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1. Spin dipolar interaction in liquid
Consider two spins coupled vias dipole interaction

HD =
γ1γ2h̄

4r3
(~σ1~σ2 − 3(~σ1 · n̂)(~σ2 · n̂)) , (1)

where r distance between spins, n̂ is a unit vector connecting two spins,
γn, ~σn n ∈ {1, 2} are gyromagnetic ratios and spin operators for each
spin, respectively. In liquid all spins are oriented randomly thus the in-
teraction for the whole ensemble of spins is averaged out. Show that
spherical average of HD over n̂ is zero.

2. Elements for quantum computing with NMR
Another spin coupling mechanism is called J coupling (or through bond
interaction):

HD =
Jh̄

4
(~σ1 · ~σ2) , (2)

where J is the strength interaction. W what happens if the difference for
spin frequencies is much more than J?

Consider two coupled spins
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where ω1 and ω2 spins Larmor frequencies. Driving spins by the trans-
versal magnetic field can be described by

HR =
∑
j=1,2

(Aiσ
i
x cos(ωt+ φ)). (4)

Here Ai describes the coupling of the magnetic field to each spin. Out-
line strategies for creating single- and two-qubit operation with help of
unitary evolutions governed by (3) and (4).
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