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Derivation of Velocity and Acceleration in Different Coordinate Systems and
its Teaching Applications
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Abstract : Inresponse to the issue of the absence of derivations of velocity and acceleration expressions in
natural and polar coordinate systems in the kinematics chapter of current concise university physics
textbooks, this paper conducts an in—depth analysis and detailed derivation, aiming to fill this teaching
gap and enhance students' understanding of the laws of curvilinear motion. Firstly, the derivation
process of velocity and acceleration expressions in the two coordinate systems is explored. Through
an in—depth study of the changes in the directions of unit vectors, the impact mechanism on motion
decomposition is revealed. Secondly, by comparative analysis, the advantages and limitations of the
two coordinate systems in describing particle motion are revealed, providing theoretical support for
students to choose appropriate coordinate systems when dealing with related problems in the future.
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