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Weak links
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Example:

Al / Al2O3 / Al

Image credit: Coyau (CC-BY-SA) and Buckel, Supraleitung

https://commons.wikimedia.org/wiki/File:Moka_KILT._13.jpg


First tunneling experiments
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Ivar Giæver:

Finite voltage is required
to induce supercurrent

nothing special here...

Phys. Rev. 122, 1101 (1961)



Personality

Brian Josephson
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Josephson

Brian Josephson
born 1940

"Who is this chap Josephson? He seems to be going
through the theory like a knife through butter"

David Shoenberg

"A disconcerting experience for a lecturer, I can assure
you, because everything had to be right or Josephson
would come up and explain it to me after class"

Philip Anderson

Felix Bloch about Josephson's theory
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Josephson vs. Bardeen

1962, Josephson:

supercurrent depending on ∆φ

1962, Bardeen:

no supercurrent whatsoever

Phys. Rev. Lett. 9, 149 (1962)

1963, Rowell and Anderson:

supercurrent observed!
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Image credit: Physics Today, 54(7), 46 (2001)

http://doi.org/10.1103/PhysRevLett.9.147
http://doi.org/10.1063/1.1397394


Experimental con�rmation
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J.M. Rowell, Phys. Rev. Lett. 11, 200 (1963)

http://doi.org/10.1103/PhysRevLett.11.200


Josephson

Brian Josephson
born 1940

1973 Nobel prize in physics

later notorious for "promoting
unorthodox causes" (telepathy,
water memory, cold fusion)

"Who is this chap Josephson? He seems to be going
through the theory like a knife through butter"

David Shoenberg

"A disconcerting experience for a lecturer, I can assure
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Tunneling experiments reconsidered

Ivar Giæver
born 1929

1973 Nobel prize in physics
(nonetheless)
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I. Giaever, Rev. Mod. Phys. 46, 245 (1974)

http://doi.org/10.1103/RevModPhys.46.245
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Shapiro steps: Determination of e/h

Microwave radiation
in the GHz range

yields steps
in the I − V curve

The e/h constant
can be measured to
2× 10−6 accuracy
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Phys. Rev. 177, 639 (1969)

http://doi.org/10.1103/PhysRev.177.639


Material / Technology

voltage standard
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Old standard: Weston cell
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Cd-Hg battery Invented: 1893
Used as standard: 1911�1990

Image credit: US patent 494,827 and Je� Keyzer (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Westoncell_Volt.png
https://commons.wikimedia.org/wiki/File:Weston_cell_-_Hanford_B_Reactor_-_Benton_County,_Washington.jpg


Weston cell: not that stable
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Metrologia 29, 153 (1992)

http://doi.org/10.1088/0026-1394/29/2/005


JVS: Josephson voltage standard
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Rev. Sci. Instrum. 71, 3611 (2000)

https://doi.org/10.1063/1.1289507


Practical JVS
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Nb /Al2O3 /Nb

T = 4K

ν = 75GHz

10 Volt
from 20 000 junctions

Rev. Sci. Instrum. 71, 3611 (2000) and NIST (public domain)

https://doi.org/10.1063/1.1289507
https://commons.wikimedia.org/wiki/File:NISTvoltChip.jpg


Latest voltage standard
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Image credit: NIST

https://www.nist.gov/news-events/news/2013/04/primary-voltage-standard-whole-world


Remaining schedule

30.05 (today): seminar, solutions of problem sheet 3

6.06: lecture online (use Zoom link on the web page)

10.06: exam questions and problem sheet 4

13.06, 20.06, 27.06: regular in-presence lectures

27.06: seminar, solutions of problem sheet 4

exam: early August or 8.07 or 16.07

SUMMER BREAK!
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