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Relation between Duality and Uncertainty .

from Pure State to Mixed State

LIU Hong-yu', CHEN Li', MING Ying®*, LIU Ling',
LIU Kui', ZHANG Jun-xiang', GAO Jiang-rui'’

(1. State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of Opto-
Electronics, Shanxi University , Taiyuan 030006 ,China; 2. Department of Physics, College of Science,
Yanbian University , Yanji 133002, China)

Abstract: We present a study of the relation between the wave-particle duality and the quantum uncertainty
in a two-path interferometer and derive equalities and inequalities involving the visibility (representing the
wave-like behavior) , the distinguishability (representing the particle-like behavior), and their variances.
We experimentally demonstrate that, for a single photon in the Mach-Zehnder interferometer, these
quantities are related via an equation that connects both duality and uncertainty. Although this relation
holds for the single-photon source prepared irrespectively in a pure state or a mixed state, it haven't shown
the result between pure and mixed state. This paper researches the state between pure and mixed state, and
the results still satisfy the relation of the four quantities.

Key words: duality; uncertainty; single photon



