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Where are the currents?
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London equatlons Fritz hondon : SuFerwnAnch'm'g due +o

Macroscopic quantum Pl«mommm

Our house was a two storey house. | was in the kitchen
cooking and suddenly the upstairs door was opened by
Fritz. "Edith, Edith come, we have it. Come up, we
have it.” And maybe the wind closed the door. | do not
know what had happened upstairs. | left everything,
ran up and, then, the door was opened in my face. On
my forehead | had a bruise for a week. Fritz said "The
equations are established. We have the solution. We
can explain it.”

Edith London
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Measurements on a YBCO ring: flux quantization!
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Ginzburg-Landau theory
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Nobel prizes in physics
1956 The transistor (with Brattain and Shockley)

Jahs%ang,sﬁe)n 1972 BCS ’rheory (with Cooper and Schrieffer)
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The isotope effect

The transition temperature T, oc M ~/2 where M is the mass of the isotope.
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This is very good evidence for the role of phonons in superconductivity.
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Formation of Cooper pairs due to attractive interaction
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Many body state: coherent state of Cooper pairs
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Annihilation Qperator
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A coherent state |a> is an eigenstate of the annihilation operator
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Properties of coherent states

Coherent state in a superfluid:
[%) = |apyap, --.)

This is an eigenstate of the field annihilation operator:

Eigenvalue is a macroscopic wave function
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We don’t know what u, and v, are: treat as variational parameters
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é;rw = creation operator, electron with momentum k, spin o

Bl =¢f

ékg = annihilation operator, electron with momentum k, spin o
X )
kTC—kJ, pair creation operator

|Fermi sea) = H Pf;|0>
k<kp

|UpCs) = constant x Hexp(akpli)\m
k

BCS Hamiltonian

2

H = Z 6kcl-(o'cktr - |geﬁ| Z CLTCT—kic—k"Lck’T
k,o k,k’

R

Moy =T (b Vi B ) 1o7] Bes vave o
L k

Treat Uy amd Vi 00 vanalowad pamsddes, and  puk G BCS
Monioal N * S

Poadorian: (1= S g, ) Cp — 19,4 ) kzk e i Chn
ko s

The results of fis o

o 201 52) 5 i 3(1-5E) 5 Bemdlo et

Wel* ) lug®
Vs ond
:;——) R
ke
PERRE
Pa
here

A =la D wew i He gep pamear, ond = S
k 2 A k
= A= [5‘2&] ? 25, (BCS gap oquakin)

BCS 9ap 2quakion:
A o A =
A= lﬂepc I Ek: 1——E: (T ﬁ>

Ko,
= \32;\ q CEc) j Ade
[~

N~ A >
N
P Y PR, sa\u’(““""
R =)

A< oy = g‘_/%’:)“:‘f ﬁ@
EY A

FERLN DIRAC
R
T+o A = ')\juD_A_éLC\—'LS—(E§>
o JATre™
o Fanhx _ he
S0 for T=T., A=O and ’};:5 whE ax

o p- 2k, Te

010 > [Z80 -smni]




The Terminator

06/04/2014

Ce
yTe

—22:9.17 exp (-1.5 T/T)

T=14K

Relative intensity (Is—Iy)/In
@
T

0 10 20 30 40 50
Wave number v (cm™')

More complex pairing?
Pair wave function \I’kss’ = <\P|é_ksréks‘\11>

Symmetry of pairs of identical electrons
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Wave function totally asymmetric under particle exchange
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