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Motivation

D. K. Delft & P. Kes, “The discovery of superconductivity”,
Phys. Today 2010 Sept., 38

“Door meten tot weten”
“Through measurement to knowledge”
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@ Kelvin: T — 0 7445, ARESH R > o
@ Dewar: T - 0% ARFE, R—0
@. Matthieson: Z&Jit EFRAHFE, R — R(0) #0
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e T=3K: #%
“[The resistivity of] Mecury practically zero.”
B ZRRAS, g Dewar T 1AL
5 H 23 H: “At4.00 not yet anything to notice of rising resistance.
At 4.05 not yet either. At 4.12 resistance begins to appear.”

@ T=18K: *Hell #ii
“Just before the lowest temperaturewas reached, the boiling sud-
denly stopped and was replaced by evaporation in which the liquid
visibly shrank. So, a remarkably strong evaporation at the sur-
face.”



Persistent current: How zero is zero resistivity?

R=U/I: April 1911, R/Ry < 1073; May 1911, R/Ry < 107",
Current in a ring: I = Ipe RI/L = [pe~t/7r
@. Onnes, April 24th, 1914
Lead, “During an hour, the current [0.6 A] was observed not to
decrease perceptibly.”

Q@ J. Fill & R. G. Mills, “Observation of persistent current in a su-
perconductor solenoid”, PRL 10, 93 (1963),
NiZralloy, R=7x 1071 Q, p =4 x 10722 Q.cm~ 1070 p4,.
253 Ry 1500 /N (BN H ), B BECA W R8N HL )
SV ) T 4R



Persistent current: How zero is zero resistivity?

@ R. F. Broom, “An Upper limit for the Resistivity of a Supercon-
ducting Film”, Nature 190, 992 (1961)
The best known is that carried out by Collins, in which a persistent
current of several hundred amperes was maintained in a lead ring
for two and a half years. At the end of this time there was no mea-
surable decrease in the magnitude of the current. The resistance of
the ring is quoted by Crowe as less than 10~2! ohm, but no figure
for the resistivity of the lead is given.

@ Varlamov and Aslamazov, “The wonders of physics”
“The maximal duration of a nondamped superconducting current
recorded in England as about two years. (The current in the ring
would have circulated up till now (1987) but for a strike of trans-
port workers which caused a break in the supply of liquid helium
to the laboratory.) Even after the two years, no damping of the
current was detected.”
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Silsbee: Critical current is the current necessary to produce the critical
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Element Al Sn Pb Cd Nb
Theoretical Ay [nm)] 10 34 37 110 39
Measured A [nm] extrapolated to 0 K 50 51 39 130 44
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Intermediate state in Type I superconductor

type 1
Superconductor
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Mixed state in Type II superconductor
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Quinn, Fig 15.14



Vortex

B center

B(r) = Bcentere_r//l
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Quantization of flux

@ Ginzburg-Landau Z%{(: « = £/
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Flux pinning by impurity

o AL, H =B &ES), IR
%3l = RUAFHERR
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Einstein
Molecular conduction chains

Kronig
electron crystal

Bloch and Landau
spontaneous current

Bohr
coherent electron-lattice motion

London brothers
Two-fluid model

Bloch’s second theorem of superconductivity:
Every theory of superconductivity can be disproved.
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Heisenberg: B A 1] 208 1 Jaieifl, TR T R A
Born: AHEAM ]2 Brillouin 1 7 L FREE L, HrL TRE
i HH B R/

F. London: ZZffuff: - S &sh & 2 a) W5 [ME L, TR R 1%
Bardeen: ML TR SERASIGAL, BUERET, KRBUNM
XBiE — K Landau $if# 1 —Meissner (1Y

Bardeen and Frohlich: 751~ i HL 74 F AT DA AH B |
i

Feyman: A Bardeen # Frohlich 255t %, Fl I fdtie ab 3,
KRB

“... I warn you before you start, one comes up finally to a terrible

shock; one discovers that he is too stupid to solve the problem [of
superconductivity]. ”
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Stigler’s Law of eponymy: “No scientific discovery is named after its
original discoverer”, an economic law discovered by Merton and many
others.
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Since ’tis Nature’s Law to Change,
Constancy Alone 1s Strange.

“A Dialogue between Strephon and Daphne”
John Wilmot, 2nd Earl of Rochester
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