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Underwater vision

FIGURE 25-14

see a blurry image because light rays

contact lens and an eyeglass lens will require slightly different powers, or focal
lengths, for the same eye because of their different placements relative to the eye.
We also see that glasses in this case give a betler near point than contacts.

EXERCISE B What power contact lens is needed for an eve to see distant objects if its
far point is 25¢m?

Underwater Vision

When your eyes are under water, distant underwater objects look blurry because
at the water—cornea interface, the difference in indices of refraction is very
small: n = 1.33 for water, 1.376 for the cornea. Hence light rays are bent very
little and are focused far behind the retina, Fig. 25—-14a. If you wear goggles or
a face mask, you restore an air—cornea interface (n = 1.0 and 1.376, respectively)
and the rays can be focused, Fig. 25-14b,
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FIGURE 25-15 When the same
object is viewed at a shorter
distance, the image on the retina is
greater, so the object appears larger
and more detail can be seen. The
angle @ that the object subtends in
(a) is greater than in (b). Note: This is
not a normal ray diagram because we
are showing only one ray from each
point.

Image FIGURE 25-16

E Magnifying Glass

Much of the remainder of this Chapter will deal with optical devices that are used
to produce magnified images of objects. We first discuss the simple magnifier, or
magnifying glass, which is simply a converging lens (see Chapter-opening photo).

How large an object appears, and how much detail we can see on it,
depends on the size of the image it makes on the retina. This, in turn, depends
on the angle subtended by the object at the eye. For example, a penny held
30cm from the eve looks twice as tall as one held 60 cm away because the
angle it subtends is twice as great (Fig. 25-15). When we want to examine detail
on an object, we bring it up close to our eyes so that it subtends a greater angle.
However, our eyes can accommodate only up to a point (the near point), and we
will assume a standard distance of N = 25cm as the near point in what follows.

A magnifying glass allows us to place the object closer to our eye so that it
subtends a greater angle. As shown in Fig. 25-16a, the object is placed at the
focal point or just within it. Then the converging lens produces a virtual image,
which must be at least 25 cm from the eye if the eye is to focus on it. If the eye
is relaxed, the image will be at infinity, and in this case the object is exactly at
the focal point. (You make this slight adjustment yourself when you “focus™ on
the object by moving the magnifying glass.)

Leaf viewed (a) through a magnifying glass, and (b) with the unaided eve. The eye is

focused at its near point in both cases.
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