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Abstract: When the Bragg condition is satisfied, although the hologram is illuminated by the reading wave, the
power of the reconstructed wave may be zero. The above phenomenon is called null reconstruction in polarization
holography. In the reconstructing stage of the conventional holography, as long as the reading wave that satisfies
the Bragg condition illuminates the hologram, the reconstructed wave is generated, and the null reconstruction is
not possible. In this paper, the light field of the reconstructed waves recorded by the same elliptically polarized
waves in polarization holography is deduced, which is based on the tensor polarization holography theory. The
conditions for achieving null reconstruction are given. In the recording stage of the experiment, elliptically polarized
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waves were used, and the recording angle was 136°. In the reconstructing stage, the polarization state of the

reading wave is set in advance, and the specific polarized wave was used for reconstruction. The experimental

results are in good agreement with the theoretical derivation.
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Fig. 1 (a) Recording stage and (b) reconstructing stage of polarization holography with asymmetric incidence
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Fig. 2 Schematic diagram of experiment about null reconstruction.

M: mirror; HWP: half wave plate; QWP: quarter wave plate; PBS: polarization beam splitter;
SH: shutter; PM: power meter; PQ/PMMA: recording material.

R 2 dh B KT e 0 K A

Table 2 Angle between fast axis and horizontal direction of wave plate
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Fig. 3 Experimental flow chart
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Fig. 4 Power of reconstructed wave varying with exposure time
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Null reconstruction of polarization holography
recorded by the same polarized waves

Lin Ayuan', Wang Jinyu', Chen Yuxin®, Qi Peiliang’, Huang Zhiyun®, Tan Xiaodi"
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Schematic diagram of experiment about null reconstruction

Overview: Nowadays, holography has been an important technology in interferometry, information storage and
element manufacturing, etc. Holography may be divided into two types. One is the conventional holography, and the
other is the polarization holography. The difference between these two types of holography is that the latter records not
only the amplitude and phase but also the polarization state because the polarization holography uses polarization-
sensitive materials. The recording material is not polarization-sensitive, only the same polarization component
contained in both of them is good for the hologram when the signal and reference waves have different polarization
states in the recording stage of conventional holography. It is believed that in conventional holography, once the Bragg
condition is satisfied, the reconstructed wave can be generated regardless of the amplitude, phase, and polarization state
of the reading wave. However, directed by the newly developed tensor polarization holography theory that was proposed
in 2011, the reconstructed wave of the polarization holography recorded by the same polarization states may diminish as
long as specific conditions are satisfied. The phenomenon is called null reconstruction.

In this work, the light field of the reconstructed wave in polarization holography is derived, where the signal and
reference waves of recording stage have the same polarization state. By the obtained expression of thte light field, the
recording angle, i. e. the angle between the signal, and reference waves, should be obtuse to observe the null
reconstruction. Thus, taking the property of the recording material into account, the polarization states of the signal,
reference, reading waves, and recording angle are calculated. To get the universal result, the polarization states of all
these waves are assumed to be elliptically polarized. Then the experiment is carried out to verify the theoretical result.

In the experiment, the null reconstruction being achieved, the power of the reconstructed wave is lower than several
micro watts, while that of ambient light is 45 nW. It seems the reconstructed wave does not diminish. Since the
polarization state of the reading wave may affect the power of the reconstructed wave, the polarization state of reading
wave will be changed to observe the variation of power of the reconstructed wave. The result shows that the power of the
reconstructed wave gets the minimum when and only when the polarization state of the reading wave satisfies the null
reconstruction. It confirms that the null reconstruction is obtained and the experimental result agrees well with the
theoretical one.

This work implies that the polarization holography can be applied in the fields such as polarization manipulation and
information hiding.

Lin AY, Wang J Y, Chen Y X, et al. Null reconstruction of polarization holography recorded by the same polarized
waves[J]. Opto-Electron Eng, 2022, 49(5): 210454; DOI: 10.12086/0ee.2022.210454
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