[image: image1.png]Lanva LA Zynuatonomuévy TelpauatiKy 01dtaln yia Tt peAETn Tov pwTonieKTPIKOY paivo-
wévov. H pwtevn déopn «mé@rtew oe pia gotogvaichntn kahodo kal 1o anocTOUEVe
NAEKTPOVIO. GUAREYOVTOL OO TNV GVOS0 KOl TOPAYOLV TO QPWTONAEKTPIKG PEVIA OV
Sloppéet T0 KOKA®MAL.



[image: image21.png]2.1. eprypagn tov @arvopevov

Me 10 OVOpO «POTONAEKTPIKO PULVOUEVO» Y APOUKTNPILOVIE TNV EKTOUTN M-
AekTpOViOV amd Eva PETOALO 1 OTolo TPOoKaAEital amd TNV TPOGTTOON O-
POTNG N LTEPLOSOVG AKTIVOPBOALNG GTNV EMLPAVELE TOV. TNV TPUYUATIKOTN T
0 OPOG Y PNOLOTOLELTAL CTIHEPA HE EVO TOAD EVLPVTEPO TEPLEYOUEVO. ANADVEL
NV UnOGTOCT NAEKTPOVIOV 0O OTOLOdNTOTE PLGIKO GVUGTNNN —ATOHO, WO~
plo M 0TEPEO— GTO OMOL0 TO NAEKTPOVIL AVTH EIVaL dEGHLA.

Mo oYNUOTOTOIMUEVT] TELPOUATIKT OLATAEN Yio TN HEAETN TOL PULVOUE-
vou Oa givar 6Twg oto oynua 1.4.

Ot mapdpetpol mov pmopovy va petofiAnbodv cto meipapo eivar m
oUYVOTHTA KOL T EVTaon TNG GOTEWVAG SEGUNG Kot 1 Tdon TG TnyNs. To péyebog




[image: image22.png]owlivag kevob





[image: image2.png]TOL UETPOVUE elvar 1 €vtact I TOL QOTONAEKTPIKOL pedROTOG. AVTIGTPE-
QOVTOG TNV TOAKOTNTO TNG TNYNG HEYPL TNV TN V), OTOL TO @MTONAEKTPLKO
pevLE GTOUOTA TEAEI®G (tdon aroronnc), LTOPOVUE VO, LETPTCOLUE EMIONG KOl
TNV KLV TIKT EVEPYELD. TOV OTOCTOUEVOV a6 TNV KaBodo niektpovimv. Ta
Vv tehevtaio avtn pétpnon Oa glvar cuykekpipéva

K =W,

QoL T0 £pY0 V) ToL TPUYRUTOTOLEL TO NAEKTPIKO TEdio amd TV KGH0d0 mg
TV dvodo Bo TPENEL Vo LGOVTOL e TNV KIVNTIKY gvEPYELD. K TOL NAEKTPOVioL
nov avol®bnke Kotd ™ dtadpopn. (Vo eivar, PePoaing, To dvvawicé anoronijg.)




[image: image3.png]2.2. O merpapotikoi vopou

Me agetnpio v mpdm mapatnpnon and tov Hertz g e&oyoyng n-
AexTpOViOV and HETOAAN pE TPOSTTMOT LIEPIOIOVS PMTOS, akohovONCE pio.
EVTOTIKN HELETN TOL Qaivopévou —pe kabopiotikn ) cupPoin tov Lenard
011G apyés tov 1900— mov odnynoe tehkd ot SaTdNOON TV aKOLoLOOV
TELPUPATIKAOV VOUOV:

A. H évtoon tov @oTONAEKTPIKOL PevHOTOS GLEAVETAL 0vAlOoYya pE TNV
£VTOOT TNG QOTELVAG dECUNG.

B. ®otonkektpikd pevpa ep@aviletor povo 6tav 1 cLYVOTNTA TNG GKTLVO-
BoAiag eivatl peyorvtepn and pio optakn TN fo = fin, LEPOKTNPLOTIKN
oL LVAKOV TNng @otokafodov. Av eival f < fy dev Ba vmdpEer pwton-
AEKTPLIKO pedLE, OTOLSNTOTE KOl AV EIVAL 1] £VTACT TNG POTELVIG dEOUNG.

I'. H xwvntikn evépyeto tov gotoniektpoviov (v f > f) dev e€aprtatat and
MV EVTaon TG QOTEWVNAG d6oung aAAd poévo amd ) ovyvotTnTd TNG.
Emniéov n e€dptnon tov K and 1o f Exel ™ ypapuixii poppli tov Zyn-
natog 1.5.




[image: image4.png]A K (eV)

4
W=3eV

5 £,=0,72 x 10" Hz

2

/(10°Hz)

05 f, LO 1,5 2,0

apvia L5 TIEpav TG oplakng ouyvotnTag fy M KIVNTIKY EVEPYELL TOV OTONAEKTPOVIOV
aLEAVETUL YPOPUIKG e TN ovyvotnTa NG aktivoPBoriag. (IMetpapatikodg vopog.)




[image: image5.png]Me teyvikéc mov avantdyOnkav Alyo apyodtepa £yive emiong duvvatd va
petpnOel kar M evoeyOUEVN ypoviky vaTépnay METUED TG TPOCTTIMONG TOL
POTOG GTNV KGOS0 KAl TNG ELPAVIONG TOL POTONAEKTPIKOV pevpaTos. Kat to
TELPUUATIKO ATOTEAEGHA NTAV O AKOAOLOOS TETAPTOS VOLOG.

A. To ootoniextpikd pedpa gppaviletar oyedov tavtdypova pe NV
TPOCTTOCT TNG POTEWVNG dECUNG 01N PWTOKAH0d0. AV LVIApPYEL ypoviki
vatépnon, ovth Oa gival pikpotepn amod €va vavodevtepoiento (1 nsec=
1079 sec).




[image: image6.png]2.3. Anonelpa kKLookig epunveiog

Inueloote Kot opyas 0Tt o€ OAEG TIG £KOOYEG TOL POTONAEKTPIKOD QULVO-
HEVOL (ETOVOLAUPAVOVUE OTL PWTONAEKTPIKG PAIVOUEVO EIVAL 1] OTOGTAGH 1-
AEKTPOVIOV GTG OTOIOONTOTE GUGTHUG. GTO OTO0I0 &val JEoIa) OTMOLTEITOL VO




[image: image7.png]500l 6TO MAEKTPOVIO HL0 ELAYLOTN YOPUKTNPLOTIKY EVEPYELD TPOKELUEVOL
va gmttevyBel ) amopdkpuven Tov. Xta HETEAAN QVTH 1| EVEPYELD EIVAL YVOOTN
g épyo elaywync —kar cupPoriletar pe W—, ot dropa omokaAeitar €pyo
10vtiguob —kat cvpPoliletar pe Wi M Ej— kat ovtm kad’ e&ng. Kat to epdtnpa
glvat: tog tpooropPdvel To NAeKTPOVIO TNV ovaykaie yio TNV €£aymyn Tov
EVEPYELD; TNV KAOGIKT QLGLKT O PNy aviopog ivar Told aniog. H ntpoomi-
TTOLGO, OKTIVOBoAic glval éva MAEKTPOUAYVNTIKO KVUHO TOL OTOIOL TO M-
Aektpikd medio Ba aokel ota niekTpdvia Tov petdriov pio dvvaun F = —eE
nov o ta emitayvvel avEdvovtag TNV KvnTikn tovg evépyela. Katr otav n
evépyela autn Eemepacet To £pyo eEaymyNng Tov petdAlov, to nhektpovia Oa
0mooTaoTOOV amd avtd. Ag d00UE AOLTOV TPMOTE OV 0LTOG O KAUGLKOG un-
LOVIGHOG PTopel va eENYNOEL TOLG VOOV TOL POTONAEKTPLIKOD QUIVOUEVOL.

A. AVENGTM TG POTELVAG EVTAGTG 0TV KAOOLIKT Dempila onpaivel avénoen g
£VTOONG TOL MAEKTPLKOL NG mediov. Opwg €va 1oyvpOTEPO MAEKTPLKO
nedlo aokel peyaAVTEPN SVVOUN GTO MAEKTPOVIO. TOV HETAALOL KOl ETO-
HEVG UTOPEL VO TO. ATOOTACEL EVKOAOTEPQ, AVEAVOVTAG £TOL TOV pLOUO
eEaymyng Tovg, dnAadn to potoniekTpikd pedpa. Katd cuvémeia n niex-
tpopayvnTikn Bewpia gival og Oéon va eEnynost xat’ apynv Tov TpMTO
VOLO TOL POTONAEKTPIKOD POULVOUEVOU.




[image: image8.png]B. Zvveyilovtag 10 KAOOIKO OKEMTIKO, PAEMOLHE QUEC®G OTL M KIVNTIKNA
EVEPYELD TOL ATOKTOLV T MAEKTPOVIO. ovEAvetal mopdAinia pe v
£VTAOT TOL TPOOTINTOVTOG NAEKTPLKOL eSOV, dNAadn Tapdiinia pe Tnv
£vtaom g eOTELVHG d¢ouns. Avtibeta, 1 cuyvoTnTo TG aKTivoBoliog dev
eaivetat va tailel ovolddn poro. Enopéveg, 6mota Kot av givat 1 TIun g
oL VOTNTAG, UIOPOVHE TAVTO, avEdvovtag KatdAAnio tnv €viacn Tng
déoung —dNAadn TNV Eviacn TOL NAEKTPLKOD TNG meGIOV—, VO TETVYOVLE
QOTONAEKTPIKO pevpa. XTo mAaiolo NG KAUoIkNG Oemplog oplokn G-
xvotTnTa dev vdpyel. O deVTEPOG VOLLOG TOL POTONAEKTPLIKOL PUIVOUEVOL
—dnradn n vrapEn Katweliov auyvétntac— givol teleiwg aveENyntog and
KAOG1KT GKOTLG.

I'. T'a tov 1810 OT®G Kol TPV AOYO, M KIWNTIKT €vEPYeLd TV e&ayOlEVOV
niektpoviov Oo énpeme va mpocdiopiletor Kupimg amd tnv €viact tng
dEoUNG KoL M oLYVOTNTG TG vo mailel devtepevovia poro. Evtovtolg o
TPITOG TELPOUOTIKOG VOLLOG TOV PMTONAEKTPLKOD PUIVOUEVOL Aéel 0KPLPOG
to avtifeto. H xuivntikn evépyela K eivor teleiog aveaptntn and v
évtaon g déoung Kot eEaptdtatl povo omd T cuYVOTNTA TNG Kol LAALGTA
UE EVAV YPApULKO VOpO.




[image: image9.png]A. Mg 10V KAOGIKO UMY OVIGHO, N LETAPLPOOT TNG AVAYKOLOG Y0 TNV ECOYMYN
EVEPYELNG OO TO MAEKTPOUAYVNTIKO KOHA ©TO MAEKTPOVIO YIVETOL
avoykaotikd Pabupiaic. Etor pecolafel vmoypemtikd éva gAdyloTo
APOVIKO SAoTNUE amd TNV TPOGTTOON TNG OECUNG OTN POTOKAO0d0
WEYPL TNV ELPAVIOT GOTONAEKTPIKOL peLUATOS. o TIg TUTIKEG EVTAOELG




[image: image10.png]OV Y PNCIULOTOLOVVTAL GTA TELPARATO P10 OTAT EKTIUNOT TAENS peyEbovg
—deite IIpoPAnpa 10 oo téhog tov Keparaiov— diver pia ypovikn kabv-
otépnomn TG TENG Tov devteporéntov. Evad 1 mEpApATIKN TIUT AvTOD TOL
xpOvov av dev givar undév elvar mavtmg pipdtepn and 107 sec.

Eivar gavepd o0tt 1 aduvopico g KAUOIKNG QUOIKNG va eENyNoEL Tovg
VOLOLG TOL PMTONAEKTPLKOD QUIVOHEVOL glval TANPNG Kot pdAlov abfepd-
nevtn, Onmg emPBefaldveTal Kol amd WO TPOCEKTIKOTEPN AVAALGT TOL
KAQO1KOD UMY OVIGHOV TNV OTOL0, UTOPEITE VO KAVETE HOVOL 6aG pE Bacn Tig
vrodeiteig tov IpoPAnpatog 11 oto t€log Tov KeParaiov.




[image: image11.png]2.4. Kpavtikn eppnveioa: H vrobeon tov gmtoviov

Zbupwva ue tmy mapadoyri mov mPoTeiveTal 0@, N EVEPYEIQ Luag
POTEVHG AKTIVAG TOV EKTEUTETAL TG LA GHUEIGKY Tl OEV Eival
OVVEYDS KATAVEWIUEVY GTOV Ypo, alAd aroteleital and vav me-
nepacuévo aplluo evepyelakayv kfdviwv, mov eival telelmwg evio-
TUOUEVA GTOV Y WPO Y WPIS va O1a1pobvTal Kal Td. OTOoLo UTOPovY Va
napayQovv 1 va amoppopnlovv povo ws 00KANPES HOVADES.

A. EINSTEIN (1905)




[image: image12.png]Eivatl gavepo ond to mapandve 0Tt 10 Bactkd HNVULO TOL 1oG HETAPEPOLY OL
TELPAUATIKOL VOOl UTopel va cuvoylotel ota akoiovbo dvo onueio:

Ipato: To yopaktnplotikd péyedog tov KOROTOG Tov Gaivetol va tailgl Ke-
VIPIKO POAO GTOV UNYUVIGHO TNG GOTOEKTOUTNG OEV €lval 1 €viacn oAld M
ouyvoTNTa. XNV KAaolkn Bempio Tov OTOG N cuYVOTNTO glval £va kabapd
KUUOTIKO YOpOKTNPLOTIKO, HE TEAEIWG deLTEPELOVTA POLO GTIG EVEPYELUKES
docoinyieg VANG kat axktivoPolriag, ot omoieg pvBuilovtor Pacikd and tnv
£vToom Tov NAekTplkoy Tediov. To TELPUUATIKG OTOTEAEGHATO HAG AEVE O-
Kkptpmg to avtifeto. H evepyetokn dpactikdtnta Tou mtog eEoptdtal kuping
amd TN CLYVOTNTO KOl SEVLTEPELOVTMOG ATO TNV EVINGCT.

Aevtepo: H amoppdonon g evépyelag yivetal npaktikeg akapiaic. To n-
AEKTPOVIO TaipVEL Ao TO OOG TNV eVEPYELX £EAYMYNG TOL OE Pio LOVOIIKN
d0om kot Oyt Babutaic, Onmg mpofrénet N KAOOIKN MAeKTpOUAYVNTIKT Og-
wpia.

Evoyer tov mopandve, o Einstein dev dictace va emekteivel to Opto
woyvog g mapadoyng tov Planck, Bewpovtag 6t n kPfdvieoon sivar pa
€YYEVNG 1310TNTA TOL NAEKTPOUAYVNTIKOD Tediov Kot Oyl omAmg pa 1810-
Ropeio. TOL PNYOVIGHOD GAANAETISPACNC TOL HE TNV VAN, OM®G TIGTEVLE O
10106 o Planck. Etot dwathnmwoe tnv vndbeon ot




[image: image13.png]Vit wov porovior: To nieKtpopaywTinG Kipa anoteleitar and potovia
evépyeac E = hf, émov h y atabepd tov Planck kai f n auyvétyea tov sipatos.

Tpw oyohdoouus TeptoséTepo Ty mapadoyi Tou Einstein, ag dobue
7060 0mhd Kat aBiacTa JmOpEL Vo EEYIGEL TOUS VOHOUS TOU QUTOTAEKTPIKOD
pawvopévov. Tpota and 6ka, pe T ortoviaxy Bzopio o HMyaVIoHSs TS
cEayoc sivar okt amhos. Eva gotovio aroppopdtar and éva NAEKTpOVIO
peaiBiZoviag Tov 6An Tov TV evépyeue. ‘Eva pépog g avaiokstal o
«avtinipo» Tov £pyou etayaris W Tou petdhiou Kat 10 VT6ROITO pETaTpi-
ETAL OE KIVITTURT £VEPYELE TOL EEEPLOHEVOD NAEKTPOVIOL. AUTOG O EVEpYELd-
KOG HETUCYNUOTION6S EKQPALETAL amhd e T potoniaktpucs ediceman tov
Einstein

> hf:u’+%nw3 (1.14)

ané TV omof0 QUIVETHN GPECS BT TO POTONAEKTPIKS QUIVORSVO Eivat
uvatd povo tav 1 evipyeto hf TOV QOTOVOU Eival pEYaAGTEPN 06 To EpYo
cEayoyiic W tov pedklov. H oplaxi cuyvoma fy rpocdiopiletat ard m
oyéon

hfo =W

Kot m Tl e saptinan amd T cuyKeKpyEvo pétalio, 6ToS akpiBh
Beive o Teipana.

Kat ot g0t mstpaposikot véjior sényotvear sxiong tokd amka. Abénon
e pomEVig fvTaong ot putoviaxn Bzopia enuaiver adEnen T pofis Twv
Qutoviov, ov pE T CEpd ™S CUVERAYETML @EENGT Tov apiBol TV
£EayOpEvOY NAEKTPOViY.

Eivat paveps, erions, 6m 1 séayoyn yivera axapuia yiati  perapifacn
™G avayKaiog svEPYENS a6 To g 6TO MLEKTPOVIO TIVETA GTIYHIGi, N TV
aroppsenIo 0AéKINPNG TS EVEPYEINS Af EVOS PUTOViOL.

Téhos, amd v sticwon (1.14) sivar apécns eaveps oL 1 KvnTkh
evépysia K = mu?/2 Tov potonkextpoviov cuvdtstat ke T cuzvomta £ e
pocTinToUsaS 3EOHNS HEo® TS o7EoNS

K=hf—W=h(f - fo) (1.15)

g orofug 1 Ypugk TapdoTacT —yia f = fy— eivar wa evdeia ppajuyuf. a-
KpiBox omog size deitet 1o TEipapa (T, 1.5). Makiota, ard t Gsopnucy
eticoon (1.15) mpokéntet apéows 6t 1 KAion g mEWpaRaTIRG subgias o-
geihet va eivar ion pe ) otadepd tov Planck. Kot étot axpiPo sivar.




[image: image14.png]Opwg vt N avGALGT TOU POTONAEKTPIKOD QUIVOUEVOL QEPVEL GTNV
ETQAVELD PEPIKES 1386 TOAD YEVIKOTEPNS OTHAGIAS, AC TIG SE6TAGOUNS.




[image: image15.png]70 QOIONLEKTPIKG PuIVOREVO Bev Eivan Tapd eduh TEpitToon
S EUPOTATIIG KATNYOPILS QUVOEVOY MOV aQOPODY T BpicT T0U GOTES
Vo oty A1, Eiva éva Se8opévo TS KOWNS BurEpios 6T Kate arb ja
OPIGHEVT] GUZVOTNTA 1) XU BPECTIKOTNTA TG NAEKTPOUAYVITIKAG aKTI-
vopoliug otapati tehe0g, 600 peyin Kov ov eivar 0 évtaon me. Okou
EEpoupE, RUpOBEIYHATOS £APIV. STl HAVPILOVLE STaV EXTEDOVLE O VREPLODES
Qo aikd byt oe opatd Kat, TOM TEPIOTGTERO, ot urEpUOpo. To omoio
onuaive, Pefaios, ot o1 LMuIKES AVTIBPAGES TOU TPOKIAONY TO Habpioi
EVEPYOTOLODVIAL J16VO $TaV N GUZVETTN TS RpooTiTOVS axTivoPohiag
unepBei wa opropévn Tl H eZiyion civat axpiBis 1 i1 pe exeivn tou
QuronhextpikoD puwopévov. Tia va GURBs o UK aveidpaon Tpétet va
B00i 570 AVTIBPOVTN KOPIG 0. EAGLIGTI) ZAPAKTIPIOTIR EvEpYEIL. AV 1)
heKTpopa I TIKT aKTvoBodia s Tov GUVEL] ZapaXTilpE TOU TS aT0BiEL
1 Khaoukn Oeopia, TOTE N anaitolE EvEpYED 0 KROPOUGE Vel amoppORI-
Osi ouyd-onyi Kut smopives 1 aveispac Ou owviave aveEapTTa aro T
GULVOTIITE TOU TPOGTITOVTOS PTOS 0 TE700 KGO0 oK KL TA
padtogevikd: xipata 0a eizay nuiki dpactikotna. Anhadi O pavpilope
axépa ke Simha ot o padtopoviki Kepuia! To oTt tEToln ahAdKoTa Sev
Guppaivou, Scixven mokD Kabapd Ot g dpdan Tov portds et Kpaviike
Japarcvipa. H axavcodpevn ekiyiom evépyeia W rpoohoppavetat ot pia xat
Hovadix) 8600 pe TV amoppdenon £v6S putoviov. Etol, av 1) gotevi
GuZVGTITa. f iV WIKpOTEPT a6 TV T fu, = W/, o 1 aveiSpuon Sev
TpOKENTL Vi U, 000 pEYiAN Ka av sivar 1 gozavi dviaon. Ka v,
Peoiog, soiyiue o1 étor ézow ta tpiypaa. Tt @bna. .. dev O
umiipyape! Xopic v KBAvioon T MheKTpoueyVIITIKiG axtivoPokias, o
MAEKTPOVIG TV GTOROV Kal TOV Hopiov 0 aXoppOQODTTY GUVELHS EvEpyE
4RO 70 QO OTOWEBATOTE CULVOTIITAS, KE AVATGPEVKTO TELOS TNV TP
Buion g UAng. Ze éva TE1010 KOoWO 1) DTAPEN GTABEPGY ATOMIKOROPLO-
KoV Soudv 0 firay anokites adivar. Awmotdvouus, SnAadi, o 1
KBAVIOoN Tou GuT6s Sev ival Eva KaTpIToto TS GUoTS hid wia avayKmo-
T GUVLOUOHEVT —OUTE AiY0 0UTE ORI~ e TV B1 TV URapEi pag. Opog
e 0wtd 1o Dépa —SnLadil ™ ooy avaykadTyza tov Kpavikay vouo— Oa
emavérfovge Aivo apyotepa, orav fu xouus kfoet Kot o Ty KBavieen
TOV BVEDTELIKGY KOTUOTAGEOY 0T dTOpa.

A¢ mpoofEcouE aKGRO GTL 0 GOVVEXlS CORITIBIOKGS ZOPUKTAPS TS
WEKTPORAPTIKAG AXTIVOPORIOG EXEL AVIAVEIOIES ETITTOOEIS POVO GTIIV
REQLOY TV HEYGAGY GUZVOTTEN, STAUST GTA KIKP Wik KipaTOS, iaTi
Ovo exei 1) £véprEId ToU PuTEOD KPAVIOV Eival GpKeTh pEriin Bote 1
atopki) Gpaa Tou va 71 aviyveioEs ovvineiss. Aveito, otV asployl
OV PUSIOPOVIKGY KUUGTOV, TAPUSEITHATOS ZGPIV. O CBOTSIAKES Zapa-
Kefipog sivan Twhsiong averaiotnTos. Avos sivat Kt 0 A6Y05 ia Tov oToio
o1 puBioNkexTpoLiTOr eEax0koVIOTY VA ZPNOHIOTOWODY TTOVS VokoT-





[image: image16.png]opols Toug ™Y Khaotkh NAEKTpopayYRTKR Bewpia, Orwg Tov «rakto, kakd
Katpoy

Q¢ mpog T taEN peyédovs e evépratag hf evos potawed kfdviov, to
MO kO GXETIRG TUPABEMN EiVIL Eva GOTOVIO GTO iEGOV TEpITOV To
0putob phopaTos a2 MOTpE A = 000 A~ 110 10 oT0i0 Bt Eivan

he 662 x 1077 x 3 x 10 -
e=hf T
=331 % 107197 = 2,068 eV (1.16)

6rmou 0 eV eivar, BePaios. T TaoiyvooTo yimtpoviofdit, Smiadi 1 evpyeia
7OV GROKTG Ve TAEKTPOVIO Grav ETITAIVETEL ATO e Slapopd. SuvapikoD
£v0g volt. (Kot 0 0oio 1000ta1, mpogavis, pe T0 7IVOREVO EvOs MEKTpO-
viaxob goptiov eni éva volt: 1eV=e-volt) Q¢ rpog T oxéon Tov pe TG
GuviOeis povades, Bo civar

1oV =

6x107Zerg =16 x 107

“Eva rapanhevpo «3ideypay arb 10 anotéheopa (1.16) eivar 6t kazi-
210 1OVB3a i T BETPNIOT TV EVERTELGY TOV QUTEIVEY KBaVTOY BeV tival
ove 70 erg ot <0 joule alki T0 ieTpovofde. H smihoy avth evioriTat
K 0R6 70 7a70v0S 0% 0 eV Givat GRIONS 1 KUTEALTAT SVEpYELaNi jovid
10 65 115 wikpooKomixic dabixaoiss onic onoiss Aaupavowy pipos 1
Qoted kBavia. O1 EvEpYEIEe 10VEIOH0D TOV GTOUOV. 01 EVEPTELES OV
ExhiovTa | RAITO0VIaL OR6 TIS INIKES AVAIBPAGELS, T EpYa sEavOS TV
RETEALOV KA, KA, GhES GUTES 01 TOGOTNTES iVl TG TENS TOV pepiciy
niantpovioféiz. Av mpootelii oT0 Tapanive Sn Kt 1 KethAnin povida
WilKOUS 710 70V uikpKoGHO Bev civat 0UTE T0 cm 0Bt 0 m, ik t0 angstrom
60 7 (oA ] 0 IKpEE POPIaL 70V HETEDN TS THENS TOV HEPIKGY A, BV
0 KOS KHATOS TOV 0pUTHY GuTOVDY Siven ERioMS Evi L071kd Tokkamh
o10 Tou A (pepixég yihades A)— 161¢ Oa sivar oiyovpa zpiopo va ypayoups
oV T6M0 ¢ = he/A Katé TETOI0 TPOTO GOTE Va pag Biver T evépYE TV
goroviov xatabeiav ok eV, av mouydToUss To WiKoS KIRATOS A o8 A
Exovrag fidn Bper o1t 10 = 6000 A eivat ¢ = 2,068V, 1 otalepd he O ézer
v e

he =12.400 eV - A,

orétE 0 om0 € = hif = he/A Ou maipver TV mpaxTin popp

(V) = 12400

AA)




[image: image17.png]Kt 71 T TPSYEIPOVS (TPOCEYVIGTIKODS) UTOAOYIGHODS TNV
12,000
BN

1 onoia D gavei 1Biaitepa 7PN GTOV AVAVGETI, d71 PoVO Lot Bieu-
KOLOVEL GTIUAVTIKG. TOUS VRO%07I0ROUS, hhd Kat 81671 Hog EEOWKEbVEL TOLD
PYOpa pE T GWOTI THEN HEYEDOVS TOV OLETIKGY ROGOTTTON.

H zpiion tov eV o evepyeioxiic povadas ouvader emiong e v kodie-
popévi) ThEoV TEKTIKN Vot eKQPAZOVME. Kot Vi «upduasTEy, TG pGLes oV
Gopandiov 611 0% g i kg ki o8 1GoBOVaNN evipyEls mc? pETpNUEVT OF eV
i 0% Ktk rohamkdou tou (MeV i GeV). Erot, 7., cwvndiCovps va
e St1 10 MAEXTPOVIO ExEt iy 0.5 MeV. 10 Tportvio 938 MeV ~ 1GeV,
KoK,

Ta mapurive empiiiovy Spos ka1 évav Biagopstixd TpoTo exTELETIS
v apdjnTikdy vTokoTIopY oTIS ofETIKES Eouppoys. Eve ahd oyenind
TpOPANp Eivat 0 eilc:

> elev

HPORAIVA 3 Axmvooiia wixous xépatos A= 2000 A méotet révo ot éva i
<o pz épyo earoris W = 2eV. Yrokoyiow: a) Tnv kwvnuu evépyeia K xan tnv
<agbenta v tov gotoniextpoviay. ) To suvapixs aroxoris V.

o) Mz A= 2000A 1 oxéon ¢(eV) = 12.000/A(A) Sive upéons ¢ = 6eV onbre,
apmpivtas ta 2eV tov épyov sEayuris, unopévow dhia 46V ug KIvNTIKi evipreia
Tov stopydevay maxtpoviov. Ms 1vats o K (=4eV) 0 tazimra v goron-
Aextpoviov ba uroropiats and t ayien

oyr [
o) T Ve
X107 = Dm0 5 0= 12000 2

6mou n «ézurvn xivnom. Befaios, firav va ypiyous 1o sma? s dme(v/c) Gote va
aEiononigoupe Ty éxoun yvbon pag Tov me’ o V. ahkd K va Eovpe T (-
“obpEVY TaxbTTE 03 Khdopa T TEXITIS oL POTOS 10 oMol cival TokaTAd
Zpiow0 éxon k1 ks, (Merals @y 3160 avedapfavouaots éxon xat w0 Katd
6OV 10761 1) 611 0 W OXETIKIOTKGS Ze1pioNS T0u wpoBiuatos) 000 1ia w0
Buvannd aroxomic Vi, auto G eivas, KpOgavas, 00 ke Vo= 4 Volt, g0 eivas
K = deV xan woyben, Peaios, on K = - Vj.
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A. EINSTEIN (1909)

H ponyoievn aviAusT] Tou GOTONAEKTPIKOD (UIVOREVOD KUTOLUPOVEL -
vayoifora Ty kBavioon S nAekTpopayTIKS axTivoPorias S éva sy-
YevE ZapUKTPIOTIRG TN KoL Gyt amhGS S o BEpdmITe Tou
HNZaVIopoD arhnkenidpacii ™S pe TV G, Gnog vrootipiZe o Planck
EVI00701 BeV JTOPOUHE GO VA TOUME E G170UpIG 6Tt T KPGVEa T0V 108
< pertdna— sivar dviog copatidia e kN ™ enpasia Tou pov. AT i
VWO QUTO, T GToVIa Ot TETEL Va VI 071 HOVO OPES EVEpTELAS ks
o1 opyiic, TS Kt T Kowd copatida. Mot wropel var eivar 1 oppi £v6g
Qurovio Ko TS GYETIETON KE 10 KURATIKG ZAPAKTIPIOTIXG TOV aVTiaTOL-
ou AeKTpopayvITIKOD Kipatos; H Beopia T oystkonntas 0a pag for-
Biioet va Bpois ma evhoy andvenon o auio o epénue. Mpiyuat,
BeBopiEvon G110 QOTEVG KPIVIO KIVEITL pE TNV TaLDTTE ~TivOg GAAovi—
00 QTdG, 1 opy| Tou B TPEREL Va YPAPETAL OF

= e
mou 1 ik T0v. TT660 sivat Sos 70 ji; H amivenon mpoxinte apicws ard
m oyéon 1oduvaping pAluc-EVEpYEINS ¢ = juc? OF GUVBUUORO ke T oEoT]
€= hf mov Bivel TV evépTELd ToU POTOViOV. B0 EivaL LOOY.

e=hf=pc = p=

Ko KaTomy

h_h
e (elh)

X
Tippova ROV pE T GEETKGTITA, T guTovia, axpipds eTedi Eouy o
vépyera hf, 0a éxovy oy peomixd Kat e 16080voyn il i f/c, dpu ke pua
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X
o1 oroieg GUVAEOUY T0 KURETIKG FEpEKTNPIGTIRG. [ Kt A Tov KAGIKOD -
AEKTPORITVIITIKOD. KOHATOS WG T4 GOROTISLIKG ZGPAKTNPIOTING ¢ Kat p
—evEprend Kat opyi— T0L AVEIGTOLOV GuTOVio.

Q¢ mpog Ty Ewota g e tou guroviowr —6ms Bivetar and tov
w0 hf /e~ ag Sieukpvicoups auéces 6Tt Sev TPOKELTL ol pala Mpspias.
@i ia wivons (i 1w0ivagu) idla) 0900 To GETOVIO KIVEiTAL iz TV
a0y QoS Kt Gpa 1 pile Npepios Tov Oo eivar pdeve. Avto to
tehevtaio —MAGBR 611 mo = 0— 10701 710 K60 CONTTI®O TOV KIveiTaL e
= ¢ Kol TpOKITEL apEGS ARG Tov TiTo

(L17)

o omoiog i v = ¢ Ba e m = oc, exté Ka av fxay my = 0. [a pstaye-

VEGTOpT PG, SHEGSTS aKGHa S K GUVBVAGKG T0u ooy (1.17) Kat oV
ogictov

o’

V1= /ey

E=m()é oy

(oo

V1= (we?

oy TV (o7ETKioTIN) evéprew Kan oppi eve copaTidiov palag mo

ou
KU T00TT0S v, TPOKDTTEL bT1 0T GYETIKOTIITA 1] GYEOT EVEPYELAS-OPIG
— ROV EiE OT VEVTOVELD J@vIKR T 0Pl E = p? /2im— ypageta thpa og

N e

omdtE, 116 v GORATIBO BT T0 GutVIO, e my = 0, Do Eivar

E_W _h

E

w=p

ou Eiva 10 TpOMYOUEVS o arotékeopa. H oyenikomza dev apiives Aoy
Kapio apgipolia 61 10 guévio —to KBEVIo Tov GoToS— 0a vt Eva oo~
Ratidio e v m-fipn GNKasia Tov pov. EXTOs ard evépye ¢ = hf 0a gipet
xat oppil p = h/A.
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