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Fig. 1. Schematics of the coupled FK chains model.
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Fig. 2. Dispersion relationship of the coupled FK chains
under low temperature approximation with small vibration
(k1=ke=1, V=1, m=1): (a) ke=1; (b) ke =2;
(c) ke =5.
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Fig. 3. Dispersion relationship of the coupled FK chains
(k1 =k2=1, V=1, m=1) under finite temperature
(T=0.05): (a) ke =1; (b) ke =2; (c) ke =5.
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Fig. 4. Dispersion relation of coupled FK chains under high
temperature approximation (k1 = k2 =1, V=1, m=1):
(a) ke =15 (b) ke =2; (¢c) ke =5.
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Fig. 5. Dispersion relation of coupled FK chains at different temperature (k1 = ko =1, V=1, m=1, ke =1.0): (a) T = 0.005;
(b) T=0.01; (¢) T=0.02;(d) T=0.06;(¢) T=0.10; (f) T=0.20.
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Abstract

We obtain the lattice wave solution and the dispersion relation of the lattice vibration equation of the two
identical coupled Frenkel-Kontorova (FK) chains, and we study the lattice vibration characteristics of the
coupled FK chains. The results show that the dispersion relation of coupled FK chain contains an acoustic
branch and an optical branch. The spectral range and frequency band gap are related to the coefficient of
restoring force of each chain and the inter-chain coupling strength, and it is also related to the depth of the on-
site potential for the low temperature case and finite temperature case. Moreover, it is found that there is no
frequency band gap for weak inter-chain coupling. The frequency gap appears when the inter-chain coupling
strength exceeds a critical value, and the frequency band gap will become bigger with the inter-chain interaction
increasing. This is because the optical branch moves towards high frequency region with the inter-chain
coupling increasing. We also find that the critical inter-chain coupling strength of frequency band gap is always
twice the restoring force coefficient of FK chain, and it does not depend on temperature. In addition, we study
the effect of temperature on the dispersion relationship of coupled FK chain with a fixed inter-chain coupling
strength. These results provide a theoretical basis for analyzing the effects of inter-chain coupling and
temperature on the vibrational characteristics and physical properties of lattice, and thus providing an

important guide for the energy transport, thermal management and other practical applications.

Keywords: two coupled Frenkel-Kontorova chains, inter-chain coupling, dispersion relation, temperature,

heat conduction
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