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Rewinding the tape 
to touch the macroscopic quantum world



Physical implementations ?

PhotonsNMR
Trapped ions
(or atoms)

Electrical
circuits ? 

Quantum Mechanics of a Macroscopic Variable: 
The Phase Difference of a Josephson Junction

usually not quantum !

A quantum component
The Josephson junction

manmade objects
– energy spectrum can be engineered
– strong interactions
– tunable parameters
– micro fabrication => in principle scalable
– all microwave control
– commercially available components



Quantum behavior displayed by a single macroscopic degree of freedom (the phase



Superconductivity as a 
Macroscopic Quantum Phenomenon

€ 

ψ = nSe
iΦψ = nSe
iΦ



Quantum behavior displayed by a single macroscopic degree of freedom (the phase

Quantum behavior displayed by a single macroscopic degree of freedom (the phase
difference across a current-biased Josephson tunnel junctions): whether or not
macroscopic systems like this exhibit quantum mechanical behavior, for example
zero point motion, macroscopic quantum tunneling, or quantization of energy.
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The Josephson effect
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A. Barone and G. Paternò, Physics and Applications of the Josephson effect, Wiley 1982
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Josephson junction: the only
non-linear and non-dissipative component 

LJ 0 =
Φ0

2π Ic

LJ ΦJ( ) = LJ 0
cosϕ

Is(ϕ)= Icsinϕ
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DUDU Phase
dynamics
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Junction parameter fluctuations

Qr,EJ, EC

get rid of randomness of static
offset charge

charged
impurity

tunnel 
channel

electric
dipoles

1 
nm

possible solutions

1-Control offset charge with a gate

2-make EJ/EC very large

possible solutions

Cooper pair box (charge qubit)

RF SQUID (flux qubit)
Current biased Junction (phase qubit)



The quantum path, the single Cooper pair box

Ĥ = Ec (N̂ − Ng )
2 − EJ cos(ϕ̂ )

Ec =
(2e)2

2(Cg +CJ )

EJ =
hΔ
8e2Rt

Y(N)

N
phase

number

Two limit regimes :

N 2 >>1

N 2 ≈1
Ng =

CgVg
2e

Hamiltonian

ϕ̂ , N̂⎡
⎣

⎤
⎦= i

Vg

Cg CJ

N
θϕGate 

electrode
Superconducting

island

Superconducting
reservoir

Tunnel 
junction

Vg

Strategy: compensate 
static offset charge

with gate


