‘Aoxnomn 30 Acidte 6T otny ddonacn - — e v,V T0 e elva

L. Yty ut — e"v,1,, no elvon 1 yELOOAXOTNTA TOU €;

Mropolue uovo Ue TNy OLTHENCN TNC CTEOPOPUNG VA

vohoylooupe To avolholwto TAdToC Yo Ty eTe” — pt .

‘Onwg elboye, 10 NAexTEdVIo xou T0 TOlLTEOVIO (GTNY dpY LX)

XATAOTAGT)) OIS XL TO ULOVIO 0L TO OVTLULOVIO (GTN TEALXY

xatdotaon) o Teénel va €youy avtidetn exdtnta. Enopévoc,
oto Kévtpo MdCag, 9d eyouue TIC TECOERELS TORAUXATW
TEQITTWOELS, OTOU UE TaryLld BEAN Oty vouue To Spin xau

ONMUELWVETAL YO 1) AVTLOTOLYT EZ)\LXOTY]TO(.
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Amoé ulo apyixny xatdotaon ue otpogopur| J, = £1, 10 cboTnua
mnyalvel oe J, = £1, yEow o EVOLGUESTC XATACTACNG, TO
PWTOVIO, UE oTeoYopul| 1. Enouévme to anoteAeopo Yo TeENEL Vo

elvon avdAoyo Tou Tivaxo GTEOPTC

< jXN|exp(—ifJ,)|jA > (16)

omou y elvon 0 dCovac xdetoc 610 eninedo aAANAETOpAUOTC Ha A
xor A" ebvon 1 ouvoAXY) elxdTToL oToug dfoveg 2 xat 2'. H

avomapedo oo tou Tivoxa Jy, etvon (j = 1)

[0 —i 0 )
i 0 —i
\0 i 0 |
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xal €UXOAN UTIOAOYICETAL OTL

(1 0 —1)

1
2 __
Jy=5] 0 2 0

\ -1 0 1 /

OTOTE

. 62 H4 03
—10Jy __ 2( 7 o o 7 L
e =1+ Jy ( o + 1 ) iy <9 3 + ) —

2

!

o
2 2
:1—%+%(L—2

=1 — Jy2+Jy2€osH—insin9
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Kou 1 (16) avtiotoryel otn oyéon

%—Fy:os@)

OTOL Ol OEXTEC AVTIOTOLYOVUV GTNV CUVOALXT) EAXOTNTA. Kudc yac

EVOLAPEQOUY Ol TEQINTMOELC amo =1 o 1. BAEnouue oL

1 0
6po¢ (—1 — —1) = (1 — 1) avtioTouyel - cos

1 —cosf
6poc (—1 — 1) = (1 — —1) avtioTouyel o

[ peydheg evépyeteg duwc HCOSQ = —u/s xon = COSQ = —t/s.
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2 2 2 2

U { u +1
M xx — + = =
M s2 g2 s2

To anoteleopa elvar Aotmdy amAn) amoppola OLATHENONS NG

oTpoopunc. BAEmouue axdua, yior Tapdosyua, OTL 1 OXEOAUOT

— + — + / / / /
€Re] — L g, TOU AVTIGTOLYEL 0 TN évw 0L TERIMTWOT TOU

>.(6), yio @ = 0 gtvon 0. Aev €youvue eunpdéoha (forward)

G%éBacn ol ocurv’]v o\ Tcspimcocm.

‘Aoxmnorn 31 Acicte, ye Ty mapandve uEvooo, Ot yLa

cwpatiow ue spin=0, To avaArolwTo TAATOC TNC OHEOACTNC

_|_

ete” — putp~ elvon avdhoyo touv (t —u)/s = cosf
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e, prp: Iepiindn

Atadixocio IM|?/2¢

32—|—u2 252

e e —e e 2 ™

2
e et — e e’ -+ Qt%

e T — e pT

e et — puput
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e pu- — e ut oto epyacthpro - Kivnuatixy

H mopoxdtey avaluon Yo gavel ToAD yer oW oTNV XoTavOnoT) TNG
OXEOAOTC NAEXTEOVIOL amd TpwTovio. Emotpepouue 6Tov TATeN
T010 TNg ox€daonc e (k)u~ (p) — e~ (K )u~(p'), 6mou aueholue

UOVO TNV uala Tou NAEXTEOVIOU

(K - p)(k-p)+ (K -p)(k-p/) — MK - k]

C , , 1
—§q2(k'p—k .p) +2(k -p)(k-p)+§M2q2

onov q =k — k' = p’ — p xau yenowonoticoue 6Tl

P=k—K+p K=k ~0  @=k-kK)>~-2k ¥

>10 oo tnua gpyaoctnelou p = (M, 0) yia to pLdvio, onote
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TolEVOUUE

5 et 1, , L1,
MP =5 | =50 M(E =~ B') + 2EE'M? + 5 Mg
8e*  ¢* M(E - E’) 1

= —2M’EFE' |- 2

q* 2M? 2EE’ 4

8 50
212M2EE’ cos? — — <in _]

q* 2 2]\42

OTLOU %O TIOAL YENOULOTOL|COUE OTL

0
q¢° ~ —2kk' =2EFE'(1 — cosf) = —4EFE’sin* 5

g=-p+p —qtp=p > +2p-q+ M =M —
— ¢ =-2p-q=—-2M(E - E")
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ue ' xou B 1 evépyela Tou EloEpYOUEVOL Xl EEEQYOUEVOU
NAEXTEOVIOL.
Optloupe TNV yprown ntocéONta v = B — B = —

IInyatvouye Topa otny evepyd OLaToun

D (p+k—p — K

P 1 1 ’M‘Q A3 d?’p’
" \eE)eM 1

Ar? 2E' 2p|

omou 0 6po¢ (2F) avtiototyel otny por| Twv Nhexteoviny, o (2M)
oTNnV “eon’ TV Woviwy xal N LovAada GTNV OYETXT Toy OTNTA TOU

NAEXTEOVIWY WC TPOC TO WOVIO (TERITOU ¢)

IM? K2 dKdQ &Py

E 2y 0D p+k—p =)
0

195



, / 2 , T
AN, k? ~ E” onéte kE‘,lk ~ B'dE’

1 1 ‘MIQE/CZE/ d?)p/

do = =
" T 2AME 4n? 20

W (p—p +q)dQ  (19)

Twpa Yo arodellovue OTL

/2

. sV (p—p' +4q) = /d?’p’dp65(4) (p =1 +a)0(pp)d(p" — M)

1 q° 1 ., b
= o’ (*m) —2MA5(E ~ A

omouv A =1+ %sin2 g.
Kot apydic propovue va yedouue
o(p” — M?) =6(pl, — ). Kou emouéveq

2 /
— ﬁ’ UE p6 — :I:\/p’2 -+ MQ, OTIOV

196



YETOWOTOOAUE TNV YVWO TY LOLOTNTA TNS CLUVAOTNONS O

f(zo)

dg
dx | x=x(

/ dr f(2)8(g(x)) =

H cuvdptnon 0 eivon {on ye tn povaoda dtav To dploua Tne etva
Vetnd xou undév oe avtitetn neplntwon. Ondte n O(p)) emthéyel
uovo tn vetiny| piCa. Etol dellope tny npwdtn 1IodTNTA TNS TEOC

amooelln oyeonc. o tnv dedtepn WoodTNTA EYOULUE
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SN —

2M 2

2F 0 11
1+MSIH 5)) mzé(

=avayupllouue otn oyéon (19) xat yenowomowwvTag To

AEE 9>

avorolwTo mAdtog, (18), éyouue

do 2aE)* [ .0 ¢ . ,0 5(

dEdQ - ¢ |2 2t 2

:(QCVE/)2 L ¢ 50

1
q4 _COS 5— 2M2 S111 5_ Z

S(E — E/A)

XL ONOXANEOVOVTOS ¢ eog B da Tcd(poups (¢* = (k—K)? =
—2kk' = 2EE'(1 — cosf) = —4EE"sin” £ xa
A=1+2FEsin*(0/2)/M =1+ ¢*/(— 2E’M) =
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|+ (—2M(E — E'))/(—2E'M) =1+ E/E' —1 = E/E)

do| o 1 5 0 ¢ . ,0]
d—le_4EQSin4gA T g T

2 2M? 2

Ccos” — — sSin” —

2 2M? 2

_ o E' 5 0 q° 5 0
AE?sin* ¢ E

H Onopén tou dedtepou 6pou oTic ayxOAES (sin? g) clvau

YOEAUXTNRLO TIXG TOU GTOYO0U (Uidvio) e spin=1/2.

‘Aoxnom 32 Acilte, 6Tl 1 eVERYOC OLOPORLXT OLOTOUT] YLk

oxe00oT Nhextpoviou and otoyo e spin=0 oivetar amd Tov TOTO

do o’ £’

|, 4E?sin*? E
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