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• In the following : Hint = /d3x Hint (4*1) €- fax Lin, (8*1)
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X : dimensionless coupliugaeustaut
→ EONS :

+my 4 = - Ez, 43
→ Cannot be solved by Fourier modes !

2. Yuhawatheootimn kyuuwE~ut3w÷a?Y!¢2_qYfI,#Dirac

gs dimensionles coupling constant
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Quantum Electrodynamics ( QED) .

murmuring's

ha⇒=-z÷÷I-eTof¥:"'.=Flip-m ) 4 - E
,
#of

e - telco : Electron charge} Dj du tie Amex ) : Gauge covariant derivative

UK ) Gauge symmetry : ( Replace O H D :

"

minimal coupling
"

)
nvm - mm

Ata -- Am - f dm xx)
4 ' = fit y

→ Equation of motion :

( i#- m ) 461=0 and dm Fmo - e jo ( ju=uTr°y)



• No known exactly Sobule interacting QFTS in D> htt !
Turman

→ Perturbation theory { In D= Aththere are examples
of exactly solvable

4.2.pe#tahuExpauiouofoFuhuQTTs :

⑦ proneness } 'Fie:3:: It,
1
. Goat: Two-point Green 's function # TO 4 In> Immune
of 44 - theory

to ) : Ground state of tree theory

In ) : Ground state of theory
- i PG- y)
ie

2. Remember : Cotto ¢ to> =D,= Cx - y) = f pz_m

3
.

Now : Ha, = HI t Jd 'x ¥4 "
KG Hamiltonian-

Hint : Interaction = Perturbation
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ol = eiHt¢*, e- Htt

"
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. C) Deference Tim to ,

then

¢ Ho. #I = 19¥, ( ape tape - i )
6
.

Definitions :
i HH-to)

0/4×1 = e detox) e
- i Htt- to)

( Heisenberg picture )
i Holt- to) - i Holt - to)

0/+4.x ) = e 0/40,5') e ( Interaction picture )

Then :

0£ HIDE / Left ( ape
- int apt eipx )

and 0 HI' ) = Ute.to) 4, Ct. ) Udy. ) with Uy, ,y=ei
Holt - tote - i Htt- to

4. n,



F . The five - evolution operator is determined by Ufo ,
to) =L and the differential equation

idt U#to ) I Helt) UH.to) (4.21

with

µ± = ei Holt- to ) H, e-
" Holt- "I

= fd3× Ie, 0¥15') (4.37

by the Dyson series :8
.

The solution at 4.2 ) is given
-

UH, a) = ItC- i) fgotdtn HIM) t /
,
!dhdtzT{HEH ) HEH) } t . . . . . .=~exp{-i%dsH±#

(⑤ Pooslecniet 5)

9. IEperties.sn . Ucf, try = ei
Holt- to )

e
- i HH- ti )

e
- i Holt '- to)

• U - n (t.tl ) -- Ut Hifi )
° Ultutz ) Ultra , ) = UH .t, ) ft. > f. > ↳ y

} ""
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. Ground state In > ?

der → Io> to

→ e-
IHT

to> = e-
"⇐Tuxedo> = e-

"⇐Tlrxrlo> t Esto e
-
i ⇐Tluxu

Uto

Then ( since Eu > Eo for Uto )

for > =
line ( e

- i⇐T@ log )
- t

e
- IHT

Tu (r- ie )

± line

,
( e- iEo⇐tT

)
cog )

- ^

UH
,
- T) log (4.6)

X T-I * G- is

⑤ Problem set 5

Similar : ← I = fy•← , , @ I left, to) (e - i ⇐⇐ to )
@ Irs )

"

(4. ay
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Two- point Corre labor : ( let XO > yo > to )

←I 4*1461 Ir) = (4. 7) x (4. e) x (4.1) x (4.6 )
0/-410/41 yo y yo Xo x xo

"

may.is, tf
- ^ Lol UHH #N U yo) of. UH,

-T ) to>

(4.23×4.6)
with Nt I @lUCT.t. )

Udo
,
- T ) 107

"
@ I UCT,

- T ) to>

193=1

"i

::::÷÷÷÷÷⇒"i.÷÷: .

( 4.3 ) and (4.8 ) → expand time -ordered exponential in orders of d :

Toland Irs =
. . . .@lTQelxnldeCxal.r . . - IOI ku ) to>

. . . .

-

How to evaluate this efficiently ?



4.3.ldicklstheovel.DE
fine

*" = lEi÷i¥¥÷÷et"× {
"

¥7:S !
'

:
"

= oh.tn, y
@ 142=0

2
.
Observation XO > y

° and U -- 2 :

XO c yo

Tote deal = OF 47¥ +4¥.gl#egtohIg0Icgt4IY4I
= Of 4¥ + 0¥14Ix t 0¥40! t 4#4¥

Y x x Y Y X

+ Chita , die, ]
x x

Y X

3. Definitions :

cmaEoia=fY÷÷¥÷÷÷÷÷}=¥*Noomalorde : Ulf?
. . . . . . . .

Ctu ) ; = (creation operators ) x (annihilation operators )



Example : : Uta : = ata
,

: a at : = ata
,

: Ota , ¢
-

Cy, : = d- often,

Beware : ata = : auto. E : Uta tr : E : ata : t : n : = atatt

y , ego, ,
IT

→ tox , off) = °

. 0/610/61 : t 06106, . -244*74
Pf G- x) .I

'

n g
:

= G

-
-

→ @IT located to> = Lol :¢ea¢⇐, :D t ⇐ toxic, I - E :id÷
= De (x- y)

4.6ic6'stheore (proof ① Provemet 5)

::÷÷÷÷÷÷±:÷:÷:i::::÷""
Example : Mckidd, dy ) = : 0h06

, dy : t : 4502430
.
: t : 0*030/4 : t

.
. .

. . .

+ :¥4,7. : t : dhoti. : t . . . . .
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