il

Mulfi- farticle Basss Stutes

5 ?05\'\%0(\ not P\'sstca[ . but BIKP%‘(‘W‘H\M
value of Qecator ot Cxp)

‘)v wa  be. Measuped \n au'bf%a.r\[% el
Volume . b

Sugle etttle shhe ka3, Xt QIR k0 ]



2 Shnc acticles spialess IE. Ki) = |k, R )
¢ 4 y /

TEERXR XK.

and KK IR R < S (R-KIS(K-FL) +5Uk-K)StkeR)

H“z./tf: )'CCWK‘ +0)K..»)“Z;,K-: v, P}‘\;,f‘b) (,K/,H%HK, /’;)

AJ %L s,

f\*’” NaLut m ', <0[0>=o/ HlO>=F!0>:o |
Comphtteness: L =1070] +j3 KIKY<KI +l/Jtc.J‘Alx.wm

5 [y, 105+ JJ’K “ﬂk)}b+21,Jé’x.m1{cr~.b,m\ Kby - i
/ % ’
J \ |

FM,_ o} dvar ‘Fun(,(-c‘on of B vac. 3

\‘;(Q - nferackion term  will connect Wave Funchion
Qe 7 ?ar{-l‘d@ bag s {o 3/ 3t b (,enW/\&/JQ

‘3(,0‘15]3(:,('. W(’A‘Toéfc box ot f_cmoﬂn. L

_ N |
) . ﬂ
2 Jiscrekizes Mamerta K= fljl:r, 13,—53 llrn%) !

2 write stedes as Ogcu,pwhm Cepresen fwtihn !
boeo LK), ACK") - >, whee nik) s # pardizies

W/ mamentum K.
= [ac))

332445445050 06H4444

s Nowbor qerotur W) suady

Nek)[ne)y = rl(,K)ln()) s H< Zwmu{)

B

\
-7

(.8 e



w}';,sr;r.w,fj cant trgum  LYenll °

ll.;l'r‘\,, a{\‘&l:) < g(,ﬁ "th)/ S:at( /ak—‘ ]: Eolﬁ, C"I;Cl,]: O

CK'KY = <olawa’ 10y = <ollax,a'210> ~<dla%kaal0
(since Ox./d-K art HU‘m Naa Camusa{-r/s)_

‘(Olg(K' V)lO) + Q S‘”(,K_'— )y <ol M

uhlor = |ic?

= Z\,WKC{J“K 7 JJSK Uha«fark

[

~HIKy- Ha' 107 = jc\‘Kwea&.‘amﬁt 10>

f"H\VO: (‘[anQ«, an.ji'ar.an'alcl(h
Vips 7

?[awau,ar] O'K‘Y__ah. an]‘rcan‘a,{jar —>
= at Sk -k)=ale SCK- Kl)__



R { c(%), = >
dKkw'arwo (k-K')I0)

[ K) OJK, V)j

= We A i,v,f; )U) = (s >
§7)
- ki)

N N\, s |’ ~
) k'ﬁ \ l‘» q .\

2 f V< ) -

« [~ [\ R
Veritleation  twat can Tthugmn - 0/’ W(%P

- { ‘ J
\or~r L/ Yif P . L ¢ T ¢ , K<
O~ ZWUAAL oa% wqor 'Kg:’/ /

\War~ “:""-\,KL 'i\il fl,) (_L/ J(—‘M@/lr M Q bsg-(/a% ZC
be wr essed TV tervng af crreattr
Jlatton o@&c—w%\rg.

N fio s 4w
¥ : g S i Y
U1 | e/t ) Qr L

s> Given cﬂagg\ca& Systerm w/ general; rzed
CQordtvutes q» Wl obtura Uarviymn Hw&a/y

/\3 reQ W\f’@ ) flw[/’”‘\// eratar— valued
A tans gwcm Pu(/f-) ,W'Hq the Conrl/?mmd l%af

Copo), dueny 1= (o i fute) D =0, Chars, d vee) ] = mib5ms

Hcyse/\/lge/fs ?Y()ﬂw (,hAMb A'@M'C)W& g a'pe/rv’t“‘“f*/ ey

.S'IL'Cer/( )
Wiy = eHe MW 07 s

Cﬂﬂﬁiﬁmc‘*} "g e\Aﬂa%cw\ abses vati s PJ’&;UV%

st T (’Aw@rvt
.-S\W)\Cfs\‘{wms; HCUCRL O | B0y,

- 5<‘f(q)|c"H+dsc:iH+WL0))

3 OJHL('\ . Gs@ -t
'e‘““ Tall e o




v \ r \‘ 3 . V‘l
¢ \'. "\ ’\ {1 v ( Wh e )/| (//,’! (/{J) :‘('U/"/’,‘/.(,, J

Ry g 5 . (7 1) - »
\ A A WA ) = { ‘k\v;o V) i |1 £ : J r I ~ | i }'J,Q'}H (,‘LJ) ,;}
A\ ( J /

Cr ‘( ‘r\ E‘%.,g_.)-"] Con ?: O ~pnen l ) / Q L?S@f\/O/é / es C):'r/-p /\‘f"/%

= Peirts v ST genemlized coardtnodes pore—

>Tp W companerts  of Jreld as  funcptee of X0

. < 3 2 C (3.
2, “%J X2, , Oap ~ buy 575~ )
O

a

Dince Zaﬁco-n{jh&n \m pastrele weghan e s
o Quple coordimates wi Mfecend  labels «,
Mogt 3a~uaL laﬁr 728 (,ouﬂ,é cwple, Frelds =t
Qh¥$t’;m+ Gardtrates. (0 mgke ‘Hlmrj Causa ll ,
_)_O_r_ti Wt action of o ATSWO@, c)gnaonrr/s

of Teld shuw!d be lical 1m Space Hime, AISQ/
since Ve waat CFT < PYlhnaloly  QFT to le
Ior‘bfﬂ'b Y Varient, ¢ 10" J/JvE, Can Oﬂej [atroduce
Sqa‘ﬁa.?, Ju\wai-rvef o{: EF‘S]‘- ar—é.u.;

LiH)= ZJJ’x L ( faew, 9,4}%,.)6;))

178

t,
;5= )A‘H-CH = Bqu L(t,%)
I N
1 zagraﬂgc ‘deasity

“ L5 "lueats dwaciat, hut Lot ot



Eug(,\.-"‘ 7

.&Ll(.fft}kd L .

- ™

3% - o (%me)) o

He 3 Jis (022 - ) = [t

W/rw?v? Zgs ‘%

u? want ) zaton

'fo?aace, ¢é¥// TF:CM) w/ OVU‘cl/f&r‘“Vawa/dl {b"r/n‘b«g
sk

Lgactn), g, gl =LTlan, My nl=0
, Lgalrt), Thchn ) = vh Sas SO 054

W

Ca""“ﬁ".‘l‘f?/’%w.‘nj

¢£C)€:f'){ m(aj/f‘) are HCB@% QFU‘W{-D_,{‘
S IR | R PR

KECH’\‘ (ardon H.anmﬂhnian J= :IQMSj:,)A?,_ %‘le
H" JJJ‘x [+ cwhp‘zpj Svertfy  Eam!

M s, 024 )% BN
aq» = ?‘ DG)M' ,b /? w7



]ﬁa (‘<I+ ) ‘-

) 98 . [gexs, H) = [¢(g’,+)/ jé’x ( 7 +CV¢)21—/M¢2):']

! |
o dfii] = L g, o] )
- | L G (34), £ ] = 'jJ;X’ [ 4, gotey ]
?-v“%ﬂm = Il J 7x'( ML Hc;;é), ¢c£,+)]+[nm+),,sw)h])

11

: ALJJ’x' (ﬂ;o‘o'/f)(*?t 33131 - 1657 (31 %) ))
x ‘

- lJJ’x'ﬂ: G065 50R-)) =jé'x’ Mest) (15182
A

=) J Vx' §9 - ) NG :[‘. Tex m]

AR 2(depis,0))
Cl‘-mml
In ‘che, ‘?\c“v '“laara K G llns H J ﬂ t (9¢) r,p,p")
' \Whot abwt %
@_H_: ﬂ::¢ st %7 ¢ —_-‘\71}5'./;1}{.(‘[:““51_)
beer A

\
—7



\“ )t,' 2 “ X }
>

ST b s L coplgy ), s )

[c\ (Tl (x') + (V)2 VX)) + o ;fcxf)) ﬁ"cxjj

L
x

- i— jJ’XI([(,Vﬂx‘)- vh), oo ]+ [ pgec'), 1Tex, ])
SLAB, €)= ALBLI+[ A cO7

J

-;-/;}; '(Vﬂﬂ)[[?/d(x'), iex)) + {ggex), Tex)  vgee!) {-[/)"zx')} ;n,g}b\
4

7 Use Fact that [v%m,ﬂw] V( §¢ 'Cx"'x))
! remembec [me‘" Do d” r” AW722) ITC")j = V( $ P xt-x0)

s

(%
Jcl'x'(lV;JCX' V(i 8 txt-x ) Huts A)‘ Y ixi- )
VL@, M)z goxy Loy M)
In‘}ela e T an 55 [:o.rh—.- . t gy, Miw Vg oo
= 2ghex') i)
d v..\'I(I‘f““"‘) 1340 S E ;5‘ )Cx’~><)

= Vg (x') bin = WMW

r.) ;)(vld(,x‘))c)x = Ju Y ¢(:-(')@’(
rs

o=

: ) . . ' .
-1 [J\f- JVAQ: IV¢CK') §¢ Cx‘-x)/ d “ Smcx ) vq/m"‘”‘"
oo v N

L



Naw, for ledfic;a Lity, we assect Hiat all
‘Ci;u,aﬂﬁhcz) that ace Funcfrons of quﬂﬂhtw»
*‘ft}} 0)0 to O  ad }H.F?n’(/-J:

ad
1 ogn 0G| =0

Sa i‘l‘_&f: ;[(‘_1 Jj[vlyjcfc:)ém(ﬁ'-i) J';t)#;J]f} ¢Cx')£¢=&:.¢)lﬁ
It !
i

:g J‘q‘(,x)—ﬂ"g!(,x) = T:fC)() \/

Thws q/u.a.nfu,:}n ﬁ&l&-x QLH%‘.&(J equation.

3 Fram §3ch= e and Tex)= Vo) -pgee)

we have @O0 - TP+ p* @ om0 = KBab Grm
?6 ¢= CB/AD’*!-/I;) x) = &

7 Can solve PDE flaf‘mallﬂ : @'(’m&ra { so L wution
1S sum of Plane woves |

y % e a .
F"'; Wx € st KE (K, x ¥4 vectars )
7 DAQmW’)LM'ZW

= (_— Kc’ 1 K + Kril'k!‘) &;K”“J' .&"n.x

2

- "”\G:K'i‘ w‘&'.”i/
g 3—-‘ —.IK" Ve 3 a -
= 5--4%! = in K[_G-ke + a} cl ] ’4(9 w-k*
2 K= "‘p/‘
,% = (.tlz.)

Itz s () - K -
; E.)L'-hb" k‘.g

E ™™



\Jd.!ﬂ 4‘0 salve ‘Fbr Q. a«-é / k‘-Q: “k

Repmar (.° ng@ LK

g -k')%

= Clﬂ)’ SL‘)LIZ'IZ)

Y Eva lya ﬂj af  F(%,0) wnd strifants
9052%):,0) = ?‘

-

HLs%,0) = JJ‘K-[aKé;K"? var e 7]

Luxt - KI‘ )

- -— -

Do P(X0)= Jc} KEar (e

‘ KX yRE
i Jé‘;« T PP
Us.nc) \nl-aarul a-F FU"'\-”V "-ruﬂf Po,r,»w -
e_’ J.A:i c"(It it s 5“’u¢ -&2")

(xa)?

We 3&\' P ‘ R




A
" 3 (KK )% pILE-E) 2
: }J’k (cgﬁs[o‘:ﬁc are
9
-
N = R Yy i /
= JJ’K[o(rz SV (i) + ol 87 (KK |
—_— '

Stmilarly :
k! Tt * Hbfj
I Jzme T = J EIE G )fawe L,
P " | Qo 2-K) % v
‘ S(RERIR 0 S(k-kTX
:".JCPKL('CK)S)-S [_"‘E'@ -ARE L)
(an | | |

e |y Lot $R ) - a8 (R -2 D
1
J Wz St so ulg =

/’/ . 1 L ' (t .
= i"'lug (“-i = d IE’)J ' (M‘h«‘%wlu“ direottan of

L,,-—-—e_- s — msmh C\ﬂa @ﬂ&rﬁ 3




g
A= 5 Aag = m)s ;b(x,o) o f%/ééx/o)]

= }d,‘{ = j( me 0) T, 4 99}%,09]5 /
AU i

10‘ J {Wx,O) -k Qo;é(,x,o):) @J‘K ’

- 1

//C'N>

i{\af = 'L : 3 [%6)5/0)"’]‘90?/6)(,0)]6
A ]
Ufi\@ &(Lmﬁ time Commutetran refations

e 13, T ®»
Laz,ak ] q[m (ﬁ‘(*“ f“’”) (m) /@) -m"n]'

/ Cni)‘

| | {
. ¢
_ 1 % CeR <1k (
= ]9*xd | ‘) (,‘) \ 0 § ,L'n-‘pE‘d f
y JLM)" l:w.c' ];pr/ #5) Je toLpRirsile ¢
g ‘ :
L] P%dy | <,<-.E'g i K 4 | €

- = —_— - K
t J Lm)e w,c‘ o LA, %cg)]c t’ﬂﬂ) gt e J‘F
g J}Xéz l 'n Free eld dag 5&(;2 E Tu o) so 2o :
==~ !5[_“ (3), > aKx.z5 3 s 3 |
e{jcm‘ o L1879 ]e to D8] g
= )ﬁfl& [_ | @;CE;E') X - g] ¢
1} ~ )6 - T —e &
C}\‘) % Wy ‘ Q o
~ 1| d% | C i (R-R)eX T e
= == LA & _l e ﬂ g
100" Lwd e i



= | ()72 567)6,( K)
— 4 5k )\(,_,____,_,fw»/

Oa) ‘4 w,c 217)

I+ we defFrtne A = (_117)3/1 Al =13 7LL&J\

lag,a’y] = /Qfﬁﬂ%ﬁ 2 (20)° Jue Latesane]

%

- Gupde oo gty = [0 R R)

(am)? dwk

= Lax ab ]z SVIR-E) = Commukatton relotfon
/ [
J‘%cw- crea $ron / annthi 4 tTen opw/hrs ;

L’F Ak dsc are n tuet  anaihilet c\f:/«ru:w‘m 9>,
We b@v‘H’(’/f' iﬂwb"('/:

E‘,Hi(ﬁij Wedd  and EH,QZD:"@J&CM

o S0 ¢A
i S H= JJ’ [{r t ) e prer]  and |
-~ Kex nK.ﬂcJ _ d'k J’La(é’kﬁa:‘éd‘(m]
pix) = JJ kLaz ¢ roR € ()"

ao % & ) = X) \UL)EQ C, = \K ‘] T
¢(ﬁ‘ S(‘M\ X/j JKSE_E .

O‘,‘)Jn.




SN e A 3 ) “ihex VKX
OfLst) - } J’K ;v iKy)(are T -art )
DR Chn)™ Mt

i,7\.@(«"«H Hhat F“ +he Kl n ~Gasdan ﬁci‘f/ﬂ;&/

H=; b’x (e (O + prg?) | where Tt = (208)
Lefs express H in ferms af creatlon cond
annthi latron Of[’/f‘cc‘h)rs‘i

N o | . I ‘ i
g ¥ i ute Eacit (,Q}’L%\‘\} 19L£7r1>ﬂn ’

J = -
L]JSX TGH)* , W/ [TCut) = Da pLi,t)= O—-ﬁ');zf-f""b)(‘in& afj?

A
43K -ifex
D A/ o ~ 6")”'9) G € t __,_—f-—~ ["lUp) a-‘&
2 ﬂ (‘X’{’)-JC)U)M;J’—[ [: jjcln)ﬁm [* IP‘

+qze
J? ] ~ik* Py AR
E iJJ’xﬂfoH = %UJ_"—‘)—B—E— UKU?}[_CIRﬁ e )(a j

¢
2000 Jede o l\,

Siaee =l > - [ .
~ (kexppx) =} (ke - pex) L (K-kex)
Jjj ”""’i (Gtsp Eana\-(i +Cl,~;at’ ¢ - ;-a;jq; e
Lan) w"(’ W(Kex Fpex)
Aadye

- AR Akl iR
L
2 - oo g ]

|



—~ 9

?G/f‘“m‘m? ~

RﬁCaQ,Q,Tnj\M—egra,Q q{-q Fou-rl‘&/‘ +/‘an54>orn—/4

)Jx SCRK)ex _ SU R
Can)?

= ’_/‘g/i o\k;i_/sg’? Mﬁﬂ’p lia
/

7 mﬂ/ -

/7
b 7 luktdp)t S (K1p)R LWUR W)t S (R-F)Pa
&M Urisp Eﬂzafﬁ G ﬂia‘sc ( f) e f
zun)

/'7“
. W)t G KEX T Vet b ~T(RAPIX
tdage T T gataz e e J

w Py [ o

() n)’ . ~ | )\

i - b (P R )X At - i(R -p) - )Cu A//l:
) : e P Qﬁd;c -l 6(: P y-f-ak.'—d?i WKt E (K 1P

raste

= m+03ra.(é/ |

_:—F J;MMF (0. aeC:»UJH-UP)tCS-(;)( K __,) ﬂA&PCI(UR‘NPlfé‘m( k)
) |

- H > / > : 2 f t'- ) 2 e
’—Chtaﬁc (,uf-w,g.)tém(,(_(’) fa}aﬁejb K rp) ¢ )</</'f’)>

nﬁiiﬁﬁf%%%FFEEF??%F?jjiiliillij



/ ARt # + }U&‘é‘)
N )7 . B
N __L___ l__.__'( LA‘al-C'{ ;G/ +ana'26
?\ AlAe &. .
/ -~ I 2 >
T Jr,_,)‘\L»LE\.L,(Tui ,L:)‘) N [JKT’.CX/&)
\ -
J

‘\:"‘).,\,‘ l

f

| 4

— CL"\\.UU)

- ) . o
Sx _,lr‘,".me o
N I SN -1 (Krp)'s «e(P’*‘)”‘
3 ( Qe )t PK% i azaeﬁ ”WP ¢
. §x (> ¢) ey

o= v
£ ST A | N (e r)’x)
o S “aieie é/rﬁ?\/
/ L:’\\/.’/"‘./"." +| | > - N &
3 iit&])kjj . iﬁ%’q“& Vi)(a':“f@ aq“‘“-’*( e ~dzapc L
. p ! y
AV | Hire A

yoitug 6_,“._.,;;-/7

-Ckp)* ~ip-R)-R
 Hinprs L | I0dePe Ry (g™ wape”™ T ez
L, X /) 200) g

tL' ~p)-5
+ap;aP = )

! . i - ) ..‘ )*\
Wwich eveluatss $o 0 2L ’——ET:J’“‘) LK.P)(azﬂgo""*f
B A & . ‘1L)q\3 Al
g . N K )( s Sy
‘*ab r‘l‘ O)(’K-P] )

kS



[ - S a i
I N diwdhk s e Avw‘ct\
- \ f\ p 5 /2 |

) : Fu kd;uﬁ YTV

A AW |

k\ i R CL ana..auﬂ /KW;U{WL)‘
Neul
L] pxCp’
2 )

2 -l(.KrP) " "(P‘) »
147K P K;(a,‘;a‘o@ ’mia‘, C

4 )-é)ﬂs Wy P _l b C..g, F) )C)
78 l);_ ] ;

iy 4 C "k
- /_,.d: & 4’ 4 (K (aga(a‘u")*-a;.‘? -C{‘ap
- C I Ry k()s:) ﬁ fi

~iL—R -‘f}'/‘-

o ‘HM- 58 ( o Luates _*_9;/ +MW e

| -TLEP)* -i(pR)°
ElL‘ e L | 5P (R (gaag 0 e bz
U )10 e e
| tagag e

| .. Jididp == TRl
- Which cmOmM fo :MS (K )(a.zp.;o

M,N A " ’d_('
3 A ;w AL L
& &L i “\‘ T -azae
}w oél(""?)‘):)




(¥

1}% AW | | ii[ Stwerw)t - (KP4

3 d.za €
L)) 2o | Gy [AR4e e
- (uewp)e =i (pR)" Sl ~HR BN
8 > a
i‘atﬂé ()) LM‘“’PR‘ (K f) x] P-k

v

IR A 9] g [a "6 CWMUr)tJu)L .y *!'U:&"’DWM‘ 5
JJ T fasge Sty T

_a,a“; "U"(' b)bg[})cz F) +a,<a‘, Cu.t—up)tgd,,( F)] p
7NW/"”"0+1‘KP Kl‘-‘ﬁé;/t/"a/‘ F-;

C)C(JMJ-MS on W‘L@"'LE/—CL/‘ ot
F’k ar r.» "K

-bl ‘Lult S>3
..k O.’.a‘iﬁ "k &Aai -—K a’ ai - /Ca,‘a J&J}UL‘Z;‘]

YA _ | ‘
- * ")
+a.:a‘,} rafaz taga; X * |

<}7x P p(j ¢f = EJ& M}*K;rg -;LK pplex
) | mnrr"(a" =

| ,‘_a‘aa\é ¢ \(K'Y)-f- %O{, 6_?£?-K)-)d +a+é-a\s O-i(,.'K"P)'x)



71 - - \
( s\\'\ S ‘\ w’5*’ 'C’UO lL\y +CS k-‘-"

- - T~

[
{ (35 { Mt . ; - in,.dgi‘/\\ |
I"J o i taea tazag takaxe )
. e ——— ) /

/\"QW/ CO{w-[aTVITt’IS OLQ/Q/ “

= ||
1 lJJ Lrsemrpy)

l J3K et A, 2 .4 27 t e
i _|Gra-ze _[‘ W't K p J+aia’s [ue+Ktp>]

1 aﬁ},\ g (et K> 4pa ] takak [—w,,’wf‘r—y/lj)

Bu}'r QFrom' rY,MPVBHC Jl\:ﬂ?&rﬁ(‘oﬂ_ Faﬁw‘F{‘:g/\ .
UK S W RN = 0, 50 Pime-depoadent

Yerm s Jr awt (o &{F&Of?/é) Zhve e K G

HCLM/ M‘onmﬂ ‘Hm& ;\n,cLo(MoLmz") " omd

l J’K s > >
3 H’iJ o [a,a*x(luk ) +ak ag Clw:)] a

w

Tn For Hate,

U= 5)1KUKN=l3W

Froen  copmutstion celaivon [z, aln] = Y (k-£')
2 Agdi-dvaz =| 3 deai= [takae:

.)

}3\& “l}'d Kwn[ana;t 'y ai;a‘a;

V




Nov, S0 s BLG CV&F very nf) ;u;Lc
- Michael luke , 4023 Lecturr '{)

Whats 30m3 on?
Tn P'/Ngc\‘ bow w/ diserete K, &Y goes

kw0 “b’,(‘ouq I Krenec e }D@Q/,ﬁq C’«H_ l/).)ulc
H $ Wk, [0 g et Qe Ok WIE @2&/&[0 [ /1j
Smum\ S%w#:
Gnu‘ﬁﬁ

5'/ in J‘”C/‘P/{'@ Cast, @a,pt'\ Qﬁfxméo{—gr
con'sibutes 4 ground ¢twte gnergy-
- In cantinwons cuglr/ unwwwuLM ey

/i{i\rof Q\D‘o Sy (r? aﬂCOM+wa& arauné— shate
e 8)% » Wy

p ‘7: (/H L’.‘ We Kr’\!y\,j Qr-\‘f‘j 'm,/ Lqﬁ"' L’LQW +D
resaLve ..

‘_. Con set grmm’é State one Yy Yo ©



‘,C / C«};Saawjm/ @n&folp/) i"(/qr"/ e as u,((!/.)( (J/;//v/;
Care about ('Coottl\ff/ eneryies.

(\;//g’q) {)14 J{*\u an : 5 ][‘/J “E,/(‘ ' e 2210 - (;” 01" f 2141 ”\) ]
ore, W.se £ il
,l) Ut dering “"’“9““‘5' ,
/ | qrif a0 g
[ M0z pry ’@@@%ﬁaz)" ﬁiﬁ)

- wole 3-_’-4,/40-1

0 HOH-E (L5 L B, Bom T otde, 5ot
B\ ++ &nu33 Q‘F VoL Udir~ S‘f‘wf'fz s 1% C\""C’uu.m
Energy Cavnaterterm)

Brmwhj EOf"“ S!OFMqQ 1 (}»V(’(‘j(/v{‘ M canstonl,
SO we (,wf'q?% Surmn ok SO € Lher
Know Pk:jslcz, Yake Limit o 00 C/e@gq lori Z‘a«h‘an)
(,J'z‘f&fgf/nu/ Came From A7sumlng )C%aar‘j Vc;o[[:}

at a,r%fm,m'luj 5ma/[«l Jfﬁa,we/ Scales)
2Fa

) . L) ,
QA = ,‘(_,_:;/‘LI a“: (ﬁ;'—() V';,H" ;((lr?rb)ww‘({/.)

A
i AW TN 4 S—
5 ?“‘(L: —':C(,S‘ ‘)H(L-]a" 7f (fm)('ﬂaj Sk .

A pn) KT Y et Yaat

< Wotee Tngleud ot
latot'n)
oo s Je ¥ elimirabes \u inife
'ZEH) @O\M e F'O)l)) fn f)r,naaﬂ/



J

T e R AR | LI |

» \ - . |
4\\\){‘ cL ;?U%" (]lf ‘l‘i‘a;’/ PTC/I/K)‘ S }é: (,)(,) /¢JLKJU/)
- == },ij?h; (;)Qn) ; (J{/Fiﬂ\_ //f//’?f)ﬂ,,é — ""/'0163/’/‘(/ /0/\//'/’&0/

}d;(/)ﬂ) e ?5@‘1(,)(#0}:

Gs Usua] product W/ conet that
all creatinn operters an the LePt
and all gantuiletton on  Fherght-

%*‘:Of Ko Freld, L Hulnk  this means
\ B s _ ’%_’_5__ (d,ie‘}kvr-f—a,}_ @rh%
gaiag Tr Bk /(M”ﬁ% )

‘ | i ‘ h Tler X ‘,\-'/o-n
to ¢¢,¢J=J—‘*/"ﬂ (ak &7 raze™ )2

GtV Lo

,59/}\1%‘- /\/O(“Maﬂ/ OfJ&r‘(’/é- Co bl

:¢ 36\51) ;(/L) ’_’¢WCK‘H): \r\/ C(&a {'(\C\f) a Le_p]./
ganthl bakten ar ¢ ks 2. Un quthy deteerntnes
0rdefing . e .

H—.H: s Jefned as en&rw as Sdsteem.

e amnih ot e o mg%, | ag l0y=0., ic
5“%\'@ dute eneyn Q, o9 (90@.‘!

O EY

B 5 P nat .cg/vi(w»‘rqlﬁ Loceat e Yvaruak—4



bebs ntroduce. Lorentz- \nvar Tzea? Mecswrze .
’ \,‘qu \‘) Mant F?f/éﬁ“}j a{l){‘(?/p][‘% \\F/Lyﬁ./" /'ajg,/IL. (q‘\fa iu_mc’\}
i J\ - 4#' / K v S Il)? VV]O;/V\@/HLWKV\ |

+K°70  under proper Koecentz Frae sTar ey

= JHKSCKl_ﬂa)9(K°) (65# 'punc,r{O/i 0 54 o /<O<€
s SR ] XF k_%@)

Zoreats ywasizat

But S(R*pt) = S(K)- Kip?)

-ﬂkswawu9m)-=3% after K* ntegeul
K° Ak

of AHK g( K )Q(KL$74(,p S (k") Keepgs Qan e e
Measpurt Q M& JFO" R>70 )

s W = 00c®) §( Lko~ SR a’][/co.f,\/f*w])

SCx- %)
Naw \bw“f Hry That 5(-&’” ﬁ%) (€ ht)l

ol B By &EQJEFJ

M(Lé \L \ J Ko
W Aﬂﬁ»\ T
2 @(,KQ]SLKLW\ gl M )J é‘ﬁd \M ﬁflﬂ‘(}'« ~




-

4N }\wﬂk ’)SK—\‘)U—Fﬂs Quf b\ AQ/ ‘Zof’r,fﬁi‘z-' 'ma—f‘/om 2/'

\ AJJK, = - —
mhu\‘l W(/\j , J-t,r’ Jf 'I*I‘ar\s jFOJ‘ﬂfv~-4a/1f-/‘lflﬂ«)‘- S
6%3’ Iﬂ .—zﬂ—(‘a“;‘? CC\(‘)‘{' WJ W g ]L/"ms PS\{”""‘

—,——

X s - .
= Defrac relodivistical by narvmalized s tates”

) = Q)™ Juud 1ky <Kl k) = Qo)* dowe JLR-E"),
lf\/‘r\l‘C'/\ IS ,Z.« /\fWac.f\/“MfL-

a0 e e, kY =6l 10>

i e -
;56%}‘ {""—' aws@  tahe "] 9 faﬁm‘v"vrzl-;‘cq@@ B
M),[\u’( ) ”\’ nermalized Fre Ld

£ -irweciost L ewaes pat Loyt .)

Caunsa ity

"\)Caﬁaﬂiwl Quanﬁ?:a{“rm _n_q,t. Lacervtz 7w:u-hm);

S\rlce W! Nwe mmutantion Yy Feame- A&M}wj

> (el observabley, covmude by on *KC\,(“
swh’\{(/ W\-—VM‘.



= j\?(’w(/ lire- Si‘x(}u,m{'—z/c} TiefLads

L px >,¢%)3 , (ky)? <0

Define Cix) = " u\) r?/v\’ I;jm{lar Far ?éfj)

G @ee aT piect. K F
(N b

+\‘f/\ Qw'j ?46@1) Q—%J wart O«OMV’KU’TLE/\.

2 (gen, gLy J = Lgcar,pip )t Lg7o0,p'eg]

Ué_’f (e jL (s &’ij
1a)*

207 4o
) LCAH( %0 [a,a” Kx‘ob)

"

M)’Mw '

C)'Sk 0\? (S”)CE‘P)B‘;“(-X—?"‘] )
2 JD.LM);J“@UP ‘




C)ﬂ]h g -

3 1 J°K A2 e
Ld e, gy I

TKC)Z olpy X )
| 2R [t g e
A037)* fuaadp

{ .
' L o KX )
= |- dkdle $ k) e b

A Caa Y Ao

2L Wi g
(an)® AWe

5 New, §okh [;é*cﬂ,;ﬂ‘cy]a/vél Eg‘ax),/a"bﬁ):]
are W?P%N/ﬁ —ZOJ‘MIL&; . )i‘:VZMFMf_
( measwre Prwan et t e I Y )

3 Lpo, gD Lgo, py)] o Doxey - pm

=C¢cm,,£u5}j

‘e Lorentr ) wvad ranh

*wa-c %“MMV 4 ANswer ;TS carne. M a(,[/
'g('mc/s, at Frame  motes Hats teival?

> Sing wy  spacelbike semted; exsts
frame suclh Pt x7=y° e vl arc
$imu Ltaneous EuﬂL Hristn Wt 7tm.-g/
equal, Yrme Amnudution tlafrans ol !

ET CR el U [¢L§,o), ¢ (3, ) 1= P
sa  Vixg) -Yy-% =0, so Qﬁ(xl,;&oﬁ)]=01‘q

@H &3&51 s{ %OU’S Cammmudr, Tacr i\ BPE Q,'(,(,Q, )DTN':“

/

-



- G FT i Necessary Yo thrs reswlk, ..
Cansality 3 Vig Lated ¥ we attempt
CaQC%QOuf(’, PPOVQﬁCi/“‘Qf‘ Foe @cwﬁa{e, to g0

»

QMW\ >4 +a \5 ? §W@(II{,C ,‘,1 &M

- s :
| For* t\lmf, O.JKF/ j(i/%{rg,frong / 11 8(’/-4&(725/
Redds pant  cammuie,

| Im\u-()rww‘i—t‘op . 0| [gicx),ﬂs)] Loy s pro gqg,/,’{}j
awwlﬂ-w}g, Far pertrede ‘o be created ot G,
&O‘S'{"(‘QBP/A— at X = Hye, Cverse, and the—
GOMposf}-(/ comm Mehors  a e FFO/[y 2y, whici
Cancel Far spaceLike se@rce oy s ]

/?h '(0\ see’, | N
Lol ) 107 = <ol (g Fe) +gmtm ) Cptegs epmegs ) o>

fiyJ
el 9‘461)6307 ¢ <0 | gl’*w)gl'cg)IO) +<ol ¢‘c¥)¢f65) lo»
+<0 [ g7em gy O -

5‘|\'IC(’/ ¢+ YS Oﬂﬂ:k: la‘f’l\an Pr% Q'- 7" )\S C(‘wﬁ/&@f] /\M 10’)
(Cotverse toc CJU/'I <O’)IO"”3 nan-tere e

ol fla gy 10y = <alg 1 typloy |
= <0 |[¢+Cﬁ),¢—63][(7> Cs?nca <O//¢'c3> grealoy = O
= 0&(—3) | .

far creatton at X, waninilatlon ot
S‘\m‘xlarﬁb <Ol ¢ goarloy= <ol pley) pixr Loy

e

Y
L

« | =40 |‘_¢f0y ¢ v 1100z ‘-‘905.‘,‘) |

S0 atal Qmwbilﬂg _amvlﬂa.gc, T gue =$¢+6ﬁ14)’(313f Y,cii»‘fqi_\/?(‘uy]
’:E‘{)L‘C)M}»Uﬁ]l as showm

M}{) o ’:‘.:u, . ]




DC\ }- i) Y, j\kows J 7rwa-r‘/¢mcc/ cené-

Cfbd) ¢L3JJ fadicotes Wwse o EZCK
J{/U“ }'% f_‘aﬁ'ﬂwf gy 1109)

At ions

\.JL'Q“'} J0(’/5 q/uaﬂ/{'a,m -S(/a,//wf' Frf/{J- %O)ﬂj
AU 4/”4:) Jot T Well,

cansdde— ack o ol ﬁﬁf/o) an  Vacwun L0

C) C *yh=x - ¢ W“X) [0)
N + - —— (A e tagt
> ¢(X,0 )a? Jl()-ﬂ) | B
J 3% Sker P @"k"a;@

G € joy = 3
1(}“)‘“&( 261‘) U‘K

2@l pez,0)|0)= CFl c;ﬂ’wm

j —a__" / ’ 76 _ j ’(i_l(_\ £CJ)CF’OB“JP'>C
AP |

- —7 ;é(x/o)I()) @lags r‘c/le/cu‘llx)
sinee < li7= f”g 'C//éCf/O) cf‘cwi-c% a porties

=0 a* X,
b 9 7

10(‘&4‘{'3 ‘lrmséor‘mﬂzl’roq "
Uiy - &lex'), x'= /Ax

Sz (N'x) (new WY ot new  coed
“qld B oA ol) conrd)

“an— A > Liy pma P(,L\.",.) ($cdar Freld)



F o~ vecter fre l‘-’)j/ frelds ot z:o/(, (evto
QneE ceno '/"L. e~ C J(i[;) = lzs (2 r? ’7/ Eﬂg ;1‘/‘/3
'F)\au- ta orne. Few e dowhs L ihe- é "—53 [ r7

cnothar )

= %MCK) —' _/L’Mv- 7 erL"x

lr/! Sanuaﬂl Lﬁq(,\c) o w) l{b (../LA‘)(

e
N¥A

Where D l/m; seme mu btipbicaAtan
PN‘)U‘{'T&S as XOFM%& ‘}Fangpcv-mw/‘fan:._'

o LhaCA) Dol a) = Bay ONAG)
(AT = o)
A ankls QIK& ngQPS( V IS an isam 0‘“[9'4-]5’"’\

=2 S&{‘ q.F 795 'Faf'l’“l n-J[W]’Mg,“ar»a.L
P@?F&gm{—a/{’i‘aﬁ af  Zarentz HCavp.

Sé‘ala_r (T\I&U.S.- D: :U-
q”‘\fec,‘l"a/‘ fiel ks D% (N) = Aab - Zoreab + ren 8 Fa Fae BT

3 N B T ype rtpresevhadun: of L groqp



) Hﬁ’w t"a we }Zﬂd‘ﬂ/ ?/W/ aets an @,Zﬁmw""} of F;(/',fc, ﬂjﬁacc:?

e

1@9;-5&,«,,3 P _‘F(:\r‘a/ Y- vectaor ‘F:gfd, /4(X)
S A s/ ,,/fc/ru

MOS{~ g'&ﬂgr’aﬁ | a‘(ﬂlg(‘ﬂ«ﬂgrdrfl o
L quadcatic A 4ields

e X inVariand

O decivetoves?

| deivative ! No termy ;
Y decivatives: Juf ).r/t/“ ) 9 4;/9/?"

JuA") vy AY = (Q,a/%"‘)
L2pd AT Gupo"AL

~) gﬂﬁrgf/q”u = g,u(/qg\f/}k)" Ary,ugv'/](/u

J

+o'l$at c}&r\u’afﬁ"d ‘ nag e frec +—
onN uL&f‘ J(ujr‘a,/zja u,a/f‘i\(\n S

n shack cm/\g A ndgpeadent  terms

Condrivering & BUWY pumely IuA¥DF A
> 59“‘/*"“9 ' G



1=

Eom: J
| | AP
DA _ ) ( 24\ _ N
QA ) 963/4'%)) = A
/N ‘5
- ke ?rca ssalar Treld ”ﬁa’ﬁmﬂ’ﬁ = 2 /‘T!;
D ar iQMfa“ ~ W\ 9 CQQM))
- 5 (D(gwfwz .9 (a(argafg))
i 2 Qug) - I(up) Qﬁ-‘f‘—‘é\mf
2Am
9( dpp) 2(oug) / I

oh v

L | 'S’ o
e - S % 9»(9v¢5\’+>,4£’;)
“metric teqgsi~

A0 (379 + ) = Lou( 20 %D%)

Uveste fetd:

- é(D,,AV.B"A”',Lag,,/(“;) ATt bAA*)

N o1 L
| Aa—_/;‘* ; (DCB,»A ) O 2 @L%fjdﬂ‘/an T




292 5 YW L WYY, /f’“J)
SA. A( [Q”A'a/( . :

:,)_]\ (gpA A Af) L AT MlJraM ,_Zﬂ

9 MQM') bA’“%
m ut DA A
+b Ay Q/M‘
. 24’

= . (DMAV (0)+ Q)+ 2d A7 (Q) radut o)
=

FOAPS 3 bh 8 -
:i ( ARG, ¢ bALS) = i[bA; b bA) = bA (N/ZOW{
| = bAT

Kinechic -

I (DC?,TM) PR (9(3/\ [ %Z\A SA +aDAD/P+6A /ta{?)

A 9 (I A5)
= D(M) A}DCM i A ——L;
’&@A 2 (uh N o) 2 AV)

+a9 A’ D_L_’__ Tb%ﬂglyﬁ
9(9,&\: 2 Mz 0u N

:;':a,u(g;/\; S5 onS S rad ASTSE
ra S ATS S ) —

P U G SO o, W o N



w/“( 3“/1: EYRAT 1 ad AT S ad A )
< (A" tad A gk‘,) 2ud A" 12 du i ASH
| ‘a,ug A + adduA™
S % EaMS b{‘/ *3 9"/1"- a D,u/\‘f

; l/ Llr\ Not es = DAV“ d.)v‘«),u Aﬂf 6/4\’ "‘O )W ~ *-t\f VR- L N ‘r\ .
kK/ nﬂ“*\:‘\ P lroctys f*)-)(-v\& B

s B A0

Siv (bA” = 2,.0"A" =03 D puArk 0.

« bA =2, MA - A ut)- 0
bAv ~ IudAr - 3 dvdu AY-=

- bth ~[;Lj Av -k dv Ou A™ 1 b/4

- EL.. Y2 9.,0%
= o WS

R

‘) LQQK..‘} ﬂMIQ'“-" 4Q ‘;PG{’ [,h&(}f(_ PKM(" (W
salwk\oa; o =

LS

Gws‘. Aw(,x) fvé’, L

3 99lulan VL ‘Kl bt aKv IGg .@; v =20

....' L . q.)Km
(7%“ ‘Dive'K}': "-%—-1 i‘rc:ﬂh + V t.v‘ ‘}K e }(1 Bl
Ak~ .1:. - ke

(tv' Koe ) ‘b-f'\f <



3 -a.'Der,up{“_—. quvD)a( i‘qc/‘;k'x ); -adv g, 9/4. wKV

SN e:irwcg)u (=1 Kux®) 2ot adve " (5200 Ka t Ka onr )
' o

1]

1adv & K S ) = e e R £

2 K& v (T Kax*) 2ok e (Ka Oy ™)
=akue (KaS ) )eMs aku /e 7 Ky
-CﬁKrK { e "Kn |

3K O A+ “QAQAsz—DﬂgharC;;K'x
=—9,u£w2/"66';k°') ’;‘évglue,"jK" B’“C—inx‘)
41t Qu e T (KD %a )7 T e Qe K 5" ‘
I Pl SR St Wt K.‘x“)
= 2 K* g T KaDuxt = Tw KM C

- . ~ e
= frk™e” ﬂl\p-— ierK Yo = Kziv _’le;

- LA biv’ ~iKex) & Il"‘ EoM Cauﬂ»chqA-I‘onS Sarl
) S are AP, o bunL 9“"”"—1'3\4&2,%
%w%é*‘i*w*TWﬁ )l/\A'O CCULL@JC‘T'Oﬂ QF VV\Q'H'On/

we Tlnd that 3F ALl = fre X 5, Lves, then
the p)/M.Qrwlf'],ﬂ cwnstratrt

E{lw + Ky Keg l‘biw :a

\NC Ca-n cQa,SﬂFS 9aq,wjﬂo-n§ H“\ cAL ﬁol‘&nﬂ(a—zww}‘wxzﬁ
w\a,nm,r.

\. £ K ‘,~‘ E'J"";j Lo i | Fwdra 5 li-K-‘—O L¥-[) transv




Y In +he rest Framc GP e 'FT"/U/A/ K Oﬂtj
Ma/s‘ G +C’/Mporaﬂ, COW\/PO"’M"L/ S0 q'D (lanﬁ:%dr“mf
solutlon 73 (.f,a,O ); amd Y-0 +reasverse

salwtron s (0, ) (n rest Frame, Fhen
{':-LQL,VLLG&!/% ¢ }{,)

W‘t'}i»\w@ lead to Fuﬂ,mmnﬁ EOM&’: ,‘

QOngi

K"EY' ra Ke Ket t biv :0 '.$ 'Kzi\f‘"a-kw/‘ Kt +bi\f
= KA rg>*+ b= K2(Qka) b = O

b 2, e
:'1. Ka-'- - “'_: ﬂ‘_ ’:i 4\;.#;3.:,,»3?; Ton Mol
} ko e

Y
Ve 1) O . Vi

’U aricle, afF wieess '»ﬁ
( F"F’.: +Mlo")
‘}(‘alns',
K*¢v raKeKe gt biv = Ka‘ir Fbtv

s K L=0O
e ax B ,
'—‘rK"“"L ;ﬂ“r

5 Yransverse  SolutTon has 3 Polaci 2zetTon s (/{/Cbsf.‘,, /)
w/ m=l0 -1 (splal = L=1)

3 To descri be sp1a | Xa.er& ,‘H‘ wow[d  be
nice Yo Sgy" wid of aﬂngml/ seluthon,
whiclh resembles o scalac theery ( Looks
Sowme, WAY - Volak Y0NS Snge N0 5()5.*\1‘@( (/QMAP)

Ls thew chotce af Zaﬂmngi’&l’l Pa,raw\efl‘c—;ri? "
Mot ellmtnakes ¥ scala Solwbma ? -

| . J— .
S kst e LL [U..;= “',.é . 50 \5@4‘ b= \y

| o ,?

e
B



\ A > N .
K /ML— — & / Cant MQK(’, ll.// O A‘sqr;()&cu‘f

Tom  SQecrrmums:

care peel 3 (Kiak*Fb)Ke 2 (KARPEb)K, = bK=0 35 b=o,
o 50(\],\.«/&&\&(15 ‘\‘o E()f\/\l - >

> f““— ?&'*TCM Vanishes Fram wuniversei-~
. LN b0 / E/m) Kv' T oL §OLL /‘tﬂ / OS le)
: ¢

(|

———

] 50”"}“\1»43 S-X-ra—nae/ about wWassless 35p ta | Pa.rf-Folo;
k aongku&m&l came s otk uﬂCOﬂsﬁ‘am&d,a w”r‘?’n”
, 59 0-0{-5 not look at b =0 far now, [Jook at '-;;““Lﬁ'a-})

unCOnd*mme/zi salutions PN-L'*O rel ated fo
80{&6@, invariance.

ar-l 3 A=t % [ca,u/ﬂw) - QAR > AuAR]
with /A’*ﬂ/ﬁ

Eq/u.a‘r‘mﬂ o0f mation

24 . 2 (pAh) s w(A,A%LC/%}JrA"*?AM)

DA 9Ar dLAS)
(A W) (Ao Ak A
% L

) 2 , ,
g ( CD’AAI\) 9 (at})whﬂ LD’“AV-Q’A - Q#A/AD\/A ] >

MmAY D AJ) l"";)()vl\'{)
L}(D,AAVM s Ly oK k)

I

(R Ay PYRIAN

209k )

PWKIEAY ) Y



)

(9 A SH ST S S
5{9,(9,“/4 SH S LY

_Qur LL ST QNS5 )
= L0y (O # DAY QuAR S 0,45 )
= 2) ( 9 A - 9/4/4”5;‘3)

= Q1D'AS = D; QuArS
= QA - DDt
AT P

5 DudF AT =27 QAR pr AT O

s [op P Ae = drouh® vtk = O) (1)
B il%;a%rm =
HILTS can

be fewcittea interms of Heo Fleld Shreag Wy

Yensor !
R e A i

1 Fue P (DA =M (A7 97 A%)

= SMArQ"A'JrS,AFAB VAI“ - a,u/\'ra‘//!’“"‘ av/drp()’q/q' d
= AWAAY - LIuA A"
— bat Q,MA«Q)'%V’V Dﬂﬁ’“g\fﬁwu{) to Frean

-}-a fovl 7"} me J@rl‘vqﬁt{m



'[]; = (((}M/’N - (AﬂAﬂ)l

94 (..2, [.l o
gﬂm;,m"g k) G e F ])

=9, (9 {(Mv ~dvhm) (OMA - W‘)D
(.(

9.
Op ki
_ N (VA ”

“ 7008 A1)
+ (INAT- ) A™) o0 Qmhv-2vM) )
9691,5,4{)
t/N{WW =,'a<f:,w (545575
q 3
H( 580508 5))

- 0[P T R S5 s s )



)

| < I o 5 1

{
) ( ™ ) x T
\A D l i \; { A8/ | \ O

Il

3 -3 Ji MU
%{93(1;‘» FLFE) = 9y Filzdul

= QuP* +p* A= 0

ﬁ)ﬁaMva‘J-MlA V4 O CSCUV"‘C- b/“g)/l/l
ees (1)

:
F

Y Ths 7s the Proca Equatron.
Using  antisymmetry of Freld sheng th teasar:
Dvou PX 4 D u*hr= O

= D ou P u> A = Qudv F Y e O b

relabed
= "D/safF’Mr +/A13VA” =-2v9w/7wv+w’9y\/}r
| Suap fla.ﬁTa[Q :
So  Ordmu P IAT = Dvdm P o A
e DV‘DAwa“:-Q = /Mlav/*":’—‘—O

f " l“'\ ] \
a 9 v A' = O ) I‘l A A€ _’,‘,-r =~ (Ladn ,,' JL‘ ‘\\". ’,}

5 This i (') ust the f(iC(J( LY rement oot
e Field T Fruns verse ! e



v v —iksx
—SA (= ¢ e’

- K - KX “
RO A" = Qu M = g4 Qi k)
= <K ZAC’;K.)}»P—‘ -iKagte " "YM
=‘;Kﬂiﬂe"‘k.x:0 % Kﬂ Eﬂ:@ CZMW-Z‘ CJ?NCJ/;L/\G/I)

*Thts 15 epeeted as we cansfrueted 0w
ﬁC(ﬂ%/},arM ‘%‘ﬁ; C},."’V[fj P&!‘M?‘{‘ a. +{\m5\/@-5@. Saéwt‘*/ﬁn/

Substitutrag Ok A*=0 tabe  Proca %w%z\mz
v O 7+ /;*9.,/#; Dvom F&7
39, FPYE Dp (IR 04"
=gt = .9 AT- J‘%’M/‘l”a

& OuF" s p A7 DA A2 0
3 g;w_( 9,49'"_/0((1%#*&")? Ou DM A 4_/,1,4; =0

3 Dud A b Ay = @a“w»mwg 2 (Quarap) A"
e uatton wlo Aoz \

© s far o e egemtion 5 esch covp

equivalent fo the fraca. , honiver wnclear~ SHFsTIes @@L
\N?V\Af Yo 60{’ From iaﬁr*anﬁf"u.n. .""M.
(e¢p¢d Yheory o éesmt;. Rree
PS‘Ostincj 5 pr=0 flwit N5 Smaath, ngﬂl“’zq/
- | : OA=0 —




Bu,ﬁ' Hiese are ()U»S+ Manwp/[k Wﬁms )L

Free spa-w‘

Em. 2 A (4 zA\ f;)/,i/v”“w'}a ¢+ VeA=0
(,Iarmzv Gcwgd'

f; ,/;i‘j‘tﬁm\youj qufmrw ML(C(, '_(-o D Lé:q/ )‘jﬁ[’ ’;O/

> |
SOf}JuA—To(\i a cC—- LM W es -

Recall: E=-vg-24, B=7xA

Then F’u = B O ~Ba Wy

POM: (massless) . QumF"" =

|
I
v
I
NS
&
\lp
\v
!

Say v=0: DMF’“— O

= (7-)%:—0/ (Gawss's - Law Tn free space!

vell QuF™'= J(EL) (Fy) + 54)-0
ot 33 0%
35 QLEL) . 2By 2B - K18
ot 9 Iy
E '_B_Q_-E_\ -6 § Maxvel| - /L\rv\pm—v,l
ot U:ree Spucc )

)

‘LO'\‘\\w)\ equattons Yollow Fam deMatias o& _73;, )

o P P e e N D e



° v““_,:—%é/ v«g:o 'FQMQW 'Fl‘qyﬂ J&'F ﬂg éé’]—}’.

Ty

j TLC Slowuw c}q,wylopva‘% aof 616/0%-?%%5%0{*#3””
l*fx‘om res § pﬁﬂc‘;?l&s 15 Comfllex & oFF puttg,
Dut we Swst showed that ‘Hﬂ,@j are \nevitable and

)T"’Jl'f[ aukt “:rOW\ Kor@ﬁ+% Voot

~

‘ Lo ] A~ TR
iy el veo AN fh AL
.

Back. *+q Praca,

$iKex
")SQQ,U.'\'\IQF\S afe Ap\: me | _-\N/ Ka.://‘g.

QIA\mrﬂg
Z 3 ‘M()(’/?&ﬂd&f\"( .POQ@FT%@HO/\ vectors fﬁ:’)/ .

f\=l,)1‘;:
In rest Frame of ¢4

Choose basis €72 C01,0,0), 4= (q,0,1,0 )
Jeet=0 000 o ;

0f%en, Wowever, 1+ will be convenieat 4o chaase

Lineae combinattons as  basic vechknrs:

e be &iﬂonﬁajnvs ofF Jz)

izl ; S P 1 L) 4
5 (0, 01) : 2= L (0l-,0) i“.- Zaodn



" e g
| -] | < ~ D /Z ‘.
> | P A L. PR Wk - ey 7 | ,"/‘/ .
AN any basis / Al ,‘!E’() r ormaev r)]?:é{-//'/ At
0, —

(ry ¥ _ 7S
' L J
i ’:,1 P Leteness :

3 .

'i’ F)_CO)E Kv
i;l )Ev =~ ﬂpr + ____——K” <

f= M

- (‘EQmLTons are covariant , 50 are true
n a.(va ‘Ff‘ame,.

F@r wsuaf, ‘H‘»e, 0\/&(‘64/” Si‘ng of the afw@mnz-jfa,—\
Ma be determined bj o\emu\na‘/‘nﬁ Fhot
eneyy Is  bownd | bolow (T ;mplicﬁHj wsed T

for -’)m(?,)‘ﬁo«/f'mn) .

1

1

Fo: Fo; + TI{F:-JFU - "_:;A:A‘.-— L’S A A%

Y-

)

‘ Il

e (i[{E;Fﬁwf ;1)—'71:,1775:)) ’;:

terPeeePPPPRRPDDDDDDDDDDDRRDCE®

\

"

-
=2
—_—

94

SOu) 200 -
= 9 Fo))= 2 A2 ) Ao °A;‘9)/C° ‘e
e K [FuiF )] +m‘m)([aa/s. oir] (oA~ K] ) -

: ")
= 4 (&mAa-a:Aol(S”S” ST ) e [O- an(se s STS)

= b ([9°A' =0 AY (1=l - 0-0) LS -0°A 11 - 000)) /-



T SRR TR TR N——

S 04 PR Y |
/‘, - — F / __Q—-;j: - C’) '
96/74;A|) DCQaA‘c-) '
- MNamertum conjugwte of Ao Vanishlng is Tlne.
Wl cananical Memestum \.’“’Q’Q"C"Wﬁ
def lne gystem. : o

LS coE

= G ! v \
X -n'°_ o A ) X “Cfﬁwpr-;'/a‘A“/’(
T o)

7 04 ) 1 8 S aae e
Hduh)™ 200 (" | e =0h J[ 740 A ])
1 MY N TA)

K (D"’"'g"%‘] QC;CDG k)

(ow-ope kb )

=1 (b0 A (5755
I (RS 5 o

—
-




== [gﬂ T A WS W R e ging
AT LIS - NS S
IARSESL pIMEe S]]

—T_'![DOA:"Q;AO‘Q;/AG"‘QOAI {-QOA'-—Q'AO
AN ]

e
-

| ol ?o_ll‘ a__oi
q‘[L{DA -—49/\]'9/\ DA

:’_(aoAng,‘Aa)

[ F) tepiast)
o

§ =03

-or-

I

Quamh%afhon
7 CD&n@raﬁzer‘c\a OiF SCC(,QM ﬁf/{d LZW{./ Zeetan

. { e
o : ’li v—/’}_t I/, ;J ’,i s‘ \ ‘//f‘ { _f,'a r‘r‘yjé‘/k) yl, j ’\ ! l."\' ] ‘v ‘]L{
L y
. { | / [
00y waaks Wiomenkze toowvy AMELEC s et— Y
B v ) . ‘
- . / 1 s b {
VAN :LI:';(./j\ ' B U Vs ,9,‘ \ﬂ,{'?‘/i’ vl ‘-_//"r.-../_{ T ‘!‘ 1_1 { L/{j. )
o _ { { '

1A ; | .
Un !/f A L (} ( /) o u/i,v 2, e %) b
/S

t@u&Q, TIWKD (ﬂmmdub)”m R@wa,ofpg

LA, Fignd=idis¥Gs))

\L&WMQMQF (4, FI°gm )= oj

(,z%*‘ AL




He=[ L RaF" - 4R FSp mmh = £ AA7]

}
J1EANGRD

QL.i,cm’i‘c_;;;w Tie 44‘1; g wC/\) will oé&ap yass, G

&‘u,"\ (90rdan E,CZ’/’JJ‘GWI?/’? (U 1“/41)/\ K B /‘“H“’
2 L "1/ =4) &
Plane wWave 50{ubioms "(%O/ ay v E

r) er U)CK)C‘ .
3 Auos Zm”‘["‘[. e 1 45

w/ aat Sa‘rTsh)an o) . L.
2 [al” o™ 1= 878 (k- k')

[ ,)A ‘”j [aur’ +an O

2,

Va.r’rwlc (sum over © represeats sypedpes/t

) M) fa.“ - | ’ - ( -
) / a8 ( ., TA s S S ) ~ e < -~ A
AV Lt ) - CAt Ko Vd” ooVl ,/ v Y AH LI L - Cp /N

V4

CHE P PRk ey
r

= We can m‘rcr‘?t‘d‘ O Fem. and aql” as
Crearian and annih) la/(-mm 0p erovta s

Yor sprn—l Vaf{‘rc[cs w/ Poﬂ,a,r,l_ta,fmn %



Susmvnc{-rw::» and Canservation Facs

. ~ I
\ | ( oV ( /S | T«
ol I il e

L Sﬂm?"‘b{f‘/‘é CZHWQ ws o extrach )%%”Vﬂ‘wh“w&

withaut. 5omn6 angthdeg  exwcHly .
Farma (T

(Given +ransFormaftran CL Ct) ——9654(,1*, A) swch
Haa t alt, 0)'%«.({’) CVIO Varie Fioa . at

endparats ), defines

Dqaz 24

2N |aAa=o0
ey, Fo> rtAe s Ur=¢
T}vne, Frponslatron .

%«(f)—)cca(,tr7«)'% aCH A af“ +OCAY)F -

Vg = AQ‘VJ{
%WC rv) et ae o 53;/14;”\@/19#‘ as
erns%\r‘ma/(?lw :H/m‘% [ecbu&; H,w, ﬁ?ra/)ﬁ Ca
\Vwa,rmnj( IJMNM(‘ HMS nﬁ “'C)Gl res toctive .

LEEA) = LOgathen), guthrn)) = Leo) + ’f\‘—i—i‘ Foen
~ 940 4494
L(quetr ¥ %, o) P )

~— - -



7 PL= ? 5 bettecr defiaikton W,

DL~ 3/, siace
T .
DS:JA* L= (o F (gatrdigaltd s )
+ t :
. = F (quth), qath)sh )
ic rmrher '
+, +a +‘
RE SjLme 5&&51_ - J,H DL &
t +, ¥,
+& v L
- XCH Lon=0 “[Fq.u.u,cfatt),h)— F(q.u.),q;aﬁ),f—,]
t. ' _

- A[SFC-- ) ~SFC -]

X 7\( 'E')f' &u\ fﬁf SCL,) - O $ince  wc PR
n(\'\' Va,r(:) raflﬁ afl‘
6nc\pomfs




L3, = 4F

-;SQ(ZP“% F)':@fj Canzer

——

En@rgs canseryatTon ',
+5 tEA i‘D@a _&,] ; QuCh )= Gult)t A g—i:
2 la=o |

2 It AR dga =

X ﬁ_ T‘V

DL:: —D?—i' / L: L(Qa(ﬂ‘:a)/({\aﬁhﬂ-);t)

A0

' (o) P2 5y,
DL=——*D@+ 2L Dy, = O, 2 ‘

. M 2,
S oL Lo ot _ oL,



Z Cansecws q s

ngmewms 'n Field Theory

\ s f -l /_;
- { \ i\ o N o Tl
7 1Eld Jr,u/m:j ! continuuwn  Qrm/T7 a

<
’ Y | —
~ [/ ) I ~ | i A 14f .10 {.:/
Classteal Qarctrcle meclianics howev

Q;Ufif’”b(’ff%‘f’w ae poat just coarsenie giabelcy,
b\/ﬁ“ @Ocaﬁﬁj.
—

< ="

>
ej: @f“‘ V¢: a - aoca?, C,Qr‘ls&("\/a,{-l‘an, QF Curmnﬂl‘-

ot
J
3 éﬁ_ﬁ_«_ _ Jv-jéﬁ‘-‘ —Jés'j
It v <

S - o9, é-G—'—q:Ol ‘;-of'wl C‘la_fa& c,ans&-(‘V&J.

ka-7"‘f) o

Bbﬁ‘ OU«FF?/’\T CONSel vo FTo s 54‘:“@/5 &
S0 canserVvatlon la,ws M ‘FT@/{A H@Q(\j cof/’/
be of facm 9,,.. 4= 0 frsome YH-currzar J X

= %ACK) — ¢°k(.\h7‘)[ lS(ijvffrj TTC Di = 9/“ /:A‘l

%Si:_aigfé)i’@ :_?_}_jf_a‘l‘gﬁ‘f)
28 ° o) S0 T 50T saun™

s 0s 8, 2Ey o, 9%y sys (2L S 25y

A(duf g(m VOpf )
N T TR T R



3 Bragkets O <
since l(,&;'(")"aqs Q.:P o o
ace satizFted % 7

= D““(vg—%%‘é\)"‘): w

Lot 37 be sum Fundnon oF B X@p)'

f ————

3 | PLS P

L
D1 =5 2% o
VX ;9?“ D, HT‘“ D(uga) PN
YEL Ot
= (312 Dge ¢ T3 Ds]

= O ﬂﬂf O4.) = »3//. Fe

0 (ZCTTZ W«-FM)):O

5z Z(U‘“ O =F ) | where Op =0

Lﬁ' faA’b O'Vt‘/ a“ s()owo
g = AO\ J S

¢
3 m T2 0

T o A
w\lreqrb’t a@s '‘dens: \'j Ystu E%

Since Do 38‘{5 VT o jg $(33)
’ “é&ﬂ‘]}‘\b 2 *ak'cu m‘(‘cf)(“w[ 62 M



S[)ac.e/ - ‘H me +(‘a.n5 letions

g Can CQMMY/ Cen;:(,rve,r) iu,a./l ‘HFa
Ca Nbs()a.n}‘ung ‘o s?a,ce, Hme Trans latlons !

R Rr AL, where € 5 o H-veotar:
¢4,C&) - ¢¢Cx+ Ae ) = ¢ACX) +7\@A9’u¢a(ﬁ)f e o
h N S

g;é‘,,: % gx” Sx% Ne”
OR”™ /
3 8u= Dpuduti) A AGud Y ir)
‘ '-';'Wa,: P e,uﬂ"p’..a. o
2 0%4{61)’ 6,,4. c’)”‘gh(,x)




BE Z[é@i Dd + ﬁi;;)om}m)

i 2@ (2) O f;,‘j;,) Sl ) | =




20 gy ¥ ) - 3T ML e %

| /'r‘ | 'x‘) ’,{
> ,’ff) >
'{L / y

I(;ﬂm) - iC¢cx+7«c) = 2 fatx) + Aeud s cx) )
L
~ P

Y722 0L oy« 9Ly
' 9?’“ ? ' g@pﬁw) % 69‘“/“)

= aﬂfp ()b 2= Qj— 9[‘4 (9 %“CKJ)/]

s ‘)CD
ce [ 0%t 22 a*cam))]
9[{%7‘-)
:{@—f L l 3 Chanae. Sn  Plotomn fen T
I‘J - ‘r.* ~ e ¥ Lo Ve 1,.3,,_¢, 1 a Sl | i
VYT | A ¢ 1 /0. =7 ] VO /

= Jre'l = 9 (e,ﬁ)



< 2Lmlpp - Fl
- < A v v
«Zﬂ}eva;é“m .97 1]

bat 00" 4= O (k) ( Ggne = 5°)

and 6p Communkes 9,4 Since
e,/g cons +¢'4‘{

2 00" e 1
= €p (2 3ﬂ5”'+jﬂP9ﬁi)

= BP (-‘19/" -}—3"”9,4[_): ef 197 4 epj"@ﬂz

s 3 29+ 27 {3 )

‘M :I‘ °r f ‘L‘_Mﬁw“_ﬂ_ jas betare_

Slace Cpd=D6

= We set F‘- 3/‘P€f1
% jm: Ztﬂ—f €v9§1}“c,() —-3”?6'0 i]

E«E[Haa/mm—« ’“p;L] T ﬂm%
= WUWIM wm/
\)J’
itraevc’);ﬁatx)“ e”1] |

& ev‘i[naQ/ﬁqu) = ’“ i]




—

el gl ume/ ‘[’r‘aﬂsﬁa/f‘ O/L Fhe cor‘f‘%ﬂﬂﬂo’/ﬂj
’Yl/};-v"’“’\r\f\q,l’ SRR (‘.’/v Cl G’) ”’\15 g lves

TM ac Sus estive | VH‘(’,{' cetet Ton as

e uum Vwi‘””/ﬂ{— W’JtL 'H’\e« CO(‘F(’/s()OfVJ;KIﬁ COnsarvao’

C{Jw.cbfﬁ-r%"a ;

DpTﬂo :DoTco +9,T‘°‘f‘ QLT:“ +8s Tja:—CD

Jb
[
u

<

= A4
N



(;» l \‘h_{./ ]L '-'\

1 il B 2 e { | U }
1 ayA | l }‘“(Mil:y.,;’t as g/’, e ol s | (j </ (’f,JF ) e/
( (

e enery 4 o sz)«s’;{; ¢ Femn
. consecved
(‘ is +he en@r%” & s Hle/ﬂccu,an#ff-h whexa
'r%“”lﬁnﬁ Tram Tk whton. over: all specce
assacigiesd with fwme~ franslaton j‘vtva,m‘aa/‘l&&)

-7) gy 2N 17 l w," s_/ \ 7/5’\ .‘~.~ o ; P F2.17 < fr
MU= =7 WeANIY ' \ '2 o . aglrls TY
S -1 i Iy e ) 7)/')Prr,#3 sare
Vi~ A= L &:‘ > & | | S 7. /P’i’,_"'::f_ll-j_—g(' Ensi 3 0

- - s density _

" -0y > \ o Q7 2.)
A - v N él‘:' P G 90-. E’G ‘
s seen v dam ) T rve =o )
\— g g Py 4
7r
v/ 4l i P o Fan Q%:‘i.-‘ sl o 4=Tn
4 16 W2 ws J,),ect ' i‘ arTve Leton
| T g p 4~
Hwme Trans|grtsra ¥ erés Y A Lomnsevey Tron
‘ ‘ 2 b L L [ ol / Ve TN, -
r T A S ? ) cqrm pa et ot mWMarnesn i~ conséscve ) 2N,

g\am;\a,rlcj, TG" = J&nsd‘j af ;Fk.'COMPang/V(L
of mamentum 1 Freld

5T 2 j“‘ com()one/rl- of the currenf of
the i comparent ot miomenFum!

,(

«)TOH{ MGW\M{’LLM I3 .)H" J;‘rw{—-ﬁr‘tm ‘s

J P

“—‘; Tn quantus st\nwns, Tiedds Yo ¥o oec;ra/k‘c;r‘s .
Aleks  caleadate Yo tabu| - mornee T (-Fw K(JJHO(()')
L ol —0 ,

Byﬂ J: %éz)ﬁ (\\ la}sﬁcx) -‘8°.l ;t) : —

* 4

. ‘ "—‘; ‘;
25N O I

\

. : ~ (
LAY ‘l‘%‘ 0 fl/(/”:{,' alT)l V‘./K}m’i 5 A 5"'\4




' \
f JQO ™\ | -

ﬁ
‘ ; ’/\’ \\7 “-‘1. 'f) /";’ﬂ (X)/ 'J }
)(

ek
vﬂ:\c) = Jct__ﬁlu)g’*ﬁj’;‘,.(a C

Mo D1 = 90
2 (5e¢e)

w2 i - T J
(T 0 digaln))

) KoK
K aK& )

SikeX 4 63K'x): TT: .y

459° . -lla)x. (a.‘e ~dr
9:}‘:;6)() JC}\T)"‘JE;:

P (k) (aeemate ©
9,?(,%}: JOﬂ)"ﬂ e )
—J P (o0 i o)

l(_:)-ﬂ\’ A]Unwe

S (k) Ci(k-p)eX
‘ U{ % Mkéﬂf.“n(’)(a‘(a? rp)ex a‘a;en.( e

20001 Juuag [ 0-K)- _i(K=-p) x)
M b radad e
3 _.: . .—l\Lu“’]'K
B\J,W Ny B 8)}' \et® g
=7 A : _il-k-p)- x)
W _Lg-kd- r?
T Alape N b o e



d ‘;‘- 3&\)
| i et s

(3,
SCchaA-nan sPuce- Yve \Ving pm)w(f

. (-R-p )%

\/4%3

> >

o S lhewpt =3 (f k)R Slwopueft <1 (2-8) %
~Qikals € e -a%a dee | e

S (Wg-wp) (K
by dp & RO )
433’ S Wtule) b cy |
- —-——-—"—""‘(UK()I) Ag Qg e, rS ( ‘5')
AN Wieldp ¢
~0Zaf 6—-7Lu;«up)+gu)cﬁ )~ a? c—i(wpéu‘)l,gcz?(E_P)

+a&a-}‘-? o~3&ww’b’p)# 5‘63)(‘2 {"-é ) )
d

J o ) Jm -
ol

-.'lm\w‘\\
3 R () $rawg b
:"JMF' W-p A-gay @ ‘ag,a%—a%a;m;af‘,a\oef f )
I

Jaiz ‘ <~ Aw? .
W?t Knlwg]a.;aa Q'I“ff_,lw‘: a‘:a w,a ug +,,i aﬁ
é $

rP)

; "llwr* +~ W2
- T 1(a~pap e —a",a‘-; —a‘}‘a‘; ‘\'0:’0'"6; &'3 91-) r

f




.

\ e A I | 9 7 Tl 4
oo, b kb Lol A sue do wurbh Fhis e PR
{VQixy JUp { ?‘-" > ?-é:/!‘,{ r‘[_‘{"iq f’f"ﬂ/’.,,— POL g Tl PR - b A IS

i 1 4 .
‘%\ e | TP "i,:‘A - ! 1t = 01 It | ! | ¢ I | 4 7
ing C namely 2+ [0 T ) aaks. bime - dgpendent !
N ~ § ( J

L | _li
\ﬁ),‘r fa v

W i !
dha- V& ¢ g-,Mwn:\‘F&S‘HS even .
- - &i 'l_, - -)' -pt
‘FLP) ap a’\’ e “r 'FL"P) a'\o aee “r
~dily-g+

but Lagh apidr )= O 2ip)s Q3 Age

but wop = Wi (stace this [s enegy comp
ot Kuw) : EA S

= dz0-3 cHWET o f(P)= Fep) . N
. AW e |
2 c)f'() -3 a3 € is the Jw+53ra,[
over ewerl ¢ 0)d Fuactens o+ P (_P, a&))

> 5(,&;, but this danrshesd

;LWJ
LA

£ Iy "Fa N
enk Tod - Ay Vet Coo-pag e

| 3
2 P2 o) 8 o - Capait-agies)

—_—

(
1‘ p Pr (a0 rafaz)

3 e S%OMH narmg|  orde~ Hhig

\X’\: (‘a‘(’oﬂ@




— ' \
. = -] .
3 . \ . = - —_a e ) 1/ i | P C
,.:'\\ ¥l ;\l:/"“f"f.,/.} VU I‘L/ : Oc .| c&TCo A ! \ Spa C-C

. = v ‘ i ‘ . . - L ﬁ‘, ~ | r [ "l 2 "_V
%&ﬂs ﬂaﬂ‘xonS/ but lhas OH":‘ o Do tgl THL S8
o~y g A 4’ y

—

azoran—l'z {ransfarmeatrons ( Wathers  Theacem )

A v=
“Vader a ZLorentz +ra.rvs{:orm¢,f;{c\m ):’;:' - [\ X ,
7. 4 - vecta — 4r‘c4,ns F@“hﬂ_s &5 QL 7\@ .

» gCa[a/r" {:T[’/lolf »+f'a,ri6"\‘om P %(,)C) - %C A-‘;c ) /!\&/
‘Hn(; Nnews ‘?I&[J at 'HM/ New atnt= T3 HA(”/ ald +treld a

r

the ald ?O?Mf, , % 3 Iyt
Mﬂﬂ-f\\Jh:‘(e,, a vecTac ‘FT&LJ transTarms as

Ao = N, ATCL%Y | e Tields fatate Snfo
eaclh other '

We restrict ourselves to walar Tields.
> Cansder a | ~parameter subgroup of
Lorentz Mji.f;%nS'FoFMa.f)\O—ﬂS bﬂ AL, NN /‘f‘f@u\
whhidh  we ' ger D¢=9ﬁ/mlm .\

=0

5 Deftne vz VAN Thon pader~

10(‘(/7‘\}(% teansFarmetlon a2 N av:

\70/” : ?_Q‘_" , = DZL‘:’“‘V (‘S‘mco. DA‘L - Bcl\'h\’(})
‘37\ Nz o \\ P ‘)7\

v
2 ( N aY) s Bz el .
Bl (ﬁ.\me’ a'I'L ka}; no } me /



. - s .
Yot F T3 Cais | fo shaw Guv is antlgymmet!!

Oz V(abw) = CDUM)AM+ aM(/DZ')W)

‘S ehvab. +tateln by
2 O:/ﬂ](;,, (CA‘f a b, + aMen” be)

3

e ‘ |
= e'}w@vbﬂ t @ f.v,«.d-vb,t (,J“’M"“'é Mch"'ﬂ’ﬂ 0)

= (urt€m)a’ b 2O = @’D

XA x4 6"”)‘;37\, A
j”ﬁ 3/"\. f'iluvg J’A

5 (K= (¥ 4a’/"“xva 2)(3,;+gwg 9N)

2 Y b TN IR Tl XX H )
aod since A s J:armf‘?r/ (¥ ﬂ-)'rmjﬂ /$€m¢ /Qul?‘j

LdH&mM'l\"@{lj / CGHSH"V;

= f;w ‘th 6 1"\3?1?(’/‘4&4‘(' CQWTJOHM{'S /l«z‘d’c’h

X 8oaé/gmaa Hvt/b are 6 TQJ&pe«sz+
Locontz 4f‘an5-For‘ma7ﬂ‘on53 3 rafotpas & 3 boasts

E?‘: itk’*‘zzf-ll all GJ‘L\V c,r.\m()af»&rvf; O

| 2 2

P v
%Da.':f,_ﬂ. 2 alh :~£,,,a,‘:—a.

- A ) . -
i)al*ivm“ Cials tana' = Ya,

3 a' C -$inA {
LAY Carr%pon'kzc 4-@(‘ .,) _}(\ WA -g O |

) )



‘,l&, :\ - D / ;‘\4(’{:" C(‘ -3 a‘cag 4A - A ‘;\I/‘IR
Ax3 d.,s'na 4 Galos A

= Da‘, = ;3 (a‘mﬂ «aa.s“m?\) s =GN\ ~AsLas k

I\
3 Da:) - —Ql eS sWawn
xX=C
_ ° . 9 _ | = (
’IOP\(— Lo =~ €iaz= '{" : (LM Ba. -ilal < Co, 0 to
lae ol (- [ - o
o @Qﬂ - i.,oa = ‘!’a

Ecwi\m[p,n{— Yo inRnflesinal o ol
C'“) —%(Coy\n’h M A )(ﬂvc' )
( S\ R\ C“\ﬂ?‘ o‘f |

Now We Can cansFFM ‘Hne/ 6 Consu‘V‘F/d
cuccentT of each £ +ewnsSarmation

) = 2 -] A v
Do = 2 g(ACW) x

nN=0

Vivhy 1
= Dathix) O I\ () e x )

S 2 (MG MO )

- o

a2 (K0

—



o+ k) ? ;MA"x) , (A% ) = <P sF % xpd 2
= )+ 2P rod Zhx) 5 B xPHETFrod D)

~ ¢(g)+§€ b > = D¢ =5¢Fx32/2d\

:; iD%: goaf Xe’afﬁ
> Slace L Ts & farequ- Scedla TIL écpma[s anj

v & theougle depederce on Treld £ 75
dertvatves '

DZ = copxf L = Ceopx°d ) ~ZpLe
= Ju(g Peopx?2) =0uF”
S JMe THDL - T epx®d — 9 feap x°1
el g - g 1) | = £ (TP
5 Sinee current must be cansened ) e 2l £

Campanen b2 oF 60'9 e ?M'{' of “Hat T
O_%%mm@&rra "\‘r’\{ of %*(J must+ lve/ Ca(z,ge/r\/&cl

E

= G 4 2, M0
(ad’ﬁ‘?bmwx@br? a—wﬁM)

aheee W2 TP - %" L —acp )
LT P XY “acrp = ITA P4

Y FE T T R A DM GV S B & o 6 conserve)
Sﬂ))N\ LT*T)MwX

P P e N T e N v For ¥ Ve )Y AN

. o s P e



7\\(\/6 will Call C(Iu,anﬁﬁt’/s Conserved due ta
Cotation < anﬂu.la,r M o men Tum (,F,}(';). For instaace,

A [ < )
3 }é’x(x"f Yax 1Y) s conserved fraen

WWartence oF rodgtion a bout x? axrs.
\I\J\‘U.Jf dbaut  boasts T

- This l‘las exylicit Flmg 4 (x ) /
Sime thine werdle fat encountered- in
ConsSeA Vo 101 ZWS .

Ffom c)o‘rm:'*‘?on ()F _S’ Sl J°" - O

It
ol ( 00
= d [f Ja‘xT - 4 AT ]
dt
[
- ﬁ-J’ LR PR °—-éJ<}‘xxT°°
té‘\' J x | | T ¥
~ d \ "__ __d. T TQ0
“JC\SN)W 3+J°U)‘XT
=0 STOW\ Mamentdwa ‘
Combecnat1oN = P'= ﬁ-JJ& X = Constoaf

5 s s Just Teld-theorofic + Melat! vistic |
Scng,ra,[\%a/{rn‘m Haat “Center of mass MOves w( consfrof >



VMQLF"*_{; E/‘ll{" NOw (w/ (/ﬂf”/(/,;r" of ey y
al

\‘/\} ¢ 5&3 5 OI ﬁ "'L o 1 aren {'7:‘ f)’c’)—/“ﬁwg/f—

Mhe  Quuattbq—3  adgular— rora efura -

’,/‘ v

ijrma 3 ngm@t ries

AThere ae aQbserves comserved guon tities
(,O\Aa,r%e,/ ga,%an ‘-Hiﬁ(-c) ‘\"M 90 T Come
Fromm 5PG»C(’/’+7MAV YrowrsPo crat Fons, dwch
‘\‘mmf%rwv-eo{—rons a e r‘ﬂ‘f&rn«ﬁ 5‘3me/—wa

Eﬁﬂbmﬁl@i |
A
L= -jl: 2;9/45&,9‘”@ _Plfa,fa ‘j( za:(%‘*)z>l

K ﬂ\?g s a ‘Hne/or‘gs of XA Scale~- F;‘e,lc}_s-/
wl o« Comegn WMass yZ <+ f?m‘m%/‘co}

3 C?q‘)h)l :ﬂ(,cf.)L*'L?;)*)l

v Thic Ladrgng T 7S 1War rent wader
Ihe j(:ﬂ\’\ow‘mga mws‘?or mM‘To—n,‘.@

B0 =3 4icosCA) 4 ¢asinCn)
b= B 4100 t4aC05CN)

%T\\Tg "S-.jws{' o Tobytlan aof ?ﬂ | g
in  Tield 5P;,w{’

=



7 L%w 5(2) 1510 (D) 2+ (- gisinca) + dacesc o )

— 2 i g o ) c N Lz~
- ?, cas™ A ‘i’li“ffﬁf}_;%ﬁi"_f(BS?\ﬁT{“’l7\ %¢; s A %l SInTA

- ;‘: . /f'/‘_// R - l
D“i‘i,i»‘*}’*’\ 2ndcasA T adtr = F1 Tt P

2

/ S0 Pq‘f%"';d«’
40FM \Wacianf  wpee '}‘h"\f T terrel +rmn s Pommat o
(Siilae For (Dug)” D d1")

Ip’l ma,'(‘r}x Squ,_m/ Jr\n(?, +I‘mv¥orw{~l\m Ceevr
& (‘ea,cJ O‘F’F a5 .

( ¢‘: ) B Cas(p)  $lnCA) )( ?: >

7;‘ “sSinl>) cos (N ¢’1

K T\"ES T Kaown as an 50(3) Y raasorraation.
(¢= ‘SFGGTa|,3 O':=* Of-\haﬁaﬂa(/”’ , A ;'l?‘lwf*nrﬁ)

> L lms an SO () sgmmwhj”

Corcogponding  COaserved  oliamge!

Dfl: %‘ — %1 / Dfx-" aﬁ:}
o~ la=q | ON

e

2

D=0 = F* = Constant | 50 we Tgmace: it
I T v T Ops = (D) ga - (2%2) 4
Charge: Q- JJ"x"S T = jc)’x (- $adh)




\\\\5 oonsr,r‘ve/) u“cm-f-:{a/ ‘ﬂowe/vz’,/‘, s not
very ""}”%"‘7" on” the ssical level, honever
UPOI"[ Secand {wﬂf zwtton, 11 st e Very

Nnice \w\'t’/",?ren‘whon, I 1 ‘}@(‘m of #paw/?f“c[&:
and- gnti- Pcﬂﬂ‘!&lug

¥ Lok 4:N‘gé’/\‘ abowt the Paf‘mffa// tervn.
A
1- 34 %2[ Hpign Yo+ p* fopu

K D&ﬂowlﬁ {_or‘m‘("\“c-f\ T annth et
eperitars G, Ap  ,iz|2°

AL D=1k D, Qgalor= 1K) -

%Subsfﬁu{-‘rmj Jr\»g, Free fleld ‘eqcfzz-n—sfoaq

3K -k X Tkew
p Jcm”*m Lace 1-0':_56’ ]
' L (W) | a o AL
> M K 1 (]
g Scm Naun L <o ]

. ) 3k ;f Sk J ; i
ji'l 7’*‘ ?"%' * j()“)‘)“’n(— “&)(ﬂ-:‘q@ vd i, O e )(d.fu.& i—arl ) ‘

‘)‘ . -‘I(Kff)ﬂ( '(k'P) ¥ -I{,P-lf)‘, !4:
= L“U‘h\ K‘a,map).& '*aKlakn.e' 'akx lc:.‘g
(,lﬂ)" Mo, Foop =ilekep)ex ]
“Uk, Qg €

. . W, ) & A% a4 &, &



3 .
> 04 ch—%,—‘)i%x("“*) (- )

gl
X el i)
D, af. C

3 3 = . ] s &
= *lJ é"—‘S’A’_‘E—<ak\a ng ’2‘”6) +aklarra. SU}(K—P) 'Z‘:.ar,ug“ CP’L)
9\ ?\ + (%3] K
—O&;af'f'.' S (_‘E"\’) )

- i krp)ex ~( k-p)-x (%) K
)”M‘ ( j‘_’f[a e +ama'+o,.6 L —al.ar»ﬁ f

K : N
C}E_ (ay.\ Q- A f&l“a.fh,; —a:‘ak‘ —Ak, a,‘l:K.l- )

these Wil concel w feems in —5“" 55'/4‘3"'“;"jt

Q= ;/ij(a{;.au;-ai&a“")

sTRPA] &S ke @ number operator, except
+W$ ore QYT - deona,ﬁ»

> Can ¥\z< Lc'/ (‘@JraFinrn/ﬁ Creation & annzkl'la()phm/

Q(erakors (F\W}}nj Eigon studes of operatec)

- . h b ~
+ Lm = Quy )10k ; bu-= u—&j-’f,é!:,.
ES b

3 s O .
Cr® Oy = dga Cn. = chy t)Ci,

NS R EU

(,l"f Yoores wh e 0]9&5 Commut ok g Cehady an s
Soc ceakYon | anniWil ol op thrs) -



Moo, beloy = LR+ ke _
o

l\:O P(M&Td@ W[ b gpnest Fem }p\.)
¥ 0 = ke

Io\ 4'&("-\.5 o.'F b & c's -

Q= 'wJ &K (al, Uk Gt e )

= ) IH'S (,bl bu“(jk-&) "! Nb ‘NC J

= }}3“- b br *)}?K e e

S Ns -Ne % a 340 ba Ly - conserved
@M’\{'H‘ﬂ due to nterney| Egmmuf‘r‘b!

= Conserd charge Ny-Me means Hhat
each b-partide has +l  hmme, - partizics

Yo -l conserved cherge, but fl, =, 50
b + C Oﬂlg Varj bfj GWSG/,QﬂfJ‘PMfCL% I

2 Call b *’parﬁd.o”, c:a,.-r'n‘pn_,—i-.‘de/’:

714 geneaal, the esTtence oF 4 padll Wi a
Canserves- charge \wwlles eklstopee  of

Ok ot w( offfesie  congered Chamed



~—)\I\[C/ Com{-ru,(,\'(?/cs l))ﬁ; Y c's b&(;t-‘m.vsé’/ H*&
¢\ A vl Vq,r‘ﬁotw comg titwted @ bud busTs,

\J:ﬂ/\ %Ms i‘w[]tq/{—ron/ WeE Ca rdetine G r—
Lfﬂr‘ax\alwn.

COM?ICX (Mon‘ Hﬁmﬂﬁan) FTC'U‘-

e di; (6w, ¥ Lot
‘51,43' 'Hn&ﬂ’( =D#1/f)ﬂ1/_p;.z[1-;[

G’.SK YRS } k-
\J/ Bﬁ(mﬂsTons 1{’: ]m%Cb&@ t C& . )

(A J I ’:(JCK.(’;”(-‘ e )

Ca ﬂ)’{" prvey

¥ : -
= Ths Beld  annjklates bs ¥ QWS‘ c’s
(,39147'05 S thf{—l‘c/laé; eleates amit-r- pw*l—/‘olca' )

| %/‘b alw:ab,c reduces chage bj l, V' nereases
C\’l&u‘sf’/ }73 1

Fram now on, chamged Felds will be
deserived b camplen fedds.

g The  nternel §3mmu§rr5 'n 4&(1«45 a
Cdoken o enN 1{]5

S A
g) 1{, ws € Y7 (eostae i) ) ¥
\ 2 (Log L) -5 1alAT) s FY,)
e -1 " - *1 l
- 0‘()(,7\)% a5 () €y 15140 € =7 stalA) Ba




L ?(/T B e
)l
. UrY = oMY Y o
(/
f')
lyl

LA

-3 /‘

1 x
IVA ana
éﬁ\ wl
)
° F(te/l
a-
I
‘}%’
p/flé-@n'f @
% =
ld;m{’{—';
W S
A ot
v@«- Y .
Pk& ]
T
764
5)

ST
%
M'f)] U
¢ L
S
1

13
= D
/llL#
Y
—./}l?\
(&
T

= T -

)

g._i
Opt) :
W)

e (D ¥

7)

=0
,uﬂf
= 9 w{
| 1)
Q - &SM Y
TR Q \;;/IT :
L \ :
md:fw 4 = 9,.@221*
%:O); 'Li"%f) -
— -VJ IF ,ﬁ
)Y .
K-‘ ’¢b‘_




AMyae & Subtmcfien gouatians (eLoVess
Adding & subtcking (}«{/L{,r,!f%lQ'i,,- (

L A p

D & @

O 1. Com.

/

> (o a0 q/uﬂ.nﬁzc/ +he +L.wr3 l’j frwpos-l‘rvi
commutation  relatrens -

Q < 'f kY Q > _~
E%L;l&)./ Tr‘!{ ('grt)] = '3(”)(4;“5) / 2‘4 cxl6 )J ﬂ’rf Cylf) ]’15[3%‘7‘.—5)

\
[a—4]

Now, Y & ¥ ace obvisusly nof \Wdepen dent,
50 Ulf(‘j ‘rea T ‘\'\aw\ ss Such in LTL? IL varks
l)&cwu.i& ‘Hne,t‘@/ ae k ng_*/_f .:DQF ‘A ?{, d‘f{
Qné' 9~ fﬁd.l .DOF: 1n '¥ W‘nTcL\ r’\’la,5 Ye ~
\wée,fmémﬂg Voried- Consider the EL equatiaas ﬁm
oo S@nu‘a,[ Jr\»&u% of a.cgwfﬂ,e;,a Srefd —5"_‘

3 85" jc}"x( ASYL Asy) =0
whee A s come TuncAton of tue ields.

To oblairt EOM, Tirst Qe,{-‘arm g#/whkh ~
eal O¥ YT

2 Ax AT=0

_\\nc/n ‘\mas‘\na.rﬁ (JQU,,L%) ‘._54: _ gqp > A_Aos:o
Cﬂw‘\’\“\”ﬁ/ P\= N""O / /ﬂﬁaﬂﬁil’lgg{:’;'



Inﬁaw:; p )\waai./\e y’ Vi" o UAW S0 Wl
Cant Vary Yﬂéﬂ(iw}mf(ﬁ. rst foke 52O

5Ah0. Similacly e 5320 3 2 A= 0

0 MAS0 S0 we gef came equatrens
ox wa o

\ N

J | ‘7\‘.” N ’V_"—‘ f) /N +l DH CL 9;‘}‘ ‘/ /M kﬁ-
2 ¥

5 - FMJS c—h e n that Theg coney
ULI) ngww/{rr_y CUC{ ) consened guantusn #)

A/?Oﬂ‘/%cﬂ\:a.r\ Iﬂjl‘&r‘ﬂaz[ Sﬂmme/-i-m‘c’/s

= ordec ,a bikE U[,[J oF frumstamic, £o
mat4ers

1. 2@,% Y b da )t Zinr (€a?)

7"4603 SO(}) S \MVV‘{’/["FS [Cawl "ot fe
Rv\érs ks eachs on,r)

In genecal | con have Frolds w/

S mmm 30}'#? Q‘F n,- ﬂofq,-ho”s (S@(m)) w/
h..('_c.-_‘ "QWM}M’\' f‘Q‘\'w‘hon_j (n Ck&ld’/\‘ "(:ar e s,

2 04 R ned, amaid double Cowad.. )
Tl S0Ca) hae  pLas)) qenerators.
"

ol caaserved  Chames -
{ o aIS .



|

“"V‘“wbd\‘wﬁj % G\w«"ge/ O(mhwj wan'T
CAMMUAE o shufes cenast be elgenstutfes af
all o\q,ug&s.

Free Tield Jr\xe,og wl a swce

Emag: 2o e F*7 (Free Feld thonny T photon)
Sowrce term AMJ#

4 L= - 'L{lF/Av F/W" A/ACR) :V“—KJ 3 ’“F"”’= T
C/M‘Hw&{/s ey s v/ Sterce)

Z‘/] j@nWl/ W&é?r’)ﬁ '{'&/“'M “'0 ,Z /(\‘4&0‘/‘ i
Reld Wil ghe Soume ferm wi Fackor

3 In qenec !, T & P2 buck feat, since

sSowres are oﬁ,‘ung which  affect c,hcuyes-
V\/tﬂol& mo e O‘Métjas--.

l(l‘l'f‘O)wCe/ CiO»SSTC,w( sowrce , e Sluree

]WMM of Feld Tnduced.
7 TKL“"CP/QLQ, \]Lx)) 31‘-4-/1 Cna djﬁdmfos)

(7[’/1'\,(7%\ 50 Y-t ,Ia.ﬁmgn.w\/'-
}1 Z‘In "6)67‘) l{,()ﬁ)

3 Ve con solve TWis exact] (,amalsgm:a +a
Qe I VeV hacmanic m\%\wm




7 We alse awssume pewy 5 heratd ofF
4 B‘f(’wﬂL + Faf‘FM'w'f‘z, le seuree  hes
J:inh‘& extent In :fqa/{-?mc. We wan [ Fo
/‘Rr’k) The stufe of  the 54stemn.

Cam:

CDJFIA*)%LM: PR 7 need h ol Fois

Claim ¢Lx) =\€f,3() t ’jdy ;O&C)“ﬁ) P y)
Ké SAlution |



Freﬂf +\V\Q‘:M L,\ W ] S au-c.0 o V‘v*'\l hf(l«é’/é

P P00 = Gate) + (_:,)JA"S Dk Ce-w) pLy)
wheee D (6-4) sakisFiec

‘(9,,9”1*{,;’“) D& LK"&) = ~f5“)(x 'j)
C Debr-y) =0, x<y°

s Jcllfx De L"'ﬁ)fﬁj) :%q

(G 4) (-1 | gDty prs)
037 By

. }X‘j (,’] gcq\u_s))ﬁ(j) = - \AHS Ht“‘j)f@)
= ~ ECx) s JC“/S;(\'/J

E D& Cr-4)=Q ,x°< ° fa 'bownc\c‘u- ONKH tlem
C;LF) ‘3‘{'0()‘) ag x°= =09 s sat sfied

(oot af particular spacetime coardinate x=Cx$¥)
Gnd ‘IH‘{’&gr'a,Q, Vanishes Fo( % O = -\oa)

3 To iad DRCX'SL T+ 3¢ comenient o

Warks Jvw  Momentum space

| S KeCx-
DR,(,}(\ES): J f\._!(. e, Iee L 3)

()’ O )



-\Y\ (o) %‘! T'\ﬂ" E
P\‘bc‘) Lo deinivun ﬁ. LS
5 (7o) D, xoy) = () o e Da (k)
RS
- (.(D»D’W D (L),
Qc\)
‘) ! (o 59 e o
Dn\
\'alaaﬂ )K-Lrva‘ 9,09“ -1 KyXy
~
? ﬂm
- Moy (Kgx”
—()ﬁ (,K«?C K Slu. K/A rb D/s \Kg/f\gﬁy
Z K,ﬂl BPCK\,X ’&/‘szf"'
= g
%% ~KLx-y ) L TRk )-"’K"
3 Jwde SRS ) e = -K'e 3
‘ . . | éqk - K- l’?"’;) .
e Cq“) ewr)e Y Bk = Qﬁ@ T Gl D)
2 .
, :(_’K}WA/’?\DLLKA gcq)(,ﬁ-'«d):‘.lgcq)(/x‘b)
Ay

5 () D)= =]
: —

\1;«\\).;1‘-9\&&“““”0””



) o ey Cod)
J -i)/»qu (k) Y Del) = ~10 (x-y)
(2%)

( . _‘
lﬂ‘i’?,{{ rate, Qver 5G%w+,wlp/ L

1 ‘ ‘]K‘(;a" - .
“w ege)e T k) - —'Jcﬁqxﬁmcxg)

Ot

: JJL’ML—w’rﬁ)’@m)J ' gty
()

= | 4 ) Dri § k) - (-Ktp*) Drik)>-

NatT Very s "/' [OULS « ~ but werHks /

3 Ulr) =2 =
jk?y,,,‘ &%

9

- K

. - S
7 \g (f’&(vflv.ff, AT M’{jm\ ;| We mugt Q&P‘For-m
CAONGC m#%r X on a,q u,nc\ Jv\ac, folu.’ &




N =T \ -4 .
¢ WATEA e ! 1 1e.rmmJs
\NF e T g

Nreoceowre C \fara‘\ou.; ey +o chv )

/\/0“/ Yo ° 3 x’ (,_\Wl whichi we waat
—\-\&E’/ (;rwnk wrc- ‘&‘q va,,«rsd. 4o G)r‘e/,cp/r\/e/
Gauswl3l-~j)

3 1% we congider a,o\é?hé the conbaur— of o p
‘ e 5&MT”C—\”'°L‘?/( Bﬂ =) wil vmf&\r\( so Wi
Con C/lO‘g(’/ ‘&\'\9/ €ontaus" W[Quf‘\" a;?‘?eoﬁf‘j Dm&b-g/
! Wa's Thw " U,r\a/ Coakanc Conbing
- awﬂl/\/— ‘:3 — nQ S‘\Mﬁata,r\ﬁ('/s,
7 \ \

/

[

e -— P SR

\

5 % &(_q t\]\: <. =0 Z,¢_DR‘CX—§3) t O '?’DRCX‘\LI)“'@
(Qn)" 7

¢ %\3077(0

X

For 3(’(7‘0 ,Q[osc, I EOHQM l"dLF elq,mt,/[s}nc,(_

oot ~ Contluc  contalns L poles. - large 1o
bop bt )






3
D | 2% (L) Qe L T .
> brlx-y)s Canr)? n.‘)/}’m p s Kz wx :
~ k-0x7Y)> \
i LJ )ﬁo)e’ )Kn‘ﬂ"wk_) :

1% ﬂﬁ:ﬂ'—;‘? Why doeq 1475 =k Dakiedhese
\f/\ ) Q—\va g _r.n‘,\ f
NS VI OK - no/t st an v

Gy o, & e P P

{ o B

= Dtﬁ"a)‘ -x) = [:;lﬁ O%), ¢05)] (commutata— of
e T Felds)

5 Qu-w) = BLX-y*) CEn), gy ]
= 0 ¥y ) K01Lgua guy 110

1“'50‘—-\»‘1% l\yﬁ'é %M\\Of’l :
| Ky Skelay) ]
;ﬂl& O(x*-y°) L&‘ o )H

7 5&(})" polx) H)“‘jjom‘)ux

E\!a\ua,\-\m Tn Jf\he/ \\W\'& ‘7x‘° S5 X 50 that
d\\()? P(,yf) V6 1N +\ae/vax;7+

40 (g | S P> Galr) 4 BX‘%\ & Py

L).ﬂ’ Ak

By BT T DL SR e L NP

— ) &) ,
- (})o(,x) 1 \(T‘\'\\’Mm .

i



Df}?n?nﬁ Nie Fourter dranstorm of Péﬁ)‘-

?U&): Jj‘lj 6’!1(-‘3((? K
SIS IRLAN
7‘}5670): ¢ou<) +i J K ( ) ’

¢ b PK)) (g o)
-)H:\B afwmé{— laakzs | e Hae. e FAes5TaN
for- the. Free FT&LJ fo(,;c) but w/ a Funchlon
‘NW«H\(“LD o expanentials

e

3

N | LS ,,___i__._. -i ko ¥ !!
D

I S

()ﬂ)’bw )

fww e

7 S Ince a// d é5arvc¢ A /&5 ac- Ca%-/rwof—cfd
frow  fiedds, aur theorq s sajved!

Pmé‘»nj e Ha.MTH'OnTa.a'-’

H= )A;XTM:JJ’X(’H"QFJL) 7= 2L
3 (0d)

-..l‘\x
(Or S\W\Q\S (‘Cq\a,oc Gk VO + —— € d\oﬂo-)
Y ' l ' (,)iﬂ),hllmc
T

| I PRI Lo e Pw)
"I'H!Era, X AKJa’AaK‘UKﬁ H = AKLJK_ d«“ (,)ﬂ"m& )

(ﬂ’i‘- \—(-/m\'il u; ; Nt P

( ,'3"‘()@') = d;}’(,--ld])



v v ) .
0l:H107 = ke (@l - ==, Pl =
01107 <O\)A- o (CL Cln)’“ﬁwp’a ‘ )(ak’ Llil;mf

\U7

4 Notiee Hat He Mlﬂ Cam{—r?bﬁl/{“/\/]g\“}e—/‘m
will be Product o P'U") cos Hhavre 13
“\WMS‘ a a'\#\‘&d\who‘q OP”“’I‘OF MM% Sl =
iz 1o red -

> 0IHl07 = <ol Sc\_r_ B 109 .
Aag)P

L
e e AP A AW . s R A e e e s

5

3 ' S N |

= -——-A X L lf;()ﬂ” * LMoty ev /""L’jg‘:_“je erpel tal rer
(as)® 4 Valwe) ‘

> (\\(’/ Oﬂ(g Wag '\-0 a,éé @ﬂ@fﬂj +Q ov

e ooy 16 Tgudd Pwrﬁd&s, So we
\M,WPM-\’TU\E/ ?f‘OC‘u,(/\")\Oﬂ! HON (Mq,nﬁ of
Lo ?

%
INCK)= M\— 43k (,?n{'cﬁmni Wi measure 13
Oh8) My, Yotal &n‘&rg.j con fribuw o
R Fcom Tdes et papray -
wK. sc  diVide \'}ké Wi o
VR of parkicles -



| S { [
\ == ‘ : r ) ) . '
= E o ,--,H,\ 1 At (o maf)a I 1 ol /// 7/'”) e s

|,
‘;}/f‘fqlt' Fooles Y/ r,()-w"r"t’;’_’njm nd) ¢Vl H , vv) () pvLVE /"//l (4 1tV

{ i I ) |\ | 4

w | {\)\"D b b 11 ,{-.‘\ \\}‘w ol ) | o Vi jil ™
. Effo/\'MJ(TOQ Value, Yo 'kﬂlwl H al ()a,l'f'/nlm
G

"f WE’/ S‘l‘u)i&é 'H/ve/ /‘&fa.r‘éb(l &ﬂj&r’l '}"uﬂaf;om,
v/ FwH/L ot M{’(’,gr-a/{'ro«n f’a.sdr’l, a bove
palw n K° (ﬂ SPacce, but we have ather

F Yo obher bawndary Wnditions -

» aVanced (o reent Fwno)ﬂ‘orl, (]h ( « "‘,‘3) -G o x° ',’j"
e ggosed o “xo<y” For Deley) )

3 Wetw! Sor kKowine  Value ok Freld
Mo, Yoo Future & inkerecked o value of Field
]7&{:00(’/ e $qurce, ) Sw:\vl‘,(z/) 0.

5 '})MOVJ ~“We, above W ( F(flijrlrna,/l., ()((){)urj a/lmf")

- quzxa 7(%01 ?aﬁ)(‘m KO \uwlr(i{cs(‘a,ﬁ L.,‘ (/1145;,..1
wV\'\-OM \()U\O'W v it KO’< Ho J (/[()g()/ abqw/.

Dig-u) % 7y°
y Delx~y) = I J -y
D(Jj~7<) X"<ﬂ°



= OG-y )K0l gy 107 + 6 (4*x")<0lp Ly 7 )0

: KOIThnguglor s ot b b
whore T % P time ~ardering %mb%
ik tells us to place the operators fhat
Rty W otder w labest o Te /eFF
. ‘ q - =< fgjf[u“ J
( Note gk e - orte~Trg  Is eyl Jefined p
o
k) ‘
—~ [ éf_‘_&_ ) e:”“'("lﬂj
10" ) () K-p ¢

45 poles ocewr ot )™= UZ‘*,M") £1¢2Q °
2= Nrc:‘-*TL
N Tty S
PO « (.110404 {ftj K=+ (W= 1¢).. . )
Foo RO T gk WG O 0Qa avac o
- A, ’ \ \ ?: o n - —
o CUM 4 B(, <

-
2 o IV o s
) \ ey

= 0T s 1 gaving
[ A e = Vel D \
45 Ta e, 10! 1ot b!’%'/]ts /

9 Noke S a\\ n
e sufichy Siberon M%u.m sae, J02



%) PlWlOW‘J zZub reeanlaN ‘/lﬁj a DLE/—'L A w1l
bat S e (warM Yo curment Shselt

e cacks Wl e Tiedd, regul Ltrng T
C,QNQQ.\W‘\‘,U:\) érgna,m‘ros Le ke C,Qu@ e Tields

L= rf,ﬂ T Xo'y« +(-3'4'”/4%

3 note ntractan ferm daes  not break V)
Slimmekf‘j 13 g%, 50 m{‘&mﬁng 'Hm,org will
Conserve chargl.

3 1a arn\0gy w| somwree Qﬁ)b(&m ‘H«
bes ‘the creatmon of §Z e

“\’\(\wr\s deseat
Lq\no’«om’,) buy 1J( Prelds (eleckrons)

Eqvu,a‘\‘\anj ok /V\O““)Or\ :

©d . ~
% B‘C‘B%jm = 9( CZ?“G‘ 31/' 1{;&)
i Lo A )L o o

) )
e, Ly= 3 (Qupop -prer) | Ly = ¥ X Fp¥ ¥

k 2'1\‘) = zw)( (Drﬁgfﬂ /”’f ))

P
@fé +37 Aoeg) ) 7
'3(3/»9’ DCDW)



Laggn e opst) 5Ty Y)Y
979/4,”;" D,;Q/‘;é

L RS r - }41‘7/
3}79%(;/*% 3?%5) 7?9
2 2,0 aghY T Y 4+

VIV 2 B 1" Up)

Mo oyt +
L Gty 24 L 2 (34t
/ ? 3 f NDu¥) 9@,4)(9"‘7’9 ¢

=D, U 2_(_3_'1{) _ 9‘,—4)&3\%: 9"1/;‘/‘
2[91/«?)
s = u2™¥" 3 w4 Pyt 0
2 ((),AD’*"FT Y= g ‘f*gp
2 5,:377} ™ »31@ |

%5}6'%/3*&’“ ok COlUZ@\?A s which are
o To as\vablel

3 MW,(L('X,LKV (\M/,q,(v Tield 5(\”00‘_3//
Mg g sy e g-0 (Free M) 50 o >



So\«w\'\wm will be, a ‘)Owar” se 1S i 3,501/1/&1

(f(’/(‘ '*u,r\oaf\ V@/ifﬂ N %3

oz Ay 38+53‘C*“'

T $Tmce 3 \w/s Q“nm('/ﬂﬂonﬁ/ @ﬁ()a/nsion T
Jr(',mv»s a‘? JE, where £ 16 somes
(/\’\a/f‘abjfe,{\“\s’r‘w @n% os HM’/ meﬂ(’/m/ (,,/»a/‘c'/,

geep should be sutFicdent)

= e B e :
e —————— S - r——

T aterackion Picture
R(Lcawflﬂﬁ Sohr‘d}\msu' 3 Hﬁsw’a&rj f?aFm,’
\U @Y =1 %@= 13z, Dst0)= On(0)= 05 (0)

i In 50\/\?5}\%&— Octure | Stutes carmy

bt - dogundoace!
0% U= Qs (8), ﬁ\@w)f H1 %) )
V5. Hedsenbey™ |
L= 1)y, 1 & V0= [Onen), H ]
> Selit Ham\%ntan Ambe A earﬁs
We Hy ¥ W1 whee Ho H#Fr&&

am M Asn et
i



st | DT L =Jyx2 lage = Lo~ L2

SV 21 Qntalns Ne  denvatdives of
Tedds 50 i+ Jdoesn't chwgcfz condugaﬂ'&
Mwerdn of  Free Hmz:j , then »\/6/82/%'_
Hl’_: "LI/ Since
H= Het Ho = C\,'SﬁZﬂZ?‘l'a"Lo“L;r_ w/ Ta
r H @‘F‘ -Fr‘c’,c,

Wgondeak o Lp 2 Ho=JA&ZU3 - Lo,V L skrec
Nlepum Lo, 11 Lt o
Hr= — Lzt

T T nucleon- mecan ‘r\/\e/omj, we howe
= -de=q¥' ¥
3 shdes v L0 are dePnes LJ;‘
ekt = e Pt '
YTn & Free Peld fheany, H1=0
5 ¢t |V = f‘\)HbW s = LHY, = | Yoy,

widn 1¢ Qrecisely T \;'\P:\S?Abbﬁj Picturet

g de dw b AP 4P

1 . i »



= 0Nkl %M(Li%j of  mateix eleimenbs

i ~Hot 1 Hot
RIS I AL T PR 2E 182 s AX 16 9R): =«<w>} Oxlrle [30y

ekt o™ e D

Q a(&r‘ajmrs o the Yaferactron Fl‘o‘ru,m evolve as .

‘Ha -iHo & . .
Oilt) = e‘H : O&(.O)e. i (usmg Ol allygnment af +20)
) Kt
0, 0)= M 0y e e 0 00) 3 e e oyt

B Bw{’ 'HNS Tg 'H’l(’/ so(bﬁl‘oﬂ '{“8 Hw/ H&Tswb&q [Zom

2o,z [0wen, H]
3¢

This s usehul as aow Felds 'n e Interactan
\c/h,,m ewolve just like Free Felds o the
lw’% \O’rwrf/ 5q v can Use Qur— reswdits
;VOM FielA. w;B :
(\,,«W\u/ oDHaw \/‘M \"9 H(’/hunbn/!'\ \Jlt(/l H:HJ
ol Yome d(/ﬂ’(/‘ﬂ}f’/wb} M Frates \hwmoﬂ»/w At sngode
W Mo Wwkeragtions!

Feow S o\!w"é ATW{M' EMT 0

. .;hHO'\' H')\'
S \‘{10&)71~Hso' \

YOI S
M \ 7



9’

. —iftet
_iHat it 10y =(Hot0) +Hrl0))e |21
3

. d i ) SHNB Y = He W) YR T2

Iy P '!f‘f) ﬂr‘: 4 | Lo 2CC rart Yo

ét balld) 7TV o | ,
o 1P f‘i’i:’"xf‘é«‘;‘e)t/}
i -)H(]b' J]W‘t d . wm
where i)z @ Huldle” as edpecte
He=0 | ‘
VS =0, sa FBelde m L0 are Time
—}ﬂ}é(k;e,ﬂc;b‘\‘h ' ()‘AQ/\Q'J‘E‘JA \’:?C/LC)E ‘:\u:) ST -

Jj/ 7 L F SV
JRH B G

- A

&

JQqsang Formula
Leks quantty Pinite extentluto scatfecng:
L= dyrtyroge¥g)
e &5 =0 Tor lane 1El Fep)zl For € mar O.

3 When the ‘nlemetton oes ot qemeccite
bound states ( of which Hamilbaygn? ) L O] Y

k) o the Inferaction won't olm/toe,
soa‘r%e,nnj M\*m

'; aYker \0(\3 Nwe Scaﬂu‘\‘my wiemetton tumed AN
o slhawly qver gfemm} 5 simple states 1 e N
cond Meard Wi\l Twow Tndg (’/‘;sowsbu*\% o e
S “\‘\'\«(’A(“\é_\- (- (O resQondenet befween Simle
Guensiohes and TTe Clapattutes )



3 We Vot to sobve ‘.ﬁ[?}@))=ﬁ1@)1%@7

it e }DM}MS candibrn HHFETES TR =5
4 (-09)y =17

G ve want to connect the deseription in The

fuc qust Yo that n the far foture by
Ap}wmﬁ e SCa,H'&r*)(B opm'f‘cfi

\4(02))= slUe-=))=Sli) :

sture \Fy !
~ GHBEERT
3 s Us He S-wiatrix element , whick
ue can sqle fac Heratively: ‘
{ t .
33 %Hct)r Ho o) = } iwun :\H;w 14Lk) )4t
< t=-00 -[;lg-ao
=i ( 1heen- 14(=200Y) =i Lty = 10y) t
214 1) = =0 | 98 R )Y 2 ()= 1+ )}}tﬁ«,&\.w@?
+ t= -0 -«
Sup in \’Utuﬂﬁ i t“
= 1)+ ()| dB G ) (0 1) | ek Helen) 14 (6 )
00 4, - t ;’il_,,(,{;.)
K‘ = \.\ﬁ ’fL—\\\é’c\Y\tud\"? ‘\' (,“ f, At; HI.(}'G;-) P‘-Li.t’-ndi‘:l
) L ) -0 ‘ > -0y -




\\j -5 HY’) 3 Jaa - --Ja,tn i Cal. .o m

= Ahes e

aoking b n=d femn:
(> 7]

t\
J dt\Jdtxﬂ‘Lu}yJ H'ﬁ(,t':-) 7 - ' Cl)
~ 0 =00 )
'ﬂ'\(ﬁs ?nw‘%mh‘an is oven the Peﬁlfrn, .
t , g
it 2 /’%]/’,’;‘ i/é ~ )

Wz

f
o SF
— /- J U{ I'tl
v/ | | .
3 \We Con ﬁ"‘z@&ﬁ&c/ OV) &é‘- . w .
. \dba 5‘\:‘ “1,(;\\\\'\1, Ug).) =\ 3T, 3 H'h.Hi Lbs) HJ_ u:‘)
—m @O+, -0 7 M, Lr‘c,\u.bo\ of \m{ujrwh@y

A\ U\.l‘)\ﬂz ‘)3



-U/\W_S Wweé  Can f‘(’zh/rﬂ-c {"hg, N=21 +@rm oL S -

0o ) W T
._,\__[ jcﬁ. S 2 o) Hahy ) + jaa J:sh Hy (b Ha LE,)
t( .

1\. - a0 ~od Y
3 In He First ‘}(’,rm, ot and im the Second
Yerm, T7b 50 e Hi's ar always ordered

With  earller on he rIght, We define +he
| “'\.me/'or}er‘u)u V(‘OCLULo{'.'

TLDIO%) : -\- (O: L?‘.)D}.bﬁ)) = % 0‘ () Outea)  Torty
L Ox(Xa) @, (,)(,) t'< £

L We con rewcite. the secand  terma ‘T ferms gL
the  Hwme- ardeced product:
i 0 w0

| J . jdt" T( He Lb) He (b))
)

-0Q

f\:’\ ('I_'i{ we Fix a f‘,., e 3, \W"}'ﬁﬁf‘afl UP te £, from
-09 15 NMe ~0{ered W/ HU:») an The right, ané
Jf\% vateornl. From T £ o0 S OPM&J witle. H(%) on

 twe right, Eﬁ[ﬂwﬂﬁ?ﬂﬁ the, M‘Lﬂgj(’wf @S o Susm, W
feover tae ar\n‘g'i‘nafga (?/,,L‘H"T’/fﬁ 01 af H\vL’/ *WP)

S5 To enerallze for o operators | we JdeFine
 such féaf\‘ carliest 0N . Ny Wt & Latest ,n
kb Since Hi Comimukes wi WselY at equa
\'.J(\Me/g, e s ng - -Wlé)l\gw\.*l’\'j M the
éﬂ,;\\ wiflon. | _7&



L H‘f/ am 4’(’/!” M (Can be/ wetttern as -

o0 0d
__.chHi; "'yc}thT(,HICf,),,. H; (/5..,))
Mo ), |
09 oo v )
3 :ZQZLLJAt.-'gatnTLH;Li) Hy (1))
Nl
n=0 * oo .

|12 1e .

\
\ Foolet i i . _
1 CINO yine AT ul"\f .
\j\; _

30ur  whole problom now IS basiewlly
‘\'g @V'a,’«wd/'\'e/ 5. :

5 Eat Elastic nuclesn N N scattering (Y)
N(Z) eN(Ka) =) NOKS) + N CRy)

Thon 1= INGRY, NGy I90= INGG), NER,)y T
Wankt GRS



A KFISh Y =<FID - pq)( | HLL ) ";jc) qﬁ,/J Ix, <F)T(Hebs jHe 0)
: Vit -

M=~ 2= g Vg

"<‘H‘> =0 <ince ihc{»p,g wre o,r'HMeranwf
(e n O% acdec f&ﬁtu,rbw}ran/ NQ- sCotering  as
Free, Meld —&\nmns) N ‘

What  about AEIHIDT This 15 also O Why?
Nate ‘\\M+ Pelis are Sufu?vosiﬂ‘o@s of  creadhan
& annihilation OQWw+ws , 0Nne Fhe ¢ Creatien
will gnathibbe  bra fo O & manihilatien
A anniilgde Ret Yo O s the 5 fntes

N0l Mesans. . T

s
f 7 N

Lowmee 0o wmegons, present, con we s ~Y .
' >y M e 7 | ; A 4 - 1
‘p )= ft MC*(; /, !"/L,Ki\)j O) { ) <0 TW (./'L;f;' V‘/]",JL/L‘ Q)= O 2 y)

| (FlT(.Ht(hc,),HL(ﬁ..)”O . \/\/'&“ the. CF‘ﬁaff‘)d/l/
FT&C(J/ af Him) can creafl a megan an [i) whip
the amnlhilation flece of Mz () can znnmililebe

;& meson on Y, Foa ndcleans

CHUTE Womy Hom gony ¥rom ¥l goxn ) 17y

~ 3
A 7f+CM) (TR ) ,Mn}Mlm‘e/ NU(&) s ‘
q

Yot Y gmeililede N(K)
¢ reate MCQH)




5 Now e bhowe oo sHICKR Felds Twfo ar
bime-orded produet , yuck. But what is eoey
&%  noconal-ocde et (,(\d-fmokg e o lds. T3 8
W W \J.‘OV:" Thearem  comes 10

ANT M0

€ (0 ‘ebtb) = T(%auﬂ)%blﬁ) ) = Laem I(VLS )
3 Obviougla 3t we Know  the diFFererce, wes .
Can FndT iV, bud what Yo we Knw absuA M%+Fm54
Well St tams owd e comtrechk o) 15 & NUMBE (&,ng‘
0 Ofearkas 7.
I+ x°73°, Tiglcmgésﬂz 7(&-)5;403)
- (oo ) o s )

anly derm ot Mormal emdered 1T gRd (4)
C;Tn&o 4/0 ltws creatlon on M{’) . ‘

=1 i) gly) ‘rﬁﬁm),gé"{_g)j Siace

D has 9 ) ¢t 0 v (gl y‘cyﬁ =g'g )~ (g, # 0

, 50 felfwms cancel.

)

J

LEw, gy is just o nwmber + 75 the
(ON*rracAon.

Y Numbeos are equal Yo thele own exectation |

Ua\w(é v

A\gj»?

4™

W\ o\n @ A 1\3\ “\

o P



 — e
- Awo 5(5‘). - Q) Ao Bey 2 10.)
= 01T (Auer By )10 = L0 L2 Acxd Brgy 105

— <Q \:LAL_K)E(,S‘); )0) Vian Ts',’_[g/\@j s . andihlatran
Q\’)f’/f\(l,)('(lf'.:i AL ﬂa,(,@t}; arL +he, (‘Tal’b‘b a,ncL
annihilebe :the  vacunm- *4 |

7 ﬁEK()e,aifa‘rTﬂn --Voc(lw af @h%—:’auhon-. ls yust
Jf\’\b 6ﬁ?&o\"w-ﬁoﬂ wva Lue  of e +7me ~ e~ Jered
\)('Od,uo\;‘, |

1

W\ALK)BLS))IO)f < IA‘Lx) )?657 ] 0>
= O-TH) 1 ' ~
= A‘C.)c) Ebﬂ)
Bulf <OIIT\CA'(;¥) 563))10, Ss +he F%ﬁmm
rOMigater | g e |
frotg
¢cx) gLy = DF (%-y).= L0 I,Tﬂw)¢cj‘)l,o-) E

= {im J 4k e,'“xt’) MR
20" QoY K"—)\a‘r?{

Fa" 'O_kaw’s(r/az ?T&lé‘é"

o P =<0l T (hg Yiyy 110y
= T(HwPhy)- - e buy: / (hy

— — .
4 Wtﬁl %5) = "fﬁm "{631 = Jj‘.\_ﬁ. "’"""'V /

()
L’_&&U‘G)q /K—’:‘T‘"—;;:::E



I"l 3(’,r4r,quﬂ T(¢a"'¢") - :%J -"%‘1:
T 1
b gt e

)

i frfe ¥ ooty
- e %,,,,“;z,,_,,,, .

LeJr tee +o gull f(,on Vroctioms avt of — T 3

(all ?ossqu,e/ (4 c.onfnao-}-/ams)
For n=3 Tredds:
3 L01T(Bo 0 By 1) ()] O | .

Pac x774772% T2 galxigety)delz)
= (¢ *§b’cx>)6f3*¢3’fi‘“6) I kg )

> ¢+o<>;m5)¢n_=a t Pl ) g CR)
tgiagupgitey + glag Lg) B )

54 Lﬁsjp’% )?fL%-J 1—¢L7<)¢ ¢y ¢ C?:]+¢ (_,q«?q« cY) A C %)
oL @ L) 9LE)

5 Ta ﬂ&'f” anw‘w\lﬂk‘TO(\ % o f‘lg !fd‘ we

mvake, +the Various  commut atars 04: fne/ld,s
a,wA Whm done -Fo—f OHM/‘ ‘I‘\ww/ Or'd.w‘nag*

Pr\ootuwg f“e/jnmm pfaposmbws

b



’} ﬂf@“‘s a/ﬂ’) ﬁ'ﬁ 4"%/\-!-5 ‘FO(“ ‘H‘lﬁf/ n=a f)&f'hx,f‘bc{;'{‘)\m
2 X/H%i 2+

Sz (eig)" |4t al"xa.._f(il”’u,ﬂ}:(x,);icx,‘ﬂ/fcx,)?fmﬁlx‘))

ter o

3 Since TC% ¢n )= G- Gl Liall Fa.ss?bl;r« comtractions. -
, We only care  cbout the Contraction f)i‘&a& since—
’HM/ 6¥|Ow+u,’r:‘on. value of the- n,qrmal ordered F_md'ux»ﬁ

{

f O I ~ AN K] - & o 2 - | a F )
L Vgnishes.. (Yerity This ) B Sk o espvermt R4 T

AT { . | { » | ] - Y -~ %
vﬂ)-‘- L AL %Lﬁ & VH-:J\ PC v}‘f’.,(;, S \nCe, J' / IR~ Va & rm—
| D / =, - B
tiron  +ac @ !G arTToles ).
i

3 One Ferim is given &53

\ . — v |
(-ig)*J'ot'%c, j””"" V¥ Yorag ohy Yo Foray gex ) |
! ‘ P amaa
= :’lr*.('xl)‘.h‘r)#f[;xz)1‘*0‘;): f Cx,) %LK:\)
< Tlﬂs tenm Caan  Cantn bite "+o\ Nucleoan - nuclean
Scaktering due o Hie 2 term s

> * - . ' C A r—ﬁlﬂ >
X KsCNY; Kyl ) D%y Yo Uroka) Yova), goxrgexay |k wn Kan)

( [o e A .‘ - r TN c | ‘
\ :\JQ}"C ;H\‘.f\wﬁ* Ve {’Q’L%Mff‘} LL wWe »1/1;4.",‘@, A l) rodct (

Jr‘i{‘(/ . 'D N ] W)‘:Jwr\t\ 1 ‘?/!L ‘(Zﬂ Jfkffz{fo"rjf;tu ? g :XVS' . {‘ o %- \J LA ]‘5 L’b 7 A €
§

<

\
T\/\%‘ U are o Sl b WMo o by v el o o Ny \)
' / 3 O ¢/ Nno ir “J"f a o ﬁ,,l) y, 8 ‘JU{, C U, n U eAlesn S ’fc.':';? “8/‘-



0 HN;,,»« CQwhiner Fraps o Contribure u
l) rQes s 988 /\Q t 1\7 ”'> !ﬁ % /‘\7 l }V £ ‘M ? I\/, B ﬂ}t' 41 i i

5‘ 3 i I3 - . . - h g
"%‘ h\ .‘,“‘k”- _}h} Vl U I;,O&"‘W“}’ ! W r»— (}l(/’/ \{‘é/bﬁfl/ );‘ ‘C///L”i ‘ //rL e} //"/f)lﬂ,;'{/_/

o NiNIN &N | oS Flhis Wowbd regarrc

A Y $a oann Lu[ e VL nwedeans and A eare
o ceeate anti, but Y are P reset-. .. bwt
we U'vlf\Bd-A,lj bew Vthis - o5 the +heory heas

& nserved, U chame which ‘is_no®
onserved n such oo [rocess.

2 AnOHM,I‘-"'MM in S;, s QIVM .LS'.
('j’).%%kj A,q)c| jd.qxz: 'w}‘cxn) %(,2‘»)"!'(—)6&) ﬁ&)‘a): .thi\,)?/+(.2(z.)
| 6«

3 This term can contribute +o Fhe processes
Neg 5 Mg -,A7+;L YN+g [ Nell S 4tg,
frg 2 Nr . ’

To see N*’f 4N1’¢, We consider the

RN ALIDAR R F NN WA P
<W g*\ \ ) = <E>(¢)¢R*(V)! : 'ch'j’l) ¢LK,) ’\’(“s)¢cx\) : \ R'(’f)‘lztl’#) >
ﬁ% Wsigke of  creattron & puuih) fation .

’qfﬁh)¢“~r‘3w0f~r) (.¢+(.](.)‘\'¢‘(.X ) ) r
s UGy F Fragtess)



3 Hreny ;z[m# () PL¥) ™ Wrexy (¢7ce) #4% 0 ) Yera)
(g LK)t g x) )

:GJ fx) ¢7lx) t Yriryg fox, )). Yixa) (firn) g o)
:G”‘LN‘ Fox)ton) r ) Fle) Y o) ) (g Cx) +;Z’L(Xa.))
:":”Lm;v‘cx.? ¢ e Fu) ¥ %x»q)‘;! T, )

| +Uftx,) 7'Lx;)/¢*cx.) Yix,) + ¥7x,) ¢ 304,.)%’2;(,,) -
sCke@ el L Ky, ey = -+

| annih

ates ’L{’ PM‘FR!@ an f‘c‘glﬂﬁ, 't’éﬂﬂ/\[«:/\(@ﬁ—f
an LeFE u

\‘\rmu{‘e,o,j A+ 2 cantnibute

45 The ather cantracttans n the
:‘:“'4 W] A r +; rt b U,f{’@/ : .i-a +J‘L Vario s S Cet T Ve et

Viocesges - -

-2 %\ne/ cacesS N+N = N # N 3 0nly f)assfbl@
%\nrduﬂ\r\ Ny operpkers, but S, liys o

such Normgl ~qrddered s+ ot Opergturs .
’(\{ﬂg g SOOd// as Qur terg #?ng | -I;L,,o/c)/‘

Qly a V() syl 4 W fmceg
d.qps qat conserve (/\Mcf‘ﬁe,. |

n Nl “
:L eI VAR
/| A A

4 We can. com ao+&p 9\.\(}“} Cach  COrectlon
‘e dorea a a~ Wick DTagmfm'. o



ywe A N Verbices % Tar Hhe
M feren In the exprrston .

2{ ’{b" w/  Cantractions connectad,

(/ . ,T | |
Ex: (Il&lzjou"ujab"xa AR PN 2%
>

3 co v'r‘a;par_‘vdbs to the d;agrcw/' H

N 7
Ex C;gll J A-"%,JJ“%;: LA A R
hws +lhe diaﬁrufﬂ\ |

g —— /f\ (second -orde~ d.

\ ~ A mOt'{-e&)
7\|Aare, we hare an Gq}uw&u— f’?.ﬁ, 2}:.+¢1:

lag

What & we work bMKWa»rp(,é.-{, That 'Ts
6? en A &T%FW; Comst ruct ‘H’le, Wiclt
efanston term: (nsive the Pk g

+ secead - arder stace L ~vert ces

s eaclh  Verter conke Pubec o Febec o (Fig) & )
'A'qﬂ‘d:q‘-x Siace l'f{/‘legﬁ\'c,os | A 5 e

’ ¢(- ¢)~ C(l!]““(‘c{,(,‘*??’an d,u,(i_, o et

¢ aemalnd or carrespends Tt 000 el ~acd el
P(‘odufk ot ¥?d€lﬁ, x 4‘*4‘ 1y,

%)

1™

© 1™ 1™ ™

gy

Py A w1t



/

(The Wick d?aﬁr‘a,md are v 7l correspoadence
vith Terms ) bhe Wiek EXpanstan

o and sa the entrre Wik €xpansran
May be regresented by a seres (albhucy b
Same- May evalucte ba O

Fb(‘ \msi‘anca / Sm 01';5‘3'(7(4%5 Consrst of
WWgcams  (baging Fram "1 2ok 12325 Freld s
(na"Gines conneering doks) The second term
Cansists ot all 4‘\r\50.f. fcoMraooHOnﬁ/. and_sa an -

}_ —f . Q >’-§_ I &
T - /
f %‘f . “( »

' Kt

5 T Tirst - ocder pertuchatton Hd@arb, —
hawe | /)1 Haink  they
1 Vanish, hue +0 ver
WU[’,‘I/*/ )::Z/fZ/%:.{. 2/'LZ/ # /:Wi*ﬁ not  all ‘705‘53&@ r&
‘ | cantrackionst p b1,
¥ | em Vaushes as it IS 00rmally orderd  colemed)
+ .’4”/ f&u_/es uclean stute Ynvactiant , same
Wity contract roa. (dand und,erstead  Calgmant
ABument Ve eMey- mamentum  Cqnservation )
(:*UJ[% Can't WW% C«lr"l‘f";bw{-c, ta a er‘ocoss L/Ke
INT N, #? other Hiaa eqenyy vialatren e how to

See OUUS’V Jr\«muslm MC&“"{'T{Q g/L(/MfH.Lq_\)

9 Some '+W5'ﬂ’lwvt’/ N0 Cxternml ‘\'”@51 e all
| Q(wahrs are  confracked “5



F
N~ =
“300(579!’&( %\g(ljd’q% jA’qX& ; ?/ %%l > ’%*ﬁ"'

+ This Caf‘!"%,OOwaf o the Wick JF%W "
S === R 3\\
\}f‘ “_—"'“"““—-—“'-"—'A N

4NO+& +‘MF{' QH'&FM&VH@ nucﬁ(/’an Cantrect/ass
Q'Zovvbs 6“05% ‘ ;Vl\/a,r*fa,ﬂr{‘, as QM(M/\?‘?j @mé@,&

gives  same aL/\a(jrm (70 tetrarn oF [80°) ~

1 %A me d:'aﬁcams are ecu,,fm(e,nﬁie gnu
Vie o | PMWW%‘FOK\ OJF \f‘l(,{,rw

5 (,D)i H’ OQ ?me‘mk”lt‘f.‘ﬁ ‘H/u.!‘- L
da\%r@vﬂ ‘VWM\( A
% Sl 0 w0 | ‘ |
A:\%‘Taj;\é :’?, ) _ ol 000y 19__(_'2—2-
Petrem

5 a ddgram  Cankribukes  1O0DY 4 pecturbeine
nep)

eApuASTON | gad LYY g the numben of

4Ln) A

@M(&:\%C(LWS %\C‘f\ﬂ\-&’ﬂ, %)3 N\ ndgs r

perMuAwl To e



Cannectedd - Jiacjram Yo € 7S

ﬂ_ne—: (DY&GC’/’- all parts of aua,(j - ot Zm&
CQ”'bT%ows to at lenst 9ne ather fcu*f' <
a Verdex

—

Fw.  *~——  first -arder counected

o—=e o+ Fo,cth order discannected.

—

NGW 'FM' a  thearem! \
W'iiagrw . = 6XP( Z Cifnecked M‘d(,d,&@/mﬁ
=

9 I&I; | D rL'C) ,\'n,:l/)rt Ces / 00, 'b& a (,ampm

sei q\: oanﬂ@chuL A cqrn s -Far‘ a tL&a(‘ﬁ/ one ot
each  pattern « In gene al, a diageam 7 STl ove
ame \""'H’/S&f‘ v (,OWIQOVLM{'S 5% the Pco++&rns at

Dccv)' N |
Cqnsiden the gra,@\,» *\\"\ ¢ %A
‘5’ o )

l.1

o K4
g4@6

4| \\a,g witearal ayer d,qﬁd,q)(, With onlﬂ
Yoncksams 0% Fe X Yo W the ‘m%%mmt-
N\ PIFE VI “Wl*e%m@a o over A adly W
Ik r(/ﬂd« OV\\OD aAMJ{\m o R, Qﬂ(q, andh Sithac
Yor? B ek Mlﬁbc“)(’/ Yhe expression Soc the,
d‘k\a?\(‘dwv\ 99\\?(5 \W‘N« % SFa/c/(rDr‘s (



3 the ci?agrum ':{“’M& an operatory
Hat s < Fmd’u/(/f ot Oov&wu‘zw:f C mod
ambinatacic Teckoc)

3 In 5&14(/{‘4/{/ +this s a Chnrocterrstic at
dis@ﬂﬂ@cé@& d}ﬁmms - /}'L&;‘r‘ Or&rz:/‘l‘o-/“:‘
are norme| aclered pr‘odw&ﬁs of Gperatos
associated, W the \ndividual connected
covn?onm{'s!

00 e
Lo(pf): = 1".,‘[[[0“750))] :

5710‘\'(?/ ook his \40}0{9 Not On‘g fo JT&&OHW&C/{’EJ/’!\

A g DL’D, bl For o aeneral diagram 0,
,wgasnn?i foc t=r~,'0{ar3x7 ;350,.‘ Q (0¢*)= :O(D(I‘b“

JR- Sto), W?/'C,auﬂ fermute the Jadices

oF eacl ‘,nd?w‘d‘vwl Connected /iagenn

Contribattng T L i TIn additter, T
‘:‘\;l S(,Dr“'));:.-} !

Heere ore A ideatico | Cdmr)eJta—ﬂi"S, wve Can

el(c\%‘/'ﬁ@/ vhdices betweer chas’ IF there

ore. 3% ?J-M'f‘?c,ot\ OLT%WWS, we. Lla!,V('/

©0 o) N
w: = ]—T (—]-Ll [OCD;-‘ ) ] 720/‘ a// 0‘!“"3"’0—*‘3’
SCY) Ted S(Dr“') b b Fc»-f“/‘/\wzou‘
b pattern -
g \\(\\S ufs W M a ?OSI\‘\\QK\ 49 Pad gn A
- BHITeqeT XY“f:'Swv\ at &L Aderaes, . ielS.
by nollmy S 75 dhe sum Gvec dll patems !




2 G- Za” WIGK_ at}acgrams

(o9 0 >0 _L Lc,))
) Z P Sco“’>

ﬂ,=0 n)_a-o

g-‘\nC& -'G (0): s the contributvan
S(D)
‘FCOm one a#-ha/n ) d‘ Su-mm. f’lﬂ O'V&f‘ Ht—e/
C,OW\PLQ/I'IC’/ set of COﬂﬂ@o{radb d;aﬁr-m_g-/
patt for digtract chatces oF N, we get+
7 aLlS‘Hnm“ £d++&r |
Ocprcu Nn

Z Mo | [ S C0~°)

bod' qhi¢ U5 sust . T ex P( ocor ) ) R

f=] SCD,—L‘))‘

0 (a0 ).
: :e)gf)z (SC’QE“’))'

Nne|

->\l‘fe cafl use Thic to solw: +he ‘H\&or

A=Aty gtp | Mo gpeo fe

wheve F o goes to & ln all d,)r‘@(/i'?cr‘ls

"7‘”{, P(‘IMI'l'!V(’z déf‘be,x \S ‘_)LtS‘f‘ A S‘H/I be
Qwe/ w\‘\m Vertex since. Oﬂlﬂ I ¢ F“&M/
is Qre/scffl{‘ (A& our x| ferm fa S s TC¢,
=i v \r,l/\ oo(\f‘ws‘oonabs v )



. / ( g p- ..L s
A SELQr ,('}, r..i’/) fﬂfni‘} wr2lad (j (.N.’/L.SL ﬂ’/ /("‘"‘*' v Lb (& =
'S

ancl .
Je— X in A" ander

<+ g?mﬂ&r‘n of vertices swuc thet- on /:(j
one Line can come ot of ey vertex
91@@45- omﬁ & connected p&;‘aﬁﬁ}m/ (95 b
?)J. (_S?no& 1 COﬂ{‘chf‘(\anS Cap."/"lﬂf" lre
pecrormec on Hae same frelel apecetor)

“7\NQU‘/, D| \)S 0(]'3 l \/&MLMC,Q +PIV,’\d/ﬂ\Ij
SCON=1, 50 all diagrams of D, corregponet
'*’0 ‘H‘b(’/ W('xf‘wﬁ}r‘-

Ol = "IﬁJOLqXJ FCX,)%C}C,) v

For Dh, SCDV= 2, S'?r;'cé permutrtng |2
leave the diagram 1Warmat, so

| —
0, = (- B)"Jdvx, d'x guxygon) P L4 Pexa)

There are no  connecked  olep recmns
Left, so we can  ewlyste Hesuon  over
a“ d,ham( -

’ ) g\ 4 O_‘/
Strepl e )= re 7t e

Nows Ovzatib ,a10 -

‘}_,C—cx’r;b) .o,

35 e et



Since 7/ s a fTree Yeld, ve b
B ek, o h e PE
AR [PTA NP

and A&F\\ne/ e Fouriern ranstorm of ) -
B Jatseper | e it

s O *73Ja”x:/”cx.>%cﬁ) =~Iﬁ}0‘qxa pon) =g f 520"
3 2 | ~ LD Fs >/ 2 5
. ,4_"___( : [_\a‘g VZ Cr,_ua)f j;-a PP Cf, ur,) ]

- lﬁ}c}_q)‘“’ P /

P

r . . |
- } Ad’°p [—-h(ﬁ)ﬁghcﬁ)a pJ |

5 b ¥ plp vantshes 0 The me gs
shedl (0% ), Haen  nothng m(,{?ms'é (hust
4‘,\['/“4 Jl;‘pl?ngut?sh an yifliwf’" Fram ()%” shee/
e when po s nat Free. and nes fricted
o ¢*= wp? we oaly Integrate Ovec A3p...)

/ \ . :
ga,(/K. o NA/ 540‘4'}&1‘_?431

Ve wwnk ko compute P, p e (5L IRV
wl sate  relotivigtically nacno bzest

K



Ky= Q)" e LRy = a’t) 10y, it h
Atk = ()™ oAk A%
2 COrV';J(/t&f‘?‘mj the scala— free «FMM Efppars For

KA 2
%(x - (o “ratw)e
Cm’)w,c

+ ok K=z alkDatik) 10y o
- Lok, attk) 110> (Since alklgrnall./lates)
= (Qm)? Auk 8§ (Kk-K') 1D

~

’ J d7e ak Ky = J ‘&lgﬂmw"‘y&g)a"‘c‘) 1%

5)
(0)* Juk. (e

:Jat’k‘J“’Uc-k') 1oy = 10> '[Jf‘ 9""‘/{/1”\ VistTe narmuliBetion
5 S lar nelations MO!OL fac Nuclesn
aanudesn  stotes & gpermtace

V0N, pacid Y = bYepy biepn) 1OV,
e, eVoluate v 00 | W) ek 370xa) Yex o 1p, pad

y wgert  Yhe nucleomowg;n vAon r‘e,ﬁa{-mn

e —— /

PO TRRE U R S I SR \\\\“\\\\’W\\”W\\"\\“W‘?‘?\VW‘QW‘PW‘\’F

mahe su<t FThis Is flu\ hj"T £ -h»]

= Qo T e (000 ¢ SRR+ ) Fix) Ferear o)
_ —

1



K ‘Hxi' (_;()Vi‘tf:’bu"“‘?(lf[j ?P(/VW JrL(/ non- vac e n
j\‘d&&gx{h ¢ Ig O , A \ro(' Hﬂ(’/ g’)f" WA e

M<K, He annthilatnn prece. on 17 gres [0)/
and the  Crpafion plecc- on [k giwes 3 pacitreles,

=<0 Vo P | 0 <ol Yorn Vo) Vi pa)

\ L MK Cbx&-“m rct Ej K‘ﬁ)
= <01 Yo Yex [ pa) =<0 Jc’“m”m |

d’p b e eF*) 100y
Jm"ﬁr[ Pe " pesP
~1p°F2

) Ak ek g P
=<0 é—’“ b"e' J-"ﬂ’ , P
] JL}ﬂ)sf"m @W)W‘/\,Q/US P N P PA>

(,é'ma’, Creatyan Frelds annthilatfe L0])

- A > o | |
0 o Slace. we are wachrn 1 ) e latirsaly

‘“(?,‘h‘f?'% Lrzed ¢ ﬁ}fz‘g‘;’.}:’ g i)q::»wﬁw{—*' ~anr S

' 5 3 ‘. -‘iK‘f\\ ~\ 0 Ko
Qﬂ) M OgY ).b\jp

4Pk dik <Ol e-iK"‘l f:P"("

= (‘An—-—————""ﬂ‘ Ou")uhe) 6;[,“,‘0«, ().\. 7

M relaticstic narmeli e fTon , oo 5@,, HM’F )



CL—K‘- a:bn.)”‘)» |os , S0 -

(1) 2w

SR A 5 =i pKa
decLP Ole Lab,JF,F? el ¢
t):p) ()Uf)(/)uup) (cdﬁ(’/“'ﬂa ‘F(A-nc‘fscf)d)

Q":)f W e FTG&(’,

’K J
O’ﬁ) Llwv)

')34{- A/ 'H‘\G/ i 1,.[.. we. gSa+ that fdfr“f‘
Lané M‘inTVbﬂ be act? an ‘ 7 aad, fbpg on /F-W

4" we e 8«[1/‘;\9, OL "Hng,, IW‘SU Thlg (,on'/\r‘l),w/—gg &
Q Qrkn - '?3 MI ﬂ,@.}- ho A we KV 0w/ o ¥ buttq -

)‘ ia,

Sirmilacky 40 01T 0OTI0) glws e

NPT IR I | ;P:')‘Lf‘i u X
Pﬂl ‘(, k+6 (’ ‘ 50 )A ‘}'O)Lco we

aet s (. ,(h'lfIPLLX.)‘*M.)‘FL&»-)“{M . ()“p )
= (‘e/;?:.m‘.(’l-h +€J\?,-X.\.1‘p‘7;-x,) (é\?|.x,-if.-(;&—}p‘.xa—IP..vx,)

G:'p‘l‘#l +‘|(’;“1~\ J“ r)‘_*‘_ i‘)..xk -l e"‘ P",“\\F‘,(’;‘ lx’ "“\ V‘ ‘i(,\ -iph ! M'

-"6‘\@;'\[\\."’:0)‘-'X| = :ef'ﬁt‘H()k.Xk -‘-610“'#'{. '} I‘Pa')‘lu ﬂ:?.')“& ";Pk' 2((

L NO‘!(\(,C, )f\lldj\' él‘\'b ‘?\l‘b‘(’ l *em\s C): \'T(!,r*

b\ﬂ “\"\“?/ Lot % e Wie g hanse oF A &Xa,
aod” s\w, we o Yat ra.*‘\ng o A& M
QSMNU\'TT(,“M Pt Since %Lf\) ¢v(,](,.) \s gswﬁ,&/ ﬂb

Yot SV Ve Yd:&ﬂ*\\ ca\ Contt bu T ons. S
J

P



nd o _
Y s0 our A 0 cde— ‘l"t”//"m/ ﬁﬁﬂ/lc/‘{/g, s
;e‘.x,ﬂ(’x"f.k SLORIIERIONS B

. [ |
(“’75)de”%. d'¥ goxngoxa (e
V0L KAt (7:"7(!' ) KA ”'\()"X’) e |

+€ lce ¥ el
Subs i \'uﬂr\ng our Pree Teld 95 | :
= - k | ."q. - KX a)
— e o
- C“)g)z JOUI( CU } Llﬁ) G-t e

| 1y ‘
- ("\5)1‘ JcUX, &lq)‘x ) d & SRS

() K"-;u e
. x 1 3 ; ( P )

FR) %

\P KJ"PI I(H)K K| "'\P'l Xl J() x\‘}lK x‘
i

*P R, _.\px TN h(’ Ky - )frhk Xx

| x 1 .‘ YaXa
1(? 01K )RS *'(JP* Patk) . érLQ;‘PxTK)~*. R0 K

£

-[ T\V tO \s & L{ ’ w o "‘f’j/. \ \_(’/J‘M 5%.@'\14%.'7‘{/ v
\ i .

‘ ) . it B i (0 04 o
bl -0 i h'(,\’»'j()f-\ ol M‘L.‘P' ,\)_*).»,*"‘ Na- g g’ t LMC——%K;.J_,)

P‘ N \
) ! ‘ LpL =it i) K 1P TP M
:l"(;‘\ﬁ)" OLQMJIU“{)\ 3 (ji)fk R—:-;(’}::\.i " V J O |

!(ﬂ ﬂ%—K)*l T)(-V| (7k. K) )"\) P, __9



Samee | 4% e L Lk
Oy’

- OL K ) 'J )
(=) VIS 020, 1) I8 P a-
6) Cﬂ) (H n “Px-

FOm 3 pa ().+k) ln S -pa-K ]

P&r“Fur‘erTr’@ \Mfe&fw[ over J,e/H'n ';:un0+/\0n5 -
| :2 (,117‘)4 gw)({) s 2 ﬂ:.’)

- [ ~ A
-)(*15) L !‘ —
: '((’\‘f;)’/}lﬁi (47 f)) ‘ﬂl“'i

LLJ SeC H‘B Note -h""“"f '+\s‘ sz:f;"i“Ts:JD\j elthe~ pPrgAwct
ov d,?;lt‘(,(_, LM’B LJ%W/“/‘S W/ @ G usme f, 1“' MY y Q('/&.‘ &2 . ﬁ\
Th VO, T guess | You o con g4t cheose 45 delte
%J‘”V\’“’L Frapn each ff‘ildm&f— h ntey

- asK W He s +Le,m 3

7 +L‘u Otﬁa/{'_a/ ¥wno+\0n ’S JLCS**&W/Bﬁ —'M'mma:fw»\
Cnservat tore, Wl - ()" Yactan. Alsa, we con

GC{‘ULOVB‘\}P blrﬂ() “Hﬁ(’/ V€ ‘I’?/PPVL To sSec, 601751915/‘
‘J'Le, o) Fr'a,me/ the.« P.u PL and, ] P,J If?,/ JlasK

: u?i;:%fc Qﬂuinm?zﬂ -:; éiijrzutf;_:(_(_:\g ig )—L vhy Ezo )
o= C AT 020), s (Jfpm, ‘ﬂa")
3 (0 ) M\E\LW= (O, p(&-¢") j)
%Lq,—-q (ﬂ].(\a 0-p*(2-2)8-¢) »
A I A At

. (- coso)
¥ (Qege)s ~N (,l’rcase) —

E {



3 Agqr(__| e )
8 E‘F%l-afa)*ﬂ‘ |

2pt ([ reosOI AT/
where /4\ S Fhe materx  element  Hiou A
a8 ( e -p) (Feymare Amphitude)
CRLLS-NVD)Y = T Ag (3N S (prpT) |

/Vow) i+ 4+

TUIrns OL[AL
oﬂggonfs

A S

1S

we. an'F vieed
aropla. o Wieks Theorem as Hhere

28 n ch/ A/del\m md/f /\O QV'D (‘Oa,&é, u&//\'{:fl/‘;

all Yermalism© puittin. These ae (2gnmo Diagrmns,

3 At n™ grden perturbatlan f‘i«a.wj, Tle
\IVl‘{’F,f‘g,(/f-Tor’L Haw?['hn,‘aﬂ Wac S 1 Flenes
we., HUave- 1 ‘M Feraetran ,L/VT]‘:‘C,E/.S‘, Wt
W the Tukeractrn  Hlawmiftnrga ace Lines
@m\ngﬁmﬁ frone the vertex.

}f,—_='¢*1f¢ | 1‘\’*

{
~
-

-

.ff,LfJ,S'

7
Y

‘)\COH‘Q‘Ta,o-HOﬂS are S\MPLSS wnnw{ﬁ‘on;
MW&M th%/ m

TWis o e sThce <l
Qho . s {In s O . -
es g-ve COn“(‘mb‘.d-[‘on, fa
+ 4
B Ty

3



ﬁgi nce. \\VICQM}VL , ﬁu&l&)\ are )\dl@ﬂ]"rwjl p ]_]L e l\mpaé:\‘blé,
20 'a"’“r'“fwa/ F”Msfﬂ\/@r— Lo, Cshguldn't Thar

] )
v Wb bl W .
Sty v il Why cauldnit We just meas e

\4r !
- \ F - 5 ,

Mo - | a0 i P B ]
iy | mameatat ﬁ\

W A

Laskah.ﬁ- COﬂn&C{“TOh Lm"wap,n Mak. t Fagnmm
GLMfS"a-ms ) -

Ve Know rules to ovabuate. | Ap;, the
Fﬁvqnma,n Rules’ (Fac o~ H:cord) |

o M a vertex, write C“'B)_({)m')qgl'“l( _Zlk-.) (Suen of

mamentor Flcwmj thto
V 5"{'(’.&)

 For eadh . Jnternal Line VI momentum K,
writg | A% Do) where DUKET) s +he
Jamt PR
agprapia te prapeg ator | .

» D'}V‘I\A,& 'Fl\r)a,z I"&fuﬂ_-ﬁ éy OV&MZ/ E—f
&M&r‘w‘nj S Funol,‘anf Llﬂ')"j(ff;o;)



J {\‘ - ‘ r . ;

alternat vLLj ¢ Olitarce E°F onsersatlin o
{ E N >

5—0-(/L"z J&"Tf,,(‘ ‘,LLA(//I o eoch
A , n

and, e eoch  controcted bine, /it Tlhe

Pﬂf)?()ﬁa‘for‘.

(-4

—

+Ex w1 TE

N

-

3 QQ'U;A«@/ H‘s& oA & 2 f/r' a’en bjl
LoV Wik Vi) Vi) W) GLilg s The Fegromn
dﬁa,gra,m, Losis Line -

1,

P P +K P

T\Gn,%“amj E*P conses ot am loze
J\’W/ o e m K,, as 1t s not tConstraiaed o o
Kr-’fvm €XTT‘T"7V16?__ ,W\chn‘.'rw‘, S0 wWB Must ety
the Tuchor _dj}- ’ ' |

Lag)

b
4

B - | 4 ]
36 i Lok, Hee term $O1I RGO ir0 Yiro Yiixar g ix) gexa) 110
has  +he o{tTa.ﬁra/mt

-

-9 Neither r) nar Kis constrdned . Th
nspires g additrang | Ty aman rule.

« K
¢ For each Wrernal, 194() Wl mgmenfum, K WUnconstralaesd

: - ‘4
b‘& E-P canservation, write o Tachc é_}_\
'J Q)



(onsider NA/"‘?“ /VA/ _S‘Cu\f--faﬂ}nj/ W/ A

JEGSHMM ﬂ?ugr-m;: ‘ |

(i \)\ | /)F,' |
\?\___/

K], \
4 = p"“ . *Pa. 7 P ‘
Fram /:cgnr\?g,n rules, we get (ig)* each one

~E = -
"Bsnlma,rfb P-beﬂj%‘or . Far d,:a.a r-ml‘ .

9)* (a8 5% (pl-p,) 5 a‘rP*)J.é_i‘s S
(-i4)" (3 (p'-p f’up s

..7’,;"'\‘3.‘*?“ Stafes . }‘%:nma@ﬂt‘ cuq,g cains hewe

-l conres ‘gano'[ﬁr’?c:& '+ﬂ +(’/ﬂ"ﬂb o Wil {’,fr;aﬂm\an/
bat L {"M’“”?} wt s wes e To- Wrea
Ei.‘satgﬁmi. Cew ‘Hm?/ CaM'r‘wa{"Tor’l ""’ S .'J\"Pwvx Qe

_ ‘rf‘rdk A’Tarj (72 {,;)r":’&gponah e WF% nric1

J; 1 d /’af\ **m&)



A (7() L3‘: nq Fegnmm rules - Nl ,%ﬁ N

f o
O fiprrie 1 (gl §( 00"k (ia) an) 5 J(parp k)
Can) /{,"\

A.\\a/gf‘am A

j"l@ (21 Héw)u) -0 K ,5 [,a\fT H q7 (' 4K )

A"K »', o )
(= )*(1,,)%} [ 503 gt
S C)' )q K .ﬂ f < .}é(.‘”(@ P k.) Ju“(,PL/P {‘K]

"'?\ Can p&r‘Pof‘m ]V\“‘ ra,ﬂ in &)H«Mi c:L&@Jf?C/ 'beﬂf/z‘rm
N ea(/lf\ teormn 'CW{,H f0{,0 -Drs?"‘)

: (ig) (am)! | ———— 8N paep b))+ ——— 5!
| (frf )V -p+i (Piepar-peae HK)

= (- )"(lﬁ)“{ . 5“) (o= pu" 49y )‘f——.—';té“”((’vf’m
6. pn?)‘/ﬂ-h{, | b V'-)f b i

| S, . i"nri)’u
',_\,za“_,,'_,_'._Jr )(v WInX

AQQQL}\% 3’“ (‘uL& wl«tcl'l sajsl +o A:vclﬁi Lj

(pr-02), we.  qef!




[ |

o T g : ,. . »;'f
* f‘s ‘W‘fy)ﬂ tunt To npote T 5 vl Fhe

)%’ﬂf/ [lh rMea.rL ()(,J(/(@ rarn Can /‘l’irﬁfl/e/ l}'ﬂ,/"ir)r, 4
ar “”H"‘”*‘Q/Tﬁ RH‘ Vs twace .

& Ps S
\ / ) : {: = ,‘:\'/ g

/ \ - — *" -
> M

N o

IWe con ablse Pl the Feynmon arp)huce
r Nucleosrn~ antinucleon armcgilafhon Wie The
F&Snﬂlwﬂ f'Uﬁ&s To D'l’\O\./ Haa+ 'Hus 63”5’6&{.( Car
evon Ocour at  secordd order: N

: 1lf'( £y Yo ) dexo) Peny z/’(,)s;) dixa) -

f_‘l
B4 J2% ﬂx.)u (Es) BLxa) o Bin ) Fig)
St norﬂuﬁ orzl&nj wi || d“.(.mﬁ [90441 barbicle
5'}‘4‘[‘55 ¢¢$ wil c,ma-f@ A mesons

y . J ¢ ~ . /
N Wac W & ] ™7 1* T n e ==:"
AsL1 T 4 A Lk

A7 'é_:

/j[ c}:’J/};/:“’/ ) & | _/‘Vi(r'._»’ VEL ] I B w ,‘93 ’%’,"

.} e.r wrt actTort an a“r;d*"@ ‘3- A I "‘LML n‘:‘
&005( 60‘(' anl mwnTF%‘f's Y% @waf’d/'f‘\on Va’b&os
e S ol bond Y lfy o) o @ ‘f"‘"\ ?~

PajrcniWaLS ¢ Q&s@naﬂw/f

=“\‘\\
5 Zeks Vol ab  mm-velativistic Ymit oF

NM gc_a“"{'&r‘mg 4 U-V\o‘.(,rs-l-unoe ) I -J-:e’rma
oF AROM: | S



Recall  Barn  apprakimation - at Tirst order

Q&ﬂwrbw\r‘mn, aMFLHW{,e/ e Incamrng s tate
wi Mimentem K 4o scatter oft o poteatial
Ut Wl pomentum k' FT of po fentro -

Ave (K — K')= - Jot’f‘aii('i“mm(/rj)

“"\W& can 7w3?n& “H"m( f’)Om«mﬂz,ﬁ/‘r//,sf/‘c
SCdth'(‘&f‘?(zj )s {"L/, VA1 Co0mn T Farf'ﬁo[e/ s(,w-/'-{"&(‘/‘r??
O»'F’F +Hhe POFB/FH&&/ ok tHie secard Pw*ﬁ\t’/f?/:

A= -igt Iq° [since tn COM  Frame,
. (e"PO.)A—/" I?“ i\,: l 1+"; &ﬂ&fo&s an Iﬂ (‘1‘7‘@1 f-
N scatterdl  puclesrs s same)

7 | 3 . A 7
how -does A 3 +p ¢

i we also must dindd Haafn relatfivistic. amplifude
é{{ Cgm)g‘ ‘fo .accaun‘l' ‘Far d,}'Pchﬂce, | e
narmalizatien . | '

3 )A’?U(.f)e_('c' AR =[,';;_3:—f— , A=9,,

EEER {\’,w.“/\sq‘ what 550 m here s The 025t muass ererye 2 )
5Iﬂv&f‘+\yﬂ6 -H/;c, F(Ju.#‘xu '\‘Famg‘Forth
Ulry= =)

5 o0

I
G’ 1§ 12epx oy

0 q}"aw qr

7
b

(.5‘\“&/ ‘)n*csro.n(x OM\5 ‘)r-o() {"0 mujn,{‘u de 0{- E L)-



Sufter some pesidue  s4uRP!

& %} 78 Vatential

47 ‘\L ';Tgﬂ 0.3;'— 'H/l@ \(w any a “}F/FM 7%”‘
O cases med, jotecd bi& o SCalar ™Mesom
s alug ¥s ‘Hvt— foree Vs attractive !

\Wa% abwt NN aonihilatten 2

a = (-ig)* In NR limd, (pr) *~ Ym?
PorpaYop2eie | hut su ppcessed 196 iy
- | e C,ampa,red, o victhes| & WP &
eXC/h’dff?dC; &s e =L ch’“’l
stpee  Pacticle Cleatran/annthilattan, 15

fwaﬁj nelativistic.

S T the nelativistic Qmit , annlhilatton coam Gecwr?

2 =2Ex
- ot -—L—- X by ' N Ve ada
a ((]ﬁ‘h)’-_pz (Qrf) ?. + A0 Pu e lm—;’%.%:
’1M1+l(f):+ﬂ\‘\+1—‘; sinee (—3.2—(3»)
=Y 5 a

™
!

4/11‘4-4(3‘1;‘11(‘_

HOW doec A bebhane? There a® ) CaseS. —>



. lwaus Vi rtua )
\/Lm,w,r ) Ca //SQ |

o /U C A — Ul(iﬂ()m. fqgl""\ Ve /Te, ;[J weticle ever an-sbell
K\)/A 72 dm ) Mesan g Virbuol ‘)POQ(’,’.

Q(‘Gbabl\; (13 (-l\‘o\{f), \,J:Hz\ ()"‘ (as g/ ))f’/mmf/)’
4 ,
N Qe \y f’tu‘al /}

‘ QOQf/ LI'ML 1 L\f)l I/‘/"'-‘-O = (P‘i-(?;,,)l ‘ﬂl 3 (P.ﬁ’:.)i?—/(,;:#:'
(,M&f;()n satisties aLTs[}&rs?om (‘&Qa(/f‘}an)
7 erpecimentally, RarmatTon oF real porticle
05 a0 es0nance, . (This s how Pa,r-\-'-olf/s are
- Seactwtd Yar)

Ex', 1 gomn, Mo~ % GeV " (a,--aa,l@gws to meson)

. \E:W\{/M\
: 2
- /uf‘ . 6+ % 4

ce' SoaH(’/':‘nﬁ b

7 ¢/

(rass
-Seokten

— S
w\/

C,ON\ By (o)
| H‘Q\J \'\\%\v i(](’/c hy ?p,ak; 501 Su.re‘zhj s et

\(\,g\\ ke . ..

aLs———_——_—_—_—_—_—_




. Q
STh would be oo B 720 cauld
—— o ¢ -
P(‘O()agwt’ﬂz Fofr'@w,/‘, buf' S M (“\"'\{’0/
Lg ]Lw rng (.LU'/‘F‘ %: 3 if;g/,m f}f’“)’;,“ ” “,,9\(/‘1 a.re.

J o X
Connections To  the Propogator ) s tops om-shell J

0\ Fethme)

IW‘\'@/‘%'\.’TO"" “'CVW\S P R@l&‘/axﬂ(‘/ /Mafafnwl/* Imte"/“’ﬂ%
OFLK’B’W‘GPS-
HOW d@ we generalize FC’.gawM— rules toe otten
'WM{'TGHS? COnSToLP/' ‘H’l(’/ ‘Faﬁadwinj Interaction .
= _ Ay
i fo ‘ m 5&
ﬁ

3 The Feﬂmm rale bas 4 Tielels per verfex !

=

3 The YU d Ffeemce s aftributecl o
e Fact that Hhereare Y| ways Fo chosre
which Frelds creafe & gnntkilate ezch
fine . E)(p”aiﬂg, cansider Q'(A) scattering:

"5 (KUK Booguoguogon 21k Ka

'}‘Hu/ﬂ’— ale 4t way$ ‘FGP '”‘C f[f fo act.

L Hramiy - ente jons )
We can bhave g4rb +mn‘?0 COM,f’l catesd Lagrang 27

I'-’- «Zo - ?,',\'i'"f’n s Where {éﬂ Wferae £fan Aa-i‘
073 n  legs.



A DNiuve 70 M~ ) A viAd o — N A - P SO
NoweveL— | /, [ VI L WM TEMCe T/ 0-rk | VT
/ ( =

L21 Y, CpT- 15 Etpde o
[ag =020 =4 [ D Lp ] (7 e it
2 IMIY T M) 75 L= LMD" = 4on
33 clases® ash, e, 0L

‘) [13]’- "L“é’-[ = N has waits , SO fo

Sa.(:s Vs \byﬁdmr Small”, the ratro Am
+6“S us e“H:a;f’S o&-\ }n‘{'&rao{?:‘an are- S1“/~ar73
at |ow M&ng% Y weak af hBL @n@@r&:
[é?nc(’/ [E]=, s GO Compare a5 cL‘zm;I‘anﬁ%s !7"')
= Sych o 1[érm is a fefevant -Operater ar '
supes- reaormg [ yanble (as Qon5 s A S Masses)

) [)‘,] 20 (MMﬂ?na;l/ﬂ&narm@rhw@ ape—rm‘ar)

-} 0&9n'+ Carre ab]powf‘ enarj San -;\‘1 'S

~ dimensranless :_'ﬁ:wrS perhurbative T Al indeyeactestt
ot energy

?) (most aperatars) - LM) <O Far 025 = What
v5 dimension less?
- %\n A

= 7m’ = W ) whut L2nd=0
A QﬁfE:P: is dwgastontess 5 small g law enemles,

NE stoony sk Wigh  gnengies

LL}N\LQL\/AM Oferators | 000~ renarmal \tatie)
r \ovrtaeraies )




fo
v .
2/

7 7075 ] 71

‘\ () i ~ ) /o 2 X LI/

"/ 11 Tl ba ) ot ! MEAT VA !I,l’ /X~ ‘i‘fl-'f’\f,!“".

| l" ot ‘v" (A \B i I aca

f. ’?U‘]?r./lm 3 Ot L/ i J /! W /',’ 7 | %

S0 the C > e t/t'& ot swch co ferm
A "q €2 (ant SwFF\cf&fzf!ﬂ dow @/7&3(“/

B e /
\,—.;f/ { L (7

;3 nofe- apmfm*s )

f- Tg« - //, /a/( //[/f’"‘/ / /4._.

!/’/j _l/// 5 £ ’//

-~

2 /:H lOV C/”Cff'qlug thj relovant aid, /V/?,;z@/f?ﬁ/
@ﬁmm are fLmﬂ

o &'w‘guzs E~M, ail Opers fars wre
'”’FO"'tM'b ‘which Ts bdaﬁ @s - nelther PWJu?‘/aq

‘Hwo Ao exparrs on of £ in poves
{2,/7’, we ! ff) belizedd , S0 /—m @re pro bdé%e
hﬂ;zcs ot ‘t‘hB s‘ml@ ﬂ;uf‘ Z oloes

f_)/(: accaunt- Fer

Ex: s{-rrm cov ﬂm br HO FT Zeqa/;’
Fo 6 Thre 15 e A,,cs/c/:r Coreeponclence.

We will 5£»ok to wedk. couplmg

ODW:S Aw;[u;[ng (raoss Séoﬁéns +—Pblwse, Sprce

4 We'lve Qeamad, hiw o caluwlate QmpL/Ms
Wt e ‘a,()p(l,g W mw&w‘&mmf—s

7 FFOM [\/A./ scu H-e,,-)nﬁ |
Pf&ah-t,f: \SP\ = 10,[3' Llﬂ)%{ (u)(‘p& P )[9\
WTPF t¢ H\\s C-a.rrj_., o



« . )
Motm;%&(]ﬁ Nansense - . - Ul.flj Aoes this ha?(an?. [ts
because wete Scatertfq  non-wnerma Ui #weble
Plane-wwe/ elaens fates| Squarir Hig s 5Guores— a

Aelie funchron. (<RIK"Y= 89707 )

FPlane wave stutes are pat \‘Parfiotas;'cb'liﬁsx‘aﬂ:
a e Qﬂd[}()&ﬂ'mj 6\/{7,4’3\»44&('5 a,ﬂj-f-/‘mc, we showld
.QOoaQ,Tt.e/ Wz states.. . statker wave ‘E_@g}ﬁfié_!

2 Also , we cadt  actually measure Outgoing
momfa‘ ‘)\"&LTSQAB, 0 we am‘uwﬂj are .Wa(wn‘r:j
& rame oF womental integrate over. range).

Haw many stubes are ln range Lop)f? ToPrase !
We nee a “seasble Oiwitting  proceducre.--

- Bﬂwk b H‘L@ 23‘17([ (To {uﬂnﬁw nomen ta )

7‘555“’6’” in LO% O‘F Jaﬁwm;?ay~/w/ }ﬂﬂfaOf‘M
time t (free in past= Chutee o/ goliwbatic
dumg?y) o

s Ve caleulate trancttion (Jr‘abab[lifj Per unrt thee
¥ take T =200, At ‘

1 Bax q/Uan{'Tz;_v('Taq,' _,va-‘s,g- = D-h'“x,,,z N
L.

%Ia%w%ruOJ ayer (V\,Oﬂlm-(m,m ?04' ﬁ&ﬁo(, 6&{)6«%;‘00:
buﬂmeé A Fwpa over disérete mementa -

- 1Ko ¥ tjKex
(x) = z [ Ae & o+ 4 % ]




'J’l/,dv is needecdd £o thak Trelds Sa‘f‘f”S?ij

&Lud Fme commutatron relgdors.

If we mweasure Ffutes oye— ot rErge

AF)‘/ /_)Fb/ qe— CQ[L(’* oﬂ&f‘mr /‘%0&#)“/ 0/?)
We can Thd He #  of stwbes !

k — e e

; r I' | LS Y, FE (L A7 27> f’ > /{, “,’) L
4 ? o ’[ (L Y -  FO L G y
B T ) 77 - 3 o

} T

d

y K.

>4 Stutes = ( éEx o3 (é@

2‘7/& 3’7..' 35/(,

() o0

7 7lﬂ('/ v'\r\ ’s T m or tent éecwuse, 1% Pvipp
rules iy [f)va/ (-7Hms extra Lo tar g

A bt abowut The EP delta funckion? We'll define

IJr" a,G T/l

()55 - J j S dt g
"'11,1 "4

‘H—lﬂs 'l"u'hs ot o e SOm&{"l?nﬂ e con
‘W'

5 Jum - le)#gt (/P) \/T()ﬂ)‘f‘scwc)

Vil7 0@



2 Ln bkl we get

T

gV ) N
RUS-DT e = 1 A s G850 (pr-pr) gﬁu?ﬁ {.jﬁffa

— ; A l!'/l . 1 | I8 [ .
£ &y Jr"i ere are N Particles 'Hfa ¢ tinal sta ﬁ’//
i k.wﬂ \\r’i 4% anq./f/frh.\»,m 4()4 ce, -%-a',u?//‘f’/ are. '

N

JTQV %?ﬁ stotes Sa the requa of dae df - ipv

A¥+&ﬂ ScLua,mnS summmj over all ‘F\'Ia} Stutes «
ANGLMS . I Sen aves  graplitudes o Tl St te

Wy l VT % le'e'f'
_‘F = = |/4-F:‘ Gar) l(S ('? 'T’)\ Q@ﬂ)z;,\, \;)).w.-\/

%/JV/@Q - y\\)

( Celeman, p- 3‘“’" 7““”

txphcn% S‘ZW'nﬂ ‘Ha& kox~ ﬂonmﬁzéd delted !

JAAPIALM(P 11 | ) jol,“ Iott J Azfjd;;'é}{’.“;e“‘
. o

—'T(h \/ \/

13 3». Yy i ?’*.
A; FR' S ey | At Jf_’

Qm)

‘ )A-‘J Spl{--— _l 50136‘“ 12 Ii
C).ﬁ)'i Ay, (,MY) ?ro or{‘l\ar:bv/ +a =1 CJ&['{Z(

nc/han

-'7/.\

n

\II'IV: VO § e = VT10ae)'S “ipy



\ ¢ [F3
> subs ) Ing “1(/ Uit Jnts  the tra7s

obilif ‘

Fmb | 53 dg o 1T o e /’T}ELL/

W An | A) 3 riprp?) o ,M@" J3Er g, p

A
= el VD T s, D (el [
Tt - |

%’) N7/ ﬂ!'}:%ﬁ O[Eﬂt‘ Ji’}Va‘« C:'»n""ig el

MY f” ¢ on . [

.'Decags’ . —_

» Ve ﬁmvr/ o sm Le - loau'q‘-/ot& INETR] stete !
%0 we ﬁookgor LU ",__. /(F];‘

T
(TAn* v T ﬂl«fw Aol 0D 1Al 1)
K AEV RE

ﬂoﬂi that Vs Cance| in V700 K

T [a ?a,rholes rest ‘Y'Pa.m 0(«"}“"6 O(F as ﬂqe,
dﬁ&r‘mﬂ«l J,&caj @robabl /um}' 4)"'(,

AL 93 1A D 3 T:arj LAslD

| abl fnal
States B
-t ?(01901\9 \l"'s ?a,r‘\'\c,\g does ot Olecaj

Por Hme” ¥ ¢ &7 (LT



Cross Seckions:

We  new consider Smafshinj beaas ot pa-ticles
anoL MeaswCin # af Incident fPa,r{':‘oi&s arc
a detechyr.We consider incident Flux F:

F ) at po-rtrcied pot- fime/ unit ecece

3 i Fo o Ndiffatial  cross ecta

 /uait Fime 2 A.0'= 9!__)! _ d,‘-F«Fgryﬂ-Tal pmbabilff_‘l
Fo 7 pait fime % unit Fhex

BEE.V ‘ .Flw — 5 [A  N= 19 Ak
: v\ | ,d partile density
A\l: | /d“"(\/ bj narmaﬂ-?twbro-n

2 F= WHY 5 Fae X beam, probebilh
o Rinding  garkicle VA YV in wait Wlume
but  collistgn  can hagpen amguhece, 5o Vi cancel ancl
Rloe v W-0al /y




1‘ EQJ_U‘ P\Ml b")‘w'}t:-jﬂi

_5 FO . l PM',')(/IC«' }1 na,' ¥ lw,‘c,:, ve owwst o
6 "’l"‘ﬁgﬁmlf/ A% () OLS() ‘I_)u'f Y Variables are
Constralned bﬁ ‘Ha@ EM ol&ﬂ//‘:;c, 56‘“C Po tf~ “{)1) )

3
D- ! PO L5, e e

() A, (a\n))}txc;\n) ipe)
("h’“‘& JD ))q,f' \.J/‘ {— D)

HIq the COM Fra,v',,,, P‘Izo ad 1= g

3 D= A’ o 3§
chﬁ%m&mé (f+Pa) Co) D (E, +Ex - Er)
[Siace T"Ct,l’* Ex, ExcL ) >

A
(Since fi- o PazBxpa ‘-FEz )P
s SR H s 5 £ Bacgt -
S"’Cc k) &1 ElH;,. £7) o pr b0

J"P 6"() (‘lﬂ)sgc LPlfQQL)«U)SLblex t?)
() A q)‘lh

A&%Ehmmam E1) - J“' FIEL. P dp, JﬁSU‘“)

(. Eer" E‘.

( &= Ppdeosady, = prdp, oo,

.TQ gk M L% %\\e, eNemx AU, vt lavoke.
) Z‘ N fa) .

hoE e (’ ) \



where we oliHemntide Wt =

[ DCEH’E;.,)’H = ra“‘" {7‘ jrfmj‘ = f* b Ft fm*
AP (f=-p-)
D(.E 20 2 XQE3 dE-

50" 2 ( fae): 36 - % &t

L) AEL A6 2p s 2B P

0. o, . E

| « = l 3-)—- ET
- pop- bigsn) oF

3 \ JLE, +Ex)
290,

3P S(E+E-En) = B Ex J(p- ¥

P Et )/‘
3 I? FI‘J‘A(’IC‘.&# ’ Z’J(C*g(‘?l -0) jw& &F‘
lbw™ BB\ PEx ;,,»1, l6n™ Ex A
> / # ""\-"”. ‘f\
=/ 1 pd= o shoudd b S(Ped X
)/m’ E‘l but tlen “J wiald be mfajmvj;

Gt ard nkes [ altman ot QF-F ff\‘



I

opn . Fiobds

'\7\\)6 lnw\rg So 'Fa,r‘ OKIQ,::S l’lad/ “"A@arT@g ot }nwdﬁ?ﬁﬁ
Safac Y‘\&’—dﬁ, and wnder Xareatz trunstacmatinos

D) = ¢ = gl N'x)

I'¥ ¢ Ki”f'}'@awt (,arvprrseotc_a-mpaﬂm at o 4"430&2/"
& we harve ¢ um 2Py < A"‘Vg"éjf’x)

%Ingwm[_/ A ‘):Te.u 'l’l‘unS‘?armf in a . well-detine
Wauy wade— tme Lareats g raug,

/éu(z’() - Da.[, (.A)?b(._/\.“)() 3 1 ¢‘ ‘aa,; L-Comps

&«U s NLn g

> The wmatcices  PCA) furm an n-dmensronal
r‘e,?f‘e/sanb.{'ran of te Larenta S’MU?-' |

’ D“"’L A) DboL-Ao) = Dao(.A-\Aa.) " |
v D(l\_’l)= D(A)‘l (Zdr‘(//rh, ‘(“M‘an rep e B Sremse
4 D(—ﬁ): jL | ot rep)

7 \AJ(’/ WMJ\’ to deseribe ‘?GIJ‘J{\\CQ@{ ﬂa*; Sy\-n '/J., whr;k
we, Ko \'\W H/\Uj “X‘mf“)‘?b(‘m Conde s nafgytrons .

\I‘P):((:;h)) / 'g_x"’;".—e‘ﬁl\v P ’;l.m , O Cacli mateices.
V)

A\FQF o ?ou"r\\(,\b \J?H/\ no Ot‘bo"ml angwlq/ mam@flfum/
{O{al s Cj:\/&f‘ l)k‘ 5&77;4 003&~/‘0”f“0f“5~



por o

Wader patwtrams about He e oux (S
shte | Frraskems  as |4 7 Urcgre) 1%,

Uel2,o): C’f:z' ee

R o shte o tokl augtar ramertr "
- e
‘,u)?:} 6 O‘ e /llq}> , 5o }Lc ma/t‘f‘lé%
e e L e <oion reoresentation af
the rototion g oup-
\\ \ a _.; 2 ’ "é
7 Spin Yields Araastorm us  UCK) "( u-'?tﬁ)>7@ o QU/E'K]
Mv[il
s dos ot gty framhomalion ke
arm{'t

3There IS o 20 fepregend tlorn oF Fhe
Zal‘t’/!f:t 3raup whicl, g lves spiala rep Yo
1o tetrons: : . ' . 'y

FFM' %r;u(é of ArX hnw;m;&g wf der =)
0y, A (‘e(rasmﬁuhon Qa L?,- fof?.?ﬁf‘
(we know wagr:fu(a B na et rons e ' ne/z:)ﬁf‘o‘ﬂ"
Q-2
)2007{'5'- Q-c + MIT wnihe-
~ ! / bu'f' H ez <
4= fopidity , Cosh(e)= : B

(hiz) 30 sl b +sance) 2, cahled 50 sinbier <)



- \ ‘ |
THe canvenient ta thinK abiut Hegie the
Y u]ch/{M(,j of ﬂﬂg)r&s&nmfmns as eps. e beteA
SJV?‘&.S :

bg a change of basie af

3 Giea 1 reps, QCA), BCA) ¢ &
i T sk O CA): TQUAITT VA,
‘Hﬂan giv&n stute W), ;)L ‘/‘mnsFor'ms ees

W} _)ﬂ&(,[\.)w>. -E&f'rorm}nj N f"‘v"/‘ﬂ@ of
'b’Q’SE: l’-})= Tl 217 = VY transtorms  oas .

B T TN = TA(A)THITY , 5o

GLA) TGUL)T" are the same trunstorrmatiog
uflder a cldaﬂgb of  basis! ‘

BU/‘\' \’F Va SU-Olﬂ T CXTﬂLS, | {'L&n ﬂ&Ff‘&san‘faf‘)‘aoj
are inequivalent ({ike scalars vs. Y-vectars)

x4 TW arc- 2— )N%M]Vaﬁw pan‘&.S&ﬂ twtlors of
' _“\ﬂ jam+z: rOU,P %r Spl\ﬂ lll Par{.]‘owg ¢ Wt‘fd- o ”"“""‘4{
Q. wnd, 5 ' o Y e

ey | aftn

BY TN e

)Njfw’r?ons é _
-" - &-n)
baosts (’,6 R eL' "

o oo we chooset We chase bothl (L spin o Febls)

7

3 *Ui;(;ﬁ) will -\-l’uns‘Forn‘ urder &  and U- Lx) 7

O‘ . N T
o 5 =\ )‘u S N
Ut € Lt '\:ar‘ note an Subgm,,qo ?



gaosl's-' (Je = @io’m/&u:
i&f's Q(PK at Uvr and wrt a )%rmg/km
with o‘%:‘mbl& PI‘OFU"{':?/S,_‘ Wwe KA bow Ut

trunstacrms s bat (Up)* T How do Pr‘odaoﬁ' af
Frelol s Haosform?

YU U UTU yoden Aofations, simce

Ur U 3 U QTaur = U Q'Quy = Ut | so
UFuis o 0tutiona] Scalac, byt ot under bovsts
(sice Q=QY fac Loggts )

4 Slace U's  hae L Cympenents, +here arc
y f?nmr'l,d- wmdegendeat b Linears

—
t

' Uslhe

¢ 1;-8' Uy

’_}(J’ ‘x S %M W/ f‘i&'/;./ ;j "M O/ WO W3 Q oL ;j“’ A g ol (Pc 39._‘;1 Cdlema-n )

Ly \/ﬂ"( UJ-fu"/ ut &, ur) ,M’L"DL allouss Canstructivn ot
Rorente- Yo mint- Quarkitics. (WA (uta., - uta u-) Similacly )

\m”‘la{‘ 1$ Hw, diF‘P&f&nc/&, b&f'w&&n the sp_)n_ar Frelds?
F}rs{- we dtscr?l,e o destred idgrarnﬁ?mi |

« Blinear in Pefds | 'UU) SU mme-
¢ Real action H "%’3

')0"(3 way Yo Mainfuin Bil'\nmlh 'S (nkractran
with partials R B

| A \?n-}-bgrq,‘f‘ﬁlﬂ lpvj Pu-[vf
e 1[“?30& Fuidevu,) fg&“[‘ . Mlesgssany o



- I - ¥ o, s
)| )(“X (U.l“()mu- Ftor Vuy ) ANty e+ 1 | o Voo

| | by
Ave doty d} 2v- U us Il gd’“,"((q,, ) . Doll

P
/ _ y s -
= .l JJNFUP‘ ‘;).Ur - .| (WU& JJ.’X UDIJ(U;')/ L - (1 l)(()ullf' [,l‘
- - . - l.. -
52""‘”“’“'"‘\; ) J(“?‘ Wovo = - (\]b‘r ) O e

l)u", \‘L(, lew ;ﬂfcﬁ(gm()(_ 15 tae ﬂl’/‘«ju-(*l‘w, Corplex
CAN iy wte ol the aclgingl, e ?:*:’“2':,}(’/ Fhe fnbﬂrwv(

WS QMW’ ‘»vvm:}\‘na,rtsl vo O E 53(,@;;[,5 A (‘MF Ao g !

= l'»'u(llr(f)“lr\' Ut o - ) i Fhe W(’,ﬂi I_E:k{lucol')fnn.

EW(’ wns of mathn:

Tru? - 9(§X+) = U (/J” ulgrl‘v'ml'lwgﬂ‘ aot an Ur )
U

= _a_.;l“ 2(90 I ('i'\:;)(b =0 I il equativon)
At

W l Q
wl 0759 ( )
o |

}— '/; ‘\’\4)") ’\:"('I, }‘ ¢ 0-0" | l’L\f/UNS‘ { \l\/(;-' ‘/[d/vyt,, A
({ (L(,I,J, f u,{ lc /, 1143 @ q ) €4 ond .u\mwr-f- K G.

+) MM b ()\“,\ “M Do~ 6—.'\::/ N

»

(9= G- 9)(Dt0.9) = (2*-[5-9)%) -



(5-v)* 6:0.2:0; = 21kl §i;) D,
= 181 0D + O, i = 7%

k) ik 0%Did; = i;iKO'n,Q,; 0i> =i Oedid)y = O
5 (049) g2 dSe (-G 7) (D F0) Urtns

= (D' = T Ur) = This 35 Kiletn (sardon ! So
Ue Pields are Fre Fields( foc m=0) e «

Massless  spin Yo, Qarttole.,
4 This wan’t be o theoy ‘&"M electos,

which has moss, ot ne press @

P@am/ Woutr  Safutiocess

=) KeX

e~ , |
Uy Cx)z Yy € K20 @

Corstant ATom, Sfiiﬂa/

e Ur(x)= Vf—e'x'x Q
1<ub @) inke  EOM.
—1KeX

(90~5’°\‘7) Uy Cx)= CDa- c‘r‘&)uré,‘”" z (- 1K0+\0' K)IA-

(Qovine ™= Qe (Usik™™))

L\K#nGk E [K axu+7

g Hh makcix e{{/;;,a{'\aﬂ 3; to  dalwe in '
referenice Frame where K :eaﬁi (ﬁ?m ,m:o)




- (KO“ 0 (ICF)) uy = (Ko“dzko)uki’ WO

(L)1) (8 2w
9} Q- O
f‘@ %W&I\f'd, this 5055 onlj srﬂ-fl g_p
v Cheus EOM, but we erpects spt iry
pacticles o have A spin stwtes |
deﬁu'(—p/@j m an 9%,1'

(IF K=-K°Z, Us= (,e)) 3 spia up I the directizr oF
Mmofton, weird.

+The quanta will be massless pacticles w/
hedicity #lia, Mﬁ‘oa,rfl"dax w/ ‘L&[Téh‘:ﬂ -Ja

( h@d; &H‘j s NAT 'forﬂ/"l('i.' ) vvaclzat Far wmassive
articles VRC , as Fe Lrame w viaVie, Fhe
*)’FM is ud&‘mnjf%lf bu{— directha ot Maq +lan F[,‘pj)

"l see the quenta explicitly, comstder 1Ky w/
k=00,0,k2) Kozp:

<ol ue (O |KY me‘”““(é) ~or- L0 |Urlx)[K? “’Col)

st state turs ot o be an &)‘g@nsfw{?/ e
2= angulaf miameatyum Szt

o "‘.| ‘e ..-o‘\

Selrs MY 3 E048 -2 ke
;;’\7\ -

52 "%%0| pelol 1Y = <alueto) € RS

Vi%

o ~1 Tt
0l 0l 6 00 (st Vaciim Cotabioaly Weaces)

!




\Ja & 1026 —ﬁid%@
bt 8) ’ ur( Qe e U+ ()

~ J¥o

- A6 . "T26
e Kolwolky et g Ty Lol uore” T Lk
4

90)2: e
Ae Unp :@) Up (since O'},UP:UP)

| N Y- R Y
cwv! e =€ %@ —)Lo/rcffn Y a




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

