
2.1 | Images Formed by Plane Mirrors

Learning Objectives

By the end of this section, you will be able to:

• Describe how an image is formed by a plane mirror.

• Distinguish between real and virtual images.

• Find the location and characterize the orientation of an image created by a plane mirror.

You only have to look as far as the nearest bathroom to find an example of an image formed by a mirror. Images in a plane
mirror are the same size as the object, are located behind the mirror, and are oriented in the same direction as the object
(i.e., “upright”).

To understand how this happens, consider Figure 2.2. Two rays emerge from point P, strike the mirror, and reflect into
the observer’s eye. Note that we use the law of reflection to construct the reflected rays. If the reflected rays are extended
backward behind the mirror (see dashed lines in Figure 2.2), they seem to originate from point Q. This is where the image
of point P is located. If we repeat this process for point P′ , we obtain its image at point Q′ . You should convince yourself

by using basic geometry that the image height (the distance from Q to Q′ ) is the same as the object height (the distance

from P to P′ ). By forming images of all points of the object, we obtain an upright image of the object behind the mirror.

Figure 2.2 Two light rays originating from point P on an object are reflected by a flat mirror
into the eye of an observer. The reflected rays are obtained by using the law of reflection.
Extending these reflected rays backward, they seem to come from point Q behind the mirror,
which is where the virtual image is located. Repeating this process for point P′ gives the

image point Q′ . The image height is thus the same as the object height, the image is upright,

and the object distance do is the same as the image distance di . (credit: modification of work

by Kevin Dufendach)

Notice that the reflected rays appear to the observer to come directly from the image behind the mirror. In reality, these rays
come from the points on the mirror where they are reflected. The image behind the mirror is called a virtual image because
it cannot be projected onto a screen—the rays only appear to originate from a common point behind the mirror. If you walk
behind the mirror, you cannot see the image, because the rays do not go there. However, in front of the mirror, the rays
behave exactly as if they come from behind the mirror, so that is where the virtual image is located.

Later in this chapter, we discuss real images; a real image can be projected onto a screen because the rays physically go
through the image. You can certainly see both real and virtual images. The difference is that a virtual image cannot be
projected onto a screen, whereas a real image can.
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Locating an Image in a Plane Mirror
The law of reflection tells us that the angle of incidence is the same as the angle of reflection. Applying this to triangles PAB
and QAB in Figure 2.2 and using basic geometry shows that they are congruent triangles. This means that the distance PB
from the object to the mirror is the same as the distance BQ from the mirror to the image. The object distance (denoted
do ) is the distance from the mirror to the object (or, more generally, from the center of the optical element that creates its

image). Similarly, the image distance (denoted di ) is the distance from the mirror to the image (or, more generally, from

the center of the optical element that creates it). If we measure distances from the mirror, then the object and image are in
opposite directions, so for a plane mirror, the object and image distances should have the opposite signs:

(2.1)do = −di.

An extended object such as the container in Figure 2.2 can be treated as a collection of points, and we can apply the
method above to locate the image of each point on the extended object, thus forming the extended image.

Multiple Images
If an object is situated in front of two mirrors, you may see images in both mirrors. In addition, the image in the first mirror
may act as an object for the second mirror, so the second mirror may form an image of the image. If the mirrors are placed
parallel to each other and the object is placed at a point other than the midpoint between them, then this process of image-
of-an-image continues without end, as you may have noticed when standing in a hallway with mirrors on each side. This is
shown in Figure 2.3, which shows three images produced by the blue object. Notice that each reflection reverses front and
back, just like pulling a right-hand glove inside out produces a left-hand glove (this is why a reflection of your right hand
is a left hand). Thus, the fronts and backs of images 1 and 2 are both inverted with respect to the object, and the front and
back of image 3 is inverted with respect to image 2, which is the object for image 3.

Figure 2.3 Two parallel mirrors can produce, in theory, an infinite number of images of an object
placed off center between the mirrors. Three of these images are shown here. The front and back of
each image is inverted with respect to its object. Note that the colors are only to identify the images.
For normal mirrors, the color of an image is essentially the same as that of its object.

You may have noticed that image 3 is smaller than the object, whereas images 1 and 2 are the same size as the object. The
ratio of the image height with respect to the object height is called magnification. More will be said about magnification in
the next section.

Infinite reflections may terminate. For instance, two mirrors at right angles form three images, as shown in part (a) of
Figure 2.4. Images 1 and 2 result from rays that reflect from only a single mirror, but image 1,2 is formed by rays that
reflect from both mirrors. This is shown in the ray-tracing diagram in part (b) of Figure 2.4. To find image 1,2, you have
to look behind the corner of the two mirrors.
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Figure 2.4 Two mirrors can produce multiple images. (a) Three images of a plastic head are visible in the two mirrors at a right
angle. (b) A single object reflecting from two mirrors at a right angle can produce three images, as shown by the green, purple,
and red images.

2.2 | Spherical Mirrors

Learning Objectives

By the end of this section, you will be able to:

• Describe image formation by spherical mirrors.

• Use ray diagrams and the mirror equation to calculate the properties of an image in a spherical
mirror.

The image in a plane mirror has the same size as the object, is upright, and is the same distance behind the mirror as the
object is in front of the mirror. A curved mirror, on the other hand, can form images that may be larger or smaller than the
object and may form either in front of the mirror or behind it. In general, any curved surface will form an image, although
some images make be so distorted as to be unrecognizable (think of fun house mirrors).

Because curved mirrors can create such a rich variety of images, they are used in many optical devices that find many uses.
We will concentrate on spherical mirrors for the most part, because they are easier to manufacture than mirrors such as
parabolic mirrors and so are more common.

Curved Mirrors
We can define two general types of spherical mirrors. If the reflecting surface is the outer side of the sphere, the mirror is
called a convex mirror. If the inside surface is the reflecting surface, it is called a concave mirror.

Symmetry is one of the major hallmarks of many optical devices, including mirrors and lenses. The symmetry axis of such
optical elements is often called the principal axis or optical axis. For a spherical mirror, the optical axis passes through the
mirror’s center of curvature and the mirror’s vertex, as shown in Figure 2.5.
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