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Spherical mirrors and thin
lenses

20 Apr 08

Evaluations:
http://www.pa.uky.edu/~latimer/phy232s08

Principal rays
This fact will allow us to sketch the image formed by spherical mirrors.  If

you focus on a single point on an object, the image of that point will be
formed where the three principal rays intersect.

P:  An incoming parallel ray will reflect collinearly with f.
F:  A ray which is collinear with f will reflect parallel to the axis.
C:  A ray which is collinear with C will reflect directly back through the

incoming ray.

Mirror equation

The mirror equation relates object, image,
and focal length.  The object distance is p,
the image distance is q, and the focal
length is f = R/2.
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The magnification of the image is also
related to the object and image distance:

Conventions
Concave (convex) lenses have positive (negative)

focal length.
An image is real (virtual) if q is positive (negative).
An object is real (virtual) if p is positive (negative).
The object is upright (inverted) if M positive

(negative).
The object is larger (smaller) if |M| greater (less)

then one.
Note:  An image is real if the light rays actually

intersect at the image location (i.e., in front of the
mirror).  An image is virtual if the light rays only
appear to come from the image location (i.e.,
behind the mirror).  (Likewise for objects.)
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Example:  Concave mirror

A concave mirror has a radius of curvature
of 4 cm.  An object (arrow) is 3 cm in front
of the mirror.  Sketch the image formed
by the mirror and quantitatively describe
the image.  (Note:  Using principal rays
determine the image of the tip of the
arrow.)

Thin lenses

Using SnellÕs law, one may derive the lensmakerÕs
equation.

For a given material (i.e., index of refraction), this
equation indicates the resulting focal length of
the lens formed when the two surfaces are
ground with radii of curvature r1 and r2.  The
lensmakerÕs equation assumes a thin lens
relative to the radii of curvature.

Thin lenses (ii)
One may characterize a thin lens by shape; e.g.,

doubly convex, doubly concave, plano-convex, etc.

One may also characterize a lens as converging or
diverging.  A lens which is thicker (thinner) in the
middle than on the edges is converging
(diverging).

Thin lenses (iii)

For a converging lens, rays parallel to the optical
axis will be refracted through a common point
(the focal point).

For a diverging lens, rays parallel to the optical
axis will be refracted so that they appear to have
originated from a common point (the focal point).
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Principal rays
As with mirrors, we can use three principal rays to determine the

image formed by a lens.
P:  C--An incoming parallel ray will exit through f.

 D--An incoming parallel ray will exit as if it came from f on the
incoming side.

F:  C--A ray which passes through f will exit parallel to the axis.
 D--A ray which would intersect f on the outgoing side of the lens
will exit parallel.

C:  C&D--A ray pass through the center of the lens is unrefracted.

Thin lens equation

The thin lens equation relates object,
image, and focal length.  The object
distance is p, the image distance is q, and
the focal length is f.
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The magnification of the image is also
related to the object and image distance:

Conventions
Converging (diverging) lenses have positive

(negative) focal length.
An image is real (virtual) if q is positive (negative).
An object is real (virtual) if p is positive (negative).
The object is upright (inverted) if M positive

(negative).
The object is larger (smaller) if |M| greater (less)

then one.
Note:  An image is real if the light rays actually

intersect at the image location (i.e., on the
outgoing side of the lens).  An image is virtual if
the light rays only appear to come from the
image location (i.e., on the incoming side of the
lens.

Example:  Diverging lens

A diverging lens has a focal length of -3.0
cm.  An object (arrow) is 6 cm in front of
the lens.  Sketch the image formed by the
mirror and quantitatively describe the
image.  (Note:  Using principal rays
determine the image of the tip of the
arrow.)


