
Digital Fourier transform holography using 

a beam displacer

Fourier transform holography overcomes the phase recovery challenge by recording complex field information of the object in an interference pattern

recorded at the far field, i.e., the Fourier plane. Moreover, this geometry helps to reconstruct the complex field of the object from a single Fourier transform

which is an attractive feature for the numerical reconstruction of the digitally recorded hologram. In this paper, we present a nearly common path experimental

design for recording of a digital Fourier holographic hologram using a beam displacer and recover the complex-valued objects using the Fourier analysis. The

performance of the system is experimentally examined for different objects.
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Fourier transform (FT) holography is based on the principle of 

interference, which encodes complex object in a Fourier geometry. This 

technique is capable to record and reconstruct complex field from a single 

FT. 

 Beam displacer splits a diagonally polarized coherent beam into two 

orthogonal linear polarization states 

{Ex = 1 0 T & Ey= 0 1 T}

 One orthogonal beam passes through the object and is referred to as an 

object beam (Ox). Other orthogonal beam passes through a pin hole is 

referred to as a reference beam (Ry)  

𝑂𝑥=O ∗
1
0

; 𝑅𝑦 =
0
1

; 

 These beams are Fourier transformed by the lens  L2 and hologram 

recorded at the back focal plane of the lens L2  by a camera 

 Output field at the camera plane will be due to polarizer at 45 degree is 

𝐸𝑜𝑢𝑡 = 𝑃 45° × (𝑂𝑥
′ + 𝑅𝑦

′ ) = 𝑂 + 𝑅 ;  Where 𝑃 45° = 
1

2

1 1
1 1

.

 Recorded intensity of the Fourier transform hologram will be 

𝐼 = (𝑂 + 𝑅) 2= 𝑂𝑂∗ + 𝑅𝑂∗ + 𝑂𝑅∗ + 𝑅𝑅∗

 Numerical reconstruction of the hologram.

 Experimentally recorded Fourier transform hologram is  shown in fig 1

Fig.1: Digitally recorded Fourier Transform hologram

Fig.2: A compact experimental setup design for recording the digital Fourier transform 

hologram with the help of a beam displacer. HWP is a half wave-plate, SF is a spatial filter, 

L1 &L2 are lenses, BD is the beam displacer, S is the sample, P is a polarizer and CMOS 

is the complementary metal oxide semiconductor camera..
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Fig. 3: a, d are digitally recorded Fourier transform  hologram,( b, e) are 

recovered amplitudes and (c,f) are recovered phase for the object “ ψ” and 

“2” respectively

In this paper, we present a nearly common path experimental configuration

using a beam displacer for the recording of a digital Fourier transform hologram

and reconstruct the complex-valued objects information using a fast Fourier

transform.
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