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Introduction to superfluidity
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e Very low viscosity
e Quantum vortices

e High thermal
conductivity



Energy spectrum
H = Ey + Z e(p) bpby
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“condensation energy”
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“collective excitations”

“Any spectrum in which
sufficiently small excitations are
phonons will lead to
superfluidity.”

L.Landau, Statistical Physics, Vol. 95
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Heat propagation

Stop boiling after phase transition

“Sound wave” propagation of heat W High Conductivity



Theoretical approach

Two-fluid model

“Theory of the Superfluidity of Helium Il ”
L.Landau, Phys. USSR, 5:71, 1941

Not trivial fluid dynamics

Sound waves
+

Entropy/Temperature waves



Two-fluid model
v < U,

v < U Gas of free bosons moving at v

P= [pn(e(p) - pv) 22

— VPn Pn < P

pr. = pn(T) “normal component”



Two-fluid model
P = pPs t Pn
J = PsV, T PnV,

Superfluid / Normal
component \ component

e T=T. p;,=0 e I'=0 p,=0
e No viscosity e Viscosity
e No entropy e Entropy of the

“excitations” gas "



Fluid dynamic equations ato()

8_’: + V.-J =0 Continuity equation (mass)
38_{ + VP = Momentum equation
0 - — . :

(828) - V(psv,) =0 Continuity equation (entropy)
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Entropy waves

Perturbative ’ B , B ,
expansion p=po+p, s=so+s, T =T)+1" etc.

82 / .
v w= (), st
0%s Vz Uy = \/(T52”8) Second sound

Entropy/Temperature s’ = (g—;)pT’ | K/(%‘;jTP’
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Sound wave
J = PsV, + PnV,

Entropy wave

I — PsVS + ann
=0
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Diffusion VS Wave propagation

Diffusion T o L@ /4Dt
oT 9 Vi
ot = DV*T T front ~ 0 = 24/ Dt
Wave-like - st )
X COS Uu — XL
T _ 22T | \//\' 2
5 — U _
ot l L front = Ust
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us[m/s]

Speed of second sound

150 phonons

: T, 2
100 - Uy = ( OPSSO)
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L pn p
50 -

: Pn = Pph (T) T Prot (T)

: rot(i]’_l? ___________________ S0 = Sph (T) + Srot (T)
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Conclusions

Superfluid Helium-4

e Superfluid transition at T=2.17K
e Peculiar properties such as
viscosity and high conductivity

> Two kind of “motions” for
the fluid (two-fluid model)
> Entropy/temperature waves "



