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Ew. 7.1 Max Planck (1858-1947).
Ieppovdg, Bepehog g kPavte-

kg Oewpiag. Noumed Ddvowng
1918. H Lon tov onuadevmke and
10 B4vato TV TECCHPOV TULSLDY
Tov ot JldpKe TV DO ToyKo-
opi@v TOAEHOV. AV Kol avouyTd
avtifetog oto valloTikd KabeoTdg
nopéueve ot Ieppavia yeyovog
7OV TOVL OTOlYI0e G SDEES UéEYPL
t0 1€hog Tov B’ maykoopiov moAé-
pov.

7-1 EIZATI'QI'H

O Maxwell, pe v gvomomuévrn Bewpia TOL Yo TOV NAEKTPOUOYVITL-
ouo (1864), gixe mpoPAréyel v VTAPEN TOV NMAEKTPOLOYVNTIKOV KUUATOV MG
UNYOVIGHOU SLAO00NC TG EVEPYELNG TOL NAEKTPOLAYVITIKOD TTEdioV GTO YDPO.
Apxketd ypovia apyotepa, to 1886, kot evd o Maxwell giye mebdaver, o I'epua-
vog Heinrich Hertz mapfiyoye nAEKTPOUHOYVITIKA KOUOTO UE TOAXVTOOUEVO
NAEKTPIKA Oimola kot amédelée Ot avtd S10didoVTOL GTO YMOPO HE TNV TOYD-
ta Tov eeToc. Elxe avoilel o Spopog yia tn diepedvnon g aAAnAETidpaong
axtivoPoiiag kol VANG. 'Eva niektpopayvnticd kbpo Pmopodoe Vo LETAPEPEL
evépyela ¢” éva dropo BEToviag 10 68 EEUVAYKAGUEVT] TAAAVIWOON Kal, aVTi-
OTPOPA, EVO TOACVTOVUEVO ATOUO, TOPTYUYE EVO NAEKTPOLOYVITIKO KON,

H «hoowm Oswpia mpoPArémel 6TL 1 MAEKTPOUOYVITIKY aKkTvOPoAio
UTOPEL VO LETOPEPEL OTOLOONTTOTE OGO EVEPYELNG, AVALOYO, LIE TN GLYVOTNTA
™m¢. Evtovtoic o oepd and powvoueva, dnwg 1 axtivoforia Tov pélavog
CAONATOS, TO POTONAEKTPIKO PULVOUEVO, TO YPUUPUIKA QOCUATO EKTOUTNG
K01 TO QOIVOPEVO TG 0KEdAGNS TOV aKTivOv X (pawvopevo Compton), dgv
UTOPOVGOV VO, EPUNVEVTOVV LE TNV KAAGIKT Bewpia.

To 1900 o Max Planck kdvet tnv moAd piloomoactikn vedbeon OTL M
EVEPYELDL EKTEUMETAL ] OTOPPOPATUL OO £V AVTIKEILEVO KATA O10KPITEG TTO-
cotNTeS (Katd kPavta) 1, To amid, kotd pikpd mokéta. H cuvolikn evépyeia
AoumoV Oev umopet Tapd va. eivor akEPAlo TOALUTAAG10 TOL KPAVTOL EVEPYELNG.
H vrofeon avth amodeiynke emtuyng oty avVIILETOMTION TOV ade60mV T
omoia eiye oonynbel n Khaokn Bewpia.

H «Bdavrowon evog peyébovg dev pog etvar dyvootn vedbeon. I'a no-
padetrypa to nAekTpikd eoptio eivan kBaviiopévo péyebog pe kBavio o poptio
oV MAekTpoviov. OmoladNmoTe TOGHTNTA POPTIOL €ivol TAVTA AKEPULO TOA-
AUTAGG10 TOV POPTiOV TOL NAEKTPOVioL.

H vndbeon tov Planck ntav 1o Ogpéhio pog véog Bewpiag, g kpa-
vrikg Oempiog. H kPavtikn Bewpia tpoPrénel kfavtwon ki GAAwv peyebov
OTLMC 1] OPUT KUL 1) GTPOPOPLN.

H «Pavtikn Bewpia eppunvedel pavopeva 6e ook eninedo Ta onoia
advvatel va epunvevcet 1 kKAaoikn Bewpio. Otov e€etdlovpe gavopeva tov
HaKpOKOOUOL 1 KPAvTmon Tov peyebov yivetor duedidkpltn Kot To GuUTEPd-
opota g KPavtikng fempiag tavtilovrat pe avtd g KAAGIKNAC.

7-2  H AKTINOBOAIA TOY MEAANOXZ XQMATOX

"Eva omo100Mmote ompa 6g QaiveTal 6TO GKOTAOL EVA OV TO POTIGOVIE
10 PAEmovpe. Avtd cvpPaivel yiati 6Ao N Eva PEPOG OO TO (MG TOL TEPTEL
6TO COUO emavEKTEUTETAL (O1ayEETOL) OTO TEPIPAAAOV Ll ATOTELEC O KATOLEG
oo TIC EMOVEKTEUTOUEVEG POTEWVEG OKTIVEG VO OTAVOLY OTO UATIO pog. Me
Baon avt) 1t Swdikacio kabopiletor Kol To YPOUE TOV OmMOdIOOLUE GTO
ompo. ITo cvykekpyéva, av emTICOVHE €va. OO0 LE AEVKO QMG €V YEVEL
OTOPPOPA KATO0, KT KOUATOG EVAD GAAQ TO ETOVEKTEUTEL. ATO TO, EMOVEK-
TEUTOLEVO, UAKT KOPOTOG KaBopileTOL TO YPOUN TOV COUATOG TOV PAETOVLE.
2V 01K TEPIMTOON TOL EMOVEKTEUTOVTOL OAOL TO. UK KOUOTOG TOV AEL-
KoU QMOTOC TO cOUa QaiveTan Aevkd. Xtnv ovtifetn mepintmon, dniadn Otov
TO GO ATOPPOPE GAa T, KT KOUOTOC, POIVETAL Lo PO.
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Mélav cOpo 6t QUK Osmpeitor T0 GONE TOV ATOPPOPA TNV
NAEKTPORAYVNTIKY OKTIVOPOAia TOV TPOoTiNTEL 6' VTO, 6€ 60 TO
Ppaopa TG (6Aeg TIG GUYVOTITES).

v mpdén, pélav oopa propet vo BempnBei £va 0mTo100MTOTE OVTIKEIIEVO JE
a1faA@UEVT] TNV ETPAVELY TOV.

AKTivoPforio péravog 6OPATOS

Kabe copa oe omowdnmote Oepuokpocio ki av Ppioketon ekmépmet
EVEPYELNL e HOPON MAEKTpOoUayvnTIKNG axTvoPoiiag. H aktivoBoiion avth
ovoudleton Beppukn aktivoBolia.

To péyebog mov ekppdlel TNV EVEPYELD TTOV EKTEUTETOL OO TN LOVAON TNG
EMPOVEING EVOG COUOTOG GTN HOVADA TOL YPOVOL OVOUALETOL EVTAOT] THG UKTIVO-
Boriag, supBoriletan e to I konoto S.I petpiétance J /m’s 4 W /m®”.

H évtaon g aktivoPoriog mov exkméumel Evo oo E0pTATOL Ao TN
Oeppokpaciao tov.

[dwitepo evdlopépov, Loyw tov pdhov mov Emaée oty eEEMEN ™G
QLOIKNG, &xel M LEAETN TNG OepLukng akTvoPoiiog Tov PHEAUVOG CMUOTOG.

To pélav ocopa, 6° omowndnmote Beppokpacio ki av Ppicketol exmé-
UTEL EVEPYELDL JLE TN LOPPT NMAEKTPOUAYVNTIKNG 0KTVOPoAlNG 6' GA0 TO Qdoua
™. To peyahbtepo OU®G TUNMO TNG EVEPYELNS TOL EKTEUTETAL L' ALTO TOV
TPOTO TEPLOPilETal Ge o OTEV] TEPOYN, ME "ayun" KATO0 PNKOG KOUOTOG

(A

1000 K 710 péhov oopo skmépmel Kuopiwg oty vaépubpn meployn, evd o€

), OlpopeTikd Yo kGBe Beppoxpacia. Xe Beppokpaciec yOpw GTOVG

max

yniotepeg Oeppokpacies to A, petotonileton og KpOTEPQ UK KOULOTOG
(HeyoAbTEPEC GLYVOTNTEC), TNV TTEPLOYN TOV 0paToV (oY, 7.1)

H oyéon mov cuvdéel v amodAvtn Beppoxpacio (7) tov pélavog om-
HOTOG HE TO PiKog Kbpatog opung (A, ) eivan

AT =01aBepo (vopog petatomong Wien)

Moy eppmveio TV TEPAOTIKOV SESOUEVDV OL EPELVITEC dETNKAV OTL TO.
GO0 TV COUATOV ToAavTdvovtal. To TAATog TG TOAGVTWGTG TOVG Eivol GuVApTNoN
™G Beppokposciog oty omoio, Bpickovtol To GOUATH. ATOTEAEGUO OVTAG TG TOAAVT®-
O1G T®V ATOHWY, TIOV LITOPOVLE VO, TOL SOVE O CTOWYEINON TAAOVTOVLEVO AEKTPIKA
Stmola, etvar 1) ko] nAexTpopoyvntikig aktivoBoiiac. H vdbeon dume ot dev
UTTOPESE VO EPLUVEDGEL TKOVOTTOUTUKAL TO, TTELPUOTIKG OTTOTEAEGILOTOL.

To gowvopevo epunvedtnke TANpwg to 1900, e T 00O VITOBEGELC TOV
dwtonmoe o Planck.

1. H evépyero TV TOAOVTOOUEVOV OTON®MV O UTOPEL VO TAPEL
omtoraonmote Tip. Mmopel va maper povo Swokpités (kPavriopé-
veg) Twnéc. O Tipég TG EVEPYELNG TTOV PTTOPEL VO £YEL TO TAALAVTOV-
pevo dropo gival

E, =nhf
omov 7 évog Betikdg axépatog aplBuodg mov ovopdletor KPavTikog
apOpdc , f m ovyvotnTa TEAGVTOONG TOL ATOHOL Kot /2 o otafepd
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Xy 7.1 'Evtaon g axtivoPolriog
glvol T0 OGO EVEPYELNG MOV EKTE-
UTETAL 0T LOVASO TOVL ¥POVOV avd
povada empaveiog 1 0AMMOS 1M
10Y0G MOV EKMEUTETOL OVEL HOVASL
emaveiog (W/m?).

Oco av&dvetor n Oeppoxpacia
UEYLOTN €VTaoT EKTEUMETOL G OAO
KO LKPOTEPOL UIKT] KOLLOTOG.



oL apydtepa EMOEE LEYAAO POAO GTN QUOIKY| KO OVOLAGTNKE GTA-
0gpa opaong Tov Planck. H tyun g Ppédnke

h=6,626%x10"" J 3
2. To 060 TNG EVEPYELUG, TOV UTOPEL VU ATOPPOPIGEL 1] VO, EKTEPRYEL

£€vo, GTopo, VO PoPPY] NAEKTPONAYVNTIKIG OKTIVOBoAlaG, pmopel
Vo TAPEL LOVO SLOKPLTES TIHEG.

210 oynua 7.2 divoupe pio €IKOVO TOV  EVEPYELONKMOV OTABUMV OTIC
omoieg pmopel va Ppebel 10 dropo. Av to Atopo amoppoPnoEL €vo KBAvVTO

KBavtikog apOpude

3 3hf g evépyelog omhadn evépyewr E = hf, av&aver v evépyeld tov Kotd £vo

5 o g OKOAOTATL GTNV KAILOKO TOV EVEPYEWIKOV oTabUdV. AV TAAL TO ATOUHO €K-

B mépyel éva kPavto evépyelag vmod Hoper MAEKTPOUOYVNTIKNG akTvoPoliog

to1E KoTePaivel éva okaAromdtt oty dwo KAipoka. Oco éva dtopo mapapével

1 hf oty 010 evepyelokn Katdotaon (otdbun), oVTE EKMEUTEL OVTE OATOPPOPH

0 0 evépyela. Ta dtopo, Aomdv, amoppo@ovV 1 EKTEUTOVY EVEPYELD OYL CLVEXDS
Ty 7.2 aAAG KEAVOVTOG EVEPYELOKE GALOTOL .

ITAPAAEITMA 7.1

‘Eva odpa palog m =50 g givon depévo oe ghatiplo otabepdc K =5 N/m wou extekel omhn
YPOUUIKY ToAGvIwon TAdtoug A =5 cm . Av Beopnbel 611 T0 ovotuo omotedel KPavTikd TOAAVTOTY

(TolovT®T TOV 1) EVEPYELL TOL UITOPEL VO TTAPEL LOVO SLOKPITEG TYEG) VO DTOAOYIOTOOV : O) TO EVEPYELNKO
duonue peta&y 600 gvepyelokdv oTafudv, onAadn To KBAVTO eVEPYELNG 0VTOD TOL TOANVTMOTN KOl
B) o kBavtKdg apBudS 1 TG EvepYELOKNG oTAOUNG o1V omtoia BpiokeTol 0 TAAOVTOTAG.

Amavinon :

-1

) Houpd y oo o f_1\/1<_1 SN/m _5
o oVYVOTNTA TN C TOACVTIWO o etvan = —=— =
HOTIES " 2m\m 2m\0,05kg 1

Edv o todoviotig xavel evépyela Aoym tpifov, coppova pe v vedbeon tov Planck Oa mpémetl va
YAveEL TNV EVEPYELA TOL KATA GApoTa oV To néyedg Tovg Ba sivan

AE = hf = (6,626x107 7 3)dE s H=10551x107 7
gt 0
[Mpdkettan yio €vo TOGO EVEPYELNG TOL TOAD SVGKOAN VO, OVIYVEDETOL.

1 1 _
B) H ol evépyeta tov Tolavto sivol £ = EKAZ = > (5 N/ m) [(0,05 m)2 =6,25%x107 J

E _ 625x107J
Ouwg eniong E =nhf . Apa n =— = = =6x10"
hf  10,551x107" J
[pdkertan yio €vo TEpAcTIO OPlOUO.
Xe ovOAOYO, OTOTEAECUOTO KOTOANYOUUE OV EMLYEPTICOVUE VO OVIXVEDCOVUE TNV KPAVT®oN TN
EVEPYELOC GE OO1001MOTE CUGTNLA GTO LOKPOKOGLLO.
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7-3  TO OQTOHAEKTPIKO ®AINOMENO

To QOTONAEKTPIKO QUIVOPEVO £iVOL TO PULVOUEVO KOTA TO 07Oi0
o pETOAMKY] EMLQPAVELN OmELEVOEPDVEL NAEKTPOVIX 6TO TTEPLPGIAOV OTAV
AV TG TPOSTITTEL POC.

To nAeKTpOVIO TOL VTTAPYOLY CTO EGMTEPIKO €VOC aywyoL meptopilo-
VIOl GTO YMPO OV KATAAAUPAVEL O ay®YOS, amd SuvApels mov eumodifovv ™
dudyvon tovg 610 TEPPiALov. Otav pio SEGUN POTOC TPOSTINTEL TAVD GTNV
EMPAVELN TOL AYWYOL KATOL NAEKTPOVIO ATOPPOPOVY EVEPYELN OPKETT] Y1 VO
VIEPVIKNCOVY aVTEG TIS OuVAuES kol Pyaivouy amd to PETOARO (Q@TONAE-
KTPpOVIOQ).

Mo ™ perétn Tov EOTONAEKTPIKOD PAVOIEVOD Bal ¥PNGILOTOGOVIE
T S1dtaén Tov oynuatog 7.3.

Méoa o€ £va 6oMve, DYNAOD KEVOD (= 1077 atm) tomofetovpe 300 Mhe-
ktpdola. To mpdTo, oL Ypnoedel mg KAB0d0g, Exel Leyddn empdvela, EEpeL emi-
otpwon and éva, cdkodpEtodrio (K 1 Cs) kou 6tav eotileton ekméumel niektpdvio.
Ta niektpovio avTd GLAAEYOVTOL 0O TO EHTEPO MAEKTPOLO TNV Gvedo. Me 1 for-
Ol oG TOTEVOIOUETPIKNG SOTOENG UTOPOLLE Vo PETAPEAAOLLE TV TAOT) OV
eappoletar ota NAEKTPOd. TEAOG, e éva LUKPOOUTEPOUETPO TTOL TTOPEUPGAAETOL
670 KOKAWMLOL LITOPOVLE VO LETPCOVIE TNV EVIAGT] TOL PEVHOTOS TTOV OPEILETON 0T
NAEKTPOVIOL TOV EKTTELITEL 1 POTILOMEVT KGB0d0C. Otav 1 kdBodog paTileTon ekmépmel
NAEKTPOVIOL (POTONAEKTPOVIAL) TOL OTTOTL0L ETTOYVVOVTOL OO TO MAEKTPIKO TESIo Le-
TaEH TV NAektpodiov (o), 7.3) Kol KATaAyouy oty (vodo.

Movoypopatikd |«O

Pas <O
_ 5
‘_O >
40
o
Avodog +- Y KéBodog
i T KA

[Mepopatikd StomotdveTol 6T

1. Exmount owtoniektpoviov £€yovpe povo OTovV 1 oLuXVOTNTO TNG
TPOCTUATOVGOG akTVOPOAIOG elvar peyadvtepn 1 ioM  HOG OPIGUEVNG
oUYVOTNTOG, 1 OTola €lval YOPAKTNPLOTIKY Yo TO HETOAAD. AVTH M
0PLOKT GLYVOTNTA OVOUALETOL GLYVOTTE KOTOPAIOV ( fo )

2. O opBpdc TV NAEKTPOVIOY TOL ATOCTAOVTOL 0O TO HETOAAO OVEL LO-
vada ypdvou eivarl avaloyog Tng Evtaong g eMTEWVNG akTvoBoliog
OV TPOCTIMTEL GTO HETAANO.

3. H tayvmto pe v omoia e€€pyovtar ta nAektpovia dev eEaptdTon amd

™V évtoomn ¢ eOTEWNG akTvoPoAioc oAAd Lo6vo amd Tn cuyvoTNTA
NG Kot avEAVETOL OTAV 1) GUYVOTNTA TNG OKTIVOBOAMOG LEYOADVEL.
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Xy. 7.3 Zympotiky  mopdotoon
£VOG KUKAMLOTOG MTOKVTTAPOV.
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Xy 7.4 Adypappo g évroong
TOVL PEVHOTOG GE GLVAPTNON HE TNV
14,61 6T0 POTOKHTTAPO

fotabepn
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Xy 7.5  Auwypoppo g éviaong
TOVL PEVHOTOG GE GLVAPTNON HE TNV
Taon Y. SPOPETIKEG TIUEG NG
€vtaong g aktvoBoiiog

To dwdypappo 7.4 maploTdveL TV £VIOGT TOL PEOUATOC GE GLVAPTNON
pe v tdom peta&d avodov kabodov oto kKoKAwmue tov oynuatog 7.3. Iapa-
TNPNOTE OTL Y10 TACT] UNOEV EXOVLE PEVLLA, TOV CNUOIVEL OTL TO POTOTNAEKTPO-
via €E€pyoviot amd TV KAB000 LE KIVNTIKY EVEPYELD TTOV TOVG EMITPEMEL VO
KvnBovv péypt v avodo. Pedpa éxovpe kal yio tdoelg Alyo pukpdtepeg amd
t0 undév. Taon apvntikn, ed®, onuaivel 0Tt 1 Avodog ExEl KPOTEPO duVa-
HiKd amd v kéBodo. Xtnv mepintmon ot T0 NAEKTPIKO medio puetald avo-
dov — kaBo6dov mapeumodilel Ta NAeKTPOVIO TOV eEEPYOVTOL amd TNV KAB0dO
va. @Tdoovv oty avodo. Epdcov yia kdmoleg apvntikég TwéG TG TAOMG
&yovpe pevLO, M KIVNTIKT EVEPYELD OPICUEVOV MAEKTpOVimV, OTav eEEpyovTal
oamd v K400, ivor apkeTd PeYOAN DOTE VO DTEPVIKHOOVY TO OVTITIOEUEVO
NAEKTPIKO Do Ko va pTdcovv otnv avodo. H tdon (V,) otnv onoia diako-
TTETOL TO PEVUA OVOUALETOL TAGT ATOKOTTG.

To @awvdpevo de pmopel va e&nyndet uévo amd 1o yeyovog 4tL To Mg
glvatl NAEKTPOUaYVNTIKO KOO,

IMa vo vrepviknoet TIg SLVAELS TTOL TO GLYKPOTOVV GTO LETOALO £val
NAEKTPOVIO TPENEL VO, TPOGAAPeL éva eAdyloto oo evépyelag. H evépyeia
avt ovopdaletar épyo e€aywyng kot ovuPolriletan pe @. To épyo e€aymyng
TOWKIAEL OO PETAALO OE HETAANO.

To @mc, ™G NAEKTPOUAYVNTIKO KOUO, UETOQEPEL EVEPYELD, ETOUEVMG,
glvol ovVOUEVOLEVO OTL TO NAEKTPOVIO KATO0V HETAAAOV HITOpovV Vo, amoppo-
eNoovV evépyeln amd To PmG Kot vo eEEABovy amd to pétorro. H khaoikn Oe-
opla OpOG O UTOPESE VAL EPUNVEDGEL TO YEYOVOGS, OTL 1| &aywyn MAEKTPOVIDY
omd To UETOAAO Ko 1 KIvnTiKh evépyela pe v omoia e&€pyovtarl e€aptdral
omd T GLYVOTNTA TNE TPOCTIMTOVCAG AKTIVOPOATNG Kot Oyl amd TNV EvEPYELN
OV PETAPEPEL 1] POTEIVY SECUT| TOV TPOCTINTEL GTO HETOAAO, dNAGOT aTd TNV
évtoon g aktivoBoliog.

To @awodpevo epunvevtnke to 1905 and tov Einstein o omoiog, ene-
kteivovtag Tig amoyelg tov Planck, vrébece 6Tt

“10 QMG OTOTELEITAL OO PKPE TOKETO EVEPYELNG, TOV OVORGLo-
vrau KBavta mTog | ¢OTOVIA”

H evépyern kaBe potoviov gival

E=hf, (7.1)

omov f n ouyvotTa oL Ko A 1 otadepd tov Planck.

Koaté tov Einstein, kd0e potovio ¢ déoung mov eoTilel v kdbodo
netadidel OAn Tov TV evépyeta Af o€ £vo povo and to NAEKTPOVIO TOL HETAA-
lov. Av 1 evépyewr Af tov pwtoviov givon pkpOTEPT 0 TO £pYo EEAYOYNC,
TO NAEKTPOVIO O umopel va eykatoreiyel 1o pétairo. Edv etvar peyoardtepn i
fon e 1o épyo eEaymyng @ to NAekTpdvio eykaToreinel TO HETOAAO LE KIvn-
TIKT eVEPYELD OV LITOAOYILeTON OO TN oYEoT).

K=hf —@ ®otoniekrpiki e&icwon tov Einstein (7.2)
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H ootoniextpikn e€lowon tov Einstein epunvedel 6o ta melpapo-
TIKA OEOOUEVAL.
IMa va eEEMBeL Eva nAekTPOVIO 0O TO HETAALO TTPETEL

njf —@z2v

OMANON 1) EVEPYELD TOL TPOGTINTOVTOC PMOTOVIOL Vo glval peyakhTepn 1 oplokd
ion pe to épyo eEoyoyng Af =@

. @
n 2
/ h
H ovyvomra £, :% glvormn ovyvoTNTO KOTO@AIOV.

Av 1 ocuyxvétta ¢ TPooTinTovcac oKTvoPoilag sivar peyaAlvTepn
amd T oL VOTNTO KATOPAIOL 1 abENon TG EVTACTG TG TPOCTINMTOVGUS OKT1-
voPohiiag cvvermdyetor abEnom tov aplfpod TOV OTOVIOV TOV TEPTOLY GTNV
k60060 avd povada ypovou Kol ETOUEVMSG aHENGT TOL aPBLOD TOV EOTONAE-
KTpoviov mov e&€pyovtal amd To PETOAAO oToV 1010 ¥povo. TEéLog Omwg paive-
TOL OO TN QOTONAEKTPIKY €EIOMON, 1 KIVNTIKY EVEPYELD JLE TNV OToio EEEPYO-
VTl To NAEKTPOVIL 0O KATO10 LETAAAO €EAPTATAL LOVO OO T CLYVOTNTO TNG
TPOCTINTOVGAG AKTIVOBOANC.

H oppn) TV poToviov

v mapdypoeo 6-11 gidape 611 Eva COUATIO pe pndevikn palo npe-
piog - té€t010 givor To EOTOVIO - £xel evépyewa E = pc. Ouowg gidape emiong
ot n evépyewr evdg gwtoviov given E =hf . Evxola Bpiokel kaveig ot

p =——. Av AdBovpe voyn 01t ¢ = Af KATOARYOVUE GTO GUUTEPAGHO OTL N
c
opun Tov Ptoviov divetal and T oxéon
h

P==

5 (7.3)

To W 6T0 POTONAEKTPIKO PULVOLEVO CULITEPLPEPETOL GAV EVO, PEVLLOL
couatdiov (potoviny). Xe GALEC TEPITTOCEIS OUMG TO PO CLUTEPLPEPETUL
oav kopa (1.y. divel povopeva cvpPoing). H oxéon (7.3) eivor dwitepa on-
pavTikny Yot eotilet T dvadikny @Oon Tov EMOTAOC. Xvvdéel pia kabopd cwpLo-
TIOWKN W010TNTA, OT®G M OpUN, HE o Kabopd KOHOTK? 1010tnTa, Ommg 1o
pnKog kopatog. O ohvdeopog neta&d tovg eivar 1 otabepd tov Planck.
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Xy 7.6 Zynuatikn TopdcTacn TOV
POTONAEKTPIKOD POLVOUEVOV.



Ew. 7.2 Wilchelm Rontgen (1845-
1923). OAhavdia, EAetia, I'eppa-
vio. H avokdivyn tov opdvopmv
aktivov £9gpe EMOVACTACT OTNV
wtpch. Nopmed Gvokng to 1902.

I,. 7.3 Arthur Holly Cmpto
(1892-1962) Apepuk.

7-4  OAINOMENO COMPTON

Ov axrtiveg X

To 1895 o Wilchelm Rontgen (Pévtykev) avaxdAvye 6Tl OTav €va
UETOALO «PopPopdioTely pe MAEKTPOVIO TOV KVoOVTOL e UeYOAN ToyhTNnTa
EKTTEUTEL MAEKTPOLOYVNTIKY akTivoPolia. H aktivoPfoiic avt ovoudotnke
aoktiveg X 1N akrtiveg Rontgen. Axtivec X ypnoiponotodvior kabnuepvd on-
Hepa yioL TNV ANYN KooV aktvoypaplov. Ot aktiveg X €govv pnKn KORATOG
and 0,001nm , éog 1nm .

O unyoviopog mapaymyng Tov aktivov X etval akptPdg o avtiotpo-
(OC TOV POTONAEKTPIKOD POIVOUEVOV. XTO POTONAEKTPIKO QUIVOLEVO L0 LLE-
TOAMKY] empaveln «PopupapdileTory pe NAEKTPOUAYVNTIKO KOUO KO EKTEUTEL
nAeKTpOVIOL. XTIC akTiveg X 1 HeTaAMKN empdvela «PBouPapdiletory pe nie-
KTPOVLO, KO EKTEUTEL NAEKTPOLLOYVITIKO KOO

Otav t0 nAexTpovia g dEGUNG PTAVOLY GTNV EMPAVELL TOV UETAA-
Aov emPpadvvovrol arotopa. H emPBpadvvon avtr cuvodevetal amd eKToutn
aktvoPolriag, To potdvio NG omoiog Ba £xel evépyela LkpdTepn 1 iom pe TV
EVEPYELD TOL NAEKTPOVIOV GTO OTTO10 OPEIALETOL 1) EKTOUTT TOL.

Yrapyet kot GAAN oitic yio TV ool EKTEUTETOL OKTIVOBOAIL ammd T
UETOAAKY] empavelo. Kabde ta niektpdvia cuykpovovTal He To ATOWO TNG
EMPAVELNG TOV UETAAAOL TOVC petagépovy evépyela. Ta dtopa deysipovral,
T NAEKTPOVIA TOVG ONAOT LETOPEPOVTOL GE GTIBAOES LEYAAVTEPTG EVEPYELNG.
Ortav amodieyeipovial, 60tov dNAdN To NAEKTpOVIC ETOVELBOLY GTNV apPYIKN
Tovg oTdd0, eKTEUTOVY 0TO TEPPAAAOV evEPYELR VIO LOPPT NAEKTPOLAY VY-
TIKNG aKTvoPfoAiag.

H okédaon Compton (Koumtov)

H VYmopén ootoviov emPePurddnke mepopotikd to 1924 amnd tov
Apepwcavo Arthur Holly Compton. O Compton mapatipnoe 0Tl 0TOV OKTIVEG
X TPOGTINTOVY TAV® GE M0 VAIKY] ETLPAVELD £VOL LEPOC TOVG EKTPETETAL OO
Ta copatidw g VANG (okeddletar). O Compton dwomictwoe 0Tt T0 okedalod-
UEVO TUNUO TNG oKTIVOPOAMOG €xEl KOG KOUOTOG LEYOADTEPO OO TO UNKOG
KOHOTOG TNG TPOOTITTOVGOS oKTVOPBoAing (LikpoTEP cvyvotnta). Ot petpn-
oelc Tov Compton £€5e1&ov 4Tl 1) LETAPOAT TOV UQKOVG KOUATOG OVALLESO GTNV
TPOCTINTOVGA KOl TN okedalOpevn déoun e&optdton LOvVo amd T yovio avd-
UEGO OTIC 010 SECUES KO LAAMGTO VTOKOVEL GTN OXECT

A=A =i(1—auv¢)
mc

omov A’ 10 pufkog kopaTog TG okedalduevng déoung, A to pRKog KOMOTOg
NG TPOOTIMTOVGOG dEGUNG, M 1 Lalo ToL AekTpoviov kot @ 1 yovia ueta&d
TPOCTINTOVG UG KO AVAKADUEVNC OEGUNG.

2OUpovo. Pe TNV KAAGSIKY Bempia Vo NAEKTPOROYYITIKO KOO GUYVOTN-
106 [ OV TPOCTHTTEL 6 €voL LVAKO avaryKALEL T NAEKTPOVIO TOV VAKOD VoL Toho-
VIMOVOVTOL LE TNV 10100 cuyvOTNTO Ko, ETAKOA0LO0, VO TOPAYOLV LE TN GEPE TOVG
ooV LKPEG KEPOLES, NAeKTpopayvnTIKO KOpa g idag cuyxvottag f . H kaown
Bewpia, Lowmov, Bo mepipeve n okedaldpevn déoun va Exel v 010 cuyvoTHTA
KO, GVTIoTOLYd, 1010 KOG KOUATOG LLE TNV TPOCTULTOVGO, OEGHT.
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Ta wpdrypato potilovion av SOVLE TV NAEKTPOLLOYVITIKT OKTIVOROALN MC
PEVLO. POTOVIMV, ONANOT COUOTIOV HE LNdevIKn UAlo NPERiog OV HETOPEPOLY
evépyewn, kou opp). Tote o TPOPANL TG oKEdaONG TNG oKTVOPBOoAiG HeTaTpémETal
o€ TPOPAN O KPoOoNG aVALESH G~ £VOL POTOVIO Kol VA AEKTPOVIO.

Ac voBécovpe 0Tl £vo pOTOVIO PKoVG KOpatog A cuykpovetan W
£€vo TPOKTIK®MG akivito nAektpovio (oy. 7.7). Metd ™ okédaon 1o poTdvio
Kwvettal oynuotilovrag yovia ¢ pe TNy apyikn otevbuvon kivnong Kot £xovtag
YAGEL TUNLLOL TNG APYIKNG TOV EVEPYELNS APOD VOl LEPOG TNG APYLIKNG TOV EVEP-
vewg Oo petapepbetl oto nhektpdvio. To okedalopevo pmTovio Ba xel peta-
tpomel 68 poTOVIO pfkovg kopatog A'pe A'>A . Katd ) Sidpkeio g
oKE000NG TPETEL VOL SLATPOVVTAL 1] EVEPYELD KOL 1] OPLLT] TOL GUGTHLLUTOG,.

Zksdalopevo
POTOVIO

Mera, t oxédaon
OKESALOUEVO POTOVIO

’E/@J evépyero = hf

TPOTTITTOY POTOVIO opuiy = h/A’

evépygla =hf NAEKTPOVIO
oppy = h/h evépyeio = K,
opur = p,

Higxrpovio
HETd T oKédaon
Xy. 7.7

To eotovio et Tpwv ) okédaon evépyewa E =hf =hc/A xon petd
™ okédaon E' = he/ A" .Oa mpénet Aowmdv va oydel

h_C:E+K
A AI e

o6mov K, m xwnTikn evépyela TOL ovokpovopevov miektpoviov. Emedn to
NAekTpOVIO PETA TNV KPovoT UTOopel vo Kiveital pe toydhtnta mov mTAnctalet
TNV TOOTNTO TOV QMTOG KAAO €ivol Vo ¥pNOYLOTOMGOLLE TN oyéon 6.17 vy

TNV KIVNTIKY| TOV EVEPYELD OTOTE

2
he _ hc mc )

SYRNY +T W—mc (7.4)
H opur tov pwtoviov mpwv givar p = E/c =h/A ka1 n opuf tov ewToviov
petd givar p' =h/A". H opu tov niextpoviov Ba givar chupova pe ™

) _ mu

oyéon (6.15) p, m .
H 61atipnon g opunig o€ S10VOGHATIKT LopPT divel

P=p tp.
omdte P.=p-P
XPpNOCILOTOIDVTAG TOV VOUO TOV GUVNUITOVODU GTO SLOVUGUOTIKO O10ypopiLo
TOL oYNHATOS 7.8 TpoKHITEL

pl=p*+p’ -2ppowé
2,.,2 2 2 2
2
mu.__h —Lauwp (7.5)

Ao BT =2 2
nAeen -0/ X A2

233

2. 7.8



Ao 11g (7.4) xau (7.5), av amareiyovpe to U, TPOKOTTEL 1] GYECT

A= :i(l—auvqb)
mc

ITAPAAEITMA 7.2

Aéopn axtivov X ue A =0,1 nm (10_10 m) okedaletol and empaveln, avBpaka. H okedacOeico
déoun oynuatilel yovia 90° pe v mpoonintovsa. No. fpedovyv :

o) H evépyela kot 1 opui} TOV ¢OTOVIOV TNG TPOCTIMTOVGAS dETUNC.

B) To pNKog KOUATOG, 1 EVEPYELL KOL 1] OPLT TOV POTOVIOL TN oKeSALOUEVTG OEGUNG.
Y) H xwvntikn evépyela mov mpocdidetal o€ Eva avaKpOLOUEVO NAEKTPOVIO.
Amavinon :

he _ (6.626x107 T 3)f3x10° m/s)

) E=hf = - o0 =19,878x107"° J =12424 eV
m
h 6,626x107* J 3 _
p=5= o =6,626x107* kg n/s
, h
B A-A=—(-ow9)
mc

34
dp(l )\':)\+L(1_O'UV¢):10—IOm+ 6,626)(10 AR

= -10
mc (9,11x10—31 kg)E@XlOSm/S)_l’OMxlO m

o he _(6626%107™ 1)l x10° mis)
A 1,024 %107 m
34
B BS26XI0 T o
AT 1,024%1070 m

v) K, =E-E' =291eV

=19,412%x107"° J =12133 eV

7-5 HKYMATIKH ®YXH THX YAHX

Eikootl mepinov ypdvia petd v vmobeon tov Einstein 611 éva nhe-
KTPOUOYVITIKO KOO, OT®G TO QWE, £XEL COUATIOWKT VIOGTACT, ot 1924, o
I'aArog Louis de Broglie (Aovi vie Mrpoii) motedovtag ot cuupeTpio Tng
@oong é0ece 10 a&iopa 6TL 0mo10dNTOTE COUATIO OpUNG P efvorl cuvdedepévo

1e £vol KOpo, HAKoLG KOpoTog A mov divetar and ) oyéon

Ew. 74 [Ipiykmog Louis de
Broglie (1892-1987). T'dAkog apt-

GTOKPOTIKNG Kotaymyns. BpaPeio , . , . , . ;
Nopeh 1929. Apepikn, ot Davisson xor Germer diamictooay 6Tt pio décun niektpoviov

H vrnobeon de Broglie dev dpynoe vo emoinbevbei. To 1927, oty
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OV KIVOOVTOL UE PEYAAn tayvtnto meplAdtol pe tpomo aviioyo pe avtdv
7oV TEPOAGTAL 10l SEGUN MAEKTPOLOYVITIKNG OKTIVOPOAING, o dEGUN aKTi-
vov X ylo Topadelypo. TOVTOHO, VEX TEPAROTH 0150V OTL KOLOTIKT] GUUTE-
pLpopd mapovctdlovy Kol 0EGHEC COUATOIOV o Kol Oéoueg vetpoviov. Ta
OmOTEAEGLATO NTAV TETOLN TOL dEV APNVAY KovEva TeEPOdPLo vo apgiopnn-
O<il 6TL Ta cOPATIO £XOVV KoL KUHOTIKT QUOT).

() ®)

Ew. 7.5 (0) Ewdva mepibroong axtivev X . (B) Ewova nepiblaong déopung niektpoviov

ITAPAAEITMA 7.3

Moo pufkog kbpatog TpoPAénet n vadeon de Broglie a) yu pio pmdda tov pmdoket, palog 1 kg,
mov kwetton pe taydtnte 3m/ s, B) v ) ooaipa evog mopoforov dmhov paleg 20 g mov kveiton pe

toyomre 300m/ s , v) Yo éva nhektpovio palog 9,11x107" kg mov éyet toyomra 7%10° m /s .
Amavinon :

Kot T tpio copota, akoun Kot To NAEKTPOVIO, KIVOOVTOL UE TOYDTNTEG CUAVTIKG WKPOTEPEG TNG
TaYOTNTOG TOV POTOC, O YPEAleTanl AOOV VA YPTCULOTOUGOVLE T1 GYETIKICTIKT GYECT] Y10, TNV Opun.

h _6,626x107* J 3

o === =221x10™ m
N T k) )
34
B A =lho OEXUB o
P, (20x107 kg)Bx10%m/s)
34
o A =lio 6620XI0 TJB g0,

py 011x107 kg )7 x10° m/ s)

A6 ta 000 TPOTA OTOTEAEGLOTO PAETOVUE OTL £VO COUN TOV HOKPOKOGLOL GUVOEETOL UE UNKOG
KOLOTOG TOGO UIKPO oL PAALOV dgv Ba umopésovpie va to aviyvevcovue toté. 'Etotl umopovpe va movpe oti
n vobeon tov de Broglie yio v KOHOTIKA QOGN TNG VANG £XEL OVCIAGTIKA EQOPLOYT UOVO V1ol COUATIOL
OTOLIKNG KO VTOUTOUIKT G KAHOKOG,
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Ew. 7.6 Werner Heisemberg
(1901-1976) TI'eppovia. Ze
nAikia Tepinmov gikoot ypovav
olokApwoe ™ Pacw Tov
gpyocio yio v KPoavtiky
Oewpia . Bpoafeio Nopmel yo
™mv apyn ¢ apefoardmrag To
1932.

7-6  APXH THX ABEBAIOTHTAX

Eidape 6Tt T0 NAEKTPOLOYVNTIKE KOLLOTO, GUUTEPLPEPOVTOL AAAOTE GOV
KOpoTo Ko GAAoTe oav déopeg copotiov. Emiong 6éopeg KAAGIKOV coMUOTL-
dlov, OT®G Ta. NAEKTPOVIA, £YOVV KOl KUUOTIKY GUUTEPLPOpd. Mmopovue va
TOOUE OTL 1| VAN, e TNV €upvTEPT Evvola (CUUTEPIAAUPAVOVTOG KoL TNV EVEP-
YEWL), £XEL OITAN OVTOTNTA ~-COUOTIOOKN Kot kKopatiky. [Ipdkerton yio éva oo-
UTEPOG O TTOAD KOAG OEPEMDUEVO TEIPOUOTIK.

Kdato amd o téton Bempnorn mpokdRTEL Eva oNUAVTIKO TPOPAN L.

"Eva copatidlo, 6mwg to avithappdvoviot ot KAhaotkol puotkoi, eivat KTl Tov

omoiov M Béon 6TO YDOPO NTAV AWSTNPA TPOSIOPIGUEVT. AvtiBeta, Eva KOu
extelvetol 610 YMPo. 'Eva copotiolo pe KOUATIK) cuUmepipopd mol Ppioke-
tat, H amdvimon g kBavtikng Bempiog, 660 K1 av pog cokdpel, ivat :

“dev pmopovue va yvopilovpe wov axpipag Bpiockeron.”

Ag Bempnioovpe £va GOUOTIONO TOL EYEL KATOL0 GUYKEKPIUEVT ¥POVIKN
OTIYUN OpUn P TOPAAANAN oTOV GEOVO TV X. XOUe®va pe tnv vadbeon de

h
Broglie ko1 ) oyfon A =—, £4v yvopilovue emoxpiBdg v opufi TOL
p

oOMOTIO0L 0VTo Ba cVVOEETAL KaL e Eva KOLOL LE ETAKPIPDG OPIGUEVO UNKOG
kopatog A . H e€icmon mov meptypdeet 10 oTtydtuno evOg TETO0V KOUOTOG

Tx
oTO0 Y®po ™ Ypoviky otiypn ¢ =0 eivon Y = AUM%HK(M N YPOPIKN TNG
A [
TapAcTaoT eivat vt TOoL GYNHoTog 7.9.

v

Xy. 7.9 H ofefardtra g Béomng, Ax , etvan dmeipn

To oTrypdTumo ekteivetan and to — o0 oto + 00, [Tov BpiokeTar 10 copaTido
7oV €lval cuVOEdEUEVO e avTO TO KO, Mmopel va BpiokeTal omovdnToTe.

[Mao vo pun kataoTpéYoue EVIEAMG TN COUOTIONKT EIKOVO YPEIiOpO-
OTE KOWOTO TEPLOPICUEVE GTO YDPO. Oa ovoudlovpe avTd To KOUATO KON~
TOMOKETA. MTopovLEe Vo OTIAEOVILE KOl VO TEPTYPAWYOLLE LLOOMLLOTIKE OO0~
ONToTE KuuaTOpopPT| pe TN pEBodo g vEpBeong cuvoLalovTag KOTAAANAL
Olpopa. KOUOTO pE EMAEYUEVO UNKN KOUOTOG TAGTN KOl (PACES. YTapyel
ONOG KAmo1o¢ mePLoplolds. Oco Mo EVIOTICUEVO GTO YDPO (TO COUOTIONNKO)
Bélovpe va givol T0 KUUATOTOKETO TOGO TEPIGGOTEPO. KOl TTO OL0CKOPTIGUEVH
UK KOPOTOG TPEMEL Vo, ypnopomomaoovpe (o). 7.10). [Tinpdvovpe dnAadn
TOV EVTOMIGUO NG BE0MG TOL GOUATIO0V-KVLOTOG LE OMPOGOIOPIOTIO GTO WUN)-
KOG KOLOTOG OV TOV OvTIGTOLYILOVE Kol - KAT  EMEKTACT] - TNV OPUY TOV
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(2]

Xy. 7.10 (o) Ot KOKKIVEG KOl Ol LOWPES YPOUUES dgiyvouV KOLOTO Le TOAD pikpn Stopopd 6To Un-
koG Kopatdg tovg. H vaépbeon tovg diver to kopa (B) (Srakpdtnuae). Me v vaépbeon peydrov
aplBpod KVHAT®V PUmopovpE Vo cuVOECOLE EVal KUHOTOTAKETO, OTMG OWTO TOV GYNHATOS (), He
nepropiopévn afepordtnta Ax g mpog T B£om Tov oTo Yhpo.

H advvapia pog vo mpocsdlopicovpe enakpimg tavtodypova t 0éom
KO TV OpUn €VOG COUATIOION deV OQEILETOL OE TEPAUATIKEG atéAeleg. Eivar
SOUELTN pE TNV 1Ot TV KPavTikn dopn g VANG.

O Heisemberg 10 1927 k®dwonoince o TOPATAV® OTUTMVOVTOG
mv apyn ™S apefarotntog (M anpocsdloploTiog) pe T oxéon:

Ay Az
2

Agv gival ovvaTév va pETPNGOVNE TAVTOYPOVAE KoL TN OE0n Kot TV
opp] EvOS COURATIIIOD pE OTEPLOPLOTY] OKpPifELa.

Ed® mpémel va onueidoovpe 61t ta svpfora Ax kot Ap, o onuaivouv
T petaforn tov peyebdv oAl to gvpog ¢ afeforotnTag e TNV omoia yvm-
pilovpe to ueyédn. Avdroyeg oyéoelg 1oyvoVY Kot yio Tig AAAEG dlevbivoelg

h h
Dy, Dy>—o, ap, D22
- W, LAy o P, i
Mio dAAn dwtommon g apyng e afefardmrag tov Heisemberg
glvoun

AEthi

21T

H afepardétnra otn pétpnon g evéPYELOS MOG KATAGTAGNS EVOG
GUGTI|LOTOG EIvOl AVTICTPOQO avALOYN ME TOV YPOVO TTOL TO GU-
oTNIO TOPANEVEL 6' AVTH TNV KOTAGTOO).

Anhodn Oleg Ol UETPNOELG eVEPYEWNG TEPIEXOLY Lo afefordtnta, €KTOG OV
dtaBétovpe yia tn pétpnon dmepo ypdvo.

e éva Oleyepuévo ATopo €va N TEPLocOTEPO MAEKTPOVIO Og PBpicio-
Vol o1 OgpeMddn Tovg KaTdoTooN, 0AAL GE KATACTOON UEYUAVTEPNG EVEP-
vewe. Otav éva 1€1010 MAEKTPOVIO pPEeTAmnONcEL otn BepeAlddn Tov Kotd-
OTOOT, EKTEUTEL £V OTOVIO evépyewag Af , iong pe tn dopopd evépyelog
TV 000 KOTAGTACEWV OTIG 0moieg Ppédnke.

‘Eva dieyepuévo dropo ekméumel aktivofoiia 6Tav Eva 1 TEPIEGOTEPO
niektpdvio Tov dgv Ppiokovior otn BeUEAIDON KOTACTAON EMOTPEYOLY G’

avth. Xe Kabe té€to10 KPovTikd G’ ekmépmeTor éva emTovio. H peiét
TOV QOCUATOV EKTOUTNG OEiyVEL OTL 01 PUGLATIKEG YPOUUESG OEV Elval avaTnpd
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kaBopiopéveg aArd 1 kéBe pia eppaviletl éva puokod evpoc. To ebpog TV Qa-
CUATIKQOV Ypapp®v pumopet vo e&nyndel pe v apyn g apepfoidtnrag.

‘Eva deyeppévo dropo pmopel vo eKmERYEL £VOL GOTOVIO OTOLONTOTE
GTIYW GTO YPOVIKO StdoTnuo amd unoév péypt dmeipo. O pésog ypodvog oTov
omoio évog peydlog aplfpog SleyepUévmv aTOUMY EKTEUTEL OKTVOPOALD glvan
™e tééng tov 107,

h
Amo ) oyéon AE [Nt = e ko emewdn AE = h Af mpoxdrtel
T

h 1
hf = kon  Af =
4 2t At y 2t At
0étovtac 6mov Ar=10"s &yovpe
Af 21,6x10" Hz

omov 1,6 X107 Hz givat 1o eAdyioTo £0poc TS PUSHATICAC YPOUUAC.

ITAPAAEII'MA 7.4

"Eva nhektpdvio Kwveitar pe topomnta 3%10° m/s perpnuévn pe axpiero 0,1% . Me mowo axpi-
Belo umopovue vo mpocdiopicovpe ) 0éon tov; Edv otn 6éom tov nAextpoviov €yovue por WTGAQ TOL
ykoho mov €xel palo 45 g ko kweitan pe toyvmra 20 m/ s, petpnuévn pe v S axpifeta, pe mow
axpifela pwopovue vo vroroyicovue ) Béon g;

Amévtnon :

o p.o=mu, =011x10" kg)Bx10° m/s)=27.33x10" kg Tn/ s
H afefardmra Ap, Oa sivor to 0,1% tng mapandve tymg niady 27,33%x107 kg [n/s .
H apefordmta Ax otn 0¢om Ba givor to Ayotepo
h 6,626x107* J / .
Ax = - ’ o =0,38x107* m.
2rildp,  6,28[27,33%10°" kglin/s
TMa 1ig dotdoelg Tov niektpoviov 1 afefoardtra Béong eivar tepdotia. [Ipdkertan yio €vo nhe-
KTpOVIo oL dev Ba to Ppovpe moté. Etvar oa va yayvelg woAlovg 6T’ dyvpa.

B) Me v 1w dwdikacio, Yoo T0 HToAdKL TOL YKOAQ Ppiokovpe afefardtnro o¢ mpog T 0om
Ax OL16X107" m .

TMa éva copo Tov JSeTdcemy TG UTAANS Tov YKOAP 1 afefardtnta avtn sivor undapwvn. Tlpo-
KTikd yvopilovpe pe axpifeta t 6éon Tov.

7-7  KYMATOXYNAPTHEZH KAI EZIZQSH
SCHRODINGER (SPENTINTKEP)

Eidape 011 éva vroatoptkd copatiolo, yioo Tapddelypo, Eva nAEKTpOo-
V1o, g uUmopel va TepLypapel cav VAIKO onuElo, LE TPES GUVIETAYUEVES GTO
y®po. Yo opiouéveg cuvinKeg copmeptpépeTon oav Kopa. I'ia v meprypagn
ToV YPeOUACTE Lo KORATOGLVAPTNON o€ ovoroyia pe v eicmon koua-
TOG TTOL YPNCILOTOLOVLE Y10 TV TEPLYPAPT EVOG UNYOVIKOD T €VOG MAEKTPO-
HoyvnTikov kopatog. Tnv kvporosvuvaptnon avtr Oa t cvpporilovue e W.
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H wxvpatoovvdptmon eivor pio cvvdptnon g 0éong kot tov ypdvov
Y= l4—’(x, y.z,t).

2t0 punyovikd kopoto 1 e&lomon Kopatog Hag divel yia kdbe ypovikn
otiyun ™ Béom kdbe onpeiov Tov VAKOD PEcOV 6TO 0Toio SLadideTan TO KOLLA.
210 NAEKTPOUAYVNTIKG KOROTA 01 eEloMOELG KOLOTOG TTOV TO TEPTYPAPOVY UG
dtvouv yuo kdBe ypovikn oTiypn TV TR TG £VTAOTG TOV NAEKTPIKOD KOl TOV
HoyvnTikoD wediov og Kabe oMpEI0 TOL YOPOL GTOV OTOI0 OAGIOETAL TO KOLLA.
H xvpotoovvdptnon W oOpmg mov mepypdpst évo copotidio-kopo dev
oyetTileTon pe KAmolo HEGOV 0140001 G 0VTE LE KATOIEC 1O1OTNTES TOV YMDPOV.
Eivar d0oKoho vo TG amoddcovpe KATold LGIKT onpacio. Mropobdue poévo
VoL TEPLYPAYOVLE TTMOG OYETILETOL LE TOL PUOIKA TAPOTPOVLEVO PUIVOUEVAL.

T kdmowo cuykekpyLEVO oMUEiD, OPIGLEVN XPOVIKT] GTLYLI 1) KULLOTOGLVEP-
on Ba &yel o cuykekpévn . O Max Born mpdteve vor eppunvedcovpe To Te-
TPGryvo ToL HETPOL TNG KLHATOGUVAPTNOTG o TV mBavdtnta Béong ova povada,
Gykov. AnAadn, av opicovpie Evay otoyewndn oyko dV yhpm amd éva. cuykekpluévo

onueio (x, y,z) TO YIVOUEVO |W|2d V' 8ivar v mbavotnra vo Bpicketon o
6ONATIO péca 6Tov OyKo dV o1 HEdOpEVT] YPOVIKT GTUYpN.
Av y@picovLE TO GUVOLO TOV YBPOL G GTOLYELDOEG OYKovG dV Kat g
KOs onpeio Tov ydpov Ppodue v T g W yio kémowa ypovikn otrypn To
dOpotopa TV YIVOUEV®Y |lP| *dv npémel va, eivan 160 pe T povdda.
S W ay =1
Aniadn n mBavoTTa Vo BPIcKETOL TO COUOTION KATOV GTO YMPO ivar ion pe ™

povéoa. Me amid Adylo ke ypoviki| oTiyUn To cmpotidlo oiyovpa Ppicketon
kamov. H mapamdve oyéon mpokvntel amd v dldotact mov £dwoe 0 Born oto

2 r 4 r r r
|W| Kot ovopdleton ouvOikn kavovikomoumjoews. Edv 1 xupatocuvaptnon

£IVOIL OOOTY TTPEMEL VAL IKAVOTIOIEL T1 GLVOTKT] KOVOVIKOTIOINGEWMC,

o Ppiockovpe 6pMC pio KVpETOGVVAPTNON;

Tnv amdvinon €dwoe o Erwin Schrédinger Siatvndvovtag v mepi-
onun e€iowon tov g omoiag Adon givaun W .

T éva copatidio mov Kveiton Thvo oTov AoV TV X 0€ o TEPLOYN
OOV VTAPYEL £VOL GLVINPNTIKO MEGIO, YO KOATOW GULYKEKPIUEVT YPOVIKA
ottyun 1 &lowon Schrodinger €xel ™ popoen :

h d’W(x
R ) ) = Ew(s) 76
2m  dx

h (dwPatetar h-bar) n cuvropoypaeio Tov % p—
m N pélo npepiog Tov cOUATISoL,
d’wy (x) , . ‘

I 1M 00TEPT TAPAY®YOG TG KVUATOGUVAPTIONG MG TPOG X,

x

U (x) 1 SUVOUIKY] EVEPYELD TOL COUATIOIOD AOY® TNG BEomg TOV
E 1 OAIKT EVEPYELD TOV GCOUATIOIOV.

H Abon g e€icmong avtig ivot 1) KOLATOGLVAPTNGT TOV GOUATIOIOV.

239

Ew. 7.7 Max Born. (1882-

1970). Teppovio. Meydrog
BeopnTikdg @uowog. Xpnot-
pomoince Tig mhavotTeg Yo
VO EPUNVEVGEL QALVOUEVO TNG

kPavtikng  pnyovikng.  To

1933 eykatéhewye ) Iepuo-
via apyd yur to EdypBovpyo
Ko ot cuvéyew yo 1 Hvo-
Héveg
1954.

IMoMteleg.  Nopmer

Ew. 7.8 Erwin Schrédinger
(1877-1961). T'evviibnke ot
Biévvn omd Avotplokd mo-
épa Kou  AyyAido pntépa.
KaAlepynpévn kot kodhrey-
vikn} @don giye 10 Tarévio va
Tapovctilel TG amdyely Tov
pe yontevtikd tpodmo. Aidate
ot Zvopiyn, OTOV JOTHTMOGE
kot v mepipnun e&icwon
tov, oto Bepohivo, otnv O&-
@opdn Kot 6to0 AovPAivo. Xto
Téhog TG (Mg Tov eméoTpeye
om Biévwn. Mowdomke pe
tov P.A.M. Dirac to Noumer
dvong To 1933.



E@bdoov 10 copatiow sivol meploptopévo va Kiveitol mave otov dEova Tov X 1
r 7 r r 4 2
KUULOTOGUVAPTNGT TOV TMPEMEL VO, TKAVOTOLEL TN GLVOTKT Z|LIJ| dx =1 dn-

Aad1 10 coudtio ciyovpa PpickeTal KATOV GTOV AEOVH TOV X.

7-8  XZOQMATIAIO ITATTAEYMENO XE ITHT'AAI
AYNAMIKOY

ZOHOTIO0 ToyldevUEVO G€ TN YEdl SUVAULKOD lval éva GOUATION OV
AOY® EMTEPIKADOV OLVALE®V Elval TAYIOELIEVO GE [0 TEPLOYN TOL YDPOV. Av
Bewpnoovpie Yo Tapddetypo ooV COUATIO Eva NAEKTPOVIO, TETO0VL €id0VG TTa-
videg glvan ta dtopa. H didtaén tov oynuatog 7.11 pog divel pia wo yepo-
TOOTH EKOVO TOV T €ivar £val TNy adt SuvoKoD.

Xy 711 (o) H ddraén ovt
neplopiler ta eievbepa mAe-
KTpOVIOL TOVL Oy®myol o' éva -
wikog L ndve otov dova tmv l

x. (B) To mmydédt Svvapkod (o)
7oL dnpovpyei n ddtaén pog.
Ta eledBepa mAexTpdvia oo
Bplokovton ota 6pw oL L
£xovv duvapukn evépyeta, U=0
evod € amd ta Op Tov L
Svvapkn evépyewe U# 0. Ta
va Byet £éva nhexTpovio omd To
NYAadt TPEMEL VoL £XEL KIYNTIKY
evépyew peyoAdtepn amd To
BabBog tov mnyadod U, Znv ()
pdén 1o mnyddt Svvapkov
7ov dnuovpyet n ddtaén pog
£xel otpoyyvAepéva yeidn kot
TOYDUOTO, TOV YEPVOLV EAO-
Ppb Tpog to. EE®. 0

A) ITHI'AAI AYNAMIKOY AIIEIPOY BAGOYZX

>8
>8

"Eoto 6t éxovpe Eva niektpdvio mov Kveitar povo Kotd tn dievbuvon
TOV X Kot givar Toydevpévo 6" éva mnyadt duvapikov dmeipov BdBovg OTmg
oto oynua 7.12. Avtd onuaivel 0Tt €4v To NAeKTPOVIO PpickeTon 6TO ST
Ux) Ux) 0<x< L éxe dSuvapn evépyeta U =0 evd av x<0 7 x>L n duvopukn
evépyelo amelpiletar. Me Tovg TAPOTAV® TEPLOPICUOVG 1| ADom TG elomaong

B U=0 x (7.6) elvan
L l4—’(x)20 av x< 01 x>L Ko
Xy. 712 -
l1-’()6): Ar]/,lnT yo 0<x<L omov n=1,2,3,........

H LIJ()C) €lval 1 KOLLOTOGLVAPTIOT) TTOL TEPTYPAPEL TO NAEKTPOVIO UG Y10, KO-
7o10L OEOOUEVT] YPOVIKT] OTIYUN.
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To pufiKog KOHOTOG TG NMUITOVOELDO0VE OVTNG LOPPNE UITOPEL VAL TTAPEL TIG TULES

_2L (n=1273,...)
n

Av Bécovpe TG TYEG TOV A IOV PprKaLE 6TN OYEon p = X TPOKVITEL

nh
=— 7.7
4 L (7.7)

BAémovpe 611 1 0pU} TOL NAEKTPOVIOL dEV UTOPEL VO TAPEL OTOLONTOTE TN

OAAG TIHES OV €lvan aképoid TOAAATAACIY TG TOGOTNTOG % L Aniodn n

opun gtvon kKPavtiopévn.

Két avtictoryo cvpPaivel Ko pe tnv evéEPYELX TOL NAEKTPOVIOL OV LITOPEL
p2
va glvat HOVO KIVNTIKT. E=K= 2—
m
e

Avtikafiotdvtog 6t oxéon avt Ty opun omd v (7.7) Bpickovpe
_ a2 I

E=n — (7.8)

H evépyeta Tov nhektpoviov pag eival vITOYPEOTIKA KPAVTIGUEVT.
Ag dolE TOPO oV UTOPOVUE VO EVTOTICOVLE TN B€0T TOL NAeKTpOViov.

Eidape 611, ovppova pe v mapadoyn tov Born, 1o teTpdymdvo Tov
HETPOL TNG KLpoTooLVApTNoNG gival 1 TBavoTnTa Béong avd povada oykov.
210 TPOPANUA TOV LEAETAUE TO NMAEKTPOVIO KIvelTan LOVO 611 d1evBuvon Tov

a&ova twv X. Apo 10 |L|J()cx2 Oa etvar  mBavoTTO BESN G CVA PoVAdH UKoV

Yo TN 0€dOUEVT] oTLY U TTov e€eTalovpe.

w lw |’
n=3 o n=3 (K- NN s 9,
n=2 b= n=2 NN
/\ n=2 4E,
n=l == ¥ O S x n=1 E,
0 0 E=0
@ L @ L )

Xy. 713 (o) T'pagiég mapactdoels g LI—’(x) Yo TOVG TPELG TPMOTOVG KPavtikovg aptBpovg .(B) Ot avti-

2 2
OTOL(EC TOPACTAGELG YLl TO |W(x] . H tyn tov |LP (xx yo kKaBe onpeio deiyvel v mbavomta va Ppe-

0el t0 nhexTpdVIo 6" éva oToLKEIDES dx YOp® amd To onpeio avtd. (Y) Ot avtictoly eg evepyelokég oTabe
tov Niektpoviov. H andotaon avipesa oe 6o dadoyikés otdbies dev eivat otabepn, peyoldvel 66o ov-

EGvet To n.
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B. ITHI'AAI TIEIIEPAZXMENOY BAGOYX

Ux) "Eot® 0Tl T0 NAEKTPOVIO TNG TPONYOVLEVNG TOPAYPAPOL Eivarl EYKA®PL-
ouévo ¢ éva mydot memepacuévov Padovg (oy. 7.14). Topa, av to NAekTpoVIO
Bpioketar oto drbotua [0-L] éxer duvapkn evépyeta U=0, av Ppioketonr Em
a6 to Sdotnua [0-L] éxer duvopkn evépyeln Uy. To nhektpovio mov e&etd-
Covpe €xet evépyern pukpotepn amd Up. Me autéc T oprakég cuvinkeg, n 7.6,
U=0 x yw 0<x <L, éyel o npurovogdn Ao avaAoyn pe ooty mov Bpikape 6to
0 myadt dmepov Pabove. T x <0 ko x> L, dpwc, dev mpokvmrer W(x) =0,

oG TPy, aAld pio exkBetikd pBivovca cuvaptnon tov x. TeAud 1 Kouatoov-

Xy. 7.14 . . , , , ,
véptnon &yel po Lopen Gov ATV ToL Gynuatog 7.15.

w(x) Kot oty mepintwon tov myadiod menepaciévov Babovg ol KaTaoTdoelg
otig omoieg pmopel va Ppebel to nhextpdvio eivon drakpurég (kKPavtiopévec). Exel

OV HOG TEPIEVEL pior KPavTiky EkmAnén etvonr ot YPOQIK TOPAGTOCT) TOL
x |‘4—’(}CX2 oLVOPTAOEL ToL x. BAémovpe 6T 10 |‘4—’(}CX2 de undevileton auiowg yio

x<0 wxor x>L. AnAadf axdun ki ov 70 NAEKTPOVIO eV EYEL TNV OIOUTOVUEVN
KIVITIKT EVEPYELDL Y10t VO, BYEL 0O TO TNy AL, COUPVA e TIC TPOPASWYELS TG KAO-
0 I o1k Bewpiog, vrdapyel kKamow mbavotnta vo Ppebdet EEm ar' avto.

Ty 7.15

, Iy’
U(x)

| e U

— E, n=3 E, n=3

I
Il
~

4
S|
=
Il
~
S|
3
Il
N

0 L 0 L 0 L
(o) ® )

Xy. 716 (o) TI'pogucéc mapactdoes ™mg l-|J()C) YloL TOVG TPELS TPATOVS KPavticovg apBpove. (B) Ot avtiotoyeg eVEPYEIOKES GTADLES TOL

2 2
nAgktpoviov. (y) Ot avtioTotyes TAPACTAGELS Y10, TO |W (xx . H i tov |qJ (x] v k6B onpelo Setyver v mbavotta va Bpedet To nhextpo-

V1o ' éva oTotyelddeg dx yopw omd to onpeio avtd. BAEmovpie dti ot kapmoreg exteivovton kot €60 omd To dpa Tov TN yadod.
Ag ovvoyicovpe 6ca £xovpe pabet pPéypt Topa :

1. To nAextpévio — avtibeto pe 0,TL TpoPAénetl n Khaown OBewpia - dg
umopel vo €€l OMOLONMOTE TIUN EVEPYELNG 1| OpuUnG OTov Ppioketal
uéca 6to mydaot.

2. To niekTpovio oev npepel péco oty mayido Tov. H younAidtepn
oTdoun KvnTIKNg evépyslog oty omoia pmopel va Ppebel avtiotouyel
oe n=1 ko glvar didpopn tov undevoc. Eivarl kdtt mov €pyeton o€
avtifeon pe v Khaoikr Beopia.

3. To niextpovio sivan mOavotepo va Ppedei o€ opropéva TuNpOTO TNG

nayidag an' 6,11 o€ GAha. Av Bpioketan ot Oepehiddn katdotaon (n=1)
(avogépetar Ko cav €da@IK Kotdotootn) eivor mold mbavotepo va
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Bpebel yOpw amd to pécov g mayidag mapd Kovtd ota dikpa g Movo
Yo YnAEG evepyelokég otabueg n mbavotnto vo PpiokeTon o€ Kamolo
0éon KotavépeTor O OUOOMOPPO Kol CLYKAIVEL OTNV Amoym Tng
KAGIKN G Bewpiog mov Bempet dheg T1¢ BEoelg e€icov mbavée,

4, To niekTpovio pmopei va S1a@uvyel amd Ty wayida tov. Edv to mn-
Y01 Tov duvapkoD dev £xel dmelpo PABog 1o NAeKTPOVIO £xEL KATOLN
mOavoTTO (LUKPN dAAG Ot undevikn) va Ppedel EEm amd To Tnyddt Ki
ag UV €xel v BepnTIKA amaitovpevn eVEPYELD Yo Vo, GUUPEL aVTO.
H mBoavotnta aut peyoddvel 660 T0 NAekTpdvio PpickeTol 6€ Ynio-
TEPN EVEPYELOKN OTAOU).

7-9 TO OAINOMENO XHPAITAX

2V wponyovuevn mapdypago gidape To mapddoo Ot av eykAwpPicovpe
£val NAEKTPOVIO péca 6" €va TNyddt duvapkol vrdpyel 1 mhovotnta va Ppedet
€Em amd 1o mydadt. Eivon cav va kieivoupe éva, pmoAdikt ¢' €va kouti KL ouTd, e-
PIKEC popés, va Pploketan am’ EEm.

‘Eva avtiotoyyo awvoupevo givar to govopevo onpayyoc. Edd to nie-
KTPOVIO PpiokeTor OVIHETOTO PE £va QPAyLHo duvapKoD YNAOTEPO amd TNV
gvépyeldl Tov. ZOUPOVA UE TNV KAUGIKN Bempia 1o nAekTpovio Ba avakAaoTel
Kol O emotpéyel miow. H kPavtikn Oewpia, Opmg, pog odnyel 6to copmépa-
opo. OTL, PEPIKES QOPEG, TO MAEKTPOVIO dtomepvael To ppdyua. H Bempntucy
avt) TpdPreyn emPefordveton mepapatikd. Eivolr cav va metdue éva pmo-
Akt 6" évo TCa Kol Kamoleg Qopég To UmaAdkl vo, BpiokeTor amd v GAAN
pepd ympic va omdoel to téaut. Tétowa pawvopeva BEPata O copPaivovy moté
HE oOUOTA OTTMG £VOL LWTOAAKL, GUUPOivOLY OUOC Le coUOTIO OTWS Eva MAe-
KTPOVIO.

Ac dovpe TpmTa TL givon £va @paypa duvapkov. Evo tpevdkt tov Aobva
mapk (oy. 7.17) €yel oo yopmAdtepo onpeio A tng Stadpopng Tov ToyvTnTa U , . Av
Bewprcovpe OTL 6TO A 1) SUVALUKT EVEPYELDL TOL TPEVOL EIVOIL LUNOEVIKT] TOTE 1) OAIKN|

1
r s — — 2 r I ’ )
oV evépyewn E Oa gtvon £ =K | = 5 mu’, . Mrpootd oo tpevaxt Bpicketon Eva

vyouo Yyoug i ot oyéon pe o onueio A. Eav to tpevikt katapépet va Bpebet
omv kopuen A Tov VydpaTog Oo Exer Suvapn evépyewn U, = mgh "Eva tétot0
VYoo 6oV ovTO TOL PPIoKETOL LITPOGTH GTO TPEVAKL LITOPEL VAL YopaKTNPLO0EL ooV
éva epaypo Suvapkod dyovg mgh . EGv dev vidpyouv tppés kon E = U, 10te
10 Tpevakt Bo vrepmnonoel o Hyouo kor Bo cuveyicel v mopeio tov. Edv
E <U , 10 tpevaxt Oo ptdoet péxpt éva Hyog Hkpdtepo tov A, 1) TodmTd tov Oa
undeviotel kot Bo KUANCEL TPOG Ta THO®. AVTIGTOLYO PPAYLOTO SUVOLKOD LITO-
POVLE VO VAOTIONGOLLLE Kol 6TO NAEKTPKO Tedio, OOV TO POAO TOL TPEVODL ol TToil-

(el éva nAekTpdvIo Ko TO Ppaypo dSuvapkod Bo avTioTot el 68 duVOIKT EVEPYELD
niektpikov mediov. (oy, 7.18).

H Abon e (7.6) av AdPovpe vToyT TOVG TEPLOPIGUOVG TOL EMPAAAEL
10 Ppaypo dvvopkod niadq U =0 yo x<Oxow x>L xau U =U, v
0 < x < L, givar g popeng tov oynporog 7.19.
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Méyioto Dyog A
KoL PHOEVIKT]
TayvInTa

A

Xy. 7.17 Otav E < U, 10 Tpouvakt
dev pmopel  vo vmepmndnoel To

QPOyLLO SUVOLLLKOD.
Ux)
U,
E ........................
X
0 L

Xy. 7.18 Opdypa duvapkod Hyyoug
Uy . 'Eva mlektpdvio evépyelag
E<U, obppava pe v KAOGWKN
Oewpia dev pmopel va mepdoel amd
™ pio mAevpd TOL PPAYUATOS OTNY
GAAY .



Ux)

Ty. 7.19 Apiotepd xar Se€id Tov V/( X )
@PAYLOTOC T KLUOTOGLVAPTNHON

etva NUITOVOEWNG EVD GTO £0MTE-

pod Tov ekbetiky eOivovoa.

BAémovpe 0TL 1 KopaToGLVEAPTNON LVAGPYEL Kol deELE TOV PPAYUATOG
ov Kol pe oodntd pkpdtepo mAATOC. Avtd onuaivel pukpdtepn mbovotnTa
vapéng Tov NAekTpoviov de€1d TOL PPAYUATOG O’ OTL APLOTEPAL.

H mbavotnta eppdviong tov niextpoviov de€ld tov epdypotoc e&op-
tétor amd TV evépyeld Tov £ Kot to g0pog tov epdyuatoc L. ITo cuykekpt-
puéva, n mbavotnta yiveton peyoAvtepn av avénbet n evépysia Tov nAekTpo-
viov (mapopévovtag pkpotepn omd o Vyog tov epdypotog U,) kot av
elottbel To €0pOG TOL PPAYUATOC,.

To @awvopevo onpayyag £xet TOAAES EPAPULOYES.

O yoAxkog o&eddmvetal. ‘Eva yopvo coppo amd xohkd keAdrtetonl and Eval
Aemtd oTpodu 0EEiov TOL YoAKkoL oL givar povetis. Ouwme, dhot yvopilovpe
OTL M EMOPT OLO YOAKIV®V GUPUATOV gtval aydyyyn. T1dg pmopodv Ta nAekTpoHVIX
KoL TEPVOVV OO TO £VO, GOPLLN GTO (ALO; ME TO PUIVOUEVO GPAYYOS.

Koaté ™ padievepyd didomacmn GApa, 0 TupHvoc EKTEUTEL VO COUATIO
dApa (Tupnvog tov otoygiov NAov). [ va daOYEL T0 COUATIO GAPO OO
TOV TUPNVO TPETEL VAL SATEPACEL £V, PPAYLLO. OVVOULKOD TOV OPEIAETAL OTIG
EAKTIKEG TVPNVIKEG OLUVALELC KOl TNV amwoTikn Ovvaun Coulomb avdpeco ce
oVTO KOl GTOV VITOAOUTO TUPNVO. ZTOPASIKA, KATO0 COUATIO AAPa, KaTopO®-
VEL VO, OLUTEPACEL OLTO TO PPAYLLOL.

M mopnvikn avtidpoon cOvinéng mpaypatomoteitol dtav dvo Topin-
veg €pBovv TOAD KOVTA MGTE Ol IGYVPES TVPTVIKEG TOVG SVVALELS UTOPEGOVV
VoL TOLG KAVOLV VO GLGGOUAT®BOVV Kol va TpoKaAEsovy T cOvinén. To mAn-
cloopo dpm¢ Tov mpnvev mopepmodiletal and Tig anmotikég duvduelg Cou-
lomb mov teivouv va Tovg amopakpvuvovy. o va emtevyBet 1 ovvinén ot dvo
TUPNVEG TPEMEL VO JUTEPACOVY TO PPAYHO TOV OMLULOVPYEITOL OO TIC OIT®-
oTIKEG Ovvapelc. Avtd cvuPaivel otov HAlo kot o O Ao Taw GAAG, GTEPLAL.

To @owodpevo onpoayyoag Ppiokel emiong epapuoyn otig 01660v¢
ONPAYYOS, GTO NAEKTPOVIKO UIKPOOKOTIO GNPAYYaS Kot OAAOD.
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XYNOYH

To pérhav cON EIVOL TO 10£0TO EKEIVO GO, TO 0T0I0 ATOPPOPE OAN TNV aKTIVOPOLia 1) 0TTOl0 TPOGTI-
TTTEL TAVO TOV.

O vro0<ce1g mov ékave o Planck oty mpoondOeid Tov va epunvedssl Ty axtivofora Tov HEAOVOG GO0~
TOG elvan :

H evépyero TV TOAUVTOOUEVOVY ATON®V OEV PUTOPEL VO, TAPEL oTortadnToTe TIH. Mmopel va Tdper pévo
OLOKPITEG (KPavTiopéveg) Tipés. Ot TIpEG TG EVEPYELOG TTOV PUTOPEL VO, £YEL TO TUAAVTOONEVO GTONO ETVOL
E, =nhf
omov 1 évag Beticdg aképatog apldpds mov ovopdletol Kpavtikés apOpog [ 1 cvyvotnta todAdvioong Tov

atdpov kon /2 1 otadepd tov Planck ( £ = 6,626 X107 J [3).
To 066 TNG EVEPYELUG, VTTO HOPON NAEKTPORAYVITIKNG OKTIVOPOAIGG, TOV HUTOPEL VO ATTOPPOPNGEL 1| VO,

EKTEPYEL €VO ATONO PTOPEL VO TAPEL LOVO OLOKPLTES TINEC,
O1 voBéoeic avTtég amotelovv To Ogpédio e kBovtikng Oempiog.

To QOTONAEKTPIKO QULVOREVO EIval TO POIVONEVO KOTE TO 0010 Pio PETOAMKN ETLQPAVELD OTEAEVOE-
POVEL NAEKTPOVIO, 6TO TEPLPAALOY OTAV TAVO TNG TPOSTITTEL POG.

To eAdy10T0 TOGO EVEPYELNG TTOV AToUTEITOL VO TPOoPEPDEL G° Eva NAEKTPOVIO EVOC DAIKOV Y10l VO OPOTETEVL-
o€l amd To LAKO Aéyeton £pyo eEay®yng kot cuufolileton pe to @.

O Einstein gpuivence 10 GMOTONAEKTPIKO QULVOLEVO LE TNV TOPAd0YN OTL TO QMG HETAPEPEL TNV EVEPYELD
TOV G€ PIKPE TOKETA, TOV OVOpalovTal KBavTa @OTég )| POTOVIA.

H evépyero kG0 potoviov sivor E=hf
H xwnrum evépyeia evog potoniektpoviov katd v €£0006 Tov 0md TNV KaB0do givar

K=hf —@ (potoniektpuc e&icwon Einstein)
o6mov 1 n otabepd tov Planck kot 4 Tov puiKovg KHUATOG TOV POTOC.

h
H oppn} kaBe poToviov givar p=—

A

@®arvopevo Compton gival To QovopreEVo Kot 1o omoio 1 okedalopevn aktvoPorio X amd Eva vAKO €xel
UEYOADTEPO UNKOG KOUOTOG 0t TNV Ttpoomintovca. H diapopd e€aptdtor amd tn yovio oKESOoNG.

A=A :i(l—auvqb)
mc

OnowdNmoTe GOUATIO OpuNlg p sivar cuvdedepévo e £ve Kopa, pe pikog kopotog A mov divetar amd
) h
™ oxéon =—
p
H apyn ™g apspordtnrog Aéel 6TL dgv €ivar SvvaTOV Vo, peTpPIicovps Kou T1) 0éon Kot TNV opun} €vog
COUUTLOI0V, TOVTOYPOVA, NE OTEPLOPLOTY OKPiPELD.
h
2n
H apeporétnta oty pétpnon g evEPYElos MG KOTAGTAONS EVOS GUGTIIATOS Eivol AvVTIOCTPOPO. OVA-
Aoyn HE TOV YPOVO TOV TO GUGTINO TUPUREVEL 6° VTN TNV KUTAGTOOT).

AEUMZi

21T

Mo éva copatidio mov Kveitol Téve oTov AEova TV X Ap, [Dx 2
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Kvpatosvvaptnon W sivan  suvaptnon g 0£omg ko Tov ypévov mov weprypdeel £va copationo -
kopa . H xopatocvvaptnon sivon Abon g e€icmong Schrodinger.
To TeTPAy®VO TOL HETPOL TNG KLLATOGVVAPTIONG |W|2 Y10, GUYKEKPLUEVO GNUEID KATOL0 GUYKEKPLLEVT] Y PO-
VIKN OTIyUN ivorl 1 TOavoTnTe EDPECNS TOV CORATIOIOV OV PHOVAdX OYKOV (TUKVOTNTA TOAUVATNTOC).
H mBavomra vo Bpicketol 10 copatiolo KAmov 6To ydpo eival ion He T Lovada

Z |LP|2 dr =1 (6VVO KN KavoviKomoinonc)
IInyéor dvvapkod sivor Lo TEPLOYN Tov YDOPov Omov av Ppedel Eva copdtio Ba €xel KPATEPT OLVOLLKT
gvépyelo am' 6TL 6€ 0mo10dNmoTe GALO onpeio Tov TepBdArlovTog xdpov. Edv 1 dtapopd TG OUVOLUKNIG EVEP-
yewg HeTaEh onpelmv ektdg Tov TNYadod kot evtog Tov mnyadod eivar U, kot T0 copdtio €xel Kivntikn
evépyeta pkpotepn tov U t0Te T0 copdtio maydedeTar 6To Tyddt.

-To copdtio 6ev umopel vo £xEl OTOLOONTOTE TN EVEPYELNG 1 OpUNG OTay PpiokeTal HEcH GTO TNYAOL.
-To copdtio dev pmopet va npepel péco otnv Taryidoa Tov.

-To copdtio eivor mBovotepo va Ppedel oe oplopéva TpuMqpaTa TG Tayidas o' OTL € GALQL.

-To copdtio givar mBavov va fpedel kKo extdc Tyadioo.

DavOpuEVO oNPayyos vl To PAIVOLEVO KATH TO 0010 £va COUATIO SLOTEPVA EVOL GPAYLLOL SVVOLLKOD (M-
pig va €YEL TNV KAOGIKE OTOULTOVIEVT] EVEPYELD YU AVTO.

EPQTHXEIX

Mérav copa

7.1 [Mopatnpdvtag pion viyto Tov ovpavd He Eva TNAECKOTIO TAS WITO-
povpe va Egympilovpe Ta GoTpa OV £Y0VV EMPAVEINKT Beprokpacio
ppoTepT omd avtiv Tov Hiov;

7.2 Y7rdpyovv kPovTICHEVEG TOGOHTNTEG OTNV KAGGIKY QULOIKN; AV vat,
dMOTE €va TAPASELY LA,

7.3 Ta niekTpdvia Kot To pOTOVIN givol coUdTio. Ze TL S1pEPOVLY HETAED
TOVG;
7.4 Muddipe Yoo oTovia, epuBpod POTOS 1 POTOVIN LOO0VE PWTOS. MTo-

POVLLE VO AIGOVLE Y10 POTOVIO, AEVKOD POTOG;

POTONAEKTPIKO QUIVOPEVO

7.5 [og epunvevetar To YeEYOVOG OTL Ol POTONAEKTPIKEG UETPNOELG
e€aptmvTal amd T UOT| TNG POTONAEKTPIKNG EXLPAVELNGC;

7.6 IToleg amd T1g emdUeveg mpoTdoelg etvar opBEc;

o) Av avénoovpe TV £vtaon UOG LOVOXPOUOTIKAG OECUNG TOV
TPooTinTEL oTNV KBS0 TOL EOTOKVTTOPOL OVEAvVETAL O
oplOuog TOV MAEKTPOVIOV TOV EKMEUTOVTOL GE OPICUEVO
¥poOVvo.
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7.7

B) O 0plBUoC TV EKTEUTOUEVOV PMOTONAEKTPOVIOV Y10, OPLGLLE-
VNG €VIOONG QOTEWVH] LOVOXPOUATIKY OEGUN, e&aptdtal amnd
TO UAKOG KOUOATOG TNG 0EGUNG.

Y) Ta potoniektpdvia Pyaivovv pe peyordtepn ToydTNTA OTAV 1|
GLYVOTNTA TNG TPOCTIMTOVCAG AKTIVOPBOMOG ILEYOADVEL.
o) INo va TopatnpnBel To0 POTONAEKTPIKO QOIVOUEVO amalTeiTOL

LOVOYPOUOTIKT 0KTVOBoAa

Ol endpeveg TPOTAGEIS APOPOVYV GTO (PMOTONAEKTPIKO QUIVOUEVO.

[Moteg amd avtég givan opbéc;

o) H téon amoxomng eaptdtal amd Tn cLYvVOTNTA TG POTEWVAG
déoung Ko glvonl peyoAdtepn ywo TV KiTpvn aktvoBoiia
wapd yio v Tpdovn (fc > fr).

B) H avénon mg €viaong g déoung cvvendystol avénon g
GLYVOTNTOG KOTOEAIOV.

Y) H ouyvomra katoeiiov egaptdtor amd 1o £pyo eEaymyng Tov
petdAlov kot ivar peyokvtepn yio o kAo (k= 2,2 eV) amo
0,TL Y1 10 Koio1o (@s= 1,4 eV).

o) H tdon amoxomng e&optdtor amd to €pyo €€aymYNg TOL
petdAlov kot ivar peyokvtepn yio o kAo (k= 2,2 eV) amo
0,TL Y1 10 Koio1o (@s= 1,4 eV).

€) To eotonkekTpdvio, €(0VV UEYOADTEPT KIVNTIKY EVEPYELN
otav 1 kabodoc potiletal pe Kitpvo em¢ amd 0,TL OTUV PMTI-
Cetan pe mpdowo eag (fi > fr)-

oT) H tdon anokonng e&optdtal omd TNV EVEPYELN TOV POTOVIOV
™G POTEWNG OECUNG Kol EloTTOVETOL OTOV QOTI(ovUE TNV
KG0000 e POTOVIO LEYOADTEPNC EVEPYELUG,.

®avopevo Compton

7.8

7.9

7.10

ZOUTANPDOGTE TO, KEVAL:

To pKog KopoTog e okedalopevng aktivofoiiog X Kot TO QOVOLEVO
Compton €ivol .....oevvvennnnn. omd oVTo NG TPOCTINTOLGOS. AVTd oN-
paiver 0Tt To OKESOULOUEVD ...vvvvennnn.n etvor ..o EVEPYELOG
amd To mpoomintovia. H 010popd TG EVEPYEWNG TOV ...oevevvenrnnnn..
1COVTOL LE TNV EVEPYEILTOV .vvenennnnnns.

Ao déoueg oktivov X pe uRkn kopatog A; ko Ay (ue Ay > Ay)
okeddlovtarl o nhektpovia. I'ia v idt yovia okédaong oe oo omd
TIG OVO TEPUTTMGELS OVTIOTOUYEL

o) UEYOAVTEPO KOUOTOG TG oKedALOUEVG aKTIVOPoAiag

B) UEYOADTEPT TILN TNG EVEPYELNG TOV OVAKPOVOLEVOL AEKTPOVIOV.

H dwpopd petal&d tov unkdv KOUOTOC TN TPOCTINTTOVCAS 0KTIVOo-
Mag X kot g oxedalouevng yivetor pHéytotn otav n yovia netabd e
okedalOUEVNG KO TG TPOCTINTOVCAG OEGUNG Elval

o) 0°
B) 45°
Y) 90°

EmAélte T oot amdvinon.
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H xvpatui) @don g vAng

7.11

7.12

7.13

‘Eva niektpovio, éva coudtio GAea Kot €vo VETPOVIO KIvoOVTOL ME
TaYOTNTEC OPKETA UIKPOTEPES OO TNV TOYLTNTU TOV PAOTOG KOl YOV
TNV 10100 KIvNTIKY EVEPYELX. X€ TTO10 OO TO CMOUATION OVTIGTOLEL TO
UEYOADTEPO KO GE TTOL0 TO UIKPOTEPO UNKOG Kopatog de Broglie;

270 oYU QAivVOVTOL TECCEPIG TEPIMTMCELG NAEKTPOVI®V TOL KIVOL-
VIOl HEGO GE NAEKTPIKO 1) LECH GE PLayVNTIKO TTedio. e Tolo 1) GE TOLES
TEPWTAOCELG TO UNKo¢ kvpatog de Broglie o) peyolmver, B) pikpoi-
Vet y) pévet idio;

=
=
=
==}

() (5 ) (%)

2. 7.20

H vrdbeon de Broglie 611 6e kd0e kivodpevo ompa avtiotoyel €va
KOpO OgV EYEL EQOPLOYN OTA QOVOUEVA TNG Kabnuepvig {ong. Avto
ovuPaivel YTl 1o ovTioTor(0 HRKOG KOUATOG

o) glvar ToA0 pikpd M

B) glval ToAD peydlo;

Apyn ™ apepardoTnrog

7.14

H apyn g afeparidtrog dev apopd oty kadnuepvotntd pog. [Tov
opeiieton oTo;

AYXKHXEIX

P TonreKTpko arvopevo — Opun @OTOVI®OV

7.15

7.16

Ta niektpoévia mov Pyaivovv amd TV EMPAVELN EVOG LETAALOV TOV
eotiletor pe povoypouatikny axtivoforia pikovg kvpatog 400nm
&yovv Kwvntikn evépyewo 0,8eV. Me mown evépyela ekmEPmovVTOl Q-
TONAEKTPOVIO amd TNV 1010 emM@AveLn e akTvofoAio HHKOVE KOUATOG

500nm; Afvovier A =6,626x107* JI, ¢=3x10°m/s,
leV =1,6x107" J .
[Am: 0,18 eV]

dotev) aktivofoia pmrovg kopatog 400 nm wpoowinTEl GE PETUA-
AN EMQAvELD. AVTH EKTEUTEL POTONAEKTPOVID, TTOL £YOLV TOYLTNTA

8x10° m/s. How sivar 10 épyo eEay@ync Yo to pétodho g Kado-
dov; Aivovton h=6,626x107* J 3, c=3x10%m/s,
m, =91x107" kg, leV =1,6x107" J.

[Am: 1,3 eV]
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7.17

7.18

7.19

7.20

7.21

7.22

7.23

To épyo e€aywyne ywo éva pétarro eivar 1,8 eV. Ilowo Ba sivon 10
SUVOHIKO OTOKOTNG Y10, PG TOL £xel unkog kvpatog 400 nm; Aivo-
viawh =6,626x107* J3,c=3x10"m/s,e=1,6x10"" C,

leV =1,6x107" J.

[Am: 1,3 V]

[Tow amd To TopaKAT® VAMKE divovv QoTonAekTpovia dtav emTilo-
vtol pe opotd @wg (400-700 nm); Tavidio (4,2 eV), Boropdapio
(4,5¢V), Bapo (2,5 eV), Aibio (2,3 eV). Zmv mapévBeon avoaeépetol
T0 €épyo efoywyng Tov  oviiotolyov  peTdAAov.  Aivovion

h=6,626x10"" JOG, c=3x10m/s, leV =1,6x107"° J.
[ Am: Bapio kot AiBuo |

To duvapuKd OTOKOTNG Y10 [0 LETOAALKY EMPAVELD TOV POTICETOL [E
0m¢ uRKovg kupatog 491 nm givar 0,71 V. Otav 1 id10 emeavels -
TIOTEL e POG AAAOD UNKOLG KOUOTOG, TO SUVOMKO OTOKOTNG YiveETol
1,43 V. Na vroloyioete: o) to €pyo €€ay@yNS Yo TO HETAALO avTd

kat. B) 1o véo pnkoc KkoOpatoc. Aivovtar h =6,626x107*J 3,
c=3x10°m/s, e=1,6x10""C, leV =1,6x107" J.
[Am: 1,82 ¢V, 382 nm ]

H ocuyvomro katoeiiov v éva pétorro eivar 5,6%10™ Hz. Na
Bpebei n kKivnTikn evépyeta pe TV omoio YKATOAEITEL TO HETAALO €val
QOOTONAEKTPOVIO OTav TO PETAALO QMTILETOL HE QOC GLYVOTNTOG
8,6 x10" Hz . Aivoviaw h = 6,626x107* J 3, leV =1,6x107" J
[Am: 1,2 eV]

Mo Aduma wov €xel 1oyd 200 W, ekméumel opotOpopeo 6e OAEG TIC
devbivoelg LOVOYPOUOTIKO Po¢ UKoV kopatog 600 nm. Xe amd-
otaon 10 m and ™ Adpmo kot axpifmg wiow and KuKAKO Avoryuo
axtivog 20 mm Bpiokerar awoOntipoc. [Iéca potdvia eTavovy cTov
aicOnmpa og ypdvo 0,1 s;

®a vrobécete OTL OAN M evépYeEln TNG AQUTOG YivETal Q®TEWVY EVEP-
yeto. Aivovton ¢=3 X 10°m/s kon £=6,63 x 107 Js.

[AT:  6,03%10" pwtovia ]

Tt pqKog KOUATOG TTPETEL VO £XEL L0 NAEKTPOUAYVITIKY] aKTvoBoAia
MOTE v GOTOVIO TNG Vo EYEL TNV 10100 Opun He €vo NAEKTPOVIO OV
Kwvetton pe taydmTa 2% 10° m/s;

Aivovtat: ¢=3x%10°m/s ©=6,63%107*J s m=9,1%10>" kg.

[Am: 3,64 nm ]

[M6ca emTovVIa pe UNKOg KOHOTOG A=663 nm TPEMEL VO TPOSKPOVOLV
avé 0euTEPOAENTO KAOETA GE L0 OITOAVTO OVOKANGTIKY EMLOAVELQ,
MOTE v aokNoovy 6° avtr| dvvoun IN.

Aivetan h=6,63% 107 J s.

[At: 5%10* potovio/s ]
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7.24

7.25

7.26

Emedveia Ni, yio to omoio 1o épyo e€aymyng etvar 5 eV, déyetan vepidon
axtivoPoiio piroug koparog 200 nm. IToto o Suvopucd amoKomng;
Atvovtar ¢=3x10°m/s ©=6,63%10>*Js 1eV =1,6x10"J.

[Am: 1,2V ]

To épyo e€aymyng yo To vatpio givor 2,7 eV. Tlowo givol to peyaid-
TEPO UNKOG KOLOTOG TTOV UTOPEL VO TPOKUAEGEL POTONAEKTPIKT EKTTO-
umy amd 1o varpo; Aivovtar ¢=3x10°m/s  h=6,63x107* Js,
1eV=1,6x10"1.
[Am: 460 nm ]

Mo petoAAkn  emedveln QOTI(ETOlL HE (POC UNKOLG KOUATOG
A=550nm Kol EKTEPTEL POTONAEKTPOVIOL Y10 TO, OTOI0 TO OSVVOUIKO
amokomng givon V1=0,19V. No vmoloyiocerte:

o) T0 £pY0 €EAYMYNG TOL LETAALOVL.

B) T0 JUVOUKO OTOKOTNG OTNV TEPITTOON 7OV 1 EMPAVELN
ootileTon pe axktvoPorio unirKovg kopuatog 4,=190nm.

v) TN GLYVOTNTA KOTOPAIOV Y10, TO LETAALO OLTO.

Aivovtat: ¢=3 % 10°m/s, #=6,63 % 107*Js, e=1,6x10"°C,
1eV =1,6x10"]J.
[Am: 2,07eV, 4,47V, 500x10"*Hz ]

®awvopevo Compton

7.27

7.28

7.29

DoTOHVIO UKoV KOUOTOG 2,4 pm TPOCTHTTOLY GE eEAeVBEPO NAEKTPOVIAL.
No Bpeite 10 piKog KOHTog evOg mToviov Tov okeddomke o) katd 30°
Kat B) katd 60°. Aivovrat:

h=6,626x10""J G, c=3x10°m/s, m, =9,1x107" kg .
[Am: 2,7 pm, 3,6 pm ]
dwtovio aktivav X pirovg kopatog 107! m mpookpober o nhektpd-

vio petomikd ko okeddleton kotd 180°. Yrnoloyiote mdco petaPin-
Onke 1 evépyela ToL POTOVIOL.

Alvovton h =6,626x107* J 3, c=3x10*m/s,
m, =9,1x107" kg, 1eV =1,6x10™"°J.
[A7 : MeioOnke kotd 41,4 keV]

M 6éopun eotovimv mov &xovv evépyeta 0,2 MeV okeddleton amd To
NAEKTPOVIO EVOC GTOYOL amd AvOpaKa.

o) [Moto etvar 10 pPNKOG KOHOTOG TOV POTOVIOV TNG dEGUNG TPV
TN okédaomn;

B) ITowo eivar To pRKoc KOHOTOG TOV PMTOVIKV OV oKedALoVTaL
Kotd yovia 90° og oyéon pe v apyikn Tovg dighbuvvon;

Y) [Mowa etvon 1 evépyeta evog p@TOVIOL TO 0TO10 £XEL OKEDNUOTEL
Kotd yovia 60° og oyéon ue v apyikf Tov dievdvvon;

Aivovtor:  ¢=3x10°m/s, h=6,63%107"Js, 1eV=1,6x10"7,

me=9,1%10>"kg.
[At: 6,2%107m, 8,6x10"”m, 0,168MeV ]
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Kvopoatiki ¢von e ving

7.30

7.31

7.32

Na Bpeite to punkoc kouatog de Broglie mov avtiototyel

o) oe nektpovio (m=9,1x107'kg) mov Kweitar pe TavTHTOL
2%10° mys.

B) oe TpwTOVIo (my=1,67 X 10%"kg) ¢ 1dag ToydTNTOC.

Y) og umaAdkt (m=0,2kg) g 1d1a¢ ToydTToC.

Aivetan h=6,63%107* T 5

[Ar: 3,6%X10"°m, 2x10"°m, 1,65%x10%"m ]

‘Eva niextpovio emtaydvetonr amd tnv npepio pe tdon 150 V. Na
vroAoyicete To pnKog kvupatog de Broglie Tov niektpoviov. Aivovtot

h=6,626x10"" J 3, e=1,6x10"" C, m, =9,1x10™ kg.
[Ar: 107" m ]

o) [Tow etvan 1 evépyeta vOg TOVIOL e PAKOG KOpaTOG 1 nm;
B) [Mowa givan 1 KVNTIKY EvEPYELR EVOC NAEKTPOVIOL Y10l TO OTTOT0
To UnKog kopatog de Broglie eivon 1nm;

Aivovtar: £ =6,626x107*J 3, m, =9,1x107" kg ,

c=3x10°m/s,1eV=1,6x10"J.
[Am: 1242 eV, 1,5eV ]

Apyn ™ afeparotrog

7.33

7.34

7.35

Av vmoBécovpe 611 1 otabepd tov Planck elye v tyun 0,6 J s, mow
0o NTov N apefordotnra BEong yuo o prdia palag 0,5 kg mov kiveiton
pe Tovta 20 m/s av 1 afefordtra g opung e eivor 1%;

®a pTopoVGULE VO TIOACOVE EDKOAN VTN TN UTdAL;

[Am: Ax = 0,96 m]

To miektpdvio €vdg aTdLOL TOL VOPOYOVOL TOPAUEVEL GTNV KOTA-
r I I3 -8 I3
otaomn n=2 - Ipwv PETONEGEL 6TV Katdotaon n=1 —eni 10™ s. Tlow &i-
val 1 oPePatOTNTO GTNV EVEPYELD TOV EKTEUTOUEVOL (mTOVioV; Aive-
— -34 -19
Tt b =6,626x107" J[§,1eV=1,6X10""1.

[An: 0,66x107 eV ]

‘Eva copatidto xwveitor oe gubeia, pe toydTTa TOAD LKPOTEPT OTO

TNV Tay0TNTO TOV PAOTOC. Av 1 afefardtnta Ax g Béong tov eivar
fon pe to unKog kopatog mov £xel kotd de Broglie, deiEte 6t ) afe-

Bardnta g ToydmTag Tov eivar AU, 2 EUX .
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TO MIKPOZKOIIIO 2APQXHY YXHPAITAX
(SCANNING TUNNELING MICROSCOPE STM)

H vrad0eom g dmapéng tov atdpov veiotatot YIAdoes xpovia. Eeki-
véel TovAdyoTov omd To ANpokpito. Méypt TpOCPATO TA GTOO TOPEUEVAV
VIOBETIKG Kot OYL TOPOTNPNOLULA.

To 1982 ot EAetoi puoucoi Gerd Binnig kot Heinrich Rohrer avértv-
&av 10 PIKpooKOTIo Gdpmong onpayyas (STM) mov pog édmaoe tn duvatoTnTa
va «dovpe» dropa. ' v avakdioyn tovg Tiundnkoy pe to BpoaPeio Noumeh
puorg téocepa ypovia, LeTd.

H Aertovpyia tov STM otnpiletor 6To KBavTOUNyovikd QOIVOUEVO TG
onpoyyas. Edo Oa Eekvrioouvpe ypnopomoimvtag Eva Koviive aviioyo, To
QAVOUEVO TNG OMKNG E0MTEPIKNG avakiaong (Ttapdypagog 2-10) yia vo Ko-
Tahdpovpe v apyn Asttovpyiog tov STM.

Mio povoypouatTikny SEGUTN POTOG OV O10dideTal PEGH GE €va, YVda-
Avo TAOKISI0 KOl TPOGTINTEL O Lo £5p0. TOL UE YOViol LEYOADTEPT OO TNV
kpiown (6.) avaxkidror Kotd ekatd toig exatd. To eavoevo Aéyeton olkn
ECMTEPIKN AVAKAOOT). ZTNV TPAYUOTIKOTNTA TO KOUO TOL QOTOG OE CTUUOTAEL
aKoploio TEVe oTNV OVOKANCTIKY EMPAvELd. [t ToAD pikpd didotnua, va
TUNpO TG 0o NG, cuveyilel v mopeia Tov kot £Em amd To YvaAvo TAAKiSo.
Avtd pmopovpe va to dgi&ovpe mAnoidlovtag Eva devTEPO YLAAIVO TANKISIO
KOVTa 670 TP®TO. To QOTEWVO KOUA TOL TEPUCE £E® OO TO TPAOTO YLOAIVO
mhakido kot eEacbevel tayvtata Taparapfavetal amd To deVTEPO TAUKIOO
Kot dadideton péoa 6° owtd. H éviaom tov petadidopevon KOHOTOG GTO de0-
Tepo TAoKiSo e&optdTol and To TOGO KOVId Gépape Ta dVO TAaKIS peta&n
tovug (oy. 7.21).

DModihavs mnscidn 1 Midehovo mhnscidgun 2

Xy. 7.21

Mo 0o TIG ONUAVTIKOTEPES AVOKAADWELG TOV EIKOCTOD audva gival
OTL T0. GOUOTIOW CLUTEPLPEPOVTAL OG KOPOTA. OTmg T0 PO¢ Urnopel va dlome-
PAGCEL TV «ATOYOPELUEV TIEPLOYT AVALESO GTO TAOKISIO £TCGL KO TO. GO0~
Tid10L UTOPOVV Vo, S10TEPACOVY HE TO QOIVOLEVO CTPOYYOS TEPLOYEG TOV GULL-
Qwvo. pe TV KAao1K Bewpia eivor amoyopevpéves. ‘Evo amlo mopdderypa Tov
(QOVOUEVOD ONPAYYOS EXOVUE OTNV TEPITTMOT 600 UETIAA®V TTov PpickovTol
TOAD KOVTA TO €va 0T0 GAAO Ywpic Op®S va, Epyovtal o emapn. Mia dtapopd
duvapkoy poppoletor avapeca oto 6vo pétarla (oy.7.22B). Ta elebBepa
NAEKTPOVIOL TOL KOUUOTION GTO OPLGTEPA OEV £YOVV OPKETY EVEPYELX YO VL
nepGoovy 6To Koppdtt oto deid. Eviovtolg, 0nmg ta poteva Kopata, To KO-
pota wov givol cuVOEdEUEVA UE TOL NAEKTPOVIO, O CTOUOTOVV aKoploic oTa
Op1OL TNG EMUPAVELOG TOV LETAAAOL 0AAG ekTEIVOVTOL KOl ££0 amd ovTd e&oohe-
vovtag ol ypiyopo. Edv to kevo avapeso oto 600 koppdtio petdAiov &i-
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var TOAD HIKPO, TO NAEKTPOVIO — KOUO PTAIVEL 6TO deVTEPO KOUUATL TPy €€0l-
obevioel ohokANp®TIKA Kot dladidetan péca 6’ avtd. Eva pedua péer ava-
peca oto 000 HETOAAIKA NAekTpddia. To pedua owtd avéavetal ekfeTikd Ko-
Bmg ta dvo TufpaTe HETdALoL TANGLALovV peTa&d Tovg.

E

AT Eviren T
oo EEmTRpMG

Tk EETRALOL

Eviipyoeg
TREKTPovinn
AUMNIUIKT] EViEpryeHE
OTO BROTERIG —- X
1010 PEDIE 00
(]
iy

M |

Xy. 7.22 (o) To nAeKTPOVIO GTO ECOTEPIKO EVOG HETAAAOV €ivOL «QUAOKIGUEVOY HESH G’
ovto6 YTt Ppiokovran péca 6° €va Tyddt SVVOIKOL TapayOUEVO ard TV EAEN Tov OeTi-
KOV Topvev. Ot evépyeleg TV NAEKTPOVI®V aVTIGTOLXOUV 6TN oKlaouévn meployr]. Eivar
@avepd OTL TA NAEKTPOVIOL OEV EXOVV OPKETH EVEPYELD YOl VO «OPATETEVGOLV OO TO HE-
TOALOY.

(B) Eogapuodlovrag pia dopopd Suvapkod avipese o€ 300 YELTOVIKA HeTOAAIKG TufpoTo
YNADOVOLLE TO TOYDUOTO SVVOLIKNG EVEPYEWNS TOV €VOG TNYdl00 GE OYEON UE TO GAAO
Kotd eV. Zopeova pe v kKAoowkn Beopla éva epaypa duvapkov eakolovbel va gpmo-
Silet ta nAekTpdvia va TepAooLVY 0md To Eva TuNpo 6to dAAo. H kPaviopnyovikn tpofié-
7L OTL KATOW0. NAEKTPOVIO, LTOPOVV VO, SLOUTEPAGOVY TO PPAYLLOL.

O1 Binnig kot Rohrer métuyav vo KoTooKkendcou £Vl LKPOCKOTIO EKLLE-
Todkevdpevol to eorvopevo onpayyas. To eyxelpnuo  mopovciooce peydieg dv-
okoAieg. H telun emruyio amotelel amddein tng 1010Quing TV EPELVITMV.

H xevipu 10éa tovg ftav vo ppnbovv kdmolov mov mpootodel va
TPOGOIOPIGEL TNV VPN LLOG AVAUOANG EMPAVELNG LEGO GE EVHL GKOTEWVO SOUATIO
GOPOVOVTOG CYOAACTIKG TV ETPAVELD. LE TOL SAKTUAG TOV TOAAEG POPEG.

YroBéote 0Tt avTi Y100 EVaL SAKTLAO YPTCULOTOIOVUE L0 TOAD oLy Unpn
axida v omoia TAnctalovpe 6 Evo aydYLo Seiypo Xopic va TV GEPVOLLE
noté o emapn pe avtd. Eeapupolovtag o dtapopd duvopikov, amd Alya
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millivolts ém¢ Alya volts, avaueca oty okida Kot To deiyuo TPOKUAODUE £val
pevpa oRpayyag e taEems Tov 107 A (nA). Edv 1 akida kweitor mapdAinia
TNV EMPAVELD TOL JEIYUOTOC, TO PEVUA PEYOADVEL 1| LIKPOIVEL OVAAOYD LE
TO v TO JElYH TAPOLGLALEL «AOPOVCH KUl KKOIAAOESH GTNV EMPAVELL TOV.
I"a va dratnpnBet to pedpo otabepd mpémel 1 andoTOON 0KIdAG -OElyUATOC VO
dwtnpeitan otabepn. [Ipémel dnAadn N akida vo Kiveitor cuveymg TANc1alo-
vTog 1 omopakpuvouevn and to detypa. IopakorlovBdvtag v kivion g
oKidag €yovpe ol KOV TOV OVOUOAM®MDY TOV TAPOLGLALEL 1| ETPAVELD. TOV
delyparog og kabe Oon.

EYST ST

ey

X
Lnidii

\EtpjuiE

ad

Xy. 7.23

Me moAOmAEC GUPADCEIS TG EMPAVENG TOV OEIYUATOS Kol LE
eEopoumaoelg Tov meTvaivovue pe T Pondeto NAEKTPOVIKGOV VITOAOYLOTOV KO-
TOATYOULE OE OMEIKOVIGEIG OYDYIUWOV ETUPOVEIDV GE OTOMKI KMUOKO, OTMG
oTig ewoveg 7.9 ko 7.10.

Ew. 7.9 Ipoouifelc atopov xpucob ot Ew. 7.10 Atopo &vBpoxa oty empaveln

EMPAVELD YpaiTT. Ypapitn
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TevviéTon To epdTNUO TOG €lvar duvatov 1 0Kido Vo KIVEITOL UTpog —
o pe TNV amaitovuevn axpifela Katd Tn oclpmon TG EMPAVELNG; Ziyovpa
avtd dev Ba prTopovoe va yivel pe pnyoviko tpomo, pe Pideg kan ypavalio. Ot
Binnig kot Rohrer ypnoonoincav meloniextpicods KpuoTdAlovg yio va
OTEPEMGOLV TNV 0Kida TOLG Kol vo, EAEYEOLY TNV Kivnon Tng oTo eminedo xy
(cbpwon) xat otov dEova z (TAnciacpa — amopdKpovven).

O1 mielonekTpikoi KPOOTUALOL AVOTTOGCOVV GTO, AKPA TOVG Lol O10-
@OPA SLVOUIKOD OTAV GLUUTIECOVTAL KO, OVTIGTPOQO, GUUMIELOVTOL 1] EKTEIVO-
vto 0Tav pia d10popa duvapkov epapuoletal 67 avTtovg,.

Edv epappootel  KotdAANAN S10popd SUVOLLKOD GTOVG X KOl ¥ KPL-
GTAAALOVG UTOPoUUE VO £00QOAMGOVE TNV Kivnon capwong g axidog pe
Tay0TNTES TNG TaENG Twv 10 nm/s.

Kabdc n cdpoon mpoympdet, Eva KOKAopo «vimbeyy Kabe oAloyn
GTO PELUO GNPAYYOS KOl TOPAYEL TNV KATAAANAN Tdon, Tov epapudletal oTov
KPOGTOAAO Z PETOKIVAOVTOG TNV akida pEpt vo anokatactadel 1 otabepotnta
TOL PEVUOTOC GTPAYYOS.

Amo v apyn Aertovpyiog tov to STM, dg pmopel va ameovicel
EMPAVEIEG UM OYDYIH®V VAMKOV. [l TET0100 €100V OMEIKOVIGELS YPNOLO-
notgiton To SFM (Scanning Force Microscope), to omoio otnpileton oty avi-
YVELOT| TOV OTOCTIKOV SUVALEMY OV OVOTTOGGOVIOL OVALESH GTO GTOLOL
OTOV OVTA TATGLACOVY TOAD HETOED TOVG.

255

Xy. 7.24




