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Fig. 1. Parameters’ sketch of two-mode coupled system: (a) Spring oscillator model; (b) CMT model.
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Fig. 2. (a) Experimental device diagram of our two tuning forks’ coupled system; (b) schematic diagram of the experiment system;

(c) measured and fitted spectra of two tuning forks without coupling; (d) measured and fitted spectra of two tuning forks with

coupling.
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Abstract

In the past few decades, although coupled-mode theory (CMT) has been extensively studied in quantum
system, atomic system, plasmon system, circuit system, and so on, the theoretical origin is still plaguing many
researchers. In the book of waves and fields in optoelectronics, the second-order differential equations of the
simplest LC simple harmonic vibration circuit was turned into the first-order differential equation using the
method of variable substitution by Haus. However, there is not loss in the simplest LC simple harmonic
vibration circuit, loss term is introduced by qualitative analysis. Although this method of dealing with problems
has no problems from a physical point of view, it is not rigorous enough from a mathematical point of view. In
this paper, based on the secular perturbation theory, the well-known spring oscillator model is degenerated into
two-mode CMT. Starting from the second-order differential equations of the spring oscillator model, the secular
perturbation theory is used to obtain first order differential equations of two-mode CMT. The results show the
relationships between each term’s coefficients in two-mode CMT and the physical quantities in Classical
Mechanics are established by using the secular perturbation theory. Through solving two-mode coupled-mode
equations, the energy transfer efficiency has been obtained. To verify the correctness of two-mode CMT, we
design a coupled tuning fork mechanical vibration system, which consists of two experimental instruments to
provide driving force and receive signals, two tuning forks and springs. The amplitude spectra are measured by
an experimental instrument of forced vibration and resonance (HZDH4615), which provides a periodic driving
signal for the tuning fork. To clarify the mechanism of the spectra, the numerical fitting has been performed by
mathematica software based on the energy transfer efficiency. Theoretically, the obtained fitting parameters can
also evaluate some important attributes of the system. The theoretical results are in close correspondence with
the experiment. That is to say, two-mode CMT is suitable for classical vibration system.This study provides a
more rigorous derivation for each term’s origin in two-mode CMT, and has guiding significance in the

theoretical research of linear coupled vibration system.
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