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Einstein’s unrealized dream: Unification of physical laws

YANG JinMin'! & WANG Fei?

! Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, China;
% Department of Physics and Engineering, Zhengzhou University, Zhengzhou 450000, China

In this review, we survey the history and status of the unification of physical laws. Starting from Newton’s unification of
celestial and terrestrial laws, we recall Maxwell’s unification of electromagnetism and light, Einstein’s unification of
spacetime and matter, and the unification of electromagnetic and weak interactions. We also mention some unsuccessful
unification attempts like the unification of gravity and electromagnetism, the unification of quarks and leptons as well as
the supersymmetric grand unification. Finally, we comment on the ongoing string theory which tries to unify all
interactions.

unification, gauge theory, supersymmetry, string theory
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The limits of computation

J1 ZhengFengl’2 & XIA MingJi'

! State Key Laboratory of Computer Science, Institute of Software, Chinese Academy of Sciences, Beijing 100190, China;
2 Institute for Quantum Computing, University of Waterloo, Waterloo, ON N2L3G1, Canada

The powerful idea of computation has accompanied the development of human civilization, has deeply changed the way
we live and work, and has accelerated the advancement of many areas of sciences. In this article, we explore the power
and limits of computation from several different perspectives. We will discuss topics from the models of computation
and Church-Turing thesis, to the impact of the P versus NP problem and quantum computing on our understanding of the
limits of computation. More concretely, we will explore the computability and the halting problem, the efficiency
problem of computation, the P versus NP problem. We then move on to the discussion of quantum computation, quantum
algorithm for factoring and its implications, quantum simulation and the relation between quantum and classical

computations.

Turing machine, Church-Turing thesis, quantum computing, integer factorization, quantum simulation
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