Superconductors and
superfluid
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Why doesn't helium solidify?
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Theory of superfluid

Two components
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OUTLINE SUPERFLUID

 Two components(n and s)
* Without viscosity
* Huge thermal conductivity

* Bose statistic



HISTORY REMARK

Dewar: all vibrations stop at zero Kelvin and
thus electrons can move through the atomic
lattice without resistance

Kehvn's predichon

/ Matthiessen: resistance is dominated by
impurities and dislocations inside the atomic
L S lattice and therefore resistance should be
sasiadian =" 4 finite at low temperatures and towards zero
' Kelvin

Resistance (Q)

Dewar's prediction

L 4

Temperature (K) .
Kelvin: all movement stops, also the electrons,

therefore, no current can be present, which is
represented as an infinitely large resistance



SUPERCONDUCTORS
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MOTIVATION

* Cheap electricity

* High magnetic field
What is needed for that?
* Room temperature

* High current



TIMELINE OF CRITICAL TEMPERATURE

Critical temperature T, [K]
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How to understand if it is a superconductor?

The Three Hallmarks of Superconductivity

Zero Resistance Complete Diamagnetism Macroscopic Quantum Effects
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Resistance (Ohms)
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Complete Diamagnetism

Fig. 9
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The Yamanashi MLX01 MaglLev
test vehicle achieved a speed of
343 mph (552 kph) on April 14, 1999

https://www.youtube.com/watch?v=4lE8QWtrEvQ&ab_channel=FalconFalzone



Complete Diamagnetism

Is an ideal conductor being a superconductor?
Meissner — Ochsenfeld effect For notes




Superconductors type

| type Il type
All pure metal without Nb All other



Magnetic properties of a superconductor(l type)

>

Ho  H(m)= 0) [1 - (T/71%)%].

B - magnetic induction
H - magnetic field strength
M — magnetization




Magnetic penetration depth (type |
superconductors)
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Magnetic penetration depth (type I

superconductors)
What are the Type -1 and 1

Type - Il Superconductors? — i -
H il s A - A ?E 1 % '
Moa Normal State L 3 & = | % &% % IB

K E

Heq He) (%)

\ . ..: (@) (b)
Superconducting State

3

d 5 c Temperatue (K) EIeCtrical 4 U



Theory of superconductivity
What are the Limits of Superconductivity?
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BCS Theory of Superconductivity

Bardeen-Cooper-Schrieffer (BCS)

Cooper Pair

First electron polarizes the lattice Second ele(;tron 1S att're.lcted to the
concentration of positive charges
T ~ Q —1/NV left behind by the first electron
Debye

Qnpepye 18 the characteristic phonon (lattice vibration) frequency
N is the electronic density of states at the Fermi Energy
V is the attractive electron-electron interaction

A many-electron quantum wavefunction ¥ made up of Cooper pairs is constructed
with these properties:

An energy 2A(T) is required to break a Cooper pair into two quasiparticles ougy speaking)
h

Cooper pair size: &E=v, <



OUTLINE OF SUPERCONDUCTIVITY

* The Three Hallmarks of Superconductivity(Zero resistance,
diamagnetic, flux quantization )

* Two types of superconductors

* Many applications



Bolometers
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Thermal property

Pinc(t) = P +AP(wt)

AT 1 —

AP G1+ w12 St ' =const. < C




The electrical sensitivity  Room temperature bolometers

_ 1 AR
AV = IiasAR (TCR = RAT)

Technique Material TCR [K™]
Sputtering YBaCuO 2.9-3.5
CVD Si,Gey_, 24
S — AV AR 1 ] DC sputtering + oxidation VO, 2.0
AP USATG V1+ w2 PLD VO, 28
[on beam sputtering + oxidation VO, 2.6
RF sputtering V>05/V/V,05 2.6
RF sputtering V-W-0O 2.7-4.1
DC magnetron sputtering + annealing VO, 44
Reactive e-beam evaporation VOr+ V»05 3.2




OUTLINE BOLOMETERS

* Bolometers are radiation detectors with operation speed and
sensitivity

* Dependence of Cand G

* The product of the sensitivity and the speed of the bolometer is
constant

e Strong dependence of temperature coefficient of the resistance



HOT ELECTRON BOLOMETERS
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129 — 140GHz
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Direct detection

Closed-cycle cryostats OCHOBHbIE Xa PaKTEPUCTUKH
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