The zero resistance transition of Hg measured in 1911 by Kamerlingh Onnes.
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qa’! 3 Heike Kamerlingh Onnes (right), the discoverer of superconductivity.
R Paul Ehrenfest, Hendrik Lorentz, Niels Bohr stand to his left.
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; Figure 4. Historic plot of resistance (ohms) versus temper-
2 ature (kelvin) for mercury from the 26 October 1911 experi-
i

ment shows the superconducting transition at 4.20 K.
Within 0.01 K, the resistance jumps from unmeasurably
small (less than 10 (1) to 0.1 Q). (From ref. 9.)
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Look at the History of the “History of Superconductivity” ....
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Temperature (Kelvin)
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Critical temperature T, [K]
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Resistance {ohm)

Resistance
fohm)

Conventional superconductivity at 203 kelvin at high
pressures in the sulfur hydride system

A.P. Drozdov'*, M. I. Eremets'*, 1. A. Troyan', V. Ksenofontov” & S. I. Shylin
Nature 525, 73—76 (03 September 2015) doi:10.1038/nature14964

Zero Resistance

b Meissner Screening
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Superconducting Elements
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Classes of Superconductors

“Conventional” 3D BCS s-wave

Nb, Al, Pb, Sn, Nb;Sn, Nb-Ti, etc. | T<25K

ACy, elc.c.‘hlmtcll? - doped Ceo, M%- B, T<40K
“Organic” Quasi 1-D,2-D

(TMTSF),X, (BEDT-TTF),X T.<12 K
“Oxide”

Ba(Pb-Bi);0, Ba-K-Bi-O T.< 30 K

”Heavy Fermion” Anisotropic (p- or d-wave)

UPt;, UBe;;, CeCu,Si, T<2K
“Cuprates” T P/S4 K

High-T: : ‘hldef P‘lﬁmz’
Hg-Ba-Ca-Cu-O T.< 135K
T1-Ba-Ca-Cu-O T.<125 K
Bi-Sr-Ca-Cu-O | T.< 108 K

¥ Y-Ba-Cu-O T.< 93 K

Low-T_
La-Sr-Cu-O T.<36 K

& Nd-Ce-Cu-O T.< 25K

"Ruthenates”  Se-Ru-0 (p-wawed T, < Sk

Superfluid 4He -> Bose-Einstein condensate: T ~2K

Superfluid 3He > S = 1 pairs, p-wave superfluid: T~ 1073 K



Meissner Effect
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ic Quantum Phenomena
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Perfect Conductor vs. Superconductor
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Zero Resistance and
Perfect Diamagnetism

Superconductor vs Perfect Conductor
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Flux Quanhizddim in a HigTe SC
C.E.Gough, et al. Nature 326, 355 (1703),
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Fig. 2 Output of the r.f.~SQUID magnetometer showing small
integral numbers of fux quanta jumping in and out of the ring.
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Low Temperature Specific Heat of Aluminum

¢ (millijoules/mole - K)

T(K)

Ashcroft and Mermin, p. 734

Low-temperature  specific
heat of normal and super-
conducting aluminum. The
normal phase 18 produced
below T, by application of a
weak (300-gauss) magnetic
field, which destroys the
superconducting  ordering
but has otherwise negligible
effect on the specific heat. The
Debye temperature is quite
high in aluminum, so the
specific heat is dominated by
the electronic contribution
throughout this temperature
range (as can be seen from
the fact that the normal-state
curve 1s quite close to being
linear). The discontinuity at
T. agrees well with the theo-
retical prediction (34.22)
[¢, — ¢,)/c, = 1.43. Well be-
low T, ¢, drops far below
c,, suggesting the existence
ol an energy gap. (N. E.
Phillips, Phys. Rev. 114, 676
(1959).)
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Specific heat ¢ (arbitrary units)
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MEASURED VALUES OF THE RATIO”
[(C.\' - Cn)/ Cﬂ]?'c

[cs — C,,:l The ‘Universal’ Heat
I(,

ELEMENT Cy Capacity Jump at T_
Al 1.4
Cd 1.4
Ga | {4
Hg 2.4
In 1.7
La (HCP) 1.5
Nb 1.9
Pb 2.7
Sn 1.6
Ta 1.6
Tl 1.5
\Y 1.5
Zn 1.3

“ The simple BCS predictionis [(c, — ¢,)/c,]r, = The prediction holds for
1.43. weak-coupled SCs
Source: R. Mersevey and B. B. Schwartz, Supercon-

ductivity, R. D. Parks, ed., Dekker, New York, 1969.

Ashcroft and Mermin, p. 747
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