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«fkp e diko

+kufku nt{upketdr oUEU ykukk({" k hikk Aue [ku$+kakrikyku &ks{b $wAe hnMpb{pb s hne
Au.$EeyliwAe BifdiiLB{086k {kxu rordPeeAkiu  <Mae fPko Au. «flepxf]t B{sdk e

ykiye bkokk yu t8 gkic¢bl ${sdk' wty@dtith WEKnhy Au)bgeiibithdsbk UkBhkau Au Rbkhu
"u Ehuf 8ys/s% uy u Ehufpfdou. yLbUKKkt VuhVkEZo@wAkiakuiu) yk PEPRIOYSK
{kXue'r AkSrik e 8kko Au.

«fkpP k! wyA{kud Ugtrd' 8kh «khtryif {kerl704 {kt ykRIuf LBk +¥akHawi/
(ykuABMEt ykdk{kt ykde @ fu'skkbkuyu fhu+k «fkpiytcbikia yui Uk ihUke kdu=K y{ku
ykAkthn" ku.u{yu «fkplytn yudKLkeNbfaku fu «fKfpir K k Echin(mass lessAMWKEKR ku
(corpuscles-uiXkt yk p¢Bku yUko fykuLkku ckLku+ku Ukkb'/4ar)izéiGegie ku3ie{ I ksu yr
nkub AzAkPle h[ k Uu{ysha' kUke yui§éde fu Bbkhu yKfiikgik o{kt yké dMvykuUke ydhkuAKE
Au ibkhu Akz Ak Bk 8KL kuyAts{035k{kt ykO BivkBo B #kxedlyk fyku yUKziEAK VUTKP Au
(rebounding. «fkp' e #kye fu fk[{ktUke dktfledad${0dde Ukkuze {Weflaku {kxu PktAckf
${Y#" Kk B[ fowO. bktAokf r¢ PRYRaBEHANKHS b fykud ' {KBE+kd +kdu Au. yudwikkhe +E
{kee b{{Kt Klkykaku VuhVRN ORI f SAKhK fuvaxkzk suSkubaLOmBWHHU <fkiiyKie
| v RbkHu yuf {keeb{{&E0KRae b{{kt «SupuRirfRkHAL. NSKUKet SISV «fKbk fykue
+& "hV Skifk da@ksX ${0ddk {kxu,u{yu AMRBa{kt y[Kkf Yaxkzku Ukpu yudwt ARhe nékwt fu st
fk[' u Otieb#kxénterface) hV k dykt 3Akhku fhu AtUKe dkfkit dktfk SkBGE Wt WU yudk
r »frkb Ekutient fu &R SAW YK AhRE fk] sudk {keeBKimak{kt SAw nkub{Ru. «fkpe
Lr" u {3k {kxe fkuE r$ieb Halunke,"uUke"Likgxyk Whkd + ¥4 $ EeylwAafkhhrh
(unchallengedhikku.

LbYyxkbeeAkitkp k dktfk dudk(d¢evide) y u «fkrpb ydhkoterference) ' e(§ko
#Ae fhepwt) sBiBAKhY YA $t kussKhe ${0de pfak rn." u{ Akt, YVukabLkk yuf hMk&iEfu+k{kt
«fkp €' ht «f]t" uouR @, su LISl hefuykuedikp Au.
+1 Y1 Lbtxk s${P EnBbk¢uB nbwsyHuygens) 1678gg[Obwt fukéddikie su{ «fkpy
"hit Kik&' u+kuinue (2 Y &oAkhuPale huY Rkt #hkBby ' u dte¥ade Yok Uht SaeAtkhk
${ode pfkE fe. " Uku {ndiyo bk 5udBy( G)Au. IkvikhcEku{kt fEYBUSELEWKSU= Ehuf
®EWU K k «fkrpiwtgvavelets) k 2KKihetuye pfkb, suyk' €' hV'ht e s iz Vu+kb Awwaikhtok
yokl (BUBELX) yu Ykt KKKk #ilimiptvelets )ykdhy Au dgikt Sudfdxyufidaf Au.

ckkswikt Epkodu+wt r[°k yuf Ehebk rfLkkhu ykdu+e rEdk+Lkwt
rdvakeok ¥awO+ku Au. EhePkLkk {kuot Mk{ktikh ikhtakku M&YAku
rEdk+ MkkUku yUkzkELku LkkLkk rd¥skek{ktUke AkMkkh Ukkp
ckE-+u dikwouakfkh ckLke 0P Au. ckeo pcEku{kt fneyu ikku, ikhtakl
ckkswyu cknkhLke ikhV Vu+kb Au. suLku ikhtgkkuLkwt rodikoLk f
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_new 3 5':'\ o
wavefront SE |88 g
Wavefront\\ Lkawt ikhtekyskii st [SEs
ikhtakygka = 8 s S/
A
] ooy ©

d3¢CeVid ${0dK, ykiyu «fkiwtsi yulikAn yuf gkrikkhy2giikt ikhtaky gkl (Sudt DxiEya Ysu
heudd e ykfi{kt EpkoObwt Au. RPkReyideBRLEEN ANNKkut[lilieetob Au, RESEW®
B W " éinu<kt sux#e & r' fhu Au. ou &«fkpfhy uSE®R  UtdemR#¢nkuitkt ${P <K ¢ ku (0u
{keeH{ {ktie izt vinkutk§{p t= BD/v). yks ${p{kt&EN #lWht sux-whylkidwru su yne
ACAuU yneAC yuBD "fkt k wt Au fuffa V1 "ktfykuAe AllyUke SudEi e rEpsE+e ktvipu.
(IPKBKESER 'WSE® ANK SudESfk iz# VEKer' fhpuy U $eAe huZk{kidkLkwt [k+w hk¥zpu.
yk$qg[du Au fu'«dlppt SAWYkSkak {kaeP{{kt ykuAe nkub Au.

fEK[," ht rfaeAke {kuxk{kt§uké yu'he fillk Tkhk «fkprdtikdkttk Sadwifkp ydhkeA
Yok K u 3khe u yis xe& £up+ tkhk Ukbu* ki tke{ode pfkE ni e $k{kLb Ibk+Uke réAskRku
SkMB{kt yux+#i1 MKkuUke, REHzhkble AKWSTUKe hedky fhok{kt ykBiy SkhKeRsuteuy
[{f "e hu¥kyku EpkafninGaeAkk ykAKE{0de pfkb Au. yk «r¢bkisikhyu Akh fudiireel)
UkkP'AuddiKdiffraction) Au, stkye{kt fkuE yuf yoas#is " ht Kk $hy y' t ue" hV dadk
${k' Au.RBPkhkd fihkudkikyee AMBkiteAl ' K kHUUkh sudku fkuEk§abitdlitykou Hitu,
WHOkK UKKB Aiweshy' de rEpk{kt URkidéAshe Rbkhu «fkfe'thkZslit) {kté®ich Ukkp Auibkhu
"UK' hV 8ktfwt duiierodikue ¥ok U{khe ykbeyke 8aR" € k e sabk{ktUke OuE pfku Aku.
Rbkige S&ksw, «fk ydhkudysk «fkp k& hit kik r{©yUke- s Au su SkheVi "ey uYaule Yik
&' kddKhV Ekubitipek' hit kbk UkB{k" kynety "{' u{EENJKKP Au

UKEUt U Uk 5>k804  {kt fhu+k:alakiM-)x«Pkikhk «fkp ydhkaAbk OuE're. «fkp

ydhkuA yi r&ik e yk vk fy ibee ARthB{0de pfk' ¢ Uke.

RbkHgu' okd k AV {UUKh VUTku AKktitskevoakfkh
"hit kw' {u OUE pfku Aku#JuRRUUKh &ed e8kswiikswikt
" kt¥aehutydg &L hit ku OUE pfepwt. RHhiHuekF khcrest)
yued u{ou Au Meikjuf {kuk&g' kou Attw RPkhtglfe

rf' kh&ed" htt k fze(trough) $kUku yUkzkp A kiolgafi u

' Ufhu Au.'yik$ hit ydhkuA fnu Au.
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"U{ AKtht $eeAREqRY e n" ku. fyGieefika y SH khkykuyu {w/Eku WXKO®KUu ek kaTkb{kt

| 1" fhe pf K Uke RPkhuiibthu AlyUket nkuR bfuStkSeeiika «fkle y+! y=! {keeb{{kt

lz# u+B#y y+ 1 # 2"kt tk." hit 1$eeAkt’ SkhK ok {keeb{Tht Y4e {kaeb{{kt «fki# ykuAe nkude
OuEyu su fjeeAlkke Yikne fhkt yufE{ rdAasidunyk {\BEekikde Wiu-kB5Q) {kt,' RykifOS
(jean FoucaultXfkp e iz #kye{ktfle y upkusabviiiyu pgLbkdtkpe iz fh" kt ykuAe nkub Au. yk
EhBPlndk{kt «fKfe iztykh{Lz VelfArmand Fizeau) iknk849 {kt{ktykde.

19{e $Eek yt $wAe{kt, rd@feb (electromagnetic) " ht Kiku Ibk+ rdfMBku. §uB
{u8du+u Yhit kKikBiseAktrkPkilPku ku. yu EpkofieR+uAdxUf [Keekdndk Uke{ktUke Qoo,
"hit k M@ Vu+kb Au. yk R-ubdbildugigk k Skhy {kxu fkuE {keeth'te' n2. {uddu=k
i$eekt’ fkh yk R+ubxUkeikie hal bkafkp it et
y " wikfhe pfkwt wt yi u «fKpe 12 $SkUku {Uswiat, su  100mm =— |
Vul y' u VkufOx khk f<liRibyulkSrifhkbwt. <fkdp 104 nm —— Gammarays
R+udxUkoffidt ku Tkhk EpkodsKUie: ykir «fkp *

"ht «f]F vt u WXu+kesizkBktAk-SkiRegRi yidte Xrays  Ulraviolet

bfak . yk SaeAkkuatkifhe u {kuxkyekyskykub{ode

bfkb Au. 100 nm
su «fkp yke ykt¥sku Tkhk OUE pikR-ABXURG{ug

rfhyk@f bku yUk ku ¥4au, Su”Le "ht +&kE e ©uyeUke %0 +™

102 nm

Visible light

Infra red

ykuo¥kp ADO-700 nm  '©uy# +&KE AhkR 1cm Microwaves
rfhyk@f o/huzéyup yiye ykt¥ku Tkhk réréZOuyte Im !
(0" edk#e khk) MANOUE pfkb AUk e" htt ~8KE 100m T

AhK&k rfhyku yOxUkdkbku uk| Ikeldiuv &k E Ak 1km Radio waves
rfhykw RLEkhuz fnudBi2-2@0 m$wAe"ht ~8KE . y0km |
5kbh dkuBHufr{kt Wibke Au Rbkimm  URdiykuAe
+8KE u vy Iray " hefu ykua¥aeyu Aeyu.

Loy &A&KE."Ku yKEhS hetl KuXSKEks, «fkpe' hit «f] [ku-$ heu MKBkR bu+e Eaik.
#HtR0 {BEe{kt Vik+' e yuf de s pk¥ak WETaaBaLX{ r{ii- su VheUke f#k ykp e «flr
ytl Uk IPk+Run #ht{ ! G yt$ qO{ERKsubmicroscopic world X IPk+k&E+ek¥adle fie.

yk@xo yKELMxleRkuAd$Ofg pkuAglie y Wk{eb{sq e VheUke yu oitku +kObku fu,
«fkp FEK[ %hu%h 'fid@lbku nkuR pfu.’ he@wthak{kt ykOPwt fu Rbkhu «fi #Eitd [Ku-
(materials¥h#zu Au, ibkhu' RABEKUKkKP Au. Ve VkuxkuR$h@gkyibkhu s Ukkb Au Rpl
«fkp kyiR rfhy' €' hit +8kE yuf [k${gOP Tkt xwtfe nkub. RPlHunikikRkE yk {gOB khdAw
nkup ibPkhu RW§BUWIt Uke, Vitie " edl(intensity)! {u' ux+e dAkhu nkubhsBREE yk
(qOP'Tht xwife fpkhu " &3sht - &KESkUKU R Ut kt SAKHun@ilctihtWUe Woo'di e.
R+udxtibk{kt 3Akhku fhok {kei eBikda dAkhku fhoku leY,he fil ue" ht +8KE{kt VuhVkh
fhak ku. ou «fkpt nku' klile" edk SAKhakUBES Wikt R+UBx Dokt dAKkhku"Wikdku. OUE
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yKRLMXKEE pkoObwt fu ou flkute ydidniyias.' u+ku Au Ehuf fy [IBiwoo Ahkdlkayk hku[f
VkuxkuR+$hos{ide pfkb. Ehuf «fikku fy yuf R+UdXipku fhu Au. «figafdidkhu pku»kkdwt yud
Aufu dAw RAaRH Y, Ou Qotu] k Agikz Sk (Axfe sdk) fighe nkliku. ou Ehuf «fKpeylxdo
R+udxAguikz Sk {kxu'teiQ0oo frkt SAW Hkuiyu SA&QO0 Alht R+UB>KUQOO{kEAtrH

{ubMk A=ktf

yk@xo yKELMx&Eyu «fkje

rMMo¥e<f]&!ku &hd {qfaku.

Ukkb Au. yk BrredkMBkik& /&t&8" e ie," uUke yuf
8% VheUke «&kgf]r[[ko{kt ykde fu «fkp fy' Al fi
yk u «fKpwt hit -fy riMa¥ (duality) fnudk{kt ykdu Au.
8&e0u «8 yu Q¥uku Ukkb Au fu pwt «fkp{kt yudwt f#f rd
MY «f]t Epkodu AGzetilleeySq[Obwt' fa §u{
y' Uht e suf{kk «fkp'sn R+usxkyk{ riMd¥u
8" uo Au. yk yd-Kiuf-eAu «fkp sidK ¥byku(ndk
&E+eu VKUxku Evak y u R+udx{kaun e
rd[kishye{kt yk{c#rhd b ykObwe® &nkuh, $nie
&lkee, 30h gl o, Oku®Zslityu= zkbivtifk bk
5" 0f{k$ {s "hV Ekulmk fu Vikyxku yLb fyku r#aY
«f]t (1" Vakd) Epkodu Au. {wib {wEku yu Asida{k fyku
Au. TkeE {k#" e «re¢bk{ku{ e ytEh"@RVOkB{kSup
nkub Auwystiu] e ySMUkkaffhu Au. yn#{k pcE u
¥& Owk SkikLP yUk${&dku OuEyu. WEKhbYu,
VkuxkuR= Ukt “{kt «ibuf yyavetkpbkUkeu
yKE hreERk{u= Athtwhk8b{kt «ibuf yyewfkiSkUku
fkuE ykir¢pBk{u+ Ukemnu-+e 'gkt(former) "u fy-
M ykthre¢bk Au, REEd®I ok{kt"u "hit-Md
ykthr¢bk Au. yne'Vieikao v Ue' hit ~8KE da[é#iM
$&LA Au.
E=hd yne hy uc yw¢{uAkkElanck's ) y[aktf
Auy u «fKpe iz Au.

*ht «f]t fu fy «fH{ktUkenANMUkry wipwt
AU USSk= ku s8kykt hrebk fre SMik fE fH kt Ue
"hit +BKE K e Au fu {kukaka, ykAkh hk¥.$ukue
"ue'htt ~8KE fH kt Y2ye {kuxékihiBo fu d¢eVadkxu
«fkp e"hit-M&# «f]t nk{e Ukkp Au, &&htV,
VkuxkuR+$hgktlis/fy-M&ft nk{e Ukkb Au.
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éUaAbUAUag 6UIUR‘O£U

i06"Ua 1@ 00 (u) £UAY UYEUGEU 1@ U0 (v) TAUA ‘4A°UBEUU%. (1
6UTURO'+UAUR &iU & 1UUUIUR 1U*UNU.

| F//\\B i AHci

WAKhLKke ykf]ike{kta®kfkuyicx  yLku MK{YAKk rekfkuy Au.
ikuUket,=viu

rokfkuBxF  yEku Aky Mk{YAk Au. yLku

ikuWkeo = (v-f/f

(v-) v
f u
\% \Y%
= — = — +1
f u

Mk{efhyLke ckOku fkhV  8zu Yakeke MKKEWYAK ykAkikk
1 1 1

- = 4+
f u A\

yk heiku ~uLMkLkk Mkw°kLku MKkkrckik fhe pfkb Au. ¢ckeS c¢kkckikku {kx
bfkp Au. ykdwt fhike &%iku Akherp»x-1 {kt ykAku+ r[Ln {kxuLkk rLkpP{kul

1,q+pku Lkne.
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