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RESEARCH ON NONLINEAR DYNAMIC CHARACTERISTICS OF
SINGLE PENDULUM SYSTEM BASED ON RECURRENCE THEORY

WANG Liyuan
(College of Physics and Optoelectronics, Harbin Engineering University, Harbin, Heilongjiang 150001)

Abstract In this paper, the nonlinear dynamic characteristics of the reciprocating and rota-
tional motions of a damped simple pendulum under different driving forces are investigated
using methods such as bifurcation diagrams, phase portraits, recurrence plots, and recurrence
quantification analysis. The driving force { increases from 0. 6 to 1. 8mg. The results show
that recurrence plots and recurrence quantification measures can distinguish the characteristics
of periodic and chaotic motions. As the driving force increases, the pendulum system under-
goes a transition from periodic to chaotic motion and then back to periodic motion. Phase por-
traits and recurrence plots can clearly illustrate the spatiotemporal distribution of the system’s
trajectories. In recurrence quantification analysis, the increase in entropy and recurrence time,
along with the decrease in the maximum diagonal line length, indicates an increase in system
complexity and the rate of trajectory separation.
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