
Recap / generalization

¥É÷+tknm%9m
only Kn¥mn appears (← [ 9h9m]=o){ EKE ⇒ k=k+ .

Simplify : On _=Ñn9u Pn=¥÷ Van

pn.hn?---sH--fPI+OnVnnQnat--a--EPntPn-+QntVnmAm
I

.

pt =p

I 9hpm] -- ifnn ⇒ [ On , Pm )
-
- ifnn

v.vt .⇒ can be diagonalized
3-uitaynxnufutu-uuh.lt/s.t.UVMtiidiagonal . -



f
and untie

§ Uanluttp =L,Cd: E. cutin . Nam -

- In ]
"

U V ut is diagand
"

↳
Em Man Vnidltlmp =paÉfap

ends of V.

let:{E. = ?Manon fzo or else

unstable . ]
§, :{Ninth ] UI

*

↳ Euthanasia
.

Epi = ? Ptnth =

§ ?Ft
IF

=3 Pta Prs
.



Eat VnmQn = f. % Unknown, -9%5
IE

= suicide .

Speciale : mn=m , Kam = (T-1)nm

①L0ot Tn:É)m
Kam -1-0 only for In

-me

something .

② translation invariance : Kan defends only
on n- th

.

→ Ukn=
eikna Hhi him
IN .

and

ate -- 0.x
( Fourier analysis ] Put =P- k .

Km =DÉ=:( "% ,
'

){↳n±, , ⇒ eigenvectors are
1 eihhakn,m=0 the→ .



③ nonlinearity realized continues sym

.

gm Be
cauÉ= V1 9n - 9. -.)
→ GoldstoneÉÉ

EqnszMoh£o
seniors eqns
( Hamilton's egm)

:

idtG=[0,H]_
i 0+9n = [ in , H )

-
-HE{

is
+ p.is#----iZqnVlq)



method :

( = Epiin -V / g-- pin
=

2mn9¥ - E. ¥nm9n9m .

f- fdt L "Ita
I

eon o =
85
- ⇒:*

→ o = fdsfmn of¥-81T -s) - knnqm]
I
- ma ajn - Knm 9m .

H
,
L
,
S

n quadratic ing → clam are linear
.



Special case mn=m , K = F- A

Maju = - k ( 29in - 9N -, -9^+1 )

→ mojk = - K ( 2- 2.Costa ) gu

9nH1= Ee
-iwtq,#

=) o = (w
'
- WI ) fkn
- i

m

wi=aEsii¥¥=viÉtG(kai - it ha

-

o= ( 2+2 - v52F)qcx.tl

+ . - .



QI C- 9N
, Pm ) = ifnn 9-

⇒ [gu , put = . . .

= ifk
,
-k '
1-

FILE :{ 8h = FE.ua
Can + a-E)

Pn
= t.FI/au-a-I )

far
,
ant , ] = fault .

Ms H = Etiwulautan + E) + P¥
k -
-

ftp.qot-iThe discovery of Fockspace
:

t6 ¥o=o.

up> = Ipo" > ④ \

auto> = o kto



excitation of oscillator :

get to> ✗ / one phonon of
momentum

__

Kk )
9

(has energy twh (eave )want)=qt)
Na -= Ankh"

1k )
"
in AM

.

I )=§eiht 1
one phone
9mm-1-7position ✗

Kk

P
~ { e'

"" ant to > .

"

1×7
"
.

( particle = thing that can be
localized)



I k , k ' > = art ant to >
"

/ thrums >

i.IE#neyyh-u4n-+kww
:

H
= Heon ④ ✗Fock

particles
y

up 7 Ego ,Poti

Npa = span { Carti
"

(anti" . . . to>

= I { ha
, .hu . . - - } )§indistinguishable

→ phonons aikosons . ([ai , ath ,] =⇒
Lessig : ① pantiles→ field → particles
-

Ccoie)



② Lovett in . can emv#

7=6+2 - v
> 2×441×1 = 2,2M¢

(achy- modes m Kaci ) = Ym2m24

③ At finite N everything is finite .

expt't verification : • phononsare real .
-

Eat --Zneh¥÷= ,
fotdk "¥¥=

,e

q=V¥
= qdt

'

# . I

a- Td . #
1-



t*

ipipzinfractionoflightobs

Fico:( ⇒¥VI f-E.on.ca#-- ¥5In -2m
DE --Eexc- Fo

¥tm : scattering off a solid

1) F phones . /Azer, - 0
.

⇐ phonons_
.

2) only the com
Moves .

99nia . Go _=¥(E9n+ Na )
=

⇒ % I 9045nA . eiP°%!=eipol%+aÑ)



→ Po f
29-21

Fa

¥1 =±n÷c÷i
smallest
allowed Nm = mass of whole

T:j=qd !

-

(H -- {pH of -1 top . . . )

① additivity of energy

② [ H ,Nito V-k.tk
-

- Antar
-

BMEM
!

broken by SH = E) 9n9☒9eune nail

even
break is

= ata-t-a-ta-I.at
N =§Nk .

ataa + aaq



E q ? = [ at
"

+5.91
, analyze ,

n

-

not every aft = fue springs.

qn-j-EE.f-qleikkq-e-ihxnq.tl
+ ¥ Go

Pn = 7- FEEJ-wyeihxnq-e-ihka.ly
= main + F- .

1mg



Path Integral Reminder
realtime ]É¥¥! pronoun :

ifotdt Goi-Voi)<q( e-
it" 1%5=-1 [Done
_-

[Dg) -=NÑd9He ) Mt = → ✗

"""°)
(
• + →o.tkA- I

< gal e-
i " 't

Iq ,> = <q , e-
'"+Éme→tVG,q ,
- 111 -

+ 01st)

( eA+B±eAeB if EA, Btto)

1=1
'

- (ftp.1-p-xpp/fda1qXq-)
<plq > ☒ eip9



Quintuplicate :

① PI explains role of solhs geom.

stationery phase -0 0 = Fga, Ft -

meany of §qcH :

at ifñite Mt
,
Gail = 9e

stationary phase # 0 = ¥q, kl -
Ofio-qj-fie-EFY-I-sa.si.

② euclidean path integrals
compute grandstaff expectation]
values



Sdindeg : i2+ 14> = H' 147
.

-


