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Polarization Analysis by Digital Holography and Application for Stress Analysis

Yoshitaka TERUI, Masayuki YOKOTA and Ichirou YAMAGUCHI

Department of Electronic Engineering, Faculty of Engineering, Gunma University, 1-5-1 Tenjin-
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Digital holographic technique has been applied to analyze the spatial distribution of polarization
state of light transmitted through anisotropic objects. The polarization of the reference beam was
controlled by an optical fiber Faraday rotator. A method is proposed for suppressing the phase
drift during polarization switching. From a polyethyl methacrylate (PMMA) ring, subject to
compression, distributions of polarization and principal stresses have been analyzed.
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Fig.1 Use of reference area in the object area. A: Refer-
ence area (circular polarization), B: measured area.
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Fig.2 Polarization ellipse.
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Fig.3 Experimental setup. LD: laser diode, OI. optical
isolator, FFR: flint glass fiber Faraday rotator, BS: beam
splitter, L: lens, Pol: polarizer, Amp: current amplifier, PC:
personal computer.
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Fig. 4 Observation of photoelastic effect occurred in a
compressed PMMA ring. The ring was 14.0 mm in diame-
ter, 3.0 mm thickness, which has a hole of ¢6.0 at its center
part.
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Fig. 5 Effect of phase compensation. (a) Direct reconstruction, (b) after compensation,

(c) cross section at @ and @.
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Fig. 6 Reconstructed amplitude A, A, and phase ¢, ¢.
for the horizontal (|) and vertical (L) polarizations with
calculated amplitude ratio « and phase difference 4¢. (a)
Initial, (b) low stress.
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Fig. 7 Polarization state at 8 X8 representative points in
each state of compressed sample. (a) Initial, (b) low stress,
(c) high stress.
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Fig. 8 Phase change of direction of p or q. (a) Initial, (b)
low stress, (c) high stress.
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(1) Experimental

(ii) Simulated
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Fig. 10 Distribution of principal stress o,, o4 obtained by (i) experimental and (ii)

simulation (ANSYS). (a) o,, (b) a,.
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Fig. 11 Cross section at line @-@® in Fig. 10 for principal stress of ¢, and ;.
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