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dwc - Kupa

m H ZupPoAn kai n MepiBAaon ival duo PpuoIKa
(pAIVOPEVa nou dnNAwWVouV OTI TO PWC EXEI KAl
KupaTikec 1010TNTEC.

m H yEWMETPIKN onTIKn aduvaTel va Enynoel Ta duo
auTa Qaivopeva.



MeTwno Kupartoc

 Ta onpeia ora onoia n diarapaxn ¢Tavel Tnv Idia
XPOVIKN OTIYMN, apa xel Tnv idia ¢paon :
ONa Ta oOnueEia TOU PETWNOU KUPATOC EKTEAOUV
TauToxpova Tnv idla Kivnon

https://atomstalk.com/blogs/huygens-principle/



MeTwno Kuparoc — 11 €ival

https://testbook.com/physics/wavefront



MeTwno Kupyarog — 11 €ival

Wave Fronts Propagating From a Point Source

https://www.quora.com/What-is-a-plane-wavefront-a-spherical-wavefront-
and-a-cylindrical-wavefront

https://doi.org/10.1016/B978-0-120-59858-8.X5001-8



https://www.toppr.com
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By Oleg Alexandrov - self-made with MATLAB, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=3135623




ZUHBOAN KUHATWYV

+

To ¢aivopevo TnG oupBoAnc Baocileral oTnv

Apxn TNC aveéapTnoiac TwV KIVIOEWV
N
oTnNV apxn TNC ypapuikne enalAnAiac.



ZUHBOAN KUHAT®WYV

m [1pOKEITAl YIA TO (PAIVOUEVO KATA TO OMOIO
OuUO OIapOPETIKA KUUATA ouvavTiouvTal
oTtnv id1a akpIBwC NEPIOXN TOU XwWPOU.

m >Tn OUPBOAN evOIAMEPEI TO NWC
TPOMOMOIEITAI N EVTACN MOU NPOEPXETAl
ano TNV €niNPooBecn Twv OUO AUTWV
KUMATWV.



ZUHBOAN KUHAT®WYV

= H OuVvOAIKN anopdakpuvon o€ eva
onueio PpioKETAl NPOCOETOVTAC TIC
anouakpuUVOoEIC Nou Ba unnpxav kel
EexwpPIOTA €av TO Kupa d1adidoTav
LIOVO TOU.



ANoOUAaKpuUVvon CONHAaivel :

m >€ UOATIVA KUpaTa : 'Ywoc n Baboc
£NIPAVEIAC UYPOU ano Tn Jeon aTadun.

m 2€ NXNTIKG Kuparta : Auénon n
eAATTWON TNC PMEONC NIECNC TOU PJECOU.

m 2 PWTEIVA KUpaTa : Auénon n
eNATTWON OTIC EVTACEIC TOU NAEKTPIKOU
N JayvnTikou nediou.



ZUHBOAN KUHATWYV
(xivnon €ni €uOeiac)




ZUHBOAN KUNATWV
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AnNoTEAECHA GUHPBOANG KUHAT®WYV
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ZUHBOAN KUNATWV
m Evioxuon : ApTio noAAanAaoio pioou
LUNKOUC kKupaTtoc, 2k (A/2).

m Anoofeon : MepimTo noAAanAacio
LIOOU PNKOUC KupaToc, (2k+1) (A/2).

m O akepaioc kK naipvel Tic Tiuec 0,1,2 ...



ZUHBOAN KUPATWV O€ UOATIVN
EM@aveia
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ZUHPBOAN POTEIVWV
KUHATWYV

+

m H ouvoAIKn evTaon o€ Kabe nNePIOYT TOU
neTaopaToc Qv 1I00UTdl UE TO aBpoioua
TwV EVTACEWV aAAa e€apTdTal KAl ano
TNV UETA&U TOUC (Ao KATa TNV OTIYMN
TNC TAUTOXPOVNC NAPOUCIAcC TWV OUO
KUMATWV O€ EKEIVN TN NEPIOXN.




Katnyopiec ZupuBoAnc PwTeIvev
Kupatwyv

m [1pOKEITAlI YIa QUO KATNYOPIEC KAl EXOUV OXEON ME
TOV TPOMo nou dnUIoUPYNBNKE n €IKOVA CUUBOANC,
onAadn ano :

m AIGYWPIOUO METWNOU PWTEIVOU KUUATOC.

N
m AlIaXWPIOPO NAATOUC 0€ PWTEIVO KUUA.



AlQX®WPICHOC HETWMNOU

m ANaITEiTal onuEiakn GWTEIVA NNyN N
NoAU OTEVN PWTEIVI) OETHN.

m Acv ONUIOUPYEITAl «OUPNANPWUATIKN»
£IKOVA CUMPBOANC ME QVTECTPAUUEVA
XaPAKTNPIOTIKA.

m [Napadeiypara : MNeipapa Young, Fresnel.



NMeipapa Young (1801)
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Meipapa Young

m [1pO0OXN, Ol GKOTEIVEC MNEPIOXEC OTO
TENIKO METAOUA OnUIoUpyouvVTal O
eNeIdn Taxa ekei Osv @Bavel pwc. To
PWC eKel pOavel, kar ano TIC dUo NMNYEC,
aA\a e avTiBeTEC PATEIC.

m H ouvoAIKn evepyela TwV OUO KUNATWVY

MouU NMPOCNINTEl OTO METAOUA NAPAUEVE]
oTabepn.



NMeipapa Young




ZUHPWVEC
(POTEIVEC NMNYEC

m O1 OUO MNYEC va EKNEUMOUV
LOVOXPWUATIKA PWTEIVA KUPATA WE 010
akpIBwC NAATOC.

= Ta KUPATA Nou cupBalouv va £xouv TNV
1010 navra diagpopd pAacnc Kata Tnv
ouvavTnon.

m OI NNYEC va €xouv JIKkpn dl1aoTaon Kal
va BpioKovTal KovTa n Jia otnv aAAn.



NMeipapa Young
(o1aTaén)

3. Constructive interference occurs

when r; and r, differ by a whole
number of wavelengths.

(b)

l. A plane wave 1s incident
on the double slit.

2. Waves spread out 4 €eoree,
behind each slit.

The bright fringes
are labeled by the
~ Integer m, starting
“ at the central
maximum.

3

8

Central
maximum

Top view of
the double slit

4. Destructive interference occurs when
ry and r, differ by a whole number of

_‘ Front view
wavelengths plus half a wavelength.

of screen

College Physics 4e, R. Knight, B. Jones, S. Field, Pearson ed. ; ISBN 10: 0-134-60903-4




Meipapa Young (diatagn)

Light waves meet
at P after traveling
distances r; and r».-.

Enlarged in figure (b)

Double Viewing
slit screen

0 <1°—- 0 (rad) =~ €l ~ nub =

College Physics 4e, R. Knight, B. Jones, S. Field,
Pearson ed. ; ISBN 10: 0-134-60903-4




NMeipapa Young (unoAoyiopoi)
+

= AnNOOTACN NPWTOU (PWTEIVOU Ao TOV
KEVTPIKO PWTEIVO KPOTOO.

y=L(A/d)

L : anooTaon nETacuaToc - OXICUWV
A UNKOC KUMATOC pWTOC Kal
d : anooTaon PETA&U Twv OUO OXICHWV.



AIEPEUVNON OXEONG

= H anooTaon y Tou NnpwTou PWTEIVOU
KPOOOOU arno TOV KEVTPIKO au&avel oTav :

m Au€avel n anooTtaon L neracpaToc.
m Au€avel To PNKOC KUUATOC A TOU (pWTOC,
m Mikpaivel n anootaon d Twv duo OXICHWV



NMeipapa Young
(6£0eICc KPOOOWV)
s DWTEIVOI KPOOUOOI :

y=2k(L/d)A/?2
OMnou K N Taén Tou kpoooou OnA. 0,1,2,3,...

m 2KOTEIVOI KpOOTOl :
y=@2k=1)(L/d)A/?2
OMnou K N Taén Tou kpoaooou OnA. 1,2,3,...
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College Physics 4e, R. Knight, B. Jones, S. Field, Pearson ed. ; ISBN 10: 0-134-60903-4



dpaypa AvakAaonc

Different wavelengths
diffracted at different
angles

Incident light

surface

t 141
\ / / 4 Zd .« ) . ‘ 2 The l'llik'l'th'\‘w]\i'\' ]‘il\
/ TR Ty B that store information
: / A on the DVD act as a
\ Mirror diffraction grating.
’

— 740 nm

Few pm




AlaX®WPICHUOC NAATOUGC

m [1paypaTonoleiTal e GWTEIVI NNYN
LEYAAWV OXETIKA OIaOTACEWV.

m ANUIOUPYEITAI N CUNNANPWUATIKN EIKOVA
TWV KPOOOWV GULBOANC.

m [Napadeiyparta : Aenta upevia, OAKTUAIO!
Newton.



Xpwuara ano culfoAn

= Alagopa onTIKWV
Opolwv 1, 2 :

2nt ouvd — (A/2)

= Aiagpopa onTIKWV
OpoLwvV 3, 4 :

2nt ouvo




AenTa UPEVIQ,
XpwUaTa ano cupuBoAn




AenTa UPEVIQ,
XpwUaTa ano cupuBoAn
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AVTIGQVAKAQOTIKEC ENIPAVEIEC
PAK®V

(inss




MOAUCTPWUATIKEC ENICTPWOEIC PAKWOV

wavelength/2 thick

% coatings

[ayoc kabe enioTpwonc:
~100 nm — 250 nm

xwavelengthm thick
coatings

https://petapixel.com/science-of-lens-coatings/




OpOaApika KpuoTaAAaq,
ENIOTPWOEIC




2016 Zeiss experiment




Evioyuon avakAaonc

Front Rear
reflection reflection

Thickness

A(k=0) ~ 590 nm — KiTpIVO

College Physics 4e, R. Knight, B. Jones, S. Field, Pearson ed. ; ISBN 10: 0-134-60903-4



MepiOAaon PWTOC
+

mH «kaupn» TOU @QWTOC OTA OpIa E&VOCG
adlapavouc €UnodIoU E€XEI OAV AMOTEAEOUA
TNV «aANOIWON» TWV AKPWV TNC YEWUETPIKNC
oKIac. To (palvOUEVO AuTO NMOU KATAoTPATNYEI
TNV AOYIKN TNG €uBuypapung 61adocnc Tou
PWTOC KaAeiTal nEPIOAaon.



Eikovec MepiOAaonc

=
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Apxn Huygens,
METONA KUPATOG




MepiOAaon PWTOC
+

= H oupBoAn kai n nepiBAaon eivai
OUCIaoTIKA TO I010 KUPATIKO (PAIVOUEVO
MouU OUWC EVW OTN CUUBOAN apopad
LIKPO OXETIKA ApIBUO PWTEIVWV MNYWV
(n.x. ®uo OTO Neipapa Tou Youngq),
oTn nepiBAacn avapepeTal o€ pia
OUVEXN KATAavoun pwTEIVWV KUUATWV
oUppwva Pe Tnv Bewpia Tou Huygens.



NMepiBAaon - Avolyua
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Laser — KUKAIKO avolvud




MepiOAaon
Aiokoc Tou Airy




Circular
aperture

Diameter DI

Central
maximum

Light
intensity

L=D

College Physics 4e, R. Knight, B. Jones, S. Field, Pearson ed. ; ISBN 10: 0-134-60903-4
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Aiokoc Tou Airy

+

H akTiva Tou diokou Airy diveTal ano :
akTiva = 1.22 (fA/d ), onou :
f : eoTiakn anooTaon

A : UNKOC KUNATOC (pWTOC Kal
d : dIQUETPOC avoiyuaTocg



MepiOAaon,
Aiokol Tou Airy




2uvOnkn Rayleigh




KpiTnpio Rayleigh
+

m [1a TNV napatnpnon dUO YEITOVIKWV ONUEIWV 0av
EexwploTa Oa npenel va 1IoYUEl :
n ywvia opdaoswc > 1.22 (A / d), 6nou

A : UNKOC KUPATOC (pWTOC Kal
d : dIauETPOC avoiyuaToc



Aiokol Airy —
A1GKPITIKO OpIO

Airy Patterns and the Limit of Resolution

Re?_?n!rtx‘itt'on Unresolved

3';Dimesnsiongl
oint Sprea i
Function Flgure 1




A1aKPITIKO OPIO avOpwnivou
opOaAuou

e 550nm - 20mm 550nm
OP =122-———— = 6.7um § AQnin = 1.22 -
2mm 2mm

=~ (0).3mrad

Meon anooTaocn PWTOKUTTAPWY OTOV APpIBANCTPOEION ~2-3um




' Zwypagpol,
EYXPWHEC KOUKIOE




Poisson/Arago spot (1820)
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ZupBoAn — MepiBAaon
(61apopEg)

AUO PWTEIVEC NNYEC.

MeyioTa e 101EC
EVTACEIC.

Meyaloc apiBuoc
KPOOOWV.

KaAo contrast.

AiaoTacn Kpooowv
oxedov oTabepn.

ApKEI Kal hia nnyn.

MeTaPAnTEC EVTAOEIC.
MikpOC apIBOC KPOOTWV.
MeTpio contrast.

Kpooooi pe peraBAnTo
ueyeboc.



Diffraction from a single slit

A single slit of width a has a bright central maximum of width
_2AL

T a

that is flanked by weaker secondary maxima.

W

Secondary maxima Central maximum

Dark fringes
Dark fringes are located at angles such that
asinf, =pA p=1273,...

If Ma << 1, then from the small-angle approximation,

PA PAL

0,

a a

Circular aperture of diameter D
A bright central maximum of diameter

| 244ML
D

W

is surrounded by circular secondary maxima.
The first dark fringe is located at

1.22A
9 - 3
1= N

_ 1.22AL
D

For an aperture of any shape, a smaller opening causes a greater
spreading of the wave behind the opening.

Interference from multiple slits

Waves overlap as they spread out behind slits. Bright fringes are
seen on the viewing screen at positions where the path-length
difference Ar between successive slits is equal to mA, where m is

an integer.

Equally spaced bright fringes are located at

: mA mAL
sinf, =— ¥V, =
d d
AL
The fringe spacing is Ay = —

d
Diffraction grating with slit spacing d -

Very bright and narrow fringes are located at angles and positions

) maA
sin B, = ——

d

Double slit with separation d

m=0,1,2,...

.‘1"'.?}! = L tan QHJ

Thin-film interference

Interference occurs between the waves reflected from the two sur-
faces of a thin film with index of refraction n. A wave that reflects
from a surface at which the index of refraction increases has a
phase change.

1 phase change

Interference 0 or 2 phase changes

A 1\A
2t =m— 2% = (m + _)_
n 2/n

A
2t = (m + %)i 2t =m—

n n

Constructive

Destructive

College Physics 4e, R. Knight, B. Jones, S. Field, Pearson ed. ; ISBN 10: 0-134-60903-4




Double-slit interference

Wavelength (m)-., .
¢ Distance

<inf. = mA”  between
MG, d & slits (m)

0, 1s the angle of the

mth bright fringe..,

d 1s the distance
between slits.

Distance to screen (m)
_ mAL<«”
VYm — d

Y 18 the position of
the mth bright fringe.
y
g
L }?4

L }:3

- }?2

L }?1

IFringe spacing Ay = y

L

L yp = 0 (Central maximum)

AL

Diffraction gratings
mA
d

6, is the an gle of the Y 18 the position of
mth bright fringe. the mth bright fringe.

sin@m — Ym — Ltan gm

_ Screen

-

d 1s the distance
between slits. m="2
-

L “Order number” m

A grating with N slits or lines per mm has slit
spacing d = (1 mm\)/N.

College Physics 4e, R. Knight, B. Jones, S. Field, Pearson ed. ; ISBN 10: 0-134-60903-4




2UHBoAn, MepiBAaon - EpOTNOEIC
+

m 270 neipapa Young av ol ®uo OGXIONEC PpwTI(OVTAV HE
KOKKIVO (pwC Ol Kpooooi Ba NTav NUKvoTEPOI N
apaloTEPOI ano OTI €AV 0 PWTICUOC TNC i61aC
OIATAa&NC yIvoTav PE INAE PwC ;

m 2TO Neipapa Young XpnoiUonolEiTal ASUKO (PpwC TI
akpIBw¢ Ba napatnpnOsi 0TO TEANIKO NETAOKA ;



NMeipapa Young




2UHBoAn, MepiBAaon - EpOTNOEIC

m T1 oupBaivel oTo neipaua Young otav
ol ®UO OXIOUEC anouakpuvovTal JETAEU
TOoUC ; Mwc petaBaillovTal ol Kpooaol ;

m TO YUNAE PwWC NPOKAAEI MIKPOTEPN N
ueyaAuTepn nepiBAacn ano kabs aAlo
opaTo Pwc ;

m O nNYoc ugioTaral To pAIVOUEVO TNC
nepiBAaconc n oxi ; TNC oUUPBOANC ;



2UHBoAn, MepiBAaon - EpOTNOEIC
+

m [1aTi 0€ cuvnBIouevo yuahi dev
napouaialovral XpwpaTta ano cuuBoAn ;
= [1010C 0 AOYOG MOU 01 CUVNBIOUEVEC

PWTEIVEC NNYEC Ogv napouaialouv
(paivopeva nepibAaonc ;

= 'EoTw OTI TO Neipapa Young cupBaivel
UEOA OTO VEPO, TI NAPATNPEITE ;



ZUHBoAn, MepiBAaon - EpOTNOEIC
+

m TI Xpwpa eupavifeTal va €xel n eNPAveia ganouvoPouoKac
oTav PWTI(ETAl JE AEUKO (pWC KAl TO NAYXOC TOU OTPWHATOC
eEOUDETEPWVEI TO NMPACIVO PWC ;

m 2TIC OKOTEIVEC NEPIOXEC TNC CUUPBOANC TI YIVETAI JE TNV
evepyela ; MNwc KaTaveueTal ;

m [lou punopei va ogeiAeTal To JwPB Xpwua GAkou PE
avTiavakAaoTikn enioTpwon ; O1 pwToypaPiec nou
AapBavovTal e TEoIo Ppako Ba £xouv apaye LwB anoxpwon;



EuxapioTw noAu

via
TNV NPOCOXN 0aC



