Title: PSI 2016/2017 Condensed Matter - Lecture 13
Date: Nov 23, 2016 10:45 AM

URL: http://pirsa.org/16110064

Abstract:

Pirsa: 16110064 Page 1/102



Pirsa: 16110064 Page 2/102




Pirsa: 16110064 Page 3/102




Pirsa: 16110064 Page 4/102




Pirsa: 16110064 Page 5/102




Pirsa: 16110064 Page 6/102




Pirsa: 16110064 Page 7/102




Pirsa: 16110064 Page 8/102




Pirsa: 16110064 Page 9/102




Pirsa: 16110064 Page 10/102




Pirsa: 16110064 Page 11/102




Pirsa: 16110064 Page 12/102




Pirsa: 16110064 Page 13/102




Pirsa: 16110064 Page 14/102




A L TEALLIND

[l Al

Pirsa: 16110064 Page 15/102




( | ‘Hl." ULIND

e /
"!l' \ ('t "i-l

J 'lf .u
-J' |MH @ S /r'f,

8}

Pirsa: 16110064 Page 16/102




\[]

VLH'.' OLaND

Pirsa: 16110064 Page 17/102




16110064 Page 18/102




J‘Hh' ALdND

Pirsa: 16110064 Page 19/102




7Hf|' OLIND

Pirsa: 16110064 Page 20/102




[Ii{fl"--' Lang

Pirsa: 16110064 Page 21/102




th'rlr. ALannD

Pirsa: 16110064 Page 22/102




Pirsa: 16110064 Page 23/102




Pirsa: 16110064 Page 24/102




Pirsa: 16110064 Page 25/102




Pirsa: 16110064 Page 26/102




~ . ‘
R (’ NEALLIND

G Ll

Pirsa: 16110064 Page 27/102




& A\ LA LOLAND

A€ )= consl .\j ( El L F >
\

Pirsa: 16110064 Page 28/102




Superconductivity

Kamerlingh Onnes, H.,

"' Comm. Phys.
Lab. Univ. Leiden; Nos. 122 and 124, 1911.
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What else happened between 1933 and the ‘modern era’?
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Messungen mit Hilfe von fliissigem Helium. XIII.
Kontaktwiderstand zwischen Supraleitern und Nichtsupraleitern.

Von R. Holm und W. Meissner in Berlin-Charlottenburg.

Mit 4 Abbildungen. (Eingegangen am 26. Januar 1932.)

Zeitschrift fur Physik, Bd. 133, S. 499—503 (1952).

Versuche zur Supraleitung an Kontakten.
Von
[SOLDE DIETRICH *.
Mit 7 Figuren im Text.
(Eingegangen am 2. Juli 1952.)
Kontakte zwischen Kontaktgliedern des Supraleiters Tantal mit einer isolierenden
Tremdschicht aus TiO, oder CeQO, bekannter Dicke werden supraleitend. Die

Abhilingigkeit der Ubergangskurve von der Dicke der Schicht und der Belastungs-
stromstirke wird untersucht.
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8. Zwischen Supraleitern aus gleichem oder verschiedenem Material
(geprift wurde Sn und Pb) ist ein supraleitender Kontakt ohne Ver-
schweilung der Materialien mdglich. Bei Eintritt der Supraleitfibigkent
verschwindet auch der Widerstand der Storschicht.

3. Between superconductors of the same or different materials (...)
superconductivity is possible without welding them. When

this superconductivity occurs, the resistance of the layer

(contact region between the superconductors) disappears.

Versuche zur Supraleitung an Kontakten.
Von
[soLDE DIETRICH ®.
Mit 7 Figuren im Text.
(Eingegangen am 2. Juli 1952.)
Kontakte zwischen Kontaktgliedern des Supraleiters Tantal mit einer isolierenden
Tremdschicht aus TiO, oder CeQ, bekannter Dicke werden supraleitend. Die

Abhiingigkeit der Ubergangskurve von der Dicke der Schicht und der Belastungs-
stromstirke wird untersucht.
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DIRECT MEASUREMENT OF THE SUPERCONDUCTING ENERGY GAP

James Nicol, Sidney Shapiro, and Paul H. Smith
Advanced Research Division, Arthur D. Little, Incorporated, Cambridge, Massachusetts
(Received October 27, 1960)
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FIG. 1. Voltage vs tunneling current for an Al-Al,04-
Pb sandwich at 1°K.
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ELECTRON TUNNELING BETWEEN TWO SUPERCONDUCTORS

Ivar Giaever
General Electric Research Laboratory, Schenectady, New York
(Received October 31, 1960)

i6f was not traced out. Also, as is apparent from
the low-current behavior of this sample, the
oxide film is pierced by a superconductive bridge.
When the current is increased the bridge goes
normal, and its conductivity is too low to affect
the general characteristics of the tunneling. When
the current is decreased, the bridge remains
normal at a lower current due to Joule heating.

14+ Al=A1LOy = In

- — g -

CURRENT IN ARBITRARY UNITS
I

. o

Al—81,0,~Al

VAL R LR R R

. 8 1.0
MILLIVOLT

Pirsa: 16110064 Page 64/102



Pirsa: 16110064 Page 65/102




What else happened between 1933 and the ‘modern era’?

Heinz and Fritz London, 1935 Vitaly Ginzburg and Lev Landau, 1950
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Heinz and Fritz London, 1935 Vitaly Ginzburg and Lev Landau, 1950
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What else happened between 1933 and the ‘modern era’?

Heinz and Fritz London, 1935 Vitaly Ginzburg and Lev Landau, 1950
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A case study ---- high temperature superconductivity

Bednorz, J. G., and K. A. Miiller, 1986, Z. Phys. B 64, 189.
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FIG. 5. Low-temperature resistivity of a sample with
x(Ba)=0.75, recorded for different current densities. From
Bednorz and Muller (1986), © Springer-Verlag 1986.
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PHYSICAL REVIEW VOLUME 114, NUMBER 3

Heat Capacity of Aluminum between 0.1°K and 4.0°K*

Norman E. Pairries
Department of Chemistry and Radiation Laboratory, Universily of California, Berkeley, California

(Received December 1, 1958)
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IFic. 4. Heat capacity of aluminum from 0.1 to 2.0°K. The two
experiments in the adiabatic demagnetization range are designated
by squares for the normal state and circles for the superconducting
state, The triangles represent points taken at liquid helium
temperatures,
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T

2T,

Specific Heat C

e

Figure 4.7 Temperature dependence of the normal-state €, (- - -) and superconducting-state
C, (—) specific heats. The figure shows the specific heat jump 1.43y7T, of Eq. (4.9) that is
predicted by the BCS theory, the crossover point at T =T,/ V3. and the maximum negative
jump 0.4dayT, at T =T_/3. In this and the following 12 figures it is assumed that only the
lincar electronic term 7" exists in the normal state (i.e, AT = 0).
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Superconductivity
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Figure 4.11 Effect of an applied magnetic field B, =0.758_ on the Gibbs free
energy G, (T, B) in the superconducting state. In this and the succeeding figures
dashed curves are used to indicate both the normal-state extrapolation below T
and the zero-field superconducting state behavior, where T, denotes the transition
temperature when there is a field present.
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XVIII IDEAL TYPE Il SUPERCONDUCTOR
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Figure 5.26  Relation between upper-critical field B, and temperature for the best
classical superconductors, some of which are used for fabricating commercial magnets. In
the high-temperature limit (2/37. < T < T_) many of the curves have a slope that is close
to the value 1.83T/K of the Pauli limit (dashed curve) (Wilson, 1983, p. 302).
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PHYSICAL REVIEW VOLUME 122, NUMBER 4 MAY 15, 1961

Study of Superconductors by Electron Tunneling

Ivar GIAEVER AND KARL MEGERLE
General Flectric Research Laboratory, Scheneclady, New Vork
- ] )
(Received January 3, 1961)
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General Flectric Research Laboratory, Scheneclady, New Vork
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