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The idea of ‘Hamiltonian purification’ is known as : any Hamiltonians of a quantum system, which
are in general noncommutative with each other, can be made commutative by embedding them in an
extended Hilbert space, thus the dynamics in the extended space becomes trivial and simple. The
original noncommutative Hamiltonians are recovered by projecting the system back onto the original
Hilbert space through frequent measurements. Here, we generalize this idea to open system dynamics
by presenting a simple construction to make Lindbladians, as well as Hamiltonians, commutative on a
larger space with an auxiliary system. We show that the original dynamics can be recovered through
frequently measuring the auxiliary system in a non-selective way.
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Two oscillators coupled to a two-level system which in turn is coupled to an infinite number of oscillators
(reservoir) are considered, bringing to light the occurrence of synchronization. A detailed analysis
clarifies the physical mechanism that forces the system to oscillate at a single frequency with a predictable
and tunable phase difference. Finally, the scheme is generalized to the case of N oscillators and M (< N)
two-level systems.
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A novel recipe for exactly solving in finite terms a class of special differential Riccati equations is
reported. Our procedure is entirely based on a successful resolution strategy quite recently applied
to quantum dynamical time-dependent SU(2) problems. The general integral of exemplary differential
Riccati equations, not previously considered in the specialized literature, is explicitly determined to
illustrate both mathematical usefulness and easiness of applicability of our proposed treatment. The
possibility of exploiting the general integral of a given differential Riccati equation to solve an SU(2)
quantum dynamical problem, is succinctly pointed out.
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The completeness, together with the orthonormality, of the eigenfunctions of the Dirac Hamiltonian with
a step potential is shown explicitly. These eigenfunctions describe the scattering process of a relativistic
fermion off the step potential and the resolution of the identity in terms of them (completeness) is
shown by explicitly summing them up, where appropriate treatments of the momentum integrations are
crucial. The result would bring about a basis on which a field theoretical treatment for such a system
can be developed.
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