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1. (45%) We intend to use a spherical ball lens of radius R and refractive index n
as magnifier in an imaging system, as shown in Figure A. The refractive index
satisfies the relationship 1 < n < 4/3, and the medium surrounding the ball lens
is air (refractive index = 1).

1.a) Calculate the effective focal length (EFL) of the ball lens. Use the thick

lens model with appropriate parameters.

1.b) Locate the back focal length (BFL), the front focal length (FFL) and the
principal planes of the ball lens.

1.c) An object located at distance d to the left of the back surface of the ball
lens, as shown in Figure A, where

e
~ 4n-1)

Show that the object is one half (EFL) behind the principal plane, and use
this fact to find the location of the image plane.

1.d) Is the image real or virtual? Is it erect or inverted? What is the magnifi-
cation?

1.e) Locate the aperture stop and calculate the numerical aperture (NA) of the
optical system of Figure A.

1.f) Sketch how a human observer using the optical system of Figure A as input
to her eye would form the final image of the object on her retina.

object ball-lens

Figure A
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