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SUPERFLUIDITY IN LIQUID *“HE

*He liquefied: 1908
T<T, ( 2.17K): 1920

I ~20 YEARS!
Frictionless flow below T;: 1938

Modern point of view:
Define

o, = h/mR* = quantum unit of rotation (~I 0 Hz for R ~ lcm)

i
EXPT. A EXPT B
(“Hess-Fairbank” effect) (Persistent currents)
walls rotate with walls at rest,
ang. velocity < o, , liquid rota?ing with
liquid stationary ang. velocity » o, .
EQUILIBRIUM METASTABLE

EFFELCT EFFRLT



BEC IN A NONINTERACTING BOSE GAS:
THE EFFECTS OF STATISTICS

L Qualitative argument:
Distribute N objects between 2 boxes: what is probability P(M) of

finding M in one box?

A. Objects
distinguishable ﬂ
(= coin toss): A exply &
small
P(M) o _, N
—N! M
M! N=M!
B. Objects
. . ® . e 2 P(M) -
indistinguishable I lacge” | 1/N
(bosons): /‘
O e N all objects
M in one box

II.  Quantitative argt. (Einstein, 1925):

chemical potential, < 0

n(T) = [exp (& - W(T)kg T-1)]"!

w(T) fixed by: > n; (T: w(T))) = N «—— total no. of particles
i

T -0 = p—-0: TV = pT. But what if

> [exp (eiks T)-17" <N?

i
Einstein: Macroscopic no. of particles occupy lowest (e = 0) state!
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EXPLANATION OF HESS-FAIRBANK
EFFECT IN TERMS OF BEC:

V% Walls rotating with ang. velocity

o S o, < =h/m R*
What does liquid do?

General principle: Average ang. velocity of atoms (©)
as close as possible to ®

[ Single-atom states must obey
quantization condition: ©® =nw, ({ =nh)

“Normal” (non-BEC) system:
many different single-particle
states occupied (typical value of | *®

n ~ (kT/ ho,) " ~ 107) 5 O
= to get ©® = w, just shift atoms S
slightly between states. o

w —>
BEC system (T«T,)
(almost) all atoms in 2 i o
condensate — must have same .

(6)) [ 1

value of n (n,) = ® = n, o, .

Oc 20,
INTERACTIONS

w—>

“OPTIONAL”



4{He: PERSISTENT CURRENTS

Initially, after walls stopped,
(L)=Ngloh, fo>1 (0» ®,)
But groundstate has (L) =0. (o =0)
Why no relaxation?
%o(T) =IXo(1)] exp 1 ¢(r)

! —

condensate w.f.

Df: “winding no.” n= ¢ L

Initially, n = £,: eq" state has n = 0.
To change n, must depress |,(r)| to zero somewhere!
(a) Electron in atom:

Schrodinger eqn. linear = nodes cost no extra energy, e.g.

w(t) = a(t) y, + b(t) {t ~— w: a=1,b=0
t— +ow: a=0,b=1

(E)(t) = [a(t)] E,+ Ib(t)]* Es = monotonically decreasing
(b) BEC (‘He): / >0
Extra term in energy: (VY =V, | |x, (rt)|* dr

= energy NOT monotonically decreasing!

(REPULSIVE) INTERACTIONS ESSENTIAL!
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