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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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o T=3K: ﬁﬁa—
“[The resistivity of] Mecury practically zero.”
B3N ERRAE, At Dewar TIUH A&
5 H 23 H: “At 4.00 not yet anything to notice of rising
resistance. At 4.05 not yet either. At 4.12 resistance begins
to appear.”

o T=18K: “HeII i
“Just before the lowest temperaturewas reached, the boiling
suddenly stopped and was replaced by evaporation in which
the liquid visibly shrank. So, a remarkably strong evapora-
tion at the surface.”



Persistent current: How zero is zero resistivity?

R=U/I: April 1911 , R/Ry < 1073; May 1911, R/Ro < 107".
Current in a ring: I = Ipe R/ = [~/ 7R
@. Onnes, April 24th, 1914
Lead, “During an hour, the current [0.6 A] was observed not
to decrease perceptibly.”
o J. Fill & R. G. Mills, “Observation of persistent current in
a superconductor solenoid”, PRL 10, 93 (1963),
@ R. F. Broom, “An Upper limit for the Resistivity of a Su-
perconducting Film”, Nature 190, 992 (1961)

@. Varlamov and Aslamazov, “The wonders of physics”



Persistent current: How zero is zero resistivity?

R=U/I: April 1911 , R/Ry < 1073; May 1911, R/Ro < 107".
Current in a ring: I = Ipe R/ = [~/ 7R
@. Onnes, April 24th, 1914
o J. Fill & R. G. Mills, “Observation of persistent current in
a superconductor solenoid”, PRL 10, 93 (1963), NiZr alloy,
R=7x10"" Q, p =4%x 1072 Q.cm~ 10716 p,,.
L0 KZ 1500 /NN, B W SR o FRLUR ) BN TR
RO RUAC SR
@ R. F. Broom, “An Upper limit for the Resistivity of a Su-
perconducting Film”, Nature 190, 992 (1961)

@ Varlamov and Aslamazov, “The wonders of physics”



Persistent current: How zero is zero resistivity?

R=U/I: April 1911 , R/Ry < 1073; May 1911, R/Ro < 107".
Current in a ring: I = Ipe R/ = [~/ 7R

@. Onnes, April 24th, 1914

o J. Fill & R. G. Mills, “Observation of persistent current in
a superconductor solenoid”, PRL 10, 93 (1963),

@ R. F. Broom, “An Upper limit for the Resistivity of a Su-
perconducting Film”, Nature 190, 992 (1961)
The best known is that carried out by Collins, in which a per-
sistent 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 measurable decrease in the magnitude of
the current. The resistance of the ring is quoted by Crowe
as less than 1072! ohm, but no figure for the resistivity of
the lead is given.

@. Varlamov and Aslamazov, “The wonders of physics”



Persistent current: How zero is zero resistivity?

R=U/I: April 1911 , R/Ry < 1073; May 1911, R/Ro < 107".
Current in a ring: I = Ipe R/ = [~/ 7R
@. Onnes, April 24th, 1914

o J. Fill & R. G. Mills, “Observation of persistent current in
a superconductor solenoid”, PRL 10, 93 (1963),

@ R. F. Broom, “An Upper limit for the Resistivity of a Su-
perconducting Film”, Nature 190, 992 (1961)

@ Varlamov and Aslamazov, “The wonders of physics”
“The maximal duration of a nondamped superconducting
current recorded in England as about two years. (The cur-
rent in the ring would have circulated up till now (1987) but
for a strike of transport 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 magnetic field at the surface
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_..‘F Magnetic field E

Temperature Te
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Flux pinning by impurity
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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: AHHAEH FEHE 7R, TR ETRAE
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F. London: AZH#fEH FE@Sh= MR SIEH, TERHET
xF

Bardeen: HHEF/EH S ESIAS, SRREH, KRk
HRE — K Landau Pkt —Meissner 20

Bardeen and Frohlich: 7 1~ H A0 ) R 145 F T DL AH B0
511

Feyman: M Bardeen A Frohlich 453t k&, #HPLE AL
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“... T 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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Beyond original BCS theory

o JE s PH T ERECN
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Anderson-Higgs mechanics
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Anderson-Higgs mechanics
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Anderson-Higgs mechanics
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Higgs boson

@ 1960 % Nambu 5 i AT /A AETCRERRIOAR, 5 HEIX Rl
R IEHE BCS BRI MK MG AL
@ 1962 4 Goldstone il B HU Bk AL L0 RR H Al dl, #BA7
EP B JCRERIM K . Goldstone boson
@ 1962 4F Anderson 5 H JLHEFR ) Nambu-Goldstone £ 1] LA
ML HEBR I SE &, PAE
@ Englert & Brout (1964 £ 8 H); Higgs (1964 4 10 H) ;
Guralnik, Hagen & Kibble (1964 £ 11 H) KILEMRT L
Wl AR 45 Higgs boson
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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P(r) = Poe "

§1§Js dl = §£ (—A ;—hw)

S [ vxac ) ars o - 001}

2
— _\PZ 2e ) 2n7reh] BF = @ = n®, : Magnetic flux
0 m
nh F: Area
D = A = —nd in the ring
e

I : Current

WiE E T4k: ®y = BF = h/(2¢) ~2.068 x 10> Wb
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Josephson R W

—?ﬁé%ﬁifﬁﬁ@ gk
Y = pre' ¥, = \[pre'
@ HIit Josephson RN
I=1.sin(¢; — ¢2)
@ ATV Josephson Z W
1(t) = I sin(¢(1))
o (t) = po + asin(2eUt /h)
Josephson RV ) “HEF”
iho¥ = (=cU¥, +T¥,
ev = _
5’01 b= = Wez(qsz é1) $(1) = ¢1(2) = $2(1)
h I=p1=-p
zh(?,‘l‘z = ﬂzE‘Pz + TT]

eV
5.02 —pbr=——prt \//T;Oze‘("" %)

2eV T I E/ﬁ Josephson ZV.: p1 = pas
R h p_z_ ]cos¢ ¢ =0, I(t) =2T /hp; sin $(0)

R
I (N

2T .
= 2 Vpip2sin ¢(1)



Josephson R W
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Magnetic field

SQUID (Superconducting QUantum
Interference DeVice) Superconductor i
Biasing Biasing
@,/ current [ o | current
2 7
1
=32 -12
AR
\ 1
| 58
—_— e period of f\ &S
voltage variation .o QQ §§ §
corresponds to _ W @ E.g
anincrease of P §
one flux quantum S ;é‘,?’

®) = 2.068 x 107> Wh,
Wi E XS Rl ik AB ~ 1071 T,

v oA R A 7

63 [R5
BBk P EREIA A ~ 1078 T
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Critical temperature T, [K]
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o H AL T, #IRIL, w2 A 23 K.

@ McMillan ¥l 5 HH— H A HAEH SEUW T, ARgET 40 K
i McMillan £

o Little 5% NPl 5 P % HL L — Al Ak 7 AH B AE A R FE mT DL 3
ol F. FHBT— WA E AR MR s, v LR
McMillan #%FR

@ 1970 4 Miiller KIFZ R LR AT (T, ~ 1K), HA[LL
W B A e T,

@ 1980 4FAC, Miiller 1 Bednorz FFELmf 98 M &8 S8, W&
7F 1986 KU LaBaCuO H T, nJLLAZR| 35 K, J&4 T,

S AR
@ 1987 4, Tanaka 1 Chu (RZLE) 7 HUEsE T Miller Al

Bendnorz W& %, JEiE—2 kI YBaCuO W) T, 0] DLk
90 K
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ES )NV H: From BCS to LHC

o U H A I A e AR A LY
@. Cooper FCXT
o HARNPRAEER + MY5Y: Higgs boson
o MH
o LHFEREEALIX
o B HL A A
o FREERIATRI (SQUID)
HeBr b E
o i
o HiEIFHI%:
o AL
o HiILIRAE (MRD
e LHC

The idea of Higgs mode and the detection of Higgs boson
o E-bombs

AR HL K, 2003 4 HIRECGE PH O ) 1 R S



Since 'tis Nature’s Law to Change,
Constancy Alone is Strange.

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