E@apuoopevn OTITIKA

NewpeTpikn OTTTIKA



KuUpia onueia Tou padnuartog

H TTpootyyion TNG YEWHETPIKNG OTTTIKAG

Nopol Tng avakAaong Kai TnG diabAaong

Apxn Tou Huygens

Apxn Tou Fermat

Apxn ™ng avtioTpeipoTnTag (principle of reversibility)

Emitredeg emi@aveieg — avakAaon- d1abAaon
ATtreiIkOvIONn ME OTTTIKO CUCTNMO

2PAIPIKEG ETTIPAVEIEG — avAKAaon- d1dBAaon
AetrTOoi QOKOI — €0TIOON — I0XUG

KuAivdpikoi @akoi




NewpeTpIik OTTTIKA

Ortav o1 d1aoTACEIC TWV IAPOPWYV OTITIKWYV OTOIXEIWV Eival TTOAU
MEYAAUTEPEC ATTO TO PNAKOC KUPATOG TOU PWTOC UTTOPOUE va
QYVONOOUWE TNV KUNATIKI QUON TOU PWTOG.

AuTN n TTpocéyyion atroTeAE TNV Fewperpikn OTTITIKA

1. To wc¢ Bewpeital OTI dI1adIdETAI JE EUBEIEC YPAPUEGS, TIC AKTIVEC.

2. O1av pia pwrTelvh akTiva dIEpyeTal HEoA ATTO £€va OTITIKO OUCTNUO
ATTOTEAOUNEVO ATTO JIAdOXIKA OUOIOYEVI) HECQA, TOTE O OTITIKOG
OpPOMOC gival pia akoAoubBia aTrod eubuypauua TURMATA.

3. O1 vOuOoI TNC YEWMPETPIKNG OTITIKAC TTOU TTEPIYPAPOUV TNV aAAayn
d1EUBuvVONG TWV AKTIVWY, €ival O YVWOTOi VOUOI TNG avakAaong
Kal TG dilabAaong.



AvakAaon kail d1a0Aaon oTnv
O1aXWPEICTIKI ETTIPAVEIA
METAEU QUO OTTTIKWV HECWV

Moy,

Plane contains surface
normal, incident,
reflected, and

. refracted rays.
Incident

medium

Interface

Reflection: 6, = 6;
Refraction: sin6;  n,
Refracted = — = constant

ray smé, n
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Apxn Tou Huygens

H oikoyévela Twv o@aIpIKwV
ETTIPAVEIWV TTOU Eival KAOETEG OTIG
OKTIVEG €iVal T KUMATIKA UETWTTA.

Ta onueia EvOG KUMATIKOU METWTTOU
ICATTEXOUV XPOVIKA a1TO TNV TTNYN.

U H apxn tou Huygens gival Eva JovTeAO
TTOU TTEPIYPAPEI TNV dIAdOCN TOU PWTOG
opidovtag 0TI KABe onuEio EVOC KUUATIKOU
METWTTOU PTTOPEI va BewpnBei OTI gival Ty
EKTTOUTTNG OEUTEPOYEVWYV KUMATWV.

O 2€ katrola JEAAOVTIKA XPOVIKA OTIYUN, N
véa BE0T TOU KUMOTIKOU JETWTTOU €ival PIa
ETTIPAVEIQ TTOU EQATITETAI OTA OEUTEPOYEVN
QUTA KUpaTa
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O1 vépol Tng avakAaong Kai Tng d1abAaong pNE TV apxn
TOoUu Huygens
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sin 9;% and sin 0,=%]¥

Sii%:—FL: - constant
sing, DM DM n
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Apxn Tou Fermat

OpiCel 0TI TO WC KAAUTTITEI TNV ATTOOTACT TTOU XWpPIilel U0 onuEia £T01 WOTE
Va EAQXIOTOTTOIEITAI O ATTAITOUMEVOG XPOVOG.

H 1m0 yevik ka1 opBoTePN diatutiwaon TNG apxns Tou Fermat (1 apxng
eAaxioTou xpovou):

Mia @wTeiviy akTiva TTou d1adideTal atrd To onuEio A oto onueio B
aKOAOUOEi OTTTIKI) S100POMNA TTOU £ival «OTACIUN» O& OX€on ME METABOAEG
auThig TNG d1adpopnG (ONA. aTToTEAEI AKPATATO, OXI UTTOXPEWTIKA EAAXIOTO).
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O vopog TnG AiddAaong

A

! ME TNV apXn Tou Fermat
h

o Vh? +x° \/b2+(a—x)2
1 tAB = +

. X . ) O,
b ‘-9: 5 ( )
t X —(a—x
—=0= + =0

. B 2 v;vh? + x? utﬁ\/b2+(a—x)2

- oax - ] ]

sin; _siné, = v, Siné =wv, sin 6,
b Ly
a ]

= n.sind =n,siné,

2.€ 01a00XIKG OTPWHATA DIAPOPETIKWY OUOIOYEVWYV PECWY, HE DIAPOopPETIKO deIKTN dIGBAaoNS TO KaBEva,
0 Xpovog petapaoncg atrd 1o A oto B, dnA. o oTITIKOG dpouog, Ba cival:

S, S, Sn N 1<
tg=—+2+..+L=>s/v==>ns
v, L, v, 3 C43



ApXn TNG AVTICTPEWYINOTNTAG

Ortav avTiotTpa@ei n Topeiad MIAG OTTIKAG OKTivag, auty Ba
akoAouBnoel akpIfwg TNV idla diadpour), aAAd avTtioTpo@a (JIOTI TO
ATTOTEAECHA TNG €QPAPMPOYNAS TNG apxnS Tou Fermat dev egaptaral
aTtrd TN C€IPA YE TNV OTToia gugavidovTtal Ta onueia A kai B).

A




2XNMATICMOG E1I0WAOU aTTO AVAKAOQON
OTTO ETTITTEON ETTIPAVEIQ

To paT BAETTEI TO PAVTOAOTIKO €idWAO S’
(Aev ptropei va TpoBANn6ei 11.x. o€ yia 08évn)

PavTaoTIKO EI0WAO EKTETAPEVOU AVTIKEINEVOU:
= MeyéBuvon =1
» AvaoTpo®n TTPoCavVATOAIOUOU

To KAToTITPO dev XpelaleTal va BPIioKETAl AKPIPWS KATW
aTTO TO AVTIKEIPEVO

Tpia @avtaoTIKa €idwAQ:
|, Kal |, a1ro atrAn avakAaaon ammo Ta KarotrTpa 1 kai 2
Kal 7O |; HETA OTTO dUO OI1AO0XIKEG OVOKAACEIG
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2XNMATIONOG E10WA0U AaTTO d1A0Aacn aATrd £TTiTredn EMI@EAVEIA

ny>ny 2

O1 (1), (2) kai (3) dev TEUvVoOvVTAl, O€ KOIVO ONMEIO

®) (1)
OTTOTE OE dDNMIOUPYEITAI EUKPIVES EIDWAO. A }/bez//
(MOVO VIO TTAPAEOVIKEC OKTIVEC €XOUME EUKPIVEC EIDWAO) -

n
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AidBAaon pe avakAaon (a,B) kai oAk} avakAaon ()




Opi1akn Nwvia




Opi1akn Nwvia

Alr
Critical angle Total |nt:=:rnal
reflection
n,
Ny
Water

%



Opi1akn Nwvia

Cladding
{low refractive index)

Silica Glass Core
(high refractive index)



E@apuoopevn OTITIKA

Otk ATTEIKOVION



ATTEIKOVION ATTO OTTTIKO CUCTNMA

Real object Real image
space space

Optical i
system

1. YmoBétoupue 611 Ta didgopa UAIKG TOU
OTITIKOU OUCTANATOG €ival ICOTPOTTA KAl
OMOIOYEVI] KAl OTI ETTOPEVWG XapakTnpidovTal
atrd €va OUYKEKPIYEVO OEIKTN dIGBAaoNnC TO
KaBéva.

2. YTTo0éooupue OTI TO OTITIKO cUOTNUA
ETTAVOKOTEUBUVEI TIC OKTIVEG £TOI WOTE,
eCEPYXOMEVEC QUTEC OTTO TO OTITIKO cUCTNUA va
EICEABOUV OTNV «ITEPIOXN TTOAYUATIKWV
EIDWAWV» OUYKAIVOVTOG TTPOG £va onueio, To
gidwAo /

2xAuaTta amrd Pedrotti et al. 2007

2UMQWVA ME TRV apXn Tou Fermat:
ePOOOV N KABE PIa aTTO TIC AKTIVEC AUTEC
CEKIVA aTTO TO i010 onueio O Kal KATaANYEl
o070 id10 onpeio I, Ba TTpETTEl Va
QVTIOTOIXOUV O€ iooug Xpovoug diEAEuONG,
yI' QUTO Kal AEyovTal ICOXPOVEC.

ZUMQWVA NE TNV AapXA TNG
AVTIOTPEWINOTNTAG, €AV TO [ €ival TO
QVTIKEIMEVO, TOTE KABE PIa ATTO TIC AKTIVEC
Ba akoAouBnoel akPIBWC TV avTiIoTPOPN
TTopEia Kal 6a oxnuatioTei €idwAo oTO
onpeio O.

Ta onueia O kai / ovoudlovrtal ouluyn
OnpuEIa yia TO OTITIKO oUOTNUA. Z€ €va
10AVIKO OTITIKO OUCTNMA, OAEG Ol OKTIVES
TToU TTpoEpyxovTal atrd 1o O Kal TTEpVoUV
MEOQ aTTO TO OTITIKO OUCTNUA, KAl JOVO
auTég, Ba eoTiIaoTOUV OTO /.




KapTeoI1aVEG ETTIQPAVEIES

AvakAQOTIKEG 1) DINBAACTIKEG ETTIPAVEIEC TTOU OXNMaTI(OUV TEAEIO €idWAQ,
ovopadovTal KAPTEDIQVES ETTIPAVEIES.
O1 avakAAOTIKEG KAPTECIAVEG ETTIPAVEIEC EIVAI KWVIKEG TOUEC

7
@

DavTaoTIKO
gidwAo

(b) Hyperboloid
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(c) Paraboloid 2xAuara amrd Pedrotti et al. 2007
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P

A1dOAAOCTIKES KAPTECIAVES ETTIPAVEIES

P(x, y)

@¢&éNoupe va Bpoupe TNV e€icwon TNG KATAAANANG diabAwoag

ETTIPAVEIAG £TOI WOTE TO onueio O va atreikovifeTal 0To onueio /.

‘EoTw P €va o1ro100NTTOTE ONMEIO TTAVW OTN {NTOUNEVN

ETTIPAVEIQ 2.

A

> X
Atraitoupe kGBe akTtiva atrd 1o O, oTTwg N OPI agou utrooTei
d1G0Aaon va Tepva atro To /.

Mia aAAn TETola akTiva gival Trpo@avwg N OVI.

2UM@wWva Je TNV apxr Tou Fermat, Ba TpETTEl O dUO AUTEC
OKTIVEG va €ival I00XPOVEG.

O xpbvog d1adoaong PIOG aKTivag HEoa o€ éva dIapaveS HEOO
TTAXOUC X Kal hE OeikTn d1IdBAaoNng n gival t=x/u=xn/c



P

A1dOAAOCTIKES KAPTECIAVES ETTIPAVEIES

P(x, y)
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n, (x> +v)" +n [[50 +5;, — :r:)2 + }-‘1 =orob.

-

n
>
-
>
>
>
-

H otaBepd oTnv ediowon autr pokUTrTel awéd 10 dBpoicpa N S, +N, S,

H e§iowon trepiypda@el Eva KAPTECIAVO WOEIBES EK TTEPICTPOPNG



Mn 18aviKn ATTEIKOVION

Mn 186aviIKK atrelkévion HTTopEi va cUulBei otn TTpdAsgn e§aitiag:
— oKé&€daong Tou wToG (light scattering)
— OTITIKWV o@aApdTwy (optical aberration)
— T1repiBAaong (diffraction)

Katroleg akTiveg atrd 1o O dev @Travouv oT1o | Adyw attwAgiwy atrd avakhaon Tavw o€
OI0OAWOEC ETTIPAVEIEG, AOYW BIAXUTNG aVAKAQONG aTTO AVOKAQOTIKEG ETTIPAVEIES, KAl
AOYyw oKEDAONG ATTO AVOMOIOYEVEIEG OTA dlaPavn MEoA. H atTwAEIa akTivwy atrd auTeEg
TIG AITIEG GUVETTAYETAI ATTAQ TNV EAATTWON TNG QWTEIVOTNTAG TOU EI0WAOU.

YTdpxouV Kal akTiveEG TToU AOyw OoKEDAONG KATAAYOUV OTO onEio |, €XovTag CeKIVIOEl
atrd PN ouluyn onueia (Tou AvTIKEIMEVOU), KI €TO1 TIPOKOAOUV UTTORABWION TNG TTOIOTNTAG
TOU €10WAOU.

Ortav 10 id10 TO OTITIKO CUCTNHA OEV PTTOPEI VA ETTITUXEI AvTIOTOIXIa 1-1 HETACU QKTIVWV
TOU QVTIKEIMEVOU Kal TOU €I0WAOU, TOTE MIAAME VIO «TQOAAPATA» TOU OTITIKOU CUCTHUOTOC.

OAa 1a oTITIKG ouoTApaTa dEXovTal JOVO Eva JEPOG TOU KUMATIKOU HETWTTOU TTOU
avadueTtal atro To avTikeiyevo. ‘ETal To €idwAo dev utropei va gival atroAuTa 0aPEG, aKOPa
Kal av Ogv UTTAPXEI KavEva AAAO OQAAPA ATTEIKOVIONG. 2€ AUTA TNV TTEPITITWON AEPE OTI N
atrelkOvion gival oto mepIBAacTiko opio (“diffraction limited”), kal To OTITIKGO ocUCTNUA
AéyeTal ouoTnua 1repIBAaaTikou opiou (diffraction limited optics). Npo@avwg TTPOKEITAl
YIO QAIVOUEVO TTOU OXETICETAI UE TNV KUMATIKI QUOT TOU QWTOC, Kal Oev AauBAaveTal
UTTOWN OTNV TTPOCEYYION TNG YEWMETPIKAG OTITIKAG.



AvakAaon atro KUpTH o@aIpIKK ETIQAVEIA i »&

Ta o@aipIkG KATOTITPA UTTOPEI VA €ival €iTE KOIAQ €iTE KUPTA WG
TTPOG TO avTIKEiEVO O, avaAoya UE TO AV TO KEVTPO

/
KaptruAotnTag, C, cival otnyv idia TTAeupd JE TO QVTIKEIPMEVO ) OXI. ﬂ/

Gaussian Optics
cosop~1
singp~tanp~@

< s S
—-»!s’zf:<—
0 = a+@ (WG eCwTEPIKNA Ywvia Tou Tpiywvou OPC) ®
20 = a+a’” (wg eCwTEPIKA Ywvia Tou Tpiywvou OPI) ,
Etopévwe: a-a” = -2¢ y

AV QVTIKATAOTAOOUNE TIC YWVIEC UE TIG EQATITOPEVES TOUG:

hoh_,h 1 1_2

s s R s s R




O1 ouvOnkeg TTPOCHHNWY

H amréotaon tou avtikeiyévou O atrd Tnv Kopun V, s, gival BeTIKr) otav
10 O €ival oTa APIOTEPA TOU V. 2€ AUTA TNV TTEPITITWON AEUE OTI EXOUME
TTPAYUATIKO avTIKEiNeEVO. Av To O gival ota €I Tou V, TOTE TO S €ivail
ApPVNTIKO, KAl TO AVTIKEIUEVO QAVTACTIKO.

H amréoTtaon tou €1dwAou I atrd tnv kopuPpn V, s, gival BeTIKr éTav 1O /
gival oTa ApIOTEPA TOU V. 2€ QUTA TNV TTEPITTTWON AEUE OTI EXOUME
TTPayuaTIKO €idwAo. Av 1o [ eival oTa de€Id Tou V, TOTE TO S~ €ival
apvNTIKO, Kal TO €i0WAO PaAVTACTIKO.

H akTiva KautruAdTnTag R €ivar BeTIkA oTav 10 C €ival ota 0eCid Tou V,
TTOU QVTIOTOIXEI 0€ KUPTO KATOTITPO, KAl apvNnTIKN 6Tav 10 C gival oTa
aApIOTEPA TOU V, TTOU QVTIOTOIXEI O€ KOIAO KATOTITPO.




A1aBAaon amTd oceaIPIKA ETTIQAVEIA

n,sing, =n,sino,
210 Tpiywvo CPO n eCwTEPIKN ywvia: a=0,+¢

210 Tpiywvo CPI n eGwTeEpIKN ywvia: a'=0,+¢
[1Q TTAPACOVIKEG AKTIVEG:

n(a—-@)=n(a"-9)

O1 ywvieg a, a’kal ¢ utTopouv va
QAVTIKATAOTABOUV JE TIC EQATITOUEVEG TOUG:

h h h h
n(———=)=n,(—-—
1(S R) z(s, R)
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A1aBAaCTIKN 10XUG

H &1a0Aa0TIKA 10XUC pIag OIOTTTPIKAG ETTIPAVEIAC Eival AVTIOTPOPWGS avaAoyn
TNG OKTiVAG KAMTTUAOTNTAG TNG.

ﬂ_nzznl_nZ n'_n

s s R P = -
Emeidny ouviBwg ol gakoi yerpouvTal n—-1 1
OTOV ATHOO@AIPIKO aépa, OTToU n=1, 0 P= > = n

TUTTOG YivETQI:

E1reidr) ouvriBwg o1 QaKoi JETPOUVTAI OTOV ATHOCQAIPIKO AEPA, OTOUG
QTTOKAIVOVTEG PAKOUG N €0TIAKI AaTTOoTaCN AANBAVETAI APVNTIKA KAl ETTOMEVWG
N 10XUG TOUG €ival KAl authn apvnTIKN.

O1 yovadeg NETPNONG TNG I0XUOG VOGS POKOU £XOUV DIOOTACEIC AVTIOTPOPOU
ufkoug, dnAadr mt

H povada auty ovouddetal diotrrpia (d1€0vwg oupBoAideTal wg dpt), dnAadn:
otTou n=1, o TUTTOG YiveTal:

1 dlomrTpia =1 dpt =1 mt




2UVONKESC TTPOC MWV VIO OIAOAWOES ETTIQPAVEIES

S gival + €dv TO AVTIKEINEVO BpioKeTal UTTPOOTA ATTd TNV ETTIPAVEIQ (TTPAYMATIKO AVTIKEIMEVO)

S &ival - eav TO AVTIKEINEVO BPIOKETAI TTICW ATTO TNV ETTIPAVEIA (PAVTACTIKO QVTIKEIUEVO)

s” eival + edv 10 €idwAo BpiokeTal TTIOCW ATTO TNV ETMIQEAVEIA (TTPAYUATIKO €idWAO0)

s” gival - €av To €idWAO BPICKETAI UTTPOCTA ATTO TNV ETTIPAVEIA (PAVTACTIKO €idWAO0)

R eival + €dv 10 KEVTPO KAUTTUAOTNTAG BPIOKETAI TTIOW ATTO TNV ETTIPAVEIQ

R €ival - €dv 10 KEVTPO KAPTTUAOTNTAG BPIOKETAI TTPOCTA ATTO TNV ETTIPAVEIQ



2UVONKESC TTPOC MWV VIO OIAOAWOES ETTIQPAVEIES




2XNUATIOMNOG EI0WAOU ATTO TPAIPIKA KATOTITPA

(®) ©
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Katakopu@n pEYEOuvon €10WAOU aT1Td CQAIPIKNA ETTIPAVEIQ

n,sing, =n,siné,

h_, h
1 — 2
S S

n




Convergent Divergent
Lenses Lenses

0 ( ¥ N |
| |
| Y & 3|

(a) (b) (c) (d) () (N
Figure 2

# Direction of light rays

E=0 E =0 F=0 E =0 = E=0

.11:‘:0 .\ﬁm E =0l ,}1‘;*0 B, =10 \&:D
Bironvex Plano- Convex-  Meniscus Plano- Bironcave

CORVEX  ConNCadve CORCaVE



Mapddeiypa oXNUATIONOU £1I0WAOU ATTO MIO CQAIPIKN ETTIPAVEIA KAl
aT1ro TTaXU @aKO (U0 CPUIPIKES OIAXWPICTIKES ETTIPAVEIES)

R =35
}’ll:l / n2=]33 -

%4 51 =30 ————>1<—10 >i< 5= =30 ——
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AeTTTOI QOAKOI
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2votnua Astrtwv Qakwyv

(1) A @Y
5. RO,
{\ F, RI |47) F
= o
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AvAkAaon atrd KUpPTH KAl KOIAN o@aIpIKA ETTIPAVEIQ

2
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AetrTOoi Qakoi

s, =t—s,

Av TO TTAX0G TOU QAKOU gival TTOAU piIkpO (t=0):



AetrToi Qakoi

n 1 1
= +2= (nz nl)(___)
Sl 2 R1 RZ
1 1 n—-n,1 1
—H = ()
1 2 nl Rl RZ

Ortav 0 pakdg (Me OgikTn dIABAaonc n) BpioKkeTal oTOV APA:

—=(n- 1)(€_R_)



ECicwonN KATAOKEUAOTWY QAKWV

H ox€on tmou divel TNV €0TIOKN amoaTaaon f evog pakou Pe TTaXog t. ival n:

4 tc (n _1)

1 1
_(n 1)[R1 R, nNRR,

]

t. TO TTAX0G TOU KEVTPOU TOU (paKoU
R; Ol aKTiveg KAUTTUAGTNTAG TOU (paKOU
n o 0€ikTNG d1IABAaONG TOU PaKoU

H mmapatmdvw oxéon ovopddeTal ox£€0N TwWV _KOTAOKEUAOTWY TWV_QAKWY Kal €ival
atrd TIC onUAvVTIKOTEPEC OXEoeIC oTnV OTITIKN.

2TNV TTEPITITWAN TWV AETTTWV QAKWYV, N TTAPATIAVW OXECN ATTAOTTOIEITAI OTNV:

1:(r’|—:|_)(i—i) i 1:14_&
f R R,

f u v



ECicwonN KATAOKEUAOTWY QAKWV

E1re1dr) cuvABWC o1 PaKoi JETPOUVTAI OTOV ATHOCPAIPIKO aEpa, OTToU N=1, o TUTTOG YiVETAl:
n-1 1

P =

R f

1)_(n—D_(n—D
RZ - Rl R2

1 1
U

P=P+P,

[0 CUCTAPOTA PAKWY O€ PETASU TOUG aTToaTacn d, IOXUEL:
P=P +P,—-dPP,



Anpiouvpyia eI0WAWYV
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Karomrpa Qakoi



