*m Aberrations of Lenses and Mirrors

In Chapter 23, we developed a theory of image formation by a thin lens. We
found, for example, that all rays from each point on an object are brought to a
single point as the image point. This, and other results, were based on approxi-
mations such as that all rays make small angles with one another and we can
use sinf =~ §. Because of these approximations, we expect deviations from the
simple theory, and these are referred to as lems aberrations. There are several
types of aberration; we will briefly discuss each of them separately, but all may
be present at one time.

Consider an object at any point (even at infinity) on the axis of a lens. Rays
from this point that pass through the outer regions of the lens are brought to a
focus at a different point from those that pass through the center of the lens.

Spherical aberration This is called spherical aberration, and is shown exaggerated in Fig. 25-24.
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Consequently, the image seen on a piece of film (for example) will not be a
point but a tiny circular patch of light. It the film is placed at the point C, as
indicated, the circle will have its smallest diameter, which is referred to as the
circle of least confusion. Spherical aberration is present whenever spherical
surfaces are used. It can be corrected by using nonspherical lens surfaces, but to
grind such lenses is difficult and expensive, It can be minimized with spherical
surfaces by choosing the curvatures so that equal amounts of bending occur at
each lens surface; a lens can be designed like this for only one particular object
distance. Spherical aberration is usually corrected (by which we mean reduced
greatly) by the use of several lenses in combination, and by using only the
central part of lenses.

For object points off the lens axis, additional aberrations occur. Rays
passing through the different parts of the lens cause spreading of the image that
is noncircular. There are two effects: coma (because the image of a point is
comet-shaped rather than a circle) and off-axis astigmatism.” Furthermore, the
image points for objects off the axis but at the same distance from the lens do
not fall on a flat plane but on a curved surface—that is, the focal plane is not
flat. (We expect this because the points on a flat plane, such as the film in a
camera, are not equidistant from the lens.) This aberration is known as
curvature of field and is a problem in cameras and other devices where the
film is placed in a flat plane. In the eye, however, the retina is curved, which
compensates for this effect.

Another aberration, known as distortion, is a result of variation of magnifi-
cation at different distances from the lens axis. Thus a straight-line object some
distance from the axis may form a curved image. A square grid of lines may be
distorted to produce “barrel distortion,” or “pincushion distortion,” Fig, 25-25,
The latter is common in extreme wide-angle lenses.

All the above aberrations occur for monochromatic light and hence are
referred to as monochromatic aberrations. Normal light is not monochromatic,
and there will also be chromatic aberration. This aberration arises because of
dispersion—the variation of index of refraction of transparent materials with
wavelength (Section 24-4). For example, blue light is bent more than red light

Off-axis aberrations

" Although the effect is the same as for astigmatism in the eve (Section 25-2), the cause is different.
Off-axis astigmatism is no prablem in the eve because objects are clearly seen only at the fovea, on
the lens axis.
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