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The Discovery of X ray and Origin
of Crystallography

AAA
unil flfl5*q,

orLri6frvarnuarafirrtnnoix6'lrurnruruzarzaluirdixorua.rurrrir.iolururiuosr'l::u v,lifuurnr:
oirurvrnluladfirn'srzio.rri'uzarufiluaylaryruarudrluud}J{ar:ar:rlan-a'ly (Tipler,1ss6) o1r}r
drrJ"r0rirlauolrrJ.ro{r firfiodura.rqr o::lzr6zo.:r.rdnro'a':zuro"luqf (large single crystal) orEr orr ariou

hirdalaara odr.rl:6orroourdruu:n aruu-6rErlo:.rai,uzorza.rr,6.r,iei.,dti,tlud,;.i"i"udu,8o orio,
n:rfrirfion'r:ri'unui'rf,ranri n'r:rirftfirond[rll:;sncib'v-rlo:.raixz o'rz or ufi{lurvsiuo anr n n ara rflu
n"ugruairr,riunr:ncuu-rrvrnlulaEaris'l ri f,oou-lnrasrioirud'lo":-unr:wiorurrirua-rz-nrd.r'lun {rirr
ilSndrrzuulurifrfido'ir "t!6nirari{firand " 'llurorrrudlvniirr6'rnr:ciuwuisfiranri uaynrliri,rdranri
dlfil:;e n o"ldyrlo:.r a ir.rz o.rz ol ufird fiIo:.r airr rfl ur.r 6n wo fri rzrl

nr:siur'.ruzalrtuoirnu(Rontgen's Discovery)
lurixoiry a-.rz o,roi ao'oqr::ufi rg rinfl f,ndoiurulrn rir a-.: qr'usi':rir.r nr:d nurir d uolno

(cathode ray) €i'rrilui.:ddrd.rn"uruirao rinflindruailfudnr+ralrifisirr 1 zarru-uluuara 1 oiru log
tqllrcadr{0{tfiovrfaq6ri'jrildunlrorfluarlnrouiaoaruuriruSnlvlflr a r ri6 rda r oiu rfl u d r:r t n-u 6.jr
i.rfizfiofi 16urr,rrflu rd'uo:.: rdon:rru6'r d.r6ozrrsu6otia.: uouov'hinrnzalrrrorfrour:arn luzir,:
rlarsniaoioo:::sd rs riJud :vindiroiri.rduolvrosi'rnci-nr.rnqrondulorar:oi-rt 1 loairu ra:6'o:'r
n'r:oon6uirduolmodo:rilurJfrnroornfiuriuor-nrsirrrYndfiuiorsud;ru,n"ird 0.r}ln.jrriuti.ruu

' tonltldltnmli aJ nlaiznil?nd n tinutafiai uutintniaintsa
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nr: ei'u vrr i.r 6 ra ndua r

ri-r rfi o r.,r 6 nirn er i{ d la n{

6n'jrar:sir$/rnuri'rvioordnzordr:rxatjr.rrdan::munlildrrolrottd'rEvt eftsald':oq'tudr'rfimrr.rat16u'td

nruu1un15fi fi daGanirnr:rrrudruSov,lqoair:arzud1fl uorescence)

luflo.et. r sgo nali'u(J.J. Thomson) 'loirrao.r'hirfiurflufirh:ind ru rrrimarfratnruSoiiir i'ri
runlnourido3.ruii'rrl:rnauoiraoqnrndrfilrazu-rordnrta:i :;Xat Ioazurol':aza.:riu :;Nrru rzraoo

rrhza.:ovsrorfifizu',orf,ndaodr66oa"srarulalo:nu oiolnalofiti(J. ston"y;'loirauaoY.riiaarlnrnd'.rnairljr

"616no:au" 6'ltfl 16 on'1oi:-r.,nr:a olfu ua:ldriur{ oarrrou 6 : r1o1riu tufl n.o.rgro fiaa-rtnu

(R. Millikan) rudur.racirtio'lunr:vrrirrJrrozatit6no:autiiuoutr:n Iouoroaqonoaa'rdrzldirjdu l
or:ro ao'rfi'fid a rda.rrrn j'o-nriuluur:J "nrtYtooo'i arri",rir" 1oit - orop exPeriment) d'riodufi

urrinardaSo-rlolUniversity of Chicago) ruanrrvroaal'toi'eirrJ:;laol6tinor:aufi.rrfludao iuliu't!

fll1riu6a a.aoaxto 'o esu u5a l.ootxto " C
luri'xqqiauza.riJo.o. tass ifnilSn.i::ouorao:ror:tinur4ilza{rlurilara-s-rturin(universitl

of Wurzburg)ur,isuo{uurrrrirJ 'tursatril]do r3lailnu(Wilhelm Conrad Rontgen) rz-tlsiairlvaao,

i,rdurrlfloloayaaori'.rneirrqntlodor:5n#l d.roirsncio{n:vorurt{{ lrayl'l'rtr.e{un''ti odosrdadnuri'rfi

ruofuolluisirs t lirfluadr.r6 oi.:'lojrotrirnr:noaollutixqqlturrrra:qgluhiirsfirira'.rovrr6l n'j.

nrrnoaaloirll fioi.r'loliorrunruqnanrinloadurfii tdallrnrfialiuqoi orritt:nzal16 auflqflin1a!

lzixtiuqqvurr;6firnqnr:oi :rr.ra-rodl*ioroflurfiodl ntilr6arlnn{'rdru-rriloro4arrfia"lfrfioa'-ri.rfr

uolvro(rillrix t adr,:lrioiardar) ornfi.raixorn zuinuuGaruar6lultur'tuoifim-r{ri-r{ornr.raooi'lf,

ruahonaaror:o;6oruaraanlrrno*rdr-th,ei a'r riju n'r8'o udr a'r u iu ri u qit n u'ir n-r:6 al ![d{z a { ar r

6'rncirrfild'rfioorni.rduolrolouor{ ri.:drda.rornS'rdunlvro'triaroslrvrvar.i-ruatf{ aao 3ancioin:vorrr

n'o:ar.rna ao o onltls-rorn'ld urio:m;a aonhilsirir.rfihilo"trilna rd o.rorni.rdrrnlnoqnqon6u'trii-rtr

ruriuoiar nr o i.r fiuoln o fi alrr v qlrJki'rfi a.tS n rio a ryir du losnr:roao{a€jr{siarfiolrra::toFrriu"loitraor
"ldrfi u'ir nr:6a.r ua.rd.r n rirrriu i uy ei lrirrfio lror ndruz a.r uri'rd.r rfll or eirj:v n atz a': u a aon:t oir ttutilfi

irf,uolmoonn:rvru nr:nr: u:crair{i.rdi.rduolrorituri'rrialdrfroirFtfioudr6.:rduvrrsriiurduo:.r
(trinrylza.tNraildorzjurdar6'uildunlvro I Iosi{ifil"dr r:nqngon6ulotrar:tziui'urroiqnqon6ulciliatr

n'jri'rf,uolno riuafrnuriern:-{d rrua-roddri':iuond(x ray; rrar'tddodlunr:6osiadaarsoaaoau

ro.ra*ndararrlnr:+i'uy{uzo.r!zr uanornriururs-{udo.:'trirfiu'jri.rdranriaurronvqr.iruna'rl tdovi a

rda rdaloid nirn:rqn ua;ti,rkiuao,rnrr'rz o{ihfia rructirflun{.ru:nlulanlouorei'Bi{e (radiograph )

uonornrfuGuafrnuti.ruuirnr:atisrr-.:drandarrr:on:yri-t'[silostrii{drtalYlon:c urflrfirflrrlaut loa

rilrdriJulaurdo"}ir1:yRnBnrndni-rrthdriluurir(nr:duuui':6ranrinilrrrnrfiolrnitirtolvron::nuurir
Gus{rnuri,r"loi arartJdir{qo oaa{.utoirl1 riiaqnqfin:rrunta:riau n]:l-n!Y lrotnl5rdfl1ruufla'l

i.rilrandrziufru vri-r'trjrJ: v ar ar a eir 15 o'to 'l
rirtnr:riuurzarriusirnulruin::oraaanhjryfiau'b',lhrriil-r'lulridrnr:r.l:vqnoiildranf[uoiru

oirr r firi.rrfiodu nr:rirflnrr,rloai{a anriqorirlr'lr'[ur'rnr:rnnti ltav?{nilqodl$nl:rri'rlan tius{rnu

ra{ ti{ air rfi uirriieu al rz-r oia't rzrti.rnu5 n'irrirrrrflurfrurn (ualuo)riuvrnri-roirflIav;uu-n triu

nar6rilo:'[rii{drandaonl-rlurJ.:rnrul-rn lrnni-rri]rdriJular:tur orfi ogirfiar irfiranritilfialri6Sl6n

rziu rir\iiliirriragrlfi6loir rir'lu"drsrLon6'rrflulaaau'[urduvr-xdi.rifuanriairu uanrrnriutiloitnutiuu



nr:riuuu:-r dra nduav
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'jr riru-ru:qr;axu5 a orr r.r ufl ( hardness )ti.rdu rirn':-r u oir.r ri'n tiriil a u'h,in'uri.rl.l n nu"riruuo".,uum

ruolno Iosd[i]uro cayrvar{za{i{;fuanriorrfi'rudu,r'oe':rilsir{rindrfiildu alnnrrri'u tudrJfAdcird'su

atixrurnrrarfia':tiui.rdranri tilrua'hiriuoirnuleiir:-r.rialurraarz'rilindrflrnurrnza':Ianlufl o.a. r sor
'lu 

z ru; ro r r 6'u dr.: tr a-r o'q n airru-n fiJ3 n dua vfn nr: rll m dnt: u ar a6 o:'r toi.r o qjrit nr:6 nsr t[avro d au iid
zfio'turjdatjr.rirris lufl n.a.rsso erlodr[xu(A. winkelmann) ua:aoirtra(R. Straubel)'toilr.r$ldr:

ri'rugrJliruzudnzo.runarfiarur''laoad't:ri1Cat,;'luzruvfifiirdrondn:vnuqr6n zu ai:-r n gir ilcil rir t g r.J fi

fio'r uavri-r0.:n'jrn:drhileirurira;rJlrJiri.rdranriloalilfiru6n(q3rJ r rJ::nau) rdawdnuro::rumdza'r

nr:a;riaundrlbackscaner)ornzua'nr.lqoofl:oi rzrrf'rao{ r uair n: roruf, oir':rsziur:lljrl uaiuikiru riu

r.r6nvlqoail:ri zua :rn4'jrorrrurirza'rildrufieiraoarou'lnai'r6u.:frun:dfiunilfiltiruiui'rdronf,oe'trifi 6n

ya-rrrnrfurirn:voruf,riruaiu16r}Jfrui.rirandriaun:vrntrileil(rr.rzirruri-rildl; aan'loin auoirs o o n}J

ornn:tiu:n n cirr 6 o ur.iuileiu n 6'trirrur n n'irrJnG ru fi o u'trifi n:vo-ruirirru-rfrui.: flr a nrirrsirl:t nti"to zua

nr:roaa.raqrJlai'jrzu6nr',lqaafl:eitrifinr:a;rioundrirfitand usin du n ar u rfl u'ju a'n r',lq a a fl: oi'toiru f, or

i.:ftrondsfio'tvridurur Ioai.r d1u ridriJ u i.r i a nrifi'fi eirurorr qrvarsdo a n'jrir drondor n uv ai.r 266Io u o:r
ntirr6aioriiui'rflrandfi{rn'jr(softer) drrrr:nQneondu'ldloairsurin:vri'rrtiun:;orrr

grj 1 (Azaroff, r e68)

nr:eiuuroi'rnairrlsiiunr:zcnflr./aciol 6nloat-rioar(C.G.Barkla) 'tufl rgos urinorrru'jrild
randfiorrlodrflof;.r6'unduua'r ndrr6afialri6luar'trriua:iuq6n::loa'''anduorNzlro €illrln'irril
urincra-rvira':ri:rnauzari'r6ranririfiorrruirur{luriraudrJaorJtiaraonrrornuaaoirdzarrzrrr'orzr
rJfrri6nr:nraloiriaulzdrnr,-'"au u'rfnarrl:vindadr.rfioadvi-ra.rrirJ:rnotzarirdranridrzilriJufrtos

riu6"uoqjnfuqrua-nururza.rr rd'ld uavd.:loiraua'jrn{rzara':ei:vnouto'ti.rfitanrififirou(rfluaoott a

aa{saouuar noili.rdronri) fiorr a- rq-rdloao:rrYudrdnar:our':'lucta{1{ (6a 6t6not:ou K ua:

6r6no:au L) aaond'a.:rYuurrd'raarovooruzo.:fialtlit(N. Bohr)fir.irralo'luna-reiorr nr:fiurinarfi
drurirbio':rrrdr'lorn'tnritrqrua-nrruvza'rirdranflusi'ruoir.:1alg:nidurir'hirzrloiiu:rriolu!uad'rz'r
SlSndluilo.o. rgrz adrrl:fiouor-rrlalX:nizo.rorrin-:-tufrfiarnitirdronri6'rduuErgoiqodooia.r:oou

"t- e xn:zfifi nr:riuvrlnr:rdarr!uza{i{f, rand
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nr: ri'r r,r l:-r fi ra ndua:,

fl ltl.lo afllnft-t: {fl ta fl?I

nt:riufl uz a{ [ar [a (Laue's Discovery)
'tufl a.o.rgoo tiusirn ulsi'ft n r: usi{ or&{lrir{lurJ:c or u n ejrurinfiJf, n darz'r nr:mo a a.:lu firinsrdrr

firfrn(Munich Universiry) rzruiJuri'rydrouay ra{ruio'czo{aoruiudoirrfiun-r:idsluarerr: :ri6orao,i
arrua'r aiirrr.:-ruzo{rzr'lurr}rrimara-arJ:vnor'trJoi':a11ooan"fidorda.:uarflyiruloarauryadr,iii r

aiziru-rrXnr:rdarriuuiua;fnaranivarurruIn:or(P. Groth) aidlrfluou urnir'ioy l':oyriur'oi-r.r 1 onl
qruarl-Gmxrofi Io a:rl:rru'tftuyu"{ fiorifi6 a rdu.tNr n rei ruydl6 o Chemische Krisrallograph i,:

uanorntfu yri era*'afirfios-{ :vnauo'rsna' zo{u-nSl3ndvrqufin-rtr"toinr:ouazolfirurrr airr,,looi 1a.
Summerfeld) alrSnrr'iir6'tgr.l:rnaroirarouro(P. Debye) ua;rindnurdirXryrronlr n fi1imfl'ldrr
tloi6uur:rrarta(M. Laue) 6.:rir.:-runra'loianrriuulnrird'lrilosrzruirjrrl-ru'tutl o.o.rsog:rr16ou
un:rnrzarfl rsrz u-ndnur iryryrronza rfrrr oirv{arinuui.rda6:rari(p.p. Ewald)kirri'rrarraua,
'toiofir.l:r 

u rfi our?io q6'tu n'r:i rnrrvdrE:yrqsfrr ai rrr rndBl ri! nr:urjr ar ud': oiru r.rdn Io a 6 rr a airi-r as a a'tr r

zir.rrdaui srfinuti:roiurJiqryr ron rar rafi'toi'ud (da{n'ofirl:-ru'trin'u.ruciriu lzr6 o}llnani-1turur,r
rfiarfi'uuuul;rao{za.ra:6nfi5laai'[d nairr6ondnr]:ynoroi'rso-rrni.inioari:Jafrnriotrl':xvi'r.rnluodn
fi:"rfiflu!!uuz"r:as16ru'turlinfia-rrufrfi :cav?it.l::y'ir{ct-runi,:nio :yrLrru ro " cm rar ral:rr uri6',,r

ornnr:roaasralGuoirnuuarornrryeir6ul'Jra:-rrtu-rroduzo.rf{firandoslu:yon ro, cm rriur6flifl'l
o-.rriurarrana'rdo,n'rororlci'-irlo:,rair.rr o.u.,JAn rau?ir14drdrflurn:od.:luaoloGza.r:-.:firanflunr:r#e :
rruranrziurn:n6rzuouaofi}i'rdu. ruu,rar otixl:fiorrru uu.:6oza.lrar rolsiiunr:6'ori'-ruornoraq:ror,;d
z-urlaflr,,laeioirfls-.rfirltgrradua-rarrirr., usin:rriurarraarrr:nlrirrri-rb.i'{zirflzo.:"E'rrroirv,laeira:
rindnurr.Jiryn;rronza.:ri'rurruoilv.larioai'osorrr[!ul6oza{rzr6o r,,l:rasioinuayfir]il.r(w. Friedrich and

P. Knipping) o-.rriunr:noa arrfiar4odou!r,u16oza.: lar ra6.rri.: rfrodu ua'.:otn r:auorrru;i'ru ryar'[u
nr: oao{ rfiEj{ni.: rfisr v,,l:rsrioinuavfrrlil.:6rl:yalorrr;frrio'[un-r:r.iufinaroaranrrra'arruu ltlu
ruriufrJeil;za.ri.rfiranriorns.ra'noo r oid'arr,,lo1lqo"lu'trizufiza{tj o.o.rsrz 'tunr:aBrrunanr:noaar

r a-r r ol ci'rir orr r irfi a r 6'u n r: r dar ru uz o.: uar"luy fi.: uaraas fr 6}jil::a n cild'riu nr: rdtn rr uz o,r:-.: fira nri'[u

zu6nd.rrfiofiulua-rrufi6 lu:;vixn-xna'uriruvrn 1 iu rarralpir,iarlair,:ao:uarr:Iunrnfi'ug'ruduirril,.r
eirviuoBurazuanr:noaoroirnrir: mq ufi n r: rdar ruuz a rir firo nd'z a r rar roloiirnr:6ri r: vfluiJ n.o.rgrz
ruavai.rl.ralrirzrloiir:r':ialuruaarznilinei"lufl o.e.rsra fi1ofirir6'n;1oufi,ra:rnr:riufinlir6crrdoii'u
n1t+iur,ruflo.llar!ada 5':raciqidrloiriauiriflrriun]:ri'u urorrarroluil rgrz yii'.:arnrfu'lsio-rnirfio'tr]

ti':In6':rnu(Goningcn) rfiariri,i'aufr,:rJirgrgrron(post cloc) :zui.xrdumrlndlrilriuud.:nrsya-lriii
fir rir u::ararrn ar asr:r rr:ti"E'ru rr airr,{a ciii,r !-r rds Ine{rnu'luoruruzn driurfirloiofrrl:rflrdsrfirn":
ciuuttortarta rix n durir uriu ro'r 6rr arirfi o orrr n:;iir.: rd alfiunr: r6'er ru uz o.ri,: dro ndlo fl rua n'j-rdu
arrn:oaBtra'lcioiranqufiailvdrdrer{.:vfi{rzrusrsrra6tlrsldrarraau'h usin'j-r'tir.ra arairo:rsdnr:
t6'sr tuuza{i{dranflu4uruo.rzo.:arraci'kiiunr:orfilri"lufl n.o.rgre :ynauo"rarlunrxza.:uaofiz
eillndt(reciprocaI lanice ) fi .rlvhjndrrdr"ludd

72
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nrrfi Gi?ild?ilzawiadna:ufl ouuSnd(W.H. and W.L. Bragg's Contribution)
aulnTr:firsaiuufnrilBragg Spectrometer) va"rorn'toiiun-r:usi.rsi'rrflunrasr:rrr:tin-r.rilRnd

ruvi': ri arii'e6o ftrilillru 'tufln.o.tgoe trtinri4"r,ia(w.H. Bragg)kiuiuru orr au'lo'trlc-{nr:

ruonoYrrflu'taoouzar6'rzdurfiasrurl-rni.r6ranri rrnnr:dnr*roln drrrir},irtr riiairirdlandrfluorlnro

lrnnirndu rdorarnnrrrrunr:uontn"'rriJu"tooouqtufiauirtfionr:ru( iahjsu)fiu:vvixaqnrnnn

orlnro fidruruavsror.rzasrirr't*irrnfinfirfron:vtrunr:ri'.rniirr uur6oticrfiuorrrtiluolnrozalilfi
ra nd^lo'it nr: au-u arlu rfl uati-r'ro'o1nu nit'rtir a{tzt (w.L. Bragg) 6.lrntra'rrilnr:dnnrorn
Nuri srd'aro uSo'f oi.rriudr'rqEiolza.:fln.o. t g t z r,iagn{dlo"irru6'uito:rv 'ruoltu6firviza.:tarto

lur4arn'':rd'ur,tuza.ri.rirand6'urdarurrn ZnS(Zinchblende) rruinriflarflr a$urairlooir'r 1 uu

rur.iuiki ( aloa-rs nr:raiar rr u;riu r6oor n rfi oui a arlnroz osird to nrid a a o s.jruqlr.rr riniozio.r'lxrirfi odu

r:vi-r.rru0:zaravoorluo.:6n lunarsiourrrtEnriry'gn6rriilo6lnrrlqnoialza':drl65ruzaltartotfiarfit

o:rrum6rErodula.ri.rdronri ua;tltixqqrurrzalfl riu ra.r fr uuE n ri{q n'toi'rir tau o n''r aB ur I ar a nr:dllUUlgllU{Oatt?Jai5.ld!0nZ ltAY t1lfll{qqyUllZa.:U 1912 UUtA{Yltlu:ntlUen L9llJ lL3lutlrr le.lDU rEtl
d'-{ .a e

Toaa tza{[a]Lo'[udnWtJ d t14u i tuiSUnlldtltault o{oau1.:d[0ngautu0.l ld]n5vulutJBnza{avoa!

.rruz a.rurin ri{qn air':orrruautoldrrriiari'u(C.T.R. Wi lson) rrvi.rriatrJf u-G nrr oriuo'z tu

rulrrimera'sra uiod'rfluatir,r&rn vria*rn'lrrurrir'hirrrrroaaunr:a;riauzo.ti.:drandornfirurirr.r6nfifi

raaIon nrinoaorn-r:arriauzarisdrandoialr::araratir6orfluotir.rlrnuavrir'trjldrj:vlatriadr.r
'lnqjuar'raurdaslrornuuSnri{riadalr,r:fldi'l.rdt nTn:fitoaii.rdronflcirfllruadr6o arr]nI :frrqoi

o-r nairl drrr:ner:lod'uio nrr r 6 fii aorruulodurra:orr tri za{r'td{lrur-ldrandioi ,oCa'rfiad'[ui'

ruaollflu3rJd z r-udrrr:oioarrrurdlza.rirfrand ru 4roir.r 1 darriolrrorn:turtzalr't6n losr:uru

:rl z uaoraulnln:fr roaiuuinri
(Azaroff, rgos)

o-lna'r':zururYufiruonzorru6n er-{d't6inGirrtrrar nlvr:fitooidioolrr tdr ru nruarroa'uu6oorrrL6

oir.r 1 loioira druitrorurzilza.:irirand zu qroir.r 1 d.ra-rrYavrarfiriurflutflrvd.rlrna:riautiruatdn

rn6aun'r'toi'uao.r1flu;rJ a lrn3rJd a ovrrTu'trifi'o'jro':rrrrilzo'ri.:ifuanrifi'trit dtlutt a':otirlarirtara

ria4ruuianruarrerdurrl6arr! a{ rir ::noucirflsaourarraraoiruud.:{i.rdaunnnnnrrrlrrillzo.ri{d

4fina'.r(backgrouna)drrrJ:cirriaa 1 riraBuro :rn4n-r:niri'.rndrrniar.rri.lorr i'urtlutinnnr:ria{d'rrflu
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ntSftuT{u:ifltaflgllat
nltuo an?nul5.tdtaflt

!ro?za{aroraxlu a'n'laiiunr:dnuradr{a:tSsonrsloinrrrirln'oadr.rlnriBozaraarrioan dlaa'triri.ri
'ldiu:rrialuruaarsrfl Sndi':rrn"ulufl o.o.r gr s

:rl a uaorar n o il.r:"1f ro nrifi a:ria u

airuar6nrn6orn{nsorriarir ardfu
(Azaroff, 1e6B)

ngzaluuf nrilBragg's Law) io,irn"oii'uvd.rdri-rbiu{u-nilSndlriarur:nrzirlo6.rqrua'nuuvzal

i.rdrond6duua.rn-r:eiuruzalGusitnufi6a urnrzr'triarlr:ourorrldrrfluri:cu'i].rnrrrr?irua.ri{drand
fio'tci'n-tvrdt.rrusalniu aro'aarl6Sruzarna-rrfd.rnai-n'jr E = hv = hc,zl, fiti,ro.rrflunrirdzo,ruuinri
dovoiarai-r.:orrudrriuri:vrir.rr$rfii.tf,randa;riauoanmduorrlannaruzo.rriu 11,; urnln:fiorl
r a.|'lrt,tzolrua'n'ir16oorn:yurug olavsrau'6u.ri'aufi'uodr.rlJ':crfiau tluuutl:aa16uloa:curudBofiu
rir.rfrurilu:cs; d nrufilawrloirudr.:orrnulzlrufiu:vuruo,rlyrffuolrao,rlu:rl n

: e (Azaroff, rsos)

.:rJ + all6irfiairirdranriao'raizu-rufruravrrornunehn:rrfio16glfi'u onn:sru:vuruo{6nlosrir

4u 0 fiu:vurr tiryrndri,rfiranrifiyrq6n::lrfllnaru ndunnn::nutjarfiurirodu16arfiu niirrdaodr
onn:rvrunt'rr.r ofirr',lar6grfru ru oirulrriruurdusr:wJsf'rornfiuo'ri.rdrand orrruy rfls o.r cir.ir fi rr{a

tI
I
I

otd.krh.**r
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16arfrufufinrl Girdryurn rfiorornrfludu.orrzasorrunir'tordflrfr!iiun:fr3a-r:trjr.rnqjo6uci'rtrriuoi.:

ruaorlflurrl s

:rJ 5 (Azaroff, 1968)

:rjd-rafiar{Jun rnz o,udua''uou',u iiufiusi'uci'rtrr&arrfiuriroduirr.rriu drflun:daa tnlttr?l:ndoorruutdiu

odurf.ralrfirr,laryirnluviarr,laqr:,1iu 
^ 

a:.uououa'urio,l oovldnra 6'urir{Juoiuln ildfi u a*nJ f, Xoglqo

Ioafi?,uror rfruruarrnzo.:uor inoriaazolusia:oduri,ruaollu3 zar lwave" lumxn6'triurh.: tir

loGr:oiuoo.roduruti'rriuoirln-uei'rrraofluSrJ s z:ria - ata:uzatttal 6-oot,asn6l ru or"r ruri'rsi-t't "lorr

riuruou}.i2a6'vldtiqir}J{nrtun:naaourlrlri'nd'rl ti'ofit*t",t ru oirrrvri'rsir.: 'l odulr'rndufi rrorur16.oo

r{luurn uro6liualnlioor{luar rrra-ur-r:ofigoriiciad-r.r.irsorairrdofinduriruturrndlfirrlaoixriurrtu

{uoti-xarrg:oiuJiau,firr-udoriuuorn-uua'rarfi ru a:r rur al oa'untl u I o lrhir: a frvrdrflun dud fi uo ru rJ fr no

,hru,{lu4uri ti'rrn-rnisf,ranriffr,rqdn:rrrfluo6u uunr.rdn6ua"ri'arrveirrtuo"rn:naaofirduua;riu ru

'r a!q1 i ..-'--c,.
4ruavriau14runr;rir,1oir.r l d arfiuaqjritnrr:lfirrt'ud:vv'jxtl'{azowryodurrdruu

OE rra: firanri

6'.rnri'r P' orrueir iunrl

rduzo rYu i.rdoi'r *o"do

riol'r6,t pp' o;fiyrirn6udrln'u fi6oriaulzn-r:n:rri{oirsrr,lo16arfiuo-rn:curut6srfru(dadltnonr:

ayriou9.iru:;urlrfig.r:yuru16ur odlasriauoyr-rv{a16srf,uraruo'trjduo$ril4ru r rh'odoturrl'oultnr:

urrnaaroooudua"riauorn:"urrddxnu rior:rurildsrnnr:mu O'C ua"n'dlarriouaanurrflui'rd CP"

d'r EB zu'runnvriredu oo' ttact?iut6arriu ED zuruniu PP" tdlmrs o'CP" ovficirrurnn'ir

oEP' oi.lrr S r6u 
A = BCD

Iosnr:rior:6urar rudarrparn EBC 1,1'"u;.

(path difference) ornarunr:(r) ttrlri

2BC (l)
^ -& a d

RC = dsinU g{uutiag tilt d.lldull l{loufla{oau
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nr: ri'u yr r ir i ra niirra:

fl]tuoruafl1 81t{d(ang

A = 2dsinO 12)

(4)

tl1dlrJrr 0 r|iro.:'[oir rir:"r d o'cp 6rfi n-r: a;riaua.r n:uu ]ufi 2 rrd'r rd un'r.r}Ja-,rsriu .:uulai'usr:.1

PP'P" oi':s rylardarfi'ufrrirfr O'Ap ua, oEp' iitayviouorn:eulufi l neir.:6 o nr:dc?iouor n:yur r r

& a. c, ; )d , -ri'reilrir{ariluodufifirvJa16ar6'u orasi-r.rzo.:ra'uvnr16uza{oa A o;oio.rr'ei-rrfluuirur!ryi]za{n1-r u.l.,

oa'uda n),.n = 0.t.2.3,.. oi:rruqdri oulzairuilrn r: ayria uoi.:e n,ldq r Ifiulrnzozo.l:ru rudzu run-,
vi-r{ riurira::ar r{drildrJ o d aln: n ria uloirfl u

nl" = zdsinO (3)
fi6an':rlfiiri'u ruuza{rallo otnrutrualnr:ayriau:-1ii
randairu:cu-lu uuloe't fionrr urrfl ornarJnr:(a)1r,
flrl4rdr frda ir Li'rao

nl,
,d

0 = sin-'

arndrJnr:(4) uaor"h.irfiu'irairufuo1rrtsrlo aJ Firr4fi{ nr:ra'erruurfr odufir r:'lo t riuonriryuolot,
:va:rjrr::v-irr::uru d Lrau o ro.rfiiiuaqjriuln:{dii{za.rar6n nailrToaar ln:.rairr ar 6 n r{jusir riruur,

!tau?ruu

rnronJovo'irnr:io6fl{(i'rza{ovoa lula:.: zua'nriun zua oti-xl:oiao':rr rz"rr o,r i.: dfirajar luuoirr,
eirllrvai'rd r:rdr r{luoio.ryr:ru'jr o vo a r oir r 1 rtu:rrar-rvirrnarr::uruoirr 1 adr{l: fror:rurlo:{air:
o,rdnatjr.rjre6{:vnoroiraavoorudarrfioo-r6'rarjr.ruaor"lu: o naira;oorzurolrqj.:rror-.rriiu:vuru
r!ri'uri/u:cavdlaaoroirardufir;1uzrucfia:oaud.rfizurorSnnilxsr-rriJu:vururir,rriurflu::svdliirr

niu(rrao'roirtrrdurJrv) lrrnzuluna'un:rvrufl:vfluirlnuouoarzuroluqiaoooda{d n1r (a) iuuru
rr'riirfidolh.i'oajuavriourjfirrlaor:'rfru rravrdur6rrn'uduoa'udarriauqi-ru:ruruza.royoolfi16nnir uri

flJ 6 (Azaroff, 1968)

rfi alorn zua oir.:z a.: rai'uvrr':z a.: n dufi avriauo.ir u::ur! sir{ oco a r 6'ulc fi 6ir fa a n.ir }, rA < },r oi.rriu
ztruna'uaarzurudrvfirr',lalrio:.r6'u rn^onr:rrr:nda rsilriaru:ni o-.rrfuuarrj6 ooza r

o a'u r6'flr ruuryfi Fir ria a nir'[u n:tiyirfi o flr:rl rndao[[u ur.,0..,nn..,r,6'ur rurai-,urru]uze,,
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..J - J-)1:er15 r:6rc| u 16a u l

[:JU-ruu - riuurgu zs +o

ea:
aunorrtfro[o-s? druirorr:rrrirto lo frurAslruuacrtiurJfrn-ralouo:lrLrrral 6-oozaloduanrira-.:aa.r
- & , J , & t", " ) :oiiriraradi alnfrntirrurri''ruloio':r olr:.tr? z a{n a ura fl1!uu0 ndrr4uoloe: [[uunr:ria,lei']za.:
aufl0 nt{ "t ll:aa flufllJ? ai !n5.td:'l{I aiilan

nr:fi'lfiuoFirnlrilur?66u(Determination of X-ray Wavelength)
qrnnrrfior:rur:r-Jni 3 rldo{hi[fiu'i1d'r4rdraruu-ari'rcrrrruirugr qo'tuu4'o':rruir.r6s frorJn6 aa.r

nail(uoia;nairufiaoo[ma d'l Bao)0nunualludrnr:za.:uu5nrilalnr:1r;; orrlrzirddalaaooa'a r

tiu n=r uac n=2 or 6i'loiu drflu6'roa'r,:zo.rn-r:r6'erruudu0iud r ua:ouorfi z loanr:ffr:oirfl n

odao darilci'

l, = z9.inO
n

(5)

a''sr:-reiru dzn'luarunr:(s)aro6olr:r"[urE.rtu6nims]lei6nuulyd,r6a dzn rilu:ygy:: 'jrl:yurlzu6n"tu
-.iuournrtfi::uoi:riqogi'lraz(nh, nk, nl) rfia.:otn::urufr:yuo"rszoorra?o-{n6irrfi:vs:::fi'jrjryuru
rilu d", zn neirr6o:vav:vy'jrl:yurlrudn (nh, nk, nl) orfit:as:yu'jrl::urur.:6nr{Ju 1/n r rzo,l

:vurufi:vucilrrsosr-rLaz(h,k,l) rfi.:::6n'liralairsirrazd.rrfluo::zfi .rd:;u'ruzua'n0lrLrnrrir'lo ::g:
dx:vu-ir.::vurrzoo"{ nii'rr0{doca{ rvirriu ar u,rqfi 6a n:;uru (nh, nk, nl)'jrrfll:vu-rr"[uiusrurnr:
n"ldtr:rr:"uruo-.rnairr1ilfiotjoi.r1fi1ci'rfioa'rnn'r:riaroi'rza.:a;oor.rusiadr.:1o) usirilu:vur ud air,rdurr
lurE'rofiororaoi uirutun'rr,6"ar ruuzal:-rfironfluryr.rr.ro.: urudorfin-nrdsrruuouo-lfiyfi.rduri'u16ar
rvirriu lrifi ir"'uoiu n 5nqio1il a nr:r s rororisu'lur.ioYrfi

(61

S'od,u'afi'orr a n'jr r{lu nr:ayrio u airl::uru (trkt)'lo (dl or ohilti:yuru ow ar.nir 1)nia ru oirrurilryl
to111v518 0*, grl z uaororrrurril.rzo{n-r:r6l"rlrruuejlu:ru'ruoix 1 aaond'o.rti'r.l sinO eir.r 1 fialu-a

riu l116oorora':'tua'nururayriouairu::uruqo16oruoir{Jua'ucYroixl6tioruki;

= zdn*sinO l
= zdsinOn,, J
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n r: niu l'r u:-s fi r o ndua ,;

fl1l1.lO A fl'l Yl g'l:.: d ( A fl,?I

: z uaolorrrurrirzainlrLdBlluuduciu

ou1 art]?uMurarn:v1]ru(r00), (l | 0), ua;

( 111)za.: Nacl otjr'r'l:6ouoi'llai'afi :ra
"[uoauri]a o:izfifiryuivi.l'ru 100 ![By

& ur 
'1 r o uus': LrJqneid: (AzarotT. r e68)

rijoe{'rdurinn"lriau.Jnlm:frreoiioau]noirza.ri':dranridazviouajrur.:6nrda;lsingle crystal)rih

a{.ru:nriu r!1'tr.jn:ruuuror o.rfri a uar.tr. doflorra-'zurt1rgurfiarnr6n;fi url5n riqiq n fi'lriroria r ru6 r

rn6aun.r(Nacl)druruarlru6nlvior#ssiofrrru6nzururir::uttLdrrL:vuru6o1r 00), (r lo), uavlrrr;rftf
rr,{'o'tdarul:oionr:'trii'rdranriavriauairu::ururi'rarlkilosira .i.rviuorr l ttir:z a{:-.r dtondalrisn-L

sing rir'r 1 ki'ruao'r1fluo:rJ z a'.rrnsrirvfi l'tualrz a r3rJ zt3ilnrr r fi3rlfifrour.rn oonhl nairr6an:rn

rudord-nbruyoll r?iruair - g.: aiufruhJ a'nunrvo-.rn;irrdo"lrirfiu'jrr;u tt ( t t t )fufi:turu avoorsir tzfro

zurun"uTouadurir}J(nairr6afi :vu-ruauoorzo.r Na adufiu:currzo.ro:oor cl)

:d e uaorzufin rndaun.:

(Azaroff, r goa)

onfioi'rruusiraa{Io:.rairrar6n Nacl rnuonrdua rriauuti'rloalrilai(w.L. Barlow) ci'.ruao.r1lgrJ r
ruoifl'jrs-.:'lrj :ruzurozal:varoirr l adrrurji'o oraor:rot:til rJ(Prof. Pope)*r.i.:rvrinflta-aro u3o'i

6'ruulrir"tr.iutinriroaarrqrfinr:td'ortuuzo.n{ln!?Jlarnnrt oaa{ Iouord'e?iaryaornn:rv{lu1tl z ttu:n
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..J ' A'rr:e{rt1lr:5'l0r ul4 16 iuuYr 1

tluruu - tiufl-rt u zs+o

uvru sin0 cir iunr:r6'ertuuorn:vuru(100), (r1o), tta v( 1 1 1 ) errruiiroiu a.r'hjlualnr:G I tr: nz a.: ttr
to ar ao {u

(?)

lnurdri drldldolrldruriuii d,".= r2d,,". d."=
.Jd,,,, r[6y d,," = iau 2d,,, aira nlrdil{ 6'o:ld']1a1n arr rufiru rrr'u iiru rirfi arlr:oriro'o ,1, lsi ri.rzua1f

d
--lllg
d

d
-!l:d

= (fr#) i =;
=(",*)i =t

:-=(ffi)i
! ' - r va ' "J . ttat n.=1 rvirriu clanr:rirurnlflnl:olladOUd nlS?lldlll dNnllnvt uAl{loflnAt 0 n.=2' n,=2

rjsii.jr razo::rfi:yq:ru'rroioruiluraz{ntruruo arfi (zoo) ira: (zzo) via1il'fici'o rri1urazdn'.ruro rtiu

lrrr; oirrfu'lu;ildudsua"gr-lfiaa,rza.rgrl z rlnoiruurjlfierrlrzirugstfllfirouo::tfiaia.rrrlddurfluao'l

rvirrlno::2fi elaarnnl:eltlodattgrJ r uao.r'tu"rfiu'J-r [rie^:{ud'1tn6ar[n{ NaCl fi frlos.lairltflurtuu

face-centered cubic lattice drJ:tnaulrii'rflovstatJ Na lrBU Cl otirlavufilovnaroiaud.rlorraorfiZ fi

riludradrlauudlfiurEnriarur:oaurrulo:{air,:116n'tfirfluautt:n "l za'rlan rflunr:fidrujrrdd'laa

nrvvrusiouiorurnr:za.:ilfr nduzuu'turi (modem physics) odrlluqilrarr

td :rilruozurozalrJi rm:tzaa'v rs v=a'=(2d,",,)'

ruavolrrJ duri{dlosarasdar aolrruvuru uta'l Nacl d'l

rfludv'r-r !n15 (?) aratl:-rn6r{lu'lrlorrrnro orrrsr:o6u

zo.rildtonrifizuroaglutrri'u ro, cm o-lriuoyrilun ,rarrrn€iodudovriryoi;6urhaioarna'lvrjdurrrdo

n,rdl"u,r*-', vr;ra"lvriorntirrdfiiiair "o-.raerrar"(.t; load ra =ro'".* rdodoto''rilri1ulilrid

a{!ud[nar1r$lij11.l uuindtauooiruzaltzadnri:trza.tq6n NaCl tflu1lo:Srulou a=5.628 A u'"5"'u

dloifiarrur:orirftJ{nr:ioorr urroR'uzo,tildtanda-nuruvtaurv(Characteristic x ray)d trJ ailoln tflr

Iay:zfiosirs t 1oi flo.o.rgao finrrtrflllrl'toilvionrr arrndlzo.ri.rf,ronfloflo tfi's ruled gratings tta,

lulrjrhrtludrl::6'nd-jrnr:ionr1l]srlo6urf.raarifihizua'lndr6a{fiu rn n.it:6auondr6u:r-l o.z% rrirril

Ian6l'l:d'l{ail
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