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From the Tangent Properties of the Astroid to the Kakeya Conjecture: The Area—Compressing
Journey of a Rotating Fixed—Length Line Segment
Lv Chuan, Wu Ruihua

College of Science, China University of Petroleum (East China), China Shandong Qingdao 266580
Abstract: Starting from the classical tangent property of the astroid in undergraduate calculus, this paper first proves

the core property that any tangent line in the first quadrant intercepts a fixed-length segment on the coordinate axes,
revealing that the astroid is a special case of the envelope of a rotating line segment of fixed length. By comparing
the area with constructions such as the deltoid and the Perron tree, it demonstrates the potential of fractal methods in
compressing the area swept by a rotating segment. Finally, it naturally leads to the Besicovitch set and the Kakeya
conjecture, introducing their measure-theoretic properties, connections with harmonic analysis, and the significant
breakthrough of the three-dimensional Kakeya conjecture in 2025. This paper provides a typical example of connecting
classical knowledge with cutting-edge research in calculus teaching.
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