Metal strip 1 Metal strip 2
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S-[-N Junetion, T=0

One-particle representation
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One-particle representation
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S-I-N Junctfon, 7=

Two-particle representation
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Two-particle representation
scl sc2
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Two-particle representation
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Current 1/ a.u.

10

o

Energy eV / a.u.

10

Tunneling current // mA

0.3

0.2 -

Ta/Ta,O,/Pb

B 417K
O 38.70K

1 2
Voltage U/ mV
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Pl flux quantization

Macroscopic wave function
™~ ~ Josephson effect

a) flux quantization

phase is well defined in entire superconducting system

consider superconducting ring in magnetic field

phase difference along a path

closed loop .

quantum mechanical current density

with g=-2eand M=2m ——

integration along closed contour line L

Stokes theorem

magnetic flux enclosed by the ring is quantized
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Experimental observation of flux quantization 1961

Deaver and Fairbank

Tin
mirror
quartz
lead modern measurement
I I I
NE 6 . .’oo-.J
- Tin :
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o 4 r
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¥ ‘o
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Doll and Nabauer § :
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0 1 2

Magnetic field B/ uT
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Josephson effects (1962)

Schrédinger equations

/ \

chemical potential coupling strength

ansatz and

with

Josephson equations

\V#O—>

Brain Josephson

dc Josephson effect

ac Josephson effect
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Experimental observation of dc Josephson effect

hysteresis parameter:

underdamped junction (large R and C)

» hysteretic Josephson junction
» for /< [, current is determined by current source

» for /> I, super current breaks down

N
)
=

Josephson junction

overdamped junction (small R and C)

» non-hysteretic Josephson junction

» for /> I, super current breaks down
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