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1 Exercise 1: The Davies Master equation

Consider the derivation of the Davies master equation as outlined in Chapter 3.3 of "The
theory of open quantum systems” by Breuer and Petruccione (chapter available on the
course website). Let the system Hamiltonian be the Classical 1D Ising model with periodic
boundary conditions:

N
Hg =Y ZjZjy +hZ;, (1)
j=1

where Zy.1 = Z;. Consider the interaction Hamiltonian between the System and Environ-

ment to be
N

H =Y Y 0f®B, (2)

jil g

where o' € {X;,Y}, Z;} are the single site Pauli operators at site j, and B,, are operators
on the environment.
The master equation is given explicitly in diagonal form by

ps = L) = 3373, (@)D[Aa, ()] (p5), (3)

w Jj=1 «aj
where

DIX](p) = XpX' — S(X'Xp+ pX'X), (4)

and the operators A,,(w) are defined by the equation
efz'tHSO_]qez’tHS _ Z efitwAaj (w) (5>

We will not write the coefficients 7., (w) out explicitly, but note that they satisfy 7., (w) =
Bw
7o, (—w).

Exercise 1.1 Calculate the A, (w) explicitly for the X;, Y}, Z; Paulis at a given site j.
[HINT: eliminate all of the terms on the RHS of Eqn. (5) that cancel out, and expand the
exponential of the remaining terms: %%+ = cos(t)1 + isin(t)Z;Z;;1] How many distinct
values of w are there?



Exercise 1.2 Show that e ##s A4, (w) = ™ A,, (w)e s,

Exercise 1.3 Show that L£(e #s) = 0.



