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Background & Motivation |

Pneum mirrors for

astronomy

' Study started in 1991 at
the U. of Pennsylvania

and continued there
through 1998

' Resurrected aiGravicin
2008 for groundbased
light buckets

| Science Iinterestg
Intensity interferometry, -
occultations, high speed & et
aperture photometry OAOEA 1 Wo 11 )




Backglrﬂund & Motivation I

' Tradi quantification
such as P/ andStrehl
Ratio were not helpful

' O(ECEI U AAAOM
signifies many waves of |

caustic, raycrossing _
aberrations Pool caustics



Circle of Confusion

Diaphragm

| Detector

Circle of Confusion

Circle of Confusion = blur spot at focal plane
Diaphragm = circular isolator before the detector



Aberration Characterization |

P-V andStrehl
e
same In the Mirror 1
figure |
st the RMS [ INAAAAAAAAA
local slope Mirror 2

b ; P-V and RMS measures are the same for both mirrors!
gradlent IS Very But, not |Ag|ms (rms slope)

different




Aberration Characterization Il

Two aberration
types CO”Sldere A {::\“ Circle of Confusion
analytically PN

Random surface
neight variations

Random local
slope problems

+Ah ’

Nominal Mirror Surface Local Slope Flaws Ao

Surface Height Flaws At



Aberration Characterization

Analysis produces
Zernike S e ™
re p rese ntatl O n Of : \‘"\.\ p3. ¢ : Right-Angle Bath Interferometer

Stitching and
statistical
combination of
sample zonaesults



Aberration Characterization IV

Diameter ofCoCfrom surface height flaws:

dE‘ﬂE_,squﬂ,r:E height (H) ~ Gsnﬂ-/f

Diameter ofCoCfrom local slope flaws:

d(’.‘ﬂ{:,mcaismpe (nf) ~ 4n'F ‘ﬂ‘i"rms

wheref is the focal ratioFis the focal length, and the and 1@
multipliers determine the encircled flux fraction



Aberration CharacterizationV

Zernike wavefront representation)V( ,d), is used
for the estimation oft and|qai|, .

. W(p,0) = Y, aZ (p,0)
2 o2 = (W2(p,0)) — (W(p,0))? = Za}z

=2

W 16W
e VIV (p,0) = 5, €p + > 36 €0

VWi,
4 AP rms = Tms
2
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Aberration Characterization VI

Calculation of the rms wavefront gradient norm from Zernike
coefficients (Southwell 1988Braat1987)

2

NVW|2) = Zatlz V2i+ 1a%| +
[=1 i=I

2

+ Z {m 22(211 Tm+ Dal,, | +
i=0

o0 co 2
+) 2@4m)| ) 2QiFm+ 1)ag}+m] }
=1 =l

FringeXRRowe 2003) coefficient form
\VW |l,ms = [Z2 + 22,7 + 2% + 27,7, + 872 + 167374 + 272 + 222 + 7TZ¢ + 772 +
1
+ 2475 + 3Z% + 374,z .

Southwell, W. H. 1982, Proc. SPIE. 365. pp. 97-104
Braat. J. 1987. J. Opt. Soc. Am.. A4, pp. 643-650




Aberration Characterization VII

How much aberration is permissible?

For surface height flaws, thens wavefront error must not
exceed

Olimit ~ zdeiaphragm/n

Anf/2 mirror with 1.3mm rms smooth surface height
aberrations [.e., 2600 waves of 500m light) feeding a
1-mm diameter diaphragm encircles 99.7% of the flux
(n=3).
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Aberration Characterization VIII

For local slope flaws, thens wavefront gradient
norm must not exceed

dDiaphragm

HVW”rms,Eimit ~

8n'f

Anf/2 mirror with a Imm diaphragm tolerates 42
waves (50ehm) rms wavefront gradient norm
aberration and still encircles 98.9% of the fluw (H Q C
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Aberration Characterization IX
Solving for the spot size gives a useful rule of thun

whereE]e §Z ~A A (EDi

diameter in the same units.

e.g., 2waves=18®mon tu u]C

=

& theEEJIC

[Tl
-

= VRRB/HMIT

Note: Edepends on the type of aberration (above hol
for when rms grad norm = 0.5, e.g., for tilt).



