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Meissher effect
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Thought experiment

BLAcK BoX



Thought experiment




Thought experiment

BAR MAGNET



Thought experiment
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BAR MAGNET
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The atom
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Thought Pxperiment
- 2

BAR MAGNET "ARTIFICIAL" MAGNET Supgrconductor with
= Coil 4 bm\-\—grg persistent current!



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 . A
everything, ran up and, then, &.;.\; Y
the door was opened in my TRV ARE.
face. On my forehead | had a :
bruise for a week. Fritz said
"The equations are ,
established. We have the o &
solution. We can explain it.’ s
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Quantum coherent ===
wavefunction |

e~

—

—— \
S > =

/
\\

SIEMENS



Fritz London (1936)
Rigidity
p=mv+qgA =0

ng? A

™m

—J =ngv =

Maxwell equation 1

VxB=pudJ — VQB:ﬁB

London penetration depth : A = \/m/uong?



Fritz London (1936)

Magnetic field penetration in superconductor

in superconductor d°B, — \"2pB 4 B,
dz? %
vacuum superconductor
Bz(x) - Bz(O)e'“’/’\ -
0
Maxwell equation 1
VXxB=pud — VZBZEB

London penetration depth : A = \/m/uong?
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R\G 1D IN THE SUPER GNDVCTING  STATE
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Loop wHICH
Lies IN
SUPER (oNDOUCTOR

RVUE - qA
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ng
— — — (hAVO — gA
j=mngv m( qA)

fj-dszo jhigve-dl:q%A-dl

‘ V hAO = q / B - dS
(8 [ftor e
SUPER(oNDUCTOR
my = RVD —9A
!

G AVGE INVARVANT



j=nqv = ﬁ(hV@ — qA)
m

fj-dszo :h%ve.dlzq%A.dl

hAé’:q/B-dS

h(2rN) = q®

Nh

Flux quantisation: = _——
q






Measurements on a Sn cylinder: flux quantization!
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1961: B. S. Deaver and W. M. Fairbank, Phys. Rev. Lett. 7, 43 (1961)



Measurements on a YBCO ring: flux quantization!
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1987: C. E. Gough et al., Nature 326, 855 (1987). Flux jumps (0.97+0.04) h/(2e)



Nobel prizes in physics

1956 The transistor (with Brattain and Shockley)

J?1h9%88.:r9d9e1e)n 1972 BCS ’rheory (with Cooper and Schrieffer)









Nobel prizes in physics
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Superconductivity involves an

unlikely pairing effect
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Superconductivity involves an

unlikely pairing effect
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F =
dmeqr?

repulsive force
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F =
dmeqr?

repulsive force



Formation of Cooper pairs due to attractive interaction

‘|1<’T>

Cooper pair:

-k ) P, =
LtOt =0

Stot =0

Many body state: coherent state of Cooper pairs




(/EIT{ P creation operator, electron with momentum k, spin o

ékg = annihilation operator, electron with momentum k, spin o

5t at At — oair creat
. = CkTC—k¢ pair creation operator

'Fermi sea) = H pl|o)
k<kg

A

'Uprg) = constant x Hexp(akPli)\()}
k




The Terminator
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Superconducting transition temperatt
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H,S at 155 GPa @
[T.=203 K]

HgBa,Ca,Cu304,5
HgBa,Ca,Cu304,¢

HgB8.2C32CU3 08+6

leBazcazcu:;OlO
B12SI'2C8.2CU3010

YBa,Cuy04 4

Copper-oxide superconductors

arsenide Superconductorg
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