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Optics and the Airy Disk:

Focal ratio: Sets spot size for diffraction limited optics

Source: Catrysse

Airy Disk

Diameter

~3 microns, f/2.8 ~10 microns, f/8.0
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Nyquist Sampling of Airy Disk

Pixel Pitch: Sized to fit Airy Disk (spot):

• Exact Nyquist Sampling: 2 pixels to 
cover Airy Diameter (spot)

Spot

(Airy disk)

PixelPixel
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Nyquist Sampling Criteria: 

PixelPixel

550nm test wavelength

Pixel size 
(microns) Optimum F#

Airy 
Diameter 
(microns)

Optical 
resolution
LP/mm

0.75 1.12 1.5 667
0.9 1.34 1.8 556

1 1.49 2 500
1.1 1.64 2.2 455

1.25 1.86 2.5 400
1.4 2.09 2.8 357
1.5 2.24 3 333

1.75 2.61 3.5 286
2 2.98 4 250

2.25 3.35 4.5 222
2.5 3.73 5 200

2.75 4.10 5.5 182
3 4.47 6 167

3.5 5.22 7 143
4 5.96 8 125

For Seeing-Limited spot size, the FWHM of the seeing sets 

the spot size and should still be covered by two pixels for 

proper sampling.



An excerpt from Warren Smith’s 

“Modern Optical Engineering”

Exploring the theory behind 

Illumination intensity profile, Critical 

focus zone and Resolution



Non-uniform 

illumination across 

the field of view of 

the detector is 

normal

This is corrected by 

flat-fielding



Fnumber = F# =

Focal length/aperture

Numerical Aperture = 

NA = 1/2F#

In special cases:



Light intensity roll-off 

is proportional to the 

Cos4(off-axis angle)

This is corrected by 

flat fielding



Depth of focus (aka 

critical focus zone) is a 

function of focal ratio 

(numerical aperture) 

and pixel size (as is 

shown later)

Optimum pixel size set 

by spot size (seeing 

limited typically or 

diffraction limited in 

best case)



Depth of field is 

asymmetric about 

the focus point: less 

moving toward the 

aperture and more 

moving away.

Seeing doesn’t 

change the extremes 

of the depth of focus: 

but “softens” the 

spot size at best 

focus point



Critical Sampling 

(per Nyquist)

Optical Blur

(spot size)

Key Concept

For Critical 

Focus Zone



Defocusing is a 

function of position 

of image plane, 

seeing doesn’t 

change the 

defocusing 

characteristics but 

can overwhelm the 

diffraction limited 

spot size variation as 

a function of image 

plane location





By convention the 

diffraction limited 

spot size is called 

the Airy disk. They 

are mathematically 

related to the first 

order Bessel 

Function.



The numerical 

aperture is useful 

for calculating the 

best case angular 

resolution





Limiting 

resolution is a 

function of 

aperture 

diameter for 

optics used at 

infinity (such as 

a telescope)

Lambda and 

omega must be 

in same units: 

radians are 

“dimensionless”

Omega here is 

in units of 

inches




