
blank.

Why are phonons the only
low - E excitation's of the Bose}
liquid ?

-

go
" for N --50

①WgiWm€↳m
~12

^

vs Ws
..ms

(M IT
-'

m

② I Feynman ]



blank.

%.
.
.

→ P

phonon m o o

wavenumber O :

⇐* ÷÷÷:M -- Nm
O

compression wave . o oo

rumi: .mn
.mn.

→ → → → → → . ← ←



blank.

what else ? 0,61

of
,
ER

. µ,
01151=01,11.rs . . . rn)

⇐ f & , do = O .

-

Suppose 01
,
is Not a phonon .
-

⇒ JE, Ecphmn)=o
-.

want E
,
to vary slowly

A = cuff for which I is max

B =
" "

"
-

¥
,
" Mini

.(
wait A- & B as different as

possible .

( w¥avoiis, 'm

& near collisions )



blank.
A o o o

O o O

.

B o o o

O o O

O O
o

for bosons
-

i

B ! o o o tf sign charges ,
o o o SHE,5 big¥oo If not

,
it's

o
O O a phonon .



blank.

Excitatimspe.at ( single- nude approximation )

yeah= 77
,

f. tri) Ijn . - rn) = F Eo

¥
Varia trinal principle in each k sector :

< Hal H 14h ) 3 2851 HI gene 's

44414 > = Id'VEEnt 412+VHP)

"¥i⇒"
C- = ? Fa Sd'T Gift

' ET

F=gi¥Eo
=¥

N -

- g. Faf#fagilofolrrrnldnr



blank.

N = In fair. Html
w

= N #

fddfz.ddr.EYr.rz.vn)
=P, Cr , , r.) = In Lyter, 141ns)

(e. --E )
=

'

a < ears? = Emf .

⇒N -- IIe. IFfirst ddr .

D= §. fddnrfkrilfcrg.IE
'

w )

= e. fdrtdr.fr ,' finger, -ri

pglriri-i.gfddnrioisdcri-risdg.tn.)
II ah = pot of Cindy a particle atra

g.in one is at r . .



blank.aim

innate
Iro

titferparticle spacing
to

T.FI#crs=-EnII-fzfddrzffrdglr.d--tpfIIFf-efddr' ger-r
'HIND
-

- linear inf Catt fxed El
- transl . i.it . }→

Solve by
Fourier

Fikret



blank.

⇒ feui-shmhs.IT
Sch ) -_ jddrgcrse-ikr-CEdektf.IE>
static structure factor T
- eh-_§eikr.no.÷zu¥i÷÷.. peahat-IEaahdg.gl

*

¥9:
'

'

Eo
⇒¥ag*t

'jcFdidfCh.2EInM@aaifiahydinaaa.se 'T
density→her
. .



blank.

4h = ( Ea
.

eih of

= en Eo
↳deathbed

C- Ck ) =
2461 CH-Eo) Ha )
-

Tix =p eaten
.>

"TFaomi.EE"
-

-

Dynamical structure factor : z

scan =nEdlw-wn7kEa1euloIoSl@nIEn-Eo.CH-EDIE! --w.IE)(
* fdweiwt LEIGH IED



blank.

f ~
ACHA KSPECTRcry :
-

, w
) = SsmAt Santininm

SchLx
.

-

Sckiw) E Ism.lk , uh = 7h flu- th )

Slhttfdw She, w) = Zu

i:÷÷:÷:÷*÷:ii. saw
'

-
- Ers. !:÷÷

c- in -- sdwgwawsgyg.ly = TEIyea )



blank.

f : II = Saleh → the ' Isla ,

umI÷=e÷
.

!h÷?
→ see, EI II

2 MVS o

→ Ee
°

Vslkl . phononsmove
-

Catspeed of song)
an H"pot : ""dm? 1¥

,HTND ^#fs
u

17
-5k↳

pumas
D= Eckroth)

to Oj V=fd%e÷,µo
' xfdwe.IE, - t ' .I ⑧ of

a = 2¥ -eT3 .



blank.÷:÷÷÷÷.

ya,y,, g e
,y,¥,g



blank.

4 ln#nie

41 Q : whence spin -spin interacting ?

#tpWpm6
H = hold + holz) + Vcr .,r. )

hook -- E, % Icr
, ,r. ){ wq -

- Eek

pi: in
G

taper. in = 4. (riff)

Esa. -- aka.lt/IsfD=Ea-C-p-SddnSddrsEEihr.NHrD4q7
= E, + Ep + I I J .


