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Refractive index 𝑛 = 1.5
Focal ratio 𝑓/2
Focal length of the camera 50mm
Angular blur size diameter 𝛽 = !(#!$%)
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Linear diameter 𝛽𝑓 = 0.00837 rad ×50 mm = 0.419 mm = 419 um ≫ size of a typical CCD pixel

To overcome the limitation 
→ arrange many small lenses to make a 419um lens or arrange typical CCD pixels



�́�𝑡𝑒𝑛𝑑𝑢𝑒 : luminosit�́� or throughput
Surface element of area(𝑑𝑆), brightness(𝐵) radiates into solid angle(𝑑Ω)
→flux(energy rate, J/s) 𝑑𝐹 = 𝐵cos𝜃𝑑𝑆𝑑Ω
𝑑𝑆:entrance pupil, seeing disk (Airy diffraction disk), or entrance slit of 

spectrometer
𝑑Ω = 2𝜋sin𝜃𝑑𝜃

→𝐹 = 2𝜋𝐵𝑑𝑆 ∫5
6# cos𝜃sin𝜃 𝑑𝜃 = 𝐵𝑈

𝜃-:maximum value of the half-angle of the cone of rays from 𝑑𝑆
𝑈 = 𝜋sin'𝜃-𝑑𝑆: �́�𝑡𝑒𝑛𝑑𝑢𝑒

Evaluate �́�𝑡𝑒𝑛𝑑𝑢𝑒 for different systems
→ 𝑈 = 𝐴Ω
𝐴:area of entrance aperture, Ω:solid angle subtended by the entrance pupil

No loss by absorption or reflection
→𝑈 = 𝐴Ω is conversed
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・spectrometer (𝑤: slit width, ℎ:slit height) 
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・seeing-limited camera (𝜃:seeing limited diameter)
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