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Figure 1. Ordinary Fermi gas

Self-consistent equation at finite temperature
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BCS self-consistent equations.

Figure 2. Plot of ∆.
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Broken Symmetries, Conservation Laws

Noether’s theorem. For every continuous symmetry there is a conservation law. Conservation
law: [H, Qµ] = 0, Qµ is conserved.

dQµ

dt
∝ [Qµ, H ] = 0.

Symmetry operator:

S=eiλµQµ = group of symmetry transformations
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Say Q= charge.
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∑
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∑
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becomes the symmetry operator eiΦQ.

Helium
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∫
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ddr

Φ was a field that we associated with the condensate in the k= 0 state. Assume Φ = const.

E=
(

µ|Φ|2 +λ|Φ|4
)

Ω

Φ = 0 minimum solution. 〈br
† 〉= 0.

Figure 3. Instability when µ crosses zero.

〈br
†〉� 0⇒ condensation.

Figure 4. ΦR is the real part, ΦI is the imaginary part.

How many degrees of freedom are there in the complex field? Two — one real, and one ima-
ginary.

2 massive scalar fields in the non-condensed state (gammetic state). Φ = 0.

Symmetry breaking. Φ = |ΦR| + δΦI + δΦR. One massive field and one massless. Goldstone the-
orem. Symmetry breaking of a global symmetry ⇒massless field.

Superconductivity
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gauge: crσ
† → eie/ccrσ

†
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8π
h2d3r where h=∇×A

The gauge field has a life of its own, and it has an energy. Even in the absence of a supercon-
ductor.
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Use the gauge freedom in A to get rid of the phase of Φ. Choose Φ real.

j =
4 e2κ

c
A |Φ|2

−
c

4π
∇× (∇×A) =

4e2

c
k |Φ2|A

∇2A=m2A

where

m2 =
4 e2κ

c
·
c

4π
|Φ2|

∇2A =0 (ordinary free space)

�
2A = 0

(

∇2−
∂2

∂t2

)

A=m2 A

This is the Higgs mechanism.

|Φ|. 2 massive scalar fields. A: 2 massless gauge fields. Gauge symmetry breaking. 1 massive
gauge field. “massive photon”. 3 massive degrees of freedom. Φ real. 1 massive degree of freedom
left.
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