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Nopotl Atatnpnonc KBavtikwyv AplBpwv

ApXxEc AvaAholwTou (1) 2

¢ SUUUETPLO N XVOAAOLWTO TWV EELOWOTEWV TTOU
TTEPLYPXPOUV OCUOTNUX CWHXTLOLWY KXTW KTTO

HETXOXNUOXTLOMOUC =>
DTTXPXOVV HETXOXNUXTLOMOL TTOL X(PVOLV TO
oUOTNUX XVXAAOLWTO

e Map&deLYUX: N peTorronLcrn KL 1 OTPOWN OTO xwpo
=> XVTLOTOLXOUV OL voum dLXTAPNONG TNC OPUNC

KXL TG OTPOPOPHNG

* Ol HETAOXNUATLOMOL PTTOPEL VX €LVl CLVEXELG 1)
OLXKpPLTOL

OL ZuppeTplec kKot ot Nopol AxTApNOoNC elvaL n
“POXOKOKKOALX” 0TN PUOLKN ZTOLXELOWYV ZWHKTLOLWY
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Nopotl Atatnpnonc KBavtikwyv AplBpwv

Apxec AvaaloilwTou (I1) 3
AV EVOC TEAEOTNC IVTLUETOTLOETOL HE TNV XKULATOVLVA TOU
OUOTNMATOC N XVXHUEVOUEVN TLUN TOL €LVAL
OLXTNPNOLHOC KBXVTLKOGC XpLOUOC
* [DLOTNTEC TWV TEAEOTWV:

— MovadLaLoC TEAECTNC:

U'-U=1=U-U"

~

— JuCuync; Af= AT
— AutoouTuyng N Eputtiavoc; A=A"
A-AT=1=A"-A
— o AvTloTpowoc EpuLtiavoo: S AT=AT=A> unitary

1 4 4-l
— 0 AVTLOTpOWOC TEAEOTNC: A-A =1=A"-A
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Nopotl Atatnpnonc KBavtikwyv AplBpwv

Apxéc AvoaotwTou (l11) 4

AV EVOC TEAEOTNC OVTLUETOTLOETONL PE TNV
XOMLATOVLVI] TOU OUOTAMOTOC N
XVOUEVOUEVN TLUNA TOUL £lval
OLXTNPNOLHOC KBXVTLKOC XpLOUOC

Av Q Eppttiavoc TeheoTne => MpXYURTLK XVXUEVOPEVN TLUN

* Q xvAAoLwTOo pEyeBog => AIATHPEITAI =>

[ Q,H]=0 => ANTIMETATIOETAI pe TnVv
XOULATOVLXVNA
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O TeAeoTNC TNC METATOTTLONC KOL N

Alxtnpnon Thng Opung 5

e H HETOTOTTLON £lVAL EVXC TUVEXNC METROXNUXTLOMOC

Y'=Y(r+or)=Y(r)+or- 5‘2’51’) +..= (1 + 51*%}!’(1’) = D¥(r)

D= 1+5ri
or

e D £lVOiL O TEAEOTAC TNC XTTELPOOTNC XWPLKNC HETKTOTILONC
« O TEAEOTANC TNC OPHNC ELVAL:

p=—ih%},
* MlX TTETTEPAROTUEVN HETATOTTLON Ar lVOL Pl 6XKOAOLO LK
XTTELPOOTWYV HETATOTILOEWV (Ar = ndr)

« ETTopévwc : —hm(1+ pérj —exp( %pArj &po D uova&ouoc_,
D*D=D-'D=1 => 0O TE)\EO‘I'Y]C_, TNG OPUNG ELVAL O ‘YEVATOPXC® TOU
UETKOXNUAKTLOHOU TWV PETAXTOTILOEWV KL AN otVTLHETOTLOETOL
ue TNV XapAtoviavn [D,H]=0 => [p,H]=0 => OTeAeOTAC TNC
OPHNC XVTLHETATIOeTOL pe H => p elvoet AIATHPHZIMO péyeBoc
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O TeAEOTNC TNC ZTPOWPNC KAL N AlxTpnon

TNG 2TPOWOPUNG 6
« H oTpown elval eTTiong Evoc ouVveEXNC HETROXNUXTLOMOC:
_ _ MO, 14602 Wig) -
=Y(¢+00) =Y (9)+ 0¢ % + ... [H&b qu]W((b) RY(¢)
)
R:(H&p%
« O TE)\EO‘TIZQ TNC OTPOWPNC TTEPL TOV XEOVX Z: —
R =(rx p)Z
R =1+ —JZ(S(p
f d
J, ——lh(x——y—)
AO = nog dy ~ ox

R. = lim(1+ %Jﬁd)) = exp( -%JZA(p}

« ALXTN pPNON TNG GTpocpopung TTEPL £V XEOVX z TIPOKUTITEL ME
TNV OXE0N XVTLIMETROEONC TOL TENEOTN |, e TNV H: [],,H]=0

RSPl D GT® Osooahovikn 13 lav. 2014

Monday, January 13, 2014



> UVEXELC HETXOXNUOXTLOHOL

*‘OTOV OL HETXOXNUKTLOHOL ELVOXL OLVEXELC
oL KBovTLkoL axpLlBpol TTou dLXTNPOUVTHL
TTpoOTLOEVTAL:

OL VOHUOL dLXTNPNONG ELVXL TTPOCOETLKOL

RSPl D GT® Osooahovikn 13 lav. 2014

Monday, January 13, 2014



ALakpLTol MeToxoxnuaTLOpOL 8

e MPXYUXTOTTIOLOOVTOL PE OLOKPLTO BAHOTH TT.X. XWPLKA XVXKAXON
WC TTPOC TNV &PXN TWV XEOVWV:

OpoTLia (parity)

ElvaiL 0 TEAEOTNC P TTOL TIPOKOXAEL TNV XWPLKA XVXOTPOWH TWV
OUVTETXYHEVWV ( X, Y,Z = -X, -y, -2):

PY(r) = W(-r) => PY¥(-r) = P2¥( r)=1=> OL LOLOTLMEC TOL TEAEOTN P elval
+],-1.

« Mix KUIIJO(TOO'UVé(anO'I’] UTTOPEL VO PNV £XEL CUYKEKPLUEVN TLUN
OHOTLULC

e H opoTipia drotnpeitot MONO OTLC LOXUPEC KOL TLC
NAEKTPOUXYVNTLKEC XAANNAETTLOp&TELC. OX| 0TI cxaBevelc: [PH]+0

« H xwplkn avaoTpo@n r — —relval LOOOUVAUN HE :
| —|r.0 >t -0, > 1T+ ¢ = Y(F) = x(r)Y," (6,9)
Y(—7r) = x(|rPY,)" (m— 0.t + ¢) = x(r)- (=D' - ¥"(6,¢)
— P¥Y(#F)=(D"-F¥&)
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ALakpLTol MeToxoxnuaTLOpOL >

« OLVOHOL dLATAPNONC ELVOL TTOAANXTTAXOLXOTLKOL OTOUC dLaXKPLTOUC
HETXOXNHKTLOMOOUC

* HopoTulx ELVO(L Tro>\>\0(1'r>\0(cn0(0'ru<oc_, KBOXVTLKOC O(pteuoc_,—> n ouonuta EVOC
GUVGETOU OUOTAMATOC ELVOL TO YLVOHEVO TWV OMOTLULWY TWV ETTLHEPOLC

OTOLXELWYV TOUL : AV P = P©aPpPy... => PY = P ,PpgPp. ...

« H“eowTePLKN” OPOTLULX TOL TTLOVLOL: ATTO TNV XAANAETTIO pXON TOL TTLOVLOUL HE
TO OEVLTEPLO :TI" +d => N + N UTTOPOVHE VX XTTOOELEOVE OTL TO TTLOVLO €XEL
TTEPLTTN “E0WTEPLKN” OUOTLHLX

T :s=0,d :s=1=>S_,,=I; L;;,g=0=>] .y = |

=>] . =I,(] AIATHPEITAI)
—=I.L, =1,S . =0 cAN& TOTE Y , CUUUETPLKN (Y oo ELVOL AVTLOVPHETPLKN)
—2.L,. =0,S ., =IY ., emtiong ovuppeTplkn (Y., ELVXL CUPUETPLKN)
—=3.L,. =1,S .. =1 ¥, OVTL-OUPHETPLKA (TKUTOONHUX PEPHULOVLK)
—4.L ., =2,S ., =IY ., OUUUETPLKN
=ATT0dEKTN €lvail HOVO N TTEPLTTTWON 3.

=> P(11,d)=(-1)™IP(TT)P(d)=(-1)""*"P(n)P(n), P(d) = P(n)P(p) = +1 => P(TT) = -|
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OUOTLULX ZWHUKTLWY KL AVTLOWUXTLWV

e H Bewpla Dirac TTpOPBAETTEL XVTLOETEC OPOTLULEC YLK
(PEPULOVLX KOL XVTLPEPULOVLX

* H ecwTepLKN OPOTLHLX TEVYOUC (PEPULOVLOVU -
XVTLPEPULOVLIOU eTTLREPRLWONKE KL
TTELPRXUKTLKX TT.X. TNV XVTLOpaON:

p+p—=>p+p+(p(bar)tp)

* AVTLOeTOr N E0WTEPLKN OpOTLHULX pTToCoViou
TXUTLCETL ME TNV ECWTEPLKN OPOTLULX TOU
xvTLUTTOCOVIOU TOU.
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AvoAlolwTo 2uCuylac dopTiov | |

« 0O TE)\EO‘Tﬁg ouCuyloc cpopT(ou 00\)\6(?;&L TO TTPOCNHO TOU
(POPTLOL KL TNC uo<yvr]Tu<r]g POTINC TOU quaTLSLou =>
XVTOAAXYN TOU CWHOTLOU PE TO XVTLOWHATLO TOU.

« SUMPBOALCeTOL pe TOV TEAeOTN C

e MelpXPATIKE £XEL ETTLRELALWOEL TO AVOIANOLWTO TWV LOXLPWV
KOL NAEKTPOPRXYVNTLKWY GAANNAETTLOPXOEWV T€
HETXOXNHKTLOMOUC oLTVYLXC pOopTLOL KOL N TTopoBloioT) TOU
OTLC XOOeVELC GANNAETTLOPXTELC.

= TIPWTOVLIO: Q = +e,B =+, s=1/2, uy=+2.79(eh/2Mc)
AVTLTTPWTOVLO: Q =-¢,B =-1, s=1/2, u=-2.79(eh/2Mc)
NAEKTPOVLO: Q =-¢,Le =+1, s=1/2, Yy=-(eh/2mc)
mmoCLTpévio:  Q = +e,Le =-1, s=1/2, p=+(eh/2mc)
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O TeAeoTnNc CP: H dLaxpunNknc TTOAwWON TWV

VETPLVO & QXVTLVETPLVO

|2

* MeLPAPATIKE BpEONKE OTL TX VETPLVO ELVOIL XPLOTEPOTTPOPX

KoL TXX KVTLVETPLVO DEELOOTPOPX

cF

(d)
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