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Abstract: A new method based on photoelastic modulation technology for measuring retardation of a wave plate is
presented. The theoretical analysis of the measurement principle and error of this method are given by using Miller
matrix. The measurement setup is composed of laser source, polarizer, photoelastic modulator, wave plate to be
measured, analyzer and photodetector. The retardation of the wave plate is computed by using the normalized
fundamental frequency component and the second harmonic component of the detected signals. This method can
measure the retardation of wave plate with a large spectral range from ultraviolet to infrared. The error of this
method is less than 0.05°. The precision of measurement repeatability is less than 0.0048°, and the feasibility of the

method is verified experimentally.
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Fig. 1 Schematic diagram of phase retardation measurement
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Table 1 Effect of polarization elements’ azimuth angle error on the normalized fundamental and secondary harmonic components

AG 1° 2° 3° 4°
Fundamental frequency component (AV1,/Vy) /1073 0. 26380 1. 0551 2.3737 4,2192
Secondary harmonic components (AV,/V,) /1073 0. 45688 1. 8270 4.1089 7.2999
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Table 2 Effect of photoelastic modulator’s calibration error on the normalized fundamental and secondary harmonic components

) 45° 135° 225° 315°
Fundamental frequency component (AV,,/Vy) /107* 7.8267 0.483340 0.483340 7.8267
Secondary harmonic component (AV,,/V,) /107* 7.3769 0.033513 0.033513 7.3769
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Table 3 Results of measuring the phase retardation of 1/4 wave plate

Measurement data
Retardation  89. 5548 89.5522 89,5518 89. 5483 89. 5505 89. 5534 89.5512 89. 5516
Retardation  89. 5508 89. 5520 89.5515 89. 5500 89. 5527 89. 5544 89. 5509 89. 5498
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