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Primary characteristic: zero resistance at dc

There 1s a critical temperature 7, above which superconductivity
disappears

About 1/3 of all metals are superconductors
Metals are usually superconductors OR magnetic, not both

Good conductors are bad superconductors

Kittel chapter 10



Superconductivity
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Superconducting ring Molecule with magnetic moment

Antiaromatic molecules are unstable and highly reactive

No measurable decay in current after 2.5 years. p < 102> Qm.



Superconductivity
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Superconductivity
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Critical temperature
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Meissner effect

T>T T<T

Superconductors are perfect diamagnets at low fields.
B = 0 inside a bulk superconductor.

Superconductors are used for magnetic shielding.




Superconductivity

Critical temperature 7,

Critical current density J.

Critical field A,
800

Gauss

o
=
o

400

Critical field ——=

200

0 2 4 5 K 8
Temperature
m
nA = nk, T ~ uH; ~>nmv" = ~J;



® Cu2+,Cus+

® Oz

YBa,Cu50,

T T T T T T "'-.!.-.ti'_
¥Ba,Cu;0- o
oo T
I‘I"-.“
r
¢ T, = 92K
L]
L]
L]
-
40 a0 120 1060 200 240
Temperature (K)




Material T

C

Legierung: NbTi 9.6 K
Verbindungen: NbN 16,0 K
Borocarbide: (Lw/Y)N1,B,C 16,0 K

"A15"-Strukturen:
(= B-Wolfram-Struktur)

neu:
Fullerene:

+ Druck 15 kbar:

Organische Supraleiter:

(BEDT-TTF),Cu[N(CN),|Br 11,256
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hochdotierte Halbleiter

http://www.wmi.badw.de/teaching/Lecturenotes/index.html
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Superconductivity

Perfect diamagnetism

Jump in the specific heat like a 2nd order phase transition, not a
structural transition

Superconductors are good electrical conductors but poor thermal
conductors, electrons no longer conduct heat

There 1s a dramatic decrease of acoustic attenuation at the phase
transition, no electron-phonon scattering

Dissipationless currents - quantum effect

Electrons condense into a single quantum state - low entropy.

Electron decrease their energy by A but loose their entropy.



Probability current

Schrodinger equation for a charged particle in an electric and magnetic field is

el 1 . 2
ih = —ihV —gA +V
Py 2m( qgA) v +Vy

write out the (—=iiV —qA)’ v term

ih oy _ 1 (-h2V2 +ihqAV +ihgVA+q° A )W +Vy
ot 2m

write the wave function in polar form
=ly]e”
Vi =Viyle” +iVOly|e”
Vip =V?iyle? +2iVOV |y|e” +iVi0ly|e”’ - (Vo) |l//|e’9



Probability current

Schrodinger equation becomes:

oy
ot
+ihgA (V |w|+iV Oy |)+ihgVAlw |+ q” 4> ly| |+ V |v|

in

o0 1 : :
| S = 5| 0 (Vi |+ 20V 0V |y |+ 1920l |- (VO ) v )

Real part:

00 -h’ LY
—hly|—= £V2_£V0—%AJ )|w|+V|w|

ot 2m
Imaginary part:
8|:,y|_ 1 2 2 2
e — (290 ||+ 120l |- (VO |y )+ 2hg4V ly |+ haly |V 4]



Probability current

Imaginary part:
8|:,y|_ 1 2 2 2
e — (290 ||+ 120l |- (VO |y )+ 2hg4V ly |+ haly |V A

Multiply by |y| and rearrange



Probability current / supercurrent

The probability current: S = z|w |2 (V 0 — % 2)
m

This result holds for all charged particles in a magnetic field.

In superconductivity the particles are Cooper pairs g = -2e, m = 2m,, [y|* = n,,.

All superconducting electrons are in the same state so

London gauge V& =0

. 2n_e - —pet -
j=—2L—4= A n.=2n




1st London equation

dj _ —n.e® dA _ ne’ - dA 7
dt m, dt m, dr
i 2
First London equation: dj _ e E
dt  m,

. o - dv m dj
Classical derivation: —eEF=m—=—-——-—
dt ne dt




2nd London equation

Second London equation: Vxj=——"-2~8




Meissner effect

Combine second London equation with Ampere's law

Vxj=—""8 VxB=pu,j

2
VxVxhB=_utp
m

e

VxVxl§=V(V-l§)—Vzl§

Helmbholtz equation: A’V’B =B

London penetration depth:



Meissner effect

A*V?’B =B
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solution to Helmholtz equation:
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