FIGURE 25-5 Photos taken with
a camera (a) focused on a nearby
object with distant object blurry,
and (b) focused on a more distant

(a) (b) object with nearby object blurry.

If the lens is focused on a nearby object, a sharp image of it will be formed,
but the image of distant objects may be blurry (Fig. 25-5). The rays from a
point on the distant object will be out of focus—they will form a circle on the
film as shown (exaggerated) in Fig. 25-6. The distant object will thus produce
an image consisting of overlapping circles and will be blurred. These circles are
called circles of confusion. To include near and distant objects in the same
photo, you can try setting the lens focus at an intermediate position. For a given
distance setting, there is a range of distances over which the circles of confusion
will be small enough that the images will be reasonably sharp. This is called the
depth of field. The depth of field varies with the lens opening. If the lens opening
is smaller, only rays through the central part of the lens are accepted, and these
form smaller circles of confusion for a given object distance. Hence, at smaller lens
openings, a greater range of object distances will fit within the circle of confusion
criterion, so the depth of field is greater. For 35-mm cameras, the depth of field is
based on a maximum circle of confusion diameter of 0.03 mm.
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Camera focus. How far must a 50.0-mm-focal-length
camera lens be moved from its infinity setting to sharply focus an object
3.00 m away?

APPROACH For an object at infinity, the image is at the focal point, by defin-
ition as discussed in Section 23-7. For an object distance of 3.00 m, we use the
thin lens equation, Eq. 23-8, to find the image distance (distance of lens to
film or sensor).

SOLUTION When focused at infinity, the lens is 50.0 mm from the film. When
focused at d, = 3.00 m, the image distance is given by the lens equation,
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We solve for d; and find d; = 50.8 mm. so the lens needs to move 0.8 mm
away from the film or digital sensor.

EXERCISE A If the lens of Example 25-1 is 504 mm from the film or sensor, what is
the object distance for sharp focus?

SECTION 25-1

Depth of field

FIGURE 25-6 When the lens is
positioned to focus on a nearby
object, points on a distant object
produce circles and are therefore
blurred. (The effect is shown greatly
exaggerated.)
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