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Mean field theory and Gross . Pitaeuski equation

Hamiltonian H - fdkoitk)[ tstnthfktfik) +2¥'d fdketkletxflkl 41×1

Here interactions between particles : VK.xy.hn#a, Sk . ay why works ?

Grant potential in condensed state < HE . nai µ

Noa - interacting ⇒ N bosons in the lowest Edit state of

[p÷nN#]6nk7=Einkl
los = K¥51 vacuum >

,
dot = fdkiolxlittty

With interactions ? Ilxt . He .ie#ot yet known

Pure condensate lot #j¥waam ) - In , 0,0 ... )

< dlttnnlbs -

- Nfdieikkttfnwtkttntikhmotled ' -n]4ok )

÷) =

"

Lagrangian density
"

prob 9.1

Euler . Lagrange equation ⇒ Cross . Pitaeuskil Equation for the condensate

wave function Prob 9.2

( - hzpiturk )+N*mKY 1%6414%4 'M%
often

For large number of atoms interaction term and potential energy terms large
compared to kinetic energy term LD ' ⇒ Thomas - Fermi approximation

.

Pro b
. 9.3

.

This approach ok when condensate is almost Pure aid dilute i.e.

as
'

. nk 1

Typically as - woa . ( ao : Bohr  radius) ⇒ nd 10
't Yan ' ( 10

"
. 105 in expcrri

Note that for air hair  = 2 . N " Yap marts )



Condensate wave function / many body wave function

% G) is a wave function of what exactly ? electrons
,

outer
electron

,
nucleus

.
. something eke ?

Hydrogen : YK
, ,k ) x,

epos .
of proton

q= Pos of electro -

VK
, ,xc ) - VUX,

-KA
⇒ pi. . mp5tme=

,
I .

. I.ir,

most me

4k , .nl � YEHEH
- normally this one is solved is

cikk
,
t.fi textbooks !

Kmetmp )
not super interesting

However
,

the CM wave function is the relevant for example
thermal distribution of atoms

.
Atone hare (almost ) all the same

electronic part of the Wf
.

It  is the center of  mass part
that are different .

BEC wave function is for the carter of

mass coordinate !

Lagrangian density thing bit more carefully :

Actually in Qm Lagrangian density is

LeitzI 4£¥e - 4 Ff) - Haul . ] ,

note time derivatives
.

Also
,

classically Line 'x2 . v 64
Schrodinger cq :F.

-Et3÷¥¥÷x;s÷÷po⇒iAs¥H



Then 4�4EntA ⇒ LHS = MY

You get what  is in the notes by making the above replacement
in the earlier Lagrangian .




