
























 
  



 
Notes by Rik Littlefield, rj.littlefield@computer.org, 6/27/2014: 
 

1. The variable s is spatial frequency, in line pairs per unit length, scaled such that s = 2 is 
cutoff based on the Airy disk. 
 

2. To further make sense of Equation 31, it may be helpful to compare it to the standard 
formula for quarter-lambda wavefront error.  Then we have: 
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 is recognizable as the cutoff frequency.  

 
So, one special point for Hopkins' formula occurs when we run at quarter-lambda 
wavefront error and focus our attention on the frequency R' where D(s) = 0.80, roughly 
out to 0.2 of the cutoff frequency for that lambda.   
 
If we now consider what happens when lambda changes, we find that the MTF curve as a 
whole sags by the change squared, but our position along that curve moves left (or right) 
by 1/change, and because the effect of defocus is quadratic near s=0, everything cancels 
out so that the loss of contrast does not depend on lambda.   
 
Dependence on sin a' (instead of its square) and lack of dependence on lambda are also 
characteristics of the ray optics model, so equation 31 is further substantiation of 
Hopkins' viewpoint that ray optics is close enough for many purposes.   
 
Paraphrasing, diffraction only matters when you're concerned with frequencies that are a 
substantial fraction of cutoff. 


