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Time is a concept that lies at the heart of the foundations of physics. Recently, much effort has
been put towards a broader understanding of time in quantum mechanics within a relational
approach. This approach, originally due to Page and Wootters, consists of having one or
more quantum systems used as references for time to study the dynamics of other systems
of interest. In this talk, we first use this framework to study the von Neumann measurement
scheme of the total energy of a system that contains an internal clock. We analyze whether
quantum mechanics requires a minimum duration for the measurement from the perspective of
this clock or of others external to the system and derive new time-energy uncertainty relations
[1]. Moreover, we show that the dynamics from the perspective of the internal clock is non-
unitary [1]. Further studying this aspect, we prove that, in general, non-inertial clock frames
lead to non-unitary dynamics [1]. Accelerating and gravitating quantum clocks are given as
key examples [2]. Finally, we discuss the implications of the above for dynamical nonlocality
in space [3] and time [4].
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