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Questions 

• Why do stars of different brightness have 
different diameters in a CCD / CMOS image 
even if all are unsaturated? 
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Airy Diameter 

• Applies ONLY to diffraction limited case 

• Function of wavelength and focal ratio ONLY 

• Sampling point for “star diameter” is DEFINED 
at half of the maximum value of the star 
(arbitrary units) 
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2.44*f#* =  
Airy Diameter 

f# 
wavelength 
nanometers 

airy 
diameter 
(microns) 

2.8 550 3.7576 

4 550 5.368 

5.6 550 7.5152 

8 550 10.736 
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2.44*f#* =  
Airy Diameter 
Only the first ring! 

More details of Diffraction Limited Spot 

Periodic Rings  
Described by  
Bessel Function J1 

Airy 
dia 

Diffraction limited Spot 

Airy 
Dia 

Source: Smith “Modern Optical Engineering” 
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Measurement 
point:  
50% max 
intensity 



Airy Diameter vs What You See on an 
Image of a Starfield 

• Airy Diameter: is DEFINED at half of the maximum value of the star 
intensity (arbitrary units) 

• It applies to diffraction limited conditions: seeing-limited is more 
common but it doesn’t change the fact that there’s a star profile 
that is at the root-cause of the bloat issue (read on through the 
doc) 

• This is different than sampling a star field with an electronic imaging 
system 
– There’s a discrete “Detection Limit” for the Electronic Imaging System 

• Signals brighter than Detection Limit will be resolved 
• Signals dimmer than the Detection limit will be obscured in noise 

– Detection Limit is function of many variables including Read Noise, QE, 
F#, Optical Transmission etc 

– Detection Limit Units: Lux-Sec is common  
(Lux-sec: “light intensity * time of integration” 
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Exposure: Lux-Seconds 

f/2.8 

f/4 
f/5.6 

f/8 

Detection Limit vs Read Noise 
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Detection Limit / Read Noise 
(example) 

Star 1 Star 2 Star 3 Star 4 
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Source: Janesick 

Higher read noise has higher 
detection limit 

Lower read noise has lower 
detection limit 



Airy Diameter vs What You See in an 
Image of a Starfield 

• In general different brightness stars encounter the detection limit at different 
percentages of the total “height” of the intensity/distance plot of the star (“cross 
section”) 
– Result is brighter stars have larger diameters than dimmer stars 
– This is the primary source of “star bloat” 
– Other factors can contribute 

• Dirty optics 
• Optical scattering 

– External to telescope (dust in atmosphere: transparency) 
– Internal to imaging system 

» Optics/flocking etc 
» Reflections 
» Microlens scattering 

• Image sensor Diffusion MTF 
– Some percentage of photoelectrons will wind up in wrong pixel, but number is very small for visible light 

wavelength + imagers\ 
– For NIR this can be an issue. 
– But image  will look smeared if you have Diffusion MTF issues 

• And of course Airy Diameters are only relevant to diffraction limited seeing which 
is rarely encountered in terrestrial sited astronomical instruments 
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Detection Limit 

Imaged 
Star 
diameter at 
detection 
limit 

Star 3 

Star 2 

Star 1 

Star 4 

Saturation limit 

“Flat topped star” 

“chopped off star top” 

Sampling Starfield with Electronic 
Sensor: Shows impact of detection 

limit on star diameter 
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Appendix: Diffusion MTF  
&  

Issues When Imaging at NIR 
wavelengths 

Crisp 06/05/2016 



Crisp 06/05/2016 



Crisp 06/05/2016 



If Filters without NIR blocking are used it is possible that bright stars will 
bloat from Diffusion MTF concerns: Stars are broadband and contain 
significant NIR 
The stars are usually the brightest source of NIR in an image and that 
could cause only bright stars to be effectively impacted by NIR Diffusion 
MTF 
Deep Depletion CCDs such as made by E2V are designed to have good 
Diffusion MTF at NIR wavelengths 
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NIR and Stars: notch?  

• As shown NIR can cause smearing of objects 

• Stars are bright and contain broadband 
including NIR 

• If your filters don’t notch NIR, you may get 
bloat from the NIR in the stars caused by 
diffusion MTF issues 

• Try a NIR blocking filter to see if it changes the 
bloat 



Measuring Sensor MTF 



Source: Lomheim 

Measurement 
method to quantify 
diffusion MTF 
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Source: Lomheim 

Measurement 
method to quantify 
diffusion MTF 
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Source: Lomheim 


