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FIGURE 25-25 Distortion: lenses may image a square grid of perpendicular
lines to produce (a) barrel distortion or (b) pincushion distortion. These
distortions can be seen in the photograph of Fig. 23-29d.

by glass. So if white light is incident on a lens, the different colors are focused at
different points, Fig. 25-26, and there will be colored fringes in the image. Chro-
matic aberration can be eliminated for any two colors (and reduced greatly for
all others) by the use of two lenses made of different materials with different
indices of refraction and dispersion. Normally one lens is converging and the
other diverging, and they are often cemented together (Fig. 25-27). Such a lens
combination is called an achromatic doublet (or “color-corrected™ lens).

It is not possible to fully correct all aberrations. Combining two or more
lenses together can reduce them. High-quality lenses used in cameras, micro-
scopes, and other devices are compound lenses consisting of many simple lenses
(referred to as elements). A typical high-quality camera lens may contain six to
eight (or more) elements. For simplicity we will usually indicate lenses in
diagrams as il they were simple lenses.

The human eye is also subject to aberrations, but they are minimal. Spherical
aberration, for example, 1s minimized because (1) the cornea is less curved at the
edges than at the center, and (2) the lens is less dense at the edges than at the center,
Both effects cause rays al the outer edges Lo be bent less strongly, and thus help
to reduce spherical aberration. Chromatic aberration is partially compensated
for because the lens absorbs the shorter wavelengths appreciably and the retina is
less sensitive to the blue and violet wavelengths. This is just the region of the spectrum
where dispersion—and thus chromatic aberration—is greatest (Fig. 24-14).

Spherical mirrors (Section 23-3) also suffer aberrations including spherical
aberration (see Fig. 23—11). Mirrors can be ground in a parabolic shape to correct
for spherical aberration. but they are much harder to make and therefore very
expensive. Spherical mirrors do not, however, exhibit chromatic aberration
because the light does not pass through them (no refraction, no dispersion).

Limits of Resolution; Circular Apertures

The ability of a lens to produce distinct images of two point objects very close
together is called the resolution of the lens. The closer the two images can be
and still be seen as distinct (rather than overlapping blobs), the higher the reso-
lution. The resolution of a camera lens, for example, is often specified as so
many lines per millimeter, as mentioned in Section 25-1.

Two principal factors limit the resolution of a lens. The first is lens aberrations.
As we saw, because of spherical and other aberrations, a point object is not a point
on the image but a tiny blob. Careful design of compound lenses can reduce
aberrations significantly, but they cannot be eliminated entirely. The second
factor that limits resolution is diffraction, which cannot be corrected for optically
because it is a natural result of the wave nature of light. We discuss it now.

In Section 24-5 we saw that because light travels as a wave, light from a
point source passing through a slit is spread out into a diffraction pattern
(Figs. 24-19 and 24-21). A lens, because it has edges, acts like a slit. When a lens
forms the image of a point object, the image is actually a tiny dilfraction
pattern. Thus an image would be blurred even if aberrations were absent.

FIGURE 25-26
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