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MéEtpnon tng Evtaonc tou dwtog

dwrtewn pon (luminous flux) = EKmepumOpevVn evEpyeLa ava povada
Xpovou (loxuc)

Movada pétpnong Watt 1 Watt = 1 Joule/sec

Ouwce, To avOpwrnivo patt dgv eivan to idlo evaiocdnto o€ OAa ta URKN
KOMOTOC

I’ auto 6oov adopd tnv Evtaon tnG aktvofoAiag mov avrlthapfaveton
0 avBpwrmo¢ xpnotponoteitol to lumen

Mo uRkog kopotog A=550 nm - 6movu n avlpwrivn 0pochn NoPOoUGCLAlEL
HEyloTtn anokpion — 1 Watt = 683 lumen



Métpnon tnc Evroonc tou dwtoc (2)

‘Evtaon dwtewvic ntnync N Aapnpaotnta (R) ovopdletal n EKMEUNOMEVN

LOXUG ava povada oTePEAC ywVviog

Movada petpnong Kavtéda ( candela — cd)

1 cd = 1 lumen/steradian (otepaktivio) = 1/683 Watt/steradian



As =1 ft?

“Uniform
point

source

1cd

(a} Unit sphere

w=1 sr As=1 ft2
$=11Im X
Uniform / E=? | ,e
point \ €< 1 4c —
source \‘_5_ ~
Ted >
“ 1\
1 ft
2 ft

{b} Segment of the unit sphere



KBavtikn) ¢pUon touv dwtig — dwtovia

To dwc dradidetat we KO aAAd otav aAANAendpa pe TNV UAN OIOKTA
CWHOTLOLAKA XOLPOLKTNPLOTLKAL

Mo mapddetlypa, n EAAXLOTN EVEPYELA TTOVU MTtopEi va anoppodnBdei n va
eknendOei ano tnv VAN ya aktivofoAia cuyxvotntog f eivol

E=h-f
6rnou h n otaBepd tou Plank (h = 6.63x107* Joule-sec)
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TPEIZ MHXANIZMOI AAAHAENIAPAZHZ TOY ®QTO2 ME THN YAH

A. Antoppodnon — avBopuNTn EKMOMUTIA

perabiac
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B. Anoppodnon — E€avaykaopuévn EKTOUNNA
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AEIKTHZ AIAOAA2H2

H tayutnta Tov pwtdc oTto Kevo sivar € = 3x10° m/sec

Otav 0w to Pw KVeLta eVvtoc tnG UANG N TR aUTH
€AATTWVETOL KATA £V TOLPAYOVTA N

C
loxUeL dnAadn otL U = —, n > SeikTNg SLAOAAGNC TOU UALKOU
n

H peiwon tn¢ taxvtntac odpeiletal o petafoAn TOU HAKOUG
KOLOTOG, OXL TG CUXVOTNTOLC
A
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ANAKAAZH - AIAOAAZH

Otav 10 Pw¢ mpoomintel otn Olaxwplotikl emidpaveia 6vo
UALKWV ME Stadopetikd deiktn StdBAaonc tote KAt £va MEPOC
olvoKAAQTal Kot Katd €va aAAo pEpog dtaBAdrtot

Avaxioon ko ouwzBhoon

Tovie Tovie
RPOGRTOONG | avaKAAOTS

0, 0,
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Ocov adopad TNV avoKAWUEVN aKTiva LoYUEL OTL N ywvia

NMPOCTITWONG LOOUTOL HE TN YWVLA aVAKAQONG
Ocov adopa tn dStaBAwpevn aktiva LoYUEL n oxEon

n,sin @, =n, sin 6,- Népog tou Snell
Ou 800 aUTEC OXEOELC MPOKUTTOUV Omd tnv opyxn tou Fermat
ocUudwva HE TNV onoia otav 1o Pwc Kiveital petaév dUo onueiwv
A kat B akoAouUei tn btadpoun mou ypelaletor tov eAdyioto

duvarto xpovo N Looduvaua Tov EAAXLOTO OITTIKO SPOUO



Ontiko¢ Spopoc opiletal we n amootacn HeTaéL dUo onueiwv eni

tov deiktn 6LaBAacn tou pEcou omov yivetal n diadoon

Onrikoc opouosc =L =L-n



NAPAAEITMA 1 - Nopog avakAoong




NAPAAEITMA 2 - Nopocg 6LaBAaong

A

= nl-\/a2+x2+n2-\/b2+(d—x)2
iL(x) ~n 2x n 2(d —x)
dX 2\/a2+X2 2\/b2+(d—X)2

x (d—x)
Ja?+x* \/bz d—x)

== n,sing, =n,siné,




NAPAAEITMATA AIAOAAZHZ 2THN KAOHMEPINH ZQH
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AIAOGAAZH MEzZQ ONTIKQN zTOIXEIQN

NAAKIAIO MPIZMA
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AENTOI ®AKOI
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E2TIAKH ANMNO2TA2H

JUYKALVWV daKOC
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ATtokAlVvwV doKOC

1
loxuc pakov P = n (otawv to f peTpLETaL O pHETPA)
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IXHMATIZMOZ EIAQAQN ANO AENTOYZ GAKOYZ

-._:ll |-\.|:'-\.'|:|'-\.'|=:_ :l I.ll- '.I.

1.KaBe npoonintovoa aktiva mov eival mapaAAnAn e Tov
OTTLKO afova, atav eEEPXETAL SLEPXETAL OTLO TNV 0TI

2.KaO¢ npoonintovca aktiva mou nepva ano tnv £otia,
e€Epxetal mapAaAAnAn LLe Tov ONTIKO aéova

3.Ka0Oe aktiva mou nepvaeL ano to KEVTPOo Tou pakou dev
HETAPBAAAEL KAOOGAOU TNV MOpPEia TNG



MPAFMATIKA KAI ®DANTAZTIKA EIAQAA

2YTKAINQN ®AKOZ

1.MNpayuatiko eldwAo

ouyKAlvew AENTOC (aKkog

2.DavtooTiko elOWAO
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Meyébuvon M = Lf _3 o

s s—f
OUYKAIVEIY @OaKoC (f= 0
Beay avrixeluevon EIdO 160D Beon e1ocloy  peyefuvam
w =52 TOa}HETIRG f=s5=2f |M] =1
5 =2, TpEYHGTIRG 5= 2f M| =1
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IXHMATIZMOZ EIAQAOY ANO ANMOKAINONTA ®AKO

Kavovac ¥1
b .
=

Kovovac #2 T =
anexflvey AENTOC pakog
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5= |f] PEVIOETING 57 = |f] 0 M=t
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2Y2THMA QAKON
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NAXEIZ ®AKOI
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. : aKTIVES . . omictha eoTiakl) EUTPOTRia ETTIONY)
TOTaL pakon KGUADAOTHTAS s axogTaey BFD grogTacy FFD
QUSTKDOTOC _ -. o T din-1)] S din_1}]
VEVIKH R, #R; l=[ri:—1}-'i—L +d|*ﬁ Y fll- -2 1+ \n-1)
REPITTE o] r \ R R ) nRE L R, i i,
i 2 d(n-1y [ din-1)] [ din-1
MFFFPEIGI_: R_,-=—R;=R l = |:.I']—1:|-;— [n } _,Ir 1- |: :I .nr 1- |: :I
CUPTKDETOC f R nR’ i nR i R
CUMUSTRING. [ o 1 . 2 din-1) L din-1)] [ d(n-1)]
ﬁluqt?fxﬂ'!ﬁﬂ'; Ej=-R.=-R T = L]_H_]'E'l‘T .-r_]"" uR | .-r_l"' nR |
- 1 1 . d(n-1
ERITEACKTPTO :E:= i ? = in —1].E f_l— lan ) I
= — 1 i .1  d(n-1)]
emITEAGNOIL0] i":j F = Ll_“.]'E f_1+ inﬂ _]- 1




2XHMATIZMOz EIAQAQN ANO KATONTPA




MPAFMATIKA KAI ®DANTAZTIKA EIAQAA




ZOAAMATA OAKQON

1. Zpapki ekTpor) — OL AKTIVEG TTOU ATTEXOUV TTOAU QO TOV OTITLKO
aova dev eotialouvv oto idlo onpeio e auTtéC mov Bpilokovtol
Kovta (rmapaoVIKEC OKTIVEC)

napaiowniko
ciowho




2. Xpwpatikn ektpon — Ot aktiveg dtopopeTikol UAKOUC KUUOTOG
(dradopetikol xpwpatoc) dev eotidlouv OAeC oto ibLo onpeio

onpeiaxo pnAe £idwio T
acagic KOKKIVO p

ONPLIaKe KOKKIVO £100 10,
acagpic pnie



3.ACTLYHATIOMOC — Ol aktiveg o€ dU0 KABeTa peTalL Touc enineda dev
gotialouv oto 6o onueio

EQANTOPEVIKD |

cotia



2DMAIPIKA AIONTPA
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ZODAIPIKA AIONTPA (2)




H ONTIKH TOY OOOAAMOY

KEPOIOSIONG
xiovag

apgilinorposidixe
2idwho

Yéatwdec uypo YaAwdeg uypo



H ONTIKH TOY OOOAAMOY (2)

Ap@ANoToeLd1g

Kepatoetdng
XLTOVOG

Pandg petafintig
€0TLAXNG QTOOTOONG

H gotiakni and anooctacn tov pakol HeTaABAAAETOL CUVEXWG £TOL WOTE
vol LoXUEL TTAVTOTE



H ONTIKH TOY OOOAAMOY (3)

Otav to avtikeipevo Bpioketol oTo AMELPO LOXVEL OTL (S = oo)

1. p 1

: (0.0]
f D D
H eAdyiotn andotaon sukplvouc opaong eivat S ~ 0.25m

: .1 1 1 1 1
2TNV NEPLNTWON AUt — = P

+ =>P. ==+
f D 025 D 0.25

Apa to eUPOC Aettoupyiac — LoxUC MPooapuoync — tov opOaApov eivat

P pot,t 1 1
D 025 D 0.25




O OPOAAMOZ Q3 AIONTPO
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7.7 mm 16.3 mm
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H ONTIKH TOY OOOGAAMOY

O dako¢ npoocapuoletal £ToL WOTE TO £L6WA0 va eoTlaleTal MAVIOTE

otov apdiBAnotpoerdn.

YnepUeETpWIiQL




Oco peyoAutepn €ival n amnod-eotiaon TOCO MO £viova Eival
npofAnpata TN 6pAcNG

Muwrtio YnepUeETpwWRia




Eite pe emépPoon

KEpaToE1aTC

Muwrnia

anodopnpévo
wlKG

YRepUeETpWIiQL



METENOYNTIKOZ ®AKOZ

davtaoTind eidwAo
0TO QITELQO

Avtuxeipevo fh 0 }\ AvTuxeipevo m
3 o

|
——025m——

Otav yxpnowtomoloUpal MeyeBuvtikO ¢oko ywa TNV mnopatipnon &vog
OLVTLKELUEVOU TOTIOOETOUE TO OVTILKEIMEVO KOVTA OTNV €0Tia Tou ¢doKoU Ko
nopatnpoU e To idwAo oto amneipo.

g <0 =M a0 e 0= rove Mevéoowon M = & = 025
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MIKPOzKOMIO
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2UVOUAOHOC SU0 PaKWV — AVTLKELUEVIKOC Kot tpoocodOaApoc.



MIKPOZKOMNIO (2)

. , s’ 0.16
Mey£Ouvon aVTIKEHEVIKOD M, =—— = ———
a fa
, , , 0.25
Ffwviakn peyébuvon npocodOaApov M =
0.04
Zuvohwkn peyébuvon M =m M = _?



AIATAZEI2 MIKPO2KOIMMIAZ

AVTURELUEVIROG
QOrOG

Avturelpevinog
1 o

Ae i“Y ua

AIEPXOMENHZ AEZMHZ T1A AIAQANH ANAKAOMENHZ AE2ZMHz INA MH
AEITMATA AIADANH AEIFMATA



AIAKPITIKH IKANOTHTA MIKPO2KOMNIOY

b 06t
nsina NA

d =0.66

NSIN a=apOuntikd dvotypa tou dakol = Numerical Aperture (NA)

~ | AVTUELUEVIXOG
2 oaxoe




BAOO2 NEAIOY

‘EXEL va. KAVEL LE TNV SLAKPLTIKA LKOVOTNTO TOU MLKPOOKOTILOU KOTA Th
61evBuvon dtadoonc tng SEounc
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NAPAAAATEZ MIKPO2KOMNIOY

Svpmuxvotic  Huavaxhaotiko € » [100co@OGAuLOG
mAaxidLo
Kdromrtpo T T
l l B W [1\oxidwo paoewv
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Gy AVTIXELUEVIXOG
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Gy TYUTTURVOTHG Agiypa
L T ZUUWTUXVOTHG < P
l Hulovaxhaotxd " Kéromtgo W = "
TAaxidLo
v
MIKPOzZKOMNIO 2YMBOAH2 MIKPOzZKOMIO NEPIOAAZH2

METPOYN METABOAEZ TOY AEIKTH AIAOAAzZHZ




NEPIOAAZH

Otav 1o dwC Klveital HECO OO OTEVEC OXLOMEC N oTeEVA eumodia (o€
OXE0ON ME TO MAKOG KUMOTOG) EXOUME OTOKALON QMO TNV €VOUYpOpun

éwadoon
tigodog eicodocg Ala =>>
npoaninTo Ao =< npooninTov ! T -
e whpn ._-._E.p}::-:-us.ﬁ.-:
SIEpYOPEVD Kopa
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NEPIOAAZH ANO OPOOIQNIA 2XIZ2MH

Vo

© nepiBRaomixog

nepdAdy Y P —

avotypa

Xo

GUpRgwun
aknvofoiia

. o maxsSin@
sin

J

KEVIpIKOC
fofidg i
nidyioc fofidc Sin(ﬂasm 9)
2 ghaxioto _ _
rasing '

1' efaxniore

7o Sin @

T




KaBe pnkog kupatog neptbAatat o dtadopetikn ywvia

A” pmAE =
435 nm

A KOKKIVO =
650 nm
m=-1 m=-2

m =2 m=1 m =0

Mrnopei va xpnotpomnotnOei yia availvon touv ¢pacportoc —

Ppayuota nepibAaong



2YMBOAH

Avo kOpoata avaloya pe th dwadopd ¢acng pmopouv va cupBaiiouv
eite emokodopuntika (Ad=0) eite kataotpoPpika (Adp=m)

TUVITTAPEVD
NAsKTpIKG nedio

EMpEpous
nALKTpKG nedia

Aty -
Ay gy -



2YMBOAH KAI NEPIOGAAZH - TO NEIPAMA TOY YOUNG
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NOAQ2H

eminedo Taddvasong

" naextpiko nediov E

eninedo Tadavwory
payvnTiked nediow H Gnendhrvon

&aboone

To NA&eKTPLKO Kot payvnTtiko medio tadaviwvovtatl o€ Vo KABetTa
METOEL TOUC eMmineda



To eninedo taAaviwonc tou nAektpkoU nediov kaBopilel Tto eninedo
noAwong

auykermpevn hesBuvan

- raddvrwong neédior A
Ly ¥ I
AL
!

afovag nodwong r‘_':ri

SngoBevon Siadoone

“Otav 1o entinedo moAwong dev petafarAeton pe To XPOvo 1o pwg
OVOMAIETOL YPAUULKO TTOAWUEVO




H petatponn tou ¢puotkol GwtoC o€ YPOUIULKA TIOAWHEVO YIVETAL ME
XprRon noAwtn

PUTHO g alovag

NoAWTNE

dngo8uvon diadoone

Mpappxog
IModwg



Eav xpnotponotn@ouv 600 MOAWTEG 0TN OELPA UIMOPOUUE VoL EAEYEOULLE
NV £€£060 TOU OCUCTHMATOC OavAAoya HE TN OXETIKA ywvia twv 800
TIOAWTWYV

OYETIKN ywvia §
fe

Avanung M wepa fvraong 1,
afovig nafuong

Mpappxéc oipapptvoc xata &

IMofiorng Tl sopa
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Edv cuvO£ooupe SU0 YPOUULKA TIOAWHEVO KUpATO KAOETA HeETAlL TOUC
e Stadopd baonc 90° tote MPoKUMTEL KUKALKA TIOAWHEVO HWC

Circular
. . polarization
SO 0 out

Y

il Quarter- w7 L 77
Yave -
plate

. .« Linear
: 2]

Lo% 70 polarization
SR iR



