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Description
The Rayleigh criterion, named after British scientist Lord Rayleigh, 

is a fundamental concept in optical science that defines the resolution 
limit of an optical system. It states that the minimum resolvable 
distance between two closely spaced objects is determined by the 
diffraction of light waves and is proportional to the wavelength of 
light and the numerical aperture of the optical system. Over the years, 
the Rayleigh criterion has played a vital role in shaping the field of 
optical imaging and has been widely used in various applications, 
including microscopy, astronomy and telecommunications.

Theoretical basis of Rayleigh criterion
The Rayleigh criterion is based on the diffraction of light waves as 

they pass through an aperture or encounter an object. According to the 
criterion, two point sources of light that are separated by a distance 
less than the resolution limit defined by the Rayleigh criterion will 
result in an overlapping of their diffraction patterns, making them 
indistinguishable. On the other hand, if the two point sources are 
separated by a distance greater than the resolution limit, their 
diffraction patterns will not overlap and they can be resolved as 
separate objects.

Recent advancements in Rayleigh criterion
In recent years, there have been significant advancements in 

understanding and applying the Rayleigh criterion in various fields of 
optics. Some of the recent advancements in this area include:

Beyond the Rayleigh criterion: Super-resolution imaging 
techniques, such as Structured Illumination Microscopy (SIM), 
Stimulated Emission Depletion (STED) microscopy and Single-
Molecule Localization Microscopy (SMLM), have emerged as 
powerful tools that surpass the traditional Rayleigh criterion and 
enable imaging beyond the diffraction limit. These techniques utilize 
advanced optical and computational methods to achieve resolutions 
well below the Rayleigh limit, allowing for the visualization of 
subcellular structures and molecular interactions with unprecedented 
detail.

Non-traditional imaging modalities: The Rayleigh criterion is 
primarily used for imaging in the visible and near-infrared spectral 
ranges. However, recent trends in optics have explored the use of non-
traditional imaging modalities, such as X-ray, terahertz and microwave 
imaging, where the wavelength of light is much larger than that of 
visible light. In these modalities, the Rayleigh criterion is modified to 
account for the longer wavelengths and novel techniques are being 
developed to achieve high-resolution imaging in these unconventional 
spectral ranges.

Optical system design and engineering advancements: In optical 
system design and engineering have also contributed to pushing the 
limits of the Rayleigh criterion. Techniques such as adaptive optics, 
wavefront shaping and metamaterials have been used to manipulate 
the properties of light waves, control their propagation and enhance 
the resolution of optical systems. These techniques have opened up 
new possibilities for overcoming the limitations of the Rayleigh 
criterion and achieving higher resolution imaging in various 
applications.

Conclusion
The Rayleigh criterion continues to be a fundamental concept in 

optical science, guiding the design and performance of optical 
systems. However, with the advent of new technologies and 
techniques, the traditional limits of the Rayleigh criterion are being 
surpassed, allowing for super-resolution imaging and imaging beyond 
the diffraction limit. The recent advancements in this Rayleigh 
criterion, includes super-resolution imaging, non-traditional imaging 
modalities and advanced optical system design, have opened up new 
possibilities for achieving higher resolution and pushing the 
boundaries of optical imaging.
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