-2
Exercise 1 Mg =9.274 xlo "15/-,-

Consider an electron subject to a static magnetic field B, = 1 T along Z and a resonant magnetic _h - -3v 3
field of amplitude B; = 1 mT along X coupled to the electron. After calculating the frequency of the = k055 x o A

resonant field, derive:
a) the pulse envelope amplitude to operate an X gate, when the pulse duration is t; = 100 ns. <_> _n_
b) the pulse duration to operate an £ gate, when the pulse envelope amplitude isn = 0.5. {'l
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Exercise 2

Consider an electron subject to a static magnetic field B, = 1 T along Z. A resonant magnetic field
with tunable phase of amplitude B; = 1 mT along X is coupled to the electron by an on/off switch
with no amplitude modulation. Calculate the frequency of the resonant field and draw the pulse

schedule to operate the gate 0 = H - X.

B = 1T 2 Om/of = q=dor0 X:8=0 €=T
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Bj<tam1 X  J=f-x = R.4%) 0:0,t < C=53, =35.73ms
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Exercise 3
An electron is immersed in a static magnetic field B = 1T directed along Z and coupled to a
resonant magnetic field of amplitude B, = 1 mT along x. Calculate the timing accuracy of a control

system to provide a rotation angle accuracy Af = Jm along x.
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Exercise 1

Consider a state [). Knowing that Py(lyp)) = 0.8, Pi(Jy)) = 0.3, P, (H|y)) = 0.6,
Py (H[y)) = 0.4, Po(HSt)) = 0.7, P, (HST|)) = 0.3, estimate the angles 8, ¢ localizing the state on the

Bloch sphere.

P (18>) - P,(llb)) = Cos (§) <=> Cos(0)=0.5 <= b=3
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Exercise 2
Derive the pulse schedule to operate O = XH for a spin-qubit quantum computing system equipped with

the following primitives:

e R,(6) by free Larmor precession induced by a static field B, = 0.5 T
R, (0) by ESR induced by a resonant oscillating field B, = 2.7 mT with constant phase
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Exercise 3 P w w
Consider the operator in Exercise 2. Derive the pulse schedule to operate 0 in a spin-qubit quantum
computing system equipped with: ¢

dzan-Sy

« Calibrated R, (%) pulses realized by ESR with . = 18.896 MHz, @ = 7 GHz
s Virtual-Z gates with arbitrary phase angle 8

Apply Virtual-2 3a+c fovl—', apply R,,(gr_)J apply 29,.1‘1 faY% apply R(5) bwice

T short . VZQOR(T) - VZOOR,( ) - V2Qx +I) - R () - V(D)
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Exercise 4

Consider a quantum system with natural frequency wy; = 2 - 5 GHz and anharmonicity Aw = 2m -
200 MHz where a -rotation pulse along X is operated by ESR. Compare the driving amplitudes n and
spectral amplitudes B of the driving field for the |1) — |2) transition for a driving pulse with:

a) rectangular envelope of amplitude n, and width t; = 10 ns.
b) rectangular envelope of amplitude 7, and width t, = 100 ns.
c) Gaussian envelope of amplitude n; with FWHM At = 10 ns.
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