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Paraxial ray 

A paraxial ray is an optical ray traced “near” 
the optical axis. 



Paraxial focus 

Paraxial ray 

The paraxial focus is where the paraxial ray 
crosses the optical axis after refraction by the 
lens. 



Paraxial focus 

Paraxial ray 

Off axis ray (positive sa) 

When an off-axis ray is refracted by the lens 
and crosses the axis in FRONT of the paraxial 
focal point, the ray exhibits POSITIVE 
spherical aberration. 



Paraxial focus 

Paraxial ray 

Off axis ray (positive sa) 

Off axis ray (negative sa) 

When an off-axis ray is refracted by the lens 
and crosses the axis in BACK of the paraxial 
focal point, the ray exhibits NEGATIVE 
spherical aberration. 



1Holladay JT, et al, A new intraocular lens design to reduce spherical aberration of 
pseudophakic eyes. J Refract Surg., 2002 Nov-Dec;18(6):683-91. 

2Krueger RR, et al, Wavefront Customized Visual Correction, Chapter 42, p. 368, 2004. 
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Conic Conic 





First, we find the apical radius for the front and 
back surfaces to give the desired power. 

R -R 
n0 = 1.336 

F=1336 / P 
Paraxial ray 



Next, we find the conic K parameter so that off 
axis rays intersect the paraxial focus. 

K K 

n0 = 1.336 
Off axis ray 

Paraxial ray 





Negative spherical 
aberration 

Spherical 

Note: spherical aberration in opposite directions. 



Negative spherical 
aberration 

Spherical 

Negative spherical aberrations 

Positive spherical aberrations 



Equal conic 

Unequal conic 

Note: scale is 1000 x smaller than previous slide. 





1Atchison and Smith, Optics of the human eye,  Butterworth-Heinemann, 
2000, p.255. 



R1=7.8, 
K1=-0.25 

ELP=4.5 

n=1.336 

AL adjusted to give best focus for 3 mm pupil. 

R2=6.5, 
K2=-0.25 

n=1.3771 





All IOLs work pretty well here – MTF is limited 
by diffraction.  



This is where negative spherical aberration IOL 
works best.  



As the eye model is adjusted, note how dramatically the 
performance is modified. 



When the cornea has spherical aberrations near zero, the 
“zero” spherical aberration IOLs perform best. 







For this eye model, all IOLs perform about the same. 



For mean corneal shape, the negative spherical 
aberration IOL performance starts to fall off. 



Performance for all IOLs close again… 



“Zero” spherical aberration IOLs start to perform better 
for mean corneal shape. 







Clearly, the spherical surface and negative spherical aberrations 
IOLs have trouble with decentration. 



This trend does not depend upon the corneal shape factor. 



The same optical behavior is seen for the 3 and 5 mm pupils. 



Again, the same trend that does not depend upon corneal 
eccentricity. 







For a 3 mm pupil, the corneal eccentricity does not affect optical 
performance to a large degree – an seen in this and the next slide. 





The general performance of the IOLs for 0.5D of defocus and 5 mm 
pupil does not appear to depend upon corneal eccentricity. 



As a side issue, the large ripples corresponding to the negative 
spherical aberration IOL indicate regions of contrast reversal. 







The tangential and sagittal MTF components indicate a greater 
variability for the unequal conic design compared to the equal conic 
design. 



The magnitude of the differences between the tangential and sagittal 
MTF components clearly show more variability for the unequal conic 
design. 



It is more subtle which lens design is more variable. 



By comparison of the magnitude of the difference between tangential 
and sagittal MTF, we see that the equal conic design has less 
variability. 





Krueger RR, et al, Wavefront Customized Visual Correction, Chapter 42, p. 368, 2004. 








