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Aufgabe 11 (10 Punkte): Complete positivity

Consider a map that transposes the density matrix of a two level system:

(P++ P+—>_>(P++ P—+)'
pP—+ pP—— P+— P——

Show that this map is positive but not completely positive. (Hint: Assume the two-level system
belongs to a bipartite system of qubits and apply the map to just one part.)

Aufgabe 12 (10 Punkte): Not Lindblad form

Consider a master equation not in Lindblad form given by
p=AATp —2ATpA + pAAT.

Show that the equation violates positivity.

In order to do this, assume the state at time ¢ is pure and find the state at time ¢ + dt. Then
look at the populations. Showing this for a particular system, for example a two-level system, is
enough.

Aufgabe 13 (10 Punkte): Rate equation

Consider the following master equation of an arbitrary system
p=m Y W) (DIS)p+D[Sk)p).
w={er—€,1}

where D[A] p = ApAT — L {ATA p}, S, = (r[S|r')|r)(r'| and the states |r) are the eigenstates
of the Hamiltonian of the system Hg|r) = €.|r).

Show explicitly that in the eigenbasis of the system, the populations P,, = (n|p|n) and coherences
Pnm = (n|p|m) follow the equations

Pn = Z Fr—)nPr - Z Fn—)rPnp
r r
. 1
Pnm = _5 ; (Fn%r + Fm%r) Pn,m,

with Ty, = 270y(er — €,)[{r|S|n)|2.
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