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Temperature Dependence of Resistance
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Electrical resistivity of three states of solid
matter

A Graphite is a metal, diamond is an insulator and
buckminster-fullerene is a superconductot

They are all just carbon!

(arb. units)

_

0 50 100_130 200 250 300 0 350 100 150 200 250 300 0 50 100 150 200 250 300
T(K) T (K) T(K

Electrical resistivity

Metal Insulator Superconductor



Introduction

Superconductivity discovery
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Introduction..

What is Superconductivity??

Non-superconductor

Super-
conductor

Resistivity p(T)

Temperature 7'

Q=kR=0(R

Susceptibility x(T)

1
0 T,
Temperature T

:O)

V=IRorV/I=R=0 (R =0)

V Superconductivity is the ability of certain
materials to conduct electrical current with no
resistance

V Thus,superconductorscan carry large amounts of
currentwith little or no lossof energy

W. Meissner (1933) Heike Kamerlingh Onnes

(Nobel Prize 1913)
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Basic Characteristics of SC

Perfect diamagnetism

Meissner-Ochsenfeld effect

Zero Resistance

Resistance
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The Meissner (and Ochsenfeld) Effect

superconductors push out magnetic fields

- and keep them out
with constantly flowing
resistanceess currents

this 6diamagneti cO0O property |



Levitation with High -Tc Superconductors

7

. TOSANOUMI

~ (Sumo Wrestler)

|  Height of Tosanoumi 186cm
Weight of Tosanoumi  142ky
Weight of disk 60kg
Total weight 202k

A kg or so of fish bowl



Superconductivity phenomena

A Perfect conductivity s =&

A Perfect diamagnetism B =0

A Magnetic field suppresses superconductivity(TH H.,(T), H.,(T)
A Magnetic flux is quantized in units of h/2e

A Dynamics of the lattice is important, T M-

A Energy gap

AT.and energy gap are related

A Superconductivity mechanism in HTS is different from LTS



Magnetism:Properties of Superconductors

Superconductors can be
classified into two types
according to their interaction

with an external magnetic % Type I Bc2 Type II
field: E, EJ MNormal
E MNormal ﬁ
Type| B, 2| norma and
B superconducting
AType | superconductors ¢
expe| all magnetic flux Temperature Ts Temperature Te
http://www.qgitam.edu/eresource/Engg_Phys/semester_2/supercon/type_1_2.htm
ASuperconductivity ends

. _ Figure 7.1: Type | superconductorare different than
when a critical flux is Type Il superconductors This figure shows the

applied. Examples include  comparisorof graphsBc vs Tc in both types Typelll
mercury, lead, and tin. hasa mixed statewhile Typel doesnot

Callister, W.D. 2012, 776779.
Patel, M.J. et. al. Nat. Confer. Rec. Trend. Engr. Tech. 2011.


http://www.gitam.edu/eresource/Engg_Phys/semester_2/supercon/type_1_2.htm
http://www.gitam.edu/eresource/Engg_Phys/semester_2/supercon/type_1_2.htm

Type | - Meissner Effect

A Type |
superconductors expel
magnetic field.
(Meissner Effect)




Type |
Superconductors

Be
Rh

Ir
Lu
Hf
Ru
Os
Mo
Zr
Cd

Ti
Zn

o>

Mat.

1. (K)

0.015

0.1
0.1
0.1
0.5
0.7

0.92
0.546
0.56

0.2

0.39

0.85

1.083

Mat.

Gd*
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Magnetization of superconductors

Type | Type Il
A H H
H cl c2
i » H ' —— > H
ApM 4pM
Meissner normal Meissner mixed normal
B=0 B=H B=0 B<H B=H

Magnetic field suppresses superconductivity



Type Il Material Transition Eritiu:al

Superconductors Temp (K) Field (T)
MET] 10 15
FoMoSs 1.4 5.0
MEM 15.7 1.5
Wz 5 16.9 235
Mbz5n 15.0 o
MOz 4] 13.7 224
Mbz{AlGe) 207 ]
Mb - be 25 S0

From Blatt, Modern Physics



Physics of type | and Il superconductors

uNLondon Penetration

is the efold decay length of the magnetic field from the superconductor skin due to the Meissner

(in the range of 10 to 3G m)

u Coherence Lengtho
the average size of Cooper in the
superconducto(in the rangeof 10 to 100 nm,
|.e. muchlargerthanthe inter-atomic distance
typically of 0.1to 0.3 nm.

GinzburgLandau Parameter k

k<y U typel
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There are two main theories in SC
First Theory ’_

theories have been developed:
U London theory (1930s)
U Macroscopic quantum model of superconductivity
U GinzburgLandauAbrikosowv+Gorkovtheory
(early 1950s)
U GinzburgLandau Theory describes the properties of

superconductors in magnetic fields

Secondl'heory

U Microscopic BCS theory 1 describes why materials

aresuperconducting



The BCS attractive mechanism

IS due to electrons slightly
deformingthecrystallattice

A theoretician would describe this
attractionasdueto exchangef

Ovi pthoalons o

- but we can visualise It as the
Nsagging mattr e

Randy Simon, Andy Smith, Superconductors

A sagging mattress draws hwo sleepers togeiher.



Cooper Pair

ATwo electronsthat appearto "team up" in accordancewith
theory- BCS or other- despitethe fact that they both havea
negativechargeandnormallyrepeleachother

A Below the superconductingtransition temperature,paired
electronsform a condensate a macroscopicallyoccupied
singlequantumstate- which flows withoutresistance

A Electrons Fermions

A Cooper pair Bosons



Classical model of superconductivity

1957 John Bardeen, Leon Cooper, and John Robert Schrieffer

An electron on the way through the lattice interacts with lattice sites (cations).
The electron produces phonon.

The lattice
deformation creates
a region of relative
positive charge
which can attract
anotherelectron

During one phononoscillationan electroncancover
a distanceof ~10*°A. The secondelectron will be
attracted without experiencing the repulsing
electrostatidorce.

20



Cooper Pair

Creation of a C-Pairs diminishes A movement of the C-P when a

energy of electrons Breaking a pair  supercurrenis flowing, Is considered
(e.g. throughinteractionwith impurity ~ asa movemenbf a centreof the mass
site)meansncreasef theenergy of two electronscreatingC-P.

All the C-P are in the samequantumstate
with the sameenergy A scattering by a
lattice imperfection (impurity) can not
changeguantumstateof all C-P at the same
time (collektive behaviour)




What destroys superconductivity?

A current produces magnetic field which in turn destroys
superconductivity

Current density

High temperaturesstrong
thermal vibration of the
lattice predominate over

o _ ~ the electronphonon
Magnetic field:the spins of the & will coupling

be directed parallel.

Temperature

Magnetic field

should be antiparallel in-©)

22



Penetration depth

B & S [
o
Superconductor 5
S
B(x)=Ba-exp(-x/2) =

O I 4,-0.5
2 = L (T)=1 *(1-(T/T))

—» \o— &

|

—> | . : : . . !

Temperature TC

| depicts the distance where B(X) t8me smaller than
on the surface

23



Magnetizationi g ,M

SC type Il In a magnetic field

B,=B,+mM
| |
Meissner | Mixed phase Normal
phase | Phase lcondu
! ictor
| |
| |
| |
| |
| |
| >
0 Be Bco

Outside field B,

Average inside field B

0 Be Bci
Outside field B,

Vortex-lattice in superconductor type
ll. Magnetic flux of a vortex is
guantized:

F ,=h/2e@®.07-106'5Tm?

24



A big class of new materials
(> 2000 compounds)

Superconductine elements
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Superconductors I "o
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Break through High Tc SC

In 1986HTCS (La, g:Ba, ,-:CuQ,, T.=30K) havebeendiscovered
The higher critical temperature for HTCS is 138 K

(Hgy 5Tl 2:Ba,Ca,Cu;0q 55)

High Temperature Superconductors (1986)

Received the Nobel Prize
1987 for discoveryof the first
of the copperoxide
superconductors




Alex Muller and Georg
Bednorz

Jh-T.Superconductivity
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Development of Superconducting Materials:

KamerlinghOnnesto M.l. Eremets

Superconductivity({911te 2015(104 years))

T.from 1911 to
till date

~ 4K

~ 203K




