
Lecture 10 Heb . 4) : Fermi liquids at low temperatures
The first law says
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The first term (in green ) turns out to contribute a
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which we will ignore here . Thus
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what differs from the IFG is that gleet = FILET , so we
have freedom to fit mt from the Cv data , assuming it is
linear in T
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if Ciel is the specific heat for an ideal Fermi gas of
individual mass m

,
then
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Consider a swollen Fermi surface of radius left dkp :

The change in µ is then dye = Eh
,
+dhr.

- Ehr
.

= DEE , so

dye =dchr.tt#fteeo,tioi8htio'----hur.4tE.fdnIHth...o.hioi8ka -M) d.he
= true ( it 214¥ Hull91478k¥ -M )
=
-hu
,
Itt Fos ) dkf



Thus
,

K -- n
- 2I

=
tight ⇒ =

Mt t

0M It Fos T
'

Tt

where ko = n' goK¥1 .
Thus , KIKO depends on both mtynn,

as well as on the Landau parameter Fos .

In the inviscid

weak flow limit of the Navier-Stokes eqhs, Alpi ) = - Jp
where y
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- mn is the mass density . Here m is the bare

mass (e.g. , mz ) and p the pressure .
From local thermo -

dynamics , with T fixed ,
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- Uniform magnetic susceptibility
In the presence

of a uniform magnetic field B
,
there is

an additional Zeeman term in the Hamiltonian : Hz = -µoB¥oon*o .
This causes the E Fermi surface to expand and the ¥ surface
to contract. We write dkp , = - d left = dkf and.
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To lowest nontrivial order in B
,
the chemical potential is

not changed
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We conclude
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Thus another Landau parameter

enters
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this time Ff
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Landau parameters : Fi ; I:{so;;?,
- Galilean in variance
In a frame K
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moving at velocity is relative to a
fixed inertial frame K
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suppose we add a particle of momentum f -- th and spin
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Now let's calculate I'zo another way . In the K
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the distribution n'zo -- nightie
,
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is shifted to a filled Fermi

sphere centered at te = - mirth
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energy tho is obtained as follows :
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To order it we then have
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This relation holds only in Galilean - invariant Fermi liquids .

- Thermodynamic stability at T -- o
consider a T -- O distortion of the FS

,
described by
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We now resolve the v -- s
,
a distortions into spherical

harmonics
,
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We see that there is a stability criterion for each
FS distortion channel :
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These relations must hold for all vets,al and le fo, i, . . .}
in order that the energy of the FL is lowest when the



FS is spherical . What happens when one or more
of these channels goes unstable ? In that case, the

energy is unbounded from below
,
which is unphysical .

We can repair this defect by introducing a phenomenological
fourth order term in R

,
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Now minimize wrt the amplitudes Aim .

For stable channels
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unstable channels
,
we find

item = - Lalit IIIT ) so
-

so

Thus an instability in the l-- I channel results in a dipolar
FS distortion

,
1--2 ⇒ quadropolar distortion , etc .

More sophisticated model :




