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AIAAZKON: A. TSEETSEPHE
4" EIPA AZKHZEQN

O aokinjoeig Sivovran ywa e&aoknon, 8ev {nrettan 11 mapadoorn twv ADGEOV GTOV
Sidaockovta.

IpopAnpa A.1: (a) Bpeite TNV €vVepyEIOKT] TILKVOTNTA KOTOOTACEDV €AELOEp®V
nAektpoviov otig 1, 2, kot 3 daotaoelg. (B) Bpeite v oAKn evépyela eVOG GLOTHATOG

N elevBepwv nAekTpovinv o€ 1, 2, kol 3 SlaoTdoelg cuvaptnoel g evépyelag Fermi tov
OLOTNHATOC,.

IIpopAnpa A.2: (a) Bpeite Tig evepyelakeg {OVEG Y €va HovoSikoTato KpOoTtaAlo (pe
otaBepd mMAéypatog a) pe dvo idov Tomov drtopa ot Baon (otig Béoelg 0 ko d) ko éva
TpoXIkd s o€ K&Be dropo. (B) Tt ovpPaivel otnv mepintwon mov d = a/2; Bpeite ko
OoXESIAOTE TNV EVEPYELAKT] TTVKVOTNTA KATAOTACEWV O€ VTNV TNV TEPIMTWOT).

IpopAnpa A.3: A1-6160TATO TETPAYWVIKO TAEYpO @épel €va Gropo Cu oty apyn Tev
afovev kol dvo atopa O otg Béoelg a,/2 ko a,/2, 6mov a,=ax,a,=ay Kol a n
otaBep& Tov MAéypatog. To oboTnHa avTtod aviiotoel ota emineda CuO, mov eppavidovran
0€ MOAAG LTEPAYDYIHA DAIKA. Oe®POVE OTL TH KTOUIKE TPOXIOKA TV aTopwv Cu ko O
elvar opBoywvia peTa&h Toug Kol OTL LTTAPXEL OHAVTIKT|] EMKAALYN HOVO HETAED TV d
TPOXIKQOV ToL Cu Kol Twv  p  Tpoxlak®v atopmv O mov Bpiokoviol oe Beon MANclEaTEPOL
yeitova g mpog to atopo tov Cu. (a) [TapoAo mov vnapyouvv mevie d tpoxiaka touv Cu Kot
tpia p tpoyaka tov O, povo 1o d,. ., 10 p, omy Béon a,/2 kato p, omy Béon
a,/2 eival oNpAVTIKA Y& TOV TIPOGBIOPIOHO TV EVEPYELNKMV (WVOV TOL TAéypatog. Ta
oTo el NG XOUIATOVIOVIG HNTPOG Yot To LTIOAOIX TpoXlOKK €ite pndeviovial AOyw
ovppetplag, eite pmopodv  va  BewpnBolv 6Tl pndevidovial KOT&  TPOCEYYLOT).
Emyepnuoatoioynote yati auto eivon owoto (YmevBopion: Ta p ko d  tpoylaka givat
KatevBuvika pe AoPovg evallaooopevouv mpoonpov). (B) Eotw ot €, ko g, givon ot
OTOMIKEG  1010evépyeleg Twv p kou d tpoylokwv (on-site  energies) kot opilovpe

o a
t=(o, u[r]|H |<ppx(r—?1)>. Iynuotiote ko emAvoTe TV €§lowon 1810TIHOV  TIoL

TIEPLYPAPEL TIG EVEPYELXKEG {VEG TOL cvoTnpatog. (Y) 'Eote topa ot ot TB mapdpetpot
Aapfavouvy g ipég €, = -0.5 eV, g = 0.5 eV ko t = 0.1 eV. ITowo eivon 10 €6pog NG
EVEPYELOKNG (VNG Yl ONHEiR TOL AVTIOTPOPOL XOPOL TIAVK OTNV Ypappn k, = 0;

IIpopAnpa A.4: (a)Xpnoiponotote Bewpia Siatapaymv yix va deilete v oxéon
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(B) Aei&te 0T QMO TNV OxEOM
(1) Kot Tov 0pLopO TOL TAVLOTH HALaG TTPOKVTTEL 1| €lowaon
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IIpopAnpa A.5: Aivetor Siodiaotato (oto eminedo xy) TETpaywviko TMAéypa otabepdg a.
Eotw o1 k&Be onpeio tov mAéypatog kKataAapdvetor and GTopo pPe p TpoxlaK& aBEvoug.
Bpeite v XapiAtoviavr] pitpa yia toxaio kKopoatdvoopa k  ovvaptroel KatdAAnAwv (pn-
HNOEVIKAOV) TIOPAHETPWV Yo Ta on-site energies kot ta hopping integrals.

IpopAnpa A.6: To mAéypa honeycomb mepiypapetor amd 1@ Savdopata

V3 .1 V3.

a,= o> ax— > ay,a,= > a x+% ay mou Snuovpyovv éva  SaSldoTtato  eEAYWVIKO

TAEYHO Kol T Stavoopata Bdong t1:0,t2:%a3<. (a) Oewpeiote WG apyn TV a&Ovav

0€ aUTO TO TAEYHO TO KEVIPO €VOG amO T e&dywva Tov TeplExel. Bpeite 10Te 0Aeg TIg
OLHETPIEG KAl SDOTE TOV OXETIKO Tivaka moAAamAaciaopcv (multiplication table) tng
opadag (vmddelén: vapxouvv 12 cuVOAIKG oToKEia O€ avTAV TNV opada cvppetpiag.). (B)
Zoypagiote v pn-avaywyiowpn (ovn Brillouin (Irreducible BZ). Tlow eivon to onpeia
vymAn¢ ovppetpiag; (y) Katd mpooéyyion, prmopovpe va Bewprioovpe OTL T p, TPOXIOKK
TV ATOP®OV TOL AVOPOKX GTO YPAPEVIO SeV EXOULV OTIUAVTIKT GAANAETIKGALYT HE Ta Sp°
TPOXLOKA. YT TAQIOI QLTS TNG TIPOCEYYLONG, Ppeite Kol (wypagioTe T p, EVEPYELNKEG
{®veg ToL ypageviov.



