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ÎSome Light Bucket Aberration Theory

ÎGravic Labs Pneumatic Mirror Prototypes

ÎEarly StarstoneEvaluation

ÎOther Mirrors
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Î Pneumatic mirrors for 
astronomy
ÍStudy started in 1991 at 

the U. of Pennsylvania 
and continued there 
through 1998 
ÍResurrected at  Gravicin 

2008 for ground-based 
light buckets
ÍScience interests ɀ

Intensity interferometry, 
occultations, high speed 
aperture photometry 'ÒÁÖÉÃ ΪΨȱ ÏÎ )0)ΩίΩ '%-
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ÎTools were needed to  
characterize progress 
and failure in our work

ÍTraditional quantification 
such as P-V and Strehl
Ratio were not helpful

ÍȰ(ÉÇÈÌÙ ÁÂÅÒÒÁÔÅÄȱ ÔÏ ÕÓ 
signifies many waves of 
caustic, ray-crossing 
aberrations
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Î Circle of Confusion = blur spot at focal plane
Î Diaphragm = circular isolator before the detector
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ÎP-V and Strehl
Ratio are the 
same in the 
figure

ÎBut, the RMS 
local slope 
gradient is very 
different
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ÎTwo aberration 
types considered 
analytically

ÍRandom surface 
height variations

ÍRandom local 
slope problems



Î Zone-sampling with 
a Right-angle Bath 
Interferometer

Î Analysis produces 
Zernike 
representation of 
wavefront , W(ʍȟʃɊ

Î Stitching and 
statistical 
combination of 
sample zone results 
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ÎDiameter of CoCfrom surface height flaws:

ÎDiameter of CoCfrom local slope flaws:

where f is the focal ratio, Fis the focal length, and the n and nȭ 
multipliers determine the encircled flux fraction
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ÎZernike wavefront representation, W(ɟ,ɗ), is used 
for the estimation of ůand |ȹű|rms

Î1

Î2

Î3

Î4
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Î Calculation of the rms wavefront gradient norm from Zernike 
coefficients (Southwell 1982, Braat1987)

Î FringeXP(Rowe 2003) coefficient form
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Î How much aberration is permissible?

For surface height flaws, the rms wavefront error must not 
exceed

An f/2 mirror with 1.3-mm rms smooth surface height 
aberrations (i.e., 2600 waves of 500-nm light) feeding a 
1-mm diameter diaphragm encircles 99.7%  of the flux 
(n=3). 
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For local slope flaws, the rms wavefront gradient 
norm must not exceed

An f/2 mirror with a 1-mm diaphragm tolerates  42-
waves (500-nm) rms wavefront gradient norm 
aberration and still encircles 98.9% of the flux (nȭЂΩɊȢ
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ÎSolving for the spot size gives a useful rule of thumb:

where E �]�•���š�Z�����^�Á���À���(�Œ�}�v�š�����Œ�Œ�}�Œ�U�_��D is the mirror 
diameter in the same units.

e.g., 2 waves=10-6-m on 1-�u���u�]�Œ�Œ�}�Œ���•���î�_��FWHM
Note: Edepends on the type of aberration (above holds 

for when rms grad norm = 0.5 (P-V), e.g., for tilt).
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