,rrYl .-,ÉtJl t{."àtJ qjl}l strJl J5,)l

,-L.r>\"1-.. ibà:tt+l.iri ÉJ t{".Ij,.r!y*ll ÜU r3,,.i i»^jJl JJt**lJ q*rjtt

l.;-J^1 ;r33 trÀ-" Çi*, {J^f îÿ e "*J .4':1J{ /.4 'rÿ"L" ùl 'l'{-^À

éuud,.rt"_e:Jl ÂlJt, J*ts.*r.r_r .oltjrll *r?ll .rli ,.:[il] g,. +Lt5 i]Jlt Jl

r- LÊ .r..-l-e eLJLa ùJ4*, .,Jt* €1 .rt" .t+J J-Yl itij Jy' ,4 t+L' J-l'e '

,*t, ,t-àsti+r.r.i,i ,fi .>;bt*)t ti*,)ôJttll J-Yl if"a't -'';Vr

èo.i ïJr ,.JJ c-4 *,i,ï,+,ï,T, i,+,ff c,vbt;cr itrr
Q*,4j.rIJLLJI

.:)\,1* g qI- ,-, d â3-f -)l;rrÇl 'vtrk oà4 'ÿ.1-18 J'*^Jl
'u J:"

d-t!. 1*. .r"l-r U& Jl J-kJtt iiil-*ll ,.r[:Jl leJ'".r. 
"l' 

J'u*.,. ta,

Jf ,;,lÿl .S1 .;-r-.lt .J/li!l ÜÇt'rl.1jJl iit53 .rt-e"-ll .*r *"Jl .TULJU

.;rl i-.Jt ,!-l: iij:i c.,u,*:*. ,-e-*.1-18 J-*.Jl .{hk {\ J.«'Jl ljç 'r>{"tJl
f jl.r:>{J Ail-r ô:5.r ;iL"-. 6J->J s:-ç X jl.r--Yl 

Cla.:o" d'Ul €-r:Jt

è
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îil

lgYl i-t énJl

._'.-,o ,frJl UJ r+ c,tÿ,el-,,. dl3 la,co,oo .)t-JtË:Jl eLi'- Z jl"r-!1,
-+-ufry .bc 6g.Jl Jl YZ ç)LJl t\ A çF, d;.d*ll lj-o .r^*'-3 (tO0)

çPt lil ..*itdJl ;v (001) u (ot0) ** C i a .r!;il| .,ÿ,t " t€*ô

üàv. -*-l*r Çt*, \ ooVl,J"Ul {&}* !r ua.l JrJ I ;,. jl.t-l
(ut): (zTo) t (îoo) ou--,,*it c*" r-18 J.*J tô_ib

J-j'f-Jl oLàt i--," .rt*1;*. lry kt JUI JüLdJl .rl3 .:l.lyJJJ qJtt
,o,5,,f-.îU .>li.rl;:4 q*rJtr.;élJ"r,.q-2-rJl -Hlqg: i/ i$l<, Ô:* elJ*.r
99'J

çl .itir,ÇrÇ;-t L:rj-,l-tiltr q.lt*. d s b -t à Z)Ll ôJ>j.:;)".L* t6* ùJ*

l
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aàrùJI aiù.Jl-9 ù!Jr+I Êt"

.:rtrJl Jt-{f ,J., - ,-*: .,étl-ç- é*"- eL+ .')\"tJl ôJti! ax :t ,}-É
(t t t) 6,.:*Il -.,lt-(. (t t t) 6,u*Jr éuisr aiit*,. et,r- (Too) t (too)

(zTo) ,rr-Jl ,éq Qto) çYJt.2

' Indices of a direction in a crystat ô19$l ! oQüf l ùy'.t'r 1'9

.L+Yl eLJi r- J.#!l iL;: y M !-/ Ù1 qJ" 'ÇYl 'r)\"1'" c+ é
sv ,u ë.Ç!1 o)\rt ",fr*-rwc cvb iera ÇÇl'»l i<# Â!'ij JJI ,F 'f
ot êYl .:ÿrt-',.^-<iJ .luvw ] ;rrr; ùlr i'-i-.," ,-rl-#!ùFl srs:j'' 14/

,1." .r>\,t-^ ;"1luvw] .+l-, ,luvw ] ,lL" LJ a;rJ'Jl 4 7 =ud +vË +wd

Â**4 tl,t-cl ,;,-cl Lrté d ôr-{ 6luvw ] 'çlt .rÿ"1''" ùl :JJÂi tf-ÉJ

tÿ cÿ ct) ;,tl e-jil6tL.^r ';t"r->tJ r3,; -,3J'bll 'l+Yl ,J *ry:ll oVy q*j ..'1ùi

Â2,^,-dl:l.r-eYl Pl ,t.ie ,l;,*-e (4dll .,lr J,rYl i<-! iL; oÇl.t'-l .,4

eLJo,rr ol+Yl liÂ,J" Lr" éJl ifuJl -bLi; ùl-r .J*)l iLj.) U is/t as lt
..li(al V,ÿ,b),2a;3w,3v,3w'lÇl'r-l tUi,rl

i!->{"

(iË1), (nf \ ù-, ',,tlnYl 
rs r:'is !+Jl i'i!l :i! e"V iE-)\" JX; 'r

.Friedel's law J.r+/ irrL4 ff-:Jl lj-a,r-*is rJLJl :-4t .r't-(i ,rÂ J-'Yl

J-u;Jy tiJl iJll r.1- -blrldlJ:i lrJl Ç tfl: +! gl'L:r-l t11g! 
')1 fl-'

üV -eW a/ L6.;;rrUl aÉ:i tr 6llll ôt-;)ti

ilà-J"

:1 +_ù âip Âà*a.:l.rl f§ ;1ÿ +-) (hk l) ,ù*u" ù1 Ct^i

.rl-,1-eJJl ,, L.UJJ 12*) b-& s V y'lluJl ;13 .ü)L U él ù-É t" 1';rlj3 (ilL

law of rational indices iJji,il .:'jrtJl ùiui qtJl L'E-)\I1 o'r'o,r';-e Çt'Lll

éLl J.i, diü ôJ/Jl ÿ s:e1çr-Jf J dl ,ill ;.* U üL4 'i;Ulr lir jh"r

,/-; tr QU, ;<.."1..f1 .!LJ; r-" .:Jt, ijl:S dlJ;.i t'J 'g§ '>Ë lt 'r$*Jt
'ïb\s )* '.rÿ,oL" 'jJJ;iJ 

i[* ''tr::*4 oj4S oja'y
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lgYl r.t*a;Jl

.çYl k*; *.,-1"l!r lToo) u.Çt -a r-rlr u+ ltoo),Çl v^ o ,-èl

UtJt.r t"?-rll .rtrÇ':lt u^-,r [olo) o loto] t"Â b )r^)J 3JtJlr '"e-til
,!)u ab,5,;*JJ 6"--t"ajl qyJl L6*,i; AJJlr .looî) tloot]** " rrâ'JJ

Itot) : lot tl 4 ca 3 bc ot*4JJ ,fuÂt qll .:>\"L": lt to ] ':>\"tJl
':*-Jl .r*

,ir§ ,if i-+i iiil*, i.jj:! .-t* 'r>\"1-'' l.rli ;-,1rJ stutu dLS UJ

.r)\,LIl oli,:L-"ÇYl ôjÉ t^.f; 'i5t*" liil'*ll ''r[:Jl '] ] i'r^'p!l

L<., +*" ii-ao lur* ] U ,rl i$t-*ll ,:L^t+)U lLl.<Jl ir--J.l ùl ';$t*/ Âiltll

ç-è Âit:ill iJll ;rrUl f--â JU'il ll, ' ' uvÿÿ > J<*lt ':)\"LJl-a; obàv

i*l:ltur), ltlrl ,lutl , [, tr) tltît):lttt): lttt]
fur*) ,Çt ,ird i-,<" ;rl C i,irLl-l i .<111' é LJ Jsr u& t*§-r

ùé{ Ul}t ,js S-r J-îtdlJ t+5 (uvw ) J." e>\"t'" çi çyJt ;)c \s-*
.,-çrYl o-,-rUl ..Jt(jt ,, q4r- ,J dl t'e- {" i-r}l ,ti ;tv,;Jl

.[rzr] .çYl irlr- luvwl.Çl g-,.r i^i5,iYl Uÿ,f
1"5 P 4taJl,J.; é d o 2 Ë s a .rlitJl *.ê qV o)\"rl a1 tj^i U L";

./rl"ll .1.+!l OP çt r, L^"r,u.1-19 J.(lJl é Ùtt -*

lz
I

I

I

ll21l

-**+Y

l-le J,*.Jl

,/
Ps-*
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l-t

1-20 Jr*,Jl

P

a11JFLJI a*+19 ùIJJJ+JI Êlê

r-re *-jl .Ç)l * Ja-l ù1 l.:5'{

t-!,i lil ôrr-t. L_J.- ;.r-y û.-à.!l-ir*Jl
tl-LJ ùr5; ôl r12 ^Lt-l )l.rrYl ,'=*4

ê P,.rÇt.r--r l+, +1.rÿ,r,-.Jl
L' L)

tlP JYJ r-J OP, s-, JJ.e 3 ,,r,7
c-ils 131 t-..pr3 .1,2,1 .+ .)[.jU--U

,! P,q,r Ôl 3l (w =rc cv =4b tLt = PQ

ÂtLf tt )v )w ,'.-Ji U,,j lil3 L...r.-,a rl-t-el

ùJSi r 9r ù!l ,Fs P,Q,r U, r.tc;'-51

x jl"r--)l r* T J>\-- isy'-l itt-',, éU.rJ,zz =Ir,, =Tu,* =I, On

ô.)-i-" i-lâ ;"r>; ü.*à Z jl.r--Yl ÿ c J>U, f jl.r-Yl t.* i Jÿ;.r

dl ,;, lzstl.ÇYl !t5;* Jt$t ,J"* )c .luvw ] .çyt -b ôtèl u*
. t-20 J.*Jt d ,^ L"5 ;:rL i-l- ir>.r Q ilr4.. eJ.r [++r l

: 
(u-yr ----r-- -i- 'Jy Jÿ.l't"L24 

)

ôJUJïJ|+ crçUÊ-ÂlûÉJ a*i.+rlùlàt "'\l 1.10

Interplaner spacing in crystals
t{?4 e{jly §}tiJ:*c U é te U @k !) .r!5*. iLTte ùÉ ;-,ri-Jl d
.rtg*ll üH t#l iil,Jl .-r.",-'r# A*l ,a,;[*:".rl.iL*" t6+,J-,aÀJJ;Yt ,r^Jl
irtJl .-,1*j J41 ÂJ.;s itu ÀL.ju €T i;L. (hk () o\-* zer.*+;;317-ll

C.ta dl .rtJLi:Jl ùlr .J-lYl iLij Jl é*- ttl:.iÂ J*rYl iLi] 
'a1 

qr-eJl

J.*-Jl ,J.:!!C"àr-tJ cl( jblk ralh 4ttét,ÿç-9:.Jl U^ÂbL,
li-À,;, â$; P ,)le 6;il1 Li-o.,.b 6:./l +n:ll 6.t-3 & i ùtS lil .1-21

:4@t l) o\-*.ll Ul.i .r!y'1 &1 dïi.Jl :;tJl ;§ i s3^À\ f-':*ll

:.

d oo,
a

= -COS dh

n.o

h
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âi

lgYl rLe;Jl

dr,t t =fro, O
fr.b t-9

.cdlrkt=-cos Y

k

i.d

1

{.

,r3r*rJl lU.r.a.rtnÇl ua cos/ 1 cosfl i cosa ù1

iiÿ, *,f ùl ùJ4
ÂJ!"r, i,*Jl c.'11;J.J1 Â*L)l dhkt

i<+Jt c^rl-il.r ,.rt-9:Jl .r){"L"

Ljt-ll ;J>\e ôl .a,b,c,d,§,7

it.q;"ü^. .*!)UJl #1 fl.!üJ 
i"tJl

qJq ii)\,Jl ô":..; -eJ'*, t:l-,
j;L*, 

ll*)üJl I'rÀe '-r"t :ll lt}ulJ
p z s ÿ y x rrLllr--Yl

-bô:b 
eâc-,t-Ç!l

g1r,.Cf ùé'- d.-r-l '+t'Jl
fr :j*Â fLJl 9--q.rLat/l

:l-9 aJrtJl ;/ tlJ .1 \:Ç

ii

cos'd+cos'P+cos2 y _h'd'r* *k'd'oo, * 1'd;0, 
=,=-i - b' ---

.rl

th'k'12
-:;- = ---T -r -:-T'T -1dï0, a' b' c-

1-10

:4 @t<t) ç-üt iJ:L"e

x

a/ h b / k a/ I
:;§-Jl ;* ij:lJl o'u .:jtS tle

f (* ,y,z )= Constant

;

a

1-2r J.<,:Jl

C cll

B

b/k

A

-50-



a11JFlrJl Z!:.iJ19 ùULr'LJl F.t

I'f h: k:
=-t +-l +

ab
.,^."."-.- X t ÿ 1z a3[teYl r, q.l!r!l eta5:Il ;"r-l d î,i ,tt Ot ;t

n-,ull ;.r-e ,-b-.ç#1 liÂ sl, ér-*, eù Lf ùJ<i ùl :# eUi5l ':..ljJl
:oLLy i5.:;Jl

À7

W l{n r ,)' +(r r b)' *(t r ")'

Qta)î+( k / b); +(t r c)rr

)"'
:ÿ ).a11-9 iJrtJl 4,"-r

!--k
L

n

i.d I (nt a a
drro 2

h

'lQ / a)' +(r r t)' n(t t "1')'
.-<i JÏ

:c.,Çl 63r !.âi ii)t Jl !-<! (çUl) JJI ,;!Xl itltlJ Ç:Jti .1

.i

p

h
cos y

a

k I
b

/
cos q

c

L
a

cos I L
a

l,

b

t
L

cos I cosy L
a

k
cos a cos )"

k

b
cos a

I+-
c

cosy I

I

b

L
C

I p cos d.
I

d 2
hk /'

I cos y cos

yl
p cosd

COS A

I

re Lr*-i ù-<4 ft*Jl ;',r*!l fL.l4 i-.,t.lt l-11 âJ.:tJlÇ2;* éJl l,+:ï.Jl .iÂr

.érrYl q-,ÂJl i'..Ià]>tJ a"rJtl

a+b +c a-all 1-ll UrtJt Q u""*:J{l çsL--l çty'Jl lt}JJ:,".*'Jl1 .2

:Q.rJôÉJ a=T=90o *Fs
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I :- h2 -k'- * o' 
= .......

d'ro, - a2 sin' P b' ac sin' P

I-;7-
ot*t

.....1-12

,) o=r= P=90' ) a*b *c çr-';:ftl'ill 6Jt çl-r!l îW +:Jq '3

:ÿ j*^11-12 àJrLJl é B =90' ,Y ü"-r* rT t-t1 iJ:tJl

.éU3 J+ td, u1,4- éJl 1-10 iJ'rlJl a-'li o'irr h=5.#.î
ilrtJl é o=y= p=90o t a=b *c çr,;:ç\)l qrJ-lJt rurr' *'Jtr '+

:ÿ ).at3 oÿpl iJr[Jl i) o=b L]i ÿ:1 t-tt

I h2+k2 {.2
----=- = ---:-*--;dio, a' c'

4 a -- y = /l =90o J ct =b =c oèri:ç-Jlt qtty'Jl çt-lilJ !ilJLJ '5

:ÿ )-et31-13 alrtJl Q'o=c LiÉ o"r rl t-t1;J:tJl

h2 +k2 +/2
2

a

-3cos2 a+2cost a

t-16
2
hk(

lgYl çteÀrl.

1-1 3

ilrtJl ai g=y= B+90" <120' 5 q=b =c o"*:l>tJt ît'hlJ +;JqJ '6
: Jte JeJr l-lr

I
-)dirt

(r' *k'z +( sin2 a+z(m+k/+/h)( )
cos' a -cos a

4 o= §=90",7=120o -t ct=b +c uar; ç-lLJl lthlJ q*llt1 lJÿlJ '7

:ÿ ).a-:1-11iJ:tJl

1 4 h2 +k2 +hk ^11'+-' ) ".'c'
ùl.al33 YlJ fJli'i'gf l if.r tJl9jJ t

(h,k,l,) *rr.".- *,0 \:lll t+,, UJI ..:ti)LJl ,;e ,P Ô1 ù*
:J1- ,/ dtiJl êJt ,frrlt ltlrJl Jl a"tJq (h,k,/,) s

d 3az

<.'l

I

1,," i

a'



,;.
B

4+»+ I 
-aatJ 

19 dit jUrLJ I fdê

cos0=

cos0=

cos0=

+/1/2+ktk2
......1-t7

ab

c
c4\( n:bs**1?+t
' c )\" o ' b z

:"ÿ )-all l-17 iJstJl 4 o =b =" ,ÿt; rJtt CelJ ÇrJtr.r
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Ct üÿ-l 1000 l,:.ç Cs* ùr--Ï ;r- Ü.5J

l-!-!- 
,-à rlt t* ,s.-13i.it*.t+ F , r,

,P:.-.-t ,r*i6"*-bijl JPI ü4)
a! ;r;,73"i1 iÇiJl ilr" Cf ir{;Jl .ruyl

ciâ ,il rJ,ü LJ é: L,<ll Llll ,rsît
4rrl l.r-lj Urll J:U; ÇLJl .:l.iyYl oj-o

*.;.4b isl ,gl ,Cl' iYl.r Csn L..a.t-l ;.ul./l +ll ,J,1Ur4l -tii.lJtjÂ ùr<i

.i.!; ;"t-.1 )A CsCl ;,. J.-ii ;.t-13

jI

r-:o,Ji*.ll

ù
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Ei

ç19ïl , tl-a.àJl

1-31J§i.Jl

,rtlt sJ; .r

er.* lt-r ,Ufl 3J; "r-r.,.

J.C-JI ÿy:4iY^, ;rrj-' i""^tJ

grtl Jl L=r!-, ilrt-^,.;Ji 
"§ 

Ù1 1-31

J.«"Jl t4l3; -tLi; "r-r go ùla3 -.,rrl
LJ,.rl;jJl Cf ô1 ;r g)\: ClJt
+y ;t131-Ulf U.-" §:'*a *l
l4i,àJ, éJl c.,l;j'lJ !*,Jq çiJ:' JSi"
iJ:^ll ..iJ-l; ù-' l-31 J'C-JI 6 ÿle:
,.nJUÂ râi ) .lJiJ .rlll tl.lb jlJr'

!r.

-1

;
r,"'

J.*.Jl y *.1§l ..b.ii i.t-13 6'1! U üt*;'r-eU ..rl! qJYl q§ -'1..-Y ocrt

i,lr"fL.:".l,.jr! dr t+.rrU.).§s rry3Yl f ; '-'<" K"-! C ryt,e,iJl ifu'Jl 'il

dl-Li .i<# Lur J.<1 t-" +++ (!t'r'r i57Ylj 000 eàtttJr'c 
6J-l'2

+-t'1

JL*:rl ùJ-6 ï--<ll ci .rlli S éLJUÀ.6--Y tQ 12 s tsl*-:.;ll 6.'l ;;i Js

000 Jal I i-U;; L.ol.u-l eJ-!i :;ç^làb f cc' 6t) U'Vÿ<./UI t#-;
J*Yl 4l,ii,.il-U.i (+4;b .!lrÉ iI^11) dr-!lJ(J"*Jl j 'b'5'- sl-É Z"àv)

I
U i Jur{ c-4jl ri;.,i1: J(.l.rl''}l-É iJ:^Il ;rjJl g. 6{' 

" iii *
i.; .)Li UUI o.;Q-ajl 4ÿs d,ul i,)\".4 u e)l ;vt'lt t t ] 'çt i'l- 6J>r

ùr<!- f .c.c, K#.J i+,:Jl i*j,--a.r:Çrô J.:4 ÿs F =0'3401 4J ii^dJl

.3.56A' ,,-. .rtll 6JA !-,(, * ôÿ ÔT'tii ô'ul3 ô1! i/ t'6'"ul

.r.e.*Àj c/Ul t* n\-b. ç#t"a*lr ÜJSJ'^Jlr ùv;t(Jl rrl.A-r

ZnS .!;tl +:1,1s é3 .4

crrt*,Yl ùt Ji O:4 q-,rll .!)Uiil ,)l Yl Ç,"U1 :#jJ e.,L*' .t§Jl li'o

d/ Y+ ^S c+/<Jl il4 Zn ;Ji LÂ ù1iJ:i .pi .r ù-É :#jJl l-r'o j Basis

:a)b) e))l âà';tl ,>)2'iJl ,-)e ',7Ül 4l*S ;6:'6't'* Ü2jS ;jt
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aitg$l i,:'.1t9ùbJJ{Jlf"J. ''

Zn 000
tI 1 1I0 -. -u -.-22'2 2 2

I_U
2

^ lll 133 313 331
" Tii 'izi'7i7'717
Zn ij:.p All n+r!:"1 ôJ->3 i.l, JS 4 ZnS o\f 4,ÿt oLr"' lj'o-e

i-ElJ 6,.-Lljl J.;'tJl g1t rl.r-a* ô-JL-:" rt-.11 ,Jrj S ol;! 6ttr ^tt= ùÉ
Urll ir- 

"[1Jj,;.-7j 
r.."-ot;.11 u,lyll Ut u k-Lèl LtlrJ ryt ù-Él qr!:rYl

d ii.dJl q+,ir§3 5.41A' r- dJ;rl r.#;J--e i*F * l* Ôl .4ilYl

'.,/Ul qJr 6.u3 p+> U é1 ZnS U ôJ>.e,*> ël 'i7,-*o

:#lj 4ZnS:#, o{.i1.:ll .Jl!l gr.r

CuCl, CuF, A gl,CdS, ZnS e, InA s, S iC

rl
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rlr'

,Iâÿl , L.â,4J1

arJrlr., a.cb ùüLd3

i'J^-Il *t Z>J Àl Jirt :Jl c;Çtr Ç Ollr'rlt i,,Jl, i,.Ut Üy^lt ürlT '1 i

J4r

Y

pa

a

r.ô2 $-$l

I

al
I
I
I
I
t
I
I

rt

;

1-32 J.*-Jf .r f- d e1ÿlKi-iJ,JrYf JkjYl a4:" rÿ x jl"r-)l j;lJ
' :üt-y uÿ"; x jl.r-)l f Lt * Atç./-Pl d,H i'LJl .,11 't+:-

lr, - r,1= a

.5..:*11 u*\tt* ùJ<*J r] *a:11 ..r"lJ Jy, .,,ç q! -n ,5't r['U lvÉ Ld
Jyi A A4ilJ\rtu ül .lz d--*.lt u/lJ Jy, dlJi5 o1';., tf -.!.: XY

,i +;qÂ<.-"1 # ÿirtJl ./P .Ç).Ét ",VL, 0 = 2 t I n Lsli

^+* è*";rl'Jl ?-P,Vÿ.0=2tln Lsl),»'; A 4+:*1J lves ù13

qrJ d-jlJ .;J+râ ;<*i -ttaj f) t 7, es3t L-t-:- L^ .r.r ii aA lS'"-'

ù-5r- eU{r .dt;rl * lr;- rll i;t*tt o§ .il ç-+i -t!.ijJl ,t Çtt' Lâ
:rJlLj iiLJl 'i^
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t!.

Z*JûJl 4++l-9 ùlJ9ûJl FLc

:r.c 6T p ùl il ,lf,'-î;l= po

:éyLi i.ilJl oi.o .-<j ùl A* ,f"dl J.*.Jl ù/

pa=a+2asin(?-" l2)=o(1 *2 cos0)

cosd=1-P rl
2

** iJ:tJl æ,f p üt ÉT -1 3p <3 .:r(:- -/ <cosd</ ùt5 Ur

Lri -l,0,1,3 dl tJt*. ùJ<i ùl

:.rL.t iir,"-. ü" ù<*::- li,o Jÿ* er,-l

iJl u' çxtc-Ï (§Il)n=2ttl0 0=2rln cos d p

: monad itl..c I -fold ;"t-l.e Ç 0,2 n I -1

I fu- 6 -fold ÇJl-,r-l.t- xl3 1/2 2

* €\' 4 -fold L':Jl- *rtr.r trl2 0 I

t .j)tj 3 -fotd çiJl- j)t 2nl3 - 1/2 2

+ (,JU 2 -fold +iil-,Jti îT
I J

üts lil .ord = +<1 IJ:LJJ I ,y )-ftr çe Cÿy.;i .>\rl dUly

fl.,,r .rtltJ .r,, .*J .+r!l r§-rî V\) I 6â.jJl ùlcil .2

'#l
4.,rJl ù* Y ,gT ,.,p:*, J<4 "rrt3, Y l,"r:p \tU KJ .LJ ifuJl ùr<J

# t'o, f-y t"-r:p etJS c* ùl U<4 '-r& o*r-,!l llr e.l5Ç- U éL,W
i.l; ir>-r g-r ôYl-e Â^Li:ll y-WU 1-33 J,*Jl Q Uy ["5;LL,JI :<r-tJJ

b*+r,\.*j J.*.Jt 6 ea:; u.I#l .JJl; i'<*i -ttô .r ;{J+ r*!-r

Âfu ü'JSJ iïl-#)l i-Jll ;.r--y âÉ|t-- -ÀÀ ô+r+l LlIl oi-o .:ll:i .it4:"

ry-Jl ;54 ;r-t^11 i<fjJr !6 Ô4 ôl ô)l .r*r .Jr!l €\)t Llt U \ÿtt
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.iri

lgfl r.teâl

kq,Jl i<.*Jl ôU .:lJ"r,r .;4r+l apl ;'i-,el aLCl 6;3'rJl Jl;:Jl ntL"r h
.'frs U r!, \ÿlt, K# c! at"eYl ;;s;

U.r!l K#Jt .^:,16:. .tl§ KrJ iLit J'<J ôJ>le ir'-; eli.r'Jrl ir;'r*'3
:I.ILJt

d=2.5(i{i.i) , 6=si t a=5î

eÇl"r--l ît-hJ :r+rl u)-e x ,y ,z .rL-oÇYt u7:'e ôJ->3 î 'i 't< Ot it

L.+|;ll i-$l ;.r--3 f+- ..-.^.-l Î;JrUl .i-À ilJ Ç U I U ''J'!:""

1c.,tr;fti i.its i5f l .r!,/l Âet4 ].1 'r1"1'" C u 'qJvYl qlll ôJ-ll

,#l
:.5; ül ù*

1{ ,

_1
L_

2
(si*si+sÊ)=

i,-);;lo1+ fJf é/iJâ gpr;u; ô ùl 44t' Ua3 'd'=s/t ':l 
!l

.r+r §; é ÇL;tl.rl ;ilr1

l(a *; *a')
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T

:JÂ i?rJâJl i^l-!t i'r'-e g+- ü1-r

V =a3 =53 =t25As
i-J.:- i.r--"r 

"§J 
ùt:l,.;a éLJ:i ,,aj êt ;;:^^i d q+JcJt aJtl 

'r'ÿ-r

ÇyYt LJrl r+- Jrç=-,L- ir-r Joji;"r-le ar; ellJ U'r!l qg'l t+

.62'5 A" ,91 .q'r-LLJI q't'l f'F- 'La

aàJ'lll a*i'tJl9 iilJiJ+Jl Éfê

,cosâ =

.\t to\,rrJl ,^ r+l §S é i sQ*! iits ot11ill i51 Ül

(nt< \ ç,;*tl ,*'Ur,;- t4l.4lnk/] 'r+Tl ùl i"<' 8JJJ' Üt2 d 'jl c+l '4

't+'-i ]- c,l)'t*
,J}t

:ii),\.^J! J-'ÿl iLâ Jl '/iYl (Ar \(riJl "l-' é1 ;-'-Jll d

hx +kY +b --0
:3l 6YJl U^ d +tl3i' te':' 6113

lx,y,-(hx +tY)t t')

i*.i r4*;; n+Ul lnt t) 'Ç!13 .llrlf 4+:I1 uÂ ;ç â i;t1l ü-É 
'

iiy,Jl JL"':-! ..ilj+ 'lm t) 't+!lr (ttk t) a

+ÿ +ÿÿ

Ai *rl **l)@1 +, ^ .-l

i +* i) )

:ta53 ül ù*

cosâ =
hx +ky -( hx +ky

h2 +k' +(.' hx +ky)' lt''*y'*(
6 =90' ôil

.(hk (.),f$l ,ÿ ,âr* lm t'] 't*!l 'll ô* t\

-71 -

u

l!. -0

j,

:,



;:;

ç æl; çt io-* â i,Jlrl ."*l 'lJ§.r e+71Y11 êt yl !-'<lt :-sli
.Üt- Js

:Êl

:na.eYl t'; ,-Jlr :#.i i d,6 ,d sbt+l .-É ar uJ ùS4 1-24 )§-il| y

Itotltlottl:lttol
:Ârÿ,Jt d : d O:*VYI ;ry q-el;Jl )a':

tT

;
I

I
,i,,"'2

+ÿ ,v +ÿÿ w
6cos

u

@i *, i +w i)@: +v +w 2

lx0+lxl+0xl I

2 2
) ;

cosâ =

éu*-r

:.)il

t +t +0)(o +l +l)
.6 =60" bll

:or,,-J-r F.l t* J a,Ë,6 .rtoÇl ùJ<i 1-28 J"*'jl i/ ki *-rlJtr-r

2

Irîtl
cosâ =

J I el Itu)
I I +lxl+ -1 xl I

3

)

(t +t +t )(l +l +l )
(c^[$1 Jrl.ra U) 6=]09o27'

:-(, #r1.lt r+t §S *'* #-i r,,. JtÂ5y" oe*,'t.,"'tlt ;r5; 's:'e '6

ia.rr ü.rr.l c.J .g.r.!l iits !j .,"..^-t .l180 K i.1..2> &tlr e tarll ;5./
.oJ.r düJ)t i.1tr-

,,yl

-p ;t-Nl üK ,.r!.i".r,.; F ;ir^il !j Ül 'i;

1a



a:.

ajJ3ûJla*+lj ùb3'l+l flJ. -

Ç.";Jtr 4! Fu"" =*, ol ,*+l ;S;.--«ff i-r^dJl q; Ot .i7,ü

'1 " = ,+:or na-rYt 'Érr :^^ilJ

:élJ*.r

Pb,, - !!n =3 
Jî 

=0.92pfcc F.r"" 8

f L r ùl{+t ./-'rl ,hi iiLJl *r V .3.56A' ÿ r'"tll ;.2rJq.-,t ÿ é*.1
Îf+Il ôJ-J.rl;JJl r'tr

:J}l

J-Yl it; dl fcc tS-*J,.oa-rYl §t'{S-,j# UVy.rül r*5i -r+

,uL L-t-tr 6r->i I ,*t,000 LL&YI Àu; dl eu; r.e Cÿ ïii ,)

:,-,u; 6Jl3 roi)l 
" iii éJi 1000 ;r3 ür ijtJl . [1/1]

,j L,<ll i:l-ll ë ç.Wl Jrul J4 D ùl 3l / =1",

=!-x1.732 x3.56 A" = 1.541A' ,

4

:ra aeeYl rf f q* i<*^i,J.all ;"r-rl .rllJl r-rr

.rlljJl rJ-e =tr=4-o{' - 0.08866A'-' =0.8866 xl023cm-3
(t' 3.56'

.fq.j'l ,"t--rJ

-,"ft âJ--, .rllilt :"r.c ô3,Çr iç,Ll;:" fcc ç# 4J u.Ul :#; Ùt5 UJ

:Y^.rU

2 x0.8866 x1023 = 1.7732 x1023 I cm3

t = T{J|,)

i

1
I

- tJ-



slgYl .J,a;Jt

arb 34;1.i39 Zÿ-i

.q!l-,r-Uâ. Clr-r, ÜV tÊ Liill ;r-rUl :J>\:"1 ç'r'r.- !-rU* ÿr '1

.Jrïdl ':J.,oll t6(lu éJl JitdJl ÿlbJ uJtll fl;)t;;t '2

6rl ,4:!-, ,jlr o)L ' .J"U ts.," ..Jl'{ ï"'(" llÛr Ù§ tl 'rt'tl;-ll g-'rl '3

\-b c.,t;* r.:*,y L#:*r gb- C,,>\-j 'ÇS;3t'* r:-' 'Ç1! 19t+

.q:A ):U ,a* B 61'J'îLd!

éJl iiJ:;Jl 
"|-3tJl 

fV ÿ: ';:#1 d JitdJl ,'et-';:r'aÀt ÿ ç Ù't '4

.q, -, .-Jlr ,-è1, Ç - n ô\»t t-f ,* Üt 'Llll ;-,:Ul tÂr&El

.Lç-. e"r-13 Cy'l fiJlill t^,'È éJl Jt'ajYl 
"ljttJl 

,*b,lV '5

ô.rzj ù§ Jê .iÇ'i.ll i.J- ôr>-r ir"'qJ-,Yl all U-rYl q,i'l ;'r-r .lr -x '6

ér*)t;,,3.{,iJr 
"h-uJl 

J.*.Jl r^ u ùÉ | lil §L*b C-b çjlv- q'l}l

§;JrYl ql.*.l ,J" t""t"Urjl qlÈl t"r* J-âir liu fql,

;:-e'-7./l .rt-.lt ell 'Vy" 
ç.,A #, = ü'L-T + i'('*t :iilull u>\'Jt ÿl '7

:r ii>\'Jl ti^ ,-i

*-f s,L^.,i üi: Îi-1illl 4'.è i<r"l'Jlr i{}lrt i<+Jl }- c^a9 ç'tJl t" '8

.1S +Sl+ 6.Ul J-tJl tÉ bl .t:u *r-,Yl !-plrl .jl:t+U l,..J i"'UjYl

.;.r.çüJl if -is.a;)l ôf .t *\.rlr-* ).rr Ç!'il î* - 
Ü: '9

1;1rÇl o\i:*- J# ,J Jv .:)\"1'" 6e'" I t" '10

(tto) , (tot) u (oot) t (oto) t(too) ..ru.e:Jt *vr L^Lr g*'rl'11
..-,t ÂJ, 6J-y é (1l l) J

q,<, ;1r! .:*Jl o-.,}J ;|a 'r>\"t"" ;tl '12

.(ooI) e (oot) : (oîo) u @to) u (îoo)' (too) :';lll

.1
,l
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ii.

aâJûJ I a*i'J lj ùl.;iiLJ I FlÊ

c-iU ç--+t é;:--É Â-Ji ir-v y* f t;1i3 L-elj;ri,-ti iiLJl "t'7'13

n ={(", J1)' *(r r z7'\"' :.rll,y a;"r'eL*''s'e6 A' t{:tu

.5.162A":ul3f,l

:^-É i.-E ;'r-'y qs LJ f I e;;!3 ô.r-ctiJl .r,-c i';lj ;-,i .*t iiLJl 't7 '14

:;r.-:Jl J+ "i 
;-r.ot*. .6.38A' u(*-'! g 't'ï +_î-e!l #;

orJl)'+o'(.{-

7'814 A' :.,r1;{l

is-i:e (cr) Li',*Jl ç-lll (o) ;r JS qlr;.r-3J {.rlljJl :Jç !--'-l'15

F.l *x ÿtr.tçç, f-,É (d) r+t f;.-,<" i<,* (c) *rlt
;r-, l3r<jl ol;! r.t--c.r---l !,(,. q|l !*,Jti 2.88A' 4)"à Jrl ,*+l

.;.,r.;Â,Jl g+-

.8.372 x1022 cm-3 (d) 2(c) t(r) 1(a) :.:\ll

éÿ 
-1 

.7.9gm lcm3 o;i1:51 56 €.,'r-Jt c.1; 

"-1-l 
-is.J:"'i -t.,,"t'-'16

, 2 x56
,.u- .D =-------;:-' 6.02 xl0" iÊll ,y é;.r.e1r"""" yltl 4J,;-t-l &

a = 2.866 xl0-8 cm :ol3fl

irti i.:.*.;r-* C {tzs\ .o {ttt} .rty; *;t5* é'r7
, {t t t\ = (1 I 1),(t rT),(ît1 ) :ul}l
. {t zs} = (t zs),(t zs),(t zs),(t z1)

r 1,.*r :^^i ;r-il d {t zs\ t {t t t\ t \t to\ j {too} .}l ..rti é** é .18

:t:l2fl

),(o t o ),(o t o),(oo t ),(ooî)

),(tfo),(r to) narattet to z- axis

,(0, ) pcu"allelto x-rxis

, @n) pctrallel 1o y-cxis
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(ol t)
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ii.

lgfl $r.a.alt

{t t r} = (t t r) ,(Tt t),(tlt) ,(n,),(t tT) ,(Ttî) ,(, , ) ,(m)

{t zs\ = (123) ,(Tzs) ,(tîs),(t z1)

(tOO) :.r$,."*u rJ." c.,)\"1* ,'*,Jl §/i" .v)\"1-" d Pi*'l6'tJl t," '19

^-r*!.r!yJl i1'.i i;!l iitJl ..,t- -- a-ft .+ q,É ;1§ (t 10) 3

.1.d, c^La- 6Jl iJ:tJl dJl fi<#Jl .:,t! i!!'1 i-(";rrJq d J." "rt3"-"

ab o\i;-* aa3l .;t-LiT ,(b) ..U, rvr) d,Ë,â ota.7:" :(a) 'r>\"t'" 'lir'20
.l/Jl .ruit* ;t:' (d) i-,5*;,,r1 a{ ,§-)4lJelJt :(c) 'ca s b's

q,t;'1r! 
"l- 

,§-wl

:-rl;{l

:lt ool,lo t ol,loo t)

:lr tol,lor t),ltotl
:lt r tl
:ltttl,lltt)ltTtlllTt)ltt,)ltîTl[rtr]pz-l

llzt) ,>t*l.J!t .*,.1 c!.r'l*ÿ luvw).1+!l 7t olxJ; ü*a '21

lzst):
oj-o;, 4-,1 .JJr »u K'-r,J @kt) .r!-*J d 4t a'LJl ii>l' ës:'22

i

i

I

:

i

(r)

(b)

(.)

(d)

uiYl i<'*Jl

:üt-,y ,r-h,u (hk t) .rtg:*l d

i-Jti.Jl t--r'".^Il ;fu-Jl i-Jt- é I l d

#l ,-f.g ll .rti)LJl ii)\,Jl

i.+Jl iiL-ll ül .JT.23
2 =hz la2 +k2 lb2 +(.2 lc2

h2 +k2 +(.2 J

ÿ-r,F UÇ.rÿ,L,.:13 i-si ôt-.]:J d,,, J d,,o i*Jl iitJl ùl ':"Îl'24
.+t*Jl &oJT 3 a$ i a

;r9J1 d (h,k,{,) o (t,,tt,l,) ot-*Jl .Jr rrJl * 0 ôJlrl :i)te o3r'25

'€\)t;-,rUl ç[Et t-Ut iiy'Jl 'b'i:-l ..lJ§-r Ltu q*'
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; sl+l z.ÿJtjÉ,l:rryl Flc

(010) , (too) :i-,t;Jrl* i-rtrl a73)l dr;Y q#l 
+11 

l*lrlj t"'>t'26

(tît) , (t t l) t
. 0 -- 90' ;70' j2 ' :9t3{l

du qf lU;,J lu,v,w 2) s lu,v,w,] arÇyr .-41 â t-jljl üy' isst'Zl

#l1l ClJl ît-trJl irÉ4 t" liy'Jl oi^ i/ 'E::-l

l|.uüj [/1 1) : ltoo] i"., r lt to) 
' ltoo] .rL-oÇ!l .lr..| .+rlJl Y* --1 '28
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