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Abstract: To address the insufficient frequency stability of cesium and hydrogen atomic clocks under wide
temperature ranges, this study proposes for the first time a temperature drift compensation method based on
multi-physics coupled modeling. By theoretically analyzing the coupling mechanisms of thermal expansion,
Doppler effect, and magnetic field temperature variations, a linear regression compensation model was
established and integrated with a real-time feedback control system. Experimental results demonstrate that the
temperature coefficient of domestic-made cesium atomic clocks was optimized from 3.28x107'%/C to

4.9x10715/°C, achieving a compensation efficiency of 85.1%, while that of domestic-made hydrogen atomic
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clocks decreased from 3.24x107'%/°C to 9.3x10715/°C, with a compensation efficiency of 71.3%. This method

breaks through the limitations of conventional constant temperature control techniques and establishes a new

paradigm for enhancing environmental adaptability in high-precision atomic frequency standards.

Keywords: cesium atomic clocks; hydrogen atomic clocks; frequency drift; temperature coefficient;

performance improvement; time and frequency
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