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Outline
1. Josephson effect

2. Double well as a Josephson junction

3. Wavefunctions and energy spectrum

4. Bloch vector model

5. Decay of interference contrast

6. Adiabatic splitting of a double well
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Josephson effect
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ac measurements in 3He (Pereverzev et al, 1997)

Josephson (1962), Anderson (1964), Feynman (1965):

These equations are applicable for any two coupled, phase-coherent quantum 
systems.
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The population of the Left trap
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Hamiltonian with asymmetric component
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Two-mode approximation

We use the |LÚ, |RÚ basis vectors
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Energy differences
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Ground and excited states wavefunctions

1

5.2

5



9

DW interferometer
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No asymmetry

With asymmetry
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Bloch vector
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Spin operators: RLLRx ̂
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Bloch equations:
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Bloch vector evolution
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Bloch vector evolution
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Short and long splitting times
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Coherence at short and long splitting times
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Theory vs experiment
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Magnetic film

Ieff = 0.2 A
Non-magnetic 

film

BEC of 2x105 87Rb
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5 mmposition Z,   mm

Multiple BECs on atom chip



23

x

y

z

Au

Model of random impurities in magnetization

Evaluate some integrals and obtain an expression 
for the magnetic field rms roughness

Find for x=0 (at the edge) Model for edge 
fluctuations

Experimental 
data

y-2 model

Experimental result y-1.8±0.3

h
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S. Whitlock et al, Phys. Rev. A 75, 043602 (2007)
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BEC in a double-well potential
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Splitting in a double-well potential

Symmetric

double well

Presence of
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Sensitive sensor of asymmetry

Single shot sensitivity: 

16 Hz for 70 m separation of DW

or 1.5 x 10-28 J/m of gradient potential

or  g/g = 2 x 10-4

Asymmetry , Hz

B.V. Hall et al, Phys. Rev. Lett. 98, 030402 (2007)
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Similar observations in Gati & Oberthaler, J. Phys B (2007)



30

Summary of Lecture 1

1. Josephson effect can be studied in any two coupled, phase coherent quantum systems

2. Oscillatory exchange of atoms between two non-interacting BECs

3. Double-well interferometer for non-interacting BECs

4. Two-mode approximation and the Bloch vector model

5. Loss of coherence at short and long splitting times

6. Adiabatic splitting of two wells and measure of asymmetric potentials


