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Extended Self-Imaging Conditions for Two-Dimensional Periodic Object

Yan Xinxin Zhang Lei Zhang Wenzi Liu Qinxiao Yu Feihong

(State Key Laboratory of Modern Optical Instrumentation , Optical Engineering Department ,
Zhejiang University ., Hangzhow, Zhejiang 310027, China)

Abstract The self-imaging phenomenon of two-dimensional periodic object is studied based on the scalar diffraction
theory, and the self-imaging conditions are extended. It is pointed out that if the square ratio of the two period
lengths can be expressed as a quotient of two integers, there exist period angles between the two period directions
that can achieve self-imaging. On the other hand, if the square of cosine of the period angle between the two period
directions is a rational number, it is possible to find a proper proportion of the two period lengths to satisfy self-
imaging. Furthermore, the numerical relation between equivalent combinations of period lengths and angles, which
describe the same two-dimensional periodic object, is analyzed. The analysis can be utilized to determine whether two
combinations of period lengths and angles are equivalent. The simulation result agrees well with the discussion.
Key words diffraction; two-dimensional periodic object; self-imaging; Talbot effect
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Fig. 1 (a) Talbot effect, (b) two-dimensional periodic object
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Table 1 Angles when the ratio of period lengths can be expressed as a quotient of integers

dy/d, p 1 2 3 4
g 0,1 1.3 1,2,4,5 1,3,5,7
i 20/(°) 90. 0, 60.0 75.5,41.4 80.4,70.5,48.2,33.6  82.8,68.0,51.3,29.0
g 0,1,2,3 1,3,5,7 1,2,4,5,7,8,10,11 1,3,5,7,9,11,13,15
1/2 85.2,80.4,70.5,65.4, 86.4,79.2,71.8,64.1,

260/(°)90.0, 75.5, 60.0,41.4 82.8,68.0,51.3,29.0

54.3,48.2,33.6,23.6 55.8,46.6,35.7,20. 4
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Table 2 Angles when the ratio of square period lengths can be expressed as a quotient of integers

di/d, P 1 2 3 4
g 0.,1,2 1.3.5 1.2,4,5,7.8 1,3,5,7,9,11
12 83.2,76.4,61.9, 84.9,74.6,63.8,

20/(°) 90.0, 69.3, 45.0 79.8,58.0,27.9

53.9,34.4,19.5 51.8,37.3,13.5

g 0.1,2,3 1.3,5 1,2,4.,5.7,8,10 1,3,5.7.9.11,13
13 ) 84.5.78.9.67.4.61.2,  85.9,77.5,68.8,59.7,
20/(°) 90.0, 73.2, 54.7, 30.0 81.7,64.3,43.8
47.7.39.7.15. 8 49.5,37.5,20. 2
1.3.5.7,9.11,13,15,17,
g 0.1,2.3.4 1,3,5.7,9 1:2,4.5.7.8,10. 11,1314
86.1,82.2,74.2,70. 1,  87.1,81.2,75.2,69.1,
V2B _90.0, 78.2, 65.9, 52.2,841,72.2,59. 3,
20/ (%) 61.6,57.0,47.1,41.5,  62.7,55.9,48.4.,40. 1,
35.3 44.4,23.3
27.8.17.7 29.8,14.2
g 0.1.2.3.4 1.3,5.7 1.2,4,5.7,8,10,11.13  1,3.,5.7,9.11,13,15.17
85.7.81.4.,72.7.68.1,  86.8,80.3,73.8,67.0,
145 .. 90.0, 77.1, 63. 4, 47. 9,
20/ 83.6.70.4.56.0,38.5  58.6,53.4,41.8,34.9,  59.8.52.1,43.4,33.0,

14.3 18.1
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Fig. 2 Different descriptions of the same two-dimensional

periodic object
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Fig. 3 Talbot image of periodic object when the square ratio of period lengths can be expressed as a quotient of integers
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