OPTI 435/535 Homework #3 Due: November 2, 2009

Undergrads do problems 1 through 3
Grads do all four problems

1. Suppose an eye has a wavefront error
W(p,8)=0.001Z3(p,0)

where p =1/ rmax and rmax = 3 mm. If the pupil shrinks to rma = 1.5 mm, what is the new wavefront
error in terms of Zernike polynomials?

2. Let’s assume the aphakic eye can be modeled as a single refracting surface with radius 7.8 mm and
an index of refractive of 1.336. If the length of the eye is 24 mm, where does a 20 D (in agueous)
thin lens IOL need to be placed to bring light into focus on the retina? If we wish to create an
accommodating lens, how far would this lens need to move to bring an object at 33 cm from the eye
into focus?

3. Make the thin lens of problem 2 a thick lens with center thickness of 1 mm and use PMMA as a
material. If the lens is equiconvex and has a power of 20 diopters in aqueous, what radii of
curvature are needed for the surfaces? What is the power of the lens in air?

**********************************G rads O n Iy*************************************

4. Design a well-corrected +4.00 diopter spectacle lens to correct hyperopia. We’ll assume a vertex
distance of 14 mm (distance from spectacle to cornea) anda distance of 13 mm between the cornea
and the center of rotation of the eye. To implement this layout, follow these steps

(a) Start with an equiconvex 3 mm thick PMMA lens with radii of £261.114386 mm.

(b) Add an additional surface 27 mm behind the lens and set this surface to be the aperture stop.
This effective puts the stop at the center of rotation of the eye (i.e 14 mm vertex distance plus 13
mm to the center of rotation). In doing so, the field angle corresponds to the rotation of the eye
in object space.

(c) Set the distance from the stop to the image plane as 237 mm. This corresponds to the distance
from the center of rotation to the Far Point of the eye (i.e. 1/ 4 diopters = 250 mm minus 13 mm
to the center of rotation.

(d) Set the object at infinity. Note the actual lens power is slightly different than +4.00 D because of
the separation between the lens and the cornea.

(e) Set field heights of 0 an 15 degrees, the wavelength to 0.55 um and the pupil size to 3 mm.

(F) Set the radius of curvature of the image plane to -250. This corresponds to the Far Point sphere.



Your layout should look like the following:

O}E] Lens Data Editor

Edit Solves View Help

Surf:Type Comment Radius Thickness Glass
OBJ Standard Infinity Infinity
1* Standard anterior lens 281.114386 3_000000 PMMR
2 Standard posterior lens —-Zgl_1l1438¢ 27.000000
5TO Standard ctr of rotation Infinity 237.000000
IM2 Standard_ Infinity -

We now wish to see what the astigmatism looks like as a function of lens bending. Plot the level of
astigmatism (in the 15 degree field) as a function of the anterior lens radius. Reduce the radius of the
anterior spectacle lens and then readjust the radius of the posterior surface of the spectacle to maintain
focus for the zero degree field. As you change the front surface radius, there will be two shapes that
minimize the astigmatism. Make sure you find both of them.



