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Week 1 .

ZH.ae/--fdX?ze--iIc-iex5
"

n !

= [ c- ieif ×
" .eÉ×d✗

n=o
n !

= [ 1- iii. in . # { contractions}
n=o

12M !
=
: WIT)

= [ [ l-iei.in . # { ways
: •YY contract

, p }n " P :3 - regular graph
12M !

with an vertices

= [ C- is)
""

- ELM V47 !
T,
laivlpi)) !

P :3 - reg
. graph

YM !
- ✗ '

-111941711 !
' i¢v(F.) 1.) aiai ! ' W(Pi)

"

)
"

if 1- = # ( ai copies of p.jo
"""ted3 - reg .

= [ c- is)
"? "

. -1,
w(Pit

"

P :3 - reg
. graph

i 14171 ! )aiai !

IT / fist"%(pi,
ai

,
= [ (← V11?)=[aivlpil.EU?-1=?LaiElPi).P:3-reg.graphi ✗

""" V11?) ! ) ai !

= IT expftioi
""wlP)

P : connected ✗EIPIVIP) ! )
3- reg

1- 3 ! i' E)
✓

=

exp ( IP : connected it /Autin) ) (← w/P) = 13!Yv !
Antley

)
3- reg



Week 2
.

• Change of Variable Formula :

Suppose (✗i. 4jli.mn and (Yi ' 9)i=nn are two coordinate system in ÑM
j -- l - m j = 1rem

with the Jacobian J =
d'""

= %y Fo is invertible everywhere .

Ily. 01

Fy ¥

Then fymflx.lt/dxd4=Sflxiy.oi.4ly.OD-eBerJdydOhmm

with E := sgnfdet 2×4
' "

)
Oy

pf : Note that J is inv
.

<⇒ A and D are im. ( A B)
÷ ¥ %

May assume

04m
- C D Fy %

Oom
is im

.
hear p EIR

"

.

Then 4mly.tl = a Omtb with a -_

04m
gon

is the
"

right
"

derivative)20m
inv

. ( I

(g. 01
< > ly .

Ñ
.
41 bij. near p

Hence
, fpmflxiy.oi.4ly.at/3erJdydO=fF.laOm+b1+F.dydO:--FlyiOl
=/F.a dydoñ =/ (F.4m+ F.) adydoñdum

=/ Fly .am?4m1Ber( 04.0ay.oni.am/dydomdxm=ffy.om.4m1BerJBerJmdydoñdum
where we write Fly .

074m) = F. (y.oijym-F.ly .

0in)

= F. (aom + b) + Fo

( Jk := dly.lt?4k+'~mYg(y.pi~k-i.yk-m) )
Inductively , we have hmmflxiy.oi.4ly.at -Ber] dydo

=/fly . 4) Ber]Bertini . -J , dyd4 .

=) fly . 4) Ber ( %j¥,)dyd4 .



Note

fmmflx.it/dxd4--ffcxy.oi.4)fYYj0Idyd4 by change of variables on
Ñ

=/fcy.in . Jj
")edyd4

=/ fy.no/3er(?y?YL,)dyd4
( The first equality is due to

2×4 ' "

2g
inv

. )

- dxd4.dk is invariant under DX = 94,
+ Eik

{ 84,

-_ Ezdh

84
,
= - oidh

O E , Ezpf : 8Ber =

µ .

o o)=°
- e.fi o o



Week 3

• L = I gij
Xiii + Égij ( 4-

i

0+45 - 0+-4
i
4J ) - E Rijke 45kt ( 0+4 i = Qui +1¥ iiyt )

"

=

"

I gij
Xiii + i

gij
. 4-

i

0+41
'

- I Rijkeyiiké

{
8 = Eui - e- yi

84 i
= el iii - 1¥ yik )

Syi = I 1- iii - B.i.45k)

Note the change of variables formula is given by ii = Fyi. jk and Yi = ¥:O
"

.

IX. 4) c l ly . 8)

Therefore
,

L and J is invariant under IX. 41 ' ' ly . 01
.

(
fiji Yi 0+4

'
'

=

gig-1×14:(Hi
+ x idek)

✓ ✓

=

guys ¥×i%É . Fyi. 0'll :y÷ 0% + (%m%÷Ée in:p + %¥÷e%y÷)¥p¥%jPO&)
=

g.tip %÷; 05118¥, 0% + %jm Pjfcysjto ' - %y÷%I*¥d%y÷) ie it)
=

gstiyi %÷; Os ( 8y¥ it + %jmPq%yjPof )
=

g.+g) Os ( Ot + Pptqypjtof) =

g.+0s got

The rest of the proofs are similar
.

)

Now
,
take RN

.
C.

8L = 81£ gijiiii) + 8( i gij
. 4-

i

0+45) - Ed(Rijkeyiiké)
=

gijoiiiitigijlohti-4-i-yilfcii-opej.ie/uk)tzoRijke4iJkt- I Rijke ( 84
'

'

4%+4 '-8454kt + 4584k 4é + yijkgué)
- by parts ✓

= gijleiti - Eiti) Xi + igijl-ieiiyii-cti.liei-i-psj.me imyst) )
+ igji4-ipeik.in ( É4ñ- E- 4m) ily " - I Rijkeim (gyñ - gym) yijké

= 0 by Bianchi .

- ERijkeleiniiyiki-Eyiix.ie/kl-+qEjiik4l--E4ijkiix) = 0

( ieRijkeli
"it ikuijé) = ziER.jk.li#d--ziegem(Tjmk.i-FYj)iiyIklT

Rijkeikuijé =Rkeij 41¥ =

Rike 'xi4Ñ
= zielg.jp#mim4iti-gij1ef.mi4mki ) )



Now
,

let E= Elt)
,

E- = Ect)
.

Then
✗

°

=/gj(É4i - É4i) + igjitiéiii - Égijiiui

=) - ieiligjitiixi) - iÉ( - ig.jo/iii)
"

OiQ

Week 4
.

pnmefeikixlti.si/eik-Xltz.Sz )) = (of 1-[ :eikixlti.si/::eikzXlta.Sz1:J1oy=2EoCk.-k.HlZ
,

- E) ( É - É)/
¥

where zg.

:-. eiltj
-

Sj )
, zj ÷ eiltj -15-1 .

pf : Note : eik× : is eikÉ¥, 1%-2
"
+ Ñ-Ñ

"

) eikxoeiktp.eik-irn.fi#ldnE+xnZ7

Assume t , > tz
.

then 501 Tf : eik ' × 't '
's"

: : eik.xlta.se) : ) / o)
1% ☒¥1bn

= go , eik-irn.fi 1%8
+ In eikxoeiktp.eik-irn-4.in/dnZT+XnZT)eik-irn-4,-nH-nZ? + ñ-nÉ

"

) ik.io
, jj

.

e

( p.lk> = KIK) ) .

= go , eik-E.i-nld-n-ZI-t-nZYeik-irn.fi#HnZ?+XnZT)eikÉ¥, 1%-2? + In
eik.k.tl k,

+ k
, >

.

= go , eik-ir-4-nld-n-E-t-nZ%eE.it#nlEHl=-EMeE, ✗
-
n+ÉÑ)

eik.k.tl/a+k
. >

.

T
( eik-ir.E.int#eik-irE.Fntn-nZ:=:..7E..-..--i-n-ini1( ⇐ i. (¥¥÷Y )
= I.fm?Le..omie:--EEnTtri#xix.n=I!m.Eemie:(¥ÉYl¥# t.n-mlx.nxn-lnl.cx.name-main )

"

É¥, Ernie :(É¥M¥ x.i-m.ie?-!m:ne-m=TEnnm.j=omi.j :(¥5 1¥.IT#ziIx.in.actonlk.+kz)=Tet:KEie-riz-ix-n)
N 71

= z-nek.kz/it-E.,inlEI+iE-iDg(k.+ky=z,ze-zk.kzlbgl1-⇒ +Ago - ¥-1 -1kg ZIÉ lggk.tk,
= 21T ( ( Z ,

- Zz) ( É
,

- E-d)¥81k ,
-1k
.)

( E.
,

= Ago -⇒)



Week 5
.

I = I. + its
.

13
.
-31 = (
" it s - it ) with 3=-3+1 =3 -1T

.
t za r za

F-
-- - - n

1 I
i Assume 4- It, s ) = e-

""•

4- It, s -121-4 = e-
" it
4- ( t -125k ,

s -1254 )
\

) §

I

4- It , s) = é"iñ4+(t
, story = É"Ñ 4- It -125k ,

s -12154 )
.

- Consider 4-
'

(t.SI := e
"""

4- It .SI where a. v will be determined
.

Want : 4ft
.

S ) = ¢ It, s -121-4 = 4
'

( t -125k ,
s -12154 )

g. e. @
ut + US

= @ uttVSt2EV.e2Eiae@uttvst2TlIzUt2EIiV.e> rib

→ v= - ia
,
u =

ia -4 - ib Therefore ,
4:( t.sj-eia-iiibt-ias4.lt , s )

.

Tz

ib-ia-ht-iaswict.SIWrite 4:(t.SI = -24,1T)ei
"

→ 4- It
,
s ) = e T.

REI ib - iatit + irs
= [ 4pct)e Ta

re Ita

- iatitibttias
Similarly , we have 4:-(t.SI = e

"

4+1t.SI and
~

ia-h-ibt-i.rs
4+1t.SI = [ Iatse ta

Feira

- ibtia -4
+ + irs - =

- ia-4-i~bt-i.rs
Also

,

4TH
.
s ) = [ 4TH)e i. ; 4TH . s) =L 4pct)e Ta

r c- 2-a

ic-2-oi.io
-

iñdg :- Check A
" '

= zai
b - ta d5

,

Ñ
" "

= 2kt
zz.212

Note 4:( t.sj-eia-iiibt-ias4-lt.SI
.

( s -- al's -151
,
t = 13--31

= e-%1a-i-b13-E.cat - b)5 4- It .SI
- iatitibttias

4:-(t.SI = e " 4+1t.SI

= e-Eilat -513 -1¥.cat -5154-ilt.SI

→ 4- corresponds to the line bundle ☒ q-E.cat
- b) 3 -1¥.cat - b)5

with D= d-id-E.la-i-b13-E.cat - b)5)
11

a-i-blds-E.cat -bid-3
.

4-1 corresponds to the line bundle ☒ g-Eilat -513
+ E. Cai -515

with D= did E. lñi -513 - E.cat -5151
"

E.cat - bids - E.cat -5115



Week 6

' D-± : = - do ± + i 0+-0± I d± = I 2. ± d.) , y
±
= ✗

±
- i 0+-8±

Solve D-± § = 0 :

Abbrietion : 0=-5 : = g-g-
+

Let I = f + 0+-5++0%+0=-1+0
0¢ : = Ot

- = I

+ Ñf+. + 0
"

f-
+ =

+ it"f+± + d-
=

f.
=

+ OF
→

+ D=
⇒ ±f : = d±f

+ É
- =

f+
. =

+ F-
"

f-+→ + 0
+⇒
f-
+⇒

+ d-
⇒

f.
⇒

+ 0¥

Then D-+ of = - f, + i 0¥ + Of++ + d-f. + + Of⇒

+ i 0+10-+1=-1 0¥, + 0¥ ) - il"f+→ - Ñ=f+⇒ - d-
=

f-⇒

+ i 0+10
- =

+f.= + d-¥, + d=¥⇒ ) + 0
"

£
,

+ i0¥.⇒

D-- I = - f= + i 0¥ + Of+= + d-f.= - Of⇒

+ i d-( d-f-+ + O'f-=, +Of=) - Ot
-

f-i. = + d-
"

f+⇒ + d-
"

f.⇒

+ i 0+10 f.=, + d-
"

f-
*
+ d

⇒
) - Ot

-

¥ + i0¥⇒

→ 0 = f-+ = f= = f+= = f-=, = f-→ = f-+⇒
= f-⇒

{ f+± =
- if ; f- = = - if : i+ i f+f ; i

+f- = = - fq = i _f+i

Therefore , I = f + CELIE 0+-1=1-+0++7*+0
-
=

f.
=

+Of+If+± + 0¥
×

= (fly±, + i+fit
"

+ if d-
=

+
. +fit) - i+fit

"
- if 0=+0+-1-+9+-1 - 0¥

1 Key formula )

it
'

fuji + d-f. y±)
"

( 0+-5+-1×-4 = 0+-5-+9+-1)
t

(0+1-+1×-1) = 0+-1+4+-1 + i.f.pt
- =

,
O-f.ci, = d-f.y±, + i +f. d-

+t

)
= fly±) + it

'

fuji + O-f.ly -4 + 0+-5-+9+-1

- Key formula : fix± ) = fly -4 + i.fi#O+t+i-fix+-sd-=+-+fd
"

pf : check for monomials !



• Compute the conserved currents and charges .

i. G: =z2±É4±T-iE+ÑÉ , Q±=fdxEi±
G-i. = _+zÉ4± - ii.ÑIOT QI =/DIGI
G-°±= 24-+0+-4=1 i4-+W'(4)

Éi±==zÑ±d±4±i4=Wl$

2. Axial rotation : 10 i > ¢
,
4+-1 > é+i✗4±

→ current : Ja = 4-+4+-4--4-
, JA = -4-+4+-4--4-

charge : Fa =/Ii dx '

3. Vector rotation : ( W (E) = CIK) ¢ , > eÉi✗¢
,
4g , , et - 1) i✗4±

→ current : Ji = (0.4-4-4-2.4) - IE - 1) 14-+4++4=4-1

Jj = (-2,0-4+4-94) + (E - 1) (4-+4+-4--4)

charge : Fu =/Judi .

pf : Note 8=8+2 - - E-2+-5+2 - +EE,

and 2±:=%± + iÉ±2±
.

I±:= -¥. - i o±2± .

Hence
,

8101=4+0+-4-1 + OF)

= E-il-oc.io/+4--O-qgtl-io=)-O+dy-4+l-iO=1-O+F+FQFl-id=1+iO=(dy-/ +0+-4-4+04-F))y y

- E- (g#1- i 05 +4+-09+4+1 - in - 0-4+4-1- in +OF -18¥ - in + iÑ(dy+o- 0+-4+4=+84+1--1)
+ E-+19-41*0-1 -

0-44.1*0-1 -0+8-4+1-10-1+8%1=1 - id-1 + id
-

(dy-4+0+4.4++0
-

g-4- +82g-F))
- É-19+41+1-07 + 0+9+4+1 -1-0+1+0-4+4-1*01 +8¥ - in + iO+(dy+o- 0+4+4++0-4+4-+08+1=1)

= E.+4-
- E- 4++0+-1+-2549=4 ±E±F) + Of - zi -42-4+-2 it-2+4. )
11

Joi
"
-

84-1
"
- .

SF

/
Now

,
consider 85=8 fdillaoi-10.GE/WloiFziit-d+4-+zi4-+Q4+-WY414+--WT0-14-+)
→ terms involving E- =/d-✗ ( dol

- E-4+1%4--2,1- E-4+12,4 - w"(4) C- E.4)WTH

+ zi 4--2+1 E-F) + - il- ai E- 0+4-12-14 - W'
"

(4)C- E-4+114.

- W'
'

(4) 4+1E-F) -
"

(8) 4--1 - ai E- 0+4-1)



= /d-✗ (-0. E.) 4+2.45 - E- d. 4+2.4-+12, E.) 4+9 4- + E- IQ 4+120-1
+ zi I

+ E.) F + 4 E- 2+452-4+1, E- 1%+2151%-214-1

=/dÉ 2. E- (-4+0.4-+4+2. I - i I.WIFI - 20/-4+-2,54-1

Q E- ( 4+2,0-1 - 4+0,0-1 - i I.WT¢-1 + doI4++2,4-4-1

+ E- 4+2%0-1 - E- 4+2,2, I - E-12.00474+-9-9%8421

IEEE E-0,9474+1

=/di [ d. E- I -20+714-1 - i E-WTF)) +2, E-( 212+-414-1 - i E- Ñ14-1) )
Il Il

Gi Gi
The computations of other G's are similar .

2
. £4 = o

, ±
= %(é+i4± ) /

⇐ ☐

= I ic4±
, FiE- ± ic 4-±A

→ Ffs = fd:X (zit icE)2+4, + ai4- 2+1 ic 4-1 + zi lick)d- 4++2 i 4-+2-1 - ie 4+1
- W

"

(4) (- ic4+ - tic 4+1 - Ñ
"

(F) ( - ic 4-- + + ic 4-- + ) )
=☒ 20+44--4- 1- 212-44-+4+1

= /d-✗ ( Qc 14-+4+-4--4.1 + 2,4-4-+4-1 - -4-4. ))
J;

"

Ja
3. Sio =% eÉi%f=

.

= ¢
.

gio = % e'¥
- " "
to /
⇐ ☐

= (I - 1) ic4±

→ 85 =/child 0124-+2.421 ¢1 - al 4) d. 4- -2491 F)
- W

"

Cool 4)Ñcoil - W'(4)Ñ
"

(4) I ¢7

+ zi ( - (E - 1) icE) 2+4. + zi 4--2+11%-11 ic 4- )

+2 if IE- 1) ic 4-+12-4++2 i 4-+2-11I - Ilic 4+1

- W'
"

(d) (⇒ 44+4- - W
"

(4) (I -Dic 4+4. - W
"

(4) 4+1E- 1) ic 4-

-

"

cost 4- F- 4-+ + Ñ
"

Coit -Dick 4-+ +
"

(F)Eti -Dick, )
= fdxzd.cl ¥410.4T - ¥0.410T - ti - 11-4-4- - ti - 1) It 4+1 =];

2
,
c l 4194-1 + ¥19010T - ti - 1) I- 4- - ti - 1) 4-+4+1 =

si



Week?
- Compute LK. fditklo.IE/=-gij-2ktiq4J+igij-it-ID+-4=i+Rijk-e4-i4-k4.it?+gijlFi-l-iek4?4k-1lF-J-Pe-I--4I4-i+)

so / : Note § = 0/1×-1-1 - i 2+41×-40+7 - idol#-) 0=-2+0/1×-404

+ 0+4+1×-4 - id-1--9.4+1×-4 -10-4-1×5 - i d-+1=2+4.1×-4+02-1-1×-4

§ = 0/-1×-1-1 + i 2+4-1×-40" + iQÑx±) 0=-2+0/-1×-40
"

- 0=14-+1×-4 - id-
⇒

2.4=1×-1, -0=4--1×-1-1 - i 0+-1=-2+4-1×-4 -1-01=-1×-4

→ Tiylor expansion of K at ¢
:

KC-481--1<14.4-1+12.-KXÉ- 4) +19-1<118-5-47 A
+ldijk)(É- 4) (0-5-45) -1-2112,141845+1%-1<118-5 - ¢5T ]

+ ji39.fi,- (
É- 4) (Qi-45K¥ -4%+30,igj(É- 4) (EI - ¢JXÉk - ¢-4

B
+ DijkKKÉ- 4) (E

'

-441¥ -4%+1 KKÉ- E) ( EJ-45K¥-¥))

+ I:[ bdediigi,- (É - 4) ( Eli-45K¥ -É)( Ee - ¢4

+ 492kg,
- (É- 4) ( EJ-45K¥ - 8) (El - ¢4

C + 42e-di.gg- (É- 4) ( Ii-45K¥ -É)( It - ¢-9
+ dedkgij /É- 4) ( Eli -441¥ - 8) (El - ¢4

+ de-di.gg- (É- E) ( Eli-45K¥ -¥)( It - ¢-9 ]

fdÑA= -2-142-+4
'

'

-9-1<0-+45+-21-12,14 -22%+01-1%-1<1.22%+45]
+ g-K

- 12+4%0%+2
-ÉQÉ+i4+ÉÉiaÉÉ+iÉ2+ÉiQÉ¥+FÉ')

(by parts)= gijkd.IQ/itz2.4io+4J+2iitId-4+i+zi-4-JQ4-i+FE)
- iag.jo#4-i4--i+Qok4-i4-I)-i9igij(QoI4-i-4I+Q-4i4.i4?)
=
-gijdktiqoJ-gy-F-E-i-igj.EE (D=,4±i -22-+001,714+11
- iag.jo#4-i4--i+Qok4-i4-I)-i9igij(QoI4-i-4I+Q-4i4.i4?)



- Ido
"

B a.gijliI-EEII-id-oi4-i4-i-it.IE#-i4-i4--io-&-i4-i--54¥EÉ+E )
+ I a-gigli 4-ii.É4÷+iÉ4ÉÑ+iÉÉÉ+iEEÉ -1%-4-14¥ 4.54¥)

= a. gigli 2+4 +2*4-+541+411=-541+7 + a-gijli4-i-4.IQ#+i4i-4-IQ4-I+Fi4-I4-4.fd0'C--de9igi,-l4-i-414!4-E)

= lgspl-IJ-F.se + R.jeil.4-iit-i-4-4.li
Therefore , Lkin = -gij 2^4%45

+

gig F + igj.EE (D=,4±i - 22¥B-I 4¥)
- iag.jo#4-i-4I+Qok4-i4-I)-i9igijlQoI4-i-4I+Q4i4.i4?)
+ a. gigli 2+4 +2*4-741+411=-541+7 dkgij = gg-IT.li
+ a-gijli4-i-4.io#+i4i-4-IQ4-I+Fi4-I4-kJ Gigi,-

=

gie 1T¥
+ lgspl-IJ-F.se + Rijei) - 4-i-4-i-4-4.li

= -

gij 2^4%45 + igj.4-ED-4-i.it Rijki 4-i4-1<47-4-1
+gijl-i-l-iei.it?4k-llF-J-Pe-I--4I4-i+)



Week 8

ZIM
. C)=/DX . expf XiMi .# + Cijkexij

"

)
"
"

iixixkx
.

Compute (Xixi), , , ,

(✗Hey
,

:

1?
• Consider /DX -

exp (¥XiMijXi +I:X
"

) =/DX .

exp (¥ XTPTPX
+J -X)

=/dry .

exp/

EYTY-ijp.ly/detP-'.Y:--PX.=F-i-exp(-zJPYJP-YldetMH--k-4%1d
etMI"

exp / IJM
-

T)
.

Then fd"X .

exp (¥XiMijXi )✗
""

= 12-14%1letME # { contraction xp . " }
.

( a propagator connecting
Ñ?✗ &

carries a factor of 114%,)
> (XY) =.am/.c,fdnX.exp(--'zXiMijXi+CijkeXH4KXl=zcm!c,fdF.exp--zXiMijxi) ✗

"EK.ge#
"i. ÷

=/ I + CO + COO in j ! -1 .- +

CO 000
.-

+
.-.

' ' '

+ +¥
.

+9¥
.

"

{✗
✗

✗%
,

2- loops + " ]
"

= .- + + 2- loops + " '

=

(✗
*N

)
, ,

similarly , CX
""

> = # + + ) + . "

,
" r

+ICE)(✗
✗

✗e) ( ← disconnected diagrams )

. {✗
✗

✗%
,
= -4,14

"

M
"M
"

Cijke
. (✗

"" ) , , = [ M
"MIM"MUMMY

"

Cijklcpqrs
PEPI✗2

+ [Minim
" 17%14%4" Cijkecpqrs

Exp;



Week 9
- Wess - Zunino

gauge
: V = D-

=

( Vo - 4) + 0++1 v. + v.) - o
-tr - d-=p

+ i 0-+10=5-+0+-5+1 + i 0" (d-d-+0+11+1+0
"

D
.

pf : choose suitable A st
.

[ 0% + i (A- -A) =
"

I

write A = ¢ - i 0*2+4 - i0=24-042+-4

+ 0+-4=1 - i 0-1=2.4-1 - i 0--1+-2+4
.

+OF
.

→ i (A- -A) = 21mA = 21m¢ - 20+-1'Re(0+4) - 20
-

=Re(2-41 -2041m (0+-4)

- i 0% - Ot
-
=2.4+-0++2+4. + Oi -

=

2- 4-
+
+ 0=-1+-2+45

- i 0
"

F + id
⇒É

Take 1m¢ = If
. .

4± = - if± ( I± = if± =
- if,±, )

I
V. real ⇒ - 0¥

,
= 0¥

.

. "

→ deg,@% + i (A- -A)) 72 .

"

¥gO% -20+-1'Re(0+4) - 20
-

=Re(2-41 -2041m0+-41
- 0-1=2.4+-0++2+4. + Oi -

=

2. 4-
+
+0=-1+-2+45 - i Ot

-

F + id
⇒F-

= D-
=

( Vo - V, ) + 0+1=1 v. + 4) - D
-tr - O

+

=p

+ i 0-+10=5-+0+-5+1 + i 0" (d-d-+0-1×+1+0
"

D
.

( V. = ÷ ( f++- + f.= - 2Reddit) - zReo-41)

v. = £ ( f++- - f.= - 2Reddit) + zRe( 2-41)

r = - f- =, ,
F = -fi = -f-+ =

d- = if 2- 4-+ +f-i.=) ,

d + = - i 12+4--1-1=-1+-1

D = fat -21m0+-4) )



i L= - É1Dn¢iI - V41
,

V14)=É(Éloii - ri
i =\ i=l

( Dad = latino
. Did = la - in §

Find Va so that L is inv
.

under ¢ > ei
""

¢
.

so / : Note U is inv .

under ¢ > e'
""

§
.

Therefore L is inv
.

under ¢ > ei
""

¢ only if 8-4%4.5=0
Since 8¢ = ivo
{g§= - ing

'

°=J[ 1%45=[1%4]-1%847 - i8vµ§. - iq.org:1
+ 12,84.+iNµ4i+iy8&t(DiÉ)

implies 0=-4%4.51 - ilqr-%14-i-ikq-iy.jo/-i1
+ lion -1%14.

+ it/dative / 4.) (DµÉ)
= -41124%4.

- ÉlDµ4:)) - icon -1841
"

equation of motion

Solve EfDiÉ)&.

- §ilDµ¢.

-1=0
,
we get y

=

[ lÉU& -GET:)
.

[ 14it

From ¢ > ei
""

¢
,

we have

Y ' z-jq.pk/Eq&i+ilqHl4ii-q4i4.-+ilqnl4ii)--ve- 2µV



Week 10

- Consider WIX) = 1<1+2 ✗ ""
- ✗

.

Show that there is exactly one soliton

connecting each pair of critical points .

212in

pf : Critical pts : ✗
"

*
= e

"" for n=o , ii. K .

. YZ
✗ n - Y

'

W ^

"

j . . X'*
.

.
. .

.
WAI) = - I ✗

"

*

☐

' ' ) .

y
° >

.
✓
. >

, , , .

. .

.

①
,
,
,

• yk
-

Note W"(01 = { 0 , 11<+21
""
✗I }

→ The
pre

-

image of t
that connecting XI and ✗

'

* is Ñ '
"

→ exactly 1 soliton .

( Suppose a path from XÉ to § maps
to WINO with i±j ,
ZTLFIM

then the path must contain a pt = re
""" ' for some m=zi±i

,

r c- RI

ZTLFIM
yk+ ,

ZTLFIM ZTLFIM

However
,
W( re "K" ' / = ( 1<+2 e

2
- 1) re 21kt " ☒ W(✗¥10 → )

¥1


