X Dioe fields and i godveakon

v

Lovremte transPormations oy s 4ekd

— Ro.cal L. Lorentz Pramsfhr n, 7C/uL - PC-IA-_': .Z]-_/q;)?cl)
S whee AN AN e ?'\K = ?MU

B Kleoy - G—cvdeon Hetd mzm?:
=) > () = (AT
- , (Since 491(7&() = ﬁé[g;/) L -

~ Lovewtz variane.  of  K-G Ww~7.:

- . | |
- b (x.) setvsfh'es LG e@ua-&mn => L s a lovente
i d0g) elees S

KG egn. ng_‘_mz_) $(x) =0

W d) @ = 9. $(x) = g, 4(A ')

= AN P

' ' —_——
S . 2 b (A7)

(A -

3" (A7) (A ()2 )

I

2, 2,/
2 P(L) =5 D ¢ (0)

= (97 A

@i 5 (T (D me = () L) =5




N 77L03’r®‘_\a4_0un: S -

- 2 — I_L__ - o
i(?ﬂ——aj(?&) 5_1(/44")7:' i.j"“”‘l_ - B

- o E—— o
- =2 (AT A (AT e (i (e d)

= T

LB b = f(A" )

{ —— = —

S = Jdul(n) —»SHde LA %) = S inverdant

- Secalar HeM  has Hu S’:w\plf/@*!” +rm$£rme&n f’VD/ew?)
) ‘v ig davariant (0p h Hae a W*f‘arf Sl Fedd) -

;7 More Auﬂf_b’cakux omple: veedor fﬂ /I %‘3’-)

-A’”(?o) s AM () = AMVAQV(A—"’C_) -

- @222 * ]
AV (2) = P AV(x) = gt g, (A LA (ATY)

] 3!**_/\\4(.4*),\&(904/4)
o o 7, R = AM. rAUK 2] AF




So FMV . B2 A% A e FY
A t)x,,,_(A_Q wFape =

_ Fup s Fay o=f
A ET L o A ()
| F*Fae

'-:-;7‘:1, F*Fup = &£

AL/

a grp G i3 a set- of b jeefs $31,5.,.
o Bith a grovp o opevati'on -

Oy clesore . if gi, 92 are inG o GiJe I ia %6" .
- (2) a.sjaad-uh\/w—\? (gz, 32 = G,'9 92093y |
(3) 1 inchihg, : " e QL.,W—H..i-q P L B P -
- _ sueh et d-5 = 9-4= 3,
(W) vwvevse s gt i ia § G | such fat T ‘j ’3 ; j_

@W J s, e TSy oot Aol 2 GrETr] I

,ﬁ” l" &= d‘m‘ﬂl ‘.—-,—— = A A —2

’stcfe,{—z, afﬂbuf (%-l_, B E R TEN An ) : S w
&ﬁﬂu&%@y,fs (L e ‘}-rwf.f) C dnfivile P g "Ffv&l) " -
L pararme i ud b‘a, Con Fmuouy pm«raw«uﬁ-—/s

exemple: G = Lor M'\' AL greve S
‘g‘?t, -G = makeees Ao (—As, —d

Qrev p e PM.J-Q,‘“ = Mot rix, meo lh,g Licadvo.,




Loventz  javariames  of Aheery  vegoies 5_6 is ascada-

onder  Lovonts  Jrans fomadrions  Los L=

Got)

i J‘Siiﬂve'ﬁ%mt), _T,ﬁ‘f—‘, occors a4 é’ﬁ:’@&@ggfﬂ vppta

I ay bixlfurg,

t'rmeaxit‘}', OE'?'}'YLOLC’CL !:'1!7’ one.  [ower ,W,jii

pA a)—_d{gy

_ﬁWa/Q/(“l":’V‘Sb"" 'T‘_/HV/\— -—a./l. o(.A

/

L T T = g T T

Cf - LOu ) e - L Y

Ny
LN VG, ‘C‘_y\_“k'

v .
af = - "C{— MV FAY  lavaviant

Loveatz grovp: Set F Locenta 'f'VMSFoFma}wm

I..‘f- S {AI ) A:_'_-_—.-.-?_

oot [2» o] r-pi'ﬁv%w = /\—(PIG)

* COV\"’W\UDUS Bnuda (Lt(a ‘wvup ) DA\KAM 1.2& l-‘-’H ot avbu S

‘ arbulo .fwﬂapxw Vs Mk:“(\,)(, MUL'F: lcﬂi"}m,i




 RerreSendution of « g rovp . g -

— ﬂ(:—/ﬁ _I‘Jan nxn m@?»‘;c S Fylnns e fame
S g prperties as At S

O MAO M4 = M(AA)

,&‘F&-fﬁd’_'{‘j pes of @ parteles in QFT  corregponel o |
E— MFfrent  representodrons of the  [ovent2 Grove.

I Geneal. - componint FHedd ._é(‘. (E2r2 ﬁmsﬁgn.si,i
s () > )= M(A)E (A )

example. M(AY= A (hrivral -.rwfcmb»bw} B
Sedav dd ¢ (spiia o)

MIAY =A™ »  (fmdemenind repesedstioy)
ve ety r 7((/{4 AM’ (fft'n i _[I-I‘_’_ﬂl\b'lcbh)

—_—

e fnd & represeniapion of 0—5471?;)_ first consider +he =
o  gerewdor S of fhe govp . -

762(0-"“?’(&'. T fons  ammdd _am.g\j(g_y- movin fung .

o (S ATjUL@r_ “monmentom,
73" Jle ::lé_}_g kl" x




Lo, 7' =ig¥ gk

Ths s calhed  the  Lie adgebm S g Srovp.
i& WPESLM fafvsn  of % DUy b‘&iﬁnc’k&g/ nx n Wlajh”cd

thart sabiefy  ta Lie algebra. omd i
erponem kg Thape .

-J- ) 0) v _ 4 p
g . —> 27 Spin-7  represedetion of vatahdny

Mﬁ(ﬁ) = exp (“ "‘9'.‘7(/2 )

G&Wa«'ﬂﬂr °‘L Lo'm,m-}--;_, —f—rM ,J(_MM%J': (Wa,{l'-z_e -U'llj)

T o [ (M2 - V)

(o mutastor

LT TP = - [4F, 27T & perm.

= — 2*9 ﬂl”-f-xfa"'g"d"‘ & perm.

B —— - ——

E— B = LC /’-—-.,u 73’7,4(7\) ___3 —.—M/» 5/.(0-’ y;o)

o Gu_eg b —H(\@g ijm we U)M‘J‘ ']CDY- 3-—/4-1) IS

(I Vup =i ("« é}?j/a - gﬂﬁ_}_i)gzjl o




G»

[N = — ==t ———

___ia\—\S = 1(-3”(3"’“ Jutp + e )

(,0003“" ,72) rbw""“ﬂs (Cl)/w],)-"_ /j/u____ffnab J_'m) 1£

B - o5 o 4 —o($102)
dwe M- (gpe)= AMERE)

4
S Al

ey Rototion, about 2 axs _617 g<<. S

”ND\P \U\» W= -2 = o  and  other a)/uv =6. |

- ANF _ ‘30‘{3“% 6012@_ ) p X o




C
O =0l

: Ly
A= (Pif, )

o
o
Y

oo o |
~ 4 ap(£252)
—= (oo

oo~

Now l% 943="°3¢=[’ and ey, “J/xl):o'

 Apealp - ten Ty

N ool 3 ol )

- —gtp —ipi (g% p a0

000170( —

0{7 ) o o o
e (M | l

So @@ 5U&SS_'_F°*' (T*)ap oM@y correspondis So Fhe
vSvak-  representetion of  Lorevtr dranspmations acki
on L - V{,atn rs, -

_'Efmo_eﬁ%% o

We wavt v ﬁ:,wl the  Loventa f?mm/ﬂ/f% cow_%/_o*_"lfy/ |
+o Sp_m_’//z ,ﬂﬂrh'ff_@f . /41«»["]”"} T2 0°Y rep. Sor rotakens |

 in @R nem-rel QM. -

—_— - B . N |
Dicac Frick: suppose we hove a cef- of foor nin matries ¥
. (Divac  matvices)  Satishyi'g _ ]
I PO 1 BR 2 A e T C . A

Then M= [ V] s an nedim faen)
repvesondadion Jor T Thenw .

Mg (A) = exp(-foum ™)

15 & vepregendnbion of the loeate grovp. E—




35

C‘Dﬁiﬂl{*, % i, Eunelidénn Space . Dirac @4—5—@‘9“‘- b ecoma.$

o [, Ve a5l

 Can be sabisfred for W= i0F (Pl makvias)

 SHe g fiet ied]o md [ehei]s 2eR e

- A Gl ik

3 |
('(‘c_cci»(-_? we M@_Tlsig W - |
or  JW= gltgky |

— J — . -
So N 8 I3 = ;L_. OJ —> 2}({74,0_’ B ‘S'ta;'y,—' ,/L L&f Jcp' fDM"WS

T H-dim Minkouski 3{?“64""';) MRt e smalbest

. sed of Y mafrices 0667;'»5, Divee.  algebrm (s Uxd,
;o ilm)if“’ :/ o at ) T |

— 0 _ = ‘
. === b/ b_.ﬁzxz‘ 9 L J ~ = r’ t o___ = wbpm%ﬂwwffv* ——— i
!

o | e |
,78% :(?2410 ) - ,,‘L}AMC GJ# :,(d) GJ‘)_ 0_12"! 043)‘-:(11_;-"_)_ ‘
ol (d,-0t —e? ~e3): (d0)

(2x2 bleck form)

,,,,,, e S
S Theve ave am infrn fe Avmbe,- Dlﬁ l.oa%l"(io— ﬁrm_j ﬁr thefe H4XY

Dicck  patrices ot Ay are all epoivalent (ie. .
relaled +» eaclh othe, by &__vn»_'ffl:\f'? Mnﬁ,@ﬂﬂ‘hi
Mot ym ’ : |
\df = u Y U ) awnsl 'f‘LuZ GL\tr\a,L CLP. i A UQe_J_Cu/

- - _ -




(76)

, . e . . R T
Boost 9gemeratvr: il .:'[_E‘[‘YJYL]: —ZL (0 "°’JC>

i r——————— . T e ok
‘Qo-hl-‘h:bh %,Q(Waj"br: S'J’ = _—"'—-EB/L' a/}:] =3 igle( o OJO‘:)
- Ll - P —
N =-z"
- &

Llra c.
~ These matvrices act on q--—-EOm[Jo m.m:f— véje.d-s called) sptnors.
~ The TDirac Spiner Fiedd iy domoted Y(=) = Q% ) -

¢ -

Redad-'on WDI' is JvJTL usuah Pefw/e_ Ma-fnccj acfing.

- on fws "LoW/%WM'{’ fymofJ—Cl#z, and( [ . . |
Zk I's the Hxy anwlc:) o)C Fta Spin a/mﬁ‘r e

7[_; ent2 ‘l'mmSﬁaY‘m on \P(FC) S - ]

Yl > V() = M(A) Y(a")
= exp (L0, S*) P (A<)

78__\?_5;(1@ s adlei [S 7 b[ock otéaacma.ﬂ_ -H’u,j o xt re,o;»g,smfm_ﬁ%
l\s r@ﬁh’%&‘e—g -‘I‘D 7"&)0 2x2 r-&/.f. WY‘LJ-Q

o \P VIS . _‘PS_. o
V= ( *E) 7&@'& Y = ( '-le) LP,Q ) ave

FWo ~Com po head E/,m:rJ [ Wu,l fﬂWJ)
Lovm‘f‘z —f—ramjﬁmf acd Sefa,mie[; on P(_ an A Yr.

VL (<) — \PL/(%,) 22 exP[ Bwobo’L Lw‘*gf.lka»-k—)—
777777777777777 . "fl(/l‘;c)

= exp (-4 -2 & .0) Y (A x)




__"}j‘,z_(x) ——>¢ exp (;ﬁ,é’-_?“—-;,‘f'_(?—.g‘) Yo (@4 5 )

7 (note: boos+9 are n.n'lL un.-{ury Waniﬁrmaﬁwnj)

Mm: want o~ Leventas javarjent L%?l"&.hzj]qn,

nele: LP+'-P P S no“l" Lor-e.-d‘?_ mvar‘ ont  because M(A)B
nel s +@.~_7_,___C'S‘/“”’L;é s~)

woS™t)

<
|
{
£
..+.
®
3
}m-
L
\pl -
\,E

nobe: ST = SIE (Hermdgan) and S1EYe=YoSdy

SDLf‘ ="SDL7, anel SDL?’/O_ _YoSot_'
(and $ V¢ lar fov S"""L)

So (wﬁ ¥ sy 3

P(x) —> \{/+(/L“‘zj) exp( 2—%@/‘, gavd) yo
- 'ILXD e_xp (1’!’ D/.{;)SMD)
= Y(4e<) exp (=W L, -
W— M(A™

ﬂ)iS_SDLF ‘e a Lovemtz Scodor

—

CWSL(‘L-r M (A) kil ( ) :




g LSOy = L[], W]fé -
¢ a’fa/"Ja/"* PRIPY 4 VRV Y r""/f"/@

F\r§+ m.LUaJ-Q—

o e VYT e )

= (ghog™ - 3% s &P T
- A IR W LR s CEivay ol

COWS\AW tf\_;E(_n[__Mx’MGL_O- ‘f‘YB‘WLSQCA fmaQLfM'

TV VML) = (44500 PP (A5 @2, 87F)
o o - PP e [SP7, 4] = X"‘n:éo/w(d“’”}%é}i
 For fasle  fvamSdorim: |

M) YR (A) = AP z/”’

Se b)}* *i'm;is_ﬁmséc w_km.Q 4~vac_hr,

Thn VP43V > g0 Aq A% P2 20 = wY*%

S invariant .




)

 The Dimck lagmngie s

9\0 ‘f’( a/,ug -rn)‘{’

’tl n.u-cﬂedl Fe mafce &'ﬂ Heprpql Han S S
- Euler - Laarmﬁ,a eﬁua:akw wri e ov'}'iip,aqrmdcu a,b=l e3¢

L= (PG - )Y,

o Bt 2L _ I
Thewt ‘3¢ %u“‘—“\kl)"_(l a.{, mé—a‘é)\tba—-o .

“">7 | 7},}}( _9/14 == m_)__\{i(i)_ _: O D,l'pj;c.jﬁ -"*—-?L'W .

At on Dirae e@dm‘\’uﬁﬂ [“,l‘ g/ugl)"’”L

D @ (Rl en) YU
= ( YV LG By +m” ) W)

S R YEr R SOx J/Mfé’w”’ 4m29*ﬁ”{%)
7 (9 +m? P9

So mda S?;fmr comyon%v‘ %(76} 54.75}9{:.3 ’kﬂké—egﬂ
(Hhis will goe pPem® as pe wanf pabiclsdssatisty)

Expandfnéril'};_-‘“-(_;{:;)_/_‘%x Dirac egn beces . -
e 109, =
(l 3/_/“_%1" )+ = (::';/"Qﬂw.r/fm)(‘{’;) = 0 —




/”_Ha mass  Jem  wixeg \#Lf@ﬂeﬁ,f&{’lﬂ . AE m=e, Hun

S we have e W Weyl equabions:

~ivrd, Lh,.—o ;;ﬂ%k}/,e—.—_o

k‘l[/|_ CLV\OL \P}Q_ pf-ecaupl i Fbr W =y ‘{)L.anatk[/}'t

- orrespend. to Fermions with left - and g hb-haty
! IMJv\‘acJ-l—'q,

L ﬁr, we lmvem{(— shown Hhoat Hhe iDrm LaamanAq
_____CDMponoﬂ—S +» (Jaﬁ‘-;’c(u Wi - Spha - Yo . “This 1s Shewy

o 7,5’“"41'(1.25.

afdey ,7«»,&7@@%12 Mﬂ" '1"&,-,%;»:\&7&&‘3“'/'

Fl"&(.’.._ f_o-\"‘H C,\{’/ (El_ar]e—w ave ') ,,,So (v -h.eis,

Kledn=Go relo n eqprobion --.(791%2’) b = o

—Lpe = -
J \I)(-;C) = , % ___P|_anf. wove Soluben,

where q>=-‘lm and.- 'p°==E‘o>0'

S wlp) b5 o dowr—com penent  spinor.

Pl‘-’g lw\+° Div-ac ef.on

@ ( ('W “m) P (%) = (PPpu-m) wlp) g’ w0

L(p) st m#;é} (Xﬂ[o/&fm)u(p) =o.



Con Sl'C,&r parfw(c ot rest .2 (WHOIOJOW

Dieo egre  (¥me wil) i) = m (g o g ___”_____'__

Sy — |

x4 2% % locks

7 lA.(._m_) = Vm (\;) U-‘l’“-”e— \5_ s a.ré-f\f‘m’y. fwo -

Om o nen t  spiaor.

Boosl- au(«rnx J‘EL.eitxf} - i - -

Yt ()

%

e exp (wey (S ()

ex (

]

—
=

AR, I Y\ o ——
(:jit::) - (p;:n)

. _Fb_\f N F\ml‘%t\w&i b-0°§'+'5 o3 ,--/3 . |
- For Raile ’M“st) wog ‘Lma[a [37 ’7 Vﬂ—fﬂ'dt"fa/ ]

- |

Noys boo st LL(W]\’: R |

Cw(p) = MIA) wim) = exp (~Lom 5%.2) wim) -

- . U
= exp ("0 () og2 ) ulm)

,,,,,d? G N\

= G-XV(‘Q( 03)) ) )




&>

Ml it | -“‘3) + e%_ _,_.;_2_0“3) 8 — —
o - e u.(m)
o )
coshry =€+ )b el V()
S\ff»h')l (e - F?y'?— e 3—7:\/(1'_-&)
T ———
”7/1.'_‘ \/‘E_T_s'
I S _-L—ﬂ-mi - L
[\/E,H-f ( )4-\/5,, P’ (M ﬂ?\
B (G R =TC
be @N_}"V‘Lffecz n ja'm//tﬁe.a( form as
¥
wp) = ( f’_ ” ) vadid o "”"? prre.
7 _f_cr‘_s / -
| e e? = s
( 5)  are projeckon o peratocs
. b 2 /1 -.L'OJJ ) 3 ._.d"? !
(55) = (%) (‘*‘IH(L:) o

=\ - PP ST Loy "'\/TEP FBO"D['J” o

='"'\/—l=—r—"“ "“"") +\VEp +f>3 /'" E——



‘p\'rouci eﬁudfw: u,(eﬁ'l ;'JM'HI’?/ (q:—tf) (7[7'?):”\1
(p- ) p-F) = (Ep-p0)(Eptpr) = Ep— piple'e’
= "‘P_l-- '-!;,;(: P {g-‘t ra}~ E ~Jpl™ —mT
e = (8 r Y va».,o\/a——f)ca-—w?>
= [ T8 F) P (\/“F’ 5) - (\/&‘-P VGpyCopr €
- - | ;_.g_m. w.(p) _wlp) Sab'Shes Dime egn.
- st'rwrs% can  be a_,ml-f’ht'rgz- DSE—RJ_I_ +o  fake
S v /06 . "
B ) %‘(o_) i ?) e Spin Lp or Aéwn_ f‘_’onj 7 aX(S. |
Consvder  yltarelathzds FBians ; akid r P m - |

_70&9&:5:(0) (o) V7
— u,(,P \f::f T

ok (e

VE+p? (’-:"——-3)%

or (P

et handod. Gorkicll

Tn relabvishe lt\m:h w(p) decomposes into dwo  Aulo-componant-

B Spifm__@f!?f%)” ~dli ,\?, 4o "I&Lfc"""a l@-{"" MV\J’ V';,'?l’\‘l" .

Hwo:@, °pervators

]n=- ? > = 55_
Y‘\BEQ'-»‘/\D\,VPL_EJ}_ 7
left —homdad.

i

@io

o ¢!




AH-e,rnauhv‘e (ﬂega,hwe_. Frubue.mc-7) P[me. wave- Solutvers !

= vp el

whese W? ~EP‘JW>O

C‘S ‘jr\,fq,p;hp absorbed ;4w e-)apom.mﬁﬂk)

CVLp) satishes (Y 4m )vip)

=o

— e 7
So luy v(p) = ( _)___
e : Ve:o™ ’7

wheve. Y awe 'leo’ﬁbm,oonuaf‘ s,mm /mn‘ necessarfy $)

Sumnwy, eaofn oF pr) and v(p) h;_ ;u;o

( ) (.) and /7 (0/ (;
_@ ) FOW‘ SFIY\OY.S ﬁﬁ&iii

FDSS) é/e- ‘C)‘Md

)

Dicac  fermion has 7}4* oleg rees of Mom

X gpin vpldasn (2),

) - Vpr - |
. wgfp)(\fp’r%) ) S3U2 (spiens for packclas )

) 3 S=1;2 —~ **f(*sfp*i'mr.t%w*am-h’pa;r-l-ﬁ;[g}f

e chcle vs. andparhib (?_)




Usefol relations: : . e ———

.,L
u.s(P)vLs'(p) = ZEP @f Es' = 2Ep dss)
\./5 (P) VS((P) = ZEP 17575 = Z'EP SS'S" o

it 5,7 novmalized o | um""'b_(a,s.fumel fo pe JLFV'Q-») o

Sppfaee

i = 2m Sss) " 5(—) 13
ws (p) Ws!(p) m g %(2) v’ (L

vs () Vetlp) = — 2m syl o vi) “'g(‘ﬂ) =0
Spva Sums ! S /

2 us(le s (ply = % RS P

_/’L | - -

e with ab)
UxH madesx wit ““yww (@b T , —




Dicoe  matries and Pirac Field by lihears

’Bl'(\'ﬂ&[;:-‘ Im/O‘V&§ +u)o ’ycrac 1‘;?—'3-3 (ei "‘f’a"' “f’)

 Lovemtz scalar '.77\.-{_/ \{/
Lorent 2 veckor + P YMY

 What are the most %mgﬂi ﬂ&ucﬂmJ %Vq%' - whee s

a x4 madwx foomed from ) main Céf.?

/Jr_m}_ﬂroﬁlugf— "16 _c}/ mm,f‘r;'cc.) can ba wr:’{é—w as a Sum oﬁ ]
,Symm&'hu'r_ a @nﬁ'.rynmaf}-,'c ftrmns B N

B o Tt /A= Lt el M
P —— ___Y(/A)/J +£vfﬂ)/u_7

M‘_’ﬁil-—a/{:ﬁfvj | ) | -

Theve fare o ly need Ay conside 7 bl Fow ant?syym.
 tom binafyons f @'/ /mafhcaf Sihce fyn,-m(/{—n” .
C’.ovmé)na.ﬂfﬂﬂ_}iﬁan 6& f‘e_a(uw.aﬂ 72 ﬁ’”yfrgéww /mn—/rky/

) _)/{"W(. ay € )‘!"x e M/{G,'/.}ég&) ;

| r=4 (N | )

B - colN < D B | -
W e) =
Ryt (9)

YRy 9 (1)




g\/\a'l'\fooh»c-e_._m W"U‘—"\X, ¥ D - =

S Y = iyow"-_ﬁ = —.L_;—.l‘g/w?\t. YAYPYAY R :_‘};10) _
N - 777 ( Ee l:: — | ) o S%‘Sﬁ’f/& : o .
S I [ L
o NPV o emeys | Sedee |
* sy

vl Y e per Aty P

e YEPYT oyeyiyt o (g R,y
Yy EYCY'VYT L reryt

[

So (ftctrring aub Hoe £ donses), the 1b posyrble

shrvehes are ;- R S
A Seatee (0 Py =2y

- . tats Ve choyr (’4'7 Py S
P = LMV denso-(6) P eAeW _ - ]
YU avwoel veebw (4] W (’f’“_“yr\"/ B |

 Thee M‘za—m_’wv"éﬁ’u_ﬁ_ Lorenf e @@M”ﬁiﬂ-pmq&g_,__ |

- FY > Py - |
ey > A WYY *
Rl S A};@A_L&_‘V—’ A K i o

L RRISY S A YT = s pausile. hrarfom

= 7¥Lf5_ | Py -y TFanty compared.

o o H"‘-f" s
/ﬂ!&%z dve The buu/_al,‘ {/aof} o/ Lﬂﬂm:\;,.(qy LP‘))AL{/




o —jﬂs oM _J;V—v&uﬁﬂ’ Cd_r_ft_»»_T: -

Ao = PYAYSY s agial -vedtor canrent-

C Mole: Diee equadion s i G W=mypy

e e S

ey

B Sy

T -%ﬁ?)b”"“ = m P

=90 ) = QP+ Yy (Gy)

M

= VY i) PY =0

Veots, wmw.% c:shswvaﬂ by Dirac epn,

wa"a_ﬂw\/@v cgr_wu" 70L[5— cmserved [ m=o.

_}&}r?—- QUMW(Yb—\P qﬁo

@2

%{M{'ba} b’s_ Con (oe, usedl - rrod‘o(/l" ouAt ‘{’L)LPR__-.

- -2 ( —— 08

% = = s —=—=(01/




\PL.\Q ave &JJM@ C/qu‘wq— :s:me/(éé
T yededbhasie leﬁ(MqO) o\mm/( 'l"), = L\bHOJ‘}'B-

T s_rw:o 5 USedul Fo aﬂuﬂ‘m__a;rmﬁ cgm,vﬁ’:___

fu 4’3)““'[/ jg:\f/c)/’“[)n

i
ond D JLa=C

e

Sy

£ it ondor ¥ 85 E (21300

- \{)—w@j“" SEP(1+19)

A
— : _ tafnlles lvm
C(S‘Afarw,&@ Cdr(‘m‘}"

)

e aye = TP = T
__& W | \F \F T [

: == B LS AN
- Fov m«o) c;f JnVM/aMQL vindlev — £ q)

o This s & chisl Msu‘wmm\on Lh_?—)e‘dg%_

ConSovved, _zoviend |, ol G

o : L Yroe PR



Quantiabion of tho Dione fil

A= PV %1 0 —m) ¥

— S I -
_ Comonieadl Mot TG (2¢) = Za@@ = 1(\1»_)/ U)“F'q}“f .

S H:_,(_o\fsx-@'_ -

ﬂamtlm_fan L

L W= wah-R = YR hm P

- T dea follo o @ entizokion pvesc,mp%b.h from ké theory,

an Posb\wﬁe, cemonteall. commotation pefatens

(D) expamd Al tndenns o creadtu|om nthilabon cps.
R ¢ )| A\\%Jwag .

(I) Cﬁ-’\f\j?hica.o—- ;__,bmmn.:)‘l-a,{")'ﬂ—m rcl.c:ul\b‘v& ;Cgcimﬁ-;% xﬁ'pfi&> _

[ ), W (2] = (% x) 5k

(&L 6)<paw-i 4/ (n ‘k«ﬂ‘HS O\C ’v(aneg wave. solufr'ons

+IP‘X

- (x) - Sﬂmﬁ% Z ua,(ﬂz) ﬁ}:u,e

B +Va__6F) L)ae -—IF1>.

whee [ SHL] L[4, by ] - () 5 (p-p') s

- ' ) Z ’ - ]
[ ¥eled, e(=0] = i5(x-=0 04 &Eﬁ«ﬂ-—-_mﬂm.



Checle: [ ‘h:(?‘) ‘l’+("")] o
SR — 7"&.[. _l—j‘lt. ),72 : — — — S

[’k‘l‘) r‘: (20 EE-P SISI B .

- - I |( 7‘:';?7') — A o

- (px Y o 5 |
R — +v,,,(+p)v1,(+p> eICF—FE [L,,L,?r]) |

2

, - e L e A |
R (T R (T Ve )

USe- Eﬂf,r,\, Sum:

) B (Y’ Efrfb’?-emﬂ/" -
g(u.u"')ajo = SZLL:_&EQ,( y¥° = (X f—l-m))/a N

Z(ovHab = B VSR VEERT = (VE B < m)V°

p(a=%) —ml—— =
[\[/a(") \-h,(—;{)J f{mj il b= g-_‘g(?}'"Z Lgaub |

nole: Vv (a+b)  wmdt "@,Tcm*) here |

b preserve [bybt] e (2n® 5°()  and wot-

e [hybt) e - 650D L Myl e &)
st e o keep inteqredatson  of  GMboas pumbe,

Operatrr,




E_l/_aflua..!‘t—-

_ a;‘jj’“¢ ~;*' S Am)Y R |
, dp L 4 st 4 -—1'2(.3 s! ; S"f— Ll
(L 2 (et )

N ole!

7}(3/0(__‘-}-(_5, -+ m) _(_-ISCFQ a.‘;'_, e P 4_ \/ (-ﬁ) bS —']P x)

(-.Y v + m) W) e

o 7(—|YV+M)V (ﬂ?_)

H J(m)3 2Ep 55!

/ﬂ"‘-S 53 ‘m.oq.

—_—

[

15

(wlex

4@V A () «

—_

3»' R

e (T Am) vI(gp) eFE
= (Ep4an)y S(1p) =P

st)u(z) da @ Ep 9-Epv (mv(p) e

—

2Ep 5';51

v(—p u.(,tz g* (B

—01 g 9— T . S
- - - - S ]
_—énwj/(’ is wbowM ﬁ'om Mw Com (W zm77 -

o oy [1 67 (/caJ'W\} rore  amvd o parfielo s wn fz




Ei_’.‘- . P”h’{""@- of  canon, cal commtatton relebons was
(ncorceet.  Repoive  caonicall andifcommutadion relafvo :

Slx), To(xh} = i3(x-=) Jub

I {%c« RACH B cE v

vl T, %(x)} Srat), w20 = 0.

- L:xpa.mﬂ. \(/[’?f) as before:

W(x) = S—;F%V— Z(M.SCP) a—-s_ ”?-;"7-(- vp) bP L “) ]

_'gi__;now ab Qﬂd‘f‘py am_ﬁ@mmU'}nﬁ-&v’ w,(a:haug

Get 'J,e; o _be}-«a‘ | o
e fEBeasia-wy

@d{' note: a#\hcpmmd-l—whw V‘MM-\ For {‘g [, s Sqmmefﬂ’m umle.(
_bév‘b+ So  we can reolefian lp_al:+ L+AL

— S - st s+ ]
A
by

By by

- jﬁl_P_E 5 agﬂe-!' )Q-ums—l—
| ’ oy P o

A l(\ ﬂtk’
e o= [ E 8 GIE0) < Hafiftc gy )

ESS—— — — VAR 1\— — fetd T
B ol 4l




G

 Fermion sﬁk::__[_gg> ZW-EF_ 0—3+ ‘0> | paricle sfede
S — o~ — ,,,,,_I_ -
- o> = V28, by 100 | antipartoles ke,
/Vh ' \/ =3+ s
G ___/_ ]g_)s >; 2B, 2_5,94 a’F 2p [o>_
e

- == ’;_Eg_@‘ﬂ’%_ [e>

- | =_[F) > JZIS> o -

Stades obeaa_ Fertii — Divac. Snlu:h'S‘l"u'cS_._ — ety
At symmetric under exd«@vxaz,_o@ hos  edeles.

Taolke exclusion prncipler  dwe parhcls camt
p cbu Py Same sfade .

Clpsype>= ag (6) (o> =0

- o
Since 0“2: S 2 =3 (;ﬂ

- In aﬂuwmnr, H we lw( - W ap _é__‘:-é—#. WW-__A:é Hhi's maan S

— Cows, cb—r ® 4_4/@_13_ wth b bf_ounoﬂﬁ spin/momentuem (ablls.

 We  hawe \mcwumsh,(e‘__[ o> s@h H\.—Jr L[> :o

- C o ond exed 1490_ CoM"paH—;do_> Slake. (l? = (p+{o>
__NDL& - 07 am ok {I? ave. Aha on(7 fuwo StfefeS  Since. b+{l> L+L+(°>'“O

S\‘-"h{ar)\pa, L(—-" L+ oAy SU\-’OWJ‘JWEJ ‘7 = IE>,> and  Same.

s apply: bloz =0, mo»—m. B




@

Prk ohich  ompenbion o vt suh fuad (> has
higher  enevgy fhany  [07) (E>E) .

- 7—; EFS’L creakes awﬁp;r-lwcf—s 7w:;ii1;\ Igo_.g;_’v‘wf-_wfﬁ

OMC@WM%W : Vo\c,wm J\Me. /&‘> has a,éé @ﬁ/wﬁ%
S doles lﬁﬁ‘f““ﬂ)f@zﬂ ég /D> RAREBRLEARS  resvoves
an _antiparpicle ol energy Ep o create. o hole. L

- . W . ffﬁ- B R S S —

. CPUMW').A.&Q (ac\’ec) Dlmc ﬁe—H Haf!enbe«r@- Pb",‘vv-&

=HE — —

Yoo = e v e
Sl e kG ocv’ddisiwﬂ- Get s

+(p- z)

- \1)(’7‘9) (if)y = %—_(_M’S (p) ‘Lp- X T+ Ve(p) L‘p e

. BT e € TS YOI T B

- (w)> S o - - -
— — = E .
P o [0 Weiv)v = (ol v astal 460 b7) -
I PS o -




()

ConServied C«"\Wﬁg,, o =

fd:ch S T e A A

(o) ?

= f”; 5 (apla; + by H) T

S ——k—% s) s
=__.[é:%} 2. (b ap — be J’F )
o -+ G witet b —con) ‘h‘”“l—)

+ ) R -
S sy owates packtle wih chagge 4 Zf oppostile charge

for  parkiche [

anhparticle.,




SLJ_‘H of Diferc Pwr-:h‘o(.e,g _(_e__z_(ped: 75,;..-1/2_)

B o
Use  Nothers Huorewm: angular momemtvna iu

covserved charge for  rolabous

_"Iéo-‘;.}«:_ \P(n’a\ a_,hp\;l" é—r-n.xi'j b!;__ (9‘(({%

Y(z) = Y2 = MUY (A7 =)

wheve MM = 4 - L3 )

A'x = (¢ 74:4-(9(; \9(9:: %)

t o W) = (L1955 (V) + 049, ¥ — b o8, ¥)

i
-
<
+
O
1
<
¥

T (g @ Py (-t - LYY

%\M{\aﬂ' Come-—nrqO_ C/(/\o%,c. —H)«- ro‘J’nJHbms ab ek 2,’(7-?“(25
—> '\T '\T

) - |

fdyc (xx(—‘v)'—_t——I_i)\l/
— A

L —————— [
—_— e ——orbiteA —————Sin —




- C_@y\;@ i(—",r?g“d(ﬂ- Stecle with spin S and P

F CSFT )~ —
NO\‘C Jga“o {D> = [JBJ‘LO J /o Since. Jg/C'} —-c.
2 3 /
3 d rap! i =
- i S [k, 2, (e i g b
x( 2% X(—~1¥) +-;.’-_§) (LL*Cp)a_; e"‘.‘q'#i ¥ _:_””c)
. v sty

Cﬂﬂ‘\utﬂfc_(;f-mf6"‘-‘€$f"’m ln[jJ‘za

- :: — B
G'V\E;L “-:L‘L.F Fervun e [J-}‘ R-us ] &Q{K{fﬁ\‘.s L_\_

} e
[ > s+ ]l°>—jcmﬂfép ‘_zr,_w"’uz),‘,z W () Ea-g +a_1;_ af{] [o>_

e
e ag,ao]07 ( L a;a? azk&;a,; )l°>

=&6§§®ag B

o T [ + L2 I+ - — ——
[32 a0 [Iop=f2 5n5 W ()53 W (0) o
- o
— e
[ W)= Wm( \;:) W)= Ve (%) 500)
N TR T e
:.il_ gr! UJ_%iS) 2+ = _‘tzl.a’os+
- o L3 oo i A
;/W\J
S oY1, e




G

So W@ for a poarbele State ab rests

:]’[.fz-—o s._|> _EI_‘IP-“% 3='> o

xﬂ¢=0_,s=2>=—% | p=o,s=2>

Spra vp Mﬂ@i Z a¥Xis

whive B, = {
L,

ax i

“

i_,x._/

,Slﬁ'ﬂi 6{0“4' aidng_

__(_,

Next, _consider 4= antparkcle stade: | p=e e_5>_=“'27“ be 102

- S + __i'__l S+T =
S‘iM;\a.rl}a_)_ covapy le. Ea:g S :] e E l’ Lp ) 0 ]
L_/r\.J

For anhparkhce  stades:

Tpae,s= D> = - 2lp=o,s20>
j—;\F"°$1> —*-il_?_=D|S=l>_

So

"?'1' ( )7 %ﬂ'r\_-— gp 24 00 . ]




Disexete Symmetries -

Paridy (P) B f
TV we ~vreversal Q’Ilii S S
C havge com v ahon (€ B -

Hou.) doex, \W?ﬁ) "JLlfdm_SJr-;rm unaﬁa( CIP!']'_? B

?MJ'}'H:‘ o . 717 !

. S
P —>-p  reecse F-miomentom,

r&fﬁ,w-\— T bg Uhﬂwjdauw 2 (?2: i) _ —
/Fia-g_,ﬁ= /7¢. Q—E R
Pbp? = %Jz?r._... ! _
’\

. &)M qfq?b are. PaSS bl pl\d..!d PFa.g Pf = a@
"'>(7a.—-' 4]6—l—>7]q,£ :l:[

3 - T o 0
— ._J_. Z ( ) Pa_s -;f.‘?C. S'IL lf’ 7()
’P\y(%)? ( .):a i, S (“—s ¢ P Pe +vs,(d’)?l9

. - A N L,S+ il
Lk T (guBp,—p) , = (4,-%) -
N C Then ’p-vc_—s;if = | ,
 Plip p= =P under inlegeal. _ I
B pos PR > p — -
st ws(f) = (vep )= L, I ez Bes
o Vs(P) > s (7) = (TE "7”" “;__";j)*,- e ;jjw,m



o _. 5" * o S'f_ I 2
PV P = 572—,;% FLEE( wle) ap &0 gl v o) BT e )

L =VEY Y i Y =T

Free 4o choose arblivary phate Ya=+1 | pud Hhew
v S - Aawe il 7r Feemiin- antifermion pair /mJ i

——— lﬂ ‘f‘ffh_'i‘fc ,94('/ /
Q—P & I°>-—=) _— a’ﬁ bfgrflé .

o 0 — : o |
| | (4, %) —> PY(2)P = ¥ l¥’({7\‘/ -

_— -~ . . S S , P
Spinors  diceeted ofwng % axis Ej (o)l (10)

%;r\ors &wu)reﬂ_ al,m% ain av-bitva, Y‘} axis r) = (S'M&COJ4' S'-fnlg‘@{,\¢mﬁ.)l
N _(_6059_7_/7 ) " ) ot sz) ) —
IR PN S5.> ( - _




/ﬁ'm e-—rW,Saﬂ— FLps  Spia . ’D;—ﬁ’n‘ qacll'ffedi“ Spinoy=
e — T e X 6 —1 f-”‘“

E-,s, = —ic Fs = (1 o_) —
Se f—*l = fz_ }—1 = - fI ‘
_ _i S é’ o ‘

S, =— 34
- ) S = EL -

Time —veversade  represenied by anh un{ﬁf}iope/aJW‘T.
sHI salsfres TY=T7. bub T alse ach oy

C-number S ( nofmaé_ _eomplex numbex&) a.s

Te= X1

- €.q. o consider ai edyen stoke of  H |n> et ”‘”“”53“7_.@\ |
exolvg fin Hae, » 7,8-—‘Entl"‘>

-'TCM-V-WQ& s%*gk;u be:

v E ' i‘Er\":
T(e ™ ) =™ (T

te. evoluing backward tnHme . 5, T e BN_ &

- i ey
c. %
T acks on  creakion/mmnlhiloRon opevaderS! )
E— . . — _ és,..._ A_‘g B
S L ap T = o, T e, T = bp

-s s 2 | -9 * !
wheve Q—__,P__f—_'__(_gt’.__ — .a-:_.p) " é’_,g = (“ lgg :ﬁ’?.—-g ) -

owettlogian JIditoral puly phse seb fo A




Noié +WD SVCESS o —T_' P ’*YMSFn rmah'ons 3&;3, back.
mﬁ Ve - D/z@m,\‘—vr with i) ,j‘ajvx

‘;T’Ta-sﬁ'l‘i = - ae CSW o A,ﬁ)

- P o
— T¥(hz)T- ffé?»%*#fe; z7( %Cf)@ﬁewfw bte )T

¥ =7z
_—._ﬁm?é_;g (ust) zcsp A é,gs
- ¥ S
Wx(ﬂw*)(—uf)?s) BV
- No_.(e: ‘s ( P) {‘/P J#?S \/”—*( Ho®) (<i6™) § s —F=a
05e® C0* = —020® 5 VEEGpieN) = (HIWF S
o W —
ws(p) = (Yo a) & Ug(p) =¥ usep)
N~ B ‘
y Y= - o |

adso vsqu* =3 Ves () o

F1pA s f v
'rx,b(f 7)7‘__ Y(fgf(—a;sg_\ff——z( -s(F)élﬁe ’ -WSC;’:“)L_{? e
e ) e p—p, soeS,

B L ply3 . .
=YY C;;%g e z(uscp)afse(ﬂ-*ﬂ )@

i z)
R B ' A VSC[’)éFB VL e (Efb-“te )




Cham],b cfnivgmbw S - -

You\ﬁ'k c_l.g_ P ra,vv‘f\ ‘acu/*‘op\-&

~ . : S
C s UHH--% o peratec: prC (D,pi

S
- . CbC = a3 o
Need Ho celeke Wg(p) andk vsCp): S
= 77v—_’ (73_ - S W —
. \/s q’) = ( NP = 7 - telce ”?9i‘5°_-s =ma* B
| _ Voo (—ie 7%'*5 w’ﬁﬂ/?ﬁi’*y -
o \r—(—u—)‘s"; =g e -
- e RS S
= [ g J(VI""* 'S's*):——baj “s P)i )
T L
, .
= a—— — e ——
& +(¢)c = ﬁ;ﬂ%% %ﬁsqﬂ L; e M Vs(p) a_;‘Le P ) |
, - |
2 ] b ¥ st fp= s
= Y g s (el ab T g e )

-V P = (Fr) -.-._.wmn‘)‘“‘: B

——— — B (grﬂre— @ X =t :ﬂjf >—




6T

 Dicac  be hears h l’\O\vQ_ weld - &L:QM& "‘l’a.nSﬁrmajw,gh -
f"’DF__i_c_t:ES_ ondex C f’ T. -_ql_l"_‘{/—a 4-n|11'“{’ e

—$rY odd

N ?+m¢&x> (ww*w ryeve =g e

- - . 759; (b-x)v°e

S 1S evtn onder  parity.

e creversal: P, =) D> H;W—t =),

Bl SEVER)T Y =y YO
| = ¥y
S PP S YT %Y Teven

vEy T

o[/\owéﬁ c«muga.:h'am ‘P—>-1(jjb/°>’ )

’ "V%Hﬂwfwrfj /e .

e e —— \{/1(0 l) ye - —

I -4¢Wf’7YD
=1 \)(,Ty?_xo ="'l (YOY \?l/)

o Y >~ (I NT(PrY)
I SR R (T I 7R 470 AV
YA AR Frelds anhcpmJeJ, _ b/ X )/ley)

. ’ @ \G, b/ . _ii _
) **\’b oo aj be e ——q?ﬁ(,ew-m




