Ocwpleg Baduwidog

O ouypetplec TalCouv TpwTaEyXd pdho ot Puony). T
TOEAOELY O, 1) AVOUAAOLOTNTA O YEVIXOUC UETACY NUATIOUOUC
CUVTETAYUEVWY 001 yNnoe Tov Einstein oty OlatuNwo TNg
Ocwploc Tne I'evinrc Yyetnotnroc. Ihiotedouue 6T oL
oaAANAETLORdOEC TN POOT) TEpLYedpovTal ano Ocwplec Baduloac.

H Swatripnon peyednv (6nwe goptio, ypwuo x.An.) tomxd (local)

GUVOEOVTOL SEETUT UE AUTEC.
H oyéon ouypetplac—vouocg datrienone Eyet culntniel otny
AaryxpavQovnh dewpnon. O eClowoeic Lagrange etvan

d (OL\ 0L _
dt \ 9q; 5’%;_

OTOU @; Ol YEVIXEUPEVEC CUVTETAYPEVES Xol §; = dg;/dt xou 7
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ouvdptnon Lagrange L =T — V(= Kwnt. Ev. — Auvay. Ev.).

[Inyaivovtac and 1o ¢; otic ¢(x,t), maipvouue

L(q,q,t) — L(¢; 0utp, vp)

xat ol e€lowoelc Lagrange yivovtay

oL oL
o — ==
<5(3“¢)> 0¢

onou L n AoyxpavQovy) tuxvotnta xot L = f Ld3x. Avtl va
YOAPOULUE TIC ESLOWGELC TTOU BLETOLY Tal TEdLA UaC, YEPOLUE TNV

L. 'Etol, ylo Topdoerypo 1

1 y 1
L= 5(8 @) (Ou) — §m2¢2
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otvel v eclowor Klein-Gordon

M0, 0 +m’ep=0, # (O°+m?)p=0

‘Aoxmnon 48 Acicte o1t n AoyxpavtClovy

o 1,y
L= 5(3 ¢)(0u) — §m2¢2 =0

oonyel oty e€iocwon tou Klein-Gordon

M0, p+m?ep=0, # (O°+m?)p=0

Aev vrdpyet Titota o payeo 00! H AayxpovtCiovy) emAeytnxe
UE QUTOV TOV TPOTO WoTe v dlvel tny eliowon Klein-Gordon.

H AoyxpovtCiavy
L= iiﬁv“ﬁm - mlW
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ofvel TNV eiicwcn Dirac

(107" —m)y =0

‘Aoxnomn 49 Acicte é1 n AayxpavtCiavy
L= MW“C{MD - mlW

ofvel TNV eiicwcn Dirac

(20 —m)yY =0

Enione, n Aayxpovtliovy

1
L= PP Ey = P A, F" =04 — 9 A"

Olvel Tic eflomoceic Tou Maxwell

aMF/LV — jl/
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Av yeddouue tnv Aayxpavtliavy
1 1

L= — TP E, — " A+ §m2AﬂA“

Yo tdpoupe TNy eClowoT Tou puToviou “ue udala’’

(D2 + m2)AM = Ju

[Towa efvon 1 oyeon avdueosa oty AoyxpavtClov TeocEyylon xat
NG OLATUEOXTIXTC MEVOOOU UE Ta Otarypduuata Feynman; e xde
AaryxpovtClav) avTioTolyouy oplouévol xavovee Feynman. Auth
n avtiototyta yivetar wg eCnc:

1. Xe xae 6po tne AayxpavtClavng avTIoTOLYOUUE OLUOOTESC Xl
CUVTEAECTEC XOPUYPTC.

2. OL OLOOOTEC TEPOERYOVTL ATO TOUC TETEOY WVIXOUC OPOUC TNG

Aoryxpoviliavic (m.y. @2, v, (1/2)(0,0)?, ¥ (iy,0")).
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3. Ou dhhot 6pot tng AayxpavtCovic avtioTolyilovion GTic
XOPLPEC aAANAETOpaoC. O CUVTEAEGTHC TNC XOPLUPNC Elval O

GUVTEAEGTNG Tou avticTolyou dpou tne Aoyxpavtllavic.

Axolovdolue Tov xhoaowxd Tp6To Tpootyylonc. H whaoixy
AayxpavtQovh xBavtiCetor. To medlo yivovton TEAEcTES
onutovpyloc xou xatacteopnc. Ou aliniemidpdoeic unohoyilovto
uEow NS Vewplag Oatapaywy. To anoteheoya authg NG
otaotxactoc yetagedleton o Eva oOvoho xavovwy Feynman.
MeEow auT®Y UTOPOUUE Vo EAEYYOUUE TIC (PUOLXES OLERYACLEC TIOU
meptypdpet wor AoyxpavtCovy. Koo dev Ya axorovdficouue tov
“xovovind opuaAlouo’’. B axoloutricouue Ty tenolinor oL

Ta “olarypdupata Feynman meptypdgouy TOANG TEQLOCOTEQA ATO

0,7t €vac amhoc popuohopos’ (t"Hooft xou Veltman).
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Ocswpnua Noether. Yvppetpleg xat vopol sLtatrenong
['vwpiCouye 6Tl n avahAotd TNt 6 Yweixn petdteor odnyel ot
OLATNENON OPUNC, 1) AVOAAOLWTNTA OE CTEOYES OONYEL O TN
OLATAENON TNC OTEOPOPUNG XA 1) AVAAAOLWTNTU OE UETAVECT) GTO
YEOVO 001 YEL oTn Otatenon tne evépyetoc. Eow, Vo
eVOLaPERVOUUE Yla EOWTERIXES ouuueTelec. MeTaoynuatioyol Tou

ueToTUeEvTal UE TNV Y WEOYEOVIXT] ECEOTNCN TNC

xupatoouvdetnone. Lo mapdodetyuo, n Aoyxpavtliovy| Tou

TEQLYPAPEL TO NAEXTEOVIO
L= iiﬁvuﬁm — mlW
TUPUUEVEL AVAANOLWTY) GTOV PETACY NUATIOUO

Y(x) — eY()
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Hedyuatt, ToAD edxola gatveTan OTL

Y(z) — e Y(x), O — eOuh(x)

O1 owoyévela Twv petacynuatiogoy gdone U(a) = €' anotehel

NV HovoTapopeTeLx afdehtoavy) oudda tou cuufoiileton ye U(1).

O 6poc Alehov| avapERETOL OTNY AVTIUETAVETIXOTN T
U(Oél)U(OéQ) — U(&Q)U(Oél)

Eve autdc o petaoynuationds @avtdlel amhoixog, EYeL TEpAC T
onuacio. H avoahhoidtnta xdtw and yetaoynuatiopoie U(1),
oonyel TNV dlatenon tou peduatoc. Ac TEOOULUE ATELPOCTO

UETOOY NUATIOUO

Ul)=1+1ia, Y — (1+ia)y
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Avarrowwtnta onuaivel 0L = 0. Ondte

oL oL
oL = —0
00"t 500,09

oL

5(0p) + 6D 49 uw)( w>

o

oL
@) O

)+

[ : (mgfwﬂ o+ O [mgfw)w] -

o (55.3) )~ Vo) -
oL T

oL 3£[ | ) ]

0(0,0
Y ]

oy [_w‘a”m m] B [‘” 5(0,0)
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oL 8[1]

= ()3, [a@w)‘” Y a0,0)

Enopevwe, n arnaitnon 0L = 0 odnyel otn oyéon

g =

OTIOL TO pst’)poc

L e[ 9L o
75 (a@w)” wa(fnw))

H otatepd exAeyeton xaTtdAANAG OOTE TO PELUO VO CUUTITITEL UE

TNV NAEXTEOUAYVNTIXY| TUXVOTNTO PEVUATOC YLOL TO NAEXTEOVIO UE

ooTlo —e. 'Aucoco énetol OTL TO oPTIO
e e

Q= [ i
26

7




elvon ulor OLATNENOLUY TOCOTNTA AOYW TNG AVOAAOLOTNTOC PACTC

U(1)

d
T = [t = [ @5 -9 = - [@rvi=o

omou 7 dtatrienomn tou peduatoc divel d,7% = 0, eve o TeAeuTaio
ohoxANpwua UNOEVICETAL, PETATEETOVTAS TO OF ETLPUVELONO

OhOXATPWUA TOU PEVUATOC %ol VEWPWVTIC OTL TO PEVUA

unoeviCetan TnyafvovTag TNy ETLPAVELX OTO ATELRO.

['oe Ty AcryxpovtCovy| evoc uryadxod Bobuwtod nediou

L= (0"¢")(0up) — m*d¢"

UE Ulor OLaotxaoior TEAEIWS aVAAOY T UE QUTT) TOU XAVAUE VLol TO
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neolo Dirac, to owatnenoio pedua, AOoYw TNS avoAAOLOTNTOC O
U(1), etvou

L [ac o
=) | 5887~ 30,

¢>l<
ToL OfVel
Jrt = —ie(¢"0"p — 90" ¢")
[Toocedte 6t n AayxpavtCiavy yio To pryadixd PBaduntd nedio

¢ = (¢1 + i)/ V2, YpdepeTon

L(¢) = L(¢1) + L(¢2)

ue L(¢;) n Aoyxpavtlovn tou tpaypatixol Bodumtod nedlou.
O yetacynuatiopos 1 — €' onuaiver 6Tt To @ AEN eivau
ueterowo, AEN €yel guown onuacio xat 1 Tiuy| Tou unopel vo

otaheytel avdalpeta, Quoxd TNV Ol ylor A Tor onueia Tou
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Y wpoyeovou. Mikdue yio pio “olery Borduida’ (global gauge).
Tomuxr U(l) cuppeteia Poadmidag xow KHA

Avaydryouue v @dor a oe cuvdptnon Tou x. OnoTe €youue TOV
AEYOUEVO ““TOTUXO UETOOY NUATIOUO Borduloag’™
P(z) — WY o P(z) — ey
Avutoc o yetaoynuatioudc AEN agrver avolholwtn tny
AaryxpovtClavy)
L= WW“C{MD — mww
Hpdryuoartt, 0 0e0TEROC 6POC TAPAUEVEL AVAAAOLOTOC AAAL O TEWTOC

oYL, HLaC xou

O — €@ + i@, a(x)

Av emevouue va (ntdue Ty avairoiwtnta tne AoyxpavtCiavic
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XATL OO TOTUXOUC UETACY NUATIONOUC Barduidac, Vo TpEnel va
Beolue por “watdAANAN" (GUVOAROIKOTY) TOEEY®YO TOU VA
ueTaoy nuatiCeto

D,ap — 9D

[l vau To emTUYOUPE AUTO ELOAYOUPE €VaL VEO Tedlo A, xou
optlouue
D,=0,—1ieA,

ATOUTWVTOC TO VEO TEDLO Vo UETOOY NUATICETAL (WC

1
A, — A, +-0,a(x)
e
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Tote ﬁ)\énoups OTL

D = (0, —1eA,) ¢ Hem(w)ﬁﬂiﬁ + ieio‘(x)?ﬁﬁﬂoz(x)

— (ie)e" ™A 1 — ie . e @, a(z) =

= ¢lol@) (0, —ieA,) Y = em(w)Duw
Omote, n véa avarholwtn AoyxpavtCiavy) yedpeto
L= i@;D;ﬂ/Mw — mW — Maﬂ”w — m%W =+ 61%“1%1#
Troypewirxope Aoimdv oTny cloaywyr) Tou TEdLOL Padmidoog
A, ToU GAANAETLOEE PE TO P OTIWC aXEBOC TO PWTOVIO. AV TO
A, elvan guoxd medlo, yeetdleton xat xvntxd 6po. O dpoc autoc

etvon (1/4)F*™ F,,,, mou elvon avaAolwTog xdtw and Tov

ueTacynuotioud tov A,. ‘Etol, xatoryouvpe otnv Aayxpavtlovi
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e KBavtiric Hiextpoduvauixnc (KHA)

. . . 1
L= W@ﬁ“ﬁ o mlw + ewﬁYMA/ﬂvb o ZFMVF,UJ/

/ / / / 9 I
ITopovotia pdlac yio to A, avriotolyel otov 6po M=AFA,, Tou
OUWC OEV TOPUUEVEL AVAANOIWTOC GTOV UETACY NUATIONO Tou A .

To @wtovio dev umopel va Eyel pala.

[lepwevape Ty eugdvion evog véou medlou. Av alhdlouue TN
odon (a(x)) Tomxd, Yo dnuovpyoloe ulo LeTENon dlapopd
pdone, av 0ev unopovoe va aviioTadutotel. To evolagépoy elvor
6Tl auto To avtlotdduloua yivetow and to A,,. Ilepévoupe enlong
10 TEdlo aUTé Ve Eyel dmetpn oxtiva dpdone (To pwtdvio dualo),
ULOC X0 TO avTlo Tautoua TeeTEL var Yivel oe ohol Tar onueia Tou

Y WEOYEOVOU.
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2 UUTIEQUCUATIXG, ATAULTOVTAUC OVAANOLWTNTA OE TOTULXY) AAAAYT
pdone tne ercuiepne Aoryxpavtliavic, 00NYOLUACTE OF Lo
Vewplo e adinremdpdoete, tnv KHA. Autd nou gdvtale cov pia
rapalevid TN Vewplac tou Maxwell, yivetar tdpa onpovtind

GTOLXSio.

M affehiaveg Dewpleg Baduioag
xouw KBavtinr, Xpowpoduvauixn

H KBavtxn Xeopoduvauxy Bacileton otnv opdda SU(3). H

ehedlepn AayxpavtClovy| elvat
L=q; ("0, —m)q; =0, omouv j =123 tatpla ypduota

Oo cLYXEVTEPWUOLUE TEOC OTYUN OF Wia ““yeuomn’ %OouaEX.
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O petacynuatiopog tou medlou () elvon Thpa

1o ()T

q(r) — Uq(r) = e q(x)

omouv U elvar €vag Lovadlomog (unitary) 3 x 3 mivaxag. Ot mivaxec
T; etvon ot 8 yevitopee tne SU(3) (1 = 1,2,...,8) ot a; ol

TUEAUETOOL TOU UETAGY NUATIGUOU.

‘Aoxnon 50 T povadioxd petaoynuationd (UTU = 1), woydet

6t detlU = e? ue ¢ € R. Av meploplotodye 6T0UC HoVAdLOXOUC
nivaxeg pe detU = +1 (edixolg povadlaxole, special unitary),
tote Tr(71;) = 0, xau ;T = oz;‘ﬂ?.

H opddo SU(3) dev etvon afdehtov
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omou fiik elvon ot otadepéc dounc (structure constants) tne
oudooc. Ov oTaleEpEC AUTES EVAL TOAYUOTIXES XOL TANEWC

OVTIOUPUETEIXEC OTOUC OEIXTEC 7, 7, K.

‘Aoxmorn 51 Acicte o1l oL otadepec auteg elvon TANPWC

OVTIOUUMETOIXEC GTOUC OEXTEC 1, 7, K.

OcwEOVTAC ATELOCTONS PETACY NUATIOUOUC, TOOVOUUE

q(z) — (1 +1a(2)T;) q(x)
9,0(2) — (1 +i0y(2)T}) B,0(2) + iTya(2)O0,

Axohouvimvtag tny Ol dtadtxacio otwe oty KHA, do

elodryouue 8 veo Tedlo G? Tou petacynuatiCovto

G — GF — 15“04-
J i g0
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xow Yol ELOAYOUUE TNV CUVOAAOIWTY TaEdy YO
DV = 0" +igT; G

Omnote, n AoryxpavtCiovy| yivetan

L = q(iv"d, — m)q — g(qv,Tjq)G"

Ac dodyue e yetacynuatiCetar xdide dpoc
maq — mq (1 —ia;(2)T;) (1 +iay(2)T;) ¢ = maq + O(a?)
1qy"0pug — 1q (1 = doy () T5) v 0, (1 + 0y (2)T;) ¢ =
= —iqy"9uq + 0" Tjq0u0(x) + O(a”)
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—9q7,T59G% — —9q (1 — i (2)T5) 7, T (1 + icm (2)Thn) ¢
1
(G — —0"a;) =
g
= —907,T39G5 — igamqyu[T;, Tn)qGY —

1
—9 77, Tjq0"aj(z) + O(a?) =

= =90, T39G5 + 9om@Vu fimr 119G —
— qyuT;90" a(z) + O(a”)

BAEmouue OTL poc YEVEL O OPOC GOm QY fjmrTqu? TOU YOAALEL TNV

ovoAOLDOTN T AAAG, av avoBordulcouye TO UETACY NUATIOUO TOU

meotou Boduloag

1
G"I; — G"I; — ;8“0@- — fjmsamGg
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GTOV PETAOYNUATIONS ToL 6pou —gq7, TG Yo eupaviotel o
ETUTAEOY OPOC

9Om GV fims TG
Kdvovtac tnv alhoyn otoug ““tupAou’’ Osixteg j — 1 xat s — 7,

Tcocipvoupe

g@mq_/yufrijqu? — _gamq_yufjmrTqu?

OTIOU YENOWOTOLNCOUE OTL frmi = — fimr. OTOTE, BAETOUYE OTL O
6po¢ Tou yaholoe TNV avahAotnTnta eCoielgeTat. Befowa, otny

AaryxpavtClovn

L = q(iv"0, — m)q — g(qv,Tjq)G"

Yo TEETEL VAl TPOOUVEGOUUE TOV XVNTiXd 0p0 Tou Tediou Paduidoc,
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Tov avtioTotyo tou —(1/4)F* F,,. 'Etol éyouue

. _ L
L= q(in"0, —m)q — Q(QWJTJ'Q)G? — ZG? G
OTIOU OUWS, O AVUSUVULOUEVOC UETACY NUATIOUOS TOU TEOLOU

Borduidac woc UTOYEEMVEL VoL OPIGOVUE
G = "G — "G — gfinsGEG,

H nopamdve AayxpavtCovh teprypdyel “eyypwua’’” xoudpx xou
YHAOLOVLAL %ot EVaL AVOAAOLWTY OE UETACY NUATIOUOVS TN OUAOC
SU(3). Ta yxhoudvia etvon xou mdhL duoala. XpnollonoldvTag Thy

GUVAALOLWTN TOEAY YO UTOPOVUE Vo YedpoUuE

. 1w
L=q(iv"D,, —m)q — ZG? G
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ITowo elvar to xowvolpylo ototyelo ye ta yxhovovia; O xvntinde
OPOC TEPLEYEL 6RO AUTO-AAANAETOPAUGNC HETACD TWY YHAOLOVIWV:

gGGG xau ?GGGG.

~& 1l (P1 = P), & *
(pz —Ps )# gnut
(p3 — pl)v g,uﬂ,]

_igz[f;zbcsf;zde (gﬂvgyp B gyvg)l,p) +
fadc«fabe (g/lvgyp o gy/lgvp) +
Lbdface (g/lpgvp o gv,ugﬂp )]
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