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Abstract Optical imaging, as a cornerstone of modern optical research, bears significant ap-
plication value in both scientific exploration and engineering technologies. Fresnel diffraction
theory reveals that when imaging a point source through an optical system, the interplay be-
tween light’s wave nature and finite lens aperture induces diffraction effects, generating an
Airy disk whose spatial extent defines the Rayleigh diffraction limit. While current undergrad-
uate curricula predominantly utilize Fresnel diffraction integrals for imaging resolution analy-
sis, this study adopts a Fourier optics framework to rigorously derive the angular spectrum

propagation of point-source radiation, thereby fundamentally unveiling the diffraction-limited

WF B 2025-03-09

EETE : 2025 AFAE PR R A AW TEIH 5 SRR O0 AR B 3B TR A B3 & R B2 T 5 15 S5 B (2024099) 52025 4F [H K
ARG T EWE A B O X R AT 5 7 (12474382)

EIEEE . BiM, chen. lin@mail. hust. edu. cn,

SI3CAg S B, XB . DB 20 00 2 B 67 47 S5 38 55 < 3 0 AR 40 R A B Y 30 TR 5 B SRR (). W35 TR, 2025,35(5) 1 26-33,42.
Cite this article: CHEN L, DENG M. From wave optics to negative-refraction lenses: Theoretical revisitation of imaging resolution limits

and pedagogical innovation in optical science[ J]. Physics and Engineering. 2025, 35(5): 26-33. 42. (in Chinese)



WS T Vol.35 No.5 2025

nature of conventional lens systems. The first zero point of the intensity distribution in the

circular aperture diffraction pattern is obtained through numerical solution based on the Fou-

rier angular spectrum method, and the result is compared with that calculated using the Ray-

leigh criterion. By further integrating cutting-edge developments in negative-refraction optics,

we systematically elucidate the physical principles enabling negative-index metamaterials to

overcome classical diffraction constraints. This work not only establishes a novel pedagogical

paradigm for optical imaging theory but also provides a critical analytical framework for super-

resolution imaging research, serving as a conceptual bridge between undergraduate optics edu-

cation and advanced graduate studies in photonic innovation.
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