I. Clascical Field T;lQO'rs‘

1.\ }.q&mnse. fofmqlism \ch ?art\‘clcs

Classical mechanacs

Lc@n, §a) Lagrange function [ assume no erlicit +me despendencel]

8“ n=1, -, N ame.rq‘,u’zeol. coovidinates

St %v\ = \Y L( gr\c‘“ %-\Cﬂ) dt ACflon.
Functanal ‘:f arbits Gactt) with
fcuad. Starting and end points

8n<td . %'\(f:)

E guation of motion :fou.ovs from  the Y action 'PY-MC-"P[Q..,, The orbit taken

by the physical systemt 4 the ome where the action 45 statiomary:
b .S‘l'. %v\] = 0

This vmplies the Eulev- La.swrcmse, eguations

S T T
dt 3§ 3w
'Re.m;‘-no(,ev H
SS[%&J = S[ %Vk*s%n] - gf %w]

1

L de (3 ET AT 5 83“)

S%n.?— T“_Esg,L

e S MR N R S ) P
e

=0 Since

8Gntt) = SGuct) =0

For a.vb-ttrqrj 58,\ Hhis 1‘7\&.1>L?e5 the E.L. eguation

¢ t, 3,\&3 + 5gnt)




Transition  to the Hamiltonvan :
cannonically conjugate momaente Pa = TN )
Then He @n, Pu) = T PG - Lo Gn, 3.

g&_._ g.“_c 8,\' 'Pv\_) bj SQLO?vI.3 c®) fﬂ" g‘L

The. canonical coordinates Frel FUW  the eguations

{ g Bndp = Sn { g gmds P Bl =0

gs\ = ¥ @ H}P = % Poissow bracket

- H {a 8}, - 28238 2%
$u = H:.\,H}“_%%—w T N

CQ,V\.o nie ol %uomt«‘sq;c?on_

Legn %0 given. Interprat G Gu, P o opeatos om a Hilbert Space.

Impose the commutation velatons [ %= 1]
[ gn . ?nj = '7: m,
¢ et o Fixed time)
L &n, 8&3" I'?v.\, ‘Pm]:.o
Tl\c_ tme  evolutien oj the aperatore s

§n = [ g H]

Note : S?m‘pls i, }P - ’,;‘ L, 3



12 lagrange - Formalism, for frelds
« A \fizleL TS @ guantity defined at euery gpotnt of space and twme ¢ 2,e)
e, e
NOTE : the concept of positton har been velegated from o dynamical
variable i clasgical mechanism te o mere fabel i field thesry
o An example 1 E-M frld

Electric field : B2, } . spatiel 3- vecters
qu\u—k Freld : gL?,t)

derive these twe 3-vecters from o swmgle 4-componaat field

A* ¢ i’,t) = C ‘ﬁ, 2) [ se=9,1,2,3]

~
]

|
o Vectar 1IN spucetime

The electric and megnetic :f:dc!s we

?= "34"?35 and ?.:. sz



The Jﬂnqm?ts of the Frald s sovz'med l:j a Lq\’mn\,h&

In velatiuistle QFT one assumes that L 5 an ?ntcy't(, over

La3 Yang Y dleny ty

n

L yfz L ¢, T, docvr)

fd2 Lo ado, fwd
T

all ot one space-point : Local,

[t is difficult to comttvuct men-local lagranglans , which are. compattble with relativistic
CQ.WSQL‘fJ,

E.-L. eguation :

§S = 55 de 2 L ¢a, 240
bTh__J
o¥x
v | 2L LS V5 >]
= j‘dx[ a%sﬁ * 23 4 ¢t
Intejfo.tc‘ox 53 Pparts and. } = 3”( 3L ) _ 33\, = o
asswme, +~\‘1J Y0 for 1X] =% 3.4 2%
oL
Conons cﬂ-uj conjusa.tcd, flalds . Tnhtx) = m

Homi(ton densiey : . . \
Me T (a2 Tuew 2odun) - fl2 L 2 [olx Mo

5 Meix)y = TTaaeg, - &



Suppose space were discrete with points ? on a lattice, , than there i a set

%n,? ) of cannonical coerdinates , and the previows discussion applies with substrtetions

guetd = ) = %nct.i‘) = ¢ux)
3>

z - “J'é. - X _ratx

Sn.m. — Sm S;g ) Sm SG)< &‘—3)

Lﬁ%ntf).é&-nth) — L [79.\(*:), tﬁ\ct)J = [« 4’.,(::), a,,.tﬁ,,tx))

Cannonicell %uanh’zqﬁ'on

Impose the eguai- t'me commutation yelations

@) 3

[ ¢actid, Tact. ] = T8 8 cX-P
I $act D), mct] = [Tact, et Pl = 0
The E.L, egution s egwu‘v«lznt ta the Hq,t‘stv\bOJ eguation
ductidr= L1 duetd, W]

Jor the fField operator, The formql solutcow s
cHt -THt
?ﬂ,(t' i.a) < Q‘ '\(o";) ea L SIV\CQ, H dOQS nct
ex'p(a‘c"blj depand on t 1

NOTE : o Ij‘ the commutation velations ove \"n'po:ea(. at ene me,

tlr&:‘ are ?\'ese:rucot at all timeg

THct-to) -TH Ct-ted <H (t-to) - "TH(t'tOJJ

2
[ $ucte,X) € Q T (to,X) @

J

[ Pact D), Tlmet, 3]

cH ct-t -THct-to)
Q,-L °) L +'\ (te,?.) , Kn(to,.:z.\_.l e

VWR V)
. 3)
= 'LSM (2-3)

° Unlesg otherwise, meatloned one weg the )—]e_c‘unbars pictwre, . @FT,

where, the tme-defendence 5 Ia e operators , ret the steteg.



An Exqulc. :  The Rletn - Gerdon Eguation

consider L for o veal scaler frelol +(f,t)

L

13404 -in¢’

Y

-}4: —-;'-(3%)1—-;’—&’4’;

+

use the Minkowch space metric 3"’0= A -

<l
we sdentify the hinetic energy of the frald as

T-= y&ix 3_1'4’3

the 'patewh‘a(, energy of

Ve (e [ 1e3¢0 4 1md]
~ F

Ly

| e, v
gradient anergy true  potential enegy

To determive the eguaton of motisw ¢ EOM) for ¢ , we compute

ES :, M
:_S‘:f; Sl aczpfb =Mp=cd, -vp)

The E.-L. eguation it then
c.f;:-v°++m’+=° or P+ mP =0

Rlein - Gorden. Eguation

Ij-‘ we congider the la.Jru-\quvL with 3¢neral. potenttal Yed)

AV
J:_ = ':l.‘aﬂ_+a'u% - V(¢) 2 a,,_a'u+ + —B‘F' = o



—

Rlaein - Gorden E%u{‘t-‘on;

Q
o s <3 9 % L.
Sc)woo(mjer agn : 1%;1}(?,1;) s - o V)
o~
] 61
Hamil tondan  H= T~
For the welativistic motion :
a2 Y a P:
H = J Pc +mct = mc + Tt
[ r
¢ \
rvest ev\o.rjj nonrelativistic Ham \‘l-tom‘qn_

Then  the S'ckrb'd?njev egn  can be wyitten as

iRap pRot) =[RS v met pR, 0

l, square the differential oferators on ecach side
_'k’,%i-; YR, t) = (K v me*y gk v

l %=c:=12

:._I‘__ 711_'_1.m_"1+=o or a,*a"q.*-m’\.l.:o

S . . . .
R-G wave _func-t:m Yct. X)) s a lorant;--m\)o.nau\t Function.

2
Since RTR Y also Tavariatt , this cannot vepresent a 1;105051‘1\‘13 o(ens?fj,

A olqv\:-‘tj trangforms as time - Lihe component of a ¥ -vector, due to
)_oer\;t} contraction oj: \)olumz. ele‘nev\t,

One can dﬂf\‘nm

F= m O - )

- |

T CF T - PP

2 2

Follow a continulty eguation : :_-tf"’ V.j=0o & dPyjr=o

ﬂouzuax .

{ s nat nacesso.v:lj positive. ( wnLike, nf,lx) . T)\Q'(QJ:OTQ, , it
may well be considered as +he dens?-tj of @ conserved guantity  ( the  electyic

c)mrge, .29 ) , but not as a posrtive fprobability



The 2nd problem : negative energy solution

_“CEt-F %
Apltme wave s‘olutn‘or\ : \{-('t.:-t)) = N ¢ * Fx)

L E'= e m 2 E= tdi3hwe

The spectrum s 1o Longer  bownded  from below.



E.j. quwzll % E%uqf-‘o-\s
From the lﬁramsc‘aw L-- 1 2 AudCHAY) ¢ L 3;-.A"a""_)z

NOTE : £ ha¢ ne hinetic +erm A: for Ao

we cum?wte.

(1N d . 4 6@ Bt 6%
TN -3 daAg A +3 dafpg d¢As
¢ Ay) a(a»A,)[ 3 gghs 3 3 (I SN HN J
o M eV (Y
3P | engv| yz -t 54 85 %Ac TS x2Sy B g7 g
¢ 3 Ay) P | R oD gt oS¢ ( Acv g
+ 3 sd. 53 Af ACJ J + 3 da A? 55 8@ 3 3 T

_ L 3}*A°_L3MA" +,|533Afjl‘“7+?l: adA‘*S}*v
= -~ 2RAY + a‘gAfs.uv

Then we have

) L = -2'A" + a"[afAfJ
3¢ AV
= = o[ 2*AY-2YAR] = -BFF""")

where the field strength s defined by
F}‘p - a).(_AU - a"‘AM

Usrv\J F &V the Maxwell .\.qdnms\‘om LYY

)

= -% Fuo F*



1.3 Noether’s +theovem for  frelds

- The Noether theovem establishes a  velation betuween Symmatries and  conServed

%u antres

* Thee 35 no differen. betweea classcal and guarntum freld, theory ; Wrx) cam be

o classveal field or guantum feld  operator,

Sty = _S\o(qx L« P, )

A SdMMQtYJ T o trangformation oj the foelds ) which  Zeques acélon  oartant
' : . alobal
Py = pe + s Foo e €: a constant ; global symmetry
F: depends ), and  30pex)

3SIpI
o-‘- S = L] ——
S € j'd X 5 we0 Fex)

~
.

before the e.o.m. are steisfied

Exomsle : tran s lation
) Os)" A &
Px) = Pext+a) = Px) + QM ey - =)
3).;3 ~ F
NOQ‘d\QY t‘\CO\’Qm 8 FOY QUQ.YJ Contrnuoug Cﬂmmeﬁj theve s a COﬂSQ.VUQd,
cuvrent
2L -
Jhexy = Fooo - ®¥Mex) [ 2xj*zo]
-6 apgch)
IQ
ond c)\arde. Q= fdsf 3%ex) [ 2 c° ]
Deriuation :

Sine  the action  SLgen] A5 woariant by assumption , L can only  change
Lj o total devivative . 7.e,
$sS : ¢ ‘yd“x 3),. R ex) <)

Jor some  r¥x) ¢ In ‘P“Yf"culwf KMz o \‘f L s Awoartamt | not ov\):{ S[?])



On the other hawel

ss: du 3.[ 3(.

¢
‘-'Y aczmy) "\:Y)
' ;
€ Fexy & dukex)
use E. L. Qguation  to elrminaty aI/axj , then we have
$S = fd"x gFex)y 2 [ ] « 2= & ufen
1 acau y; 2C2p)
= fd:{ £ [aca ?)F] €a)

Tn}u‘vj €2) Mmines €0 J:oq dpJexy =0 for gMx) os defmed above,

Also ..
J\dgg 2° 5°d) = - j‘d;?_ ?-jc!) = o,
HMGu=0 ;
a.s:v.vm‘vj as wswal
that the foelds vanish
as 1X(
NOTE : The consarvation of the cuvveat - owlj true for the frelds sﬂf-‘.lfs?-j the

freld eguations, becwuse the EL. eguation was wel o obtam <)
In particular, <n the guantum theory, this will not be true of
every Field confiquration e sum over the path —Entejral , onlj

the so.ddlo. - point Ca'\f!'jv,quions_



An exqu]ﬂ 3 T'r&ns(o.t-‘on cv\d t)ne, Et\Q‘I’&- NMomeatum Tengor,
Consider the nfinitesimal translation
x’ s x"-g° o a0 5 parx) + 273, Pox)

Lexy = Lo +£2, L) —  £22,[84 L)

Then Four conserved, currents €3Mv , o for each of €, wv=o0,1,2,3

u

all 3
LS - 9 4; - 9 (X T"‘
C o )\) 3¢ 3 ﬁ") LV In v & ) v

Energy - Momentun.  tensev
Ie satisfies 3,.~Ty}> =0

Four conserved, 8uantfﬁ¢5 are stuqv\. 53

E. j‘dzx Too ’ P-c: j"dzx ret
7 A
the total energy cf the, the taotal momentum

freld  configuration
An examgple : the scaler field theory : L= faupar¢-Limd
TR L arg et - gRL
Using E.OM. for ¢, ¢ '+ M $=zo, 5> 2T =0

2 (374 3°) - ¥

24 2% + b By - (4 2upard - )

U

dp T*°

i M+ 2. - £ a7 - L 9 M)

+ m¢a'

3 ° 2 Y 2 2
the conserved. energy E- de 'I‘P + Loveas %"\;4’

)

- - momantum. P = S"‘ljx ¢ 2% ¢



.4 J.oro.nta, tmns‘_formo.-h‘on

J_orenta iaVartant 7S sjnmztvj wnder votations and  boosts.

The votation groups socn)

E.j, Two - dimensional votation:
X P stnd )/ x
(3) — (—s-‘n? ws¢)(j)

The fine element d* n e phyical space RE measwring the distance

betwean any two -points X and R+ d?
dl‘ = o(xf + dX: + dx; = dd + olj* + 431

w)n‘c)\ 7s nvaviant wunder Lwear hansfaqu-b‘ons

X — 2 - R
o
\ T T )
R ov-tkojonal matyices R R = R -R =14
Thus det R = 1 Proper artkojona.l, transformations
vyotations . the -pkjs-‘cal. space.
det R :=-2 amproper ortkojonq_}.« thns:onmOcH‘o*L
such as  space refloction
T)\Q Set

of all Proper onkoij trangformations form the group of

rotations denoted, bj SO3)
A

1
]
¢

S: s'pec-iql. . detR= 21

T)\Q set oj all orf)l,ojono.l, tyansjomo.-e:ov\.s form 3row} 0c3).

Soc3) s a Subsrowp of 0Q3)



Tkz basic defins tion of’ grous:

A set G Fa.b,c--} s calledl a group under the operation of

“multigication 7 oenoted +  if the followmg axiems ‘hold:

ct) G 15 closed wnder the oferation .7 ¢ #1 A) PE) Closure
15 a, b €G, ten a b e G

(77) a-¢b.cy = ra.by.c for avery a,b,c € ( cs.’.'&a'#) AS‘Soc:‘Q'h‘uth

¢i7) 3 ee G suh that @@= ca:za for Yae G cRBawy Identity

(iv) For YV aeC. 3 a'€ G such that a-a': a'.a:e (Pw) Inverthilit
3

Isomorphism :  Two groups G and G’ are savol <semorphic if theve exists q
Ry X
one-to - ene  correspodence between their elements which Presevves
the Law of growp multiplication.
1f 3:eC & 97€C" and §,9.29; ™ G, den 3/9/29] ™ &
and, vice wversa.
ﬂomomor—p}\fsm: A homomowyk-u‘sm From a grouwp G to amother growp G s a nq:pytj
Cnot mzcezssa.ﬁlj one - t9-ona ) phich Preserves 31'014? m\d,t\‘jl,?ca-ﬁo'l.
1y 9:eC 2 9/€d ad 9,9.= 95 than 979)= 95

CLeo,vlJ‘ “comorphism s a special cage of homomorphism. ( 2 $% )



Rq?rqser\tatﬂ'\s of a Crou?:

I_f tere s o homomor phism from a growp G +to a growp 0f operatoers

V(G) on a ALimear Space V, we Say that U(G) forms @ vepresen tation of the
370\&.3: G.

The olimen gion of the vepresentation <5 the olimension of the vector space V,

A vepresentation 45 said to be faithful if the homomer phism s also  an

~S omor ?\a‘sm ( ~+.e. one-to-one )

The representiation 1S a mapping g €@ Y SE

UCja)

n

wheve  Ucgs 75 an operator en V , such that U3 Uegad
v Sa.t-‘sj‘a the same vules of malt-‘j:l-‘co:tn‘on

Consider the case of « fiaite - dimensional representation . Choose a set of basis

A -
vectors fes, v21,+,1} on V. The operaters ore then realized as nxn
matrices Dcgy as  follows :

U(j) les> = 1¢p> ch)’;.; ' ge G

"

Vg Ucgad lesd> = Vg 1ey ch;de = 1> ch.)kj Dcga)’s

Ve 90 9ad) lesd = 1@ D(j-j,)l-f

A
Since fei}  from a basis | D¢3:) DcJa) = D€ 3ad
the matrix multiplication s Tmplied

T)\Q 5\’014.} of matrices DCG) jorms a matrix vepresentation of G.



connected Llve group

Important <n $hyscs

Grou—)‘)s of transformation Tc¢8)

that are described by a finite set of
veal continuous parameters, Say 0%, with cach element of the group comnected
to the <dentity by o path within the group.
Multiplieation faw Tca)r Tcey = Tc feb,03)
m
5“(;6,6) :
z O

a function of the 6s and 8s.

of the identity , then

To.hs‘nj 0%:

as the coordinates

:Qq

$%80,05 = §%o0, ) (%)
T

Tco) Tcey= Tcey = Tcfce 0))

The transformations of  Tcé>

must be represented. on the

Hslbert space
operators U ( Tc@3r)

bj unfto:rj €--- Idev\t?tj opevator U: 1 % um‘t«uj R Kruear,
At the finite neab“)ov)\.ooo( of the -ia(ent?tj

U(TB>) = 4+ i6%a + + 826 4 + -
~ 2

.-
' -

operators ,  ta Hermitian , toc = teb
Suppose that the

U cTey) form an ordinary representation,

U Tcey) VeTe) = VTcfs,6))

Ex»}omcl-‘nj N power of 8% and 8°%

chce,é).-. 8 + 8" + f‘bc556°+~-

<
<
veal Coszc:e nts .

No 8 or 8° 8wmce (%)



Then

LHS of (¥¥)= [ 1+ T8%ta + -_{-El’éc-l:bc] [ 12+ v6%ta+~+8%6% s ]

1+ 1 ¢C 6“‘-& 8Y) ta - ‘G_Q' ebtq_tb + %abéc the +-5"9b9c'tbc + oo

1+ = jqc5,9)+q+ 1 fbc'e',er:cc 8,0) the

n

RHS of (%%)

L+ 7C0%+ 8%+ F% 8°0° ) ta + 3¢ 8%+ 8%+.-) co%+ 8% - Dtpe

= . bzc = bz
4+ 7¢08%+ 8%+ % 8%6%) ta +2¢ 8°6°+ €8+ 80+ 8°6°) tuc

The terms of order 1, @ 9. e’_ 8’ automat"calb match , from 806 torms

we have

-tq_ th

'fj:ca.b 'tc + tab

Since  tab = tha , then

—tate -Tfabte = -tota - TF e te

W Lte t] = 4 (-F+ ) te
Y = < CSap te — L-e alsebra
Note : S’u';)")OSQ that ch e, 8)-= 6q+ §q € - E.3_ translations 4n space time

Then  F%be wvanish | so L[ ta, th]=o ¢--- Abglian

In t\is case , For any Anteger N,

e
Uc T(-g)) VX ¢ T(-,;,e-)) = D( T‘%""'*F”) - UcTco3)
. — see?
N

let N ", lee.-p the |st-order tevm -m U( T(9))

| + —;-eqto,)N

V(T = 255 ¢

exp ¢ Tta 8%)



).oreJ\tg, Jaarvance

Amonj the most Tmportant sgmme-tu‘es of velatrvistic QFT are those

which.  arsse from the  Lloventy trans formations themselves.

T}\Q Space time  gnterv al ds*

dS: = j}n) O(X)‘ dI.”

Il

3}:0‘3 v &--- dnvevse of 3,..)
| © o o

G: o -1 o o -G"

Any  coordinate  transformation X — ” that  satis fies

Gpuw A7 dx’ = 90 dudx?

or Xt XV _
Irw ax? ax® NEL
2s  linear

xX'* = /\"*px" + ot
~
$ Y

|

* qu:‘i'terJ constants

a constant matrix So.‘t?sfj?nj J ) /\/* 5 /\v‘— = 35.- %)

T)tese -l:rmcfovnqt.‘or\s form [y Jroujp

(A, @) (Ao
Sea : xt —> N —— X'
then  x"#*

= 7\"} XPya* - 7\/} (At oty +

= (7\"‘3 Aoy X+ ¢ /'\".yaﬂ a’)

..........

I, A, A Satisfy (% . then So does A A
T)lQ. tmnsfomq-h‘o« TcA,a) andyed an ‘ﬂ\js:‘cal States saf.‘sfj

TcA,2) TcA,a) = T¢ AA, Aa+Q)

-5
TaL:nJ the determinant of (%) gives (detA) = 1 so A

) v has an taverse



See:
/\.H.:y A"C‘ j)“) = 350‘ & j).u) A\,q- = /\)4.6“

v

B (A3 G Ao Jge e defime (A7 AL,
B ATG A=G
guo = 3ge ATu Mo = Aepn A
| vaie m on g both side
S4 = Ae™ A,
Compwe his with the defirtion of the trvene tranrformation A

M

A-, A b3 ov C I\-')ﬂs- Acu = s J

N

42 4 'b‘ntiev\ﬁfJ matrix

"
> (AT =A™ s ah’ie A

‘A{Q ('I‘: f, },3) |

~

T)\Q, w\ole_ 3rouj> of TCA,0) a5 Pof'\cwrQ: 3,.0“?

ij a* = o , TcA, o) hnow as homoje_neoug lo-mv\-ta growp

E.g. A votation 55 6 about #He - axis A boest bs v QlOvj the, x'- axis
| © o o ¥ -%¥vy O o
" o se -sne o N x o o
N v * 0 §6 oFre °© v = 0 'S 1 o
o o o | o o ) 1
[ with ¥ - !
Wi =
v ot

Note:  Poincard group FXTFAFMET L4, th 4@ 2 8 & > @ Hilbert, Fid)

FI3AR BB H 4x4 4B RE



L has four components | cach of which s connected <n the sense that

any one  AHoint can be commected to any other | but no Lloventy

transformotion =Zn  dne Component can be. connected +to another <a Gnother

ComPonent,

Note that det A and sgn Ao  are both contnous func tions  of N, .

Furthermore , det A = *1 and A% 21 or A% ¢ -2
See NG A= G
B det ( ATG T) = det G :--1 « detG= 4x (=)
(det A) = 1 e dat AT :zdet A

)

det (A B)= detcA) det ¢ B)

. A, A% gt

j)u, = A o Ae 3 e
LY 3°° = /\oa /\op j‘*e = (A ); £ C A% Aoj) 3"3

3 0
1 = (A%) - 5."“”1

L (N, 21 \

T)\uS, det A and sgn Ao must be constant  on any  one component,

The Fowr ¢ogsib?l?tfes are

T °

Ly det A = 2 sgn/\ o= 1 , which conten 1
* 0

1o+ det A :=-1, sgnNoz 2t which contan Ig
$

1y det A = 1, sgu A% = -1, whick contan  Ist
¥ )

1_ det A = -1, 5‘3'« Ao = -1, which contain I+



T)\e. ).OTQvL't} trang jormo.ﬁon

Is ¢ space  dnoersiom ) . ':ir.?"ﬂ =z 5%
(I x) = x° s (Tex) e-x¥  d:1,2.3
I+ ¢ time 4nversson ) : 9 48 2R
(Itx)o: -x° ¢TexdT= x¥ 5o, 23
Ist « Space - #'me  dnversion ) : 3?'?@\5,.,
( Tet x) = -x = (IsTIe x)
Clenly, 17 %5 1]
1} 0

~—

FIGURE I-1. Connectivity properties of the Lorentz group, L, and its
subgroups: the proper Lorentz group, L,; the orthochronous Lorentz, jAR
the orthochorous Lorentz group, Lo; and the restricted Lorentz group, L].

T)\Q, amportant Subjroq-ps of J

[

LT - L: 9 J..T the ovthochvonous ).orer\ta group AE8Y Ao 3+

Ly = l.I D) L.t the proper loventz grouwsp JE.‘% det A=+

lo = 17 v L the orthochorous  Loventy growp E 3% sqn No det A1
1% the proer ovthochronous loventy grousp

or the restricted loreaty grous



Claggical field '(:)\ewJ:
Scalay Freld : 4>cx) —A> ¢‘c:x) = 4>( Alx)
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(a) scalar field (b) vector field

Figure 3.1. When a rotation is performed on a vector field, it affects the
orientation of the vector as well as the location of the region containing the
configuration.
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Quantum Loventy Transformetion. & The Poincard Al gebre
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Lorenty transformation of T ¥ andl PF
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Lie algebra of the Poincard group.

SLTM 7397 . 3”? J+€ - 51‘4 T - SG»J-»)_, g%” g~

4

AL P4, T g7 pS - gnoPT

O
(V]

L p* »p33

J

conserved operators ( commute with P° = H)
P=1tp', P, P} J=§7338,79, 5} P°

not conseyved opera tors

R= § 3% 7. 7]} ¢ do not use K to label physical state 3

Pure. tramslation  Tc 1, @) & subgroup of TcA @)

Ter, @) Ter,a)s Tel, 0+ )
< pM

U(’,Q.): e_qPQﬂ_

$pace- time translation on the  field operator ¢

-TP-x A T P. X A
e $co) e = ¢x)

A votoation Re Lj an cmjlo. 181 avounodl e divection of 6,

.
Uc Re, 0) = Q‘J'a



