EAAHNIKH AHMOKPATIA

Edvikov kot Kamodictprakov
[MTovemotnuiov AAnvov

IATPIKH ®Y2IKH

M. Nanayiavvng
Epyaotnpio IaTpiknc ®UCIKNG,
IaTpikn ZxoAn ABnvwv

KTipio 5, Fpageio 21 M https://eclass.uoa.gr/
IATPIKH ®YZIKH - OAONTIATPIKH
(MED684)

210 746 2442
ppapagi@med.uoa.gr

@ 2
=



https://eclass.uoa.gr/

AvTi EI0aYWYNG ...
T1 eival n Iarpikn ®uoikn kai yiari xpeialerai;

}
1. ®uoIK TOV SIAYVWOOTIK®OV Kal 2. duoikn Tou avépwnivou
OEPANEUTIKWV EPAPHOYWOV . | OWHATOG

akTivoBoAiag (1ovTtifouoac &

v \/ ' v v
pn-ovtiouoac) H karavonon tng «avlpwnivng pnxavinec»

gival pia eEaIPETIKNA €10aymwyn Ot KAOe pia
ano TiIG IaTpikEG E1I81KOTNTEG.

v Elodayovtal JlapK®WC VEA EPWTAHATA NOU
apopolUv TNV  MNOAUNAOKOTNTAG  TOU.
avlpwnivou OWHATOG Kal TIGC OTATIKEG N
OUVAMIKEG 1I010TNTEG TOU.

v 01 JlayVvMOTIKEG Kal  OEPANEUTIKEG
EPAPHOYEC Eival €eUPEWG OlaBsoipec &
eEgAicoovTal di1apkaG.

v . H 1atpikn €kova eivai NOn noAuv
NEPICCOTEPA aANO HIA aAnoTunN®Won TNG
avartoiag.



Eniong ... :

H quoikn €ival To TEAEIO JECO YIA VA AVAnTUEETE TIC
Oe€I0TNTEC 0AC OTNV Avaywylkn Kal ENaywylikn
OUAAOYIOTIKT) ...

avaywyn
auoTnpn €€aywyn Hiag dnAwaonc (To ocupnépacua) ano Wia r NePICoOTEPEC
NPOTACEIC (NPOKEiYEVQ)
M.x.: Kupia npotaon: ‘'OAa Ta OnAaoTika £xouv onovd. oTNAN.
AsuTepevouaa npoTaon: O1 avBpwnol gival BnAaacTika.
>upnepaopa: O avBpwnol £xouv anovd. aTnAn.

enaywyn
YEVIKEUOEIG ano napaTnpnoeig
M.x.: Agdopéva: ‘Exw Tnv Taon va kpuoAoyw OTav ol avpwnol yupw Hou
gival appwaTol.
YnoBeon: To kpuoAdynua €ival HETadoTIKoO.

... KABWC Kal £va €neEnynUATiko pYasio TNG
NpayuhaTikoTnTac,




Ta npakTika: Mpoypappa SIaAeEemv

AsuTtépa 12:00-14:00 AEN



Ta NPAKTIKA: ZTOXO0C HAONHATOC

H d1daokalia Tov Bacikwv apXx®v TG PUOIKNG NOU CUVOEOVTAL:

« HE TRV XpNnon ToV aktTivoBoAinv otnv Iarpikn kai Tnv OdovTiarpikn
¢ HE TNV IATPIKN TEXVOAOYia Nou XpnoiponolgiTal oTn diayvwon

« HE TIC AEITOUPYIEC TOU AvOPWNIVOU OCWHATOC



Ta npakTika: MNMepiexopeva

» Karavonon Tov Tponmv aAAnAenidpaong Tng lovtifouoag akTivoBoAiag kai UANG.

> Bloloyikég Emidpaoceic Tng Iovridouoag AkTivoBoAiag: Kartavonon Twv PBIOAOYIKOV ENIdPACEWV TNG
1ovTi{ouoag akTivoBoAiag kal TOuG HNXavioHouUG HE TOUG OMNoiouc AUTEC NPokKaAouvTal.

» BaOIKEG YVWOOEIG akTIvonpooTaciag: Katavonon TV BaciK®V KAVOV®V AKTIVONPOOTACitaC NouU apopoUlVv TOCO
Tn 600N 0TO NPOCWNIKO NMOU ACXOAEITAI HE aKTIVOBOAIEG 000 Kal T 800N OTOUG eEETAlOHEVOUG-ACOEVEIG.

» AIGYVWOTIKEG EPAPHOYEG TWV akKTivwv-X otnv Iartpikn kai Tnv OdovTiaTtpikn: Karavonon Twv KpPioIH®V
NAapaUETPWV Nou ennpealouv TRV noiOTNTA TNG EIKOVAG KAl KAT' enéktacn Tn Oiayvwon OTIC IaTPIKEG
EPAPHOYEC TWV AKTIVWV-X.

» AEovikn Topoypapia (CT): Katavonon Tmv Bacik®v apX®v Kal TOU TPONoU Napaywyng TG EIKOVAG KaTa TV
aneikovion a&ovikng ToHoypagiac.

> Ynépnyol. F'von Tov Bacik®v apX®v nou d1ENouv Toug unepnyouc (napaywyn, aAAnAenidpacn HE TV UAN)
Kabwg kal Tov TPONO HE TOV ONoio XprnoigonoiouvTadl aTn diIayvmon Kal napayerail n eikova.

> Laser: KaTuvbnon TV apXwv Puoiki¢ nou SIENOUV TNV NAPAywyn TOUG KAl TOV TPOno dpaonc TouG OE€
IATPIKEG scpappovsq

» Iatpikn €ikova: Katavonon Tmv Buou«ov HEYEOWV nou xupaKTnm(ouv TNV NOIOTNTA TNG IATPIKNAG EIKOVAG ,
TOV BNUATWV ENEEEPYACIAC TWV EIKOVWV Kdl TOV BACIKOV ApX®V ANOONKEUONG Kal avAKANONG TOUG OE€
WYnQIaka ouoTnHara. »

> ®uoikn Tou AvOpmnivou ZOMHAToG: N'vwon ToV BACIK®OV (PUOIK®OV apX®V MOU CGUVOEOVTAl HE EPAPHOYEG TNG
Mnxavikng kabwg kai Ta cnpaTa ano To avepwnivo cwpa (Bioonuara) .



Ta NPaKTIKA: EpyacTipia

2 AOKNOEIG . |
(6a akoAouBnosl avakoivwon yia To npbvpu'ppu)

£

Bouoa 39

AiBouoa 34 Al



Ta npakTika: Zuyypappara

EmAoyn 1:

IATPIKH ®YZIKH: AIATNQZTIKEZ KAI OEPANEYTIKEZ E®PAPMOIEZ TQN AKTINOBOAIQN.
Zuyypappa geAwv AENM Tou Epyactnpiou Iartpikng ®uoiknG. IaTpikeg Ekdooeig: BROKEN HILL
PUBLISHERS LTD, 2n £ékdoon, 2013, (kwdixo¢ Eudoéou: 32997826)

EmAoyn 2:
AKTINOBOAIEZ KAI AKTINOMPOZTAZIA. Zuyypageic: Kannac KwvoTtavTivoc & Ocodwpou Kupiakn. IaTpikec
Exdooeic: BROKEN HILL PUBLISHERS LTD, 11 £kdoan, 2017, (kwdikdc Evdoéou: 68373288)

EmAoyn 3:
OYZIKH TOY ANOPQMINOY ZQMATOZ Twv Cameron, Skofronick, Grant. Metappaon pehwv AEM EIO,
EmoTnuovikeg Ekdooeig MAPIZIANQY A.E., ABrva 2001, (kwdikoc Evooéou. 41695)

EmAoyn 4:
OYZIKH TOY ANGOPQMINOY ZQMATOZ Tou Irving P. Herman. Metagppaon pedwv AEM EI®. IaTpikeg
Ekdooeic M.X. MAZXAAIAHZ EME, ABriva 2009, (kwoikoc Evdoéou. 13256684) |



Ta npakTika: Zuyypappara

EnnAgov:
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Tic npooexeic (10) wpec 6a culNTAOOUHE TA NEVTE

Y VYV

YV V

NnPWTA KEPAAAId TOU CUYYPAHHATOC 0dAC,
n anAouoTEpa... : |

duon & €ion 1ovTiouodc akTIVoBoAiac
AAAnAenidopacon 1ovTidouoac akTivoBoAiac-UAnG

BioAoyika arnoTeAeoparta 1ovTi(louoac akTIvVoBoAiac
>Tolxeia O0OIUETPIAC 10vTICOUCGAC AKTIVOBOAIAC

AKTIVONpooTacia



H ®uoikn oTIC apxeG Tou 200U aimwva
N kAaoikn PuUoIKN EVAVTIOV TOU HIKPOKOGHOU ...

H pnxavikn, n HEAETN TNG KivonG TwV UAIKWV CwpaTwv (Kal €NOMEVWC Kal TwV UAIKWV KUPATwv) und Tnv enidpacn OUVAUEWV
XPNOILOMNoIWVTAC Toug VOUouc Tou NeuTwva, €ival og B€on va npoBAEWel HE anoAUTN akpiBela TOOO TNV anoAuta kaboplopevn TPOXIA TWV
OWHATWV 000 Kal OAa Ta OXETIKA PUOIKA PeyEDN (TaxUTnNTa, OpuN, EVEPYEIA) MOU EXOUV GUVEXEIC TIMEG.

H kAaoikn 8smpia nediou e To VOUO TG Naykoopiag BaputnTag Tou NeUTwva Kal Tnv nAeKTpopayvnTikn Bewpia Tou Maxwell, nepiypagel
Ta OUo BepeNiwdn nedia duvapewv. Av Kal Ta NAEKTPOMAYVNTIKG KUPATA IkavoroloUV Tnv KUMATIKA €&iowaon nou MpokUNTEl and Tn
NeuTwvela pnxavikn, 61adidovTal €nionc oTo KEVO Kal €nopeEvVwE Oev pnopoUv va avayxbouv o€ TAAAGvTwon onoloudnnoTe UAIKOU HECOU
d1adoonc. 'ETol, EKTOC anod Ta evroniopéva kal adlaipeTa owuaTiold, (POPEIC EVEPYEIAC €ival ENIONG Ta EKTETAPEVA Kal OIAIPETA KUMATA.

H oTaTioTikn Quaoikn neplypd®el TIG BepHOdUVAMIKEG NOOOTNTEG EVOG GUVOAOU HIKPOOKOMIKWV CwHaTidiwv PE TN Bonbeia oTaTIoTIKWY,
VOUWV Kabwc n eniluon Twv VOPWV Kivnong kabevoc and autd eival npakTika aduvatn kal 0ev XpelaleTal, Kal NpoodETEl TO VOUO TNG
EVTpoNiac aTnv KAAoIKr QUOIK).

H Bswpia TNC OXETIKOTNTAG €ival €va CUPNANPWHA £TCI WOTE Ol VOUOI TNG (PUOIKNG va 10XUOUV Yid onolodnnoTe adpaveiakd ouoTnua
ava@opac akoun Kal av KIveital Je noAU peyain TaxuTtnra.

Ev OAiyoIG, O£ (pPUOIKN Kal HAOKPOOKOMNIKN KAipaka undapxouv OAa Ta EpydAEia £T01 MOTE Ol NOCOTNTEC NOU NEPIYPAPOUV Eva

(PUOIKO PaIvOHeEVO va unoAoyilovral HE akpiBela KAl o1 POPEIG EVEPYEIAG €ival U0 EEXMWPIOTEG OVTOTNTEG, CWHATIOIO KAl
KUHATA, Ta ONoia HNOPOUV VA £XOUV £Va CUVEXEC EUPOC TIHWV EVEPYEIAGC,.

Kal TOTe, kaTeoTnoav dIaBEoiya neipapaTika anoTeA&éoPaTa ano To PIKPOKOOUO ...



MeAav oopa kai n apxn TnG KBavrwong

—
=Y

-
(=]

L
% Rayleigh - Jeans (6000 K)
1 ]

Mapatnpnosic:

> daopa EapTwPEVO HOVO

ano T

> MegyioTn evraon: )\maXT=0‘rae.
(N. Wien)

> OUVOAIKN evtaon ~ oT?

(N. Stefan-Boltzman)
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KAaoikn epunveia Rayleigh-Jeans:
O1 oTOIXEIWOEIC TAAQVTWTEC EXOUV CUVEXEC (paoua E kal eknepnouv H/M
aKT. JE oUVEXEC (paopa E
Epunveia Planck:
O1 oTOIXEIWOEIC TAAAVTWTEC EXOUV OIaKPITO paopa E=nhf=nhc/A kai
anoppo®ouv/eknepnouv H/M akT. kata kBavra AE=hf=hc/A
h=6.63 1034 J s



DWTONAEKTPIKO (PUIVOUEVO:
ano To KUK OTO owHaTidlo

KAaoikn Bewpnon:

v Autavovtac Tnv  evracn H/M
akTivoBoAiac e€ayovTal NepICOOTEPA
e ava povada t

X Autavovrag Tnv  evraon H/M
akTivoBoAiac aukavel n U, TV €

X e gkayovtal ave€apTnTwe TNS f TNC
H/M akTivopoAiag

Epunveia Einstein: n H/M akTivoBoAia anoTeAeitar ano
KBavta @wTOoC N PpWTOVId, £VEPYEIAC ionc pe E=hf kai n
anoppopnon TOUC VIVETAl ACOUVEXWC



AToHiIkO npoTuno Bohr
via Ta udpoyovoEIon aToHa

Aedopeva:

> AvakaAuyn Tou e

>Meipapa Rutherford
>®DaopaTa EKNOPNNC agPiwv. :
f.=R/n?

MpoTuno Bohr:

> 2€ £vad ATOMIKO OUOTNUA ENITPENOVTAl HOVO OUYKEKPILUEVEC KATAOTACEIC OTABEPNC
EVEPYEIAC MOU AVTIOTOIXOUV OE KUKAIKEC TPOXIEC TOU NAEKTPOVIOU YUpw ano Tov
nupnva woTE N OTPOMOPUN TOU va €ival akepaio noAAanAdcio TnG oTabepac Tou
Planck.

> H anoppo®non kai n eknounr akTivoBoAiac eniTpenovTal HOVo KATa Tn PETaBaon
TOU nNAekTpoviou WETAEU OUO TETOIWV EMITPENOUEVWV KATAOTACEWV OTABOEPNC
EVEPVEIAC.



Aieyepon-Anodieyepon-Ioviopog

Ta nAekTpovia:

v gival deopia oTO ATOMO KAl KIvouvTal 0 KaBopIoPeEVEG OTOIBAOEC MeEPi
TOV nupnva uno tnv enidpaon TnG duvapng Coulomb

v EXOUV KABOPIOUEVEC TIUEC €vepyelac (avaloya PE TOV ATOMIKO aplOuo
kal Tnv oToiBada)

Eco (0 eV)

IONIZMOZ: anoppO@pnaon EVEPYEIAc IKavng
E=E\-E¢ £ (-0,85 eV)“d aneAeuBePMOEI £va NAEKTPOVIO anod To ATOHO
E2E E, E, (-1,51 eV)
AIETEPZH: anoppogpnon evepyeiac

Bl o) ionG pe Tn 31agopa 2 evepyEIaKMV OTABUMY

AMNO-AIEIEPZH: eknounn xapakTnpioTIKNG aKTIVOBOAIAC
® E (-13,6 eV) (evepyelac iong pe Tn diagopa 2 eVEPYEIAKWY OTABUWY)



AToHiIkO npoTuno Bohr
via Ta udpoyovoEIon aToHa

1 m[e2 /(472’80)]2 s z
n 2h* ~ ok
) 4re, i 2
r,=n ———=nn
e” m

)
e” | 4re,

U =
n-h

NA OYMAXTE:
E;=13,6 eV
r,=0.5 1010 m
kar U;=2 10°m s



KupaTta de Broglie:
ano 1o owHaTiolo oTo KU

'ONeC 01 HopPEC TNC UANC ePavidouv KUPATIKEC Kal
owlaTIOIaKEC IDIOTNTEC KATA TNV Kivnon:
>E=hf
>p=h/\

nolo €ival To OIKO 0ac PNKOC KupaTtoc de Broglie oTav
TPEXETE;

Molo €ival To unkoc kupartog de Broglie evoc e pe
evepyela 1 eVv;



KupaTta de Broglie:
ano 1o owHaTiolo oTo KU

Molo sival To JeyeBoC Nou IKAavornolsl TNV KUPATIKN £€iowon;

Mia ouvapTnon To TETPAYWVO TNC TIUNG TNC ONoiac 0€ TUXOV
onueio divel TNV NIBavoTnTa va anavrtnBsi 0To ONUEIO auTo
TO owpaTidlo.

Ma av yvwpilw B£on kal TaxuTnTa £VOC owuaTidiou Kanoid
oTIyun Ogv pnopw PE Tn Bonbeia TS MNXAVIKNG va
npoBAEWw TN 60N onoladnnoTte AAAn oTIyuN;

Apxn TnG anpoodiopioTiac Tou Heisenberg:
Ax Ap = h/2



H kBavTikn Unxavikn...

2TAOIUA KUATa To kupa de Broglie Tou e
OTNV KAAOIKN PUCIKN nou nepiopiferal 0To ATOUO
€ival eva oTaciyo Kuuda




H kBavTikn Unxavikn...

ESiowon Tou Shrodinger: RAAGEE e ICRIAOIIS

2m dx*

KupaTtoouvapTnoelc Wl  OU 1KavomolouV v e€iowaon anoTeAouv psTpa NG
nBavoTnTac va Bpedei To I‘])\EKTpOVIO O€ OUYKEKpPIPEVN Beon pe GUYKEKpIUEVI‘] svspysla
O1 TpeIg kBavTikoi apiBuoi n, I, m, nou avaduovTal ano Tn Bewpia Kar anod Toug OMnoioug
e€apTaTal kabe KupaToouvc':lanon eivar;

> N, 0 KUPIOC KBavTIKOC apiBuoc nou naipvel Tiyeg n=1,2,3,..,00

> |, 0 KBavTIKOC apiBUOC TNC TPOXIAKNG OTPOMOPKNG nou naipvel Tipec 1=0, 1, 2,.., n-1

> ml, 0 payvnTIKOC KBavTikoc apiOuoc nou naipvel Tiyec ml=-1,-1+1,..., 1-1



H kBavTikn Unxavikn...

1 m[e /(472'80)]2 ———E

n‘ 2h* n°
) dre, h‘
n

e" m
)
e” | 4re,
n-h

H kBavTtopnxavikn Oivel TIC IDIEC TIHEC EVEPYEIAC Kal TAXUTNTAC € OTO
aTtopo Tou udpoyovou HE To NPOTUNO Tou Bohr.

H akTiva TOu Bohr oTO GTOpO TOU UDPOYOVOU €EXEI TO VONMUA TNG
anooTaonc oTnV onoia avTioTOoIXEl N MeyioTn niBavoTnTa 6€ong Tou €.

[MoAu-nAekTpoviaka artopa...?



Mopia Kal GUHNUKV®WHUEVN UAD...

> ETeponoAIKOC 600G

> OP0I0MOAIKOC OEGUOC
>EVepPYEIOKEC KATAOTACEIC HOPIWV
>Yypa

>2TEPEQ

—  FwPpnz ————Io8un2 ———————————————owibna _E'fiﬂl-'rl Z

E768un 1 —_———— b 1 o !

3 dropa MoAré daropa




«guvoyn»...

> XapakTnpIoTIKA PEYEDN Tou ATOUOU

> To aTtouikd0 npoTuno Tou Bohr €ival pia ikavonoinTikn unoBeon pyaaciac yia
TIG AvAYKEG TNG oulnNTNONG HAG OTA ENOMEVA

> H H/M akTivoBoAia £xel KUPATIKO KAl owpaTidiako XapakTnpa

> GwTOVIa anoppoouvTal JOVO €AV EXOUV evepyela ion Pe Tn dlagopa dUo
EVEPYEIQKWV KATAOTACEWV TNG UANG

> O owpaTidiakog xapaktnpac tng H/M akTivoBoAiag ekdnAwveralr oTav n
napanavw O1agopa £ival onuavTiKn O GXEON UE TN CUVOAIKN EVEPYEIQ

> To napanavw IoYXUEl O€ ATOUIKO £Ninedo, onoTE OTa €nopeva Ba Bswpoupe TO
owpaTidiako xapaktnpa Tnc H/M aktivoBoAiac



YAIKO NEPAITEP® HEAETNG
> § 3, KeaAaio 1 Zuyypauparoc
> EpwTnoeic katavonong

> YAIkO diaBeaipo oto HyperPhysics (http://hyperphysics.phy-astr.gsu.edu/hbase/index.html) nou
oXeTi(eTal YE TNV <<K[3C|VTO|JT]XCIVIKF"]>> KAI Ta 6spaTa nou oulnTnBnkav o€ autn TNV Napouciaon

Electricity and ;
@ Fsion”
Sound and
Heatand HyperPhysics Hearing Quantum
Thermodynamics (© 2016C.R. Nave

: Physics
Georgia Stale University E?;l:sr:isa |°f L4 Wavefunction
Physics Bohr
Condensed @ 4 _
S Photoelectric S TED I
e Astrophysi Effect Quantum Equation
LELE] Quantum strophysics Planck TS
WIES Physics Hypothesis
Blackbody Compton
Radiation Scattering Hydrogen @

Wave-Particle Energies

Duality

HyperPhysics is hosted by the . T =
Department of Physics and Astronomy ity Curves Spectrum Applications
3 ngﬁzia];;w Wien Displacement F’?;ot:;;es Atomic
t Law P Structure
Quantum 3K Background Periodic g’iole‘?ular
Statistics Radiation Table ructure



http://hyperphysics.phy-astr.gsu.edu/hbase/index.html
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