Aberrations Latin aberrare      "go astray"
→ Thanks to Bret Hess for these viewgraphs
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Chromatic Aberration
Problem:  n = n().  

Solution: The idea is to use a lens pair with the strongest lens (smallest f) of low dispersion coupled with a weaker one of high dispersion calculated to match the focal lengths for two chosen wavelengths. Cemented doublets “achromats” of this type are a mainstay of lens design.  
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Spherical Aberration
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Problem:  For light rays parallel to the optical axis, at large distances (h) from the axis, small angle approximation breaks down:  f = f(h)
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Correction: Restrict h: Aperture or “field stop”.  

Correction: Single lens:  vary lens R’s
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Example: single: Optimize direction
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If you focus a laser beam, or want to form a collimated beam from a focus, and use a plano-convex lens, turn the flat side toward the spherical wavefronts
Correction: Multiple lenses
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The 1993 Hubble Telescope repair
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" Achromatic doublet
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HST Repair, cont.

Astigmatism

[image: image22.emf]Problem:  Lens is not completely spherical:  Spherical lens + cylindrical lens:  Rays in different planes have different focal lengths. 
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Correction:  Add an opposite cylindrical component in a corrective lens
Oblique astigmatism

Problem:  Even if the Lens is spherical, rays from off-axis points in different planes have different focal points, as though the lens were asymmetric: f = f()
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Correction: 

Spaced doublets with stop.

Aspherical lenses (toroidal components).

Coma

Problem:  For light rays not parallel to the optical axis, rings of different h get focused at different y’s.   f = f(h,)

[image: image26.png]Spherical aberration





Get it when your lens is tilted in a beam
→ or (equivalently) when imaging off-axis objects 

[image: image27.png]The 2.4-m-diameter hyperboloidal primary mirror of the Hubble Space
Telescope. (Photo courtesy of NASA.)





“Worst aberration”…very asymmetric

Correction: Aperture or field stop 

Correction: Single lens: Optimize shape of lens to compromise between minimizing spherical aberr. and coma.  Coma can be made exactly zero for one object distance. 

Field curvature
[image: image28.png]iure 6.19 (a) Because the primary mirror is too flat, rays from the outer edges met at a
oint 38 mm beyond the point where inner rays converge. (b) The image of a distant star
ed by the HST. (Photos courtesy of NASA.)



Problem:  Even with other aberrations corrected, planar objects will have different object and image distances for different points, because spherical lenses properly image only curved objects onto curved screens. 

Correction:  Multiple lenses
Distortion
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Problem:  Magnification may depend on h, even with all other aberrations corrected and everything is focused sharply.
Correction: Multiple lenses, stops

Aperture stops 

[image: image30.png]HST images of the M-100 galaxy with (before repair) and without (after
repair) spherical aberration. (Photos courtesy of NASA.)



f-number   
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Effect of f-number on “depth of view”?

Extreme: Pinhole cameras

Light-gathering ability or “speed” of optical system:

Numerical aperture 
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 for a typical optical system
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 for immersion microscope
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This lens mainly determines f





This lens mainly corrects dispersion





Not a small angle





Pictures & story from Hecht
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