Derivation of Focal Relations
by C. Bond

A central equation in optics is the equation relating focal length, object dis-

tance and 1mage distance. This equation is usually expressed as
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where f is the focal length, p is the distance from the object to the lens, and

q is the distance from the lens to the image.

We can derive this equation from the following figure using simple geometry.

heo
< T T T I~
\\ <
. \\ N
object N \
N \\
~N
o~ ¢ 2t q
- .
p AL o
\\ \
AN
\\ AN
\\ \\
S .
N AN .
SooN image
~N
N AN
\\ \\
lens AN
\\\\
AN
\
hi

Figure 1: Lens, Object and Image

In the figure, the center of the lens is at 0. p is the distance from the lens to
the object and ¢ is the distance from the lens to the image. h, is the height
of the object and h; is the height of the image. f is the distance from the
lens to the focal point.

Using the similar triangles indicated by the alternate interior angles at 0,
consisting of sides p and h, for the left and ¢ and h; for the right, we find
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Likewise, from the similar triangles indicated by the alternate interior angles*
at f, consisting of h, along the center line of the lens and f for the left and
h; and g — f for the right, we find
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Hence,
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Finally,
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. In the literature, p is sometimes associated with the object of the lens and

is designated o. ¢ is then associated with the image, ¢. Then

'Indicated by 6 and ¢.



