KE® AAAITIO

To gpog 20T TO 6O QEOVTO dLaV €L
REYAAN aXOOTACT RETA GTN Y1LVY)
ATUOCQPALOU XAl EVA TNULAVTILRO NLE-
00G TOU XVAVO YOMOWNOTOS OXENATE-
tor. To pog mov meoominteL o€ Eva
VE@POG, OTAV AVAXAATOL OO TO VEPOS
®OL YIVETAL TEMXA 000TO ATO TOV
TAQATNONTI, £YEL ®ITOLVT) €S €QU-
001 amoyowon.

TO QX
H ¢ om tov gotig
H tay t™qta tov potog

Mnzog # paTOg RAL CUYVOTNTA POTOG

AvaAlvon AEVr0o @QOTOGS %L YOOUOATO
II6Amon Tov poTog

“Evag mohotiig T mov polaroid, mov £xeL moo-
000TN0EL 0T0 PUKO LLOS POTOYQUPLRIS LY AVIIS,
EMAEYEL TO ¥ LOTA LE PEO CUYRERQLUEVT] OLE -
Ouvon Tohwong xaL Enmoditel Oha Ta dAla % -
pata. "Etol 0 gotoypdgog ®atdgeQe va amoTv-
TATEL TO GTLYPULOTUTO TI)G OLTTACVIG ELXOVAS RO
POTOYEAQLOE axope xor Tov  HAvo.




H gvaroOnoia tov avBpmmvou pomo  doov apod THY OVTIANYY TMV XOMUATMV KUUOLVETOL
oo ta 400nm mepimov (Ldeg pwg) €mwg ta 700nm mepimov (epuBES Ywg). Avtr 1 evonodnoio xa-
BopiCetan ®VElwg 0O TOUS VOO ELS TTOV VALY OVV OTO cuaBnToLe dpyava TS GRUONS TOU OLV-
Bowrov.

To gpdtnua elvon ov now oL dAho Condt 60N VITORELVTAL OF TOEOUOLOVS TTEQLOQLOWO € TNG OQUL-
ong Tous. [Tiote etoun évTwg OTL Tot NUEQOPLAL TOUMA SLLBETOUV UNYAVIOUO G TTOV TOVG ETULTOETOVY
vo. PAETTOVV TO VITEQLDOES (PMS. ZUYREXQUEVCL, TO «TTOVAL TOV HAOU» TNG TOQamdvm etrovas €xeL
gvouoOnoto omd o 330nm (veQLddeg pmg) €wg ta 680nm (eQUOEO PWQ).



Ewoayoyiro €évleto

11

Talavioon

To omua tov duThavo  OYNUATOS elvon EEAOTNUEVO
IT0 TO AXEO TOV EAOITNELOV 0TOBEQAS K. AV TO auTopaL-
%O VOUUE outO T B€01 LOOQEOTHOS TOV RATA Xy ®OL  OTEQQL
TO apoovue ehe Beo, Bl eExTELEDEL UL RIVNOT 1) OTTOLOL
Ba emavalapPavetan og toa yeovird doThuoto. Mo té-
TOLOL %LVNO1), OIS CUTH TOU CUOTHUATOS EAATNQIOV -
udtos, ovoudletal oAt aguoviry TeAIVIOOoT).

* H péyiotn amoudnuvon X, Tov Cmuatog oo T 0€om
LOOQQEOTOS TOV OVOUALETAL TAATOG TNG TAAAVTOONG.

* O x0dvOg IOV Y OELALETOL TO CMDUCL, YLOL VOL TTEQUOEL OLOL-
doyd & 0 oEg ammd To (Lo ONUEID TNG TEOYLAS TOU KoL
ue v oL opd., ovoudtetou tepiodog T. Elvar povepd
OTL O€ XOOVO WS TEQLOOOV TO OMUO. EXTELEL UL TTANON
TAAAVTOON).

* To mnhizo tov apBuo TV Tohavtdoemy (N), oV ®AVEL TO OCOUO O XOAVO t, TEOS TO XEOVO t

ovoudaletar ovyvornre. f. Anhadn:

N I
f= < > nat=Txrw N=1, matpvouue: T =

* Emniong ed® mEmEL Vo TOVIOOUUE OTL 1] EVEQYELE. TOU TOAOVTMOTY] EE0QTATAL 0UTO TO TAGTOS TNG TAL-
AavToong rou divetaw omd ) oyéon: E=P kx,’

K na

Ovoudovue unyaviro » pa ®00e NoToQoyY TTOU ALODIOETOL ULE TTETEQUOUE VT TOLY, TITCL OF V0L VMKO
ehaoTno n€oo. To ehaoTno vAKO LECO PavTAtOUaoTe OTL AOTELEITAL ATTO OTOLYELMOELS OOHES O~
vAdeg OV €YOUV EAOOTIRY O CEVEN UETOE  TOVG, OO OCUVOEOVTOL UE EAAOTIXES OUVANELS. AV TTQO-
ROAECOUUE Lol DLOTALOOLYY) OF €VOL ONUELO TOU EAAIOTIRO  UECOU, CLUTH UETOOIOETOL 0TV ETTOUEVT), 0T
UEDETOUEVT %.0.%. OOULKRY] LOVADXL LE TTETEQAOUE VY TOL TNTCL, 1) OTTOI0L OVOUALETOL TAY, TNTA SLddooNg
G OLUTaQAYS.

270 AITAOVO OYXNUOL TO YEQL OGS RQOLTAEL TO
€va AnEo 0LEOVTLOU OYOLVIO  ROW EXTENEL CLO-

Iﬁ wovixt) ToAAvTmwon o€ natoxropuen die Buvon
ue ovyvomra f. [apoatneo pe ow ot 1 to-
lg B PP @GO B=® ) (vT1OT dadideTon O TO YEQL PO O nAOE

domurn Lovada Tov oYoVL0  TEOG TaL OEELA.

Tétowo » porta 0T 0moioL TAL LOPLOL TOU UECOV
Tahavimvovion og Ot Buvon xaBetn mEog ™)

ole Buvom duddoomng Tov % Potog ovoudtovol
£Y%AQOLO X NLOTO.
H ovyvomta tahdvimong Tmv pogimv tov

UEoOV elvou (OLoL LE TN oVYVOTNTA TOAAVTMOONG
TOU YEQLO  LOLS, TTOV OTHV TTQOXEWE VY TTEQLTTTW-
on amotelel TNV TNyn Tov ® portog. H ovyvo-

A

TITOL QUTY) ELVAL 1] CUYVOTITA TOU % UOTOG.

* Tay tmre dLddoons (€) TOU % POTOS OF RATOLO LECO OVOUATOUUE TO TNALRO TNG WTOOTAONS X, TTOV
oav e 1o % po (datogayt) ®otd uirog wag de Buvong dddoong, o€ YEOVO t TEOS TO KEOVO AUTO.
Anhodm oy, e

X
c=—
t

M



H tay mro duddoong ¢ eEaptdtan omd T @ 01 TOU ENIOTIRO  UEGOU ALAdOONG.

* Mnjxog #» patog (A) OVOUACOUUE THV OTTOOTAOT TTOU OLATEEYEL TO X AL OE OAVO WAS TEQLOOOV. AV
omv (1) Béoovue Omov x=A xow t=T, woipvouue:

é g g A 1 g o
c =— nai, av Bécovue dmov O = g moievouue: ¢ = & X
o

H oyéon c=Af 10y €L yio 0motodnmote appuovind ® ua »ow ovoudCetow OepeMadng eEiomon tng
rupotrns. ToviCovue edd O 1 ovyvomta f xaBopileton amd TV Ty ®ow OTL PE T OUYVOTITA QT
TOAOVTAOVOVTOUL OACL TOL COUATIOL TOV EAALOTIXO  UECOV ROTA T ALAOO0T TOU X UOLTOG. ZUUTTEQOUVOUUE
AOLTTOV OTL €VaL OQLOUEVO % (0L, TTOU dLadideTaL Oe OLopOoETIRA EAAOTIRG LETT, Bt €xeL TV (Ol oVYVO-
™t 0 OACL TOL LEOQ, OAAGL OLOPOQETIRES TWES IHOUS X UATOS %O TOLY, TNTOS OLAOOONS TOV.

HAextoopayvntind » poto

O 1X0S 0TO PUALOPWVO KOL O NYOS KOL 1] ELROVOL OTNV THAEOQAON AoPAVOVTOL OTTO OUTES TLG OV-
OREVEG YGON OTA NAEXTQOUAYVITIXAL % LOLTOL TTOU OTEAVOVTOL OUTO TLG KEQOUES TMV QUOLOPWVIXMV KO
TOV TNAEOTTTHMV OTOOUMY AVTIOTOLY .

Oumg T elvon ®ow THS TOAYOVTAL CUTA TAL NAEXTQOUAYVITLRA %X LLOLTCL;

Ag Bewpnoovue wa xepaio, dMAadN €va CUOUATLVO aymYd, 1) OTTOLe, TOOPODOTELTOL OTTO EVOAAALOOO-
uevn taon V. H xepaio diogoéeton amd evarlaooduevo oe no xou to ke Begar nherntoovia uéoa o’
oUTHV EXTEAO V apuovixy) ToAGvTmwon. I' pw amd v repaio dnuovoyeitar €va NAEXTOLRO o €va
HoryvnTro medio, TV 0TolmV oL OUVOULKES YOUUUES, RATTOLOL X OOVIXY] OTLYUT), ELXOVICOVTOL OTO oYU

().

To mhextoLrd %o T0 poryvnTird medio PeTaPAAAOVTOL NUTOVOELDMS E TO KOOVO ROL QUTH 1) LETOO-
M SadideTan, omouaneuvouevn ad Ty #epaia, ®atd wiprog e evbeiog xLIx, mov amotehel xaw T die -
Buvon duadoong tov x patog. H dddoon ot tg dtotaayig ovoudtetal nAextoopayviTize ® pa.

To nhextoouaryvnmro % o 08 YOELATETOU RATOLO ELAOTIRO UETO Yot VO OLod0Bel. ALodidETON OMOUaL
%O OTO EVO %Ol PAMOTO UE T, TNTO (0N HE TNV TOY TNTA OLAOOONS TOU PMTOS OTO KEVO. Ze rAOe
Béom e evbeiac xLIx o1 evrdosig Tov nhextoino  #ar Tov poryvnuro  mediov sivon #dOeTec ueToE  Tovg,
raBag emiong xaw tpog ™) die Buvomn dcddoong (oynua B). IV avtd Aépe ot To nhextoopuayvnmrd ® pa
elvou eyrAEoL0 % L.

‘Onwg 070 UNOVIRO % IOl TOL LOQLOL TOU UECOU EXTENO V OLOUOVIXES TOMOVTWMOELS, ETOL KOL OTO NAE-
ATQOUOYVNTLXO % oL 1) EVTOON © TOU NAEXTORO  xou 1) €vTaon B tov payvnuro  mediov, oe »abe on-
Uelo, TOAOVTOVOVTOL OLQUOVIXAL.



T eivatr 10 Qwg, owudrio 1j » uo;

1.1 H ®YXH TOY ®QTOX

7O TOA  TTOMAL, OTOVG OLQYOULOTATOUS XQOVOUS, PLAOCOEOL
A%ou PUOLOdIPES TEOOTOHO OV VO ROTAVONOOUV XAl VOL

EQUNVE OOUV TN «@ O TOL pTOC. [lat ToMAA Y ooViaL Ntay
OVTIXEIUEVO UORQOTTVOMY CUCHTHOEWYV, OLAPOMVLMYV, ETTLYELONUATMY
2O OVTETILYELONUATV.

To g Moy now elvon ol faowrn outiar Tg  TaENng Long otov
TAOVITTN LOG. Ag UV EEXVAUE OTL TOL QUTA, UE TN OTOO VOEO), Ue-
TATQETOUV TNV EVEQYELD TTOV TTAREYEL TO PmS TOV HMou o€ ymuwxt
EVEQYELDL, TNV OTTOLC. YONOLUOTOLO V OTY) OCUVEYELDL YLOL TNV OVAITTU-
EN tous. To pmg givan ouTod TOU RAVEL 0QOTA TOL CLVTILXEIUEVT, TTOV
Poioxrovtar otov whovin pog, th I'n, ®ou 010 X pmoav. Me ) fony-
BeL0L TOU PMTOG «ETUROLVMVO UE» UE TOL GOTQOL KOU TOVS TIAAUVITES
TOU NALOXO OIS CUOTHUOLTOS OVTADVTOS YLALAOES TTAOOPOQLES YL
™ 0 0Taot Tovg (gaouatooromxr u€Bodog).

IMowrot ov apyaior "EAMnveg elyav avhngOel xow dortummoer avtd
IOV EUELS ONUEQO OVOUALOVUE «CWUOTIOLOXT ¢ 01 TOV pwTog. Ti-
otevay <Mradn on 10 pog tov exméurter 0 'Hhog, ahld now »aBe pw-
toforo oo Iy, omoTehelTOL OO URQA COUATIOW TOL OTTOICL KIVO -
VTOL UE TTOA  UEYGAN TO THTOL O, GTOY TTEETOVY OTO UOLTL TOU TIOLQ0L-
™monT), deyelpovy To cnoBnTiolo dpyavo g dpomg.

> ot arQPidg T oxéYn, ONAad T couoTdom @ O TOV
PwTOG, OTNELYTNHE, TOA  peToryevEéoTeQa, o Newton (Ne twvag),
YLOL VO, OLATUTTADOEL, e FAOT) THY 0T OLOTONONG TNG EVEQYELOS KOL
NG OQUNS, TO VOUO TNS AVARACOTNS TOU (MTOS, ONAaON:

yavio, TeoonTWwons (1) = yovia avdxlaons (a)

A o onuovTird Qowvopeva, 1 TeplBlaorn xow 1 oupPolrr| Tou
POTOG, ataoyOAnoav toug guowo ¢ Christian Huygens (Koloway
ovyeve, 1629-1695) nou Tomas Young (Topog Tovyx, 1773-1829)
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O Aptorotédns avagéoer: O Eumedoxiijs
... éleye o1 T0 QPwg, dvrag xdTi TOo owWUQ-
TLOLaXD, TOV ATOQQEEL ATO TO PWTIGOV
aoua, dver wodta oto uetak s Ins
HQUL TOV OVQAVO  XWQO AL OTEQA UE UAG.
Mag diage yer duwg n xivyorj Tov autij
Adyw g Tay TS TOV.




James Clerk Maxwell

To gpws eivau eyxdpoLa NAexTooUayVY-
Tnd % uata.

Dotewviy Ty

1-1 Zgaioixd pétwma » uaros dadidovial
OUOLOUOQQYa TTOG OAeS Tig xaTevd voels Eext-
YaovTas amo wia anyl wtog.

10 1670 non 1803 avtiotorya. Ouv Huygens xow Young, uéoa oo
TELQOUALTIRES OLAOLROLOTES TLAVM) OTOL POULVOUEVD, OUTAL, ATTEOELEQLY OTL
TO (MG EXEL HUUOATLAN ¢ O] ROL OUYHEXQIUEVA OTL E(VOL EYRAQOLAL
% QOO

To amoroQ @mpo TG EQEVVOS YIOL TN ¢ O TOL PTAS 1eBE TO 1865,
otav o Maxwell (MAEyoveld), avomt coovtag T peyaheidon Bemoio
TOV, ATEOELEE OTL TO (PG ELVOL EYRAQOLY NAEXTOOUOLYVITLXAL ¥ UOITO.

ZuveylCovtag TV LOTOQLXY AVOdQOUY] CUVOVTAUE OTIS CLOYES TOU
200 oudvo to Max Planck (Mag IThavx, 1858-1947), o omoiog yon-
OLLOTTOINOE T COUOTIOLOMY @ O1) TOU (PMTOS, YLOL VOL EQUIVE OEL THV
OXTLVOPOALCL TTOV EXTTEWTOVY TCL BEQUE COuOTA.

Zmmvmo o yyeovn eoyn o Einstein (Aivotduv) xonoomoum-
VTOG T1 COUATIOONY @ O1) TOV POTOS EQUNVE €L TO PUOTONAEXTOL-
%O POUVOUEVO (exTTOUTTI] NAexTOOVIWY a0 uétatla, otay tdvew o’
QUTA TQOOTLITTTEL NAEXTQOUAYVITIXT] AXTIVOPOAIQ).

ZNueEa mMOTE OUYE OTN OLITAN @@ O1 TOU PmTdg, ONAadn Ot To
PGS CUUTTEQLPEQETOL (G K O, KO (G CMUALTLO TTOV OVOUALETOL (PO~
TOVL0. e pouvOueVa Ommg 1 CVUoAn, 1 TeQiBAaon ot 1 TOAMON
EXONAMVETOL 1) KULOLTLAY (@ O1) TOU (TOG (NMAEXTOOUOLYVITTLHO % AL,
EV(M OE (POUVOUEVQL TTOV OYETLLOVTOL UE TNV OAMNAETIOQOION TOV Q-
TOG e TV AN (QT0EEOPNOT - EXTOUTTY)), OGS TO POTONAEXTOLRO
QOLYOUEVO, EXONAMVETOL 1] COUOTLOLOXT ¢ 01 TOV (POTOG.

H eodmnom howtdv «T eivon To gpme, CmUATIO N % (Wok» ELVaL E0QOA-
UEV, YLOUTL TO (P0G CULTTEQLPEQETOL MG X L0 KOUL G COUATLO.

H zvpatizn ¢ on Tov @oTtoc.
HAextoopayvntixn Oeopia tov Maxwell

H mo onuavuxy eEEMEN Tov 190v cudva ot ueléty mogoryw-
NG o dLddoomg Tov pmTog VITtNEEE To €0Yo Tov Maxwell, o omroiog
10 1873 dlat wwoe T Bemia TNG NAEXTOOUOYVITLRNG OXTLVOPOALOS.
2 ugpova pe ) Bempla vy, T0 YOG EIVaL EYRAQOLY. TIAEXTQOLLA-
YVITLRA % LOTO, TO. OTOLO EEXLVO V LITTO T1) (PWTELVT) TITYT] HOL OLa-
OtdovtarL TEog OAeg TS ®aTEVO VOELS.

O Maxwell amédelEe oL, dtav €va NAERTOLRO POOTIO TUAAVTH-
VETOL, TOQAYEL MAERTQOUAYYTIXO % uat. To nAextooporyvnuxnd ® po
QmOTELETAL OTTO EVOL NAEXTOLHO KO EVOL LOYVITLXO % ot ANhodi
elvou €vo Tedlo Ue O 0 YOQORTNOLOTLRA, TNV EVTOOT © TOU NAEXTOL-
%0 medlov row TV €vtaon B tov payvnuro mediov, Tmv omoimv
T dlovy ouato elvon ®GBeta. UETOE  Toug now uetaPddlovion amd
B¢om og B€om nou oo oTryun o€ otrypn. I autd to Adyo yoooxt-
ollovton Wg O o Tomxd xau yoovixrd uetafarloueva ueyédn (“ non
B). Ovevtaoeig tmv mediov “ rou B maipvouv tavtoypova ) néyt-
0T ®ow EAAYLOTY T, SAadN €xouv Ty idLa pdom xow dadidovon
ue v i Ty e ¢ (oxnua 1-2).

Ou ovvnBlopéveg INYES 000TO  PMTOS OLVOUV TETOLES TUYVOTY-
TES (1) WU % LOTOG) NAERTOOUOLY VITLRAV KUUATWV, MOTE VO YiVo-
VIO avTAMITTd oo To pat. To uirog ¥ POTog TV XUUATMVY ov-
T ropaivetan artd 400nm €wg xow 700nm mepimov.

Emiong € »oho QLowtoTdVOUUE OTL TO WS UETOPEQEL EVEQYELDL
(.. €vor omorodnmote omua, otav extedel oe nhomn ontvooiia,



Beonaivetar). H evépyeio autr) elvon eVEQYeLd NAEXTOLRO  HOW EVEQ-
VELOL LAYV TLXO  TTEDLOV, 1] OTTOLOL TTLQALYETOL ATTO TIS TTHYES KOW UAE-
TOPEQETOL (G NAEXTQOUAYVITIXO %X UCL.

Tnv opBd 1O ™S Bewpiag Tov Maxwell amédelEe melpapatind
o Hertz ( €otc) 1o 1887, 0 omolog moyarye, L€ To€mv nhe-
ATORMV TOLAVIMOEWYV, % NATO TNG (OIS ¢ ONG UE QUTHV TOV Q-
TOg AhAG pe unpdteEn ovyvotnta. Emeld 1o gpmg €xel moh  peyd-
A ovyvomta, TV emoyn exelvn oy ad voto vo dnwoveyndo v
TEYVNTA VPLOUYVES TOMAVTDOELS OF NAERTOLRAL HURADUOTOL.

H tay, ta diddoong tov nhextooporyvnuuno ® potog (¢), 1 ov-
yvotnra (f) xow to urog ® porog (A) ovvdgovon pe ) oxéomn ¢ = Af,
1 omoio. ovoudCeton Bepelddng eElowon tng rupomxns.

c=1 X  Osuehwdne eElowon e rupomrng (1.1)

H copatidraxy ¢ o1 Tov goToc.
Oecmoia Tov xpavra

Mo’ 6ho ou M rhaowr Bewplo (ot oV avastt xOnxre TELY
o7t T0 1922) Tou NAEXTQOUAYVITTLOUO  EQUYVEVOE OQLOUEVOL (PaLVO-
UEVOL TOV POTOG, OTTWS 1M oVUPOAY, 1) TepiBAaom, N TOAwon %.d., dev
2OTOEOWOE VoL EQUNVE OEL KATTOLOL AAAOL PALVOUEVOL TTOU OYETICOVTOL
ue TV aAANAETIOQOON TS POTELVIIS aXTLVOPOMOG LE TV A1)

IToAAG merpopatind dedouéva, deV WTOQO GOV VO. EQUNVEVUTO V
Ue TV T adoyM OTL TO S elvow wovo % pa. To mo onuaviiro oo
TOL TTELQGLOLTOL CUTAL TV EXEIVO TNG UEAETNG TOU (POTONAEXTOLRO
arvopévou. T Ty egunvelol TG EXTTOUTNG HOL TNG CITOOQOPNONG
TOU MTOS OEV CLOHO GOV POVO KOITOLES ETEXTACELS TNG HACOLKNG
BewElog. TNV TQOYUOTHOTITOL YOELGLOTIHE RATL TULO QLELXKO OLTTO Lo
OTTAY) ETTEXTOLON).

To 1900 o Planck, yio vo egunve oL Ty axtvopfolia mov wa-
odyeL €vo. Bepuouvouevo omua, Lotyaye T Bemola TV xfdvia pw-
706, TNV omola epapuooe ayotepa o Einstein, yia vo epunve oeL
TO (PWTONAEXTOLRO POLVOUEVO.

Z ugpova pe Ty z2favixn Oempta tov Planck, to gwg (rouw ye-
VROTEQO HAOE NAEXTQOUAYVNTLRY) ARTLVOBOALCL) EXTTEUTETAL HOL
QITOQQOPATOL OTTO TCL ATOUA TN ANG O)L ®ATA CUVEYT| TOOTO AALG
aouvedg. AnLodn #ABe ATOUO EXTEUTIEL 1) ALTTOQQOPA OTOLYELMON
TOOG EVEQYELOS, TTOV OVOUALovToL ®dvTa goTog 1| potdvia. Ao
TO GTOUO AOLTOV OEV EXTTEUTTOVTOL CUVEXMDS % UOTA OAAGL PayTOVLL,
raB€va 0Tt T 0TTolaL YOEARTNOICETOL OO CUYREXOULE VY OUYVOTY-
TOL XOUL EYEL OVYREXRQULEVY TOOOTITTA EVEQYELaS E.

Otov 10 g TEOOTUTTEL TAVMD 0TV AN, TO ATOUO TS ANg
OITTOQQOWO vV TNV OXTLYOPOAICL OLOUVEY MG, TTOV OO VEL OTL ®ABDE ALTO-
U0 aIroQEOQA UEROVOUEVA puTovia. KdbBe pmtovio puag axtvofo-
Mag €xel evépyera ov diveton amd ™) oxéon E=hf.

E=hxX Evépyeia potoviov (1.2)

To h elvar o otaBepd, mov ovopdtetar otabeopd Tov Planck, non
gxeLun h = 6,63 X107 ] xs wou f 1 OV VOTNTO.

15

Aie Qvvon dtddoons » uarog

1-2 Stryuotvmo nhextoouayvntino x uatTog
Hazotd ard myy anyij, wov diadidetal 0QIiovtia.
O evrdoeic “ xat B twv wediwv elvar xdbetec
oty ot Quvon diddoons tov x uarog xai yi’
avto Ta % pata autd ovoudiovral eyxdoaia.

Max Planck (1858-1947).

Mia déoun pwtds amotedeitar and wixod ma-
xETa evEQyeLag, mov ovoudlovrat #fdvia -
T0G 1] QoTOVIA.

Me tov 000 @wtonAextoind @avouevo
TEQLYOAPOVUE TNV EXTTOUTTI] NAEXTOOVIWV
amoé ™Y EemMPAveLa TwV UETAAAwY, JTav
TQOOTTTTEL TAV®W TOVS XATAAMNAN NAexTOO-
uayvirixj axtvofolia, 00aTij 1 vweQLHoNs,
XTA.

O 6pos xfdvra wpoéoyetar amo Ty Aativi-
x1j AéEn quantum=mooo

Oray wa woootnra eivar xfaviwuévy, on-
UaiVeL OTL TAQVEL LUOVO O1axQITES (0QLOUE-
veg) Tiués, onlady to o volo tyudv Oev
evat ovveyés. Ag uunbo ue to nlextoino
@ootio. Avto eivar xfaviwuévo, 01Tt dev
waipvel omoteodjmote Tiués, alld uovo
axéoaia woAamidoia Tng TG TOV YOoQ-
tiov nhextooviov: 1,6x1077C.



Otov mEOoTUITEL OIS TAVW OTO UETAALOL, TOTE UETAPEQETOL
EVEQYELDL OTTO £VOL PWTOVIO OE €VOL OITO TOL AEXTOOVLOL TOU OLTOUOV
TOU UETAMOV. Anhadn) To NAexTEOVIO aAANLermdOd ne €va amd To
POTOVLO, TOV POTOS OOV VO. EVOL TO POTOVLO CMUATIOO.

H Bemoio twv ¥fdvta dev ovouQel Tnv ®RUUATLRY @ 01 TOU Q-
166. TO OTOVLO €)EL KO KVUOTIHES LOLOTNTES, YLOL TIOLQAOELYUCL 1) EVEQ-
YeLd Tov EEQQTATOU QUTO TN CUYVOTNTA TOV, TTOU &lvow Kot €E0YHV
RUUOTLHRN OLOTNTO.

1.2 HTA YTHTA TOY ®QTOX

Ene161f 70 g diadidetar oto #evd xat otov afoa ue moh ueydly tay tyra, meoimov 3x10%mfs, o modrec mpoomdbeLec yia
™ uéronorj s axérvyav. O I'adidaios 1ftav amd Tovs TEATOVS TOV TQOTTAONTE VA UETQNOEL TV TAY THTA TOV YWTOS Y ONOL-
uomoldvrag amwAd péoa yia v emoylj exeivi). "Etol tomobétnoe & o magatnontés mdvw o O o T yovs twv Tedy ¢ I1itag,
oL omoiot ameiyay petag tovs 5 pikia. Kdbe maparnontijs »oato g€ amo éva @avdol Tov Tav xAEL0TO xal, OTOTE YOELALoTAY,
avorye 1o maabvodxi. Otav o medTos dvorye 10 maEabVOdxL TOV YavagLo Tov, 0 OF TEQOS HTAY OUVEVVONUEVOS Va avoiEeL
70 O1%0 TOV QUEoWS UoMs EBAETE TO QWS TOV TEWTOV.

Av Aottov UETQO O€ XAVELS TO YOOVO TOV TEQVO € A0 T OTLYUI] TTOV O TEWTOG Avorye TO Taeabvodsxt Ewg T aTLyulj IOV
éfAeme T0 pws TOV O¢ TEQOV TAQATNONTIY (*au pe Yvwatij T uetas Tovs amdoraon), ue pia amlyj daipeon Oa umogo o€ va
UETOIOEL TV TA) THTA TOV QWTIS. OUms 0 yoovos avtideaons Twv 0 0 TaQaATHONTAOY fjtav TOA UEYAL TEQOS QIO TO YOOVO
OV YELALOTAY TO QWS VIO VA OlaVy OEL T UETAE  TOVG amooTaoy xal €Tol 1) u€odos avtij Oev fjtav epaguoouy xat 001jynoe
o¢ amorvyia. ‘Edei&e duws otL ) tay tTa Tov QTS eival T600 ueydin, dote eivar ad vato va uetonbel ue TErola yovooeLdr]
unyavixd uéoa.

O e Teg emiTuyEls uEBOdOL YLoL TN HETENON TNG TALY, TNTOS TOV
QmTOS NTaY POOLOUEVES OF QLOTEOVOWKRES TTapoTENoelS. TTpmtog
UETONOE YOVOQLHA TNV TOY TNTO TOU PWTOS 0 AAVOS 0lOTEOVOUOS
Ole Roemer (OAe Péuep, 1644-1710). O Roemer voAdyLoe ot m
TN TG TOLy, TNTOC TOV mTOC elvon mepimov 2x10°m/s. H pétononm
ot €xeL LoTour oEia, OLOTL, EXTOS TOV OTL TTROOEYYLEE LOUETA TNV
TOOYUOLTLXY) TYLT| TNG TO, TNTOS, €08LEE Yol TOMTN Pod OTL 1 TO-
¥ TNTO TOV PWTOG EXEL TETEQAUOUEVT TUUT).

H pé0odog tov Fizeau

To 1849 o H.L. Fizeau (L0), évag ['aAOg quotrog, vatdgpee
VO LETQNOEL TNV TOY, TNTO TOV POTOS UE QTAG Unyovind néoa. Z1o
OLTTAOVO OYMUOL TTOQLOTALVETOL LILCL OTTAOVOTEVULE VY] LOQEPT TS OLaTaL-
Eng mov yonowomoinoe. H foouxn 1d€a tg uebddov firay vo petonoet
0 Y0OVOG TTOV YOELACETOL TO PIC, YLOL VOL ALY OEL TNV CITOOTOON «ITH-
youve - €A petal  og pwtewngs inyng I xaw evog rotdmroov K,
7ov Polondtov og peydn amdotaon amd v anyn (oxnua 1-3).

H axtiva mov mpoépyeton oo T qwtervy iy I avaxidton
OTO «NWETOOYVOMUEVO RATOTTEO» K, now, apo  duory ogL Ty amd-
otoon £, mpoomisttel oto ratorteo K. H avaxhouevn antiva em-
0TEEépeL oo TNV (Ao dodQOoT, LETAPEQOVTAS TO EOMAO TS TN
g I, omdTe yiveTow ovTLANITTY 0TO RATOLO TOQATNENTH TOV Pol-
oxeton ow ortd to Ky MeTag  tou mapotnon T #on Tov XA TomToov
K, mopeppddieton 0dovtwtog 1ooyos T, o omoiog TeQLoToEpeTon
UE TETOLO TEOTO, HOTE AALOTE 1) ARTIVOL POTOS VOL OLOROTTTETAL KO
alrhote OyL. ‘Otov 0 TE0YAS TEQLOTOEPETAL CLOYCL, O TOQATNONTNG
Ba PAETTEL S ROU OROTAOL. AVEAVOVTOC OLOQRMS TNV T, TNTO. TOV
T00Y0 Ba €ABeL M oTyun wov o wopaTnENTS 08 Bal PAETEL g,




- ——————— i

Avto 6o ouufet, otay To pwg, Tov Bo dEABEL oo To dudnevo A tov
TOOYO , Ao  AVaRAOTEL 0TO ®ATomTEO K, ouvavtnoeL to emouevo
dOVTL TOV TEOYO .

Av QWENCOUUE AROUO. TTEQLOOOTEQO TNV TOY, TNTO TOV TEOYO ,
10 g Ba yiver Téh 0patd, yrati Ba diéABeL amd To emduevo dud-
zevo B. AgvmoBéoouue Thpa 0T 0 T0)0s €xel N ddvTia ®ow TeQL-
otpégeTon ue ovyvotnto f (0tpoés avd devtepdrernto). Tote o x00-
VOG t, YLOL VOL TTEQLOTOOLPEL O TOOYOG RATA Eval OOVTL, ElVOu:

1
il 0 1 &0 0ok 0 T 7 1
t= — =— == (1)
Afiéi 10 47166 1 N 1|
270 {OVO OWTO TO PG EXEL DLV OEL TNV ATTOOTOON 2£ «TTryal-
Ve - €hox. Apa M Ta T TOV PToS Hor glva:
c= apustash _

20
= — o =9/ XN .
P~ . now AMdyw g (1) c=20% (1.3)

Me yvootd ta ueyédn £, f, N vmohoyiCovue v to mta c.

O Fizeau yviolle v amootaon £, Tov aofud tmv dSoviudy Tov
TQOYO %O TN CUYVOTNTOL TTEQLOTQOWNGS KO £TOL UTOAOYLOE OTL TO UE-
TEO TNG Tary, TNTOS TOV PuTdC eivan 3,1x10%m/s. AxoiBéoteoa melpdi-
LLOLTOL, TTOU YLVOWY 0 YOTEQD, £dmoay v T 2,9979x10°mys.

T v toy Tt TV QoTog Yvmpllovue onuega OTL:

* To pwg, OTmg ®ou ®AOE NAEXTOOUAYVNTLRO % UOL, OLOOIOETOL OTO

#evo e otadeon Ty Tt mEiov 3x108my/s.

* H 1oy mra 1ov eotdg 010 ®eVO elvor wo OeueMmdng otabepd
™ms ¢ ong.
* H 1oy ™to tov gwtdg £xel Ty Ol T o€ OAaL ToL CUOTHUALTOL

OVaPOQALS AL ELVAL AVEEAQTNTI QUTO TNV RIVNON TNG POTELVIG

nyng (a&lmwpo tov Einstein).

ITAPAAEITMA 1-1
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1-3 3o meipaua Fizeau, wov eixovitetal dinlda,
n amooraon £ ueta 1oV 0doVTWTO TOOYO
T »au tov xatomreov K; fjtav meoimov 8630m
1} 5,36miles. Andomonjoaue Ty didra&n mwaga-
Aefmovrag 11 0e1d TwV Yaxdv xar xaTeITOWY
zov yonouomoinoe o Fizeau.

To téyvaoua tyg «OlaxoTTOUEVG OETUNG»,
TQOTOTOLO UEVO XATAANAQ, YoNouoTOLEL-
TQL OIJUEQQA VLA TN UETONON TNS TAY, THTAS
TV VETQOVIWY Xl dAAWY dwuatidiwy.

YnoBétoupe O 0 00OVTMTOS TEOYOS TOU TELQAUATOS
Fizeau éyer 360 ddvma. AvEdvovrog Owaormg (€xouvue c=20x%
opylog. omd to Undév) TN OoUXVOTNTO. TEQLOTQOYPNS TOU
TEOYO , O TAQUTNENTHS PAETEL CUVEXMS, VIO RATTOLOL TUUT) f=48,28Hz.
oUYVOTNTOS, TO EdWA0 TS QoTavig mnyne. Ymoloyiote

c _ 3x0%m /s
205N 2xX8630m x360

, otote f =

™ oUYVOTNTO %L THY TEQLOO0 TEQLOTQOPHS TOU TQOYO . H mepiodog divetan améd ) oyxéon T=1/f.

AYXIH onowomoumvrag ™ oxéon 1.3 vmohovyiCovue  Apa: T =
TEMTA TY CUYVOTNTA TEQLOTQOWNS. 'Exovue:

1 2 s = 0,0207 s

>
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1.3 MHKOX KYMATOX KAI XY

R I

D>
o

1-40 Avdxiaon xar didBAaoy and omrind
aQaLOTEQO O€ OTTTING TVRVOTEQO Uéoo. O, elval
1 yovia medomtwons, 0s n yovia didblaong xa
0, n yovia avdxdaong. loy e 65<0,,.

4
g

1-4B To gwg, xatd i d1ddoorj tov ge & o dia-
@oQETIXG OnTIXd Uéoa, arddlel Ote Buvon Oid-
ooong. ‘Etor avtixeiueva ogatd ato udtt qai-
vovtat telxd Jti weoéoyovtal amd dlapoQeTi-
»1j éon. To gpavouevo opeiletar oty didbia-
o1 TOV PWTOG.

NOTHTA TOY ®QTOX KATA TH AIAAOXH TOY

Avaxzhaon zot 0LaOAa0N TOV POTOG

Otav wia gpotewv) 0¢oun, mov dadidetan og Eva LECO, CUVOVTI-
OEL T1) QLY WOLOTLXT) ETULPAVELDL TTOV Y WEICEL TO aEYLRO LECTO dLddo-
OoNg o €vol GALO OTTTIHO UEDO, TOTE EVOL LEQOS TNG CLVOXAGTOL TTOOG
10 aEYWO Péoo dddoong, eva €va dAro néog ouveyiter var SLodi-
detan 010 O TEQO PECO. Eto oynua 1-4a PAémovue g avorhm-
VTOL OL OXTIVES, OTOLY TTQOOTUITTOUV O€ ULCL AE(0L ETTLEQPALVELDL, YLOL TTCL-
QAOELYUOL OTTO TOV OLEQOL OTNV EMLPAVELXL VOS Yvalo . H mpoori-
TLTOUOT, ROL 1] AVOXADUEVY axTiVO oYnuaTiCouy, 0To onueio avdxla-
ong, Yovieg 0, xou 0, avtioTorya, Ue THY RABETO TOOS TNV AVUXADOO
emmpavelo. [ewpopotnd omodewny eton 6t 0,=0,,.

OL 01 TiVES TTOV ELOEQYOVTOL OTO YUAL aAAGCouv die Buvon dud-
doonge. To pouvouevo avtd ovoudleton daOhaom. Oty oL axtiveg
ELOEQYOVTOL OTTO TOV ALEQOL OTO YUOAL, TOTE OL OLOBAMDUEVES aXTiVES
TANoLaCovv Ty ndBeto otn doyweronx emgpdveld (oxnua 1-4a),
eV, OTAY EL0EQYOVTAL OTTO TO YUOM OTOV OEQQL, CLTOUCKQ VOVTOL CLTTO
™V ®dBeTo.

210 melpapa Tov oyNuatog 1-4f PAémoupe OTL oL axtives QoTog
IOV EXTTEUTTOVTOL OTTO ULCL CPOITELVY) TTNYT) 1] OTtoial PoloxeTon aTov mub-
UEVOL TNG TUOLVOS, OTAY EEEQYOVTOL OITO TO VEQO OTOV CLEQQL, EXTQE-
TOVTOUL ATt TNV TTOQELCL TOUS ROW OIS RAVOUV VO PAETTOVUE TN POTEL-
VN INYT T YA oItd O,TL TQOAYUATLXA POlOKETON.

Tay Tnre %ol urog ®» ReTog TOV POTOS HEGH TNV AN

O Adyog Yo ToV 0710t0 TO P0G MLaBAd TN, ROODS ALEQYETON OTTO
TO €VaL VMXO LEGO 0TO GAAO, Elval OTL 1) Tay THTA TOU €)EL OLoO-
QETURES TWES OTOL O O UEDCL.

To g dadideton 0To %eVO pe Toy TTOL Co=3x10°m/s. Méoa
OUMG 08 RATOLO VAMLO 1) TAY, THTOL TOU PTOS EIVOL TTAVTOL UWHQOTE-
on arto ) ¢. [ dievrohvvor pag 0pIllovue €vo GUVTEAEDTY] TTOV
LOO TOL UE TO TNMA®O TNG TOY, TNTAS G TOU PMOTOS OTO AEVO TOOG
TNV TAY, TNTO C LEOT O€ RATOLO VAMXO ®ow OVOudCeTon detrTng ovd-
0haong n Tov vuro péoov. loy e dnhad:

AL

>

A

04+y06¢ 64 Oi 0 OUOl0 00 €dill _ ¢
n= — =—
0a=yogoa 01 0 ououo ool 1 Yoi C (14)

Emeldn n tay o tov goTog péoa og €vo VMKO glvol TavTa
WXOOTEQN OTTO TNV TALY, TNTA TOU OTO KEVO, OITO TOV OQLOUO TTQOX -
7TeL OTL 0 OeirThg SLdBAaoNG YL 0TTOLOOTOTE VAMXKO ELVOL TTAVTOL UE-
YOA TEQOG ATd TN HOVAdX, EVM YO TO ®EVO LOY, €L n=1.

‘Otav 10 Pog ST VA (oL L MOLOTLXY ETLPAVELXL & O UECMV
(7. 0O TOV 0€Qa 0TO YVaAl), 1 ovyvotnta f ToQauéver aueTd-
BAntn. To To yiveton CapES, OV OREPTO UE TO EENG: TO (PG VoL
% U0, AQO O 0LOLBUOG TV UMMV %X POLTOS TTOV TTQOOTUITTOVV OT1| Oloi-
Y OOLOTLAT) ETULPAVELDL, OVE LOVADL X 0OVOV, glval L00g e ToV oQLd-
U0 TV UNRMV % UATOS TTOU ALEQYOVTOL OTTO CUTIV CLVAL LIOVAOXL X 00-
vou. Av &g ouvéPauve auTo, 1 SO MOLOTLRY ETLQPAVELD. ETQETE VO
Onwovgyel véa » pota 1 vo eEopaviCer To O vtayovTa. Agv €xeL



moQoTNENOEl OUMS TETOLOS UNYXOVLOUOS, TTOU CNUOUVEL OTL 1) OUYVO-
TITO. TUQAUEVEL OTAOEQRT), HOBMS TO PwS AEQYETAL ATTO T OLOLY -
OLOTLXT) ETUGPAVELAL.

EgoaouoCovrtog ) Beuehmon eElomomn g ®upuomxng €xouvue dua-
doywma: ¢y =1, yoto nevo raw ¢ =1 Xy owuno uéoo do-
(POQETIXO TOU REVO . ALWQOVTOS TG & 0 OYE0eLS TG UEAN TTQO-

Co_¢© , , | .
% mrer —2 =2 ya, MOYw g 1.4, elvou: n = |—° . Tehnd oy e
c &
. _ €
c=— 1.5
. (15)

H televtaio oyéon ndag TAnoopoel 0T Qs UE UNXROS X LOTOG
Ay OTO ®EVO VPIOTATOL UETAPOAY TOV UNHOUS % UOALTOS TOV, OTALY EL-
o€QyeToL O€ €va MEoo ue delntn ddBhaong n.

Ag do pe m ovufaivel, otav To pmg dLodideTon o & 0 dlopope-
TWRA vMrd pe Oginteg OLABAAONS N, %ol Ny, AVIIOTOLYA, UE N,>1N,.
Egapudtovtag vy 1.5 yia ta & 0 ommnd uéoa, €xouvue:

6= (1) waw &,==2 (2
nj np

Avudvtag ®otd néln g eElomoels (1) nou (2) €xovue:

||_1 = % %o, ETELON N, > Ny, TEOK TTTEL A, > A,
2 1

H tehevtaia aviootta pog ThAnoopoel OTL TO UIROS % WOTOS
OTO OTTTIRA TURVOTEQO UECO, ONACLOT OTO LECO TTOU EXEL UEYUA TE-
00 Ogintn OLdBAaoNS, EXEL UKQOTEQN TULY OTTO OWTY] OTO OTTTLAAL
0QOUOTEQO.

Emaidi) yuo to %evo eivan €€ opliopo n=1, yivetor xotavontod ot
TO WIHOS % Partog Ba €xeL T ueyoh teen Tun A 0To %eVO. Qg novado
UETONONG TOU WHOUS %X ULOLTOS YLOL TO 0QATO MG YOYOWOTTOLELTOL TO
VTOmOAMOTAGOL0 Tov 1m, 7ov eivon To Inanometre (1nm=10""m).

SUWTEQUOUOTLHG AOLTTOV UTTOQO UE VO TTO UE OTL: OTOV TO PG
OL0dldeTON OF €va OO UECO, OLOLTNOEL CUETAPANTOL TV TCLY THTOL
(c), To urog % uatog (A) row T ovyvotta (f), evd, dtov ahhalel
om0 P€oo, TOTE AAAACOVY TO ueYEON ¢ now A, ahAd datnoeiton
otafeQ0 o f, woL elvow noL N CLVYVOTNTA TNG TNYNS TTOV TTAQLYEL
TO PG,

ITAPAAEITMA 1-2
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n; n;

- i] > <—lz—r

TN

1-4y Eixdva mov deiyvel i) Helwon TOV Wijxovg
X UATOG, OTAV TO QWS OLEQYETAL ATO ONTIXA
aQaLOTEQO O€ OTTING, TVAVOTEQO UEoO. Loy €L
oTNY TEQIMTWAN QUTI] Ny>n; xaL A,<A;.

To omtind mTurvOTEQO UEOO efval aVTO IOV Eyel
70 ueyak tepo oeixtn didbAaorng.

Iivaxag 1.1. Aginteg duidiBhoong ddipoomv
VMRMV TOU €XOUV UTOAOYLOTEL UE QOGS
UNHOVS % 1atog Ay=589nm (nitoLvo xQm-
1O TOV VATELOU OTO %EVO)

Yo Asgtrtng dudOraong
1
Aéoa (O°C, 1Atm)
Agpog 1,000293
AwoEeidio touv avBpoxra (CO,)  1,00045
ZTeQeEd
Méyos (H0) 1,309
Opuxtd dhag (NaCl) 1,544
ohadiog (SiO,) 1,544
POopitg (CaF,) 1,434
Opuxt6 Quorovo (ZrO, . SiO,) 1,923
Addapag (C) 2,417
"Yahou (Tumnég Tpég) 1,5-1,9

Yyoa og Bepponpaocio 20°C

. . . .. _ €y
Ymoloywopds tov deixtn dudOhaong oto ecotegwé € =—DP n

oV avOEAmIVOU natio : POTEWVY OXTIVO UNHOVS %X LOTOG n

MeBavshy (CH,OH) 1,329
Nepd (H,O) 1,333
AwBavoly (C,H;OH) 1,360
TetpoylwodvBpoorag (CCly) 1,460
Thuregivn 1,473
Bevioho 1,501

Sop n=289mm 3y

é 439nm

Ao=589nm, mov mapdyetow amd Avyvia vatplov, mpoomi-  BAémovrog tov mivaxa 1.1 dwomotdvoupe ot o Ogintng
7TeL amd tov agpo ot avBphmvo pdt. Eto vdatoedés  duablaong n €xel mepimov Ty (o T HE TO VEQO.

VYO uéoa 0to PoAfO TOU HOTLO  TO UNXOC R UOTOG £XEL

c
T A=439nm. No vroloyioete to Ogintn SudOhaong Tov  Ag oo pe v tory ™Ta Thpa. Ioy e: 1 ==L z
c

vO0TOEL00 G VYO , xaBdg naL TNV TOY TNTCL ROL TN OV-
KVOTNTAL TG QPOTEWVIS OUTIVOS OTO VYO CUTO. co
c=—Pb ¢

AYXH  onowomowo pe ™ oxéon 1.5. Me to oxemtnd n

_340%m/s

b ¢=224x0%m/s
1,34

o o deintne dAOAaoNC TOV Cfoa elvon TeQimov €va, tor  1EMOG, amd T oygon c=MAf, €xoupe dradoyund:

UNXN % UOTOS OTOV 0EQM RO OTO REVO €XOUV TNV (OL0L T

ho- Aoou: c=éxfb f:g:
é

2,24 90%m /s

b f=51x0"Hz
439 nm
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1.4 ANAAYXH AEYKOY ®QTOX KAI PQMATA

Aeixtns didBAaons (n)
1,56

1,54

400 500 600 700
Mijxog » parog Ay (nm)

1-5 E&dotnon tov deixty didbraons and to
WfroG % uaTo.

1-6 Axtiva wtds wov drabAdral amd moioua
extToémeTal xatd yovia ¢.

To Qpawouevo «OLao*e0ATUOS» LEAETION-
xe yia ety poed to 170 aidva amo to
Pevé Nrexdot xar to Ne tova.

O Ne twvag mpoondOnoe va aval o€t we-
QAUTEQW TIG UOVOYOWUATIREG AXTIVES TOV
@douatos o dAles amlo orepes, arld dev
Ta xardgepe. To uovo wov mapatjonoe
1jTav OTL T0 YEdUA OLayESTAY TTEQLOTOTEQO,
arld magéueve wg EyeL.

)

1-7 (a) Amewxdvion tov dtaoxedaouo mov
mpoxaleitar oe Oéoun Aevro Qwtos amo éva
moloua . H tauvia twv eegyduevor yooudrwv
ovoudetar pdoua. (B) Ta faocixd yoduata tov
PAoUATOS.

AL00%€EDOONOG ®aL TOIORATA

ZTNV TEONYO UEVY VITOEVOTNTAL ELOUUE OTL 1) TOLY, TNTOL TOV (-
TG 0TO %EVO elvan (0L YLor O TOL UKN % LOTOC. Z€ €VaL VKO OTTTL-
%O UECO M TOY, TNTOL TOV (PMTOG ELVOL DLAPOQETLH] VLA OLOPOQETLRAL
wxn % patog. O deintng duaBhaong tov uéoov dev eivoun otabepde,
oMAG €E0QTATOL QTG TO KOS X WOLTOS TOU (PUTOG.

To awvouevo avto, nhadn 1 €EdoTnon g Tay TNTUS TOV
POTOS AL TOV OeixTN OLAOAAONS GO TO N1KOS ¥ NLATOS, OVOWd-
Ceron draoxedaondg. Sto oynuo 1-5 ameroviCeton 1 €EGQTNON TOU
delntn OuaBhaong evog oo VAo  (xahalia) amd to pipog % -
uotog Ay 0to ®evo. H mum tov n, 6mmg PAETOUUE, UELDHVETOL, ROOMDS
OQEAVETOL 1) TYUT) TOU PNROVS % UATOS. Pwg UeYOh TEQOU UNHOUS
% UOTOG EXEL UEYON TEQY TOLY, TNTOL OE £VOL UECO OTTO PG IWHQOTE-
QOU WXOVUS ® UOLTOG.

Avdlvon Tov AEvro @QOTOG

lNo va ®otavooouUE TO PALVOUEVO OVAAUOTS TOU AEURO (-
TG, 05 00 UE QLKA TS TEOROAELTAL 1) €1TQOTT (CtAAayn xaTE -
Buvong) OGS LOVOYQMUATLRNG OXTIVAS POTOS td €Va TOLOoPA. ZTO
oynua 1-6 €yovue wia TETOLO ARTIVOL POTOS, TTOV TQOOTUITTEL TTACL-
YLO. OTNV QQLOTEQ ETLPAVELD. EVOS TRlouatog. Emeldn o deintng
OLaBAaong Tou TEloROTOG Elvon HEYaA TEQOS amd To OginTn dLdtBAaL-
ONG TOV OTTTLHO  LECOV TTOV TOV TTEQBAAAEL, 1) o Tivo Sl Ton TTEO-
oeyyiCovrac v ®aBetn xxLl, evd, dtav ) antiva eE€pyeton amd To
oo, OTopaXQ VETOW omtd TV »aBetn. BAémouvue on 1 eEgpyo-
UEVT) OXTLVOL €YEL EXTOOITEL TEMAKA OTTO TNV CYLXT) TS TTOQELOL RATA
yovia ¢. H yovio ¢ ovoudteton yovia extoomig.

'Eotm tmpo 1L €xovue pic. d¢oun AEUrO  MTOS IOV TQOOTT-
nteL Tavo og €va mptoua (oxnua 1-7a). Ov axtiveg mov eE€pyo-
VTOUL OTTO TO TIQLOWLOL EXTOETOVTOL KOl OLOLOROQIUTOVTOL OTO Y MO EEO-
d0V, EVM TAUTOYEOVA TO AEUXO PMS VoA ETOL OF WO TOA XOWUN
OUVEYT) TOUVLAL, TTOU TTEQLAopPAveL yvootd yomuato. H touvia v
ovoudcetal @dope Tov AEvro QOToS.

Ta yohuata Tov pAoUaTog, ROTA OELOA LELMONS TOU UHOUS % -
UaTog, elvou: eguBQEO, TOETOXAA, HITOLVO, TTQACLVO, KUUVO RO LK-
deg (oymua 1-7B). Ta yomuota ovtd dev avah ovron oe A Ao -
OTEQOL ROL, CLV TO. AWVOL.OUVOECOUUE, B0l AVOTTOQAYOUUE TO AEURO (OIG.

Mérgpo Tov
otaoxedaouo




IMopatnemvtag ™V ewova Tov oxfuatog 1-7f PAémouvue ot oL
LWOELS O TIVES EXTOETOVTOL TEQLOCOTEQO, EVMD OL EQUBES MYOTEQO
oo g dAdeg wov Polorovton avaueod Tovg. Auto pog odnyel 0to
OUUTTEQUOUOL OTL 1) YWVIOL EXTQOTNG EEALQTATOL OO TO UNXOC %X OL-
T0g ®ABE YobuaTOoC.

ZUUTEQUOUATIAAL, TO QWS EUPAVITEL TAL EENG K OLOORTNOLOTLRA OF
oy €on Ue T OLad0o TOU 08 OTTTLHA UECTL:

¢ KaBe povoyoopatizy axtive potog, 0Tav dLadidetal o€ va,
CUYRERQLUEVO OTLTLRO NETO, YOQUXRTTOLEETAL U0 €V LOVAOL-
%0 WNXOS %X NOTOG, TTOV EIVOL 1] TAVTOTITO TOV YOOUATOS YL
70 HEGO OVTO.

* O deintng dLdOLaoMNS TOV OTTIXO UEGOV EYEL OLOPOQETLXRY] TLUT]
Yo #d0e yoopo (wivarag 1.2).

* H yovia extpomig #d0e yoodpotog, 6Tav oVT0 NEQYETOL A0
oTTTLX0 LETO, EEFQTATAL GLTTO TO IXOS %X LATOGS TOV YODNATOS
%Ol 000 NEYUA TEQO €IVOL TO M1HOS ¥ LLATOS TOCO ULXQOTEQT)
glvaL 1 YOViO EXTQOTS.

Ovgavio 16€o - Ta yodpata g @ ong

"Exovue mopotnonoel ToALES OQES, TIC POOYEQES UEQES UE ALYO
"HMo, va gugpavieton 0Tov oupovo To oupdvio T0go. Exeivn ) oty-
un N @ on ouvoudlel & o PoLvOUEVa, TO OLOLOREDAUOUO KO TNV OM-
%1 OVARACLON), ROL OIS OLVEL TV EVROLQILCL VOL XOLOO UE TNV WQEALATY-
TOL TOV OTTOTEAEOUATMVY TOV ouvdvaouo awto . To gug, Omtmg €o-
YETOL THOO QIT6 TOV TTARATNENTH, 0o ALaBAaOTEL How VITOOTEL OMKT)
OVAXAOON 0TS KHQES OTOYOVES TNG POOYNG, EEEOYETOL OUTO CUTES
O XATEVD VETOW TTQOG TCL LALTLOL TOV.

O doonedoouog poxahel ™) ddBA0ON TOV YowUdTWV Ot dloi-
(POQETIRES YWVIES HOL £TOL EYOVUE TNV AVOAVOY TOU OTOS OTA QM-
uota g (LS.
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1-8 To novoyowuatixd pws dev avad eratr €
dMeg amdo otepes axtivofolies. To moioua I1
avald € 10 Aevrd @ws, duws to Ih amlds
EXTQETEL TNV XITOLVY axTiva.

ivaxroag 1.2
Agintng duaBhaong yvoho crown
omuoL Agintng duaBlaong
Ibdeg 1,532
Mamde 1,528
Ilpdaotvo 1,519
Kitowvo 1,517
Hootoxali 1,514
Koxxivo 1,513
Hiaxo
Pwg

42° 40°
(eovB00) (1ddeg)

A1aorEOAOUOS

1-9 AwgOlaon nhaxo @wtos o€ arayova foo-
xS

1-10 H Iowijvy ue to ®aidwva oto Mvoroed ue
@OvTo 10 ovedvio té€o xat TV xotkdda Tov
Evodra.



To gaopatoornomio

To paopatoox®omLo (1] PUORATOYEAPOS) TOIOUOTOS ElVOL £VOL
OQYOVO UE TO OTTOLO YIVETOW M OVAAVON UG OEOUNG PMOTOS KOw M
UEAETN TOV PACUOTOS TNG. ATTOTEAELTOL OTTO TOLOL Ao LEQT), TOV
ratevbuvTija, To mElopa xoL T derTea. To pug uiag Tnyns -
O£QYETOL OTOV RATEVOUVTNQQ, EEEQYETOL OTTO AUTOV, ETOL MOTE OL
OXTIVES VOL ELVOL LETOE  TOUG TTAOAMANAES, TTOOOTITTTEL OTO TTQLOUCL
2OW OVOA ETOL OTO PAOUA TOV. O EEEQYOUEVES OUTIVES TTOQATY-
00 vtow omto T domTea. [legLoTeépovTag To mEioua 1 T SLOTTE
WTOQO UE VO. TTOQATNOOOVUE TOL OLAPOQOL UMK % LLOLTOG.

Av 011 SOTTE TOOCAEUOCOVUE TO PORO A PWTOYQUPLANG
UNYOLVNG, TO PAOUOL OTTOTUTAMVETAL OTO QPLML (PAOLATOYQAPOS) KOl
€TOL WTOQO UE VO UEAETAE TOL KN R UOLTOS TOU POTOS TTOU EX-
TEUTTEL PLCL TTNYT, AOYOU Y AOT) TO TTUQAKTMUEVO VIUOL EVOS AOAITTH)-
00 MTIOUO  (AOITTTHOOS TTUQOATMOEMG), 1 et AUy Vi OTUMDV VoL
TolOV.

1-11 Agyij Aetrovgyiag Tov PaouaTooxomiov.
Me ) diomroa wapatnoo ue ta didpoga xow-
uara tov pdouarog. Av Oélovue va amwotvmd-
O0VUE TO PAOUQA, VITAQYOVY ELOIXES PWTOYQA-
QURES UNYAVES TTOV TEOTAQUOLOVTAL OTO TTQO-
copldAuio o otyua s I6TTAS.

daopato EXTONTNG

To pdoua g axTvoPOMOS TOU EXTEUITEL ULCL PWTELVY TNYT
ovoudletal paopa EXTORTNG TS YIS owtis. Ta pdonato ex-
TTOUTNG TV OLAPOQMV TTNYMV SLAKQIVOVTOL O€ GUVEYT KOL YOO~
prd.
(o) Xuveyn paopaTo. EXTOUTIG . ZUVEXY] PAOUATO TTOLQVOUUE, OTOV
€EETACOVUE LIE TO POOUOLTOYQAPO TO PG TTOV EXTTEUTIOVV OTEQEC HOL
vyod omuato. 1oL ool folorovton o peyan Beprorpaoto (Stdtu-
Q0L OOUATAL). AV 1) TOYY) TOU MTOS ELVOL, YLOL TTAUQADELYUOL, O ACUITTY)-
QOIS TTUPOXTMOEWGS, TOTE TO (PACUOL ELVOIL Ol CUVEXTS TOUVIOL QWU
®) H TV, axEPOS OIS TNV TEQLYOAPOLE TTRoTYouuEVMS. Emiong ouve-

YES PAOUOL EXTTEUTTOVV O MOUEVOS OLONQOS, O MMUEVOS YOAROS KTA.

Eneldn) ta ovveyn gpdopota, Tov EXTEUTOVIOL Amd OLdpoQa
dLamupa omuoTa, Og SLOPEQOVV UETOE  TOUG, 1) UEAETY TETOLOV
QPAOUATWV OEV WTOQEEL VO OIS DMOEL TTANEOPOQIES YLOL TN @ O1) TOV
OMUOTOG, AtV ONACO TO DU ATOTEAELTOL OITO RATTOLO CUYHEXQL-
UEVO VA0, OTmg T.Y. 0idNEO, xolxd ®TA. H povadinn minoogo-
ola wov Takpvouue glvon Yot T BgouorQaoio Tov vVMxO .
B) T'oappzd @dopata exmopmis. AV eEETACOUUE E TO POOUL-

1-12 Ddouara eXTOUTIG TOV ATOTVTDYOVTAL
07O QAL TOV QaouaToyedeov: (a) laumtijoa
TveaxtTHhoews, (B) Aaumtijoa vatgiov.

g agyés tov 190v audva eiye avaxra-

Avgbel 0Tt xdbe orowyeio mapovoidler
Eva GUYHEXQUUEVO T VOAO UV % ua-
TOG 07O YoauuLxo Tov gdoua. Me tny
TAQOAO TOV YOOVOV 1) AVayvdEION OTOL-
xelwv amo ta pdouard tovs eSediyOnxe
oe wa yonjowun texvixy avdlvons. To
XAQAKTNQLOTING PAOUA VIS QATOUOV
QaUVOTAY VO OYETICETAL UE TV ECWTEQL-
x1j ToV dowrj, ardd ot mpoomdbeies va
eEnynBei avto ue Ty xAaowx] pyyavix]
oL TV NAEXTQOOVVAULXI] OEV NTAY ETTL-
toyeic. Ty A on v édwoe n etoaywyrj
™ms xPfavrounyavixric oto maiyvior Ty
gogvvag, N omoia 001jynoe 0 OQAOTIXES
alrayés twv amoyewy yia ™y @ on e
axtivofoliag xar Ty alAnlemidoaoij tng
ue v .

TOOROTLO TO (MG TTOV EXTEUTOVY Beoud agota M atuol, Tote Oo-
TMOTHOVOUUE OTL TO (PAOUOL TOUS, TTOU OO TUITMVETOL OTO (PUAL, OLTTO-
TEAELTAL OTTO OLOHQLTES XOWUOTIOTES YOUUUES, K OLQOKTIOLOTLRES YLOL
TO €00g TV aeQlmV 1 Twv atudv. Kdbe yoouun aviiotolyel oe
OUYREXQULEVO UNUOG %K UATOS 1] OUYVOTHTA. AV RAVOUUE, AOYOU
¥ GON, POLOUOTOOROTULKT) CLVAAUG TOU PTOS TTOU EXTTEUTTEL 1) AUy Vio
aTUOV VoTeiov, Bol ToEATNENOOUUE OTL TO PAOUCL TOU OTTOTEAEITOL
om0 & 0 ATOLVES YOOUES TTON  ®OVTA PeToE  Toug (oymua 1-12).

ddopata awoEEOPNONG

AV UETOE WO POTELVIG TNYNS TTOV EXTTEWTTEL AEVRO (OIS KOl
TOV ROTEVOVYVTNQX EVOS POOUATOYOAPOV TAREUSANOVUE EVaL VM-
%0 uE00, AOYOU AN £Va OOYELO TTOU VaL TEQLEYEL €YYQMUO VYQO M)
wa €yyxomun yvdvny mhdxno (oxnuo 1-13), Oa dlomotdoovue Ot
OQLOUEVEG TTEQLOYES TOV OUVEXO C (PAOUATOS AELTTOUV %o 0T BEom



TOUG EUPOVICOVTaL O%OTEWVES TTEQLOYEC. Ta paopato autd ToL ovo-
ualovue pAOUATA ATTOEEOPIONG, YLOTL OL OXOTELVES TTEQLOYES OEL-
AOVTOU 0TO OTL OL OXTIVES OQLOUEVV YOMUATWY €YOVV CLTOQQO-
@nBel ®atd T dLEAEVON TOVS OO TO VMXO néco. Ta pdopota
QITOQEOPNONG TO. OLOXQIVOUUE OF CUVEYT] %Ol YOUULILKT.

(o) Xuveyn @dopate amxoEonong Olvouy Ta £yYQmuo OLopo-
V1) OTEQEA KO VYOG AV TO VMO TTov pmTiCouue elvan YuaMvy ®Ox-
nvn TAAKA, TOTE TOULEVOVTOS TO pdoua Bo TapaTnENooUUE OTL
€Y0UV aropEOPNOEl OQLOUEVES TTEQLOYES TOV OUVEXO G PAOUOTOS
EXTTOUTTNG. ZUYHEXQUUEVQL, OTTO TNV HOXHLVY] TTAGROL OLEQYOVTOL LOVO
oL oTiVES TTOV BlonOVTOL OTNV TTEQLOYN TOV €QUBPO  (oynua 1-
13p).

P) Tooppxd @dopota 0.ToEEOENOS diVOUV TO 0EQLA 1] OL ALTUOL.
ATOoTENO VTOL OUTO EVOL CUVEYES PAOUC OTO OTTOLO VITAQYOVY ORO-
Tavég yoouués. ‘Etol, av UeTtag  wog gmTeivng myng mov eXé-
WITEL AEURO (IS KO TOU ROTEVOUVTIOM EVOS (POLOUALTOYQAPOV TTOL-
ogupdhovue éva duogpavég doyelo pe atuo ¢ votpiov (oynua 1-
13y), tdte 0TO OLVVEYES PAOUN TOV AEURO  (POTOS TOU ACUTTTIOO
B0 TAEATNENOOVUE OROTELVES YOOUUES, OTLS BEOELS arQUBMS EnEl-
Veg oV B0l EUPAVICOVTOLY OL RITOLVES YOOUUES TOV (PAOUOTOS EX-
TOUTNE TV OTUMV TOV VATEiov. ANAadY OL OTUol TOV VATQLOU
€Y OUV OUTTOQQOPYOEL TLS KITOLVES AR TLVOPOMES TTOV EXTTEUTOVV, OTOLV
oxTvopolo V.

Ymeoraddng rar veégudon axtivoforia

Yneorddng axtivopforia

To ouveyéc @AouUo TOV TAUQVOUUE, OTOV OVOA OUUE UE TO (Pa-
OUOTOORATLO TO AEURO PG, TELELDVEL OTO EVOL ARQO UE LOOES (PGS,
evi 0to GAlo pe gguBpo. Omwg gaivetar oo to oynua 1-14, to
00010 (MG, ONAOON TOL UNKN % UOLTOS TTOU OVTLACUPAVETOL TO UALTL
Uag, €XEL OQLOL XOL TOL YOMUATE TOU £XOVV KT % UOTOG TTOU HUUOL-
vovton netaE  400nm tov iwdovg »ow 700nm tov egubpo . Avto
OUmg e ONUALVEL OTL TO PAOUNL TOU AEVRO  PMTAG, TTOV EXTTEUITEL M)
POTELVY] TTNYY), TTEQLOQICETOU OF QTG TOL OQLAL.

AV TOQOTNENOOVUE UE ELOHO PAOUOTOYQAPO T PUTOYQUPLRY|
TAMAXOL OTNV OTTOLOL OTTOTUTTMVETOL TO PAoUaL, Ba dlormotdoouue Ot
€A amd TO OPLO TNE LOWOOVS TTEQLOYNG 1 TTAGROL EXEL OUOVQMOEL.
Avto pog odnyel 0To oUUTEQOOUO OTL, EXTOS OTTO TNV OXTLVOPOALDL
TNG 0QOTYS TTEQLOYNS TOV (PACUOTOS, VTTAQYEL KoL OXTLVOPBOALL 0LO-
oaTY, 1 omoloL florETOU TTEQA QTO TNV LKHOM TTEPLOY Y. H axmvofo-
Mo vty ovoudleton vTeQLwdng axtivofodria.

H vreouiddng axtivopforios awoteheitow amd axtivofories mov
EXOUV UMM % LOTOg urEdTeQa Tmv 400nm xou peyok tepo Tov Inm
TEQLTTOV.

Av non M umeQLddng axtivofoiia Oev elvol 0QOTY| UE YUUVO PATL,
UEQIXES OO TS LOLOTNTES TNG OIS TTANQOMOQO 'V YIOL TNV TTOQET TNG:
1. TTpoxahel apa QWON TMV PMTOYQOPLRMV TTAAKMDV.

2. TTpoxrahei To pHoELOUO o€ Ao oOUATA, OToy ONAad TEo-

OTUITTEL OE OQLOUEVOL GOUOTAL, TOTE CUTA EXTTEUTTOVV Y OLOOKTNOL-

OTIXES OQUTES ARTLVOPOMEC.
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Ste [ K
—I%)7 ; :
g~ L < {

1-13 Tvmsj oudradn yia v amot wwaon Tov
@douaros amoeognons. To xoxxwvo yvali
ETITOETEL TN OLEAEVON aXTVWY UE Wifxy x pa-
TOG %0VTd 0TV TEQLOYI] TOV £0VOQO .

(a) 2vveyxés pdoua exmoumjc Aevxo QWTOS.
(B) Zvveyés pdoua amoQEoPnons xoxxivov
yvaiio .

) f-mmmmmm
g )= i

(v) T'oauuuino pdoua amoeoopnons atudy Na.

700nm|

1-14 ddoua veguidovs - yxoita megLoyij oto
@uAu wépa amd 1o 1ddeg.

(@) (B)

1-15 A o pwroyeapics Tov idiov ayaluaridiov
Toafnyuéves n (a) oto opatd pws xat N (B) oto
VITEQUDOES.



1-16 H gwroyoapia éyet Angpbel ue piu evra-
05 oo vaéovboo pws. H avtiotowyn tov oga-
10 QWTOg Oev Tjrav dvvatd va Angbei, yiati
oty TG Mjyns emixearo e oxoTdoL.

1-17 A o pwroypapies Tov idiov Tomiov. H (a)
Exet AngOel ue pidu tov gumogiov, evd 1 (B) ue
@il evabés oty vaéeuhon axtvofolia xat
UETA aTT0 Y 010N PIATOOV TTOV ETUTQETEL UAVO TN
Otédevan vTéEUOOV PWTOG.

HAextoouayvnrizo @doua. Ta doia ueral
TV vy elvar xdrws avlaipeta.

100" 108 10?10 10" 107

3. ZUUUETEYEL OTN UETOTEOT) TOU OEUYOVOU TS OTUOOPALQOS OE OLOV.

4. 'Otov awopo@atal ot VAMXA omuotd (Omme GAAmOTE 1oL oL
O TLVES OTTOLOVONTTOTE YOMUOTOS), TTEOXAAEL TN B€OUaVOT TOUG.

5. Ymeoumdng axtivofohio ue oL  uxEO UNROS % OLTOG TTQOROL-
Ael PAAaPeg ota % TTOQO TOU OEQUATOS, OL OTTOLES WITOQEL VAL &~
VO TETOLEG, (OTE VO OONYNOOUV ROL OTNV EUPAVLOT ROQUIVOU.
Koatd ) dudoreia thg nMobepareiag 1o no ouopa Tov 0€oua-
TOG OQELAETOL 0T UEAQLVIVY TTOU TTOLQAYEL O OQYOVLOUOC, YLOL VL
7TROO0TATEVOEL OITO TNV VTEQLMON arTLVOPOALQL.

6. onowomoteiton otV LaTourn Yo TANEN Ao TELDMWOT OLdpo-
QWV EQYAAEIMV.

YmréuBon axtivoforia

Avoh ovtag To Aevrd Qog EVOS AOUITTIOO0 TTVQOXTMOEMS TAV®
O€ TTETAOUOL TTOLQVOUUE TO (PAOUA TOV. AV TOTOOETHOOVUE EVOL VO -
00nTo BEQUOUETQO TAVM OTO TETAOUOL HOL TO UETOHLVIICOUUE A0
7O LHOES TEOG TO £QUBPV, Ba TapaTNENCOUVUE TN BEQUORQOTIN TOV
vow aEdivetan. TTo mépa. amd to epuBEO 1) EvOelEn eival anour ue-
YO TEQOM.

Metd ™V £QuBP1 TEQLOYT) TOU PACUOTOS VTTAQYEL CLOQOLTY] OLXTL-
voPoMa, Tov TEOXAAEL EvTovN o ENOom TS BEQUORQAOIOS TV OTE-
MV ®ow VYR®V owpdtov. H axtivofolio avty ovoudteton vié-
ovlon axtivopolria.

Emeidn n vrté ouBon axtvoPoiion eivon a0QoTh, YIoL THV 0V VEUOT)
NG VITAOYOUV EL0LRA OQyava, ot gmeatés. H agym Aettovpyiag tov
POEOTMV PooileTon OTNY CWTOQEOPNON EVEQYELOS TMV VITEQUOQMYV
oxTVOPOMMY ROL OTY CUVEYELD OTY UETOLTOOTTT TNG O GAAES LOQPEC.
O urtéeuBeg anTVOPOALES EXOUV UMK % LOLTOG TTOU HUUOLVOVTOL JAE-
10E  700nm %cn 10°nm. Meouréc amrd g ioTteg twv umep Oomv &i-
vau oL €ENg:

1. AmopQo@®dVTOL ETUAEXTIRA OTTO OLAPOQT CHUATO KO TTQOROAO V
o Enom g Beppoxrpaoiag Toug.

2. Agpyovton nEoa oo TV oulyAn xaw To o vvea (Ogv amoQo-
QavTaL oo aéoLa, oxnuo 1-17).

3. Agv €youv ynuuxy 0pGom xou OV TEOKAAO V (POCEPOQLOUO.

Egagpoyés: Hyonon twvurep Bowv faciteton oty exhent-
2OTNTA TOVS VO, 0T0QEOPAOVTOL amtd TV An. Ztnv Latow), Yo wo-
odaderyua, d¢oun vEpupng axtivofoiiag petadioer Bepuotta oe
0pLoUEVN TTEQLOYM Tov omuatos. Emiong pe eldunéc pmtoyoapirég
UMY OVES TTETUYOUVETOL (POITOYQAPLOT RO KO OTALY VTTAQYEL OUV-
veua 1 opiyAn (oxnua 1-17).
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