Sub-aperture sampling of low order wavefront errors
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Low order wavefront errors can be determined by piecing together data from subaperture measurements.  There is a limitation to this reconstruction where the noise in the individual measurements overcomes the measurements.  As the subaperture becomes smaller, the magnitude of the wavefront variation that is being sampled error falls off quickly.  This report quantifies this for the case of the 6.5-m LOTIS collimator.
In order to quantify the relationship between full aperture wavefront errors and sub-aperture sampling, the following analysis was performed:

1. Simulate low order errors one at a time using Zernike polynomials over the 6.5-m aperture.  Compute rms with secondary shadow included.

2. Sample each Zernike term with 1, 1.5, 2, and 2.5 meter diameter circular apertures at the edge of the 6.5-m aperture.  These were clocked to different azimuth positions on the 6.5-m pupil and averaged.  They were always evaluated at the outer edge of the 6.5-m aperture.  This gives the most variation in the subaperture.

3. Tilt and piston is removed from each case over the aperture being evaluated, but power was left in.

4. Plotted below is the (test wavefront)/(total wavefront), defined as the ratio of rms for the subaperture to overall rms for the 6.5-m system
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Going from 2.5 meters to 1.5 meters will reduce the rms in the subaperture measurement by the factors given below:

	Aberration
	(rms in 1.5-m)/
(rms in 2.5-m)

	Astigmatism
	0.32

	Trefoil 
	0.45

	Coma
	0.45

	R4 cos 4 
	0.56

	R4 cos 2
	0.62

	R5 cos  
	0.80

	spherical
	0.62
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