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Fig. 1. Experimental system.
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Fig. 3. Experimental curve of frequency-modulated

optical feedback.
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Fig. 4. Experimental curves of quarter-wave plate ex-

ternal cavity feedback.
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Abstract

The internal stress of glass material directly affects the processing quality of glass components and the service life
of optical components. It is an important factor that relates to the overall system performance, safety, and reliability.
Aerospace, precision optical systems, precision machining and other areas generally highly value the stress measurements
of glass components. For example, the internal stress in the medium-glass material of precision imaging system will
lead to the degradation of optical performance and reduce the image quality; the stress in the glass material used as
the gain medium of high-power solid-state lasers not only directly affects the polarization state of the output light,
but also shortens the service life of the laser; the stress concentration in the load-bearing glass of aircraft windshields,
building glass curtain walls, etc., will cause serious accidents such as popping due to the reduction of glass mechanical
properties. Therefore, the high sensitivity and large measurement range of stress detection technology has become a
current research hotspot. Stress measurement techniques based on the birefringent external cavity laser feedback effect
has received widespread attention due to its advanced and novel measurement principle. It is generally accepted in the
traditional theory that the output phase of the laser in a feedback system is only determined by the phase retardation of
birefringent element in an external cavity, and the measurement error is induced by the non-linear movement of external
mirror. In this paper, the orthogonally polarized laser principle and the three-cavity equivalent model are combined to
explain the influence of cavity frequency difference on the output of laser in feedback system. The frequency difference
caused by the birefringence of the laser cavity is measured by comparing the intervals between adjacent longitudinal
modes, and the frequency tuning feedback experiment is carried out. Theoretical analysis and experimental results show
that the output phase of the laser is determined by the phase retardation of the external cavity, the frequency difference
of the internal cavity, and the length of the external cavity. This conclusion is also confirmed by the measurement of the
standard quarter wave plate. For a feedback system with an internal cavity frequency difference of 5 MHz and external
cavity length of 150 mm, the phase difference induced by internal cavity frequency difference is about 0.573°. The laser
can output a single longitudinal mode below 40 MHz of the internal cavity frequency difference, and the length of the
external cavity is generally larger than 150 mm when the actual system is designed, so the phase difference introduced
by these two parameters cannot be ignored and must be calibrated. This study summarizes the phase characteristics
of the orthogonally polarized laser under the joint of anisotropy feedback cavity, supplements the physical content of
the laser feedback, and has great significance for accurate laser measurement of stress-birefringence, displacement, and

distance.

Keywords: cavity frequency difference, birefringence, feedback, phase difference

PACS: 42.25.Ja, 42.25.Lc, 78.20.Ci DOI: 10.7498 /aps.67.20180230

* Project supported by Program for Changjiang Scholars and Innovative Research Team in University, China (Grant No.
IRT 16RO7).

1 Corresponding author. E-mail: zhulianging@sina.com

154201-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180230

	1引    言
	2实验及理论分析
	2.1 激光回馈双折射测量系统
	Fig 1

	2.2 激光器内腔残余应力导致的频差测定
	Fig 2

	2.3 调频光回馈现象及理论分析
	Fig 3

	2.4 双折射外腔回馈实验
	Fig 4


	3结    论
	References
	Abstract

