Dynamics of a Quantum System

RM postulate: The time evolution of a state |Y> of a closed quantum system is described
oy the schrbdinger equation
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where H Ls the hermitian operator known as the Hamiltonian describing the closed system.

a closed quantum system does not Lntevact with any other system

general solution: (W (t)) = Qx| :’—%‘E-] | ¢ (o))

the Hamiltontawn:

H is hermition and has a spectral decomposition H = 2 € |EP L&
with elgenvalues € =

and elgenvectors |E>

smallest value of §yis the ground state energy with

the eloenstate | >
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this ls a rotatlown around the equator wilth Larmor
precession frequency



Rotation Operators

whewn exponentiated the Paull matrices give rise to vrotation watrices around the three

orthogonal axis in z-dimensional space.
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If the Paull wmatrices X, Y or Z ave present tn the
Hawmiltonian of a system they will give rise to rotations
ot the qubit state vector avound the respective axis.
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Control of Single Qubit States

bg resonant Lrradiation: E
iy
AE = J&wq
fq\fu‘ﬂ o)
‘Zk Cos(ot)

qub!ﬁt Hamiltonlan with ac-drive:
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ac-fields applied along
the x and Yy components
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Rotating Wave Approximation (RWA)

O, Y tra nsform:
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drop fast rotating terms (RWA):  H o % [ Al

with detuning: A= Wa- W

l.e. irvadiating the qubit with an ac-field with controlleo amplitude and phase allows to
realize arbitrary single qublt rotations.



preparation of qubit states:

initial state |0>:
prepare excited state by rotating around x or Y axis:

Xg pulse: szt =~ i (> "E_‘ LD

Y= pulse: JZ% € -~ | 2> *‘(E,‘—*HO

preparation of a superposition state:

YRATY
X2 pulse: I, t = % 10— eg— p
Y2 pulse: )25 t = ‘;L; (65 ___ES.___ {a‘;;: ()
I

Ln fact such a pulse of chosen length and phase can prepare any single qubit state, L.e. any
polnt on the Bloch sphere can be reached



