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(b) Diverging lenses FIGURE 23-29 (a) Converging lenses and (b) diverging lenses, shown in cross section.

(c) Photo of a converging lens (on the left) and a diverging lens (right). (d) Converging lenses
(above). and diverging lenses (below). Iving flat. and raised off the paper to form images.

m Thin Lenses; Ray Tracing

The most important simple optical device is no doubt the thin lens. The develop-
ment of optical devices using lenses dates to the sixteenth and seventeenth
centuries, although the earliest record of eyeglasses dates from the late thir-
teenth century. Today we find lenses in eyeglasses, cameras, magnifying glasses,
telescopes, binoculars, microscopes, and medical instruments. A thin lens is
usually circular, and its two faces are portions of a sphere. (Although cylindrical
surfaces are also possible, we will concentrate on spherical.) The two faces can be
concave, convex, or plane; several types are shown in Fig. 23-29, in cross section.
The importance of lenses is that they form images of objects, as shown in
Fig. 23-30.

Consider parallel rays striking the double convex lens shown in cross section in
Fig. 23-31a. We assume the lens is made of glass or transparent plastic, so its index
of refraction is greater than that of the air outside. The axis of a lens is a straight line
passing through the center of the lens and perpendicular to its two surfaces
(Fig. 23-31). From Snell’s law, we can see that each ray in Fig. 23-31a is bent toward
the axis when the ray enters the lens and again when it leaves the lens at the back
surface. (Note the dashed lines indicating the normals to each surface for the top ray.)
If rays parallel to the axis fall on a thin lens, they will be focused to a point called the
focal point, F. This will not be precisely true for a lens with spherical surfaces. But it
will be very nearly true—that is, parallel rays will be focused to a tiny region that is
nearly a point—if the diameter of the lens is small compared to the radii of curva-
ture of the two lens surfaces. This criterion is satisfied by a thin lens, one that is very
thin compared to its diameter, and we consider only thin lenses here.

SECTION 23-7

FIGURE 23-30 Converging lens (in holder) forms an image (large
“F" on screen at right) of a bright object (illuminated “F™ at the left).

FIGURE 23-31 (below) Parallel
rays are brought to a focus by a
converging thin lens,
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