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Talbot Effect from Spherical Wave Illuminating on
Two-Dimensional Grating
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Abstract The Talbot effect from the spherical wave illuminating on two-dimensional (2D) grating is investigated
theoretically and experimentally. First, the complex amplitude distribution of the light field in the Fresnel diffraction
region after the spherical wave is illuminating on the grating is analyzed. Second, the imaging conditions of the
Talbot image and fractional Talbot image are discussed. The imaging position and imaging period are determined by
the distance from the light source to the grating and the distance from the grating to the observation surface, and the
Talbot distance of the spherical wave incident grating is equal to the product of its periodic magnification and the
Talbot distance of the plane wave incident grating. Experimental results are consistent with the theoretical results,
and the clear Talbot image and fractional Talbot image can be observed at specific location. By changing the distance
from the light source plane to the grating, the Talbot image changes according to a specific law. Because the grating
period is less than twice the aperture side length and based on the divergent characteristics of the spherical wave
itself, the pixel overlap phenomenon appears in the fractional Talbot image. According to the degree of overlap, the
overlapped image can be divided into two types (discrete point distribution and checkerboard distribution) of fractional
Talbot images. The research in this paper can promote the application of the Talbot effect in optical measurement
and array lighting.
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Fig. 1 Experimental setup
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101.1cm;(d) 2, &~ 113.8cm;(e) 2, &~ 151.7cm; (f) 2, &~ 177.0cm

Fig. 2 Results of Talbot imaging. (a) Plane wave; (b) &2 75.9cm; (¢) 2, 2~ 101.1cm; (d) 2, &~ 113.8 cm;
(e) 2,2~ 151.7cm; () 2,2~ 177.0cm

3 HEAAR (2 = 22, ~ 1011 em)o(a) 2,
Fig. 3 Fractional Talbot imagcs( =2z¢

14.5cm;(b) 22 17.9cm; (¢) 2, 2 20.2cm; (d) 2, 2 60.9 cm

~101. 1cm) (a) 7y~ 14.5em; (b) 2,2~ 17.9cm; (¢) 2, &~ 20.2cm;

(d) 2, ~60.9cm

4 gEROMr

NS 58 e U5 0 G 5] 2 e 7 18 A [ ) 39 A 2R A
o DLERTH A ST CHE, 28 7 BE 25y 56 I = 6l 89
R O 2 00 8 T A R G R R B DG TRF
THT 55 00 M B R BS = e A AR A, AR AE BE R = BB ik
KA MW R Z A A, i 2(b) ~ () Fron o i

P 1P SRR TN, A B 2 5 R BOR R M
B A S5 TR G RN BE B8 200 2 B 2o AR fLSE R N
El AR, 80 R el B R o Y 20 7 (24,
75.9) X 18] EF, ZR A7 5 B =, 0 A8 k3 R A e, R AR
ER KM 2 fE(75.9,00) X ] BF , Z8 (A HE B =, (9 A8
A 5 0, S T e S B T R R — B
BEAN, F DA AT, 24 U 2 A B B B 2 8T 15 S0

1105002-4



Rl MUREER 2 il kR

Table 1 Recording table of imaging distance z,

Theoretical Experimental

2, /cm Magnification M
value 2, /cm value z, /cm
151.7 75.9 74.9 1. 500
131.7 82.2 80.7 1.625
111.3 92.7 90. 3 1.833
101.1 101.1 98.7 2. 000
91.0 113.8 111.6 2.250
80.9 134.9 132.9 2.667
75.9 151.7 141.7 3. 000
70.8 177.0 178.1 3. 500
60. 7 303. 4 312.0 6. 000
55.6 556. 3 557.4 11.000
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