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Quantum Gates

CNOT (controlled not) and single qubit rotations are 
universal

SWAP is not universal
can not create entanglement
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Quantum Gates
Unitary Evolution
U = exp(−iHt/�) H = E

ZZσ(1)
z ⊗ σ(2)
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Ising interaction



Quantum Gates
XY interaction Heisenberg interaction
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Josephson junction

I = I0 sin(δ)

V =
φ0

2π
δ̇ =

�
2e

δ̇



tilted washboard potential
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