
X-rs ore t elecromagnehc waves bka óridi nary ight , the Shtld exhibit nteyference ond difsactin. The wavelength af y-rys in of the order of 1 So hat as Ordinary devites such a ruledditoctien 9sakings do not produte oba ar yable effacs a-vas. n )912, 
bhermamPsiist LLaue Sugaeskd tha a crystal which Cowoisted f 
Thresdimandiona orray t regdarh Apaued adoms cos 
Ser ve he purpose of ahing. The cyystal difers from the 

Oyoinary graling n: the Sanse that he tracting eentres m the 
Crystal are not m One plame. Hence the crystal acrs an a pan 
gratng Pathr han a plane aatina 
On the suggesion o aue, his aPOOÅales, t riedrich and Knipping Sue ceeded m Hsachieng vays by pamina thm hrough a thin Cryst al of Zine lblande, The aiTracion paBern obBained ovoish Of a ce ntra pot amd O A2ries s Spos arsang d m ente pot 2n aloow ee ral spot. Tus Symn etrical pattern f SDots i Knoun A -Que pateTn eað amd poes thu X-rams are electromagnelic radiotion. A Stnple inter pre tatiom othe ditfoachionpotern Was givem oy N.L. Bragg. Accoyding to him, the Spots ar2 roduced due to the re Hection ot dome of incident x- rays from the Vorioua Sels of parallel cryttal planes which Contain a lasne num ber d atom S 

Fig03) 

Brags'sLaw 
Cansider a ay PA reflectad at atom A n the direction AR om phne 

1 ara amolher ray QB reflect-e at another okom B thedirechien 
Bs. Nou foom the alom A, draw tard nosmals Ac and AD On &B and BS Tedpechi vdyThe tuD retleeked Ya% riu be in phan or atof ophaae detp anding on the pat dernnce. Shon tho pal dilfexenae lcB BD)in aJhblu wavelenath rmuli ple ashde ave [engh (nA), nen the tso raus wil peinforce 2ach other n produce am mtense spot Ths CndiHm reintorcemeut



BB 11 
From iq (1) CBPp in 

lan Wherc anetr 9le, ehe ra beween ma 1do nl go and 

fleri 
Jherc-fos .ASinn (1 

Cnore d is te Inderyktnr Spmng. a m, 2, 3 Aads or 
ir Sernd matna epechive. Eap ) io kng m a 

maa ad, ie nont direeliong in ashich mtensn m omima i n 
d iile vent values 0, ie 

Stne r ma 

Sin 0,2 
2 

2ha man 

So on. 
The in hc nai o reflected X- ras decranina gradmalh aa he dedup o 

Thwo e sehat shen a beam 6 moncchromahic x-7aus alls bn Cystal, eatk akom becomes a oouee of Aatesing Tadiakionj. 
eeinad Scoterina of -Tays trom then planes can be loked wpen 2 Teffecions rom these plànes. Generally tha Braga Scakering in Teg ardd 2 Braa veflecion. 

aprod Lotice 
diftrai on o-vys Occurs tom varioua uls of paralsl 

lan adiferent orientakions ad tnterp hanar spaings. h 
Cep tain S/Fuaboms involving ha areaence ditferent Sefs paiall 

it dieqet ionbatins , it besomen difficnt- to isualno a 

Ovplame becauns hr two imerpionad nnkure. "The problem 
wan inphid byP.P. E wald by devloping a new bpe d lathice 
Kngon a recrro Cad laH 100, Tho idea underlyro the deVlap-m wactho 2ach act of paralel ianes could be rebresenhed by anoxnal to fhese planes havirg i length equal to tha cciprces indes ponan founq J etion of eath noyrnal rejoronens 
sns onal to h aeupsocal es pkanar spau ra 

wl re{erenee to ang aatoihrcug o 
The norrnals are draon 
Andhenb ane narkod heur ond. Thece Points korm a reuar ar rangom t LSha ck oauodareeprocal latice. 



A reciprocal lalfice Voctors , Uin dokjned an a va tor horirg 

mag nt yde equcal to he rociprocal o he interplanar paung 
d Ond direcion Coincicding uh norma to he Chul) panes. 
Thu. we have 

hk 
(here N the ut vet or normal to the hkl) pan@s.ln fat 
a vect drom fr om lhe on to amg poirt i the reciprocul 

ahic Vectar. 
ike a direct latice 

, a re ciprocol latjce cadno han a unit eel 
Ohieh o The oYm of a parallelopiped. The Unit cel! n tym e bX the shortest nor nals along the three dire cions, î.e.almg the nor mals to the plon es (100), "(o10) Omd (oo). These nosmals p'oduce reiproco lothice vecurS desiganated a Tio0 o1 ncd o hik reprerent tha fwndamertal neciprocal atice væctors Lot a b and 
 be the primitive 
+ranslahionad Vaekos of tie direch latke as Shoum im (20. The aae f a wit cel ormed by vectrs B amd and 

Uks height a eayn to <n The Voume 
of he cel in 

(I0O) 

V= areAN joo 

Ovsea 

V 
tig 20) 

V 9n vectos fum 

R.(B) 
Deno hng ti funcamerdal reapro cal vactors e0, oo and T by "E ad **eopeci velly n) 

=bxe 
(d) 

S .(2) (2) Sims ls 

a(xe) 
som 24n (2), w2 hawe, a normal to band 

noma a a 

nymal aad 



n Vechr Moahons , k means 

.C0 .-0 (3) 

.o B-o 

Stmi lava.a .h- ".-1 

ACsta lahice in a ladfice m rea r ovdinary spoui.e 
the spaet dehinod by At Co -rdinaten, Whare as a roiprecol 
lathice n a lalticè m Ahs rectprocal paoe amoiaes 
K- Spae Fouier Spae. The tuomoahion laioe ve chr T 
iveh by 

( 
here , n,nz are integars. Similory, reaproca laHce Vechns dcfinad an 

G= ha + kb+Le 
a h,k,l ore ntegers. 

Sema gthar booKs an ) nol)wnte a 

a.a *- C.e2 2 

2 de 
a(y) 

Omo 

= 21T 

a(E2) 

ecaproco) lalieeBo SC lalkieet 
Theprimitve translahon Vectors o a Aimple eubic 1akce ma be Written an 

-aî,b-a.d- ak 
Volune o tha Ainple cubic unut tel= a. (Ec) 

= a- 

USing ean ?), hs s2ci proCal adice vectors to he Se lodhe Ore obtned 

=21_B»21 ajrak 
a(D) 3 

Simlonlg, = 
amd 21 

Ean ) ndicati hot al thethre recprocal lathce. veckors re 
eQnal m magiude ashich mean that the reeiro cal aice 

e lattice in ani simple culo ic bt wih laie uptant 2T 



Kapro co lollice 4o BCC laice 

he prirytive tramslaion Vec torsof a bodm- centseet cubic laltice søa 
Shoon m a ev, are 

C-) 
B -2 (-i+j2)7 0 
-

2 

Y 
Shere o n h Aength of t eube 

edae amd ,d ad are thu hogomal 
wit ector's alng culot edges. The 
Voluwne af ths primiive cetio gienby 

V a'. (bxT) 

1)- eijani-i]} Figen 

2. 

USina eqn) , thi re pso taA latice vectors a obtain2ol v 

a.(h) 

Sirilar (01) 
a(ChE) 

C= 2T _ 
.(B) 

As wtl be seen foter, heAs are ke prini hve translahion 

a(R) 

vectors of an clatice, Thwa the reciprocal lati ce to 

a bcc hatiee m fcc lathiee, 

Reciprocal latice to F CClaHce 

he pri mitive tns lahon Vectors 

an fee latice, aa shom n fa (2) 

a i+) 

k) 

Volume o khe pri 7mhve (el 

akD) = g9) ha 
g-3):(.-1) x 

ig 22) 



Fram eqn ), he primifve framslahom Ueobor3 hreciproal alice are ootcined a 

=2TT xc -1) 2T 

Sarmilanly 2 2) a-t-34A) 
2t 

(Ee)
( ) 2 Ci-3+) 

and 

Crousrinaeqn(3) und egn(o), We tind thot thesa are t 
rimiive anslaion Vactors of a bec lattice havina-leng of the cube edge as 2. 
Thus he recipTOCal ladtice to an fec laice is a beclalkice. 

Brags laud im Koipooal lathice 
ThBraags eractioh eolktio 

<Refle esm 
Plan 



Bra2a's La m Kecaprocal lakiee 

Braa ns lad sf x-may tfeacie 
Con beOMprEoed na relakiom 

beween vectors a the reciproco 
aice. - (h ) 

n fa-(23) Ao h a veekor levngth 
in the direction indodent x-va 
beam amd temi mates h osigin 

0 d thu recipaotal lattice, Wi} A ao 

the ecnte We dran sphee Taluo 1A6|=} hict inter seck 
Fia 23) 

one paint B h eiproca) laice 

The Co-ovdinates of B i (k,k, I) which may have a highesB 

Common jach n ie. h'- nh, v» nk, i=nl , AShure h,kl have 
Comnon fackr ma. oB nen repreaenhs a vector goi nin9 og 

Oof he reipracal atice and B(h,KA), os thur fore , muB 
be normal to h plar (KKL) and ergk 

Frem ike fa(23), 4AOB,
OB= 2xOE = 2 OA Sind =2- Sinf 

2. Sine 

dhA 
, 2Sm= na 

Vector form ot Bragst law- 

e the actors Ao', o'B and A' be 
the magni iad foam by a matant facrr 

2T A that A'd = 2T (04) , os - n(08) 

nd A'B= 2T (B) 

Fia24 Since OA = 
.' Ao'- zT Com Teprerent the Wave vector k by Veehr 

AoThem 0' a re proca ve t G 

Nos fw thu triangl Kuud c Vecton, AB' A O'g' 

-(-3)- (R+z) 
. K 2R.G+G 



Since k So 
(3 

R+6=O1 

Th io k Vectoram Brogas laus ond uaed n the lrnsruwia 

o the B rillouin ones 

4) 

Thin Shawt tha 
Scatesina, ckangeo te irechion o k not chauge 

maitde wRe Vecor. 

incialert wave 
)Tha Scatered Wave dtrs7oo 

b areu prouls labtice Veck G 

Brllon Zanes 
A Bxillon 2ome in the locw of all those k-vadues m the 

reaprocal lattce shich oare Brogr Teflectedl. 

Wecowaruct he Brilloin Zore for a Ampi quaselatice o Sides o The priihve trans lakion vectorS his Jatics 
a- ai a 

The CorT eop ondung translahon Va ckor m ecproco \stTice 

ar 

here rce, tu reciprocal ajee Vacfor ia Written ad 

G K) Shee b, one mteqen 
The Weve Vaetor =ki + k 
N frm Braga ndi kon 

2 G 

a 

(5 
Tha k vakuas Skich are Brag7 reflected are obBuined 
by Cowideri ng a possibl2 inaims of h and k, 



For h A| md V tn N (nn, md 

Also, J hzo ame 

1 

Figks K- 

K amal ara plo Hed n fia (25). The sauane 

bounded loy thonu ineo ame ist Brillouin Eon. 
Sn ad itim to hio Set of nes, Sorne cther Setoj nes on 
alno possi ble ieh akinbr l qn G). Foz 21ample., 

h= and K= a, I aqn (5) qives 1he follo wirg set Jou 

ines 6) 

Adeitional araa imcl udlac bytkrt e 2 la ha. Szurnd 

brllown tome and s n 

he beumdaries of ti Brllown Zonøo Tepreaovk a Joa 

THka K- volits aJkich ame bragz refected and mon be 

Crualclufed an retecti planen. Bowndarie, is+ 

Zon retrepent h refledhng planes Rs 4st arder thole 
Rt Se t9nd z rereaethe refl2china plames rr 
I 2nd ardr, and So omA K- Viactor thnnt ddesnot tervnina 

alo zona boundaryamnot produte Broaq re }lediom.Thw 

rillon Zone pot2rn can be emplo ued to de lerine 
he X-ay dcooiom paMed 1 ta Cys and ice Vrda. 
tha 

The i Mown z71es -frr a fhree - dimensipnal euloj ca 
attte ome Ceshr uded Vaing th wralisee 24uphiom 

T i) .. (7) Csheye o m th gth uoe edge, 



Atomic Scalering hutor an prm aukay- 
o far tc diseunace Mma ditacrion comdi tioms wieh ae Scalenp 

i a Aau kathce. si ee. an O-ras rn a laMice po1nt 

elecaon i tha Amallesl Scattexing certre , th dirtfracHe 

be appicalole to a lattice in shict Condi Hons twould ideally 
every odtie point n oceupied * am electrom. Thia io me ever 
aetua Aihnaioh. attkee potnhs ame occ upraek by atoms 
tWhich ma Certaun numbey of eledronS. Also,X-T 

rom diteret porhons of an ofom are not in hase Thu the ampli tude of adiahion dcatlered by a Single atom ot necensarily 29ual to the produch ofthe mplitude of radiahon Scalese d by a Sihgle eletrn electrons pTerent ths alom. H The atomic Seatering autor or form faclor, 1, describes 

Scatere 

nd the mumber 

the Atatering Powe by a ainae atom to the Aate Power of a Ainle electron amd s given by ampi tude oradiakion Acateredt trom anàhom amblitude of radiakim Scoktered from an elechan To Codelob We Consider Om atom Containing elects ons 
artamged m a Speher�cal Symnehrit congurotion 
around ks cenre thieh n 
taken as origin. Let oe 
the adiun of he atom amd 

Fi9.p6) r) The charg2 cdenal at a poit r. 

Cowaaderiro O nall volume element dy a he char locolod at n f(r) dy. Ke first owaide the Scalt eving rom he charge f(r) dw amd am eleckrom locateel ak th Oriin. 9 m md n °epresent he direchons of the incident amd Scatered beam nespecivel as ah oLJw m 6). The phaaL ditterere baaen tka ave Seohered rom the choae f(r) dw 

CJhare N he Seteing norm. Lel SeaAerina amplitude toom the aherge oint ele ehron n irechi 
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910omericalrucure Facdor 
The wtensit o4 the - vy beam diffva thed from a cryskal 
dOpend s ubon the Conde nle othe mit ce), 1.e., On thu number,Lyre and distibion 0f atoms mvead itin Aha cel. The phana. of he Sealtered X-ays fran Jrfaremt adoms may aho difer. T nd o mexpraoim for he geomeBrita shruchuwe jotler(s). let the nuclews oft adom by at r 2iven 

hec j, Vi andwTepreaent the o-ordi nates o} áth atom Ttotal Scaftering ampitud F (6 K2) m *ven 9 
e 

i ) 
whene the atomic Scalteving factor fos he th atom, ¢, do 
Ephat eena between the Scatered radidhon frem alow 
and olechen respe cinl 
hurer F(h) e 2T (gha 9, ke t) 

3 
Fridanical atems , all he S have hn aa valuu 1.Thuw, 4 (3) 2ive a 

F (h Kt) = fS 

Shae 

oeulla Th geomehrital 3truetuse tautor 
Net. mtewi Yadiakien iven by 

I= IF FaF* 

Gieomeri tal Arutureato» r Some Simplu�mtals (5 
() Simble tuloic (s) (rsral 

Sn SC coyslal the c{{e ckive umberr at aloms wnit cell Jo eru hiela lien at h rgin nem Sruohre astr rm 2q) We hae in Thun tr total difvoeHom ambiude from ean ) F(hk)f Hence all h efoachon Rines predieted b Brams las wiA appeas m h dafr oth on pottesn. pabteTn 



Bndy Centyed cueic (BCc) Cxystol 
A hody- < entaud cloic Cemhains tro atomg per mut cell. The 

Condsib wions trom A Corner- atoms qive rise to oneolom 
wd othos ibuated ak a centre o unit ced.95 
-vdi naiow Co-ordi nateo of the corner akom (09.0) hen the o-67 fdirnates s cenral aom o (4). Sinee oo ho atoms are idenkial tsam 2qw e hae 

F(hk) = f5 i(gh + yka ug) 

(6 = 1+ e" (hrk+l)7 
tan evideut fram 2qn6), thot he qeomerial Sthuctuse. 
fachr be comus Zevo for odd Valuws t {eK (h« ke), Since 

TT 
ni odd, 9f (h+ k+1) in even, tum F(hki) = 2 

nd mtenorty tram 2q G) m 4{. Thuo, the reflechen rom (100), (1u), e1o)* plames et. are msSin mad *hose from 
(1D), (200), eFc ame prrset n Belaice. IH ioto be noted Hhot ha prenenee rabsence of a reflecHon Cewsidexad ony î'n terms ot irst order refle cibn ) fae Centyed Cuoic (Fc) (xystal 
Afaes terhred Cloit Crystal han tour atoms per un c all the Co-ordinaten of a Lor ney atom be (b0o), then he vemaining three atoms of tu unit eel hwe 
the Co-ordi nakos (04), (4}o), (o) Then tne drockm ampli hude be tames 

E Chk)= 1+ e"h+, M (h*9,(k). . 
Thu,we nole from eqn ) -Ihot F(&ki) w non zero, Wa non zero, when h,k, are al RMm rd all o dd. Thwretre reflecH ns tron (I1), (2o0), (220) are preatnt bt those from 100),uo) 

b thoSe rom 1o0),t) (211) ome alonen, 
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