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Diverging Lens

By drawing the same three rays emerging from a single object point, we can
determine the image position formed by a diverging lens, as shown in Fg, 23-36.
Note that ray | is drawn parallel to the axis, bul does not pass through the focal
point F' behind the lens. Instead it seems to come from the focal point F in front of
the lens (dashed line). Ray 2 is directed toward F' and is refracted parallel to the
lens axis by the lens. Ray 3 passes directly through the center of the lens. The three
refracted rays seem to emerge from a point on the left of the lens. This is the image
point, I. Because the rays do not pass through the image, it is a virtual image. Note
that the eye does not distinguish between real and virtual images—both are visible.
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FIGURE 23-37 Deriving the lens equation

for a converging lens.

THIN LENS EQUATION ‘
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m The Thin Lens Equation; Magnification

We now derive an equation that relates the image distance to the object distance
and the focal length of a thin lens. This equation will make the determination of
image position quicker and more accurate than doing ray tracing. Let d,, be the
object distance, the distance of the object from the center of the lens, and d; be the
image distance, the distance of the image from the center of the lens, And let b,
and A; refer to the heights of the object and image. Consider the two rays shown in
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Fig. 23-37 for a converging lens, assumed to be very thin. The right triangles FI'T and
FBA (highlighted in yellow) are similar because angle AFB equals angle TFT'; so
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since length AB = h,. Triangles OAO" and TAT" are similar as well. Therefore,
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We equate the right sides of these two equations (the left sides are the same),
and divide by d; to obtain
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This is called the thin lens equation. It relates the image distance d; to the object
distance d,, and the focal length f. Tt is the most useful equation in geometric
optics. (Interestingly, it is exactly the same as the mirror equation, Eq. 23-2). If
the object is at infinity, then 1/d, = 0, so d; = f. Thus the focal length is the
image distance for an object at infinity, as mentioned earlier.
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