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Resistance
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Magnetic field
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Electron fluid

Volodymyr Shablenko       University of South Carolina 5

•𝑞 = 𝑞𝑠 + 𝑞𝑛
•𝑞𝑛 - normal electron density

•𝑞𝑠 - superfluid electron density

•
𝑞𝑠

𝑞𝑛
= 0 𝑎𝑡 𝑇 = 𝑇𝑐

•
𝑞𝑠

𝑞𝑛
= 1 𝑎𝑡 𝑇 = 0



London penetration depth
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• 𝑗𝑠 = −
1

Λ𝑐
𝐴

•Λ𝑐 = ൗ
𝑚

𝑞𝑠𝑒
2

•∇ ∙ 𝐴 = 0

•𝜆𝐿 = ΤΛ𝑐
2 4𝜋 ≈ 10−6𝑐𝑚



Quantum mechanical description
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•
𝑞𝑠(𝑟)

𝑞𝑛
= |𝜓(𝑟)|2

• Δ𝐹 – free energy difference between the superconducting and normal 
states

• Δ𝐹 = ׬
ℏ2

2 ഥ𝑚
∇ +

ҧ𝑒

𝑐
𝐴 𝑟 𝜓 𝑟

2

− 𝑎 𝑇 𝜓 𝑟 2 +
𝑏 𝑇

2
𝜓 𝑟 4 𝑑3𝑟

• 𝑎 𝑇𝑐 = 0

• 𝜉~10−4𝑐𝑚 – coherence length associated with the superconducting 
state



Quasi-particle description
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•Quasi-particles with 𝑚 and 𝑣𝐹
•𝜓0 ground state is represented by a particular 

superposition of normal state configurations Φ𝑛

•∆𝑝~ Τℏ 𝜉 ~10−4𝑝𝐹



The pairing concept
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•Ψ0 = σ𝑛 𝑎𝑛Φ𝑛

• 𝐸0 = Ψ0, 𝐻𝜓0 = σ𝑛,𝑛′𝑎𝑛′
∗ 𝑎𝑛(Φ𝑛′ , 𝐻Φ𝑛)

• 𝐸𝐵 ≅ ℏ𝜔𝐷𝐸𝑥𝑝[−
2

𝑁 0 𝑉
]

•𝐻𝑟𝑒𝑑 = σ𝑘𝑠 𝜀𝑘𝑛𝑘𝑠 − σ𝑘𝑘′𝑉𝑘′𝑘𝑏𝑘′
+𝑏𝑘



The ground state
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•Ψ0 = 𝜋 𝑢𝑘 + 𝑣𝑘𝑏𝑘 |0 >, where 𝑢𝑘 = 1 − 𝑣𝑘
2

• 𝑣𝑘
2 =

1

2
[1 −

𝜀𝑘−𝜇

𝐸𝑘
]

• 𝐸𝑘 = (𝜀𝑘 − 𝜇)2 + Δ𝑘
2

• Δ𝑘 = −σ𝑉𝑘′𝑘
Δ𝑘′

2𝐸𝑘′

• Δ = ℏ𝜔𝐷𝐸𝑥𝑝[−
1

𝑁 0 𝑉
] and Δ𝐹 =

1

2
𝑁(0)Δ2
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