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Aberration balancing

diffraction, 77

geometrical, 60
Aberrated PSF, 70, 82
Aberration coefficient, 11
Aberration difference function, 96
Aberration function,10
Aberration order,11
Aberration variance, 76
Airy disc, 71
Airy pattern, 71
Anastigmatic, 18
Angular dispersion, 45
Annular pupils 111, 139
Aperture stop, 3
Aplanatic, 18
Apodized system, 124
Astigmatic focal lines, 72, 73
Astigmatism, 11, 61, 77

sixth order, 48
Atmospheric turbulence, 138, 155
Atmospheric coherence length, 138
Autocorrelation function, 135
Axial irradiance

annular pupil, 113

circular pupil, 74

Gaussian pupil, 124

B

Balanced aberration, 76
nonoptional, 79

Balanced astigmatism
diffraction, 77, 78
geometrical, 62

Balanced coma, 77, 78

Balanced spherical aberration
geometrical, 60
diffraction, 77

Beam
annular, 118
circular, 75
Gaussian, 123, 126
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C
Circle of least confusion
astigmatic, 63
spherical, 60
Centroid, 131
Chief ray, §
Chromatic aberration, 19, 44
Circular pupils, 69
Coherence length, 140
Coherent object, 71
Coma, 11
sagittal, 61
secondary, 80, 90
tangential, 61
Conic surface, 50
Conjugates, 3
Contrast ratio, 95
Contrast reversal, 99
Converging beam, 33, 75, 118
Correlation length, 148
Cutoff frequency, 94

D

Defocus, 7

Defocus aberration, 8
Defocused PSF, 84
Degree of coherence, 140
Design aberrations, 148
Diffraction focus, 78
Diffraction-limited image, 72
Diffraction pattern, 69
Diffraction PSE, 69
Distortion, 11, 64
Doublet, 27

E

Eccentricity, S0
Encircled power, 71
Entrance pupil, 3
Exit pupil, 5

F

Fabrication errors, 148
f-number, 9

Field curvature, 11
Field of view, 49
Figure errors, 149
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Focal length
refracting surface, 15
spherical mirror, 35
thin lens, 21
Focal ratio, 9
Fourier transform, 92
Fourth-order wave aberrations, 11
Fresnel number, 73

G
Gaussian amplitude, 124
Gaussian approximation
geometrical optics, 3
PSF, 137
Gaussian beam, 124
Gaussian image, 3
Gaussian image motion, 137
Gaussian pupils, 124
weakly truncated, 127
Gaussian radius, 124
Gaussian random variable, 135
Gaussian reference sphere, 5
Gaussian spherical wavefront, 5
General aspherical surface, 54
Geometrical point-spread function, 57
Geometrical ray aberration, 7

H
Half-wave zones, 73
Hopkins ratio, 95

I
Image magnification, 15
Irradiance, 70
Image motion
annular pupils, 143
circular pupils, 137
Incoherent object, 70
Interference pattern, 150
Interferogram, 151
Isoplanatic system, 69

K
Kolmogorov turbulence, 138

L
Lateral spherical aberration, 48
Line-of-sight, 131

Longitudinal astigmatism, 63
Longitudinal chromatic aberration, 19
Longitudinal defocus, 9

Longitudinal spherical aberration, 59

M
Magnification

image, 15

pupil, 18
Manufacturing errors, 148
Maréchal formula, 76
Marginal image, 59
Marginal ray, 5
Meridional plane, 7
Modulation ratio, 95
Modulation transfer function, 93

N
Neutral zone, 47
Nonoptimally balanced aberration, 79

0

Oblique spherical aberration, 48
Obscuration ratio, 111

Optical axis, 3

Optical path length, 5

Optical tolerances, 76

Optical transfer function, 92
Order of an aberration, 11
Orthogonal aberrations, 82

P
Paraboloidal mirror, 55
Parallel beam, 27
Paraxial approximation, 3
Paraxial image, 3
Petzval curvature, 17
Petzval surface, 18
Phase aberration, 70
Phase transfer function, 93
Plane-parallel plate, 30
Point-spread function
diffraction, 69
geometrical, 57
Polychromatic PSF, 71
Position factor, 23
Primary aberration
conic mirror, 54
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general, 11
plane-parallel plate, 33
refracting surface,16
spherical mirror, 36
thin lens, 23

Principal ray, §

Pupil function, 70

Pupil magnification, 18

Q

Quarter wave rule, 69, 80

R

Radial image, 63

Random aberration, 135

Ray aberration, 7, 57

Rayleigh’s quarter wave rule, 80
Reference sphere, 5

Refracting surface, 15
Rotational invariants, 10

S
Sag
definition, 8
spherical surface, 8
conic surface, 50
Sagittal image, 63
Sagittal plane, 7
Schmidt camera, 42
Schmidt plate, 43
Schmidt system, 39
Seeing, 143
Seidel aberrations, 11
Sign convention, 19
Shape factor, 23
Snell’s law, 3
Spatial frequency, 92
Speckels, 143
Spherical aberration, 11, 58
oblique, 48
secondary, 48, 80, 98
Spherical mirror, 35
Spot diagram, 57
Spot radius, 59
Surface errors, 148

Standard deviation, 76
Strehl ratio
annular pupils, 119
circular pupils, 75
Gaussian pupils, 126
Structure function
atmospheric turbulence, 138
definition, 135
image motion,137
Symmetry
axial irradiance, 74
aberrated PSF, 83
T
Tangential image, 63
Tangential plane, 7
Tilt aberration, 9
Thermal distortions, 149
Thin lens, 21
Third-order ray aberrations, 11
Transverse chromatic aberration, 19
Transverse magnification, 15
Transverse ray aberration, 7
Truncation parameter, 124
Twyman-Green interferometer, 151

U

Uniform beam
annular, 118
circular, 75

vV
Virtual path, 22
Visibility, 140

W

Wave aberration, 5
Wavefront, 5
Wavefront tilt, 9
White light PSF, 70

Z

Zernike aberrations, 82

Zernike annular polynomials, 118
Zemike circle polynomials, 81
Zonal rays, 5






About the Author

Virendra N. Mahajan was born in Vihari, Pakistan, and
educated in India and the United States. He received his
Ph.D. degree in Optical Sciences from the Optical Sciences
Center, University of Arizona, in 1974. He spent nine years
at the Charles Stark Draper Laboratory in Cambridge,
Massachusetts, where he started and headed an optics
group. Since 1983, he has been at The Aerospace
\ Corporation in El Segundo, California, where he works on
space defense programs. He is also an adjunct professor at
“iy ' the University of Southern California in the electrical
Y W engineering-electrophysics department, where he teaches an
advanced course in geometrical and physical optics. He was a visiting professor at the
Indian Institute of Technology, New Delhi, under a grant from the United Nations
Development Program during spring 1990. He has taught short courses on aberration
theory at the National Central University, Chung Li, Taiwan, and at the annual
meetings of the Optical Society of America and SPIE. He has published numerous
papers on diffraction, aberration theory, adaptive optics, and acousto-optics. He is a
member of the Optical Society of America and past chairman of its Astronomical,
Aecronautical, and Space Optics technical group. He is also a member of the SPIE and
a past member of its Education Committee.






