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e 1911 Onnes, discovery of Hg
superconductivity at 4.2K

o 1937 Kapitsa, Allen, Misener's discovery
of superfluid *He

e Feynman could not solve it!

e [—
“The story of Feynman’s epic battle - ]
with superconductivity Is a little-known L
chapter In his sclentific career. As it |
turned out, Feynman was the loser in . .
that struggle......." LIy’
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1 A brief history of superconductivity

1. 1911 Onnes’ discovery of superconductivity of Hg &4 2k R: o> ]36\/)_

1933 Meissner-Ochsenfeld effect

1935 London equation

B e N

1937 Kapitsa, Allen, Misener’s discovery of superfluid 1He

1950 Ginzburg-Landau theory

[

1957 Abrikosov’s vortex state
1957 The microscopic theory — BCS

1962 Josephson effect
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1962 Anderson-Higgs mechanism

10. 1971 3He superfluidity

11. 1986 Bednorz and Mueller’s discovery of high T, superconductivity
12. 2006 Iron-based superconductivity

13. 2010’s Topological superconductivity, Majorana fermion

14, 2010’s Superconductivity of hydrides, H2S, LaH;
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2.3 Upper critical field H

We consider a critical field at which superconductivity is completely suppressed. Such
a field is called H. Later on, we will see that it actually happens when the vortex
cores touch each other. In this case, Hy is at the order of ®y/¢2. Now we start with
GL equation. Since at H., the order parameter nearly is nearly zero, we can neglect
the |¥|* term, and arrive at

he ot . e* : "
fo= =g =0 (= iV - ZA() ¥+ oty (20)

The cyclotron frequency w, = mc, which set up the Landau level gap fuw. The zero
point motion energy is %ﬁwc. Hence, when

pid = Iy 2mr*e ' " om*|a|  e*B
hc/e* (I>0
~ 21

2.4 The GL parameter x: type I and II

Now we can define a dimensionless quantity,

. AL(T)=(£)%m‘c_ A(T)
&) ~ \2n/ he' (T)E(T)
K = \/iHc/\i(T)/(Z—f)=2\/§ H’}I)LO(T), (22)

which is called the Ginzburg-Landau parameter. & plays an important role in deter-
mining type I and II superconductors.

It is easy to check that

S T (23)

We will have the following two situations, denoted as the type (II) and (I) supercon-
ductors, respectively.

1. Typell: If k > %, then H., > H,. When H, > H > H_, we still have supercon-
ducting condensation, since H is not enough to kill ¥ completely. Nevertheless,
it cannot completely expel the magnetic flux either. Otherwise, the Meissener
phase will not be energetically favorable at H > H,. Hence, magnetic flux will
partly enter the bulk, and it is called the mixed state. Later on, we will that it
corresponds to form vortices.

2. Typel: If k < %, then H, > H.. If we lower down the magnetic field, it will first
reach H,, then it becomes the complete Meissner phase, and it will not change
as further lowering the field.
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