3. Electrodynamics



Two fluid model

Normal electrons and “superelectrons Normal R

Normal electrons have a finite mean free path while {

superelectrons have infinite mean free path. Super, L

In DC field, the current Is carried by the superelectrons.
There should be no electric field inside the superconductor,
otherwise the superelectrons will be accelerated continuously.

In AC field, the superelectrons may lag behind the field and
present an inductive impedance. In this case the electric field is
not necessarily to be zero, and therefore some of the current will
carried by the normal electrons.

Typically, L(Henry)~10-12R,(Ohm)
The power dissipated by the normal electrons is negligible.



Result of a perfect conductor

J(w)=0(w)E(w)

AC conductivity (o) = U_o o = ne‘r
1-lwr 0 m

For superelectons, 7 — o Inductive impedance

: ne’ 6J ne’
Aol (0)=—-E(0) —=> —=——E

oB 0 ne’
VxE+—=0 — —VxJ+—B |=0
ot at[ o m j



1 OE
VxB=uJ+——
Hol T2 5t

2 2
E(VXJ +£Bj:0 —> 2[VXV><B+,UO£BJZO
ot m ot m

Use VxVxB=V(V:B)-V’B=-V’B

2
—> ﬁ(vzs-%ﬁejzo
ot m




The London theory

To match the experimental result
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These equations are called London equations
To solve B(x) and apply the boundary condition
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A 1s called London penetration depth



Surface current
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Consider the two-fluid model
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A superconducting slab

For uniform applied field

88_88_0
oy oz

o0°B 1
2 52 B B

the boundary condition
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High-frequency dissipation
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The absorptivity of a
superconducting surface

VxB=u,l
Sheet current density K =2H.

Power dissipated per unit area

K?R,  Rq: surface resistance
The skin depth
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Normal metal v.s. superconductor

Normal metal, 5 {1 }1/2
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Quality factor
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V: cavity volume

S: cavity surface area

L: dimension of the cavity ~4 (resonance) ||| Poynting vector
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Normal metal Q<104  superconductor Q~10%°

mmm)  High quality microwave filter



Homework
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1. Derive o(®w) =— inwhich o, =
1-lwt m

and show that when 7 — o the impedance becomes “inductive”

2. Estimate the portion of normal current in the two-fluid model
when applied an AC electric field at 1MHz. Use the result
L(Henry)~10-12R,(Ohm).

3. Estimate the number density of superelectrons by using the
London theory. For example, the penetration depth of Pb at zero
temperature is experimentally found to be 3.9x10-°cm.
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