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A. Epwrtnosig lNoAAanAng EmiAoyng
Na ypdyete oto teTPAdIo oag tov aplbuo Kabeuidg ano TI¢ Mapakdtw EPWTNOEIC Kal OimAa To

ypduua mou avtioToIXEl 0TN OwaoTr anavrnon.

1. Mow amd ta mapakdtw ypa@npata amelkoviel Ta @aopata eKmopmng U0 HEAAVWY

owpdtwy, Ye amoAuteg Bsppokpacieg T, kat T, ye T, > T, ;
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Hpep. 2023

2. H evonoinuévn nAektpouayvntikn Bswpia tou Maxwell epunvevoe e emituxia:
d. TO PWTONAEKTPIKO PAIVOHEVO.
B. to @awvopevo tng okédaong Compton.
Y. TNV Umapén NAEKTPOHAYVNTIKWY KUHATWY WG Unxaviopou O1adoong TnG EVEPYELAG TOU
NAEKTPOHayvNnTikoU TeGOU GTO XWPO.
4. TNV aktivoBoAia Tou pEAavog GwHaTog.
Emav. Huep. - Opoy. 2023

3. Qwtovio aktivoBoAiag X okedaletal kata Compton amo mMPaktikad akivnto nAekTpovio. To
OKEOAlOUEVO PWTOVIO:

a. €XEl HIKPOTEPO PNKOG KUPATOG ATIO TO APXIKO.

B. €Xel HIKPOTEPN CUXVOTNTA ATO TO APXIKO.

Y. HETAQEPEL OAN TOU TNV EVEPYELD OTO NAEKTPOVIO.

0. OlaTNPEL TNV APXIKN TOU Opn.

Emav. Huep. - Opoy. 2025
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B. Epwrtnosic 2wotou - AdBoug

la kabe pia amo Ti¢ EMOUEVEC MPOTACEIC VA LUETAPEPETE OTO TETPAOIO 0ac TO ypAuua tng
kal dimAa va ypawete tnv €voeiEn (X), av aut) eivar Zwotn, N (A), av avti eivai
AavOaouévn.

1. 'Oco peyaAUtepog eival o pécog xpovog {wng At plag OlEyEPHEVNG ATOHIKAG 0TABUNG, T000
peyaAutepn Ba sival kat n aBeBaiotnta AE yia TNV evEPYELd TNG.

2. H tdon amokomng o€ PWTOKUTTAPO £ival aveEAPTnTn amo TV £vtacn tng aktivoBoAiag.

3. H amdtoun emBpdduvon twv NAEKTPOViwv, OTAV TPOCTITITOUV OTNV EMIPAVEId EVOG
HETAAAOU ival n povadikn altia EKMOUTNG aKTivwy X amo tnV HETAAAKA EMpAveld.

4. ZUpg@wva pe tov Heisenberg, n aBeBaiotnta otn PETpNon TNG EVEPYELAG PIAG KATACTACNG
€VOG OUCTAMATOG £ival avTIoTPOPWS avaAoyn HE TO XpOVO TTOU TO cUCTNHA TIAPAUEVEL OE AUTH
NV Kataotaon.

5. ZT0 QWTONAEKTPIKO QAIVOUEVO O APLBPOC TAPAYWYNG GWTONAEKTPOVIWY ATTO TN HETAAAIKN
KaBodo aufavel avdAoyda e TN GUXVOTNTA TNG TPOCTIMTOUCAS aKTIvoBoAiag.

6. H Apxn tng ABeBaidtntag avagépel otL 0gv eival duvatov va PETPACOULE TAUTOXPOVA Kdal
N B€0n Kat tnv oppn £vog cwpatidiou Pe ameploplotn akpiBela.

7. ZXe omowadnmote Beppokpacia Kat av Bpioketal éva PEAQV OWHA, EKTEUTEL EVEPYELA HE
HOP@N NAEKTPOPAYVNTIKAG akTivoBoAiag og 6Ao To pAacpa tng.

8. To £pyo £€aywyng ewTonAeKTpoviwy amd to PETaAAo TG Kabddou e€aptatal amd tnv
ouXvOTNTA TNG TTPOCTIMTOUCAG aKTivoBoAiag.

9. Amd tov vopo petatomong tou Wien TpoKUTITEL OTL TO PNKOG KUUATOG TTOU AVTIOTOLXEL OTO
HEYLOTO TNG £vTaong TS akTivoBoAiag eival avdAoyo tng Beppokpaciag.
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1. Z& OUOKEUN HEAETNG TOU QPWTONAEKTPIKOU (PAIVOUEVOU, HOVOXPWHATIKN akTivoBoAia
TPOCTITTEL OTNV E€MPAveEld NG KaBodou. H ouxvatnta Katw@Aiou, yla to HETAAAO TNG
Kabodou, gival ion e f;.
Av n ouxvotnta tng mPooTimToucag aktivoBoAiag eival f, = 3f;, TOTE TA NAEKTPOVIA
e€epxopeva amd tnv KABodo HOAIG TOU KATAPEPVOUV va @tacouv otnv dvodo. H tdon
amokomng V, €ival ion pe

h 2h 3h
i. /s . ii. 4 . iii. 4
e e e
a. Na emAé€ete Tn owotn anavinon. B. Na OikaloAoynoete TNV mAoyn oag.
Huep. 2023

2. 'Eva @wTtovIo TPOCTITTEL 0 EAEUOEPO NAEKTPOVIO HE HAla m To omoio Bswpeital apxikd
akivnto. Metd tnv Kpouon To oKeAGAJOHEVO PWTOVIO EXEL AUENPEVO PAKOG KUHATOG OE GXEON

’ ’ 2h ’ 3 ’ ’
HE To mpoomintov Kata AA = —=, omou h n otabepa tou Planck, m n pada tou nAektpoviou

Kal ¢ n taxutnta Tou pwTaog.

a. i. To okedalopevo Pwtovio Ba Kiveital o kateuBuvon mou oxnuartilel ywvia 90° pe gkeivn
TOU TIPOGCTI{TTTOVTOG.

ii. To okedalduevo @wtovio Ba Kiveital oe KateUBuvon mou oxnuartilel ywvia 0° pe ekeivn
TOU TTPOCTI{TTITOVTOC.

iii. To okedalopevo @wtovio Ba Kiveitat oe avrtiBetn KkatelBuvon amo eKeivn ToOU
TIPOCTITITOVTOG.

Na emA£LEETE TN OWOTA AMAvVINoN Kal va SIKALOAOYNOETE TNV €MAOYN 6dG.

B. To PETPO TNG OPHNG TOU AVAKPOUOUEVOU NAEKTPOViou gival (oo pe
i. TO aBpolopa TwWY PETPWY TWV OPHWY TOU TIPOCTITTITOVTOG KAl ToU oKEOA{OPEVOU PWTOViou.
ii. TN Olaopd TWV PETPWY TWYV OPHWY TOU TTPOCTITTTOVTOG Kal Tou oKeOA{OHEVOU PwTOoViou.
iii. v tetpaywvikn pia Tou abpoiopatog Twv TETPAYWVWY TWV HETPWY TWV OPHWY TOU
TIPOCTIMTOVTOG Kal Tou oKeSalOPEVOU PwToViou.
Na emAEEETE TN CWOTA AMAVTNON KAl va OIKAIOAOYACETE TNV £MAOYN 0Ag.
Aivovtat: ouv0°® = 1, cuv90° = 0, cuv180° = -1

Emav. Hpep. - Opoy. 2023

3. ’'Eva pélav owpa éxel Beppokpacia T,, Bploketal o€ XwWpPo OMOU EMKPATEL KEVO Kdal
EKTIEPTTIEL EVEPYELA HE TN HOPPN NAEKTPOHAYVNTIKNG AKTIVOBOAIAG. To PEYAAUTEPO TUAMA TNG
EVEPYELAG TIOU EKTIEUTIETAL ATTO TO PEAQV CWHA TEPLOPIETAL OE UIA OTEVH TIEPLOXN HE «ALXHN»
OT0 HAKOG KUHPATOG Ajma. H @Aon ToU nNAEKTpIKOU TeSIOU TNG NAEKTPOHUAYVNTIKNAG

7
aKTIVOBOAIAG PE KOG KUPATOG AXHAG Aqmax ELVAL (0N PE @ = 2n(1015t - %x} (S.1.).

To (00 péAav owpa, otov 0o xwpo, €xovtag Bepuokpacia T, omAdola ™G T, EKMEPTEL
EVEPYELA HE TN HOPPN NAEKTPOUAYVNTIKAG akTivoBoAiag. Ztn Bsppokpacia T, to peyaAutepo
TUAKA TNG EVEPYELAG TTOU EKTIEUTIETAL ATO TO PEAAV owpa TePLOpileTal O Pla OTEVN TEPLOXN
HE «dIXPA» OTO0 MAKOG KUPATOG Ay H  @dAon ¢, TtOoU nAektplkoUu mediou 1TNng
NAEKTPOHAYVNTIKAG AKTIVOBOAIAG e HAKOG KUPATOG AXHNAG Ajmay Oa givat ion pe:

7
i @, =2m(10"t — 10'x) (S.1.). i @, = 2m(2.10"% - 210

x) (S.1.).

3
Na emAEEETE TN OWOTA ATAVINGN Kal va OIKALOAOYNOETE TNV £MAOYH 6AG.

i, @, =2m(2.10"t — 23Cx) (S.1.).
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Hpep. 2024
4. X10 MAPAKATW OXAHA amelkovidetal pla PETAAAKA EMPAVEID OE XWPO OTOU EMKPATEI
UYNnAO KeVO Kal To UAIKO KATAOGKEUNG TNG UTopei va givatl amod Bdapio 1 BoAgpduio i TavtdAlo.

QKTIVES ﬁ.,

,S_fﬁ;g\g PuTOG

i .—} i
| METOAAIK — ;
| em@dveia \ i

M'vwpiloupe 0TI To Baplo £xel épyo e€aywyng 2,5 eV, to BoAgpapto 4,5 eV kat to TavtdAwo 4,2
eV. Xe €va €pyactnplo Tpaypatomolouye OUO TEIPAPATA Yld va TPOodlOPicOUPE TO UAIKO
KATAOKEUNG TNG HETAAALIKAG EMPAVELAC.

Neipapa 1o

2TN METAAAIKN EMPAVEID TTPOCTITTEL NAEKTPOHAYVNTIKA aKTIVOBOAia KaBoplopévou HAKOUG
KUhatog A, = 375 nm, omote €€£pxovidal AmMO AUTH PWTONAEKTPOVIA HEYLIOTNG KIVNTIKAG
evépyelag K. Kamowa amd autd kateubuvovtal Tpog OHOYEVEG HayvnTiko medio £viaong B kal
EloépxovTal KABeTa ot OUVAHIKEG YPAMHEG TOU, ol omoieg €xouv OleUBuvon KABetn oto
emimedo TNG oeAIdAg Kal Popd amd TOV avayvwotn mpog tn oeAida. Katd tn SldpKela g
Kivnong toug €vtog Tou payvntikoU mediou, Ta PWTONAEKTPOVIA AUTA £X0UV OTPOWOoPHN L, wg
TPOG Afova mou SLEPXETAL ATIO TO KEVTPO TNG TPOXIAG TOUG KAl £ival KABETog o€ auTh.

Meipapa 20

EmavaAapuBdavoupe 1o meipapa pe NAEKTPOUAYVNTIKA aKTIVOBOAia pPRKoug KUpatog A,=A,/2,
omoTE Ao TN PETAAAIKN EMPAVELA €EEPXOVTAL PWTONAEKTPOVIA HEYLIOTNG KIVNTIKAG EVEPYELAG
K,. Ta @WTONAEKTPOVIA TIOU ELCEPXOVTAL KABETA OTO PayvnTiko medio, KAtd tn OLApKELd TNG
Kivnong toug evtog autou, €Xouv oTtpoWoppn L, wg mpog afova mou OLEPXETAL ATIO TO KEVIPO
NG TPOXIAC TOUG Kal £ival KABETOC 6€ auTh.

Av 1oxU€L OTL L, = 5L, cupmepaivoupe OTL N HETAAAIKN EMQPAVELA Elval KATACKEUACHEVN ATTO:

i. Bapo. ii. BoAg@papio. iii. TavtdAwo.
Na Bswpnoete otL hc = 1250 eV-nm

Na emA£LEETE TN OWOTA ATAvINon Kat va SIKALOAOYNOETE TNV €MAOYH 6dC.

Hpep. 2024

5. 'Eva @wTOvio PAKOUG KUMATOG A TPOOTIMTEL Kal oKeddletal amd MPAKTIKA aKivnto
eAeUBepO  nAekTpovio. H ywvia okédaong tou @wrtoviou sivat ¢ = 60°. H dieubuvon otnv
oTola KIveital To NAEKTPOVLIO (HETA TN okédaon) oxnpatiel ywvia 6 = 30° pe tn dleubuvon tou

TPOCTI{TITOVTOG (PWTOVioU.
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nAekTpévio ;
' okedalduevo
O€ npepia PWIOVIO
\ ¢
RVAVAVAVAVAVALL
TIPOCTIITTTOV ) B NAEKTPOVIO
QUTOVIO "-.._ META TN OKEDOON
*

Av yvwpilete 6Tl n okédaon MPAYHATOTOLE(TAl OTO KEVO, m gival n pala Tou nAeKTpoviou, € N
TaxUTnTa Tou PWTAg 6To KEVO Kal h n otabepd tou Planck, téte yia 1o PRKog KUPATog A Tou

TIPOCTI{TTITOVTOG (PWTOVIOU LOXUEL OTL:

h .. h 2h
. . A= . . A = —.
2mc mc mc

i. A=

Na emAEEETE TN OWOTA ATAVINGN Kal va OIKALOAOYNOETE TNV £MAOYH GG,

Emav. Huep. - Opoy. 2024

6. OWTOVIO apxIKAG evépyelag E, okedAletal amd MPAKTIKWG AKIVNTO NAEKTPOVIO, CUU@WVA
pE To @atvopevo Compton og ywvia ¢ = 60° w¢ mPog TNV apxikn Olevbuveon 6iddoong Tou
@wTtoviou. Metd tn okédaon n evépyela Tou okedadOPEVOU PwToviou eival ion pe TNV KIvNTIKA
EVEPYELA TOU AVAKPOUOHEVOU NAEKTPOViou. Av ¢ gival n taxutntd ToU QYwTOG 6TO KEVO KAl m,
n pala Tou NAEKTPOVviou, TOTE N APXIKNA EVEPYELA TOU (PWTOVIOU Eival
i. Ey=m.c. ii. Ey=2-m.c. iii. E,=3-m.c.
a. Na emA£€ete TN owoth amdavinon.
B. Na O0lKaloAoynoeTe TNV mMA0yn 6ag.

Hpep. 2025

7. Aent) 0éopn  WTOViwyY, MAKOUG KUWATOG A, TPOOTIMTEL Ot UAIKO KaBodou
PWTONAEKTPIKNAG OLATAENG PE ATOTEAECHA TNV £€AYWYN PWTONAEKTPOVIWY HEYIOTNG KIVNTIKNAG
EVEPYELQAG Knax = 2 €V. EmavaAapBdavoupe to meipapa pe GEOHN GWTOVIWY PAKOUG
KUhatog A = A/3, omdTe Ta PWTONAEKTPOVIA TTOU £EAYOVTAL £XOUV HEYLOTN KIVNTIKN EVEPYELA
K. . =10¢V.

To épyo e€aywyng Tou UAIKOU Tou PETAAAOU eivat:

i. 2eV. ii. 4eV. iii. 3 eV.

a. Na emA£€ete TN owoth amdavrnon.

B. Na OlKaloAoynoete TNV mMAoyn oag.

Emav. Huep. - Opoy. 2025
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1. Ztov @acpatoypd@o HAlag Tou mapakdtw OXAPATOG, HOVOGHEVH dpvnTiKa ovid
xAwpiou (Cl) amd pia mnyn, mepvolv péoa amod TIG OXIOPEG S; Kal S,, oxnuatifovrag pla
Asmtl Ofopn. H Ofoun €loépxetal o€ €mMAOYEA TAXUTATWY, OnAadn Ot TEPLOXN OTOU

OUVUTIAPXOUV  OHOYEVEG HayvnTIKO medio £€vraong E1 pEtpou 4:-102 T Kal OHOYEVEG

NAEKTPIKO medio €vraong E pétpou 2-10° V/m, kdbsta petafl toug Kat KABsta otn
Oleubuvon tng 0éoung. H gopd Twv PayvnTIKWY YPAppwy €ival amd Tov avayvwotn mpog
™ osAida.

Mepikd amod ta dvta mou Ogv EKTPEMOVTAL Kal GUVEXI{OUV TNV TopEia Toug, dlEpxovTtal amo
Aenty omn Ola@PAyHATog, TOU OToiou N em@davela eival Kabetn otn  Oevbuvon NG

0éopnG. Apéowg petd Ttn 6i000 TOUG ATO TNV OTN ELCEPXOVTAL OE OHOYEVEG HAYVNTIKO
nedio €vraong ﬁz Kat pétpou 0,1 T. H @opd Twv payvnuKwy ypapuwy eivat amo tov

avayvwotn mpog tn oeAida.

Ta OVTa OTN OUVEXEWd, EKTEAWVTIAG KAUTUAOYpaApun Kivnon, Ongioupyolv mAvw Of
PWToYpaPIKn MAGKa 6Uo otiypata ota onpeia I kat A mou améxouv PETASU TOUG AmOoTAon
(FA) = 0,02 m.

PWTOYPaAPIKD

mAdka —— i@ ® &
iemssssssssnismnisrrsenss) ® ® ®

|gfr]r\$v | ® | ® B
XAwpiou s _5?1 s ® ® ®

________ 2l ] S
Q55 _} @ ®
® JF ®v ® } i ®
e - v @ ®
AETTTH OTTH I

D>
®
®

M. Na attioAoynoete ylati PHEPIKA amO Ta 1OvTa XAwpiou Oev eKTpEMOVTAL KATA TNV
Klvnon Toug HEoA OTOV EMAOYEA TAXUTATWY.
M2. Na umoAoyicete TO PETPO TNG TAXUTNTAG TWV LOVIWY XAWPIoU ToU OeV EKTPETIOVTAL
KATd tnv Kivnon Toug p€oda otov EMAOYEQ TAXUTATWY
M3. Ta wvta xAwpiou dnpoupyoulv OUO oTiypata mMAvw oTn QWToyPd@IKA TAAKA, ylati
10 XxAwpto (Cl) €xelL OO lodTOTa PE PAleg my Kat m,. Av m, > m,, va AlTloAOYNOETE OE TIold
Béon (I 3 A) dnploupyoUyv otiypa ta lootoma XAwpiou pe Tn peyaAutepn pala.

Emav. Huep. - Opoy. 2024
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(ouvéxela Tng idlag aoknong)
F4. Na amodeifete 0Tl TO 106TOMO TOU XAwpiou palag m, éxel OUO VETPOVIA TTEPLOCOTEPA
amo to odtomo palag m,.

Aivovtat:

 TO oTOXEWWOEG poptio e = 1,610 C,

e n pala tou vetpoviou m, = 1,6:10% kg.

Na Bswpnoete ott:

e OTO ECWTEPIKO TOU PACHATOYPAPOU UTIAPXEL KEVO,

e TO oXnpa Ogv €ival uTd KAIpaKa.

Emav. Huep. 2024
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