
OPTI 415 Homework 4       Due: March 24, 2022 

1. Suppose we have a wavefront error 𝑊𝑊(𝜌𝜌, 𝜃𝜃) = 0.001𝑍𝑍20(𝜌𝜌,𝜃𝜃) − 0.001𝑍𝑍40(𝜌𝜌,𝜃𝜃), where 𝜌𝜌 =

𝑟𝑟 𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚⁄  and 𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚 = 3 𝑚𝑚𝑚𝑚.  If the pupil shrinks to 𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚 = 2 𝑚𝑚𝑚𝑚, what is the new wavefront 

error in terms of Zernike polynomials? Plot the old and new wavefronts. They should look 

identical to the old wavefront over the central 2.0 mm.  HINT: After applying the definitions 

of the polynomials, convert to real coordinates and then normalize to the new pupil size. 

 

2. Fit the points below to a 2nd order Zernike expansion (i.e. n ≤ 2) for a normalization radius of 

3 mm. The raw data is available on the website for download. 

   
 

3. Assume that an imaging system with a magnification 𝑚𝑚 = −0.5 is used to capture an image 

of a 1951 USAF target above (original on-line).  What is the resolution limit of the system in 

cyc/mm?  



4. You are testing an optical system and measure a wavefront given by the following Zernike expansion 

𝑊𝑊(𝜌𝜌,𝜃𝜃) = 1.5𝑍𝑍1−1(𝜌𝜌,𝜃𝜃) + 2.0𝑍𝑍20(𝜌𝜌,𝜃𝜃) + 0.23𝑍𝑍31(𝜌𝜌,𝜃𝜃) + 0.5𝑍𝑍40(𝜌𝜌,𝜃𝜃) 

where the expansion coefficients are in units of µm.   

a) What are the peak-to-valley errors for the wavefront spherical approximation, the wavefront 

irregularity and the rotationally invariant wavefront?  

b) Calculate the values for RMSt, RMSi and RMSa. 

c) The ISO 10110 specification for the wavefront deformation of the system is  

13/ 2(0.5) RMSa < 0.05; λ = 632.8 nm.  Does the system meet the specification? 


