1.5.8 Orders of Polynomials
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1.5.8 Seidel Aberrations
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Doublet Wavefront Error
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Doublet Transverse Ray Error

Wl 5: Ray Fan | 5 S Wl 5: Ray Fan = |
Update Settings Print  Window Text Zoom Update | Settings Print Window JText Zoom
OBJ: 0.0000 (deg) CBJ: 4.0000 (degq)
ey | ex ey | ex|
\N\ et —— \N =t R T I e e e T e e e I M =y R
Py Px _uT%—+EqLH““Ey Ex
Transverse Ray Fan Plot Transverse Ray Fan Plot

A SIMPLE DOUBLET
2/18/2011
Maximum Scale: =
0.E589

Surface:

Image

USING A CROWHN AND A FLINT.

500.000 pm.

Doublet . zmx

Configuration 1 of 1

A S5IMPLE DOUBLET
2/15/2011
Maximum Secale: =
0.58%

Surface: Image

USING & CROWH AND A FLINT.

E00.000 pm.

Configuration 1 of 1

Doublet . zmx




1.5.9.1 Non-Rotationally
Symmetric Systems
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1.5.9.3 Zernike Polynomials



http://upload.wikimedia.org/wikipedia/en/9/9c/Unstained_Epithelial_Cell.jpg

1D Curve Fitting




Low-order Polynomial Fit
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In this case, the error is the vertical distance between the line and
the data point. The sum of the squares of the error is minimized.




High-order Polynomial Fit
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Fit to W(x) = X
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Extension to Two Dimensions

Exam 0

0.0022 mm
0.0007 mm
-0.0009 mm

-0.0024 mm
-0.0040 mm
-0.0055 mm
-0.0071 mm
-0.0086 mm
-0.0102 mm
-0.0117 mm
-0.0133 mm
-0.0148 mm
-0.0164 mm

In many cases, wavefronts take on a complex shape defined over a circular
region and we wish to fit this surface to a series of simpler components.



Wavefront Fitting
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Radial Polynomial, p

Zernike Polynomials
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Zernike Polynomials - Single

Index ANS|
STANDARD

Starts at O
Left-to-Right
Top-to-Bottom

+2)+
Z, whee j=lf2Em
2

Radial Polynomial, p

Azimuthal Frequency, 6



Other Single Index Schemes
NON-STANDARD

Starts at 1
cosines are even terms
sines are odd terms

AY 213
Noll, RJ. Zernike polynomials and atmospheric turbulence. J Opt Soc Am 66; 207-211 (1976).

Zis  Zis

Also Mahajan and Zemax “Standard Zernike Coefficients”



Other Single Index Schemes

NON-STANDARD

Starts at 1

increases along diagonal
cosine terms first

35 terms plus two extra
spherical aberration terms.
No Normalization!!!

Zemax “Zernike Fringe Coefficients”

Also, Air Force or University of Arizona



Zeroth Order Zernike Polynomials

This term is called Piston and is usually ignored.
The surface is constant over the entire circle, so
NO error or variance exists.




First Order Zernike Polynomials
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i These terms represent a tilt in

— § ' the wavefront.
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Combining these terms results in a -1 1
general equation for a plane, thus al—lzl (p1 9) + allzl (p1 9)

by changing the coefficients, a plane
at any orientation can be created.
This rotation of the pattern is true
for the sine/cosine pairs of Zernikes B y X
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Second Order Zernike Polynomials
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Z(2,0) is a paraboloid, so it represents defocus. Z(2,2) and Z(2,-2) are
saddle shaped surfaces rotated 45 degrees to one another. Much like
tilt, appropriate weighting of these two terms can create a saddle shape
rotated through any angle.
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Third Order Zernike Polynomials

5
Z3° Z31 Z% Z3

The inner two terms are coma and the outer two terms are trefoil.
These terms represent asymmetric.



Fourth Order Zernike Polynomials
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These terms represent more complex shapes of the wavefront.



1.5.10 Through-Focus PSF and the
Star Test
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Spherical Aberration
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Astigmatism

Seidel Astigmatism
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Coma

Seidel Coma

Paraxial
Focus

Zernike Coma Z(3,-1)
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http://www.recipester.org/Image:Open_the_pincushion_distortion_photo_in_Adobe_Photoshop.jpg

Pincushion Distortion




Percent Distortion
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Fischer, Optical System Design



Anamorphic Distortion
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OCULUS - PENTACAM

Keystone Distortion

Left eye 141

Segment: 270° - 90°

@i

Zoom + | Contrast Mormal |
7 1 1 1 1 [ ' ' ' ' ' 1
11 | R ]—
Zoom - | Adjuzt Image |

Marme: |Calib, 6721-4050

10 I

Do Bith:  |11/25/2004 |Leit
Exar |11/25/2004 |15:18:53

Calib: 25.11.2004; 15:13:05




Keystone Correction

www.lonestardigital.com/perspective_correction.htm



Scheimpflug Imaging
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http://users.gsinet.net/pjwhite/tilt-shift.ntm
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