OPTI 415/515 Homework #5

1. Provide a brief description of each of these non-interferometric tests.  In a few sentences, describe the fundamental principle behind the test.  All of these tests are still used.  Give an example of a possible application.

· Wavefront curvature measurements

· Phase retrieval (phase diversity)

· Foucault knife edge test

· Wire test

· Ronchi test

· Hartmann test

· Shack-Hartmann wavefront sensor

2. Matlab programs that simulate Shack-Hartmann data and that perform the reconstruction using both modal fitting and Southwell integration are provided and were explained in class.   Run each of these programs.  
· Show that you can simulate a Shack Hartmann measurement of a wavefront error represented by Zernike polynomials.

· Show that you can reconstruct the wavefront from your simulated Shack-Hartmann data by fitting derivatives of Zernike polynomials

· Show that you can reconstruct the wavefront from your simulated Shack-Hartmann data by Southwell integration.

3. 515 students (extra credit for 415 students)

Use Monte Carlo analysis to demonstrate the sensitivity of modal fitting and integration to noise in the data.  Assume the following parameters for the wavefront sensor:

· 5 mm diameter at the WFS
· 10 mm focal length for the lenslets

· Use the 9 x 9 array provided in Peng Su’s Matlab files.
Simulate 1 µm rms random Gaussian noise for each spot, in each direction x and y.  Perform the reconstructions using only the noise as spot data.  Each solution should be only noise, which you can quantify as rms wavefront.   If you perform this several times, the solution should appear random.

Run this in a loop.  Make a histogram of values you obtained for the rms wavefront error.  Quantify the performance with a single number – the rms value of the wavefront rms.  How does this change between two methods of reconstruction.  
If you are feeling energetic, look at the statistics for the Zernike coefficients themselves.   Try changing the number of terms included in the fit and re-evaluating the noise.

